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PREFACE. 

A G L A N C E a t t h i s e s s a y will suffice t o s h o w t h e l ines u p o n w h i c h i t 

h a s b e e n p r e p a r e d . 

T h e G e n e r a l S e c t i o n cons i s t s of a n ampl i f i ed a n d r ev i s ed e d i t i o n 

of s e v e r a l p a p e r s a l r e a d y w r i t t e n u p o n t h e s u b j e c t , wh i l e t h e Spec ia l 

S e c t i o n fu rn i shes t h e m a t e r i a l f r o m w h i c h t h e v i e w s e x p r e s s e d h a v e 

b e e n d e d u c e d . 

N o a t t e m p t h a s b e e n m a d e t o d e a l w i t h t h e l i t e r a t u r e of t h e 

s u b j e c t , s ince i t h a s s e e m e d t o t h e a u t h o r t h a t t h e i n d i v i d u a l 

p r a c t i c a l e x p e r i e n c e of o n e s u r g e o n m i g h t b e of g r e a t e r v a l u e t h a n 

o p i n i o n s d r a w n f rom a n e x a m i n a t i o n of t h e w o r k of o t h e r s . 

I t r e m a i n s t o e x p r e s s t h e a u t h o r ' s t h a n k s t o t h e m a n y s u r g e o n s 

w h o af forded h i m t h e o p p o r t u n i t y of e x a m i n i n g t h e i r c a s e s — t o 

C a p t a i n B a s h f o r d for h i s a i d in t h e d e s c r i p t i o n of t h e h i s to log ica l 

d e t a i l s ; t o C a p t a i n L . W . She l l ey for h i s c o n t i n u o u s h e l p in k e e p i n g 

u p t h e r e c o r d s of t h e cases ; t o C a p t a i n Z. M e n n e l l , for h e l p w i t h 

t h e cases in L o n d o n ; t o Si r W . M o r l e y F l e t c h e r , L i e u t e n a n t - C o l o n e l 

E l l i o t t , a n d D r . M . Y o u n g , for t h e v a l u a b l e a i d g i v e n o n b e h a l f 

of t h e M e d i c a l R e s e a r c h C o m m i t t e e in o b t a i n i n g b o t h r e c e n t i n f o r m a -

t i o n a n d l a t e r i n f o r m a t i o n a s t o t h e u l t i m a t e r e s u l t s of cases ; 

t o M e s s r s . A . K . M a x w e l l , S. A . Sewel l , a n d J . R . F o r d , for t h e 

b e a u t i f u l i l l u s t r a t i o n s t h e y h a v e p r e p a r e d for t h e b o o k ; a n d , l a s t ly , 

t o M r . S . H . R o u q u e t t e for k i n d l y r e a d i n g m o s t of t h e p r o o f - s h e e t s . 
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GUNSHOT 

INJURIES TO THE BLOOD-VESSELS. 

C H A P T E R I . 

I N T R O D U C T I O N . 

WO U N D S t h e m a i n i m p o r t a n c e of w h i c h d e p e n d s u p o n i m p l i -
c a t i o n of t h e l a r g e v a s c u l a r t r u n k s , a n d t h e i r c o n s e q u e n c e s , 
h a v e b e e n a s u b j e c t of spec ia l i n t e r e s t in t h e t r e a t m e n t of 

g u n s h o t i n ju r i e s for al l t i m e . K n o w l e d g e a s t o t h e g e n e r a l b e h a v i o u r 
e x h i b i t e d b y t h e s e les ions h a s u n d e r g o n e l i t t l e m a t e r i a l c h a n g e . 
T h e i r spec ia l f e a t u r e s , c o n s i s t i n g in t h e t e n d e n c y t o s p o n t a n e o u s 
c e s s a t i o n of p r i m a r y h a e m o r r h a g e e v e n i n t h e p r e s e n c e of v e r y 
e x t e n s i v e d a m a g e t o t h e vesse l i n v o l v e d ; t h e f r e q u e n c y w i t h w h i c h 
s u c h f o r m s of i n j u r y a r e t h e occas ion of s e c o n d a r y h e m o r r h a g e s ; 
a n d t h e l a r g e p r o p o r t i o n of t h e m w h i c h a r e fo l lowed b y t h e d e v e l o p -
m e n t of o n e of t h e s e v e r a l f o r m s of t r a u m a t i c a n e u r y s m , h a v e b e e n 
m a i n t a i n e d . 

T h e chief i n f o r m a t i o n g a i n e d d u r i n g t h e p r e s e n t w a r wil l b e 
f o u n d t o cons i s t in a m o r e a c c u r a t e k n o w l e d g e of t h e s igns of i n ju r i e s 
t o t h e a r t e r i e s ; s u c h a s t h e i n d i c a t i o n s t o b e g l e a n e d f r o m a n 
e x a m i n a t i o n of t h e p e r i p h e r a l a n d v a s o m o t o r n e r v o u s s y s t e m ; t h e 
v a l u e of a u s c u l t a t i o n , b o t h loca l o v e r t h e a r t e r y , a n d of t h e p r e c o r d i a l 
r eg ion ; a n d a s t o t h e a c t u a l m o d e of d e v e l o p m e n t of s o m e of t h e 
c o n s e q u e n c e s of a r t e r i a l i n ju r i e s . F u r t h e r , o p p o r t u n i t y h a s b e e n 
af forded of j u d g i n g of t h e effect of o b l i t e r a t i o n of t h e m a i n vesse l s 
u p o n t h e v i t a l i t y of t h e p a r t s s u p p l i e d b y t h e p e r i p h e r a l b r a n c h e s 
affected, t h e l a t t e r o b s e r v a t i o n s b e i n g f a r f r o m e x h a u s t i v e a t p r e s e n t . 
A n i n c r e a s e in e x a c t c o g n i z a n c e of t h e n a t u r e of t h e p r i m a r y 
a n a t o m i c a l les ions of t h e vesse l s , a n d t h e a r r a n g e m e n t of t h e vesse l s 
in r e l a t i o n t o t h e v a r i o u s f o r m s of t r a u m a t i c a n e u r y s m , h a s b e e n 
a c q u i r e d . L a s t l y , e x p e r i e n c e h a s b e e n g a i n e d a s t o t h e r e l a t i v e 
a d v a n t a g e s a t t a i n e d b y o b l i t e r a t i o n of t h e m a i n vesse ls b y l i g a t u r e , b y 
s i m u l t a n e o u s occ lus ion of a r t e r y a n d v e i n , a n d t h e a t t e m p t t o m a i n -
t a i n t h e i r v i a b i l i t y b y s u t u r e , r e s p e c t i v e l y . I n t h e l a t t e r p a r t i c u l a r 
m i l i t a r y p r a c t i c e h a s b e e n af fec ted , a s in so m a n y o t h e r fields of 
s u r g e r y , b y t h e l i m i t a t i o n s i m p o s e d b y t h e s e p t i c n a t u r e of t h e w o u n d s 
t o b e d e a l t w i t h . H e n c e p r i m a r y o r e a r l y s u t u r e , w h i c h m e t h o d w a s 

1 
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Fig. 1.—Lateral wound of common carotid, partly closed by clot. Complete 
division of internal jugular vein. Peninsular War, Mr. Guthrie. Museum of Royal 
Army Medical College. 
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l o o k e d f o r w a r d t o w i t h e n t h u s i a s m in t h e e a r l y p a r t of t h e w a r , h a d 
t o b e a b a n d o n e d for a c o n s i d e r a b l e p e r i o d , a n d h a s o n l y b e e n r e s o r t e d 
t o w i t h g r e a t e r f r e q u e n c y s ince i m p r o v e m e n t s in g e n e r a l t r e a t m e n t 
of w o u n d s h a v e b e e n a t t a i n e d . 

Fig. 1 is i n s e r t e d t o i l l u s t r a t e a n i n j u r y r e c e i v e d d u r i n g t h e 
P e n i n s u l a r W a r , w h i c h differs in n o m a t e r i a l r e s p e c t f r o m h u n d r e d s 
of t h o s e w h i c h a r e b e i n g m e t w i t h in t h e p r e s e n t c a m p a i g n s . T h e 
c lean , c o m p l e t e d i v i s i o n of t h e i n t e r n a l j u g u l a r v e i n , n o w c losed b y 
a n o r g a n i z i n g t h r o m b u s ; t h e i r r e g u l a r l a t e r a l w o u n d of t h e c o m m o n 
c a r o t i d a r t e r y w i t h t h i c k e n e d m a r g i n s , a l m o s t o c c l u d e d b y a f i rm 
fibrinous c lo t ; a n d t h e f a c t t h a t t h e p a t i e n t f rom w h o s e b o d y t h e 
s p e c i m e n w a s r e m o v e d d i e d on t h e t w e n t y - f o u r t h d a y a s a r e s u l t of 
r e p e a t e d s e c o n d a r y h a e m o r r h a g e s f r o m a n i n f e c t e d w o u n d , f irs t 
o c c u r r i n g o n t h e t h i r t e e n t h d a y , f o r m a suff icient ly f ami l i a r p i c t u r e 
of c o n d i t i o n s w h i c h m o r e a c t i v e p r i m a r y t r e a t m e n t is h a p p i l y 
r e d u c i n g s t e a d i l y t o g r e a t e r r a r i t y . 

T h e l o n g p e r i o d of p e a c e a n t e c e d e n t t o t h e S o u t h A f r i c a n 
c a m p a i g n of 1 8 9 9 - 1 9 0 2 h a d g r e a t l y l i m i t e d p e r s o n a l e x p e r i e n c e of 
g u n s h o t i n ju r i e s t o t h e g r e a t vesse l s , t h i s b e i n g for t h e m o s t p a r t 
conf ined t o o c c a s i o n a l p i s t o l o r rifle b u l l e t w o u n d s a n d t h e s o m e w h a t 
s i m i l a r l es ions p r o d u c e d b y s t a b s b y s h a r p i n s t r u m e n t s . T h e a d v e n t 
of t h e B o e r W a r , h o w e v e r , a g a i n b r o u g h t a c o n s i d e r a b l e n u m b e r of 
v a s c u l a r i n ju r i e s i n t o t h e p u r v i e w of t h e m i l i t a r y s u r g e o n . T h e 
L e e - M e t f o r d a n d M a u s e r b u l l e t s , a s a c o n s e q u e n c e of t h e i r o u t l i n e , 
s t a b i l i t y a n d v e l o c i t y of flight, p r o v e d t h e m s e l v e s p r e - e m i n e n t l y 
c a p a b l e of e f f ec tua t i ng c l ean p e r f o r a t i o n s o r l i m i t e d loca l les ions of 
n a r r o w s t r u c t u r e s s u c h a s t h e b lood -ves se l s . T h i s c a p a c i t y , i n d e e d , 
w a s s h o w n t o b e so g r e a t a s t o a l l ow t h e p e r f o r a t i o n of s u c h vesse l s 
a s t h e t i b i a l s , t h e m s e l v e s of c o n s i d e r a b l y s m a l l e r c a l i b r e t h a n t h e 
b u l l e t w h i c h t r a v e r s e d t h e a r t e r y . 

Fig. 2 i l l u s t r a t e s a ser ies of in ju r ies of t h i s c lass o b t a i n e d d u r i n g 
t h e R u s s o - J a p a n e s e Avar in M a n c h u r i a . I t s h o u l d b e o b s e r v e d t h a t 
t h e s p e c i m e n s f rom w h i c h t h e i l l u s t r a t i o n s w e r e t a k e n a r e t h o s e of 
vesse l s exc i sed s e c o n d a r i l y ; h e n c e t h e m a r g i n s of t h e o p e n i n g s a r e 
i n f i l t r a t e d a n d t h i c k e n e d , a n d t h e p e r f o r a t i o n s h o w n in (a) h a s 
a c q u i r e d t h e r ig id r o u n d e d o u t l i n e c h a r a c t e r i s t i c of t h e o p e n i n g 
c o m m u n i c a t i n g w i t h t h e c a v i t y of a n a n e u r y s m a l s a c . I f e x p o s e d 
in t h e r e c e n t s t a t e wh i l e t h e a r t e r y s t i l l r e t a i n s i t s n o r m a l long i -
t u d i n a l e l a s t i c i t y a n d f r e e d o m f r o m fixation t o s u r r o u n d i n g s t r u c t u r e s , 
s u c h a p e r f o r a t i o n is m u c h m o r e l ike ly t o a s s u m e t h e a p p e a r a n c e 
of a s i m p l e v e r t i c a l s l i t , o r t h e e n t r y w o u n d m a y b e r o u n d e d a n d 
t h e e x i t of s l i t f o rm , a s is t h e case w i t h w o u n d s of t h e sk in w h e n a 
l i m b is t r a v e r s e d . 

I n t h e p r e s e n t Avar t h e e m p l o y m e n t of e v e r y a n c i e n t f o rm of 
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miss i le ; t h e i n t r o d u c t i o n of h i g h e x p l o s i v e s a n d t h e c o n s e q u e n t 
inf luence on t h e o u t l i n e a n d v e l o c i t y of flight of f r a g m e n t s of shel l s 
a n d b o m b s ; t o g e t h e r w i t h t h e c o m p a r a t i v e i n s t a b i l i t y of flight of 
t h e m o d e r n p o i n t e d rifle a n d m a c h i n e - g u n b u l l e t ; h a v e c o n s i d e r a b l y 
modi f ied t h e n a t u r e a n d s e v e r i t y of t h e v a s c u l a r les ions m e t w i t h . 
T h e chief a l t e r a t i o n s in c h a r a c t e r a r e f o u n d in a n a u g m e n t a t i o n of 
t h e d e g r e e a n d e x t e n t of c o n t u s i o n , a n d a n i n c r e a s e of t h e n u m b e r 
of w h a t m a y b e c o n s i d e r e d inc i sed a n d l a c e r a t e d w o u n d s . 

I t is c o n v e n i e n t in t h i s i n t r o d u c t i o n t o g ive a br ie f a c c o u n t of 
t h e m a n n e r in w h i c h t h e m a t e r i a l u p o n w h i c h t h e p r e s e n t e s s a y is 
f o u n d e d w a s o b t a i n e d , a n d a s t o h o w far t h e c o n c l u s i o n s a r r i v e d 
a t a r e s u p p o r t e d b y f a c t s . 

Fig. 2.—Bullet injuries, (a) Perforation of anterior tibial artery, (ό) Lateral 
wound of brachial artery, vein divided, (c) Lateral wound of brachial artery and 
vein. Brentano. 

T h e s m a l l n u m b e r of r e p o r t s d e a l i n g w i t h t h e p r i m a r y t r e a t m e n t 
of a r t e r i a l w o u n d s h a v e b e e n f u r n i s h e d t o m e b y t h e k i n d n e s s of 
s u r g e o n s w o r k i n g a t c a s u a l t y c l e a r i n g s t a t i o n s . T h e y w o u l d h a v e b e e n 
m u c h m o r e c o m p r e h e n s i v e h a d i t n o t b e e n for t h e u n f o r t u n a t e 
a c c i d e n t t h a t a l a rge n u m b e r w e n t a s t r a y d u r i n g t h e c h a n g e w h i c h 
t o o k p l a c e in t h e B r i t i s h l ine in M a r c h , 1 9 1 8 . N o n e t h e less I o w e 
a d e b t of g r a t i t u d e t o t h e officers w h o g a t h e r e d t h e i n f o r m a t i o n , a n d 
t o L i e u t . - C o l o n e l T . R . E l l i o t t a n d t h e Med ica l R e s e a r c h C o m m i t t e e , 
w h o p r o v i d e d t h e n e c e s s a r y f o r m s a n d o r g a n i z e d t h e i r co l lec t ion . 

T h e r e s u l t s g i v e n in t h e s e r e p o r t s a r e of a n i m m e d i a t e n a t u r e 
o n l y , a n d , a s a ru l e , t h e p e r i o d for w h i c h t h e cases w e r e u n d e r 
c o n t i n u o u s o b s e r v a t i o n d i d n o t a v e r a g e m o r e t h a n a w e e k o r t e n 
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d a y s . I t h a s n o t b e e n poss ib l e t o t r a c e t h e f u r t h e r c o u r s e of 
t h e s e p a t i e n t s . 

T h e w h o l e of t h e r e s t of t h e m a t e r i a l h a s b e e n co l l ec t ed b y 
m y s e l f w i t h t h e a i d of C a p t a i n L . W . S h e l l e y i n h o s p i t a l s o n t h e l ines 
of c o m m u n i c a t i o n , a n d d u r i n g t h e p a s t five m o n t h s a t a b a s e h o s p i t a l 
in L o n d o n . T h e cases i n c l u d e d h a v e t h e r e f o r e , w i t h o u t e x c e p t i o n , 
c o m e u n d e r m y p e r s o n a l o b s e r v a t i o n , a l t h o u g h in a n u m b e r of t h e m 
I h a v e b e e n in n o w a y r e s p o n s i b l e for t h e m e t h o d s of t r e a t m e n t 
a d o p t e d . 

F o r i n f o r m a t i o n a s t o u l t i m a t e r e s u l t s I a m a g a i n i n d e b t e d t o 
t h e M e d i c a l R e s e a r c h C o m m i t t e e , a n d t h e a i d of D r . M a t t h e w Y o u n g . 

I t fol lows f r o m t h i s a c c o u n t t h a t t h e diff icul ty c o m m o n t o a l l 
su rg i ca l o b s e r v a t i o n s m a d e d u r i n g w a r , w h i c h c a n n e v e r b e fully 
a v o i d e d — t h a t of n o t b e i n g a b l e t o w a t c h t h e p r o g r e s s of i n d i v i d u a l 
cases f r o m b e g i n n i n g t o e n d — h a s b e e n in s o m e m e a s u r e o v e r c o m e ; 
a n d t h a t , a l t h o u g h t h e i d e a l h a s n o t b e e n a t t a i n e d , y e t a fa i r g e n e r a l 
r e v i e w of t h e c o u r s e t a k e n b y t h e in ju r i e s a n d t h e r e s u l t s of t r e a t m e n t 
h a s b e e n s e c u r e d . I n t h e m a t t e r of p u r e s t a t i s t i c s r e l a t i v e l y s m a l l 
r e l i a n c e c a n b e p l a c e d u p o n t h e d a t a f u r n i s h e d ; y e t , a s t h e e x p e r i e n c e 
of a n i n d i v i d u a l s u r g e o n t h e y m a y h a v e t h e i r u se , a n d i t h a s s e e m e d 
wel l t o i n c l u d e s u c h n u m b e r s a s a r e a v a i l a b l e , a d d i n g a c a u t i o n a s t o 
t h e m a n n e r in w h i c h t h e y h a v e b e e n c o l l e c t e d . 

O n e f u r t h e r r e m a r k s e e m s n e c e s s a r y . T h i s re fers t o t h e in f luence 
w h i c h e x t e n d e d e x p e r i e n c e o n t h e o n e h a n d , a n d i m p r o v e m e n t in 
w o u n d t r e a t m e n t g e n e r a l l y o n t h e o t h e r , h a v e e x e r c i s e d o n t h e c o u r s e 
t a k e n b y t h e ca ses . I n J a n u a r y , 1 9 1 6 , I p u b l i s h e d a s h o r t r e v i e w 
of t h e v a s c u l a r i n ju r i e s o b s e r v e d b y m e d u r i n g t h e first t w e l v e m o n t h s 
of w a r , a n d I h a v e q u o t e d t h e s e in p l a c e s w h e r e t h e y differ m a t e r i a l l y 
f r o m t h o s e of t h e m o r e e x t e n d e d ser ies n o w d e a l t w i t h . 
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DISTRIBUTION AND ANATOMICAL CHARACTERS OF GUNSHOT 
INJURIES TO THE BLOOD-VESSELS. 

CONDITIONS WHICH AFFECT THE ACTUAL FREQUENCY WITH WHICH 

THE INDIVIDUAL LARGER ARTERIES SUFFER INJURY. 

A N a c c u r a t e d e t e r m i n a t i o n of t h i s q u e s t i o n is n o t e a s y , b e c a u s e 
les ions of t h e g r e a t vesse l s w h i c h u n d e r g o t r e a t m e n t a r e r e c o r d e d in 
l a r g e n u m b e r s , w h i l e t h o s e of t h e s m a l l e r o n e s , e v e n of t h e m a g n i t u d e 
of t h e t i b i a l s , a r e m o r e f r e q u e n t l y p a s s e d o v e r a s of m i n o r i m p o r t a n c e . 
A g a i n , t h e p a u c i t y of r e c o r d e d e x a m p l e s of w o u n d s of t h e g r e a t 
a r t e r i e s of t h e t r u n k , i n d e p e n d e n t l y of t h e v i s ce ra l vesse ls , af fords 
e l o q u e n t t e s t i m o n y t o t h e g r a v i t y of s u c h in ju r i e s a n d t h e i r f r e q u e n t 
f a t a l i s sue . W i t h r e g a r d t o t h e l a rg e vesse l s of t h e n e c k a n d l i m b s 
m a t e r i a l d o e s ex i s t , b o t h a s t o t h e i n d i v i d u a l a r t e r i e s a n d t o t h e 
p o r t i o n s of t h e vesse l s m o s t l ike ly t o b e i m p l i c a t e d . 

I n a ser ies of 1 6 9 t r a u m a t i c a n e u r y s m s w h i c h d e v e l o p e d in 
c o n n e c t i o n w i t h w o u n d s of t h e l a r g e r a r t e r i e s co l l ec t ed b y m e in 
1 9 1 3 , t h e n u m b e r s a r e a s fo l lows. I n t h i s ser ies i t m u s t b e r e m e m -
b e r e d t h a t a l l t h e in ju r i e s t r e a t e d b y p r i m a r y l i g a t u r e h a v e b e e n 
e l i m i n a t e d . * 

per cent 

Common carotid . . 7 4 1 
E x t e r n a l carotid . . 3 1*59 
Internal carotid 1 0-59 
Subc lav ian 4 2-3 
Axi l lary 23 1 3 6 
Brachial 21 1 2 4 
Femoral 77 45 *5 
Profunda 5 2 9 
Popl i tea l 28 16*5 

Tota l . . 169 

A v a l u a b l e c o m p a r i s o n w i t h t h e s e n u m b e r s m a y b e d r a w n f r o m 
t h e n e x t t a b l e , r e c o r d i n g t h e n u m b e r of i n ju r i e s t o i n d i v i d u a l b lood -
vesse ls d e a l t w i t h a t a c a s u a l t y c l e a r i n g s t a t i o n d u r i n g t h e e a r l y d a y s 
of t h e first b a t t l e of t h e S o m m e , co l l ec t ed b y C a p t a i n H e y , a n d 
p u b l i s h e d b y Sir A n t h o n y Bowlby.*f 

* Bradshaw Lecture ,
 44

 Gunshot W o u n d s of t h e Arteries ," 1913 , p . 32 . 
ΐ British Medical Journal, 1917, J u n e , vo l . i, p . 707 . 
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per cent 

Carotid . . 5 1*8 
Vertebral 2 0-7 
Subclav ian 2 0 7 
Axi l lary 15 5*4 
Brachial 39 1 4 2 
Radia l 18 6*4 
Ulnar 8 2-8 
Externa l iliac 2 0 7 
Femoral 51 18*4 
Popl i tea l 31 11-1 
Anterior t ibial 16 5*7 
Posterior t ibial 58 20 9 
Various 30 10-8 

Tota l . . 277 

T h e m o s t s t r i k i n g d i f ference in t h e s e t w o ser ies is t h e l a r g e n u m b e r 
of i n ju r i e s t o t h e p o s t e r i o r t i b i a l vesse l s i n c l u d e d in t h e s e c o n d t a b l e . 
I n t h e n e x t t a b l e t h e s m a l l n u m b e r of in ju r i e s t o t h i s a r t e r y will a g a i n 
b e n o t e d , a n d i t is o b v i o u s t h a t t h i s d i s c r e p a n c y d e p e n d s o n t h e f a c t 
t h a t i n ju r i e s t o t h e p o s t e r i o r t i b i a l a r e , w i t h few e x c e p t i o n s , d e a l t w i t h 
in t h e p r i m a r y s t a g e , a n d m o s t o f t e n in c o n n e c t i o n w i t h c o m p o u n d 
f r a c t u r e s o r l a r g e o p e n w o n 

per cent 

Aorta 2 0-4 
Carotid 87 1 7 5 
Vertebral 3 0 6 
Subclav ian 30 6 0 
Axi l lary 61 1 2 2 
Brachial 47 9 4 5 
Common iliac 1 0 2 
Externa l iliac 3 0*6 
Internal iliac 1 0-2 
Femoral . . 175 3 5 2 
Popl i teal 87 1 7 6 

Tota l . . 497 
Tibials * . . 26 

T h e s e n u m b e r s d e m o n s t r a t e suff ic ient ly t h e in f luence of l e n g t h , 
c a l i b r e , a n d l o c a t i o n in e x p o s e d p o s i t i o n s o n t h e p r o p o r t i o n a t e 
i n c i d e n c e in t h e v a r i o u s vesse l s . 

F a c t o r s of e q u a l i m p o r t a n c e d e t e r m i n e t h e m o r e f r e q u e n t l o c a t i o n 
of i n j u r y t o def in i te s e g m e n t s of t h e i n d i v i d u a l a r t e r i e s . T h e s e f a c t o r s 
a r e f o u n d in t h e r e l a t i v e d e g r e e of fixity of t h e vesse l s in d i f fe ren t 
p a r t s of t h e i r c o u r s e , a n d in t h e i r r e l a t i o n t o n e i g h b o u r i n g b o n e s . 
F i r s t , w i t h r e g a r d t o loca l fixation of t h e vesse l s , t h i s d e p e n d s u p o n : 
( 1 ) T h e w i d t h a n d c a p a c i o u s n e s s of t h e v a s c u l a r cleft , a n d t h e a m o u n t 
of loose c o n n e c t i v e t i s s u e s i t u a t e d t h e r e i n ; ( 2 ) T h e p o s i t i o n of b r a n c h e s , 
e spec i a l ly t h o s e t a k i n g a d i r e c t c o u r s e f r o m t h e p a r e n t a r t e r y a t a 

* The injuries t o the tibial vessels are not included in the percentage 
calculat ion for reasons g iven a b o v e . 
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w i d e a n g l e , o r t h o s e a t o n c e a c q u i r i n g a firm c o n n e c t i o n w i t h a b o n e ; 

a n d ( 3 ) O n t h e p a s s a g e of t h e Vessel u n d e r a firm fibrous s t r u c t u r e . 

E x a m p l e s of c o n t r a s t of t h e first c o n d i t i o n a r e f o u n d in t h e r e l a t i v e 

fixity of t h e f e m o r a l vesse l s in S c a r p a ' s t r i a n g l e a n d H u n t e r ' s c a n a l 

r e s p e c t i v e l y ; y e t in S c a r p a ' s t r i a n g l e t h e a r t e r y h a s a n i m p o r t a n t 

a n c h o r w h e r e t h e p r o f u n d a d i p s s h a r p l y b e n e a t h t h e a d d u c t o r l o n g u s , 

a n d is f u r t h e r i m m o b i l i z e d b y t h e or ig in of t h e c i r cumf lex b r a n c h e s . 

F a m i l i a r e x a m p l e s of t h e s e c o n d c o n d i t i o n a r e t h e c i r cumf lex b r a n c h e s 

of t h e a x i l l a r y a r t e r y , a n d t h e u p p e r a r t i c u l a r a n d a z y g o s b r a n c h e s of 

t h e p o p l i t e a l a r t e r y . T h e t h i r d c o n d i t i o n is m e t w i t h w h e r e t h e 

f e m o r a l vesse ls l e a v e H u n t e r ' s c a n a l t o b e c o m e p o p l i t e a l , a n d a g a i n 

w h e n t h e p o s t e r i o r t i b i a l p a s s e s b e n e a t h t h e fibrous a r c h in t h e o r ig in 

of t h e so leus . T h e close r e l a t i o n s h i p of a l a r g e a r t e r y t o t h e n e i g h -

b o u r i n g p a r t of t h e s k e l e t o n is a g a i n n o w h e r e b e t t e r exempl i f i ed t h a n 

in t h e case of t h e t e r m i n a t i o n of t h e f e m o r a l a n d t h e c o m m e n c e m e n t 

of t h e p o p l i t e a l t o t h e f e m u r . 

A n y of t h e fo rego ing c o n d i t i o n s , a s l i m i t i n g o r r e n d e r i n g i m p o s s i b l e 

d i s p l a c e m e n t of t h e vesse l b y t h e e x p a n d i n g force exe rc i sed b y t h e 

t r a v e l l i n g b u l l e t , m a y b e a n a l l - i m p o r t a n t f a c t o r in p r e v e n t i n g t h e 

e s c a p e of t h e vesse l f rom a w o u n d or se r ious c o n t u s i o n . 

CONTUSIONS OF THE BLOOD-VESSELS CAUSED BY GUNSHOT INJURY. 

Of t h e e x p e r i e n c e g a i n e d in t h e p r e s e n t w a r , t h a t r e g a r d i n g t h e 
f r e q u e n c y of o c c u r r e n c e of c o n t u s i o n s , a n d t h e s ignif icance of t h i s 
f o r m of i n j u r y in t h e c a u s a t i o n of t h r o m b o s i s , s e c o n d a r y h e m o r r h a g e , 
a n d t r a u m a t i c a n e u r y s m s , is p e r h a p s t h e m o s t n o v e l ; for a n y a c c u -
r a t e k n o w l e d g e t h a t we posses sed on t h i s s u b j e c t p r e v i o u s l y w a s 
f o u n d e d m a i n l y on e x p e r i m e n t a l s t u d i e s . 

T h a t t h e c o n d i t i o n w a s f a m i l i a r — a s is t h e case w i t h so m a n y 
o b s e r v a t i o n s m a d e in t h i s A v a r — t o m i l i t a r y s u r g e o n s in o lde r t i m e s , is 
suff icient ly i l l u s t r a t e d b y a s p e c i m e n p r e s e r v e d b y Mr . G u t h r i e , n o w 
in t h e m u s e u m of t h e R o y a l A r m y Med ica l Col lege ( N o . 3 4 . 5 ) . T h i s 
p r e p a r a t i o n s h o w s t h e f e m o r a l vesse ls t o b e t o t a l l y o c c l u d e d a s t h e 
r e s u l t of t h e p a s s a g e of a b u l l e t b y a t r a c k c o u r s i n g i m m e d i a t e l y 
b e h i n d t h e m . I t w a s p e r h a p s t o o c o m m o n l y a s s u m e d t h a t t h e 
t h r o m b o s i s in s u c h cases w a s a s e c o n d a r y r e s u l t a c c o m p a n y i n g 
s u p p u r a t i o n , b u t t h e c o n d i t i o n w a s well k n o w n in civi l p r a c t i c e 
i n d e p e n d e n t of i n fec t ion . T h u s I h a v e seen b o t h p o p l i t e a l a r t e r i e s 
o c c l u d e d a s a r e s u l t of t h e p a s s a g e of a c a r t - w h e e l o v e r t h e l i m b s , 
t h e i n j u r y b e i n g fol lowed b y g a n g r e n e of o n e leg n e c e s s i t a t i n g a m p u t a -
t i o n , w h e n t h e c o n d i t i o n w a s conf i rmed b y d i r e c t i n v e s t i g a t i o n . 

T h e fo l lowing d e s c r i p t i o n is f o u n d e d in p a r t o n c l in ica l o b s e r v a -
t i o n , a n d in p a r t o n t h e b e a u t i f u l h i s to log ica l p r e p a r a t i o n s m a d e for 
m e b y C a p t a i n R a s h f o r d . 
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Fig. 3.—Contusion of right common iliac artery : internal and external surfaces. 
Linear rupture of the intima and minute perforation. Captain Adrian Stokes. 

t i o n of t h e e x p o s e d vesse l o f t en g ives b u t l i t t l e i d e a of t h e s t r u c t u r a l 

d i s i n t e g r a t i o n t h a t h a s b e e n effected, a n d a l so t h a t t h e misch ie f m a v 

Fig. 4.—Section of radial artery, showing a rupture of the intima involving the 
muscularis, discovered one inch from a small contused perforating wound. Specimen 
prepared by Captain Pringle. 

e x t e n d w i d e l y w i t h i n t h e vesse l f r o m t h e s p o t w h e r e t h e e x t e r n a l 

i n d i c a t i o n s a r e s t r o n g e s t . 

T h e d e g r e e a n d e x t e n t of d a m a g e t o t h e wa l l s of t h e vesse l s m a y 

v a r y g r e a t l y , a n d i t is m o s t i m p o r t a n t t o r e m e m b e r t h a t m e r e i n s p e c -
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Fig&. 3 . and 4 e x h i b i t what tnscy b e r e g a r d e d a s t l i e m o s t l i m i t e d 
d e g r e e of s t r u c t u r a l d a m a g e . I n Fig. 3 t w o e c c h y m o s e d a r e a s a r e 
v i s i b l e o n t h e o u t e r a s p e c t of t h e c o m m o n i l iac a r t e r y , w h i l e o n t h e 
i n n e r a s p e c t a l i n e a r r u p t u r e of t h e i n t i m a , p r o b a b l y a l so i n v o l v i n g 
t h e m u s c u l a r i s , is v i s ib l e . I n t h e r e c e n t s t a t e , w h e n r e m o v e d b y 
C a p t a i n A d r i a n S t o k e s f rom t h e b o d y of a m a n w h o d i e d a s a r e s u l t 
of i n ju r i e s t o t h e a b d o m i n a l v i s c e r a , t h e n e i g h b o u r h o o d of t h e 
r u p t u r e w a s c l o t h e d b y a d e l i c a t e n e t w o r k of c lo t , f o r m i n g a t h i n 
l a t e r a l t h r o m b u s . 

Fig. 4 s h o w s a les ion c o n s i s t i n g of a l i nea r fissure i n v o l v i n g 
t h e i n t i m a , t h e i n t e r n a l e l a s t i c l a m i n a , a n d hal f t h e d e p t h of t h e 
m u s c u l a r i s . T h e r u p t u r e w a s a s s o c i a t e d w i t h a p e r f o r a t i n g les ion 
s i t u a t e d a n i n c h lower d o w n in t h e c o u r s e of t h e vesse l , a n d n o e x t e r n a l 
i n d i c a t i o n of i t s p r e s e n c e e x i s t e d . I t will b e o b s e r v e d t h a t e v e n t h e 
m i c r o s c o p i c s e c t i o n affords n o e v i d e n c e of loca l b lood e x t r a v a s a t i o n 
i n t o t h e wal l s of t h e vesse l . T h e s p e c i m e n is i l l u s t r a t i v e of t h e fac t 
t h a t r e m o t e r u p t u r e s of t h e i n t i m a a n d u n d e r l y i n g c o a t s m a y b e d u e 
t o s t r e t c h i n g of t h e vesse l c o n s e q u e n t o n forc ib le d i s p l a c e m e n t f rom 
i t s b e d r a t h e r t h a n t o local c o n t u s i o n . 

Plate I (A) g ives a n e x t e r n a l v i e w of a t h r o m b o s e d s e g m e n t 
of t h e superf ic ia l f e m o r a l a r t e r y exc i sed b y Ma j o r H o p e f rom t h e 
floor of a l a r g e o p e n w o u n d on t h e a n t e r i o r a s p e c t of t h e t h i g h . 
S e c o n d a r y haemor rhage o c c u r r e d on t h e t e n t h d a y , a n d n e c e s s i t a t e d 
t h i s o p e r a t i o n . A t t h e u p p e r p a r t of t h e d r a w i n g t w o sma l l d a r k 
s p o t s a r e seen ; t h e s e c o r r e s p o n d t o t h e p o i n t s of m a x i m a l s t r u c t u r a l 
i n j u r y , a n d a t o n e of t h e m t h e a r t e r y h a d g i v e n w a y a n d a l l o w e d t h e 
b l e e d i n g t o t a k e p l a c e . Plate I (B), f rom a s e c t i o n c a r r i e d t h r o u g h t h e 
c lo t ac ros s t h e s e s p o t s , s h o w s well h o w v e r y m u c h m o r e e x t e n s i v e l y 
t h e c o a t s of t h e vesse l a r e d a m a g e d t h a n co u l d h a v e b e e n e s t i m a t e d 
f r o m e x t e r n a l i n s p e c t i o n a l o n e . E v e r y d e g r e e of s t r u c t u r a l d i s i n t e -
g r a t i o n w h i c h m a y a c c o m p a n y s eve re c o n t u s i o n is e x h i b i t e d — t h u s , 
d i s a p p e a r a n c e of t h e e n d o t h e l i u m f rom t h e p o r t i o n of t h e vesse l 
o c c u p i e d b y t h e c lo t , r u p t u r e of t h e e l a s t i c lamina*, Assur ing of t h e 
m u s c u l a r i s t o v a r y i n g d e p t h s , a n d o n e fissure c o m p l e t e l y d i v i d i n g t h e 
m u s c u l a r i s a n d a l l o w i n g t h e e s c a p e of b lood i n t o t h e a d v e n t i t i a . N o 
e v i d e n c e of in fec t ion of t h e c lo t cou l d b e d e t e c t e d . 

All t h e s e c h a n g e s a r e i l l u s t r a t e d in g r e a t e r d e t a i l b y Plates II 
a n d / / / , m a d e f rom p r e p a r a t i o n s b y C a p t a i n B a s h f o r d , t o w h o m I 
a m i n d e b t e d for t h e h i s to log ica l p a r t i c u l a r s . T h e vesse l , a n a n t e r i o r 
t i b i a l a r t e r y s t i l l p e r v i o u s a n d p u l s a t i n g , w a s exc ised b y C a p t a i n 
H a r t l e y f rom t h e floor of a n o p e n w o u n d in t h e f r o n t of t h e leg a s a 
p r e c a u t i o n a r y m e a s u r e , s ince i t h a d o b v i o u s l y b e e n d a m a g e d . Plate 
II is of a s l i g h t l y o b l i q u e t r a n s v e r s e sec t ion of t h e vesse l . T h e 
a d v e n t i t i a is n o r m a l a t t h e l ower p a r t of t h e figure e x c e p t for s o m e 



PLATE /. 

(A)—Thrombosed segment removed from superficial femoral artery. The upper of 
the two dark spots corresponds with the point from which secondary haemorrhage took 
place. The lower of the two dark spots is the outward manifestation of the extensive 
haemorrhage within the destroyed or necrosed adventitia, a portion of which is shown 
displaced in the figure. In several other sections it was found to be continuous with 
the tissue above and below by a thin membrane covering the extravasated blood. 

(B)—Longitudinal section through the contused vessel shown in (A) . Multiple 
ruptures of the intima and media. Extravasation into the adventitia. At one point 
the adventitia has necrosed and given way and allowed the occurrence of secondary 
haemorrhage. 

Gunshot Injuries to the Blood-vessels, p. 10 



PLATE II. 

Slightly oblique transverse section across a contused artery. A, Adventitia ; 
B, External elastic lamina; C, Media. ; D, Internal elastic lamina, destroyed in upper 
part of figure ; E. Thickened sub-endothelial layer; F, Haemorrhage into adventitia; 
G, Extreme thinning of media at point of maximal injury. 

Gitnxhot Injuries to (he Blood-ressels, p. 10 



PLATE III. 

Longitudinal section of the same artery shown in Plate II. Complete dis-
organization of wall of vessel on left side. F, Remains of adventitia infiltrated 
with leucocytes. Right side : A, Internal elastic lamina. B, Irregular nucleation and 
some vacuolation of cells of media. C, Normal adventitia. 

Gunshot Injuries to the Bloo<l-ves>el*, j>. 10 
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l e u c o c y t i c i n f i l t r a t i on , a n d a n i n t e r s t i t i a l b l o o d e x t r a v a s a t i o n in t h e 
u p p e r p a r t . B o t h t h e e x t e r n a l a n d t h e i n t e r n a l e l a s t i c laminae a r e 
f a i r ly i n t a c t in t h e l o w e r j3art of t h e sec t ion , s h o w i n g t h e i r n o r m a l 
c u r v e s , b u t in t h e u p p e r ha l f t h e e l a s t i c t i s s u e is s t r e t c h e d , s t r a i g h t -
e n e d o u t , a n d fissured. T h e m u s c u l a r c o a t g r a d u a l l y t h i n s f r o m t h e 
n o r m a l p a r t t o t h e p o i n t of m a x i m a l c o n t u s i o n ( G ) , w h e r e i t h a s 
a l m o s t d i s a p p e a r e d , a n d in t h e u p p e r p a r t of t h e s ec t i on a cons ide r -
a b l e a m o u n t of l e u c o c y t i c i n f i l t r a t i on h a s t a k e n p l a c e . T h e s u b -
e n d o t h e l i a l l a y e r is i r r e g u l a r l y t h i c k e n e d , a n d t h e e n d o t h e l i a l l i n i n g 
is g o n e . T h e l u m e n of t h e vesse l is o c c u p i e d b y a c lo t , t h e p e r i p h e r a l 
l a y e r s of w h i c h a r e e v i d e n t l y of s low f o r m a t i o n , wh i l e t h e c e n t r a l 
p o r t i o n cons i s t s of c lo t of m o r e r a p i d f o r m a t i o n , w h i c h encloses a 
s m a l l c a v i t y o c c u p i e d b y b l o o d p l a t e l e t s a n d fibrin. 

A v e r t i c a l s ec t i on of t h e vesse l , t h e l o w e r e n d of w h i c h c o r r e s p o n d s 
w i t h t h e level a t w h i c h t h e t r a n s v e r s e s ec t i on w a s m a d e , is s h o w n in 
Plate III. I t will b e n o t e d t h a t t h e a d v e n t i t i a is c o m p l e t e l y d i s -
o r g a n i z e d o n t h e left s ide of t h e figure ; i t is , in fac t , o n l y r e c o g n i z a b l e 
a t t h e u p p e r p a r t , a n d is h e a v i l y i n f i l t r a t e d w i t h l e u c o c y t e s a n d s o m e 
fibrin. O n t h i s s ide of t h e a r t e r y b o t h t h e e l a s t i c laminae a r e c o m -
p l e t e l y d e s t r o y e d , a n d a n e x t e n s i v e d e p o s i t of fibrin t a k e s t h e p l a c e of 
t h e e n d o t h e l i u m a n d s u b - e n d o t h e l i a l t i s s u e . T h e r i g h t - h a n d wa l l of t h e 
vesse l is less d a m a g e d , a n d i t s n o r m a l s t r u c t u r e is f a i r ly wel l r e t a i n e d . 
T h e a d v e n t i t i a is n o r m a l ; t h e cells of t h e m e d i a s h o w s o m e v a c u o l a -
t i o n a n d d i s a r r a n g e m e n t of t h e nuc l e i , b u t a r e n o t s e r ious ly a f fec ted . 
T h e i n t e r n a l e las t i c l a m i n a is r e c o g n i z a b l e t h r o u g h o u t : a s fibres 
be low, b u t i t s m e m b r a n o u s s t r u c t u r e is r e c o g n i z a b l e a b o v e . T h e 
s u b - e n d o t h e l i a l t i s s u e is t h i c k e n e d a n d i r r e g u l a r l y n u c l e a t e d , a n d t h e 
p l a c e of t h e e n d o t h e l i u m is t a k e n b y a l a y e r of fibrin. T h e c e n t r a l 
c lo t e x h i b i t s t h e s a m e c h a r a c t e r s a l r e a d y d e s c r i b e d in t h e o b l i q u e 
s ec t i on . 

T h e c o m m o n s e q u e n c e t o c o n t u s i o n of t h e wa l l of t h e vesse l is 
a r a p i d t h r o m b o s i s ; t h i s m a y r e m a i n loca l ized , o r i t m a y e x t e n d 
p r o g r e s s i v e l y in a p e r i p h e r a l d i r e c t i o n . I t is , h o w e v e r , r e m a r k a b l e 
t h a t r a p i d t h r o m b o s i s is b y n o m e a n s a n i n e v i t a b l e c o n s e q u e n c e , 
e v e n w h e n t h e c o n t u s i o n is of t h e d e g r e e d e p i c t e d in Plate II. I n t h i s 
a r t e r y p u l s a t i o n w a s s t i l l p r e s e n t o n t h e f o u r t h d a y fol lowing t h e 
i n j u r y , a l t h o u g h t h e vesse l w a s e x p o s e d a n d i t s e x t e r n a l a p p e a r a n c e 
l ed t h e s u r g e o n t o t i e i t a n d exc i se t h e i n j u r e d p o r t i o n . T h e s e c t i o n 
s h o w s w h a t h a d r ea l ly t a k e n p l a c e — t h e i m m e d i a t e f o r m a t i o n of a 
t h r o m b u s n o t suff ic ient ly l a r g e t o o b s t r u c t t h e l u m e n of t h e vesse l , 
a n d , l a t e r , t h e d e p o s i t i o n of a m o r e fibrinous l a y e r of c lo t u p o n t h i s . 
A l a t e r figure (Eig. 2 1 , p . 58) d e p i c t s a c e n t r a l c y l i n d r i c a l t h r o m b u s 
i n c o n n e c t i o n w i t h a w o u n d in t h e wa l l of t h e vesse l , w h i c h w a s o n l y 
suff ic ient ly c a p a c i o u s p a r t i a l l y t o o b s t r u c t t h e l u m e n , a n d Fig. 5 s h o w s 



1 2 GUNSHOT INJURIES TO THE BLOOD-VESSELS 

a l a t e r a l f irm t h r o m b u s , a l so n o t c a u s i n g c o m p l e t e o b s t r u c t i o n . T h e 
s ignif icance of such t h r o m b i i n r e l a t i o n t o t h e poss ib le d e t a c h m e n t 
of e m b o l i is o b v i o u s . N o d o u b t t h e t e n d e n c y of t h e s e t h r o m b i is t o 
b e c o m e c o m p l e t e l y o b s t r u c t i v e . T h e c o m m o n c o u r s e is for t h e m t o 
r e m a i n loca l in e x t e n t ; less f r e q u e n t l y t h e c lo t m a y e x t e n d w i d e l y in 
a p e r i p h e r a l d i r e c t i o n , a n d s o m e i n s t a n c e s of t h i s will b e r e f e r r e d t o 
l a t e r , e s p e c i a l l y in c o n n e c t i o n w i t h t h e c a r o t i d a r t e r y . 

Fig. 5.—CONTUSION OF THE BRACHIAL ARTERY, WITH INCOMPLETE LACERATION 
OF THE WALLS OF THE VESSEL. 

The adventitia is ruptured, the muscularis almost intact, and the intima broken. 
Over the damaged portion of the intima a local lateral thrombus has developed. 

I t is e v i d e n t , in t h e case of t h e p a r t i a l l y o b s t r u c t i n g t h r o m b i 
figured, t h a t t h e p roces s s t a r t e d f rom t h e m o s t s e r ious ly d a m a g e d 
p o r t i o n of t h e vesse l , a n d s h o u l d t h e w h o l e c i r c u m f e r e n c e suffer, t h e 
f o r m a t i o n of a c o m p l e t e l y o c c l u d i n g c lo t is m o r e r a p i d ; b u t e v e n in 
s u c h i n s t a n c e s t h e c lo t m a y b y n o m e a n s t i g h t l y fill t h e vesse l , a n d in 
s p i t e of i t s p r e s e n c e b l o o d m a y e s c a p e in s m a l l q u a n t i t i e s . T h u s in 
o n e case a v e r y s e v e r e l y d a m a g e d a r t e r y is d e s c r i b e d b y M a j o r 
C o p e l a n d as l o o k i n g 44 a s if i t h a d b e e n r u b b e d b y a n u t m e g g r a t e r , " 
a n d b l o o d w a s s lowly e s c a p i n g a t s e v e r a l d i s t i n c t s p o t s . 

A p o i n t of s o m e i m p o r t a n c e is i l l u s t r a t e d in Fig. 2 1 , w i t h r e g a r d 
t o t h e pos s ib i l i t y of p e r s i s t e n c y of t h e l u m e n of a vesse l p r i m a r i l y 
c o m p l e t e l y o c c l u d e d b y a t h r o m b u s . Sir A . W r i g h t , m a n y y e a r s 
a g o , p o i n t e d o u t t h e s m a l l p r o p o r t i o n of t h e c o r p u s c u l a r e l e m e n t a n d 
t h e a b u n d a n c e of fibrin in t h e c lo t s , a l so t h e t e n d e n c y t o r a p i d 
c o n t r a c t i o n of t h e f ib r inous n e t w o r k a n d s h e d d i n g of t h e r e t a i n e d 
r ed b l o o d - c o r p u s c l e s . E a r l y firm a d h e s i o n of t h e c lo t o c c u r s o n l y 
a t t h e s i t e of t h e w o u n d o r c o n t u s i o n of t h e wa l l of t h e a r t e r y , a n d 
t h e c lo t c o n t r a c t s t o w a r d s t h i s a n c h o r e d p o i n t . H e n c e t h e l u m e n 
b e c o m e s in p a r t r e - e s t a b l i s h e d , a n d in t h e a b s e n c e of r e n e w e d d e p o s i -
t i o n of c lo t v i a b i l i t y of t h e vesse l m a y b e m o r e o r less c o m p l e t e l y 
r e g a i n e d . 

T h e t e n d e n c y t o r a p i d c l o t t i n g m a y n o d o u b t differ in a s s o c i a t i o n 
w i t h c o n d i t i o n s of t h e b lood , b u t t h a t s low p r o g r e s s i v e occ lus ion is 
a c o m m o n o c c u r r e n c e s e e m s t o b e i n d i c a t e d b y t h e g r a d u a l m a n n e r 
i n w h i c h occ lus ion m a y fol low t h e o p e r a t i o n of s u t u r e , a l t h o u g h , o n 
t h e o t h e r h a n d , a t h r o m b u s m a y f o r m before a s u t u r e o p e r a t i o n h a s 
b e e n c o m p l e t e d b y c losu re of t h e m a i n w o u n d . I t is d o u b t f u l a l so 
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w h e t h e r t h e v a r y i n g r a p i d i t y w i t h w h i c h a Tuff ier ' s t u b e b e c o m e s 
o c c l u d e d , a l t o g e t h e r c o r r e s p o n d s w i t h t h e t e c h n i c a l c a p a c i t y w i t h 
w h i c h i t h a s b e e n i n t r o d u c e d . 

T h e a c c i d e n t s l i ab le t o fol low a r t e r i a l t h r o m b o s i s in g u n s h o t 
in ju r i e s a r e i d e n t i c a l w i t h t h o s e c o m m o n t o t h e c o n d i t i o n u n d e r o t h e r 
c i r c u m s t a n c e s . P r i m a r y r a p i d occ lus ion m a y g ive r i se t o anaemic 
g a n g r e n e , w h i c h m a y b e i m m e d i a t e , a n d is s t r i c t l y c o m p a r a b l e w i t h 
t h a t w h i c h fol lows t h e i n t e r r u p t i o n of t h e b l o o d s u p p l y by l i g a t u r e of 
t h e vesse l . T h e o c c u r r e n c e of g a n g r e n e is n a t u r a l l y f a v o u r e d in cases 
in w h i c h t h e c lo t f o r m a t i o n e x t e n d s p e r i p h e r a l l y . T h i s a c c i d e n t h a s 
b e e n m o s t c o m m o n l y o b s e r v e d t o t a k e p l a c e in t h e c a r o t i d , f e m o r a l , 
a n d p o p l i t e a l a r t e r i e s . W h e n t h e p r o c e s s of occ lu s ion is p a r t i a l o r 
less r a p i d in n a t u r e , t i m e is a l l o w e d for c o m p e n s a t o r y c h a n g e s in t h e 
c o l l a t e r a l c i r c u l a t i o n , a n d t h e effects a r e less se r ious ; b u t s t i l l t h e 
v i t a l i t y of t h e p a r t s s i t u a t e d in t h e a r e a of t h e p e r i p h e r a l d i s t r i b u t i o n 
of t h e vesse l m a y suffer in t h e s a m e m a n n e r a s a f t e r t h e a p p l i c a t i o n 
of a l i g a t u r e . Def in i t e ischacmic c h a n g e s m a y d e v e l o p , o r t h e m u s c l e s 
lose c o n s i d e r a b l y in v o l u m e a n d c o n t r a c t i l e p o w e r . T h e s e c h a n g e s 
a r e n a t u r a l l y m o s t m a r k e d w h e n a n a s s o c i a t e d i n j u r y t o t h e n e r v e s 
is p r e s e n t , b u t t h e y o c c u r in s o m e d e g r e e w h e n e v e r t h e p e r i p h e r a l 
c i r c u l a t i o n is i n t e r f e r e d w i t h . 

T h e o c c u r r e n c e of e m b o l i s m in t h e s e in ju r i e s m u s t b e c o n s i d e r e d 
q u i t e a p a r t f rom t h e q u e s t i o n of s e p t i c i n fec t ion a n d d i s i n t e g r a t i o n 
of t h e c lo t : p o r t i o n s of sof t r e c e n t c lo t m a y b e c o m e d e t a c h e d a n d 
c a u s e t r o u b l e f rom t h e s u d d e n a n d c o m p l e t e anaemia p r o d u c e d . T h e 
s a m e r e m a r k a p p l i e s t o t h e o c c u r r e n c e of s e c o n d a r y h a e m o r r h a g e , t h e 
b l e e d i n g b e i n g t h e r e s u l t of t h e n o r m a l s e p a r a t i o n of t h e d e v i t a l i z e d 
a r e a of t i s s u e in t h e vesse l wa l l . T h e c lo t in t h e ca se i l l u s t r a t e d in 
Plate I w a s n o t in fec ted , a n d t h e t i s s u e of t h e a r t e r i a l Avail s h o w s 
l i t t l e s ign of r e a c t i o n a r y c h a n g e s . 

T h e r e c a n b e n o q u e s t i o n t h a t i n ju r i e s of t h e n a t u r e of c o n t u s i o n s 
a n d n o n - p e r f o r a t i n g l a c e r a t i o n s a r e n o t i n f r e q u e n t l y t h e e x p l a n a t i o n 
of t h e l a t e f o r m a t i o n of a n e u r y s m s o r h a e m a t o m a t a . T h e c o r r e s p o n d -
e n c e of t h e d a t e a t w h i c h p u l s a t i o n a n d swe l l ing a p p e a r in m a n y cases , 
w i t h t h a t a t w h i c h s e c o n d a r y h a e m o r r h a g e is c o m m o n , is in i tself 
s u g g e s t i v e . B e y o n d t h i s , h o w e v e r , m a n y o p e r a t o r s h a v e o b s e r v e d 
loca l b u l g i n g of a r t e r i e s a t t h e t i m e of e x p l o r a t i o n s for h a e m o r r h a g e . 
A c h a r a c t e r i s t i c d e s c r i p t i o n is g i v e n in a r e p o r t b y C a p t a i n Cowell 
in w h i c h h e s a y s t h e i n n e r c o a t s of t h e a r t e r y b u l g e d t h r o u g h a de fec t 
in t h e a d v e n t i t i a , l ike a n i n n e r b i cyc le t u b e p r o j e c t i n g t h r o u g h a 
ho le in t h e cove r . S m a l l local b u l g e s m a y a l so i n d i c a t e i n j u r y t o 
t h e i n n e r l a y e r s of t h e wa l l . Fig. 6 d e p i c t s s u c h a b u l g e in t h e 
f e m o r a l a r t e r y a b o v e t h e o p e n i n g of a n a r t e r i o - v e n o u s c o m m u n i c a t i o n . 
D i l a t a t i o n of t h e e n t i r e l u m e n m a y a l so r e s u l t in t h e e a r l y s t a g e s of 
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a n a r t e r i a l i n j u r y . Fig. 53 s h o w s a n e a r l y s t a g e of a n e u r y s m f o r m a -
t i o n f rom a l e a k in t h e c e n t r e of a c o n t u s e d a r e a of t h e b r a c h i a l a r t e r y . 

T h r o m b o s i s a s a r e s u l t of c o n t u s i o n is s t i l l m o r e c o m m o n l y seen 
in t h e ve ins t h a n in t h e a r t e r i e s . T h e c o n d i t i o n is o f t en m e t w i t h 
d u r i n g t h e p e r f o r m a n c e of o p e r a t i o n s o n w o u n d e d a r t e r i e s , a n d t h e 

o b s e r v a t i o n t h a t p r e - e x i s t i n g b l o c k i n g of t h e 
v e i n in n o w a y p r e j u d i c e d t h e r e s u l t s of l iga-
t u r e of a m a i n a r t e r y , w a s o n e of t h e c i r c u m -
s t a n t i a l f ac t s w h i c h s u p p o r t e d t h e i n t r o d u c t i o n 
of t h e p r a c t i c e of l i g a t u r i n g b o t h vesse l s w h e n 
occ lus ion of t h e a r t e r y is n e c e s s a r y . 

T h e e x i s t e n c e of a c o n t u s i o n of t h e a r t e r i a l 
wa l l is n o t r e a d i l y d e t e r m i n e d , in t h e a b s e n c e 
of o c u l a r d e m o n s t r a t i o n . T h e s ign w h i c h c o m -
m o n l y s u g g e s t s i t s o c c u r r e n c e , o b l i t e r a t i o n of t h e 
p e r i p h e r a l pu l s e , m a y e q u a l l y d e n o t e a c o n t u s e d 
l a t e r a l w o u n d o r e v e n c o m p l e t e s e v e r a n c e of t h e 
a r t e r y . Cases h a v e a l so b e e n r e c o r d e d * in w h i c h 
e x p l o r a t i o n s s u g g e s t e d b y a b s e n c e of t h e pe r i -
p h e r a l p u l s e h a v e r e v e a l e d n o a p p r e c i a b l e les ion . 
V e a u a s c r i b e s t h i s o c c u r r e n c e t o a s t a t e of 

g e n e r a l v a s o - c o n s t r i c t i o n of t h e a r t e r i e s of t h e l i m b , a n d d e s i g n a t e s 
t h e c o n d i t i o n a r t e r i a l s t u p o r . I t w o u l d s e e m t o c o r r e s p o n d t o 
t h e c o n d i t i o n of local s h o c k w h i c h a c c o u n t s for t h e t e m p o r a r y loss 
of s e n s a t i o n a n d p o w e r in a l i m b t h e s u b j e c t of a g u n s h o t i n j u r y . 
I t s chief i n t e r e s t s e e m s t o lie in a f ford ing a poss ib le e x p l a n a t i o n in 
s o m e cases of t h e a b s e n c e of h a e m o r r h a g e f rom c o m p l e t e l y d i v i d e d 
a r t e r i e s l y i n g e x p o s e d in a n o p e n w o u n d , a n d s u c h a c o n d i t i o n m i g h t 
p o s s i b l y b e c o n c e r n e d in t h e o c c u r r e n c e of t h e i m m e d i a t e c e r e b r a l 
s y m p t o m s w h i c h m a y fol low i n j u r y t o , o r l i g a t u r e of, t h e c a r o t i d 
a r t e r i e s . 

T h e s u b j e c t of a r t e r i a l t h r o m b o s i s c a n n o t b e left w i t h o u t m e n t i o n 
of t h e v e r y se r ious inf luence w h i c h r a p i d b l o c k i n g of t h e m a i n a r t e r y , 
o r e v e n of m i n o r b r a n c h e s , m a y e x e r t on t h e r a p i d p r o g r e s s of a n a e r o b i c 
g a n g r e n e . T h i s s u b j e c t h a s b e e n a b l y d e a l t w i t h b y C a p t a i n 
Bashford j" in h is p a p e r o n t h e g e n e r a l p a t h o l o g y of a c u t e b a c i l l a r y 
g a n g r e n e a r i s i n g in g u n s h o t in ju r i e s of m u s c l e , w h i c h supp l i e s b o t h 
c l in ical a n d h i s to log i ca l e v i d e n c e of t h e m a n n e r in w h i c h t h e r a p i d 
e x t e n s i o n of t h e p r o c e s s is f a v o u r e d b y v a s c u l a r o b s t r u c t i o n . T h e 

Fig. 6. — L a t e r a l 
suture of superficial 
femoral artery. Small 
aneurysmal dilatation. 
Ligature of femoral 
vein. 
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influence of blocking of the visceral arteries upon the organs concerned 
has also been dealt with by Captain Bashford* in a paper on the 
histology of the tissues immediate and remote from the point of injury 
in gunshot wounds ; and by Colonel Andrew Fullertonf in the case 
of the kidney. 

GUNSHOT WOUNDS OF THE BLOOD-VESSELS. 

Wounds of either arteries or veins may be divided into three 
classes : ( 1 ) Lateral wounds, transverse, vertical, or oblique ; 
(2) Perforations traversing the lumen of the vessel ; (3) Complete 
severances of continuity. Practically every one of these lesions is of 
a contused, or contused and lacerated, character. Mr. ShattockJ has 
pointed out that in no instance amongst a large series of wounded 
vessels, could any evidence of explosive effect be detected. 

Lateral Wounds—These lesions may be of the most insignificant 
character, or, on the other hand, may be of a more serious nature than 
even a complete division. 

The least serious lesions are those caused by punctures by minute 
fragments of metal, such as may be derived from portions of the 
mantle of a fragmented bullet, or small particles of bombs. The 
fragment may enter the lumen, be arrested in the opposite w

r
all of 

the vessel, or pass into the blood-stream. No doubt many such 
lesions undergo spontaneous repair, and their occurrence may not 
even be suspected ; but instances occur in which the opening remains 
patent and an aneurysm develops. Inspection from within the 
cavity of the sac in such cases arouses surprise that patency could 
have been maintained. The possession of a minute orifice of entry 
such as this no doubt explains some of the cases of spontaneous cure 
of traumatic aneurysm which occur. 

A foreign body, even of the size of a bullet, may enter by a lateral 
wound and thence travel in the interior of the vessel. An instance 
in which a bullet, entering by the thoracic aorta, passed on to be 
arrested in the right common iliac artery is quoted on p. 1 1 5 . In 
another remarkable case a shrapnel ball lying in the lumen of the 
inferior vena cava was apparently maintained in position below the 
opening in the diaphragm by the force of the blood-stream. 

Fig. 7 illustrates an incomplete lateral w O u n d , or it might be 
regarded as an attempt at perforation, abortive as a consequence of 
want of force on the part of the missile. In this instance a fragment 

* British Journal of Surgery vol . iv , N o . 15, p . 433 . 

f Ibid., vo l . v , N o . 18, p . 248 . 

Î Proceedings of the Royal Society of Medicine 1918, vol . x i , N o . 9 , J u l y , 
p . 116. 
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of she l l n o w lies i m p a c t e d w i t h i n t h e l u m e n of t h e a x i l l a r y a r t e r y a n d 
c o m p l e t e l y o b s t r u c t s i t . I t is p r o b a b l e t h a t in t h e i n i t i a l s t a g e t h e 
s m a l l miss i le fa i led t o p e r f o r a t e t h e i n t i m a , a n d p u s h e d t h i s before 

i t u n t i l t h e b l o o d - s t r e a m w a s c o m -
p l e t e l y i n t e r r u p t e d . S u b s e q u e n t l y 
t h e m e d i a a n d a d v e n t i t i a h a v e 
h e a l e d s p o n t a n e o u s l y o v e r t h e o u t e r 
a s p e c t of t h e p iece of m e t a l , a n d 
t h e i n t i m a h a s p e r i s h e d , l e a v i n g 

Fig. 7 . - I m p a c t e d foreign body in t he f o r ei g n b o d y SUrrOUllded b v 
the axillary artery. . " 

{Colonel Charters Symonds.) o r g a n i z e d t h r o m b u s w i t h i n t h e 
l u m e n of t h e vesse l . 

T h e t y p e s a n d deg ree s of l a t e r a l l es ions a r e p o r t r a y e d in t h e 
v a r i o u s e x a m p l e s i n c l u d e d in Fig. 8. All w e r e d r a w n f r o m a r t e r i e s 
r e m o v e d a f t e r a sufficient l a p s e of t i m e t o a l low of s t i f fening a n d 
fixation f r o m in f i l t r a t ion of t h e wa l l of t h e vesse l ; h e n c e t h e orifices 
a r e p a t e n t a n d g a p i n g . I n a m o r e r e c e n t c o n d i t i o n t h e o p e n i n g s 
g a p e less w ide ly , t h e m a r g i n s a r e g e n e r a l l y i r r e g u l a r l y s h r e d d e d , t h e 
t a t t e r e d a d v e n t i t i a p r o j e c t i n g a r o u n d t h e s t o m a , whi le t h e m u s c u l a r i s 
a n d i n t i m a a r e m o r e o r less r e t r a c t e d . H i s t o l o g i c a l e x a m i n a t i o n s h o w s 
t h e s t r u c t u r e of t h e a d j a c e n t p a r t of t h e wa l l of t h e a r t e r y t o h a v e 
suffered i n j u r y s imi l a r t o t h a t d e s c r i b e d u n d e r t h e h e a d i n g of c o n t u s i o n , 
e x t e n d i n g o v e r a v a r i a b l e a r e a . A n u m b e r of i l l u s t r a t i o n s of 
l a t e r a l w o u n d s will b e f o u n d in t h e s ec t i ons d e v o t e d t o t h e spec ia l 
vesse l s . 

T h e s p e c i m e n l e t t e r e d c in Fig. 8 i l l u s t r a t e s d i a g r a m m a t i c a l l y 
a t y p e of w o u n d m e t w i t h o n o n e occas ion ; i t s f o rm, t h a t of a l a t e r a l 
f lap, is of s o m e i m p o r t a n c e w i t h r e g a r d t o t h e pos s ib i l i t y of t h e 
r e s t r a i n t of h a e m o r r h a g e b y p r e s s u r e of e x t r a v a s a t e d b lood-c lo t o n 
t h e a r t e r y f rom w i t h o u t . T h i s - w o u n d , a s a l so t h o s e m a r k e d a, b, a n d 
e, m a y b e r e g a r d e d a s e x a m p l e s of m o r e o r less p u r e l y inc i sed w o u n d s 
p r o d u c e d b y t h e p a s s a g e of s m a l l s h a r p f r a g m e n t s of m e t a l . G i v e n 
s a t i s f a c t o r y loca l a n d a s e p t i c c o n d i t i o n s , al l a r e e m i n e n t l y s u i t a b l e for 
t r e a t m e n t b y s u t u r e . I n d e a l i n g w i t h s u c h les ions , h o w e v e r , i t h a s 
t o b e c o n s t a n t l y b o r n e in m i n d t h a t t h e s t r u c t u r a l d a m a g e t o t h e wa l l 
of t h e a r t e r y m a y b e m u c h m o r e e x t e n s i v e t h a n t h e e x t e r n a l a p p e a r -
a n c e s w o u l d s e e m t o w a r r a n t , s ince , b e y o n d t h e v i s ib le l a c e r a t i o n , 
r e m o t e in ju r ies t o t h e m u s c u l a r i s a n d i n t i m a m a y h a v e r e s u l t e d f rom 
c o n t u s i o n a n d s t r e t c h i n g a t t h e t i m e of t h e a c c i d e n t . T h e a c t u a l 
p a t e n t o p e n i n g m a y in f ac t l ie in t h e c e n t r e of a n a r e a of t h e Avail of 
t h e vesse l , in w h i c h c o n t u s i o n h a s led t o w i d e s p r e a d s t r u c t u r a l d i s -
i n t e g r a t i o n s u c h as is p o r t r a y e d in Plate III. T h e s e r e m o t e in ju r ies , 
a l t h o u g h p e r h a p s n o t sufficient t o c a u s e fa i lu re of u n i o n of t h e 
l ine of s u t u r e , a r e y e t c a p a b l e of v i t i a t i n g t h e final r e s u l t of t h e 
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Fig. 8 . — T Y P E S OF ARTERIAL W O U N D S . 

a. Small portion of the femoral artery removed at the time that the aneurysm 
was extirpated and the vessel ligatured, with the piece of shell which produced the 
injury. The regular outline and smooth margins of such an incised wound at the end 
of ten days are well shown. 

6. Oval wound of superficial femoral artery. The wound is in immediate proximity 
to a lateral branch fixing the artery. Shell injury. 

c. Diagrammatic representation of a flap-like wound of subclavian artery. Large 
mass of primary clot ; no aneurysmal sac formed ; secondary cellulitis of neck ; 
secondary haemorrhage. Shell injury. 

d. Oval wound of superficial femoral artery. The thin strip of arterial wall 
between the main opening and the lateral slit shows this to have been actually a 
perforation. Secondary haemorrhage appears to have taken place through the lateral 
slit. The specimen has become bent during the process of preparation. Bullet injury. 

e. Unusually long lateral wound of axillary artery. Note the branch arising 
immediately opposite the centre of the wound. 

/ . Diagrammatic representation of a three-fifths division of the femoral artery. 
This form is frequent, and amounts practically to a complete division of the vessel. 
It is, however, a more serious injury, since the remaining bond of union prevents free 
retraction and contraction of the ends, and hence spontaneous thrombosis and closure 
of the vessel is less likely to take place. 

It will be noted that all these vessels were exposed from three to ten days after 
the infliction of the wound ; hence the margins of all are more even and rounded 
than in the recent stage of the injuries. 

2 
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o p e r a t i o n b y f a v o u r i n g t h e o c c u r r e n c e of t h r o m b o s i s a n d u l t i m a t e 

occ lu s ion . 

W h e n a l a r g e r p r o p o r t i o n of t h e c i r c u m f e r e n c e of t h e vesse l is 

i n v o l v e d , o r if a c t u a l loss of s u b s t a n c e h a s b e e n e x t e n s i v e , t h e d e g r e e 

of r e t r a c t i o n of t h e o p e n e n d s of t h e a r t e r y is o f t en v e r y g r e a t , 

r e a c h i n g a m a x i m u m in s u c h in ju r i e s a s Fig. 8 , / . I n s u c h 

c i r c u m s t a n c e s t h e c o n d i t i o n s a r e f u r t h e r d i s t o r t e d , a s h a s b e e n 

p o i n t e d o u t b y S e n c e r t , * b y a c h a n g e in t h e a x i s of t h e r e m a i n i n g 

s t r a n d of t h e wal l of t h e vesse l . T h i s b a n d f o r m s a s a l i e n t a n g l e a t 

t h e e x t r e m i t i e s of w h i c h t h e o p e n e n d s of t h e vesse l p o i n t i n t h e s a m e 

d i v e r g i n g l i ne . As a r e s u l t of t h i s a r r a n g e m e n t , t h e o p e n e n d s of 

t h e vesse l de l i ve r t h e s t r e a m of b l o o d in a false d i r e c t i o n , whi le t h e 

c o n n e c t i n g s t r a n d p r e v e n t s t h e i r r e t r a c t i o n i n t o t h e t i s s u e s , a n d t h u s 

h a e m o r r h a g e is f a v o u r e d . W h e n t h e d e g r e e of r e t r a c t i o n is less , t h e 

w o u n d i tself f o r m s t h e b l u n t a p e x of t h e s a l i e n t a n g l e . I n a l a t e r 

s t a g e t h e o p e n e n d s of t h e vesse l c i ca t r i z e , t h e i n t i m a a n d a d v e n t i t i a 

u n i t i n g o v e r t h e r e t r a c t e d m e d i a , a n d a r o u n d e d s m o o t h o p e n i n g is 

f o r m e d c o m m u n i c a t i n g w i t h a false a n e u r y s m (see Fig. 4 2 , p . 1 5 9 ) . 
I be l i eve i t is r a r e for s p o n t a n e o u s c losure of t h e vesse l t o t a k e p l a c e 

i n in ju r i e s of t h i s c lass . 

C o n s i d e r a t i o n of t h e ser ies of w o u n d s i l l u s t r a t e d a b o v e a n d t h e 

a c c o m p a n y i n g r e m a r k s o n t h e i r a n a t o m i c a l c h a r a c t e r s , m a k e s i t 

e v i d e n t t h a t n o useful p r a c t i c a l d i s t i n c t i o n c a n b e d r a w n b e t w e e n 

w o u n d s of t h e a r t e r i e s c a u s e d b y b u l l e t s o r f r a g m e n t s of shel ls a s 

fa r a s i n d i c a t i o n s for t r e a t m e n t a r e c o n c e r n e d . I t is c lear , o n t h e o n e 

h a n d , t h a t a shel l w o u n d m a y b e e i t h e r l i m i t e d a n d inc i sed in 

c h a r a c t e r , o r a s eve re ly c o n t u s e d a n d l a c e r a t e d i n j u r y ; on t h e o t h e r , 

t h a t wh i l e t h e m o d e r n p o i n t e d b u l l e t , g iven d i r e c t a n d e x a c t i m p a c t , 

m a y c a u s e a l i m i t e d a n d s t r i c t l y loca l ized les ion , i t is a l so c a p a b l e , 

in c o n s e q u e n c e of i t s i n h e r e n t i n s t a b i l i t y of flight, of a d d i n g a n ex -

t e n s i v e a r e a of c o n t u s i o n a r o u n d a n y o p e n i n g i t m a y e f f ec tua t e . E a c h 

i n j u r y , in f ac t , r e q u i r e s t o b e j u d g e d on t h e a c t u a l c o n d i t i o n d i sc losed 

on d i r e c t e x a m i n a t i o n , a n d n o t u p o n t h e n a t u r e of t h e a g e n t w h i c h 

p r o d u c e d i t , a l w a y s b e a r i n g in m i n d t h e g r e a t e r p r o b a b i l i t i e s of se r ious 

in fec t ion of t h e n e i g h b o u r i n g sof t t i s s u e s in les ions p r o d u c e d b y 

f r a g m e n t s of she l l s . 

Perforations—This d e n o m i n a t i o n is r e s e r v e d for t h o s e in ju r i e s 

in w h i c h t h e miss i le t r a v e r s e s t h e vesse l , a n d b i l a t e r a l o p e n i n g s a r e 

p r o d u c e d . E x c e p t t h a t t h e o p e n i n g s t e n d t o p a r t a k e of t h e c h a r a c t e r s 

of e n t r y a n d e x i t a p e r t u r e s , t h a t of e n t r y b e i n g of a p u n c h e d - o u t 

n a t u r e , a n d t h a t of e x i t s t r e t c h e d a n d e v e r t e d , l i t t l e p r a c t i c a l d i s t i n c -

* Les Blessures des \
r
a

;
s$eaux (Horizon Series), p . 4 . 



DISTRIBUTION AND ANATOMICAL CHARACTERS 1 9 

t i o n c a n b e d r a w n b e t w e e n t h e m a n d m a n y of t h e l a t e r a l w o u n d s 
a l r e a d y d e s c r i b e d . T h i s f o r m of i n j u r y m a y b e c a u s e d b y e i t h e r 
bu l l e t s , o r f r a g m e n t s of shel ls , o r b o m b s . T h e m o d e r n c h a n g e i n 
o u t l i n e a n d b a l a n c e h a s r e n d e r e d p u r e p e r f o r a t i o n s b y b u l l e t s of less 
f r e q u e n t p r o p o r t i o n a t e o c c u r r e n c e . T h e d i m i n u t i o n h a s , h o w e v e r , 
been in g r e a t m e a s u r e m a d e u p for b y t h e i n c r e a s e in n u m b e r of 
p e r f o r a t i o n s effected b y s m a l l f r a g m e n t s of m e t a l f r o m shel ls a n d 
b o m b s p r o p e l l e d b y h i g h e x p l o s i v e s . 

P e r f o r a t i o n s m a d e b y t h e p a s s a g e of M a u s e r o r L e e - M e t f o r d 
b u l l e t s a r e u s u a l l y s m a l l a n d g a p e l i t t l e ; t h i s m a y a l s o b e t h e c a s e 
w i t h t h e p o i n t e d b u l l e t if i t s t r i k e s e x a c t l y a n d w i t h a low d e g r e e of 
v e l o c i t y (see s k i a g r a m , Fig. 1 6 ) ; b u t m o r e f r e q u e n t l y t h e m a r g i n s of 
t h e o p e n i n g in t h e vesse l a r e c o n s i d e r a b l y c o n t u s e d , a n d l a r g e r i n 

Fig. 9.—Perforating wound of femoral artery and vein. Adhesion of the opposing 
sides of the vessels has established a direct arterio-venous communication. Opening 
in artery with irregular shredded margins, that in vein more incised in character. 
Shell injury. 

d i a m e t e r t h a n t h e b u l l e t w h i c h p r o d u c e d t h e i n j u r y . T h e a c t u a l 
a m o u n t of g a p i n g m a y b e m a t e r i a l l y in f luenced b y t h e d e g r e e of loca l 
f ixa t ion of t h e vesse l a n d t h e r e l a t i v e c a p a c i t y a l l owed for l o n g i t u d i n a l 
s t r e t c h i n g . T h e v a r y i n g c h a r a c t e r a n d o u t l i n e of t h e o p e n i n g s m a y 
b e g a t h e r e d f rom i n s p e c t i o n of Fig. 9 , a n d in g e n e r a l t h e y m a y 
differ l i t t l e f rom m a n y of t h e s ing le l a t e r a l w o u n d s . 

A r e m a r k a b l e a s y m m e t r i c a l p e r f o r a t i o n p r o d u c e d b y a b u l l e t is 
i l l u s t r a t e d b y Fig. 8, d ; in t h i s t h e s e p a r a t i o n b e t w e e n t h e t w o 
o p e n i n g s is r e p r e s e n t e d b y a v e r y n a r r o w s t r i p of t h e a r t e r i a l wa l l . 
T h e les ion o b t a i n s s o m e w h a t spec ia l i m p o r t a n c e in t h a t t h e p r e s e n c e 
of t h e n a r r o w s t r i p w a s h e l d b y Colonel G o r d o n W a t s o n t o b e 
r e s p o n s i b l e for t h e s e p a r a t i o n of t h e Avail of a t r a u m a t i c a n e u r y s m a l 
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s a c a t i t s a t t a c h m e n t t o t h i s p o i n t , a n d a c o n s e q u e n t s e c o n d a r y 

h a e m o r r h a g e . 

Fig. 9, d e p i c t i n g a t r a v e r s i n g p e r f o r a t i o n of t h e f e m o r a l a r t e r y 

a n d v e i n effected b y a f r a g m e n t of shel l , offers a n exce l l en t e x a m p l e 

of t h e c o n t r a s t b e t w e e n t h e a n a t o m i c a l c h a r a c t e r s e x h i b i t e d b y w o u n d s 

of a r t e r i e s a n d v e i n s r e s p e c t i v e l y , a n d t h e g r e a t e r t e n d e n c y of t h e 

f o r m e r t o b e t o r n a n d s h r e d d e d . A free flap l ike t h a t h e r e d e p i c t e d 

m a y s o m e t i m e s b e m e t w i t h p r o j e c t i n g i n t o a n a r t e r i o - v e n o u s 

c o m m u n i c a t i o n . I h a v e seen t h i s on m o r e t h a n o n e occas ion . Re fe r -

e n c e t o Fig. 2 8 , w h i c h s h o w s a p r o j e c t i n g flap of m u s c u l a r i s stil l 

u n h e a l e d in t h e m a r g i n of a n a r t e r i o - v e n o u s c o m m u n i c a t i o n , e x p l a i n s 

t h e l o n g p e r s i s t e n c e of t h i s c o n d i t i o n . 

Complete Division of the Vesse l .—Comple te s e v e r a n c e of con-

t i n u i t y of t h e vesse l s is n o t u n c o m m o n . I n l a rg e l a c e r a t e d w o u n d s 

t h e c o n d i t i o n is e a s y of e x p l a n a t i o n ; b u t t h e f r e q u e n t o c c u r r e n c e of 

c o m p l e t e s o l u t i o n s of c o n t i n u i t y m e t w i t h in s i m p l e b u l l e t w o u n d s , 

w i t h t y p i c a l a p e r t u r e s of e n t r y a n d e x i t o n t h e su r face of t h e b o d y , 

w a s o n e of t h e su rp r i s e s a t t e n d a n t u p o n t h e i n t r o d u c t i o n of t h e bu l l e t 

o f s m a l l c a l i b r e . 

T h e a n a t o m i c a l c h a r a c t e r s e x h i b i t e d b y t h e v a s c u l a r w o u n d s a r e 

i n c o n s t a n t . S e v e r a n c e s effected b y rifle b u l l e t s s o m e t i m e s offer a n 

a p p e a r a n c e difficult t o d i s t i n g u i s h f rom t h o s e m a d e b y t h e kn i fe of 

t h e s u r g e o n , t h e e n d s of t h e vesse l a p p e a r i n g s h a r p a n d e v e n . I n 

m a n y of t h e s e les ions d iv i s ion of t h e vesse l is fo l lowed b y p r o m p t 

r e t r a c t i o n of t h e free e n d s , a n d s p o n t a n e o u s ces sa t ion of o r e n t i r e 

e s c a p e f rom h e m o r r h a g e o c c u r s , t h e a c c i d e n t b e i n g fo l lowed n e i t h e r 

b y t h e e s c a p e of b lood n o r t h e f o r m a t i o n of a h e m a t o m a . 

Fig. 10.—Complete division of popliteal artery and vein. The proximal end 
of the artery is thrombosed, but was still leaking. The vein is completely occluded, 
but the thrombus does not reach its free extremity. 

C o m p l e t e l y d i v i d e d a r t e r i e s h a v e o f t en b e e n f o u n d in t h e c o u r s e 
of e x p l o r a t i o n s m a d e w i t h a v i e w t o d e a l i n g w i t h i n j u r e d n e r v e t r u n k s 
in w h i c h n o e v i d e n c e of p r e v i o u s h e m o r r h a g e h a s b e e n d e t e c t e d , 
b e y o n d a t m o s t a c e r t a i n a m o u n t of c i ca t r i c i a l t i s s u e ; m o r e o v e r , i t 
is o f ten i m p o s s i b l e in p r a c t i c e t o d e t e r m i n e f rom c l in ica l e v i d e n c e 
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w h e t h e r a n a b s e n t r a d i a l p u l s e a t t h e w r i s t d e p e n d s o n c o n t u s i o n 
a n d t h r o m b o s i s of t h e a x i l l a r y a r t e r y , o r c o m p l e t e s e v e r a n c e of t h e 
t r u n k . T h i s diff iculty m a y a r i se in w o u n d s t r a v e r s i n g t h e a r e a 
o c c u p i e d b y a n y of t h e g r e a t vesse l s a t t h e r o o t of t h e n e c k , t h e 
ax i l l a , o r e l s ewhe re , a n d i t a r i s e s w i t h s o m e f r e q u e n c y . 

C o m p l e t e l y d i v i d e d vesse ls , e v e n of t h e s ize of t h e f e m o r a l , a r e 
o f t en f o u n d in l a rge o p e n w o u n d s a l so , t h e free e n d s c o n t r a c t e d i n 
c a l i b r e for a s h o r t d i s t a n c e , a n d p u l s a t i n g f reely a b o v e , wh i l e n o e s c a p e 
w h a t e v e r of b l o o d is t a k i n g p l a c e . 

Fig. 10 d e p i c t s t h e c o n d i t i o n of a c o m p l e t e l y d i v i d e d p o p l i t e a l 
a r t e r y a n d v e i n f o u n d e x p o s e d in a l a r g e 
w o u n d . I n t h i s case t h e p r o x i m a l e x -
t r e m i t y of t h e a r t e r y is filled b y a cy l in -
d r i c a l t h r o m b u s w h i c h p r o j e c t s f rom t h e 
o p e n l u m e n . T h e c lo t is s een t o i n c r e a s e 
g r a d u a l l y in c a l i b r e f r o m a b o v e d o w n -
w a r d s , a n d t h e free e x t r e m i t y is d o m e -
s h a p e d . T h e f o r m of t h e t h r o m b u s 
d e p e n d s u p o n t h e f ac t t h a t i t d i d n o t 
firmly o c c l u d e t h e a r t e r y , a n d h e n c e 
l e a k i n g h a e m o r r h a g e c a u s e d a g r a d u a l 
i n c r e a s e in i t s s ize . T h e s a t e l l i t e v e i n is 
filled b y a m o r e efficient t h r o m b u s , t h e 
s i t u a t i o n of w h i c h is i n d i c a t e d b y a 
fus i form e n l a r g e m e n t seen a b o v e t h e free 
e x t r e m i t y . I t will b e o b s e r v e d t h a t n o 
e s s e n t i a l d i f ference in a p p e a r a n c e e x i s t s 
b e t w e e n t h e l ines of s e c t i o n effected b y 
t h e b u l l e t a n d t h e kn i fe of t h e s u r g e o n 
r e s p e c t i v e l y . 

A s t r i k i n g c o n t r a s t t o t h e s e n e a t 
i n ju r i e s is n o t i n f r e q u e n t l y m e t w i t h i n 
t h e c o n t u s e d a n d l a c e r a t e d w o u n d s c a u s e d 
b y r o u g h f r a g m e n t s of she l l s . I n t h e s e 
t h e free e x t r e m i t i e s of t h e vesse l m a y b e 
i r r e g u l a r l y t o r n a n d t a t t e r e d , t h e d iv i s i on 
of t h e i n d i v i d u a l c o a t s d e p a r t i n g f r o m 

t h e o r d i n a r y ru l e , a n d c o n s i d e r a b l e l e n g t h s of t h e a r t e r y m a y h a v e 
b e e n a c t u a l l y c a r r i e d a w a y b y t h e p a s s i n g miss i le . A n e x a m p l e is 
offered in Fig. 11 of t h e t h o r o u g h l y a t y p i c a l m a n n e r in w h i c h t h e 
c o a t s of t h e a r t e r y m a y b e d e s t r o y e d , for h e r e w e find a m o r e o r 
less i n t a c t t u b e of i n t i m a p r o j e c t i n g f rom t h e i r r e g u l a r l y t o r n , 
r e t r a c t e d , a n d r o l l e d - u p m u s c u l a r i s a n d a d v e n t i t i a . 

S p e a k i n g g e n e r a l l y , f r o m t h e p o i n t of v i e w of d a n g e r f rom 

Fig. 11.—Complete division 
of femoral artery. Laceration 
of adventitia and media. 
Intima projecting with intact 
circumference and regular 
margin. 

Captain Adrian Stokes. 
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h a e m o r r h a g e , c o m p l e t e s e v e r a n c e of t h e vesse l m a y b e r e g a r d e d a s 
a less se r ious a c c i d e n t t h a n a t h r e e - q u a r t e r s e v e r a n c e s u c h a s is 
d e p i c t e d in Fig. 8, / , s ince in t h e l a t t e r t h e b o n d of u n i o n a c t s a s 
a c h e c k t o t h e n o r m a l p roces s for s p o n t a n e o u s c losu re of t h e l u m e n . 
I t m a y , m o r e o v e r , b e p o i n t e d o u t , t h a t les ions of t h e l a t t e r c lass 
a r e a p t n o t i n f r e q u e n t l y t o b e r e g a r d e d a s c o m p l e t e d iv i s ions w h e n 
m e t w i t h in o p e r a t i o n s for a r t e r i a l h e m a t o m a o r false t r a u m a t i c 
a n e u r y s m , b e c a u s e t h e c o n n e c t i n g b a n d , a s a r e s u l t of in f i l t r a t ion 
a n d fusion of t h e r e m a i n s of t h e a r t e r y w i t h t h e s u r r o u n d i n g t i s sue s , 
b e c o m e s difficult of def in i t ion a n d r e c o g n i t i o n . 

WOUNDS OF THE VEINS. 

W h a t h a s b e e n sa id r e g a r d i n g w o u n d s of t h e a r t e r i e s h o l d s g o o d , 
in g e n e r a l , for t h o s e of t h e v e i n s a l so . S u c h v a r i a t i o n a s e x i s t s 
d e p e n d s o n t h e m o r e d e l i c a t e a n d t e n u o u s s t r u c t u r e of t h e w a l l s , a n d 
o n t h e g r e a t e r t e n d e n c y t o t h r o m b o s i s . 

M a n y of t h e figures i l l u s t r a t e t h e s e p o i n t s , n o t a b l y Figs. 9 , 1 0 , 
1 2 , a n d 1 3 . Fig. 1 0 f u rn i shes a n e x a m p l e of a v e r y c l ean t r a n s v e r s e 
d iv i s ion , wh i l e in Fig. 1 2 a m o r e f r a y e d a n d t a t t e r e d t e a r is d e p i c t e d ; 
in t h e case of t h e l a t t e r t h e c o n d i t i o n is e x a g g e r a t e d b y t h e a d h e s i o n 
of t h e i n f i l t r a t e d p e r i v e n o u s a r e o l a r t i s s u e , a s t h i s s p e c i m e n w a s 
r e m o v e d a f t e r a n i n t e r v a l of s o m e d a y s f rom t h e r e c e p t i o n of t h e 
i n j u r y , a n d s e c o n d a r y c h a n g e s h a v e t a k e n p l a c e . 

T h e dif ferences d e p e n d e n t u p o n t h e s m a l l e r p r o p o r t i o n of 
m u s c u l a r t i s s u e , a n d t h e lesser d e g r e e of r e s i s t a n c e offered b y t h e 
v e i n t o t h e p a s s a g e of t h e miss i le , a r e p e r h a p s s t i l l b e t t e r i l l u s t r a t e d 
b y t h e c h a r a c t e r s e x h i b i t e d b y t r a v e r s i n g p e r f o r a t i o n s . T h e s e a r e 
wel l s h o w n s ide b y s ide in Fig. 9 , wh i l e Fig. 1 3 , d r a w n f r o m a spec i -
m e n o b t a i n e d b y C a p t a i n A d r i a n S t o k e s , affords a n e x c e l l e n t e x a m p l e 
of a s i m p l e t r a v e r s i n g w o u n d of t h e c o m m o n i l iac v e i n in w h i c h l i t t l e 
s e c o n d a r y c h a n g e t o o k p l a c e p r i o r t o t h e d e a t h of t h e p a t i e n t . T h e 
o p e n i n g s in t h i s d r a w i n g g a p e w i d e l y , b u t w h e n t h e s l i t s a r e v e r t i c a l 
t h e t e n d e n c y d u r i n g life is for t h e v e i n t o co l l apse s o m e w h a t a n d t h e 
m a r g i n s of t h e w o u n d t o fall t o g e t h e r . M a n y i n s t a n c e s of p e r f o r a t i o n s 
o r r e n t s of t h e g r e a t v e i n s a t t h e b a c k of t h e a b d o m i n a l c a v i t y h a v e 
b e e n r e c o r d e d , in w h i c h h a e m o r r h a g e w a s a r r e s t e d s p o n t a n e o u s l y o r 
b y t h e a i d of t h e s u r g e o n , w h e r e r e c o v e r y f r o m t h e i n j u r y fo l lowed . 
A g o o d i n s t a n c e of s u c h a n i n j u r y t o t h e p o r t a l v e i n t r e a t e d b y forci-
p r e s s u r e h a s b e e n r e c o r d e d b y C a p t a i n R o m a n i s . * D u r i n g t h e cou r se 
of a n a b d o m i n a l o p e r a t i o n , a l a t e r a l w o u n d ha l f a n inch in l e n g t h 

* Lancet, 1916, Oct . 14, p . 679 . 
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Fig. 12 .—INJURED POPLITEAL ARTERY 

AND V E I N , FOLLOWED BY GANGRENE 

OF THE LEG. 

The vein has suffered complete 
severance as a result of the passage of 
the bullet. The ragged, frayed ends of 
the vein are well shown. The amount 
of separation of the ends is less than 
the average distance, a fact readily ex-
plained by the firm nature of the con-
nection normal to this particular artery 
and vein. The lower end of the vein is 
still occupied by a thrombus. 

The artery, which has suffered a 
severe contusion, presents a fusiform en-
largement occupied by a thrombus oppo-
site the gap between the ends of the 
severed vein. Both above and below the 
thrombosed spot the calibre of the vessel 
is notably diminished, a condition usually 
seen when the normal arterial circulation 
is arrested either by a thrombus or a 
large wound involving the lumen. Under 
the care of Capt. W. G. Mumford. 

N o f u r t h e r h e m o r r h a g e t o o k p l a c e f r o m t h e v e i n , b u t o n t h e e i g h t h 
d a y t h e p a t i e n t h a d a n a t t a c k of s e v e r e h y p o g a s t r i c p a i n , v o m i t e d 
t w i c e , p a s s e d b l o o d y u r i n e , a n d d i e d . T h e c a u s e of d e a t h w a s 
s e c o n d a r y h e m o r r h a g e f r o m a n i n j u r y t o t h e r i g h t r e n a l a r t e r y . A t 

w a s d i s c o v e r e d in t h e p o r t a l v e i n f r o m w h i c h b l o o d w a s g u s h i n g 
f r ee ly . T w o a r t e r y fo rceps w e r e c l a m p e d o n t h e s i d e of t h e v e i n in a 
l o n g i t u d i n a l d i r e c t i o n , a n d t h e h a e m o r r h a g e w a s c o n t r o l l e d . T h e forceps 
w e r e lef t in p o s i t i o n u n t i l t h e t h i r d d a y , w h e n t h e y w e r e r e m o v e d . 
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t h e a u t o p s y , t h e l u m e n of t h e p o r t a l v e i n w a s f o u n d t o b e p a t e n t , a n d 
t h e p o s i t i o n of t h e w o u n d o c c u p i e d b y a s o u n d sca r . R e f e r e n c e will 
b e m a d e l a t e r t o t h e f r e q u e n c y w i t h w h i c h w o u n d s of t h e ve ins of 
t h e l i m b s h e a l s p o n t a n e o u s l y , e spec ia l ly b y t h e a i d of a d h e s i o n t o 
ne ighbour ing- s t r u c t u r e s . 

T h e h i s t o l o g i c a l d e t a i l s m e t w i t h in a w o u n d of t h e p o p l i t e a l 
v e i n t w e n t y - f o u r h o u r s a f t e r i t s inf l ic t ion a r c p o r t r a y e d b y C a p t a i n 
B a s h f o r d in Fig. 1 4 . I t will b e n o t e d t h a t v e r y l i t t l e i n j u r y h a s 
b e e n suffered b y t h e Avail of t h e v e i n in t h e n e i g h b o u r h o o d of t h e 
w o u n d . T h e e n d o t h e l i a l l i n i n g of t h e v e i n h a s b e e n s h e d , a n d i t s 

Fig. 13.—Recent perforation of common iliac vein. Capt. Adrian Stokes. 

p l a c e t a k e n b y a l a y e r of f ibr in d e p o s i t e d o n t h e i n n e r s u r f a c e of 
t h e i n t e r n a l e l a s t i c l a m i n a . A t o n e s p o t a t t h e lower s ide of t h e 
s e c t i o n , s e p a r a t i o n of t h e m u s c u l a r i s f r o m t h e i n t i m a h a s t a k e n p l a c e , 
a n d o p p o s i t e t o t h i s t h e i n t e r n a l e l a s t i c l a m i n a h a s los t i t s n a t u r a l 
c u r v e s , w h i l e b e n e a t h i t s o m e f ibr in a n d r e d b l o o d - c o r p u s c l e s h a v e 
b e e n d e p o s i t e d . T h i s s p e c i m e n is f rom a c o m p a r a t i v e l y s l igh t i n j u r y , 
b u t s e rve s well t o i l l u s t r a t e t h e c h a r a c t e r s w h i c h h a v e b e e n d e s c r i b e d 
a b o v e . 

PROCESS OF REPAIR OF THE INJURED VESSELS. 

T h e r e is n o e v i d e n c e t o l e a d t o t h e o p i n i o n t h a t a n y v a r i a t i o n 
f r o m t h e n o r m a l p r o c e s s is n o t i c e a b l e in t h e m e t h o d of r e p a i r of 
vesse l s , e i t h e r c o n t u s e d , o r w o u n d e d b y g u n s h o t . T h e s a m e s e q u e n c e 
of p r o m p t c o n t r a c t i o n , r e t r a c t i o n of t h e i n n e r c o a t s , a n d p r o v i s i o n a l 
t h r o m b o s i s fo l lowed b y e n d o t h e l i a l p r o l i f e r a t i o n a t t h e i n j u r e d s p o t , 
a n d final o r g a n i z a t i o n of s c a r t i s s u e , is o b s e r v e d . A n y spec ia l 
f e a t u r e s lie in t h e s e v e r i t y of t h e p r i m a r y i n j u r y t o t h e t i s s u e s , t h e 
f r e q u e n t i r r e g u l a r i t y of t h e p r o c e s s as far a s s y m m e t r y is c o n c e r n e d , 
a n d t h e l e n g t h of t h e s e g m e n t of t h e vesse l w h i c h t h e s u b s e q u e n t 
c i c a t r i z a t i o n m a y i m p l i c a t e . 
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W h e n t h e vesse l h a s suffered c o m p l e t e d iv i s ion , t h e c u s t o m a r y 
c o n t r a c t i o n of t h e t e r m i n a l s e g m e n t of t h e free e x t r e m i t y , r e t r a c t i o n 
of t h e m u s c u l a r i s a n d i n t i m a w i t h i n t h e confines of t h e a d v e n t i t i a , 
t h e f o r m a t i o n of a p r o v i s i o n a l t h r o m b u s w i t h i n t h e l u m e n , a n d s o m e -
t i m e s t h e c a p p i n g of t h e free e x t r e m i t y b y a c o n v e x b lood-c lo t , a r c 
o b s e r v e d . T h e p r o c e s s is in fac t i d e n t i c a l w i t h t h a t w h i c h fol lows 

Fig. 14.—Section of recently wounded popliteal vein. All the coats of the vessel 
are divided at one spot on the right. There is little damage to the wall of the vessel 
around the opening. The endothelium is shed, and a layer of fibrin and blood cover 
the internal elastic lamina. At the lower part of the figure the media is seen to be 
separated from the intima. Opposite this spot the elastic lamina is stretched 
and its normal curves are obliterated, and a deposit of fibrin and red blood-corpuscles 
separates the coats of the vessel ; this is shown more highly magnified in B. 
Specimen by Capt. Bashford. 

t h e d iv i s ion of a n y h e a l t h y a r t e r y b y a b l u n t i n s t r u m e n t , a n d c a n 
p e r h a p s p r o p e r l y b e c o m p a r e d t o t h a t w h i c h fol lows su rg i ca l t o r s i o n 
of a vesse l . 

T h e c o n d i t i o n s a r e less s a t i s f a c t o r y w h e n t h e w o u n d is a l a t e r a l 
o n e a n d h e m o r r h a g e c o n t i n u e s , e i t h e r e x t e r n a l l y , o r i n t o t h e s u r r o u n d -
i n g t i s s u e s . I t is u n d e r t h e s e c i r c u m s t a n c e s t h a t t h e p r o c e s s of 
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s p o n t a n e o u s h e a l i n g d o e s possess spec ia l f e a t u r e s r a r e l y m e t w i t h in 
in ju r ies p r o d u c e d b y o t h e r f o r m s of v io l ence . I f t h e o p e n i n g b e of 
t h e n a t u r e of a m i n u t e p u n c t u r e c a u s e d b y a t i n y f r a g m e n t of m e t a l , 
o r of t h e l i m i t e d e x t e n t p r o d u c e d b y a b u l l e t of s m a l l c a l i b r e , t h e r e is 
n o d o u b t t h a t i t m a y h e a l s p o n t a n e o u s l y b y t h e n o r m a l p r o c e s s . I 
t h i n k t h e first i n s t a n c e of s p o n t a n e o u s h e a l i n g of p e r f o r a t i o n s c a u s e d 
b y a b u l l e t t o a n a r t e r y of t h e m a g n i t u d e of t h e a b d o m i n a l a o r t a , 
w a s o b s e r v e d b y B r e n t a n o * d u r i n g t h e R u s s o - J a p a n e s e W a r . I n t h i s 
ca se t h e b u l l e t t r a v e r s e d t h e a o r t a j u s t a b o v e t h e o r ig in of t h e r e n a l 
vesse l s , a n d t h e n p a s s e d t h r o u g h t h e l ive r . T h e p a t i e n t d i e d o n t h e 
s e v e n t i e t h d a y f r o m t h e r e s u l t s of a s u b p h r e n i c ab s ce s s w h i c h 
d e v e l o p e d in c o n n e c t i o n w i t h t h e w o u n d of t h e l iver . A t t h e a u t o p s y 
t h e c i c a t r i z e d e n t r y w o u n d w a s v i s ib le o n t h e e x t e r n a l a s p e c t of t h e 
vesse l , p r e s e n t i n g a n a p p e a r a n c e l ike t h e p r o x i m a l s t u m p of a sma l l 
b r a n c h w h i c h h a d b e e n c u t off. T h e s c a r of t h e e x i t w o u n d w a s 
s l i t - l ike in c h a r a c t e r . T h e s u r f a c e of t h e vesse l w a s c o a t e d w i t h a 
l a y e r of p l a s t i c l y m p h , q u i t e s e p a r a t e f r o m t h e s u p p u r a t i n g b lood -
c lo t w h i c h l a y a r o u n d . W h e n t h e vesse l w a s o p e n e d , a t first g l a n c e 
t h e h e a l e d w o u n d s w e r e h a r d l y v i s ib le o n t h e i n n e r su r face , a n d b o t h 
w e r e firmly c losed . S ince t h e p e r i o d of t h a t o b s e r v a t i o n , c losu re a n d 
c o n s o l i d a t i o n of p e r f o r a t i o n s h a s b e e n o b s e r v e d w i t h s o m e d e g r e e of 
f r e q u e n c y d u r i n g t h e p e r f o r m a n c e of o p e r a t i o n s , p a r t i c u l a r l y for t h e 
c u r e of a r t e r i o - v e n o u s a n e u r y s m s . A s t i l l m o r e s t r i k i n g e x a m p l e of 
a w o u n d of t h e a b d o m i n a l a o r t a will b e f o u n d o n p a g e 119 . 

A s e c o n d c lass ica l case , t h a t of Ma jo r s J o h n s t o n a n d F r e y e r , 
m a y be m e n t i o n e d . A p a t i e n t w h o h a d r e c e i v e d a n a n t e r o - p o s t e r i o r 
p e r f o r a t i n g w o u n d of t h e t h i g h i m p l i c a t i n g t h e f e m o r a l vesse l s , d i e d 
fifteen d a y s l a t e r f rom e n t e r i c fever . A t t h e a u t o p s y t h e w o u n d of 
e n t r y i n t o t h e a r t e r y w a s c losed b y a s m a l l firm c lo t e m b e d d e d in 
t h e s a r t o r i u s m u s c l e , t h e s m a l l c i r c u l a r e x i t w o u n d w a s a t t a c h e d t o 
t h e c o r r e s p o n d i n g o p e n i n g in t h e u n d e r l y i n g ve in , wh i l e t h e w o u n d of 
e x i t in t h e p o s t e r i o r wa l l of t h e v e i n w a s ' n e a r l y c i c a t r i z e d . ' T h i s 
case is q u o t e d a s i l l u s t r a t i n g a n e a r l y s t a g e of a cou r se of e v e n t s 
o f t e n m e t w i t h , in w h i c h b o t h t h e a p e r t u r e s o n t h e n o n - c o n t i g u o u s 
a s p e c t s of t h e vesse ls close s p o n t a n e o u s l y , whi le t h o s e f r o m w h i c h 
b lood c a n p a s s r e a d i l y f r o m o n e vesse l t o t h e o t h e r r e m a i n 
p a t e n t . T h i s m e t h o d of s p o n t a n e o u s c o n t r o l of h a e m o r r h a g e o r 
e x t r a v a s a t i o n h a s n o w b e c o m e a m a t t e r of c o m m o n e x p e r i e n c e , a n d 
it will b e r e f e r r ed t o a g a i n u n d e r t h e h e a d i n g of a n e u r y s m a l v a r i x . 
I t is m e n t i o n e d h e r e , a s i t m a y b e b u t a s t e p in t h e c o m p l e t e 
s p o n t a n e o u s c u r e of a n a r t e r i o - v e n o u s i n j u r y , s ince t h e orifice 

* " Ueber Gefasssjhüsse ," Archiv, fur klinische Chirurgie, 1906, B d . 80, s. 304. 
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c o n n e c t i n g t h e l u m e n of t h e a r t e r y a n d v e i n m a y o c c a s i o n a l l y con -
t r a c t a n d e v e n t u a l l y c lose . 

S p o n t a n e o u s h e a l i n g of v a s c u l a r w o u n d s m a y b e a i d e d b y t h e 
l a t e r a l a d h e s i o n of o t h e r s t r u c t u r e s t h a n s a t e l l i t e v e s s e l s — t h u s , t o 
m u s c l e s o r n e r v e s w h i c h t a k e a p a r a l l e l c o u r s e . T h e p a r t w h i c h 
m a y be t a k e n b y l a rge n e r v e t r u n k s is m o s t s t r i k i n g l y i l l u s t r a t e d 
in t h e case of t h e a x i l l a r y a r t e r y , w h e r e t h e c o n d i t i o n s a r e m o r e 
f a v o u r a b l e t h a n in a n y o t h e r r eg ion of 
t h e b o d y . I t h a s a l so b e e n m e t w i t h 
n o t i n f r e q u e n t l y in in ju r i e s t o t h e 
b r a c h i a l a r t e r y . 

Fig. 15 d e p i c t s t h e u l t i m a t e con -
d i t i o n of a n a x i l l a r y a r t e r y in w h i c h 
s p o n t a n e o u s h e a l i n g h a s b e e n effected. 
A c o n s i d e r a b l e e x t e n t of t h e wa l l of t h e 
a r t e r y w a s i m p l i c a t e d , p r i n c i p a l l y u p o n 
o n e a s p e c t . I t is seen i n t h e d r a w i n g 
t h a t t h e m u s c u l a r c o a t of o n e s ide of 
t h e vesse l is p r a c t i c a l l y n o r m a l ; o n t h e 
o t h e r s ide i t is a b s e n t for a cons ide r -
a b l e s t r e t c h , i t s p l a c e b e i n g t a k e n b y 
c i ca t r i c i a l t i s s u e . T h e r e m a i n i n g m u s -
cle, w h e r e i t l ies a l o n g s i d e t h e o r g a n i z e d 
t h r o m b u s , is v e r y h i g h l y v a s c u l a r i z e d . 
A s t r i k i n g f e a t u r e in t h i s s e c t i o n is t h e 
g r e a t a m o u n t of s u b - e n d o t h e l i a l t h i c k -
e n i n g seen o p p o s i t e t h e s i t e of m a x i m a l 
i n j u r y , t h e n e w t i s s u e e x t e n d i n g r i g h t 
a c ro s s t h e l u m e n of t h e a r t e r y . T h e 
o r g a n i z e d p e r m a n e n t t h r o m b u s c o n t a i n s 
a l a rge n u m b e r of b lood -ves se l s , s u g g e s t -
i n g a v e r y e a r l y s t a g e of pos s ib l e 
c c a n a l i z a t i o n . ' 

D u r i n g t h e S o u t h Af r i can W a r a 
c u r i o u s i n s t a n c e of t h e c l o s u r e of a n 
o p e n i n g i n t h e b r a c h i a l a r t e r y b y t h e 
i n s e r t i o n of a l oop of t h e m u s c u l o s p i r a l n e r v e w a s r e c o r d e d b y Sir 
W i l l i a m S t o k e s . T h i s o b s e r v a t i o n is i n t e r e s t i n g in r e l a t i o n t o t h e 
q u e s t i o n of t e m p o r a r y o r p e r m a n e n t c lo su re of t h e w o u n d in t h e 
vesse l b y fore ign b o d i e s of o t h e r n a t u r e . T e m p o r a r y r e s t r a i n t of 
h a e m o r r h a g e f r o m w o u n d s of l a r g e vesse l s b y p e r s i s t i n g firm i m p a c t 
of b u l l e t s o r o t h e r f r a g m e n t s of m e t a l is a f a m i l i a r c o n d i t i o n , a s a l so 
t h e less a g r e e a b l e e x p e r i e n c e of fu r ious h a e m o r r h a g e f r o m l a r g e vesse ls 
s u c h a s t h o s e of t h e n e c k o r t h e t h i g h , fo l lowing t h e r e m o v a l of a 

Fig. 15.—Spontaneous healing 
of axillary artery, and occlusion 
of lumen. Specimen prepared by 
Capt. Greenfield. 
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r e t a i n e d fore ign b o d y . Fig. 7, a l r e a d y r e fe r red t o , d e m o n s t r a t e s t h e 
poss ib i l i t y of p e r m a n e n t c o n t r o l b e i n g e s t a b l i s h e d b y s i m i l a r m e a n s . 
A s t r i k i n g i n s t a n c e of t e m p o r a r y c o n t r o l of h e m o r r h a g e f rom a 
w o u n d e d p o p l i t e a l a r t e r y is fu rn i shed b y t h e s k i a g r a m , Fig. 16 . 

M a n y cases h a v e b e e n r e c o r d e d w h i c h i l l u s t r a t e t h e c a p a c i t y of 

Fi(j. 1(). -SKIAGRAM SHOWING THE BONES OF THE THIGH AND LEG OPPOSITE 
THE POPLITEAL SPACE. 

An impacted bullet is seen lying transversely in the popliteal space. The point of 
the bullet, after traversing the popliteal vein, is lodged in the popliteal artery without 
penetrating the anterior wall. Removal of the bullet some days after its entrance 
was followed by free haemorrhage, necessitating ligature of both vessels. Under the 
care of Major Stoney Archer. 

w o u n d s of t h e l a rge ve in s t o c i ca t r i z e s p o n t a n e o u s l y , e v e n w h e n t h e 
p o i n t of e n t r y h a s b e e n t h e h e a r t . O n e case of t h i s k i n d , u n d e r 
t h e c a r e of C a p t a i n G r e g o r y , w h i c h c a m e u n d e r m y o w n o b s e r v a t i o n , 
m a y b e m e n t i o n e d . I n t h i s i n s t a n c e a s k i a g r a m t a k e n in t h e s u p i n e 
pos i t i on s h o w e d a s h r a p n e l ba l l in t h e lower p a r t of t h e c h e s t . A 
s econd s k i a g r a m t a k e n in t h e e r e c t p o s i t i o n show red t h e s h r a p n e l ba l l 
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a t t h e b r i m of t h e pe lv i s . T h e ba l l w a s e v e n t u a l l y r e m o v e d f r o m 
t h e e x t e r n a l i l iae v e i n . T h e p a t i e n t d i e d l a t e r , a n d l i t t l e t r a c e of t h e 
p o i n t of e n t r y of t h e mi s s i l e w a s f o u n d ; i t w a s d e c i d e d t h a t i t h a d 
d e s c e n d e d f rom t h e r i g h t a u r i c l e . I t h a d s e e m e d poss ib le t h a t t h e 
ba l l m i g h t h a v e e n t e r e d t h e v e n a c a v a f r o m t h e h e p a t i c ve in , a s t h e r e 
w a s a l a r g e t r a c k i n t h e l iver , b u t e x a m i n a t i o n of t h e h e p a t i c ve in 
a f forded n o def in i te e v i d e n c e t h a t a w o u n d h a d e x i s t e d . * 

I t m a y be a d d e d t h a t a r e m o t e c u r e of a n a r t e r i a l w o u n d m a y 
b e effected b y sol id i f ica t ion of a t r a u m a t i c a n e u r y s m . M a n y cases 
h a v e b e e n o b s e r v e d in w h i c h t h i s s e q u e n c e of e v e n t s o c c u r r e d , m o s t 
f r e q u e n t l y in t h e case of t h e l o w e r e n d of t h e f e m o r a l o r of t h e 
p o p l i t e a l a r t e r y . 

Fig. 44 , p . 170 , affords a r e m a r k a b l e b o n d of u n i o n f o r m e d b e t w e e n 
t h e e n d s of a d i v i d e d c a r o t i d a r t e r y . A sol id c o l u m n of y o u n g c o n n e c -
t i v e t i s s u e , s i m u l a t i n g a c o m p l e t e l y t h r o m b o s e d a r t e r y r e t a i n i n g i t s 
n o r m a l ca l i b r e , c o n n e c t s t h e t w o p a r t s of t h e vesse l . T h i s t i s s u e h a s 
b e e n l a id d o w n in t h e c a v i t y o c c u p i e d b y a Tu i l i e r 's t u b e w h i c h w a s 
r e t a i n e d i n t h e n e c k for fou r d a y s . T h e t u b e w a s r e m o v e d fou r 
w e e k s p r i o r t o d e a t h ; h a d t h e p a t i e n t s u r v i v e d , n o d o u b t p r o g r e s s i v e 
c i c a t r i z a t i o n w o u l d h a v e r e d u c e d t h e c o l u m n t o t h e c o n d i t i o n of a 
n a r r o w c o n n e c t i n g c o r d . 

* C A P T . G R E G O R Y , British Medical Journal, 1917, vo l . 1, p . 482 . 
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SYMPTOMS AND SIGNS 

OF GUNSHOT WOUNDS OF THE BLOOD-VESSELS, 

AND THE TREATMENT OF HEMORRHAGE. 

T H E e v i d e n c e s of a g u n s h o t i n j u r y t o t h e b lood-vesse l s a r e general 
a n d local : i n s o m e cases t h e g e n e r a l s y m p t o m s m a y b e a b s e n t a n d 
t h e loca l s igns so t r i v i a l a s t o c r e a t e t h e i m p r e s s i o n t h a t i n j u r y t o 
a vesse l of a n y i m p o r t a n c e is i m p r o b a b l e . I n t h e l a t t e r ca se t h e 
d i a g n o s i s m a y o n l y b e f o r m e d a s a r e s u l t of t h e d e v e l o p m e n t of 
s u b s e q u e n t m a n i f e s t a t i o n s , s u c h as l o w e r i n g of t h e v i t a l i t y o r e v e n 
g a n g r e n e of t h e p a r t s s u p p l i e d , o r o n e of t h e f o r m s of t r a u m a t i c 
a n e u r y s m . I t will b e c o n v e n i e n t in t h i s p l a c e t o d e a l w i t h t h e g e n e r a l 
s y m p t o m s a n d i n i t i a l loca l s igns , r e s e r v i n g t h e c o n s i d e r a t i o n of t h e 
c o n s e q u e n c e s for C h a p t e r s I V a n d V. 

I t is u n n e c e s s a r y t o d e a l a t a n y l e n g t h w i t h t h e g e n e r a l s y m -
p t o m s d u e t o t h e loss of b l o o d . I t suffices t o say t h a t t h e s e 
a r e e v i d e n c e s of a p u r e a c u t e anaemia , o f t en t o a c e r t a i n e x t e n t 
in f luenced b y t h e p h e n o m e n a of w o u n d s h o c k — t h u s , i n i t i a l p s y c h i c 
s y n c o p e , p a l l o r a n d a n x i e t y of c o u n t e n a n c e , b o d i l y w e a k n e s s , i n c r e a s e 
in r a p i d i t y a n d c o m p r e s s i b i l i t y of t h e pu l s e , c o m b i n e d w i t h loss of 
v o l u m e , i n c r e a s e d r a p i d i t y a n d d i m i n i s h e d d e p t h in t h e r e s p i r a t o r y 
m o v e m e n t s , v e r t i g o , r o a r i n g no ises in t h e e a r s , a n d t h i r s t , of ten 
e x t r e m e . I n cases of t h e g r a v e s t n a t u r e a l l t h e s e s y m p t o m s t e n d t o 
a u g m e n t , p a l l o r b e c o m e s e x t r e m e , r e s t l e s sness d e v e l o p s , t h e pu l s e 
b e c o m e s p r o g r e s s i v e l y w e a k e r u n t i l i t flutters o u t , s w e a t i n g o c c u r s , 
t h e b o d i l y t e m p e r a t u r e falls, t h e p u p i l s d i l a t e , a n d t h e p a t i e n t b e c o m e s 
s l eepy o r u n c o n s c i o u s . Occas iona l d e e p g a s p s of ' a i r h u n g e r ' i n t e r -
r u p t t h e s lowly fa i l ing r e s p i r a t i o n , r e s t l e s sness a n d p e r h a p s m u s c u l a r 
t w i t c h i n g s i n c r e a s e , a n d d e a t h m a y be p r e c e d e d b y r e l a x a t i o n of t h e 
s p h i n c t e r s . 

T h e p h y s i c a l s igns d e n o t i n g i n j u r y t o t h e l a rge b lood-vesse l s m a y 
b e s h o r t l y s u m m a r i z e d a s follows :— 

1. E x t e r n a l haemor rhage . 
2 . I n t e r n a l haemor rhage , t h e e x t r a v a s a t e d b lood co l l ec t ing w i t h i n 

t h e t i s s u e s of t h e b o d y . T h i s m a y g i v e r ise t o a loca l swel l ing , 
e x a g g e r a t e d b y oedema f rom p r e s s u r e o n t h e v e i n s w h i c h m a y i n v o l v e 
a n e n t i r e l i m b . T h e c o n d i t i o n m a y or m a y n o t be a c c o m p a n i e d b y 
superf ic ia l e e c h y m o s i s . 
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3. Evidence of interference with the peripheral circulation, 
indicated by diminution in strength or actual abolition of the distal 
pulse, and a fall in the distal blood-pressure. 

4. The development of a systolic bruit over the wounded spot 
in the artery, or the development of a continuous venous roar with 
systolic exacerbations, when both artery and vein are implicated and 
communicate with each other. These bruits, especially when the 
lesion is situated in the lower extremity, may be in some cases audible 
in the precordial area. 

5. Signs of disordered nervous function, even when no direct 
injury has been sustained by the peripheral nerve trunks. 

6. Signs of lowered vitality or of gangrene in the area supplied 
by the injured vessel. 

7. The subsequent development of an arterial hematoma, a 
traumatic false aneurysm, or an arterio-venous communication. 

LOCAL TREATMENT OF PRIMARY HEMORRHAGE. 

It will be convenient to proceed first to the general question of 
hemorrhage—primary, recurrent, or secondary—and its treatment. 

It may be premised that death from primary hemorrhage 
accounts for a very large proportion of the fatal casualties of battle, 
although the circumstances under which the deaths take place pre-
clude the collection of accurate statistics upon this important point. 
The remarkable feature of primary hemorrhage following gunshot 
injuries lies in the experience that so large a number of wounded 
men escape death when the vascular lesions present would have seemed 
to render a fatal issue inevitable. 

The most striking instances of escape from the consequences of 
wounded arteries are seen in the case of large lacerated wounds in 
which the continuity of large trunks has been completely interrupted ; 
but in these —as has been already shown- the nature and extent of 
the violence exerted on the walls of the vessel are such as especially 
to favour spontaneous control ot the bleeding. The type of injury, 
in fact, resembles in a close degree that seen when a limb is totally 
avulsed, in accidents of which category the escape from the conse-
quences of a ruptured artery is also a classical observation. 

In the second favourable form of gunshot wound as far as escape 
from the dangers of primary hemorrhage is concerned—the narrow 
traversing track—new factors beyond the contused nature of the 
arterial wound arc introduced. These consist first in the shifting in 
relative position of the various planes of the structures of the body 
traversed, and consequent interruption of direct continuity in the 
patency of the track, due to assumption of an altered position of the 
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p a r t of t h e b o d y i m p l i c a t e d s u b s e q u e n t l y t o r e c e p t i o n of t h e w o u n d . 
C h a n g e of p o s i t i o n , a n a l m o s t i n v a r i a b l e s e q u e n c e t o t h e b l o w of t h e 
miss i le , d e v e l o p s i r r e g u l a r i t y a n d a n i n c r e a s e of i n t r i c a c y in t h e t r a c k , 
a n d t h u s o b s t r u c t s t h e p a s s a g e of b l o o d t o t h e su r face . F u r t h e r , if 
h a e m o r r h a g e c o n t i n u e s i n t o t h e t i s sue s , p r e s s u r e c o n s e q u e n t u p o n 
t h i s i r r e g u l a r i t y of t h e t r a c k is e x e r t e d u p o n t h e w o u n d e d s p o t in 
t h e vesse l , a n d a s e c o n d h a e m o s t a t i c in f luence is b r o u g h t i n t o p l a y . 

W h e n e v e r h a e m o r r h a g e p e r s i s t s a n d g ives r ise t o d a n g e r , e i t h e r 
f rom d i r e c t loss of b lood , o r f r o m i n c r e a s i n g p r e s s u r e d u e t o co l lec t ion 
of b l o o d w i t h i n t h e t i s s u e s of t h e w o u n d e d p a r t , t h e c lass ical p r o c e d u r e 
of l i g a t u r e of t h e vesse l a t t h e w o u n d e d s p o t is t o b e fo l lowed s h o u l d 
t h e c i r c u m s t a n c e s p e r m i t . I f i t b e n e c e s s a r y t o m a i n t a i n t e m p o r a r y 
c o n t r o l , mod i f i ca t i on of t h e s a m e p r inc ip l e s h o u l d b e m a d e u s e of, 
a n d t h e p r e s s u r e e x e r t e d d i r e c t l y o v e r t h e w o u n d in t h e vesse l . 

I f a vesse l b e so s i t u a t e d a s t o b e c a p a b l e of b e i n g g r a s p e d a n d 
c o n t r o l l e d b y a n a r t e r y fo rceps , b u t t h e a p p l i c a t i o n of a l i g a t u r e is 
i m p r a c t i c a b l e , t h e a r t e r y fo rceps s h o u l d be left in p o s i t i o n a n d t h e 
w o u n d l i g h t l y filled w i t h g a u z e . T h e t i s s u e s s h o u l d n o t b e t o o firmly 
g r a s p e d , a n d t h e n t h e forceps m a y r e m a i n i n p o s i t i o n for s e v e r a l d a y s 
before r e m o v a l , o r b e left u n t i l t h e c l a m p e d e n d of t h e vesse l s e p a r a t e s 
s p o n t a n e o u s l y . 

T h e a p p l i c a t i o n of a p r o x i m a l l i g a t u r e s h o u l d b e r e s e r v e d for 
v e r y e x c e p t i o n a l cases of u r g e n c y ; a n d in e v e r y i n s t a n c e , if t h e m a i n 
t r u n k must b e o c c l u d e d , t h e l i g a t u r e m u s t b e a p p l i e d i n a s c lose 
p r o x i m i t y t o t h e w o u n d a s poss ib l e . T h e s e a t of e l ec t ion is t h e o r e t i c -
a l l y a n d p r a c t i c a l l y t h e m o s t u n s u i t a b l e s p o t t o choose , s ince i t d o e s 
n o t e l i m i n a t e t h e c o l l a t e r a l s u p p l y of b l o o d t o t h e p a r t s b e t w e e n t h e 
p o i n t of l i g a t u r e a n d t h e o r ig ina l w o u n d , a l t h o u g h b y t h e g r e a t l y 
d e c r e a s e d s u p p l y w h i c h i t l e aves for t h e w o u n d e d a r e a i t s e r ious ly 
d i m i n i s h e s t h e p r o t e c t i v e p o w e r of t h e t i s s u e s a g a i n s t i n fec t ion . 

W h e n t h e s o u r c e of t h e h a e m o r r h a g e is f rom s m a l l vesse ls n o t 
r e a d i l y r e a c h e d , o r w h e n t h e b l e e d i n g is a c t u a l l y p a r e n c h y m a t o u s in 
c h a r a c t e r , t h e w o u n d m a y b e p l u g g e d a f t e r p r o p e r m e c h a n i c a l 
c l eans ing . A m e t h o d s o m e w h a t e x t e n s i v e l y e m p l o y e d , e spec ia l ly b y 
F r e n c h s u r g e o n s , cons i s t s in p r o v i s i o n a l s u t u r e of t h e w o u n d o v e r 
t h e haemos t a t i c p l u g . I t m a y b e p o i n t e d o u t t h a t if t h e p r i m a r y 
c l e a n s i n g a n d p r e p a r a t i o n of t h e w o u n d h a s b e e n efficient, n e i t h e r of 
t h e s e m e a s u r e s p r e v e n t s s e c o n d a r y c losu re of t h e w o u n d , a t a d a t e 
v a r y i n g f rom t h r e e o r four t o t e n d a y s , p r o v i d e d t h e c o n d i t i o n s a r e 
f a v o u r a b l e a s t o t h e size of t h e w o u n d a n d t h e m e a n s of c a r i n g for i t . 

T h e l a s t r e s o u r c e for t e m p o r a r y c o n t r o l of b l eed ing , t h e a p p l i c a -
t i o n of a t o u r n i q u e t , is a v e x e d q u e s t i o n n o t easy of s o l u t i o n . E v e r y 
s u r g e o n w o u l d g l a d l y e l i m i n a t e t h i s d a n g e r o u s a n d c l u m s y p r o c e d u r e 
f rom h is p r a c t i c e . Y e t c i r c u m s t a n c e s d o o c c u r w h e n t h e u s e of t h e 
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tourniquet is unavoidable, such as the absence of skilled assistance, 
want of time, the position in which the patient may find himself 
situated, or the nature of the surroundings. It can only be said, 
therefore, if the tourniquet be the sole available means of temporarily 
arresting the haemorrhage, that every precaution must be taken to 
make sure that the band is released at the earliest possible moment : 
further, that no patient be subjected to transport without being 
specially marked, so that the presence of the tourniquet be not over-
looked. Even when the latter precaution is observed, the evil effects 
of too tight or too prolonged application of the tourniquet are 
unhappily far from unfamiliar. Naturally the most frequent instances 
of the evil effect of the tourniquet are seen in patients who have 
either constricted their own limbs, or in whom the tourniquet has 
been applied by a fellow soldier. 

When the haemorrhage is internal, and no urgent signs of loss of 
blood or of danger from pressure are present, we are faced with a 
question which has given rise to much discussion. We know that in 
a large proportion of such cases the bleeding will undergo spontaneous 
arrest, either as a result of natural processes effected at the wounded 
spot in the vessel itself, or by the pressure of the blood already 
extravasated into the tissues and unable to escape to the surface of 
the body by the original track produced by the missile. 

It has been argued that certain knowledge of the presence of a 
wound in a large artery should be at once followed by resort to the 
normal procedure, that is to say, suture or ligature of the vessel at 
the bleeding point. This view is supported by the self-evident fact, 
that if this course be taken and prove successful, the following risks 
are at once eliminated, and a prolonged course of subsequent treatment 
is avoided : recurrent or secondary haemorrhage ; gangrene dependent 
on pressure exerted by extravasated blood-clot upon both the main 
vessel and its neighbouring collateral branches ; and the remote 
formation of any of the various forms of traumatic aneurysm. In 
fact, by adopting the proper method the surgeon not only relieves the 
patient from the immediate dangers of the condition, but also removes 
from the future all risks of a sequence of serious complications, and 
enormously reduces the duration of the course of treatment required. 

On the other hand, difficulties have been raised to the adoption 
of the ideal method of treatment proper to this class of injury at 
advanced stations on the line. It has been asserted that most recent 
gunshot wounds are already infected, and further, that an operation 
incision made at an advanced post is practically certain to become 
so. Hence it has been argued that suture is an impracticable and 
ligature a dangerous procedure. Further, it has been said that if an 
interval be allowed to elapse between the receipt of the injury and 

3 
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t h e p e r m a n e n t occ lus ion of t h e m a i n vesse l , v a l u a b l e t i m e is g a i n e d 
i n w h i c h c o m p e n s a t o r y e n l a r g e m e n t of t h e co l l a t e r a l c i r c u l a t i o n m a k e s 
p r o g r e s s ; t h u s , t h e d a n g e r s a t t e n d a n t o n s u d d e n loca l anaemia a r e 
r e d u c e d , a n d g a n g r e n e is less l ike ly t o s u p e r v e n e . T h e l a s t se r ious 
o b j e c t i o n t o i m m e d i a t e o p e r a t i o n is o n e w h i c h o b t a i n s in a l l cases of 
w h a t e v e r n a t u r e , t h e d a n g e r of s u b j e c t i n g t o a n y o p e r a t i o n w h a t e v e r 
a p a t i e n t w h o h a s r e c e n t l y l o s t a l a r g e q u a n t i t y of b l o o d , e spec i a l ly 
if a g e n e r a l anaes the t i c b e n e c e s s a r y . 

D u r i n g t h e p r e s e n t w a r s o m e g e n e r a l c h a n g e s of o p i n i o n h a v e 
t a k e n p l a c e , b u t t h e y a r e r a t h e r in t h e n a t u r e of c o m p r o m i s e t h a n 
in t h e a c q u i s i t i o n of e x p e r i e n c e w h i c h ful ly jus t i f ies a n y a t t e m p t t o 
l ay d o w n i n v a r i a b l e ru le s for t r e a t m e n t . 

W i t h r e g a r d t o i m m e d i a t e r a d i c a l t r e a t m e n t , i t h a s b e e n p r o v e d 
t h a t , in t h e a b s e n c e of b l eed ing , l i t t l e h a r m c a n r e s u l t f rom t h e d e l a y 
a t t e n d a n t u p o n t h e r e m o v a l of w o u n d e d m e n t o t h e l ine of spec ia l 
u n i t s e q u i p p e d for o p e r a t i v e w o r k , o r t o t h e c a s u a l t y c l e a r i n g s t a t i o n 
w h i c h , u n d e r t h e c o n d i t i o n s of t h e w a r f a r e of t h e first t h r e e y e a r s , 
a s s u m e d t h e f u n c t i o n s of t h e s t a t i o n a r y h o s p i t a l o n t h e l ines of 
c o m m u n i c a t i o n . 

I t h a s a l so b e e n p r o v e d t h a t w i t h i n a p e r i o d of s ix t o t w e l v e 
h o u r s , w o u n d s p r o p e r l y c l e a n s e d b y m e c h a n i c a l m e t h o d s c o m i n g fa r 
s h o r t of c o m p l e t e exc i s ion of t h e wa l l s of t h e c a v i t y , m a y b e p r o m p t l y 
c losed a n d m a y h e a l p e r m a n e n t l y b y p r i m a r y u n i o n , p r o v i d e d t h a t 
a p r o p e r i n t e r v a l of r e s t can b e a s s u r e d p r i o r t o f u r t h e r t r a n s p o r t of 
t h e p a t i e n t . 

T h u s t h e p r i m a r y c a u s e of f a i lu re in t h e ea r l i e r p e r i o d s of t h e 
c a m p a i g n h a s b e e n e l i m i n a t e d , a n d — g i v e n c o n d i t i o n s a n d s u r r o u n d i n g s 
such as o b t a i n e d d u r i n g t h e w i n t e r of 1 9 1 7 - 1 8 , w h e n t h e c a s u a l t y 
c l e a r i n g s t a t i o n s w e r e a b l e t o c a r r y o n t h e i r w o r k p r a c t i c a l l y 
u n m o l e s t e d — t h e t r e a t m e n t of w o u n d e d a r t e r i e s fal ls i n t o l ine w i t h 
t h a t of o t h e r se r ious w o u n d s , s u c h a s t h o s e of j o i n t s o r e v e n s e v e r e 
c o m p o u n d f r a c t u r e s of t h e b o n e s of t h e l i m b s . If s u c h c o n d i t i o n s 
c a n b e a s s u r e d , t h e n t h e c a r d i n a l r u l e of s u r g e r y t h a t a w o u n d e d 
vesse l sha l l b e s e c u r e d a t t h e ea r l i e s t poss ib le m o m e n t c a n b e fo l lowed, 
a n d t h e a d v a n t a g e s a l r e a d y e n u m e r a t e d will b e g a i n e d . 

D u r i n g a c t i v e m i l i t a r y o p e r a t i o n s , h o w e v e r , c o m b i n e d w i t h t h é 
necess i ty of sh i f t ing t h e s i t u a t i o n of t h e o p e r a t i n g c e n t r e s a n d t h e 
r a p i d e v a c u a t i o n of w o u n d e d m e n , t i m e s will a l w a y s o c c u r w h e n 
c o n d i t i o n s u n f a v o u r a b l e t o t h e p e r f o r m a n c e of o p e r a t i o n s will o b t a i n . 
I n t h i s case t h e fo l lowing ru l e s w o u l d s e e m a p p r o p r i a t e :— 

1 . B l e e d i n g vesse ls in a n o p e n w o u n d s h o u l d a l w a y s b e s e c u r e d 
a t t h e ea r l i es t poss ib le m o m e n t . 

2 . W h e n i n j u r e d vesse ls , a n d espec ia l ly t h o s e of l a rge ca l ib re , a r e 
v i s ib le in o p e n w o u n d s , t h e y m u s t b e l i g a t u r e d w h e t h e r b l e e d i n g is 
t a k i n g p l ace o r n o t . 
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3 . W h e n a l a r g e vesse l is e x p o s e d i n a n o p e n w o u n d a n d h a s 

o b v i o u s l y suffered c o n t u s i o n a n d is t h r o m b o s e d , t h e vesse l s h o u l d b e 

l i g a t u r e d a b o v e a n d b e l o w t h e t h r o m b o s e d s e g m e n t , a n d t h e l a t t e r 

exc i s ed . T h i s p r o c e d u r e o b v i a t e s t h e s u b s e q u e n t d a n g e r of s e c o n d a r y 

h a e m o r r h a g e , w h i c h is i n c a l c u l a b l e f rom . e x t e r n a l i n s p e c t i o n of t h e 

ve s se l a l o n e , a s h a s b e e n s een f r o m t h e s e c t i o n d e v o t e d t o c o n t u s i o n 

of t h e a r t e r i e s . 

4 . W h e n e v i d e n c e e x i s t s t h a t a l a r g e vesse l h a s b e e n w o u n d e d in 

t h e c o u r s e of a t r a c k t r a v e r s i n g t h e b o d y o r l i m b s , u n l e s s t h e c o n d i -

t i o n s a r e f a v o u r a b l e , i t is n o t a d v i s a b l e t o i n t e r f e r e p r i m a r i l y if n o 

s igns of p r o g r e s s i n g h a e m o r r h a g e a r e f o r t h c o m i n g , n o r i n d i c a t i o n s t h a t 

t h e v i t a l i t y of a d i s t a l p o r t i o n of t h e l i m b is b e c o m i n g e n d a n g e r e d . 

I n a l l s u c h cases , a l t h o u g h a n a r t e r i a l h a e m a t o m a a n d s u b s e q u e n t l y 

a false t r a u m a t i c a n e u r y s m m a y r e s u l t , y e t t h e l a t e r t r e a t m e n t of 

e i t h e r of t h e s e c o n d i t i o n s u n d e r f a v o u r a b l e c i r c u m s t a n c e s for o p e r a -

t i o n is t o b e p r e f e r r e d t o t h e r i s k s a t t e n d a n t o n a p r i m a r y o p e r a t i o n . 

RECURRENT AND SECONDARY HEMORRHAGE. 

Recurrent Haemorrhage—The o c c u r r e n c e of r e c u r r e n t b l e e d i n g 

in a l a r g e n u m b e r of t h o s e p a t i e n t s i n w h o m i t h a d c e a s e d s p o n t a n e -

o u s l y u n d e r t h e in f luence of s h o c k a n d r e s t , e i t h e r w h e n t h e p a t i e n t s 

a r e m o v e d , o r w h e n t h e w o u n d s a r e d i s t u r b e d for t h e p u r p o s e of b e i n g 

c l e a n s e d a n d d r e s s e d , is n o t a m a t t e r t o c a u s e s u r p r i s e . T h e t r e a t m e n t 

of t h i s a c c i d e n t differs i n n o p a r t i c u l a r f rom t h a t of p r i m a r y haemor-

r h a g e , a n d n e e d s n o f u r t h e r m e n t i o n h e r e . 

Secondary Haemorrhage, e i t h e r f r o m t h e s y s t e m i c o r v i s c e r a l 

vesse l s , is u n h a p p i l y s t i l l a f r e q u e n t s e q u e n c e t o t h o s e g u n s h o t w o u n d s 

w h i c h i t h a s b e e n i m p o s s i b l e t o p r e s e r v e f r o m t h e s i n i s t e r in f luence of 

in fec t ion . T h e e x p e r i e n c e in t h e ea r l i e r s t a g e s of t h e p r e s e n t w a r 

r eca l l ed t h o s e of t h e p r e - L i s t e r i a n e r a , a n d e v e n u n d e r t h e i n c r e a s i n g l y 

f a v o u r a b l e c o n d i t i o n s of m o r e r e c e n t t i m e s t h e o c c u r r e n c e of t h i s 

a c c i d e n t h a s b e e n d e p l o r a b l y c o m m o n . 

B e y o n d t h e a l l - i m p o r t a n t f a c t o r of s e p t i c i n fec t ion , o t h e r s e n t e r 

i n t o t h e c a t e g o r y of c a u s e s of t h i s c o m p l i c a t i o n — t h u s , t h e n a t u r e 

of t h e p r i m a r y i n j u r y w h i c h , b e y o n d in f l i c t ing a n u m b e r of pe r fo r -

a t i n g w o u n d s in vesse l s s c a t t e r e d w i d e l y i n a l l p a r t s of a v e r y 

e x t e n s i v e w o u n d , m a y a l so occas ion m u l t i p l e v a s c u l a r les ions of 

g r e a t s e v e r i t y , b u t n o t a c t u a l l y p e r f o r a t i n g t h e wa l l s of t h e vesse l 

a t t h e t i m e . T h e first c i r c u m s t a n c e f a v o u r s t h e e s c a p e f r o m t h e 

a t t e n t i o n of t h e s u r g e o n w h o is ca l led u p o n t o d e a l w i t h t h e case 

p r i m a r i l y , of i n d i v i d u a l p e r f o r a t i o n s w h i c h m a y lie m o r e o r less 

h i d d e n in r e m o t e e x t e n s i o n s of t h e w o u n d , a n d m a y a l so p e r h a p s h a v e 

s p o n t a n e o u s l y c e a s e d t o b l e e d . T h e s e c o n d o b t a i n s a s t i l l g r e a t e r 
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i m p o r t a n c e f r o m t h e f ac t t h a t seps is is n o t a n i n e v i t a b l e f ac to r in 
t h e c a u s a t i o n of s e c o n d a r y h e m o r r h a g e , b u t t h e i n j u r e d wa l l of t h e 
vesse l m a y g i v e w a y a s a r e s u l t of t h e final s e p a r a t i o n of a p o r t i o n of 
t i s s u e w h i c h is c o m p l e t e l y d e v i t a l i z e d a l t h o u g h t e m p o r a r i l y c o n t i n u o u s 
w i t h t h e s t i l l l i v ing t i s s u e . I f s e p t i c i n f ec t ion does s u p e r v e n e , t i s s u e 
m u c h less s e r ious ly i n j u r e d m a y h a v e h a d i t s v i t a l i t y l o w e r e d t o such 
a d e g r e e a s t o fall a n e a s y p r e y t o t h e r a v a g e s of m i c r o - o r g a n i s m s . 

C e r t a i n p e c u l i a r i t i e s in t h e n o r m a l a n a t o m y of i n d i v i d u a l vesse ls 
a l so exe rc i se a n inf luence o n t h e o c c u r r e n c e of s e c o n d a r y h e m o r r h a g e ; 
t h e m o s t i m p o r t a n t of t he se is m e c h a n i c a l fixation, e spec ia l ly t o t h e 
b o n e s . T h e s ignif icance of t h i s f a c t o r h a s a l r e a d y b e e n a l l u d e d t o 
in r e l a t i o n t o t h e m a n n e r in w h i c h i t m a y affect t h e p o s s i b i l i t y of t h e 
e s c a p e of a vesse l , o r a c c o u n t for t h e r e l a t i v e deg rees of d a m a g e , as 
e v i d e n c e d b y t h e inf l ic t ion of c o n t u s i o n , n o n - p e r f o r a t i n g l a c e r a t i o n , 
a c t u a l p e r f o r a t i o n , o r c o m p l e t e d iv i s ion r e s p e c t i v e l y . A n a t o m i c a l 
fixation h a s a f u r t h e r a c t i o n in p r e v e n t i n g t h e n o r m a l r e t r a c t i o n a n d 
c o n t r a c t i o n c o n s e q u e n t u p o n t h e s t i m u l u s of i n j u r y t o a n a r t e r y ; h e n c e 
t h e w o u n d e d vesse l m a y be r e t a i n e d a t t h e su r face of a w o u n d , a n d 
p e r h a p s w i t h a p a t e n t orifice. T h e c o n d i t i o n s , i n d e e d , b e a r a s t r o n g 
r e s e m b l a n c e t o t h o s e c o n s e q u e n t o n t h e fixation r e s u l t i n g f r o m infil-
t r a t i o n a n d i n f l a m m a t o r y i n d u r a t i o n on t h e vesse ls c o n t a i n e d in t h e 
t i s s u e s . A few of t h e a r t e r i e s in f luenced b y s u c h a n a t o m i c a l a r r a n g e -
m e n t s , a n d f r o m w h i c h s e c o n d a r y h e m o r r h a g e f r e q u e n t l y t a k e s 
p l a c e , m a y b e m e n t i o n e d — t h u s , t h e c i r cumf lex b r a n c h e s of t h e 
a x i l l a r y a s t h e y p a s s a r o u n d t h e n e c k of t h e h u m e r u s , t h e s e v e r a l 
s c a p u l a r a r t e r i e s w h e r e t h e y a r e he ld in c lose c o n n e c t i o n w i t h t h e 
b o r d e r s of t h e b o n e , t h e g l u t e a l a r t e r y a s i t e m e r g e s f rom t h e pe lv i s , 
t h e c i rcumf lex b r a n c h e s of t h e p r o f u n d a f emo r i s a n d t h e p a r e n t t r u n k 
i tself a s i t d i p s b e n e a t h t h e a d d u c t o r l o n g u s ( t h e fixation h e r e d e p e n d -
i n g on r e l a t i o n t o m u s c l e s a n d n o t t o b o n e ) , t h e superf ic ia l f e m o r a l 
a s i t l e aves H u n t e r ' s c a n a l , t h e a r t i c u l a r b r a n c h e s of t h e p o p l i t e a l a s 
t h e y lie on t h e su r face of t h e lower e n d of t h e f e m u r , a n d t h e a n t e r i o r 
t i b i a l a r t e r y a s i t p ie rces t h e i n t e r o s s e o u s m e m b r a n e a n d w h e r e i t is 
a t t a c h e d t o t h e a n t e r i o r su r face of t h a t m e m b r a n e . 

A t t a c k s of s e c o n d a r y h e m o r r h a g e a r e o f t en h e r a l d e d b y a r i se 
in t h e b o d i l y t e m p e r a t u r e , a n d a n i nc rea se in r a p i d i t y a n d i r r i t a b i l i t y 
in c h a r a c t e r of t h e p u l s e . T h i s m a y b e r e g a r d e d a s a n i n d i c a t i o n 
t h a t s e c o n d a r y h e m o r r h a g e o f t en follows a n i nc rea se in t h e d e g r e e 
of in fec t ion . T h e i m m e d i a t e o n s e t m a y b e a c c o m p a n i e d b y p a i n , 
b u t in m a n y i n s t a n c e s t h e b l eed ing , a l t h o u g h fu r ious , m a y c o m e o n 
in s id ious ly a n d o n l y b e d e t e c t e d b y t h e p a t i e n t o r a t t e n d a n t b y t h e 
d i s c o v e r y of b lood in t h e d re s s ings o r t h e b e d . T h e c lass ical s e q u e n c e 
of o n e o r m o r e ins ign i f i can t h e m o r r h a g e s is , h o w e v e r , t h e m o s t 
c o m m o n c o u r s e of e v e n t s , a n d o n e of w h i c h t h e i m p o r t s h o u l d n e v e r 
b e d i s c o u n t e d o r d i s r e g a r d e d . 
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W h e n t h e s e c o n d a r y h e m o r r h a g e is of t h e i n t e r n a l v a r i e t y , p a i n 
r e s u l t i n g f rom t e n s i o n a n d s e p a r a t i o n of t h e t i s s u e s is u s u a l l y t h e first 
i n d i c a t i o n . 

Treatment of Secondary Hœmorrhage.—The r o u t i n e p r o c e d u r e 
in a l l cases of s e c o n d a r y h e m o r r h a g e cons i s t s in t h e a p p l i c a t i o n of 
a l i g a t u r e t o t h e b l e e d i n g p o i n t . T h i s m a y p r o v e a m a t t e r of e x t r e m e 
diff icul ty, e i t h e r b y r e a s o n of t h e a n a t o m i c a l p o s i t i o n of t h e vesse l s 
f r o m w h i c h t h e b l e e d i n g p r o c e e d s , o r t h e u n s a t i s f a c t o r y s t a t e of t h e 
wa l l s of t h e vesse l s t h e m s e l v e s a n d of t h e s u r r o u n d i n g t i s s u e s . 

I t is r a r e i n d e e d t h a t p r o x i m a l l i g a t u r e of t h e m a i n t r u n k s u p p l y -
i n g t h e w o u n d e d a r e a is j u s t i f i ab l e . T h i s o p e r a t i o n i n v o l v e s t h e 
c o l l a t e r a l vesse l s m o r e e x t e n s i v e l y , is m u c h m o r e d a n g e r o u s t o t h e 
f u t u r e v i t a l i t y of t h e t i s s u e s , p e r h a p s t o a l i m b i tse l f ; a n d in a v e r y 
l a rge p e r c e n t a g e of i n s t a n c e s is b u t a t e m p o r a r y e x p e d i e n t , s ince 
r e c u r r e n c e of t h e s e c o n d a r y h e m o r r h a g e is a c o m m o n e v e n t . O n l y 
o n e e x c e p t i o n t o t h i s g e n e r a l s t a t e m e n t a p p e a r s t o b e jus t i f i ed b y 
p r a c t i c a l e x p e r i e n c e , a n d t h a t is in t h e ca se of l i g a t u r e of t h e i n t e r n a l 
i l iac a r t e r y o r i t s p o s t e r i o r d iv i s ion , w h e n b l e e d i n g is t a k i n g p l a c e 
f r o m o n e of t h e vesse l s of t h e b u t t o c k c lose t o t h e p o i n t a t w h i c h i t 
e m e r g e s f r o m t h e p e l v i s . I h a v e seen a n u m b e r of p a t i e n t s in w h o m 
p r o x i m a l l i g a t u r e h a s b e e n success fu l in t h e s e c i r c u m s t a n c e s , b u t 
success in t h e case of a n y o t h e r t r u n k is r a r e . E v e n in t h e case of 
t h e i n t e r n a l i l iac , g a n g r e n e of t h e t i s s u e s of t h e b u t t o c k h a s b e e n 
o b s e r v e d o c c a s i o n a l l y . P r o x i m a l l i g a t u r e of t h e m a i n a r t e r y a t t h e 
s e a t of e l ec t i on is t h e r e f o r e t o b e c o n d e m n e d , a n d m a y o n l y b e r e s o r t e d 
t o w h e n n o o t h e r c o u r s e is pos s ib l e . F u r t h e r , s h o u l d i t b e c o n s i d e r e d 
n e c e s s a r y t o d e a l w i t h a m a i n t r u n k , t h e l i g a t u r e s h o u l d b e a p p l i e d 
in a s c lose p r o x i m i t y a s poss ib l e t o t h e a c t u a l w o u n d e d s p o t , difficult ies 
of access b e i n g d i s r e g a r d e d a s f a r a s p o s s i b l e . T h e l a t t e r p r o c e d u r e is 
p e r h a p s m o s t useful w h e n h e m o r r h a g e f r o m a n a m p u t a t i o n s t u m p 
h a s t o b e d e a l t w i t h . I t h a s h e r e t h e a d v a n t a g e s of r e n d e r i n g u n n e c e s -
s a r y free h a n d l i n g a n d d i s t u r b a n c e of flaps w h i c h m a y h a v e in g r e a t 
p a r t u n i t e d , a n d of a v o i d i n g h a v i n g t o d e a l w i t h a s o f t e n e d a r t e r y , t o 
t i e w h i c h effect ively t h e v a s c u l a r c lef t m u s t b e fo l lowed u p t o a n 
u n d e s i r a b l e e x t e n t ; i t a l lows a c o m p a r a t i v e l y h e a l t h y p o r t i o n of t h e 
vesse l t o b e d e a l t w i t h a t t h e b o t t o m of a f resh w o u n d , a n d a t t h e 
s a m e t i m e d o e s n o t e n c r o a c h u n d u l y u p o n t h e b l o o d - s u p p l y of t h e 
flaps b y c o l l a t e r a l ves se l s . 

As a g e n e r a l r u l e , s h o u l d t h e a p p l i c a t i o n of a l i g a t u r e o r forc i -
p r e s s u r e p r o v e unsucces s fu l o r i m p r a c t i c a b l e , t h e w o u n d m u s t b e 
p l u g g e d . P l u g g i n g m a y p r o v e successfu l e v e n w h e n l a r g e a r t e r i e s 
p r o v i d e t h e s o u r c e of t h e b l e e d i n g ; i t is f r e q u e n t l y so w h e n s m a l l e r 
vesse ls a r e a t f a u l t in t h e w o u n d s of p a t i e n t s suffer ing f r o m t o x e m i a 
o r s e p t i c e m i a , o r if t h e h e m o r r h a g e is of t h e p a r e n c h y m a t o u s c l a s s . 
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If, however, this practice be resorted to, the surgeon must be content 
to risk the condition of the wound as far as dressing is concerned, and 
allow the plug to remain in position for several days, or a week or 
more if necessary. In adopting this plan it must be kept in mind 
that in granulating wounds, any blood which escapes tends for the 
most part to remain in, or escape externally from, the cavity, and 
not to infiltrate and dissect up the limb as it may do in a recent injury. 
Even in recent wounds, the experience of the salt pack as recom-
mended at one time by Colonel Gray, and the safety with which wounds 
anointed with Mr. Rutherford Morison's compound of bismuth, 
iodoform, and paraffin may remain undisturbed, support the justifi-
ability of leaving a plug in position for prolonged periods. It seems 
almost unnecessary to add, that in introducing plugs which are 
intended to rest for a prolonged period in a wound from which 
secondary haemorrhage is occurring, the utmost care must be exercised 
that every extension and crevice of the cavity be efficiently filled ; 
for upon this precaution the success or failure of the procedure will 
ultimately depend. A hastily and imperfectly introduced mass of 
gauze may prove worse than useless for the purpose intended. 

The final resort in secondary haemorrhages from the limbs lies 
in amputation. 

A few words may be added as to the general treatment of patients 
who have suffered from severe haemorrhage. The usual precautions 
of removal of tight clothing, the arrangement of the patient with the 
head low, the insurance of complete immobility and rest, will at once 
follow the local arrest of the bleeding. On these precautions should 
follow the application of warm coverings/and additional heat obtained 
by the application of warm bottles, or if circumstances permit, in 
bad cases, some form of warm-air bath. 

Even in secondary hemorrhages the internal administration of 
drugs cannot be relied upon to afford any useful aid ; in both primary 
and secondary haemorrhage an increase in the total volume of fluid 
in the vessels is the main object to be striven after. 

The Replacement of Blood.*—While it may be stated that blood 
is the best fluid with which to replace lost blood, yet in practice 
this course may be impossible or unnecessary. With a moderate 
haemorrhage there is no need to replace the lost blood artificially. 
If the bleeding lias been more severe, the loss can be made good by 
a more easily obtainable fluid, i.e., Bayliss's β per cent gum-arabic 
solution. A still more severe haemorrhage will demand blood. 

* W . M. B A Y L I S S , F . R . S . , Medical Research Committee 's Memorandum, 
N o . 1, on Intravenous Injections to Replace Blood ; O S W A L D R O B E R T S , Med. Res . 
Comm. Mem. , N o . 4 , on Blood Transfusion. 
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A precise indication as to when blood transfusion is imperative 
is still wanting, and much to be desired. Most observers are agreed 
that a critical point has been reached w

r
hen the total haemoglobin 

content is as low as 3 0 per cent. In primary haemorrhage it is unfor-
tunately not possible to calculate the haemoglobin value without an 
elaborate procedure which is not easily carried out. Other aid must 
therefore be sought. Clinical signs are of a certain value, but very 
often it is hard to determine from a patient's appearance how much 
blood has been actually lost, and ocular demonstration of the amount 
is usually wanting. 

In these circumstances the blood-pressure is a valuable guide. 
A systolic pressure determined by the auscultatory method, which 
remains below 8 0 mm. of mercury for hours, is an indication that 
help is required. 

The question to be settled is what the nature of this aid should 
be. The changes that take place after a haemorrhage give some useful 
indications. Directly blood is lost, fluids begin to pass into the 
circulation from the tissues. The resulting dilution of the remaining 
blood continues for some days until the blood volume is restored or 
exceeded. Further, the manufacture of haemoglobin and red blood-
cells begins, and proceeds until the normal is attained. 

The first want therefore is fluid. This can be supplied either by 
the mouth or by the rectum, provided that the patient can take and 
retain fluid by one of these channels, and the call is not imperative. 
If these methods be ineffective, impossible, or too slow, fluid may be 
introduced directly into the circulation. The best artificial fluid for 
this purpose is Bayliss's 6 per cent solution of gum arabic in normal 
saline. If introduction of this fluid fails to produce the required 
result and to raise the blood-pressure, recourse must be had to trans-
fusion of blood. 

The matter may be shortly summed up as follows :— 
1. Primary Hœmorrhage. — In sudden and abundant haemor-

rhage, immediate transfusion is indicated. 
2 . In less severe cases, Bayliss's gum-arabic solution should be 

tried, and followed by transfusion of blood if no permanent effect has 
been produced. 

3 . In milder cases, an attempt to restore the blood volume may 
be made by the administration of large amounts of fluid by mouth or 
by rectum. If necessary these attempts may be followed by 2 . 

Secondary Hœmorrhage.—In this case the haemoglobin content 
is most likely already depressed to the critical point. Consequently, 
even a moderate haemorrhage will reduce it to a point incompatible 
with an efficient natural recovery ; hence immediate transfusion of 
blood is the safest course. The beneficial effect to be hoped for from 
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t r a n s f u s i o n is g r e a t l y l e s sened in p a t i e n t s t h e s u b j e c t s of g e n e r a l 

i n fec t ion . 

Signs of Interference with the Distal Circulat ion—Inspect ion 

of t h e p a r t af fected m a y r e v e a l p a l l o r w h e n t h e a r t e r y a l o n e is 

w o u n d e d , o r c o n g e s t i o n a n d c y a n o s i s w h e n b o t h a r t e r y a n d v e i n a r e 

affected. T h e p a r t m a y a l so b e cold t o t h e t o u c h . T h e e v i d e n c e 

f u r n i s h e d b y e x a m i n a t i o n of t h e p u l s e t o t h e d i s t a l s ide of t h e i n j u r y 

is i m p o r t a n t b o t h a s d e n o t i n g t o s o m e e x t e n t t h e g r a v i t y of t h e loca l 

les ion, a n d a l so a s i n d i c a t i n g t h e sufficiency of t h e co l l a t e r a l s u p p l y 

t o t h e p a r t . M a n y f a c t o r s , h o w e v e r , c o m b i n e t o r e n d e r i t n o m o r e 

t h a n a c o n t r i b u t o r y a id ; t h u s i n t e r f e r e n c e w
r
i tb t h e p u l s e m a y b e d u e 

t o t e m p o r a r y p r e s s u r e e x e r t e d b y a f r a g m e n t of b o n e , a d i sp l aced 

b o n e , a r e t a i n e d foreign b o d y , o r e x t r a v a s a t e d b lood . A g a i n , i t m a y 

be d u e t o t h r o m b o s i s , o r t h e p u l s e m a y b e i m p a l p a b l e s i m p l y a s a 

r e s u l t of t h e g e n e r a l d e p r e s s i o n of t h e b l o o d - p r e s s u r e w h e n o n l y s l i gh t 

loca l o b s t r u c t i o n e x i s t s . T h e s e f a c t o r s a r e t o b e r e m e m b e r e d in 

d e c i d i n g u p o n t h e n e c e s s i t y of a n y i n t e r v e n t i o n , a n d espec i a l ly t h a t 

of a m p u t a t i o n . I n t h e l a t t e r case a b s e n c e of a d i s t a l p u l s e c a n n o t b e 

a c c o r d e d t h e w e i g h t in f o r m i n g a dec i s ion w h i c h u s e d t o b e g i v e n i t , 

e x c e p t w h e n g ros s in fec t ion of t h e w o u n d i n g e n e r a l b y a n a e r o b i c 

o r g a n i s m s is s u s p e c t e d o r k n o w n t o e x i s t . As a sign of a n a r t e r i a l 

w o u n d i t s v a l u e is s l igh t c o m p a r e d w i t h t h e e v i d e n c e t o b e o b t a i n e d 

b y t h e u s e of a u s c u l t a t o r y m e t h o d s . 

A c o m p a r a t i v e fall in t h e d i s t a l b l o o d - p r e s s u r e of t h e p a r t is a 

s ign of s o m e c o n s t a n c y , b u t n o t of a n y g r e a t p r a c t i c a l u t i l i t y in d e a l i n g 

w i t h t h e e a r l y s t a g e s of t h e s e i n ju r i e s . I t g a i n s m o r e i m p o r t a n c e in 

t h e c o n s i d e r a t i o n of t h e p r o p e r t r e a t m e n t t o b e a d o p t e d in a n e u r y s m s , 

a n d wil l b e d e a l t w i t h w h e n t h i s s u b j e c t is r e a c h e d . 

EFFECTS OF WOUNDS OF THE ARTERIES ON THE 

GENERAL CIRCULATION. 

W o u n d s of t h e l a r g e b l o o d - v e s s e l s a r e c o m m o n l y a t t e n d e d b y 
a p p a r e n t e n l a r g e m e n t a n d e x c i t e d a c t i o n of t h e h e a r t . T h e s e s igns 
a r e fa i r ly c o n s t a n t in t h e e a r l y s t a g e s fo l lowing t h e in ju r i e s , b u t v a r y 
in d e g r e e a n d m u t u a l r e l a t i o n s h i p , t e n d i n g t o s u b s i d e w i t h r e s t in 
t h e r e c u m b e n t p o s i t i o n a n d w i t h d e v e l o p m e n t of t h e g r a d u a l c o m -
p e n s a t i o n w h i c h fol lows w h e n t h e o p e n i n g in t h e a r t e r i a l wa l l h a s 
r e m a i n e d p a t e n t for s o m e t i m e . 

I n a l a r g e p r o p o r t i o n of cases of i n j u r y t o t h e l a r g e r a r t e r i e s t h e 
a p e x of t h e h e a r t wil l b e f o u n d in t h e n i p p l e l i ne , less f r e q u e n t l y 
o u t s i d e t h a t l ine e v e n t o t h e e x t e n t of o n e t o t w o i n c h e s , a n d s o m e -
t i m e s r a i s e d a b o v e t h e n o r m a l l eve l . T h e p u l s e - r a t e a v e r a g e s f rom 
90 t o 120 . T h e d e g r e e of e i t h e r e n l a r g e m e n t o r e x c i t e m e n t m a y 
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v a r y w i t h i n d i v i d u a l i d i o s y n c r a s y a n d t h e p s y c h i c inf luences s o 
c o m m o n in g u n s h o t i n ju r i e s , a n d b o t h a r e m o r e m a r k e d w h e n p r i m a r y 
loss of b l o o d h a s b e e n g r e a t o r t o x a e m i a is a f a c t o r . A l l o w i n g full 
w e i g h t t o t h e s e g e n e r a l f a c t o r s , h o w e v e r , n o d o u b t c a n e x i s t t h a t 
a s i m p l e de fec t in t h e a r t e r i a l wa l l , in c o m m u n i c a t i o n w i t h a l a t e r a l 
c h a m b e r in w h i c h t h e b l o o d is c o n s t a n t l y c i r c u l a t i n g , d e m a n d s 
i n c r e a s e d c a r d i a c effort t o m a i n t a i n t h e flow of b l o o d . T h i s effort 
m u s t b e t h e g r e a t e r , s ince t h e c i r c u l a t i o n of t h e b l o o d t h r o u g h t h e 
c a v i t y d o e s n o t r ece ive t h e n o r m a l a i d a f fo rded b y t h e e l a s t i c wa l l of 
t h e b lood -ves se l , a n d t h e b l o o d c o n t a i n e d w i t h i n t h e c a v i t y is n o t 
c o n t r o l l e d b y t h e p r o p e r v a s o m o t o r m e c h a n i s m , a n d m e a n w h i l e t h e 
i m p e r f e c t l y s u p p l i e d d i s t a l p o r t i o n s of t h e b o d y ca l l for t h e i r n o r m a l 
s u p p l y . 

T h e cal l o n t h e c a r d i a c m u s c l e is p r o b a b l y g r e a t e s t d u r i n g t h e 
p e r i o d in w h i c h a s i m p l e a r t e r i a l h e m a t o m a — t h a t is , a poo l of fluid 
b l o o d in d i r e c t c o n t i n u i t y w i t h t h e a r t e r i a l b l o o d - s t r e a m — i s s t i l l 
p r e s e n t . F o l l o w i n g t h e o r d i n a r y p h y s i c a l l aw , t h i s l a r g e co l l ec t ion of 
b l o o d wil l b e m a i n t a i n e d a t a p r e s s u r e e q u a l t o t h a t of t h e g e n e r a l 
c i r c u l a t i o n , a n d t h e force for t h i s e x t r a d u t y m u s t b e f u r n i s h e d b y 
t h e h e a r t , t h e loca l r e s i s t a n c e offered b e i n g m e r e l y t h a t of t h e 
s u r r o u n d i n g t i s s u e s of t h e l i m b , in p l a c e of t h e h i g h l y r e g u l a t e d 
s u p p o r t of t h e a r t e r i a l w a l l . 

W h e n a n a r t e r i o - v e n o u s c o m m u n i c a t i o n h a s b e e n e s t a b l i s h e d , 
t h e o b s t r u c t i o n t o a n d d i s t u r b a n c e of t h e c i r c u l a t i o n a r e s t i l l m o r e 
s e r ious . I n t h e s e c i r c u m s t a n c e s , t h e a r t e r i a l flow d i v e r t e d f r o m i t s 
n o r m a l c o u r s e is d r i v e n i n t o a n d d i s t u r b s t h e s lower r e v e r s e c u r r e n t 
in t h e v e i n . T h e wa l l s of t h e v e i n , a s a r e s u l t of t h e i n c r e a s e d i n t r a -
v a s c u l a r p r e s s u r e t o w h i c h t h e y a r e s u b j e c t e d , s t r e t c h , a n d t h u s a 
g r e a t b a y is f o r m e d in w h i c h a s w i r l i n g e d d y is e s t a b l i s h e d . I n t h i s 
w a y o b s t r u c t i o n is offered t o t h e c u r r e n t in t h e d i s t a l s e g m e n t of 
t h e v e i n , wh i l e a v a r y i n g p r o p o r t i o n of t h e a r t e r i a l b l o o d d e s t i n e d 
t o t h e s u p p l y of t h e p e r i p h e r a l p o r t i o n of t h e b o d y p a s s e s d i r e c t l y 
b a c k w a r d t o t h e h e a r t . 

T h a t a n a r t e r i a l l e a k a c t s p r a c t i c a l l y a s a n a c t u a l o b s t r u c t i o n t o 
t h e c i r c u l a t i o n a p p e a r s o b v i o u s f rom t h e i m m e d i a t e fall in t h e d i s t a l 
b l o o d - p r e s s u r e w h i c h t a k e s p l a c e . T h i s fall co inc ides for a p r o l o n g e d 
p e r i o d w i t h t h a t o b s e r v e d w h e n t h e m a i n a r t e r y s u p p l y i n g a l i m b is 
o c c l u d e d b y t h e a p p l i c a t i o n of a l i g a t u r e . T h u s , in t w e n t y - t h r e e 
cases of t r a u m a t i c a n e u r y s m of r e c e n t d e v e l o p m e n t , t h e a v e r a g e 
di f ference in t h e p e r i p h e r a l b l o o d - p r e s s u r e b e t w e e n t h e n o r m a l a n d 
t h e i n j u r e d l i m b a m o u n t e d t o 21*4 m m . of m e r c u r y w h e n t e s t e d b y 
t h e m a n o m e t e r . 

T h e a m o u n t of fal l , in t h e c a s e of a n u n t r e a t e d a n e u r y s m , , 
p r o b a b l y d e c r e a s e s w i t h t i m e a n d d e v e l o p m e n t of t h e c o l l a t e r a l 
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c i r c u l a t i o n ; t h u s , in a case of a n e u r y s m a l v a r i x of t h e superf ic ia l 
f e m o r a l of s e v e n m o n t h s ' s t a n d i n g , t h e d i s t a l p r e s s u r e h a d r i sen t o 
n e a r l y n o r m a l , a g a i n fa l l ing a f t e r a n o p e r a t i o n for t h e c u r e of t h e 
c o n d i t i o n . 

S u p p o r t t o t h e belief t h a t a n o b s t r u c t i o n in t h e a r t e r i a l c i r cu la -
t i o n t h r o w s i n c r e a s e d s t r a i n o n t h e c e n t r a l o r g a n s is a l so af forded b y 
t h e e x p e r i e n c e of t h e f r e q u e n c y w i t h w h i c h t h e o p e r a t i o n of l i g a t u r e 

Fig. 17.—Wound of popliteal vessels. Position of heart during inspiration. 
Skiagram by Capt. Stone. 

of a n a r t e r y for t h e c u r e of a s p o n t a n e o u s a n e u r y s m in t h e l i m b s is 
fo l lowed b y t h e d e v e l o p m e n t of o n e in t h e t h o r a x . 

W i t h r e g a r d t o t h e e v i d e n c e of c a r d i a c d i l a t a t i o n af forded b y 
d e t e r m i n a t i o n of t h e p o s i t i o n of t h e a p e x ; of 37 cases in w h i c h c a r d i a c 
m u r m u r s a c c o m p a n i e d t h e p r e s e n c e of a n a n e u r y s m , in 24 t h e a p e x 
was in t h e n i p p l e l ine , in 4 w i t h i n t h a t l ine , a n d in 9 i t w a s f rom 
ha l f a n i n c h t o t w o a n d a ha l f i nches o u t s i d e . I n t h e m a j o r i t y 
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of i n s t a n c e s t h e v e r t i c a l l eve l t e n d e d t o b e r a i s ed , o f t en i n t o t h e 
f o u r t h i n t e r s p a c e . 

R a d i o g r a p h i c e x a m i n a t i o n s h a v e b e e n m a d e in a few cases d u r i n g 
t h e e a r l y s t a g e s of t r e a t m e n t , a n d t h e i l l u s t r a t i o n s (Figs. 17, 1 8 , 19 , 
20) a r e h i g h l y i n t e r e s t i n g . Figs. 17 a n d 18 d e p i c t t h e size a n d 
p o s i t i o n of t h e h e a r t in i n s p i r a t i o n a n d e x p i r a t i o n r e s p e c t i v e l y . T h e y 

Fig. 18.—Same case as Fig. 17. Position of heart during expiration. 
Skiagram by Capt. Stone. 

w e r e t a k e n f r o m a p a t i e n t w i t h a p o p l i t e a l v a r i x of four d a y s ' s t a n d i n g , 
in w h o m t h e p o s i t i o n of t h e a p e x h a d b e e n d e t e r m i n e d b y p a l p a t i o n 
a s b e i n g in t h e n i p p l e l ine . I t will b e o b s e r v e d t h a t t h i s p o s i t i o n 
d u r i n g e x p i r a t i o n is m o r e t h a n con f i rmed , wh i l e d u r i n g i n s p i r a t i o n , 
e x c e p t for a s l i g h t l y i n c r e a s e d e x t e n t of t h e s h a d o w t o t h e r i g h t of 
t h e s t e r n u m , n o t h i n g a b n o r m a l is t o b e o b s e r v e d . I n t h e i n v e s t i g a -
t i o n of a n o t h e r case , i t w a s p o i n t e d o u t t o m e b y C a p t a i n M c l l w a i n e 
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t h a t a n e x a c t l y s i m i l a r c o n d i t i o n h a d b e e n o b s e r v e d b y h i m in a 
c e r t a i n n u m b e r of t h e p a t i e n t s s e n t t o t h e b a s e w i t h t h e se rv ice 
d i a g n o s i s ' d i s o r d e r l y a c t i o n of t h e h e a r t . ' Figs. 19 a n d 20 w e r e 
t a k e n f rom s u c h a ca se b y C a p t a i n C r y m b l e , a n d t h e s t r i k i n g r e s e m -
b l a n c e of t h e t w o se t s of s k i a g r a m s is o b v i o u s . 

C a p t a i n M c l l w a i n c f u r t h e r k i n d l y u n d e r t o o k t h e c a r d i o g r a p h i e 

Fig. 19.—Case of * disorderly action of the heart.' Position of heart during inspiration. 
Skiagram by Capi. Crymble. 

i n v e s t i g a t i o n of fou r p a t i e n t s suf fe r ing f rom w o u n d s of t h e vesse ls , 
a n d f u r n i s h e d m e w i t h t h e fo l lowing b r i e f r e p o r t s of t h e c a s e s . 

Femoral Arterial Aneurysm.—Wounded, J u l y 5, 1916 . E x a m i n e d , 
J u l y 1 8 . T h e r e w a s m a r k e d p u l s a t i o n v i s ib le in t h e 3 r d a n d 4 t h 
i n t e r s p a c e s . T h e b e a t of t h e h e a r t w a s forc ib le a n d diffuse, n o t 
h e a v i n g . T h e a p e x b e a t w a s fel t i n t h e 4 t h a n d 5 t h s p a c e s j u s t 
o u t s i d e t h e n i p p l e l ine . N o m u r m u r s w e r e p r e s e n t . T h e e l ec t ro -
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c a r d i o g r a m w a s n o r m a l , s h o w i n g n o r i g h t o r left v e n t r i c u l a r p r e -
p o n d e r a n c e . G e n e r a l b l o o d - p r e s s u r e : s y s t o l i c , 140 ; d i a s t o l i c , 7 5 . 

Femoral Arterio-venous Aneurysm,—Wounded, A u g . 15 , 1916 . 
E x a m i n e d . S e p t . 3 . Vis ib le p u l s a t i o n w a s p r e s e n t . T h e a p e x b e a t 
w a s in t h e 4 t h s p a c e j u s t r o u n d t h e n i p p l e . I t w a s forc ib le , b u t n o t 
h e a v i n g . A sys to l i c m u r m u r w a s p r e s e n t a t t h e a p e x a n d in t h e 

Fig. 20.—Same case as Fig. 19. Position of heart during expiration. 
Skiagram by Capt. Crymble. 

p u l m o n a r y a r e a . T h e a p i c a l m u r m u r w a s n o t c o n d u c t e d t o w a r d s 
t h e ax i l l a : i t w a s mod i f i ed b y r e s p i r a t i o n . B l o o d - p r e s s u r e : sy s to l i c , 
120 ; d i a s t o l i c , 60 . T h e e l e c t r o c a r d i o g r a m s h o w e d n o e v i d e n c e of 
a n y v e n t r i c u l a r p r e p o n d e r a n c e . 

Femoral Arterio-venous Aneurysm.—Wounded, J u n e 5, 1916 . 
E x a m i n e d , S e p t . 12 . T h e a p e x w a s i n t h e 5 t h s p a c e ha l f a n i n c h i n s i d e 
t h e n i p p l e l i n e . O v e r t h e praccord ia t h e r e w a s a forc ib le b e a t , n o t 
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h e a v i n g . T h i s p u l s a t i o n w a s v i s ib le . T h e r e w a s a w e l l - m a r k e d 
sys to l i c m u r m u r a t t h e a p e x , n o t c o n d u c t e d o u t w a r d s . T h e r e w a s 
a l so a sys to l i c m u r m u r a t b o t h a r e a s a t b a s e , t h e a o r t i c a r e a m u r m u r 
b e i n g t h e l o u d e r , a n d a l o u d a o r t i c s e c o n d s o u n d . B l o o d - p r e s s u r e : 
sys to l i c , 155 ; d i a s to l i c , 7 0 . T h e e l e c t r o c a r d i o g r a m s h o w e d n o def in i te 
e v i d e n c e of a n y v e n t r i c u l a r p r e p o n d e r a n c e . T h e h e a r t d i d n o t a p p e a r 
e n l a r g e d in t h e s k i a g r a m t a k e n . 

Femoral Arterial Aneurysm.—Wounded, S e p t . 2 7 , 1 9 1 6 . E x a m i n e d , 
O c t . 9 . T h e r e w a s a v i s ib le w a v e of p u l s a t i o n o v e r t h e 3 r d a n d 4 t h 
s p a c e s . T h e a p e x b e a t w a s in t h e 4 t h s p a c e j u s t i n s ide t h e n i p p l e 
l ine . A d e e p i n s p i r a t i o n c a u s e d t h e b e a t a t t h i s p o i n t t o d i s a p p e a r , 
a n d t h e m o s t forc ib le b e a t a p p e a r e d in t h e 5 t h s p a c e ha l f a n i n c h 
ins ide t h e n i p p l e l ine . T h e r e w a s a n a p i c a l a n d b a s a l sys to l i c m u r m u r , 
modi f ied b y r e s p i r a t i o n , b e s t h e a r d d u r i n g e x p i r a t i o n . T h e s k i a g r a m 
s h o w e d t h a t t h e c a r d i a c s h a d o w w a s m a r k e d l y a l t e r e d b y r e s p i r a t i o n , 
b e i n g p e a r - s h a p e d in d e e p i n s p i r a t i o n a n d a flattened l a t e r a l o b l o n g 
in e x p i r a t i o n . T h e r e w a s n o e v i d e n c e in t h e e l e c t r o c a r d i o g r a m of 
a n y v e n t r i c u l a r p r e p o n d e r a n c e . B l o o d - p r e s s u r e : sys to l ic , 122 ; d i a s -
to l i c , 60 . T h e r e w a s a l o u d k n o c k in t h e a r t e r y . 

T h e s e o b s e r v a t i o n s s e e m o p p o s e d t o t h e v i e w t h a t a c t u a l d i l a t a -
t i o n of t h e h e a r t w a s p r e s e n t . I n f ac t t h e y r a t h e r s u g g e s t t h a t a 
w a n t of t o n e in t h e h e a r t m u s c l e — a n d h e n c e a c o n d i t i o n f a v o u r a b l e 
t o a n e x a g g e r a t i o n of t h e c h a n g e s of s h a p e of t h e o r g a n a c c o m p a n y i n g 
t h e r e s p i r a t o r y m o v e m e n t s — a c c o u n t s for t h e o u t w a r d d i s p l a c e m e n t 
of t h e c a r d i a c a p e x . 

I t is a s t r i k i n g f ac t t h a t t h e c a r d i a c c o n d i t i o n s so n e a r l y 
r e s e m b l e t h o s e m e t w i t h in s o m e of t h e u n w o u n d e d m e n s e n t d o w n 
f r o m t h e f r o n t w i t h t h e d i a g n o s i s ' d i s o r d e r l y a c t i o n of t h e h e a r t . ' 
Y e t i t does n o t s e e m r e a s o n a b l e t o a s s u m e t h a t t h e s u b j e c t s of a r t e r i a l 
w o u n d s in w h o m s u c h s igns a r e so f r e q u e n t l y p r e s e n t w e r e a l r e a d y 
suffer ing f rom ' d i s o r d e r l y a c t i o n of t h e h e a r t ' w h e n t h e y r ece ived 
t h e i r w o u n d ; b u t r a t h e r , t h a t t h e v a s c u l a r i n j u r y h a s l ed t o t h e 
d e v e l o p m e n t of t h e c o n d i t i o n . 

T h e p a t i e n t s in w h o m t h e s e c a r d i a c d i s t u r b a n c e s a r e p r e s e n t d o 
n o t suffer f rom p r e c o r d i a l d i s t r e s s , r a p i d r e s p i r a t i o n , o r a n y p a i n . 
O n i n s p e c t i o n , t h e a p e x b e a t is o b s e r v e d t o b e d i s p l a c e d a n d a b n o r -
m a l l y v is ib le , wh i l e diffuse p u l s a t i o n is f r e q u e n t l y a p p a r e n t o v e r t h e 
w h o l e p r e c o r d i a l a r e a . A c c e l e r a t i o n of t h e p u l s e is a c o n s t a n t s ign, 
t h e r a t e v a r y i n g f rom 80 t o 120, w i t h a m e a n a v e r a g e of a b o u t 100 . 
A n i r r i t a b l e c h a r a c t e r is c o m m o n , a n d in s o m e cases t h e ' k n o c k i n g ' 
t y p e , m o r e f reely d i s cus sed be low, is f o u n d . T h e s y m p t o m s , w h i l e 
n o t c o n s t a n t , a r e e x t r e m e l y c o m m o n in c o n n e c t i o n w i t h a r t e r i a l 
w o u n d s , a l t h o u g h t h e i r p r o m i n e n c e does n o t a l w a y s co inc ide w i t h 
t h e i m p o r t a n c e of t h e vesse l i m p l i c a t e d . W i t h o u t d o u b t c a r d i a c 
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idiosyncrasy, temperament, and perhaps indulgence in tobacco may 
be contributory causes, and the phenomena are certainly in part 
dependent on loss of blood. It may be well to emphasize that they 
have been observed during the first few weeks after reception of the 
injuries, and tend to diminish with time. With all these reservations, 
however, definite evidence exists to support the statement that 
disordered cardiac action follows and results from wounds of the 
large arteries and the formation of false aneurysms. 

What is known as to the ultimate course of arterio-venous 
aneurysms and varices tends to support the view that extra strain 
is thrown upon the heart by their formation, and that subsequent 
changes take place in the peripheral circulation. Sir W. Osier,* 
while pointing out that the changes may not be so great in the case 
of vessels of the upper as in those of the lower limb, says, " In the 
majority of cases venous stasis forms the most serious sequel of the 
disorder. The changes in the arteries on the proximal side of the 
lesion are less striking, but sooner or later sclerosis occurs with dilata-
tion, and sometimes with saccular aneurysm opposite the orifice of 
the communication. Even within two months of the injury the 
femoral artery may be felt to be larger and with stronger pulsation." 
Observation during the course of operations of the exposed vessels 
in a number of recent cases in the present war has not impressed me 
with the occurrence of early proximal dilatation ; on the other hand, 
distal contraction has been a constant feature,, either in pure arterial 
injuries or in arterio-venous lesions, as will be referred to below. It 
is obvious, however, that in the early stages, during which the patient 
is kept at rest in the recumbent position, any considerable arterial 
dilatation is unlikely to develop. During the performance of 
operations undertaken at a later period, the artery on the proximal 
side of a traumatic aneurysm is generally found to be thickened and 
dilated, but it may be remarked that a similar condition is found 
also when the lesion is purely arterial in character. 

It is of much interest, in view of the early cardiac conditions 
above dealt with, to quote again from Sir W. Osier ; he says, " One 
of my patients died from heart disease, which may have had some 
connection with his long-standing lesion." Again, " I n an arterio-
venous communication in the middle of Scarpa's space established in 
1898 , at the time of death, in 1 9 1 1 , the dilated arteries extended 
from the bifurcation of the common iliac to the lower third of the 
thigh. Hypertrophy of the heart followed, and death from progressive 
failure of the circulation." In rare instances signs and symptoms 

* " Remarks on Arterio-venous A n e u r y s m s . " Lancet, 1915, i, 952 . 
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of c a r d i a c d i sease , in w h i c h r e s p i r a t o r y d i s t r e s s a n d g e n e r a l oedema 

a r e m a r k e d f e a t u r e s , h a v e b e e n o b s e r v e d t o d e v e l o p a few w e e k s 

a f t e r t h e p r i m a r y i n j u r y , s u c h cases e n d i n g f a t a l l y . I h a v e n e v e r 

w i t n e s s e d t h i s r e s u l t mysel f . 

Cardiac M u r m u r s — A m a t t e r of i n t e r e s t , w h i c h h a s a p p a r e n t l y 

e s c a p e d p r e v i o u s r e c o g n i t i o n , l ies in t h e f r e q u e n t t r a n s m i s s i o n of t h e 

loca l sys to l i c a r t e r i a l b r u i t t o t h e h e a r t , a n d h e n c e t h e p r e s e n c e of 

c a r d i a c sys to l i c m u r m u r s of a p r o n o u n c e d c h a r a c t e r a c c o m p a n y i n g 

w o u n d s of c e r t a i n of t h e b lood-vesse l s . 

T h e n a t u r e a n d e x p l a n a t i o n of t h e s e m u r m u r s is n o t a l t o g e t h e r 

s i m p l e , for t h e y a r e t e m p o r a r y , i n c o n s t a n t in o c c u r r e n c e , a n d h e a r d 

e spec ia l ly in c o n n e c t i o n w i t h c e r t a i n vesse l s . T h e l a s t f ac t i n t r o d u c e s 

s o m e difficulties a s t o t h e a c t u a l m o d e of t h e i r c o n d u c t i o n o r t r a n s -

mis s ion ; h e n c e i t m a y be a s well t o dea l w i t h o n e q u e s t i o n a s a 

p r e l i m i n a r y — n a m e l y , w
r
h e t h e r t h e c a r d i a c b r u i t s a r e p u r e l y h e m i c in 

n a t u r e . 

T h a t h e m i c c a r d i a c m u r m u r s a r e n o t i n f r e q u e n t a s a r e s u l t of 

s e r ious loss of b l o o d is a we l l - r ecogn i zed f ac t , a n d h a s b e e n ver i f ied 

in m a n y cases ; m o r e o v e r , in o n e , a l o u d a p i c a l sys to l i c m u r m u r 

a c c o m p a n y i n g a loca l b r u i t o v e r t h e s i t e of a w o u n d e d p o s t e r i o r t i b i a l 

a r t e r y , w a s r e p l a c e d b y a sof t h e m i c m u r m u r w h i c h p e r s i s t e d for 

t w e n t y - f o u r h o u r s a f t e r t h e w o u n d e d a r t e r y h a d b e e n o c c l u d e d b y 

l i g a t u r e . T h i s o b s e r v a t i o n s u g g e s t s t h a t i n s o m e i n s t a n c e s a c o m -

p o u n d of f a c t o r s m a y a c c o u n t for t h e p r e s e n c e of t h e c a r d i a c m u r m u r ; 

b u t t h e a b o v e w a s a n i s o l a t e d e x p e r i e n c e , a n d in o t h e r o b s e r v e d cases 

l i g a t u r e of t h e w o u n d e d vesse l h a s b e e n fo l lowed b y i m m e d i a t e 

d i s a p p e a r a n c e of t h e c a r d i a c b r u i t . W h e n t h e e x p e r i m e n t is m a d e 

of t r y i n g t o a b o l i s h t h e c a r d i a c b r u i t b y p r e s s u r e on t h e vesse l 

p r o x i m a l t o t h e w o u n d , i t is f o u n d t h a t a b s o l u t e s u p p r e s s i o n of t h e 

b lood c u r r e n t is r e q u i r e d t o b a n i s h t h e b r u i t e n t i r e l y . 

I n p u r e a r t e r i a l i n ju r i e s t h e m u r m u r is l o u d e s t a t t h e c a r d i a c 

a p e x , o r o f t e n o v e r t h e b a s e of t h e lef t v e n t r i c l e , a n d t h e s o u n d 

is n o t c o n d u c t e d t o w a r d s t h e ax i l l a o r t h e n e c k . W h e n p r e s e n t , t h e 

m u r m u r s a r e l o u d a n d d i s t i n c t a s a r u l e , a n d a r e i n d i s t i n g u i s h a b l e in 

c h a r a c t e r f r o m t h o s e p r e s e n t in m i t r a l v a l v u l a r d i s ea se . I t is r e m a r k -

a b l e t h a t in s o m e cases t h e c a r d i a c b r u i t m a y b e m u c h l o u d e r t h a n 

t h e loca l m u r m u r i n d i c a t i n g t h e w o u n d e d s p o t in t h e ves se l . T h i s 

f e a t u r e is t h e m o r e s u r p r i s i n g , in t h a t t h e loca l a r t e r i a l m u r m u r is 

c o m m o n l y c o n d u c t e d m o r e w i d e l y in t h e d i s t a l t h a n in t h e c e n t r a l 

d i r e c t i o n . 

I n a r t e r i o - v e n o u s a n e u r y s m s o r a n e u r y s m a l v a r i c e s t h e v e n o u s 

h u m is c o n t i n u o u s , wh i l e t h e sys to l i c e l e m e n t is c o m m o n l y t h e m o r e 

p r o n o u n c e d , a n d p o s s i b l y a c c e n t u a t e d b y a p r o l o n g a t i o n of t h e 

•diastol ic p h a s e . I n f e m o r a l a r t e r i o - v e n o u s a n e u r y s m s t h e v e n o u s 
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roar is sometimes absent, and when the communication is situated in 
the neck or axilla, the continuous venous roar is usually the only 
element. The conveyed murmurs are only common when the vessels 
of the lower extremity are concerned, and are then generally most 
pronounced over the base of the heart. When the murmurs 
commence to fail in strength, the systolic element is usually the first 
to disappear. 

Amongst 180 cases of arterial lesions in which a routine examina-
tion was made with the object of searching for cardiac murmurs, 
these were present in 37 ; 18 of the lesions were arterio-venous, 19 
purely arterial. 

The date of appearance of the murmurs is early, probably as a 
rule immediate, but in some instances a day or two may elapse before 
they become evident. Four cases of delayed appearance are included 
among the numbers given above. Considerable variations in strength 
and tone may occur from day to day, but the general tendency is 
towards diminution and disappearance of the sounds. The longest 
period in which any murmur was noted to persist in men recently 
wounded was seventy days, but many patients in whom the arterial 
wound was untreated returned to England with the bruit still audible. 

Experience has shown, however, that the conveyed murmurs may 
persist for a long period ; also that, after subsiding during a period 
of rest, they may return with the resumption of active life. Thus, a 
brachial arterio-venous communication of six years ' standing was 
detected as a result of the discovery of an abnormal cardiac bruit 
during an ordinary routine examination made for medical purposes ; 
and I have seen other instances in which a primary diagnosis of cardiac 
disease needed to be revised in consequence of the discovery of a 
local vascular lesion in the limbs. It is in this last respect that the 
conveyed murmurs acquire their chief practical importance, since it 
is obvious that their discovery may lead to the detection of a lesion 
that might otherwise be readily overlooked, especially in the subjects 
of multiple small gunshot wounds. 

Local Vascular Murmurs.—The characters of the typical local 
murmurs are well known and recognized, but some remarks on the 
conditions which may affect the sounds in individual cases may not 
be out of place. Moreover, it is not perhaps even now generally 
recognized, that a local systolic murmur is the most certain and easily 
obtained proof of a wound of a deeply situated artery. 

Considerable variations of tone and character are met with. 
Thus, the arterial wound may be indicated by a soft 'bellows' murmur 
(especially when there is great swelling of the limb), a loud 'rushing' 
sound, or a musical whistle, the latter commonly in the later stages 
when cicatrization is advanced. In the presence of an arterio-venous 

4 
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communication, either the systolic bruit or the venous roar may be 
the more prominent element ; in some cases the buzzing sound, 
compared to the noise made by ' a bee in a bag, ' is the salient feature ; 
in others the venous roar assumes the character of a deep pedal note. 
No characteristic differences have been observed between the murmurs 
accompanying the contused wound produced by the bullet and the 
often comparatively cleanly-cut opening produced by sharp fragments 
of shells or bombs. Neither does the loudness of the sound correspond 
with the size of the vessel concerned, although a superficial position 
of the vessels is of much importance in this respect. 

A number of factors, to which it is difficult to assign the proper 
relative import, do, however, doubtless affect both the character and 
strength of the bruit produced. Thus, the nature of the aperture may 
be mentioned : in some cases marginated by a ragged ring of the media, 
in others by a thin sharp margin of bare intima from which the media 
has been stripped, while in still others a ragged tongue of media may 
project across an arterio-venous opening. Again, the timbre of the 
bruit tends to change in accordance with the stage of stiffening from 
infiltration or cicatrization which has been reached. Lastly, the depth 
of tone and resonance of the sound is affected by the length of the 
column of blood, the size of the cross-section of the vessels, the 
presence of a large collection of fluid blood or clot in connection with 
the wound in the vessel, and the general conformation of the patient 
himself. It is obvious that the mass, strength, and degree of tension 
of the structures of a limb are of importance as resonating factors, 
and these are still more evident when the wounded vessel is situated 
over the chest wall, or in the close vicinity of hollow viscera. 

In connection with the comparative resonance of different limbs, 
an observation made in employing percussion to elicit the tympanitic 
note present when a limb is deeply infiltrated with gas is of some 
interest. This sign, to which considerable importance is rightly 
allotted, may be vitiated by the presence of either a large wound 
defect or the existence of a considerable collection of effused blood 
in a limb, especially around a fracture. Either of these conditions 
may accompany a wounded artery, and the altered acoustic conditions 
will no doubt affect the character of a murmur. 

Certain other features arc worthy of further consideration ; but 
before proceeding to them, the occurrence of systolic arterial bruits 
independent of an open arterial wound should be mentioned. These 
may depend upon obstruction to the arterial lumen, due either to 
cicatricial contraction of the vessel itself, or to pressure from without. 
Such murmurs are distinctly rare in my experience. I have auscultated 
many hundreds of arteries in the search for wounds, and among these 
may be particularly mentioned a series in which the distal pulse was 
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diminished or absent in injuries about the root of the neck and 
shoulder. In such cases complete severance of the vessel, obstruction 
from thrombosis, or external pressure by displaced fragments of bone 
is to be expected ; but in very few instances has a murmur been 
detected, and this a 'whistling' at a late stage after the injury, 
probably due to cicatricial changes. 

A local vascular murmur may be very considerably modified by 
pressure exerted by the bell of the stethoscope ; this may accentuate 
it as well as alter the timbre. In an instance in which a pure systolic 
bruit was audible over a traumatic aneurysm of the femoral artery, 
pressure by the stethoscope produced a soft cooing sound, somewhat 
resembling the musical sigh often heard among trees in a soft breeze 
at night. 

It is not uncommon for a murmur to be audible over the site 
of a sutured arterial wound, when either the lumen is narrowed for 
a considerable longitudinal extent, or when a sudden narrowing is 
present. These bruits closely resemble those accompanying the 
presence of an open wound. A somewhat striking experimental 
proof of the capacity of incomplete obstruction to the arterial lumen 
to give rise to a murmur audible in the heart, is afforded by an 
observation made during the use of Turner's arterial tubes. In two 
such cases a systolic bruit was audible at the apex of the heart after 
the introduction of the tube, disappearing with its removal. 

Another not infrequent phenomenon is the presence of a systolic 
bruit, audible throughout the great vessels of the body, developing in 
consequence of a severe secondary haemorrhage. Its interest depends 
upon its resemblance to the haemic cardiac murmurs so much more 
commonly present under like circumstances, and thus it brings the 
two conditions into accord. It is remarkable that in one instance in 
which this general arterial bruit was well developed, no similar 
murmur was audible over the heart ; but it may be added that the 
patient at the time of examination was within a few hours of death. 

A much more common occurrence as a sequence of haemorrhage 
is the development of a general arterial bruit of the 'pistol shot' or 
'water hammer' type. The assumption of this type may again be 
quite independent of an arterial wound, but it gains interest in 
this relation from the fact that it materially modifies the character 
of the murmurs audible over an aneurysm when it is present. This 
'pistol shot' character has been referred to by Sir W. Osier,* and I 
adopt the term from him, as much more nearly describing the sound 
than the term 'slamming' I was accustomed to make use of. As a 

* Loc. cit., p. 9 5 3 . 
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g e n e r a l i z e d p h e n o m e n o n i t is o f t e n h e a r d in i t s m o s t p r o n o u n c e d fo rm 
in p a t i e n t s d y i n g f r o m a c u t e t o x e m i a , o r in p a t i e n t s a t t h e e n d of a 
l o n g a n d t r y i n g o p e r a t i o n d u r i n g w h i c h m u c h b l o o d h a s b e e n los t . 
I n t h i s f o r m t h e s o u n d s u g g e s t s t h e fa l l ing of d r o p s of w a t e r in a n 
e m p t y t u b e , a n d c a u s e s a n a c t u a l s h o c k t o t h e t y m p a n i c m e m b r a n e 
of t h e a u s c u l t a t o r w i t h e a c h b e a t of t h e h e a r t . T h e p r o b a b i l i t y of 
i t s p r e s e n c e is i n d i c a t e d w i t h s o m e c e r t a i n t y b y t h e c h a r a c t e r of t h e 
p u l s e o n p a l p a t i o n , a s i m i l a r ' k n o c k ' b e i n g fe l t . W h e n t h i s g e n e r a l -
ized s o u n d is p r e s e n t , i t n a t u r a l l y a c c e n t u a t e s a n d modif ies t h e loca l 
m u r m u r a u d i b l e o v e r a n a r t e r i a l a n e u r y s m o r a n a r t e r i o - v e n o u s 
c o m m u n i c a t i o n ; b u t i t is a n i n t e r e s t i n g f ac t t h a t t h e loca l m u r m u r 
m a y a s s u m e t h e s a m e c h a r a c t e r w h e n i t is n o t p r e s e n t in t h e a r t e r i e s 
g e n e r a l l y . 

T h i s t y p e of s o u n d c a n b e r e a d i l y r e p r o d u c e d e x p e r i m e n t a l l y b y 
l o w e r i n g t h e d i a s t o l i c p r e s s u r e in a n a r t e r y of a n e x t r e m i t y b y a p p l y i n g 
t h e a r m b a n d of a n o r d i n a r y m a n o m e t e r ; in f ac t , a s p o i n t e d o u t t o 
m e b y C a p t a i n M c l l w a i n e , b y t h e o r d i n a r y a u s c u l t a t o r y m e t h o d 
e m p l o y e d in d e t e r m i n i n g t h e b l o o d - p r e s s u r e . W h e n t h e b a n d h a s 
b e e n t i g h t e n e d for s o m e s e c o n d s , a n d is t h e n r e l a x e d , t h e e a r l y b e a t s 
of t h e a r t e r y d i s t a l t o t h e c o m p r e s s i n g b a n d a r e a u d i b l e , a n d of t h e 
t r u e ' p i s t o l s h o t ' t y p e . B y t h i s o b s e r v a t i o n def in i te s u p p o r t is a f forded 
t o t h e v i e w t h a t t h e d i v e r s i o n of a p o r t i o n of t h e b l o o d - s t r e a m 
t h r o u g h a n a b n o r m a l o p e n i n g lowers t h e d i s t a l b l o o d - p r e s s u r e a n d 
i n t e r f e r e s m a t e r i a l l y w i t h t h e b l o o d - s u p p l y of t h e l i m b b e y o n d t h e 
w o u n d , c o n d i t i o n s ca l l ing for i n c r e a s e d effort o n t h e p a r t of t h e h e a r t 
t o m a i n t a i n t h e v i t a l i t y of t h e l i m b . T h e f a c t t h a t t h e loca l p h e n o -
m e n o n is i n c o n s t a n t is r e a d i l y e x p l a i n e d b y t h e c o n d i t i o n c o m m o n l y 
o b s e r v e d w h e n w o u n d e d a r t e r i e s a r e e x p o s e d for t h e p u r p o s e of l i ga t i on 
o r s u t u r e . I n t h e s e c i r c u m s t a n c e s t h e p o r t i o n of t h e vesse l d i s t a l 
t o t h e w o u n d is f o u n d t o b e c o n s i d e r a b l y c o n t r a c t e d , a n d t h i s t o a n 
e x t e n t a p p r o x i m a t i n g t o t h a t s een w h e n t h e vesse l h a s b e e n c o m p l e t e l y 
s e v e r e d . I h a v e n o t e d t h i s c o n d i t i o n a s l a t e a s s e v e n m o n t h s a f t e r 
t h e r e c e p t i o n of a l a t e r a l w o u n d of t h e f e m o r a l a r t e r y w h i c h t o o k 
p a r t in a n a n e u r y s m a l v a r i x , so t h a t t h e c o m p e n s a t i n g c o n t r a c t i o n 
m a y b e m o r e o r less p e r m a n e n t . T h i s c o n t r a c t i o n is n o d o u b t 
sufficient , in a g r e a t n u m b e r of cases , t o c o r r e s p o n d w i t h t h e d i m i n i s h e d 
a m o u n t of b l o o d a b l e t o r e a c h t h e a r t e r y ; h e n c e a sufficient d i a s t o l i c 
p r e s s u r e is m a i n t a i n e d t o o b v i a t e t h e o c c u r r e n c e of t h e ' p i s t o l s h o t ' 
s o u n d . If, o n t h e o t h e r h a n d , t h e c o m p e n s a t o r y c o n t r a c t i o n is in-
sufficient a s a r e s u l t of t h e l a r g e a m o u n t of b l o o d d i v e r t e d f rom t h e 
n o r m a l c u r r e n t , o r p o s s i b l y a s a c o n s e q u e n c e of d i s t u r b a n c e of t h e 
n o r m a l v a s o m o t o r r e a c t i o n c a u s i n g a c t u a l p e r i p h e r a l d i l a t a t i o n , t h e 
' p i s t o l s h o t ' c h a r a c t e r is a s s u m e d b y t h e a n e u r y s m a l m u r m u r . T h i s 
v i e w is f u r t h e r s u p p o r t e d b y t h e o b s e r v a t i o n t h a t t h e ' p i s t o l s h o t ' 
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s o u n d is f a r m o r e c o m m o n in a r t e r i o - v e n o u s t h a n in a r t e r i a l 
a n e u r y s m s ; a n d t h i s b e c a u s e a m u c h l a r g e r a m o u n t of b l o o d c a n b e 
d i v e r t e d i n t o t h e l u m e n of t h e v e i n — w h e n c e i t c a n r e a d i l y p a s s 
o n w a r d s w i t h t h e r e v e r s e c i r c u l a t i o n — t h a n c a n b e p o s s i b l e in t h e 
c a s e of t h e c a v i t y of a n a r t e r i a l a n e u r y s m , w h i c h is of m o r e o r less 
c o n s t a n t d i m e n s i o n s . 

I n c o n n e c t i o n w i t h t h e g e n e r a l e x p l a n a t i o n offered a b o v e of t h e 
m o d e of p r o d u c t i o n of t h e ' p i s t o l s h o t ' s o u n d , i t m a y b e s u g g e s t e d 
t h a t w h e n in a r t e r i o - v e n o u s l es ions t h i s is loca l o n l y , t h e ' k n o c k ' m a y 
b e p r o d u c e d b y t h e d i r e c t p a s s a g e of t h e p o w e r f u l a r t e r i a l s t r e a m 
i n t o t h e d i l a t e d v e n o u s c h a n n e l , in w h i c h t h e p r e s s u r e is c o m p a r a t i v e l y 
low. 

Mode of Transmission of Local Aneurysmal Murmurs to the 

Heart.—Before p r o c e e d i n g d i r e c t l y t o t h e c o n s i d e r a t i o n of t h e m o d e 
of c o n d u c t i o n of loca l v a s c u l a r m u r m u r s t o t h e h e a r t , i t m a y b e 
c o n v e n i e n t t o r eca l l t h a t t h e c o n d u c t i o n of t h e m u r m u r s in t h e l i m b s 
t h e m s e l v e s v a r i e s c o n s i d e r a b l y b o t h in e x t e n t a n d d i s t r i b u t i o n . 

I n p u r e l y a r t e r i a l l es ions t h e m u r m u r is l o u d , a n d c a n b e h e a r d 
m o r e w i d e l y in t h e d i s t a l t h a n in a c e n t r a l d i r e c t i o n . C e n t r a l l y i t is 
r a r e t o b e a b l e t o t r a c e t h e s o u n d m o r e t h a n a few i n c h e s . F u r t h e r , 
t h e m u r m u r is p r a c t i c a l l y l i m i t e d in d i s t r i b u t i o n t o t h e l ine of t h e 
vesse l s t h e m s e l v e s a n d t h e a r e a of t h e l i m b o c c u p i e d b y t h e a n e u r y s m a l 
s ac , if o n e is p r e s e n t . 

I n a r t e r i o - v e n o u s l e s ions , t h e m u r m u r s a r e c o n d u c t e d in b o t h 
d i r e c t i o n s , t h e d o u b l e b r u i t o f t e n t h e e n t i r e l e n g t h of t b e l i m b , w h i l e 
in t h e c e n t r a l d i r e c t i o n t h e v e n o u s r o a r is a l w a y s c o n d u c t e d w i d e l y . 
I n s o m e i n s t a n c e s t h e c o n d u c t i o n is l i m i t e d t o t h e l ine of t h e vesse l s , 
in o t h e r s t h e v i b r a t i o n s a r e t r a n s m i t t e d t o t h e w h o l e m a s s of t h e 
t i s s u e s of t h e l i m b , a n d a u d i b l e in w h a t e v e r p o s i t i o n t h e s t e t h o s c o p e 
is a p p l i e d . T h i s l a t t e r p h e n o m e n o n is n o d o u b t e x p l a i n e d b y t h e 
c o m p a r a t i v e s t r e n g t h of t h e v i b r a t i o n c a u s e d b y t h e m e e t i n g a n d 
m i x i n g of t h e c u r r e n t s , w h i c h is f u r t h e r i n d i c a t e d b y t h e p a l p a b l e 
t h r i l l c o m m o n l y p r e s e n t o v e r t h e vesse l s . P e r h a p s t o a lesser e x t e n t 
i t m a y b e in f luenced b y t h e t o n e , t e n s i o n , a n d s t r e n g t h of t h e 
i n d i v i d u a l l i m b . I n r e l a t i o n t o t h e i n c o n s t a n c y of t h e t r a n s m i s s i o n of 
t h e v i b r a t i o n s t o t h e l i m b g e n e r a l l y , i t m a y b e r e m a r k e d t h a t t h e 
s ign of ' p u r r i n g o r b u b b l i n g t h r i l l ' is v e r y v a r i a b l e b o t h in s t r e n g t h 
a n d o c c u r r e n c e . I n s o m e cases i t is difficult t o d e t e r m i n e , a n d in a l l 
i t is a v e r y u n c e r t a i n g u i d e t o t h e e x a c t l o c a t i o n of t h e a r t e r i o - v e n o u s 
c o m m u n i c a t i o n . T h e s a m e m a y b e s a i d w h e n t h e v e i n is e x p o s e d ; 
t h u s , t h e wa l l of t h e i n t e r n a l j u g u l a r v e i n m a y in s o m e cases b e seen 
t o ' s h i v e r ' ; in o t h e r s t h e v i b r a t i o n is n o t v i s ib l e . De f in i t e v i b r a t i o n 
o n t h e su r f ace of t h e n e c k is a l so o c c a s i o n a l l y seen . V e n o u s p u l s a t i o n 
is n o t o f t e n v i s ib le i n d e p e n d e n t l y of t h e a r t e r i a l p u l s a t i o n e x c e p t a t 
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the root of the neck. Of the entire number of cases I have seen, in 
only two instances in the limbs—(a) where the brachial artery at 
the bend of the elbow was in communication with the median basilic 
vein ; and (b) when the cephalic vein had been laid bare by incision 
of the pectorals for exploration of an axillary arterio-venous aneurysm 
—was independent venous pulsation palpable and visible. 

It is a remarkable fact that conduction of the local systolic 
murmur to the heart is uncommon unless the wounded vessel is 
situated in the lower extremity ; and the same remark applies in a 
lesser degree to the arterio-venous bruits, with the definite reserva-
tion of the cases in which the tissues generally conduct the murmur 
to the cardiac area. Amongst a large series, the murmur accompany-
ing a local injury to the artery alone was audible in the heart in 6 out 
of 24 axillary aneurysms, and in only one instance of arterial aneurysm 
of either the neck or arm. On the other hand, amongst 94 cases of 
arterial aneurysm in the lower extremity, the systolic murmur was 
conducted to the heart in no less than 31 instances. Moreover, the 
murmur is equally loud and pronounced whether the local injury is 
situated in the vessels of the thigh or the leg. Again, as has been 
already remarked, the loudness of the cardiac murmur in no way 
corresponds with that heard over the wounded spot in the vessel or 
the aneurysm, for the latter may be soft while the conducted murmur 
in the heart is loud and pronounced. 

It does not appear easy to explain this difference in regard to 
transmission of the local murmur from the vessels of the lower 
extremity and those of the remaining parts of the body. It is difficult 
to assume any other path of conduction than the vessel wall and the 
column of blood contained by it, and this path is uninterrupted in 
the case of all. It is clear that the comparative distance of the lesion 
from the heart exerts little or no difference, unless the resonating 
power of the column of blood be increased by its length ; and if this 
be the case there seems no reason why the systolic arterial murmur 
should not be audible in any part of the column of blood and vessel 
wall connecting the lesion with the heart. Another explanation to 
hand, lies in the direct transit by vessels which make no turns and 
gradually increase in size from their termination to their origin in 
the heart. These conditions are present in the vessels of the lower 
extremity, while in the case of the upper, a fairly sharp bend is made 
as the vessels emerge from the thorax, and both in these and the 
vessels of the neck a very sharp contrast of calibre exists where they 
originate from the aorta. This difference in direct course and 
continuous gradual increase in size seems, therefore, a ready, if not 
an entirely convincing, solution of the question. In relation to the 
influence of direct proximity of the arterial lesion to the heart, it is 
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of i n t e r e s t t o n o t e t h a t in t h e o n l y ca se o b s e r v e d of w o u n d of t h e 
i n t e r n a l m a m m a r y a r t e r y , a s y s t o l i c m u r m u r w a s l o u d b e n e a t h t h e 
t h i r d lef t c o s t a l c a r t i l a g e , b u t n o t r a c e of i t w a s t o b e d e t e c t e d in 
t h e h e a r t . 

T h e f a c t t h a t t h e s y s t o l i c m u r m u r a c c o m p a n y i n g a r t e r i a l i n ju r i e s 
is t r a n s m i t t e d in t h e o p p o s i t e d i r e c t i o n t o t h e a r t e r i a l b l o o d - s t r e a m 
s u g g e s t s t h a t t h e v i b r a t i o n s m a y b e m a i n l y c o n d u c t e d b y t h e a r t e r i a l 
wa l l ; a n d if t h i s b e t h e c a s e , t h e in f luence of c h a n g e of d i r e c t i o n a n d 
s u d d e n i n c r e a s e of c a l i b r e m a y b e m o r e r e a d i l y in t e l l ig ib le . I n t h e 
ca se of t h e a r t e r i o - v e n o u s b r u i t s t h i s q u e s t i o n is n o t of e q u a l i m p o r t -
a n c e , b u t t r a n s m i s s i o n b y t h e w a l l of t h e v e i n is s t i l l m o r e e a s y t o 
a c c e p t . T h e m o s t p r o b a b l e e x p l a n a t i o n is t h a t in e i t h e r ca se t h e 
s o u n d s a r e c o n d u c t e d b y t h e v e n o u s c u r r e n t . 

W h e n a r t e r i o - v e n o u s c o m m u n i c a t i o n s a r e m e t w i t h in t h e n e c k 
o r ax i l l a , t h e c o n t i n u o u s m u r m u r is c o m m o n l y a u d i b l e o v e r t h e w h o l e 
c a r d i a c a r e a , b u t t h e n o r m a l c a r d i a c s o u n d s c a n u s u a l l y b e h e a r d q u i t e 
d i s t i n c t f r o m t h e a d v e n t i t i o u s b r u i t . I n t h e s e i n s t a n c e s , h o w e v e r , 
t h e m u r m u r m a y b e c o n t i n u o u s l y t r a c e d f r o m t h e s e a t of t h e v a s c u l a r 
l es ion t o t h e p r e c o r d i a l r eg ion , u s u a l l y d i m i n i s h i n g i n s t r e n g t h a s t h e 
h e a r t is r e a c h e d . T h i s p h e n o m e n o n t h e r e f o r e r a t h e r r e s e m b l e s t h a t of 
t h e g e n e r a l c o n d u c t i o n of t h e a r t e r i o - v e n o u s m u r m u r t o t h e m a s s of 
t h e t i s s u e s of t h e l i m b s , t h e a d v a n t a g e of t h e s o u n d i n g - b o a r d p r o v i d e d 
b y t h e c h e s t wa l l f a c i l i t a t i n g t h e t r a n s i t a n d i n t e n s i f y i n g t h e s t r e n g t h 
of t h e m u s i c a l v i b r a t i o n s . W h e n t h e a r t e r i o - v e n o u s les ion is m o r e 
d i s t a n t l y p l a c e d , t h e di f ference b e t w e e n t h e v e r y l i m i t e d c e n t r a l 
c o n d u c t i o n of t h e loca l sy s to l i c a r t e r i a l m u r m u r , a n d t h e l o n g e x t e n t 
w h i c h i n t e r v e n e s b e t w e e n t h e c e s s a t i o n of t h i s a n d i t s r e a p p e a r a n c e 
in a n e v e n in tens i f ied f o r m in t h e h e a r t , is v e r y s t r i k i n g ; t h e o n l y 
e x p l a n a t i o n w h i c h c o m e s r e a d y t o h a n d lies in t h e f a c t t h a t in t h e 
v e i n t h e d i r e c t i o n in w h i c h t h e s o u n d is c o n d u c t e d c o r r e s p o n d s t o 
t h a t of t h e b l o o d - s t r e a m , w h i l e t h e a r t e r i a l m u r m u r r e q u i r e s t o b e 
t r a n s m i t t e d in a n o p p o s e d d i r e c t i o n . T h i s v i e w g a i n s s u p p o r t f r o m 
t h e n o t i n f r e q u e n t o b s e r v a t i o n t h a t i n a r t e r i o - v e n o u s c o m m u n i c a t i o n s 
s i t u a t e d in t h e n e c k o r ax i l l a , i t is t h e v e n o u s r o a r a l o n e t h a t 
r e a c h e s t h e p r e c o r d i a l a r e a , t h e s y s t o l i c e l e m e n t b e i n g e i t h e r m a s k e d 
b y t h e v a l v u l a r s o u n d s , o r b e i n g s u p p r e s s e d . A g a i n , e v e n in t h e 
ca se of a r t e r i o - v e n o u s c o m m u n i c a t i o n s in t h e l o w e r e x t r e m i t y i n 
w h i c h a d o u b l e m u r m u r is t r a n s m i t t e d t o t h e h e a r t , t h e s y s t o l i c 
e l e m e n t , o f t e n a t first t h e m o r e p r o n o u n c e d , f a d e s m o r e r a p i d l y , 
a n d o f t e n b e c o m e s q u i t e i n a u d i b l e o r d i s a p p e a r s , w h i l e t h e v e n o u s 
r o a r p e r s i s t s . 

Signs of Disordered Nerve Function a c c o m p a n y m a n y a r t e r i a l 
i n ju r i e s , a n d s h o u l d b e m e n t i o n e d h e r e , a l t h o u g h t h e y a r e s e l d o m of 
d i a g n o s t i c s igni f icance in t h e e a r l y s t a g e s of t h e i n ju r i e s . T h e y a c q u i r e 
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t h e i r r e a l i m p o r t a n c e a s o n e of t h e c o n s e q u e n c e s of a r t e r i a l i n ju r i e s , 
a n d wil l b e d e a l t w i t h a t g r e a t e r l e n g t h in C h a p t e r V . 

T h e r e c a n b e l i t t l e d o u b t t h a t t h e s e s igns a r e for t h e m o s t p a r t 
a d i r e c t r e s u l t of i n t e r f e r e n c e w i t h t h e p e r i p h e r a l b l o o d - s u p p l y , 
a l t h o u g h in s o m e of t h e r e c o r d e d i n s t a n c e s i t is n o t pos s ib l e a l t o g e t h e r 
t o e x c l u d e t h e i m p l i c a t i o n of t h e p e r i p h e r a l n e r v e s b y t h e i n j u r y ; 
b u t , a s C a p t a i n B u r r o w s h a s p o i n t e d o u t , ca ses d o o c c u r w h e r e t h e 
i n ju r i e s t o t h e vesse l s a r e of a p a r t i a l n a t u r e , in w h i c h d i s t u r b a n c e s 
b o t h of m o t o r a c t i o n a n d s e n s a t i o n a p p e a r t o fol low a p u r e l y v a s c u l a r 
les ion . 

C a p t a i n B u r r o w s , in a n i n t e r e s t i n g p a p e r , * h a s d r a w n a def in i te 
d i s t i n c t i o n b e t w e e n t h e c h a r a c t e r of t h e s igns w h i c h h e c o n s i d e r s a r e 
p u r e l y i s c h e m i c in o r ig in , a n d t h o s e w h i c h h e s u g g e s t s a r e ' r e f l e x ' in 
n a t u r e . I n t h e f o r m e r , a n e s t h e s i a of t h e g l o v e o r s t o c k i n g t y p e , 
s u b j e c t i v e s e n s a t i o n s , a n d m u s c u l a r p a r a l y s i s a c c o m p a n i e d b y a h a r d 
i n e l a s t i c c o n d i t i o n of t h e m u s c l e s o n p a l p a t i o n , a r e m e t w i t h , t h e 
a b n o r m a l i t i e s of s e n s a t i o n b e i n g conf ined t o t h e p o r t i o n of t h e l i m b 
d i s t a l t o t h e i n j u r y . I n t h e ref lex t y p e , w i d e s p r e a d c u t a n e o u s 
a n e s t h e s i a , s o m e t i m e s e x t e n d i n g wel l a b o v e t h e l eve l of t h e w o u n d 
a n d c o r r e s p o n d i n g w i t h n o def in i t e n e r v e d i s t r i b u t i o n , is c o m b i n e d 
w i t h m o t o r p a r a l y s i s in w h i c h t h e m u c l e s a r e sof t a n d flaccid. F o r 
t h e reflex t y p e h e s u g g e s t s t h e n a m e ' a n g i o t i c p a r a l y s i s . ' 

L e r i c h e î a t t r i b u t e s t h e s igns of d i s t u r b a n c e of n e r v o u s f u n c t i o n 
a c c o m p a n y i n g v a s c u l a r l es ions t o i n j u r y t o t h e p e r i v a s c u l a r s y m p a -
t h e t i c n e r v e s c o n t a i n e d in t h e a r t e r i a l s h e a t h , a n d s u p p o r t s t h i s v i e w 
b y a n u m b e r of cases in w h i c h h e h a s o b t a i n e d i m p r o v e m e n t in t h e 
s y m p t o m s b y p e r f o r m i n g a t a l a t e r d a t e w h a t h e t e r m s p e r i v a s c u l a r 
s y m p a t h e c t o m y , i .e. , exc i s ion of a s h o r t p o r t i o n of t h e s h e a t h a n d 
c o n t a i n e d n e r v e s . 

* British Medical Journal, 1918, i, Feb . , p. 199, 

f Lyon Chirurgicale, 1917, x iv . N o . 4 , Ju ly , p . 754 . 
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CHAPTER IV. 

ARTERIAL HEMATOMA AND TRAUMATIC FALSE 

ANEURYSM. 

A P A R T from external haemorrhage, the common sequence of a gun-
shot wound of a large artery is the development of an arterial 
haematoma, usually a large pulsating collection of blood lying at first 
diffused in the tissues, its line of extension being dependent on the 
anatomical arrangement of the part concerned. The most character-
istic are those which develop in connection with comparatively super-
ficial vessels such as the common femoral or the third part of the 
subclavian ; in these the haematoma is commonly accompanied by 
widespread ecchyrnosis of the overlying integument. When the 
deeper vessels are wounded ecchyrnosis is rare, the soft fluctuating 
local swelling is replaced by a tense general swelling of the limb, 
and no definite limitation of the extent of the cavity can be at first 
determined. 

The earliest secondary change consists in coagulation of the 
effused blood at the circumferential part of the cavity, which process 
tends to check primarily any further extension of the extravasation. 
As the process of coagulation proceeds, shrinkage of the resulting 
clot takes place, with the result of producing a definitely localized, 
pulsating swelling which may project boldly from the surface of the 
part of the body affected. The extent to which coagulation may 
proceed varies ; in a minor proportion of the cases the central portion 
of the effusion remains fluid in direct continuity with the contents 
of the wounded artery, and the condition of arterial haematoma 
persists for some time. This class of case is that most liable to suffer 
from the effects of infection of

3
 the surrounding tissues, which may 

result in secondary extension into the tissues, or secondary haemor-
rhage from the external wound. It is most frequently met with in 
situations such as Scarpa's triangle or the anterior triangle of the neck, 
in which the blood effusion is afforded but slight support by the 
surrounding structures. 

In other instances, particularly in the case of vessels well 
supported by the surrounding structures, the entire effusion may 
become metamorphosed into a firm clot, and the primary systolic 
bruit produced by the wound in the artery may disappear completely. 
If a primary bruit disappears, we may assume a limited lateral wound 
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of t h e a r t e r y t o b e l i ke ly (Fig. 21 ) . T h e f u r t h e r p r o g r e s s of s u c h 
cases v a r i e s ; a l a r g e h a r d c l o t is a p r i m a r y c a u s e of d a n g e r , s i n c e 
i t t e n d s t o e x e r t v e r y firm p r e s s u r e o n t h e m a i n a n d t h e c o l l a t e r a l 
ve s se l s , a n d h e n c e g a n g r e n e of t h e p e r i p h e r a l p a r t of t h e l i m b is 

a p t t o o c c u r , e spec i a l l y if t h e f e m o r a l 
o r t h e p o p l i t e a l a r t e r y h a s b e e n 
w o u n d e d . 

A m o r e c o m m o n r e s u l t is t h e 
s e c o n d a r y d e v e l o p m e n t of a fa lse 
a n e u r y s m a l c a v i t y . T h e i m p a c t of 
t h e b l o o d - s t r e a m o p p o s i t e t h e de fec t 
in t h e a r t e r i a l w a l l t e n d s t o h o l l o w 
o u t a r o u n d e d s p a c e in t h e r e c e n t l y 
c o a g u l a t e d b lood , o r t o r e g u l a r i z e t h e 
f o r m of a n y r e s i d u a l s p a c e r e m a i n i n g 
in t h e c l o t . T h e r e s u l t i n g c a v i t y 
a c q u i r e s a b o u n d a r y f o r m e d b y t h e 
d e p o s i t i o n of w e l l - m a r k e d l a y e r s of 
l a m i n a t e d e lo t , r e s e m b l i n g t h a t m e t 
w i t h in t y p i c a l s p o n t a n e o u s a n e u r -
y s m s . T h e sacs w h e n s m a l l a n d r e c e n t 
a r e r e a d i l y s e p a r a b l e f r o m t h e s u r -
r o u n d i n g m a s s of c o n g l o m e r a t e p r i m -
a r y c lo t . A t a l a t e r d a t e t h e p r i m a r y 
c o a g u l i m i is c o m p l e t e l y a b s o r b e d , a n d 
t h e n a t y p i c a l fa lse a n e u r y s m r e m a i n s . 
T h e w a l l of t h e p r o v i s i o n a l s ac is t h i c k -
e s t a t t h e p o i n t m o s t d i s t a l f r o m t h e 
a r t e r i a l w o u n d , b e c o m i n g g r a d u a l l y 
t h i n n e r a s i t a p p r o a c h e s t h e o p e n i n g 
in t h e a r t e r y , t o t h e edges of w h i c h i t 
is u n i t e d b y a c o m p a r a t i v e l y t e n u o u s 
l a y e r . W h e n l a id o p e n , t h e s m o o t h , 
shini ifg, i n n e r su r face of t h e sac s u g -
g e s t s t h e p r e s e n c e of a n e n d o t h e l i a l 
l i n ing , e v e n a t a n e a r l y s t a g e of 
d e v e l o p m e n t . W h e n t h i s s t a g e h a s 
b e e n r e a c h e d t h e d e s i g n a t i o n of a r t e r -
ia l h e m a t o m a ceases t o b e a p p l i c a b l e , 
a n d t h e t e r m false a n e u r y s m is p re fe r -

a b l e , s ince t h e o ld i r r e g u l a r b l o o d c a v i t y is g o n e a n d is r e p l a c e d 
b y a d i s t i n c t l y n e w f o r m a t i o n . I n Fig. 22 , c a n d d s h o w e x a m p l e s 
of t w o s u c h sacs , d e v e l o p e d in c o n n e c t i o n w i t h t h e p o s t e r i o r t i b i a l 
a r t e n ' ; b o t h w e r e w i p e d o u t of t h e d e e p l a y e r s of t h e calf t h r o u g h 

Fig. 21.—Wound of the right 
common carotid artery. The inter-
ior of the vessel is occupied by 
a cylindrical clot starting from 
the wounded spot and extend-
ing peripherally. The contracted 
thrombus is not of sufficient calibre 
completely to obstruct the blood-
stream. Without the vessel a solid 
mass of clot is attached to the wall. 
A condition of solidified hsematoma 
exists which might be followed (a) 
by spontaneous healing of the 
wound of the wall of the artery, or 
(6) by the delayed development of 
a false aneurysm. 
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Fig. 22 .—THREE SMALL FALSE ANEURYSMAL SACS DEVELOPED IN CONNECTION WITH 
W O U N D S OF THE POSTERIOR TIBIAL ARTERY IN THEIR EARLY STAGE. 

The largest and most irregular (a) has beside it the artery (6) showing a small 
lateral wound and one of the venae comités also wounded. The patient from whom it 
was removed had a compound fracture of the leg, the wound accompanying which 
was badly infected. Pulsation and a purely arterial bruit were not noted until the 
tenth day. On the fifteenth day secondary haemorrhage occurred, and the limb was 
amputated. Under the care of Lieut.-Colonel Butler. 

The smallest sac (c) is fairly symmetrically globular ; the hole by which the 
wound in the artery communicated with it is well shown, also the tenuous nature of 
its margins. A magnified section of the wall of this sac is seen in Fig. 23. Under the 
care of Captain Clementi Smith. 

The third sac (d) resembles the two others in character ; the small hole communi-
cating with the lumen of the artery is seen. The whole structure is somewhat tripartite 
in outline, but the two secondary masses contain only a small cavity, and consist 
mainly of solid clot. Under the care of Captain W. G. Mumford. 

Fig. 2 3 . — A SECTION OF THE W A L L OF THE SMALL ANEURYSMAL SAC SHOWN IN 
Fig. 22 c, MAGNIFIED TO DEMONSTRATE ITS STRUCTURE (g objective). 

The wall is formed by interlaced concentric laminae of fibrin and, within the meshes-
of the network, blood-corpuscles. No fibrous tissue has yet been developed. 
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inc i s ions m a d e t o e v a c u a t e l a r g e m a s s e s of c lo t w i t h w h i c h t h e i r 
c o n n e c t i o n h a d b e e n s e v e r e d . 

I n t h e ca se of l a r g e r vesse l s , w h e n h e m o r r h a g e n e c e s s i t a t e s a n 
e a r l y o p e r a t i o n , s i m i l a r c a v i t i e s a r e f o u n d in t h e c lo t a n d in c o n n e c t i o n 
w i t h t h e o p e n w o u n d in t h e a r t e r y ; b u t t h e m a i n Avail of c lo t v a r i e s 
m u c h in t h i c k n e s s a n d r e g u l a r i t y , a n d t h e c a v i t y m a y be s t i l l i n c o m -
p l e t e , t h e l a m i n a t e d p o r t i o n of t h e c lo t e n d o w e d w i t h a s m o o t h 
su r f ace b e i n g m o r e d o m e - s h a p e d in o u t l i n e a n d e x t e n t , a n d h a r d l y 
r e a c h i n g t h e a c t u a l l ips of t h e a r t e r i a l w o u n d . 

I be l i eve t h i s p roces s o c c u r s w h e n e v e r a false a n e u r y s m a l s ac 
is e v e n t u a l l y d e v e l o p e d , s ince s u c h c a v i t i e s , w h e n e v e r t h e y h a v e 
e x i s t e d for a s h o r t p e r i o d , a r e r o u g h l y o r s y m m e t r i c a l l y s p h e r i c a l in 
fo rm, wh i l e t h e o r ig ina l s p a c e o c c u p i e d b y t h e a r t e r i a l h e m a t o m a is 
u s u a l l y e x t r e m e l y i r r e g u l a r . T h e s u b c l a v i a n a n e u r y s m d e p i c t e d in 
Fig. 47 is a g o o d e x a m p l e , t h e o r ig ina l co l l ec t ion of b l o o d h a v i n g 
o c c u p i e d t h e w h o l e p o s t e r i o r t r i a n g l e of t h e n e c k . A g a i n , w h e n t h e 
f e m o r a l a r t e r y is w o u n d e d b y a b u l l e t t r a v e r s i n g H u n t e r ' s c a n a l , t h e 
o r ig ina l b l o o d effusion t r a v e l s i n t o t h e p o s t e r i o r c o m p a r t m e n t of t h e 
t h i g h t h r o u g h t h e o p e n i n g m a d e b y t h e miss i l e in t h e a d d u c t o r 
m u s c l e s . Y e t t h e c a v i t y of a t r a u m a t i c a n e u r y s m d e v e l o p e d in t h i s 
p o s i t i o n is in m y e x p e r i e n c e p r a c t i c a l l y i n v a r i a b l y a r o u n d e d sac l i m i t e d 
t o t h e a n t e r i o r a s p e c t of t h e a d d u c t o r m u s c l e s , a n d n o t a n h o u r - g l a s s 
s a c e x t e n d i n g f rom t h e f r o n t t o t h e b a c k of t h e l i m b . T h e g r e a t m a s s 
of p r i m a r y b l o o d - c l o t is in f ac t q u i t e i n d e p e n d e n t of t h e e v e n t u a l 
c a v i t y of t h e a n e u r y s m . 

W h e n t h e a n e u r y s m a l s a c h a s r e a c h e d i t s full d e v e l o p m e n t , a 
s t r o n g fibrous wa l l is f o r m e d , f rom w h i c h t h e o v e r l y i n g s t r u c t u r e s 
m a y b e r e a d i l y s t r i p p e d , t h e i n t e r i o r b e i n g u s u a l l y s t r e n g t h e n e d b y a 
v a r i a b l e t h i c k n e s s of b l o o d - c l o t s t i l l n o t d e c o l o u r i z e d , a l t h o u g h u s u a l l y 
firm a n d t o u g h in c o n s i s t e n c e . W h e n t h e s ac is o p e n e d in t h e c o u r s e 
of o p e r a t i o n , o r a f t e r r e m o v a l , t h i s p a s s i v e c lo t m a y o c c u p y t h e ha l f 
o r m o r e of t h e p o t e n t i a l c a v i t y ; i t s p r e s e n c e is a n i n d i c a t i o n of t h e 
c o n t i n u i n g t e n d e n c y t o s p o n t a n e o u s c u r e , a n d i t s v a l u e a s a buffer 
i n t e r p o s e d b e t w e e n t h e full force of t h e b l o o d - s t r e a m a n d t h e fibrous 
b o u n d a r y of t h e c a v i t y is c o n s i d e r a b l e . T h e size of t h e o p e n i n g 
c o n n e c t i n g t h e l u m e n of t h e vesse l w i t h t h e i n t e r i o r of t h e s ac 
o b v i o u s l y d e p e n d s on t h e e x t e n t of t h e o r i g i n a l i n j u r y , b u t i t is r e m a r k -
a b l e in s o m e i n s t a n c e s h o w s m a l l t h i s m a y b e a n d y e t a l l ow t h e s t o m a 
t o r e t a i n i t s p a t e n c y . 

O n e p e c u l i a r i t y in t h e s t r u c t u r e of t h e s e sacs , d e p e n d e n t o n t h e i r 
m o d e of c a u s a t i o n , is of g r e a t p r a c t i c a l i m p o r t a n c e . I re fe r t o t h e 
f a c t t h a t t h e y m a y b e in p a r t f o r m e d f r o m n e i g h b o u r i n g s t r u c t u r e s . 
W h e n t h e s e e x t r a n e o u s e l e m e n t s a r e d e r i v e d f rom a d j a c e n t n e r v e 
t r u n k s , t h e g r e a t e s t c a r e is n e c e s s a r y s h o u l d t h e sac r e q u i r e t o b e 
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exc i sed . A p a r t l y d a m a g e d n e r v e is o f t e n s p r e a d o u t w i d e l y in t h e 
wal l of t h e a n e u r y s m , a n d u n l e s s t h i s is a p p r e c i a t e d a n i m p o r t a n t 
n e r v e m a y b e need le s s ly sacr if iced b y t h e o p e r a t i o n . 

I n s o m e i n s t a n c e s t h e o r i g i n a l l a r g e c o m m o n s p a c e o c c u p i e d b y 
t h e h a e m a t o m a b e c o m e s l o c u l a t e d , a n d t h e c i r c u m f e r e n t i a l p a r t m a y 
b e c o m e c u t off. T h i s w a s t h e ca se in t h e s u b c l a v i a n a n e u r y s m d e p i c t e d 
in Fig. 47 , p . 182 . T h e fluid c o n t a i n e d in t h e superf ic ia l l o c u l u s in 
t h e p o s t e r i o r t r i a n g l e h a d a l r e a d y b e c o m e d e c o l o u r i z e d a t t h e t i m e of 
o p e r a t i o n , a n d w a s q u i t e i n d e p e n d e n t of t h e d e e p e r a n e u r y s m a l 
c a v i t y b e n e a t h t h e r e m a i n s of t h e s c a l e n u s a n t i c u s . I n t h i s ca se t h e 
locu lus w a s a d e v e l o p m e n t of m u c h i m p o r t a n c e , s ince t h e t h i n n i n g of 
i t s wa l l s , w

r
i th t h e c o n s e q u e n t a p p a r e n t i n c r e a s e in size in t h e swel l ing 

t o w h i c h p u l s a t i o n c o n t i n u e d t o b e c o m m u n i c a t e d , was r e g a r d e d a s 
i n d i c a t i n g t h e n e c e s s i t y for p r o m p t o p e r a t i o n . 

T h i s m o d e of s p o n t a n e o u s c u r e m a y b e e v e n m o r e d i r e c t . T h u s , 
in a n officer u n d e r m y c a r e for a n i n j u r y t o t h e n e r v e t r u n k s in t h e 
a x i l l a a c c o m p a n i e d b y e x t i n c t i o n of t h e r a d i a l p u l s e a t t h e w r i s t , 
d u r i n g a n o p e r a t i o n for t h e rel ief of t h e n e r v e les ions p e r f o r m e d b y 
Colonel P e r c y S a r g e n t , a s p h e r i c a l s a c c o n t a i n i n g t w o o u n c e s of s t r a w -
c o l o u r e d fluid w a s f o u n d a t t a c h e d t o t h e p r o x i m a l t e r m i n a t i o n of 
t h e s e v e r e d a r t e r y . 

A s o m e w h a t spec ia l f e a t u r e of fa lse t r a u m a t i c a n e u r y s m s fol low-
i n g g u n s h o t i n ju r i e s of t h e a r t e r i e s a c c o m p a n y i n g i n j u r i e s t o t h e 
b o n e s , c o n s i s t s in t h e d e p o s i t i o n of b o n e i n t h e w a l l of t h e sac c o n s e -
q u e n t o n t h e diffusion of s m a l l f r a g m e n t s of b o n e a n d f reed b o n e -
cells in t h e t r a c k m a d e b y t h e miss i l e . I s a w o n e i n s t a n c e in t h e 
case of a f e m o r a l a n e u r y s m o p e r a t e d u p o n b y M a j o r L i t t l e r J o n e s in 
F r a n c e . A s t i l l m o r e s t r i k i n g o b s e r v a t i o n of a b o n y Avail h a s b e e n 
p u b l i s h e d b y M a j o r L a w f o r d K n a g g s , * in w h i c h t h e o r i g i n a l Avails 
of t h e a n e u r y s m a l s ac w e r e a f forded b y t h e u p p e r p a r t of t h e s h a f t 
of t h e h u m e r u s itself, t h e a n e u r y s m l a t e r b e c o m i n g diffused i n t o t h e 
t i s s u e s in t h e n e i g h b o u r h o o d of t h e s h o u l d e r . T h e s p e c i m e n is 
i n c l u d e d in t h e W a r Col lec t ion a t t h e R o y a l Col lege of S u r g e o n s . 

A n a c c o u n t wil l b e f o u n d o n p . 116 of a n a r t e r i o - v e n o u s a n e u r y s m 
of t h e i n n o m i n a t e vesse l s in w h i c h t h e s a c w a s f o r m e d b y a n o ld 
t u b e r c u l o u s c a v i t y s i t u a t e d in t h e a p e x of t h e r i g h t l u n g . 

Behaviour of Surrounding Tissues. — I t m u s t n o t b e a s s u m e d 
t h a t t h e p rocesses of d i m i n u t i o n of size a n d sol id i f ica t ion of t h e wal l s 
of t h e a n e u r y s m a l s ac d e p e n d so le ly o n t h e a b s o r p t i o n a n d c o n t r a c -
t i o n of t h e p r i m a r y c lo t , t h e h o l l o w i n g o u t of t h e i n t e r i o r , a n d t h e 
d e p o s i t i o n of fibrinous laminae c a p a b l e of l a t e r d e v e l o p m e n t i n t o 

* British Journal of Surgery, 1917, vo l . v , N o . 18, p . 243 . 
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fibrous tissue. Nor do these things alone ensure the limitation and 
final solidity of the aneurysm. A not less important part is played 
by the surrounding tissues, which react in a remarkable manner to 
the stimulus afforded by the presence of the blood-clot in their midst. 
The connective tissue of the vascular cleft, the intermuscular spaces, 
and the muscles themselves, become infiltrated with serum and an 
abundance of leucocytes destined to take part in the subsequent 
absorption of the clot. 

A considerable part of the mass of the tumour in the early stages 
consists of this surrounding infiltration, and the gradual disappearance 
of the latter and of the œdema accounts for much of the diminution 
of the apparent size of the tumour. It is this induration which affords 
support to the original blood-clot, and tends to prevent further exten-
sion of the aneurysm. 

The occurrence of this change in the surrounding tissues is also 
an important element in influencing the surgical treatment of the 
aneurysm. Even the process of exposure and delimitation of the 
sac is rendered more difficult by the swollen, indurated condition of 
the connective tissue, and the separation and displacement of muscles 
is interfered with by the firm adhesion between them and their sheath. 
Still more difficult in the earlier stages is the freeing of the blood-
vessels themselves, since they are embedded in a mass of tissue like 
firm bacon, from which they can only be cleared by the use of the 
knife. It is this infiltration which renders operations for the suture 
of the vessels so difficult and unsatisfactory at this period, because 
it interferes not only with the insertion of sutures, which readily cut 
out, but also renders it a troublesome task to free the vessels suffi ci-
ently to approximate the ends without tension, if any loss of substance 
has occurred. 

Before passing on to a consideration of the signs and symptoms 
of traumatic aneurysm, the question of tardy development should 
receive some notice. It is a striking fact that in so many cases the 
existence of an aneurysm is not noted until days, weeks, or even 
months after the reception of the original injury. No doubt in many 
cases this is due to the small size of the sac, and to imperfect observa-
tion in consequence of the haste with which many patients with small 
wounds are necessarily evacuated. Giving due weight to this explana-
tion, it is an undoubted fact that the development is sometimes a 
late one, and mention of the significance of incomplete lesions of the 
vessels in this relation has already been made in the section dealing 
with contusion of the vessels. Another explanation of the tardy 
development of the aneurysm, however, is undoubtedly to be found 
in the secondary giving way of an originally perforating lesion in 
which the process of spontaneous healing commences and eventually 
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fa i l s . T h e m o s t s t r i k i n g i n s t a n c e s a r e a f forded b y t h e cases in w h i c h 

t h e o r i g i n a l h e m a t o m a h a s b e e n e v a c u a t e d w i t h o u t t h e d i s c o v e r y of 

a n y b l e e d i n g p o i n t , a n d t h e w o u n d h a s b e e n a l l o w e d t o h e a l . I n 

c o n n e c t i o n w i t h a r t e r i e s , e v e n of t h e m a g n i t u d e of t h e e x t e r n a l i l iac , 

w h i c h w e r e a c t u a l l y e x p o s e d d u r i n g t h e p r o c e s s of c l e a r i n g o u t t h e 

h e m a t o m a , a s e c o n d a r y a n e u r y s m h a s b e e n seen t o d e v e l o p s e v e r a l 

d a y s l a t e r w h i l e t h e p a t i e n t h a s r e m a i n e d u n d e r o b s e r v a t i o n . 

I n t h e s e c t i o n o n a r t e r i o - v e n o u s c o m m u n i c a t i o n s , a n i n s t a n c e of 

e a r l y a n d a p p a r e n t l y p e r m a n e n t d i s a p p e a r a n c e of a c o n t i n u o u s 

m u r m u r wi l l b e f o u n d , n o d o u b t d u e t o e a r l y c l o s u r e of a n o p e n i n g in 

t h e vesse l s ; w h i l e r e f e r ence t o Fig. 1 s h o w s h o w n e a r l y a n o p e n i n g 

in t h e a r t e r i a l wa l l m a y r e a c h c o m p l e t e c lo su re a n d }^et e v e n t u a l l y 

g i v e r i se t o s e c o n d a r y h e m o r r h a g e , o r u n d e r o t h e r c o n d i t i o n s t o a l a t e 

a n e u r y s m . Fig. 21 a l so f u r n i s h e s s u g g e s t i v e i n f o r m a t i o n . H e r e t h e 

w o u n d is c losed b y a n i n t e r n a l c y l i n d r i c a l c lo t n o t c o m p l e t e l y o b s t r u c t -

i n g t h e l u m e n of t h e vesse l , j o i n e d b y a na r row
r
 b a n d t o a l a r g e r c lo t 

d e p o s i t e d in t h e t i s s u e s of t h e n e c k , b o t h e x t e r n a l a n d i n t e r n a l c lo t 

b e i n g m o s t l ike ly of a t e m p o r a r y n a t u r e . A n o t h e r n o t u n c o m m o n 

o c c u r r e n c e is t h e c o m p l e t e e x t i n c t i o n of loca l p u l s a t i o n b y p r e s s u r e 

e x e r t e d o n t h e m a i n vesse l o w i n g t o t h e r a p i d t r a n s f o r m a t i o n of t h e 

effused b l o o d i n t o a f i rm c o a g u l u m . T h i s p r e s s u r e m a y suffice t o 

p r e v e n t a n y p a s s a g e of b l o o d t h r o u g h t h e a r t e r i a l w o u n d , a n d t h u s 

l ead t o t h e e x t i n c t i o n of t h e b r u i t , a n d m a y a l so o b s t r u c t t h e c i r cu la -

t i o n t o a n e x t e n t i n v o l v i n g loss of v i t a l i t y of t h e l i m b (see Fig. 26 , 

p . 7 2 ) . Y e t n o s ign of a n a n e u r y s m wil l b e p r e s e n t , a l t h o u g h s u c h 

m a y r e a d i l y a p p e a r a t a l a t e r d a t e w h e n t h e a b s o r p t i o n of t h e o r ig ina l 

b l o o d - c l o t h a s a l l o w e d of sufficient d i l a t a t i o n of t h e l u m e n of t h e 

vesse l for t h e r e s t o r a t i o n of t h e c i r c u l a t i o n . 

Signs and Symptoms.—The c a r d i n a l loca l s igns of a n a r t e r i a l 

h e m a t o m a o r a false a n e u r y s m — t h e p r e s e n c e of a loca l ized p u l s a t i n g 

swe l l ing , t h e p u l s a t i o n b e i n g c a p a b l e of c o n t r o l b y p r e s s u r e e x e r t e d 

o n t h e a r t e r y o n t h e p r o x i m a l s ide , n e e d n o f u r t h e r d e s c r i p t i o n ; b u t 

a few a d d i t i o n a l r e m a r k s m a y b e d e v o t e d t o t w o p o i n t s — t h e 

c h a r a c t e r i s t i c a r t e r i a l b r u i t , a n d t h e effect o n t h e g e n e r a l c i r c u l a t i o n . 

T h e p r e s e n c e of t h i s b r u i t i n d i c a t e s a n i n c o m p l e t e s o l u t i o n of 

c o n t i n u i t y , t h a t is t o s a y a w o u n d in t h e wa l l of t h e a r t e r y ; i t is in 

f a c t a s ign of a w o u n d e d a r t e r y r a t h e r t h a n of a n a n e u r y s m . 

T h e sys to l i c m u r m u r s v a r y g r e a t l y in i n t e n s i t y , d e p t h of t o n e , 

a n d m u s i c a l c h a r a c t e r . A s a r u l e , d u r i n g t h e first few d a y s t h e y 

t e n d t o b e shr i l l a n d l o u d , a n d a r e a u d i b l e a l o n g a c o n s i d e r a b l e l e n g t h 

of t h e vesse l o n t h e p e r i p h e r a l s ide of t h e w o u n d . I t is n o t c o m m o n 

for t h e b r u i t t o b e c o n d u c t e d for a n y m a t e r i a l d i s t a n c e c e n t r a l l y , a n d 

f r e q u e n t l y i t is s ca rce ly a u d i b l e a c o u p l e of i nches a b o v e t h e s i t u a t i o n 

of t h e w o u n d . T h e c h a r a c t e r of t h e b r u i t d e p e n d s o n t h e force o f 
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t h e c i r c u l a t i o n , a n d u p o n t h e size a n d s h a p e of t h e o p e n i n g in t h e 

vesse l a n d t h e d e g r e e of i r r e g u l a r i t y of i t s m a r g i n s . As t h e p roces s 

of r o u n d i n g off t h e r a g g e d m a r g i n s of t h e a r t e r i a l w o u n d p r o g r e s s e s — 

a spec ies of i n c o m p l e t e r e p a i r — t h e m u r m u r t e n d s t o b e c o m e sof t e r 

a n d d e e p e r in t o n e . T h e effect of d i m i n u t i o n in size a n d i n c r e a s e d 

r e g u l a r i t y of su r f ace of t h e b l o o d c a v i t y m a y a l so b e a f a c t o r in t h e 

p r o d u c t i o n of t h i s c h a n g e of c h a r a c t e r . I t m a y b e r e m a r k e d t h a t 

a t t h e s a m e p e r i o d t h e h e a r t ' s a c t i o n is c o m m e n c i n g t o r e c o v e r s o m e -

w h a t f rom t h e d i s t u r b a n c e c a u s e d b y t h e w o u n d of t h e vesse l a n d 

t h e r e s u l t i n g i n t e r f e r e n c e w i t h t h e d i s t a l c i r c u l a t i o n , h e n c e t h e p u l s e 

is less r a p i d a n d forc ib le . A s a l r e a d y m e n t i o n e d , c o m p l e t e c o a g u l a t i o n 

of t h e effused b l o o d of t h e h e m a t o m a m a y c a u s e a t e m p o r a r y o r 

p e r m a n e n t c e s s a t i o n of t h e m u r m u r ; in t h e l a t t e r ca se i t m a y b e 

a s s u m e d t h a t a c h a n c e of c l o s u r e of t h e a r t e r i a l w o u n d e x i s t s . I n 

cases w h e r e h a r d c lo t f o r m s e a r l y , t h e c o n s e q u e n t p r e s s u r e o n t h e 

a r t e r i a l w o u n d m a y n o t o n l y p r e v e n t t h e f u r t h e r e s c a p e of b lood , b u t 

a l so t h e p r o d u c t i o n of a b r u i t . I n t h e s e a m u r m u r m a y d e v e l o p 

l a t e r ; h e n c e t h e i m p o r t a n c e of r e p e a t e d e x a m i n a t i o n s . 

R e f e r e n c e t o t h e f ac t t h a t sy s to l i c a r t e r i a l b r u i t s m a y b e t r a n s -

m i t t e d t o t h e a p e x of t h e h e a r t a n d t h e b a s e of t h e lef t v e n t r i c l e h a s 

b e e n m a d e e l s e w h e r e (p . 48) . 

T h e i m p o r t a n c e of a u s c u l t a t i o n a s a m e a n s of d e t e r m i n i n g t h e 

e x i s t e n c e of a p a t e n t o p e n i n g in t h e wa l l of a n a r t e r y c a n n o t b e t o o 

s t r o n g l y u r g e d , s ince i t is t h e o n l y m e t h o d of f o r m i n g a c e r t a i n 

d i a g n o s i s in s o m e cases , for i n s t a n c e in a swol l en t h i g h or calf in w h i c h 

n o p u l s a t i o n is d e t e c t a b l e . I d o n o t be l i eve t h a t t h e f ac t t h a t e x t e r n a l 

p r e s s u r e o n t h e vesse l m a y g i v e r ise t o a less def in i te m u r m u r in a n y 

w a y i n v a l i d a t e s t h i s s t a t e m e n t , for t h e b r u i t p r o d u c e d b y p r e s s u r e 

is r a r e , a n d fa r less l o u d a n d def in i te in c h a r a c t e r . 

Progress and Complications—It m a y b e b r o a d l y s t a t e d t h a t t h e 

t y p i c a l c o u r s e of a n a r t e r i a l h e m a t o m a is o n e l e a d i n g t o c o n t r a c t i o n 

a n d loca l i za t i on , a def in i te false a n e u r y s m b e i n g t h e c o m m o n e s t final 

r e s u l t . I n t h e m o s t f o r t u n a t e cases t h e a n e u r y s m i tself m a y consol i -

d a t e s p o n t a n e o u s l y , a n d a c u r e b y n a t u r a l p rocesses o c c u r . A m o n g 

t h e l a rge a r t e r i e s , t h i s t e r m i n a t i o n is m o s t c o m m o n l y m e t w i t h in 

t h e lower few inches of t h e superf ic ia l f e m o r a l o r in t h e u p p e r t h i r d 

of t h e p o p l i t e a l a r t e r i e s . 

C e r t a i n c o m p l i c a t i o n s , h o w e v e r , o c c u r w i t h a c o n s i d e r a b l e d e g r e e 

of f r e q u e n c y . T h e m o s t c o m m o n of t h e s e a r e i n d i c a t i o n s of p r e s s u r e 

b y t h e effused b lood a n d c lo t o n n e i g h b o u r i n g s t r u c t u r e s , t h e 

d e v e l o p m e n t of p e r i p h e r a l g a n g r e n e , t h e o c c u r r e n c e of s e c o n d a r y 

h e m o r r h a g e , t h e d e t a c h m e n t of e m b o l i f r o m t h e t h r o m b u s , a n d r a r e l y , 

t h e s e q u e n c e of i n f l a m m a t i o n f rom s e c o n d a r y in fec t ion . I p r o p o s e t o 

d e a l w i t h t h e s e c o m p l i c a t i o n s s e r i a t i m ; b u t before p r o c e e d i n g t o 
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t h e i r c o n s i d e r a t i o n i t s h o u l d b e p o i n t e d o u t t h a t t h e y o c c u r for t h e 
m o s t p a r t d u r i n g t h e s t a g e t o w h i c h t h e t e r m a r t e r i a l h e m a t o m a is 
s t r i c t l y a p p r o p r i a t e ; t h a t is t o s a y , p r i o r t o t h e de f in i t e f o r m a t i o n of 
t h e s m o o t h s e c o n d a r y r o u n d e d s a c w h i c h h a s b e e n a l r e a d y d e s c r i b e d . 
W h e n t h i s s ac h a s o n c e b e c o m e c o m p l e t e a n d of m o d e r a t e t h i c k n e s s , 
t h e c o n d i t i o n is fa r b e t t e r d e s c r i b e d b y t h e t e r m false o r t r a u m a t i c 
a n e u r y s m , a n d t h e d e v e l o p m e n t of a de f in i t e fibrous-tissue wa l l m a y 
b e c o n f i d e n t l y e x p e c t e d . I n t h i s s t a g e c o m p l i c a t i o n s a r e n o t t o b e 
g r e a t l y f e a r e d — a p a r t f r o m t h e o b v i o u s f ac t t h a t t h e wal l m a y b e of 
insuff icient s t r e n g t h t o w i t h s t a n d t h e force of t h e c i r c u l a t i o n w h e n 
a c t i v e m o v e m e n t s a r e r e s u m e d , a n d t h e a n e u r y s m m a y c o n s e q u e n t l y 
e n l a r g e . F o r t h i s r e a s o n i t a p p e a r s t o b e b o t h p r o p e r a n d c o n v e n i e n t 
t o e m p l o y t h e t e r m s e x a c t l y , a n d in r e l a t i o n t o t h e s t a g e of d e v e l o p -
m e n t w h i c h t h e c o n d i t i o n h a s r e a c h e d . 

Pressure Symptoms.—The m o s t c o m m o n p r e s s u r e s y m p t o m is 
p e r i p h e r a l oedema, s o m e t i m e s i n c r e a s e d in c o n s e q u e n c e of c o n c o m i t a n t 
i n j u r y t o t h e v e i n . Occas iona l l y , t h r o m b o s i s of t h e d e e p v e i n s m a y 
g i v e r i se t o a t e n s e p e r s i s t e n t swe l l ing of t h e l i m b , b u t t h i s is n o t 
c o m m o n , a n d in m a n y i n s t a n c e s d e p e n d s on in fec t ion t r a v e l l i n g f rom 
t h e w o u n d . P a i n f r o m p r e s s u r e o n n e i g h b o u r i n g n e r v e s is n o t a n 
u n c o m m o n s y m p t o m , b u t i t is r a r e l y p e r s i s t e n t , a n d d i m i n i s h e s pari 
passu w i t h t h e l o c a l i z a t i o n a n d c o n t r a c t i o n of t h e h e m a t o m a o r 
a n e u r y s m . P a i n c o m i n g on d u r i n g t h e c o u r s e of t h e c a s e is u s u a l l y 
a s ign of e x t e n s i o n of t h e a n e u r y s m . I t m u s t b e b o r n e in m i n d a l so 
t h a t t h e p a i n m a y d e p e n d on c o n c o m i t a n t i n j u r y t o a p e r i p h e r a l 
n e r v e . 

T h e m o s t se r ious effect of p r e s s u r e is t h a t d e p e n d e n t o n o b s t r u c -
t i o n of t h e b l o o d - s t r e a m in t h e c o l l a t e r a l b r a n c h e s of t h e a r t e r y , s ince 
t h i s m a y l ead t o p e r i p h e r a l g a n g r e n e of t h e l i m b , n o t a n u n c o m m o n 
o c c u r r e n c e in t h e l o w e r e x t r e m i t y . T h i s c o m p l i c a t i o n is m o r e ful ly 
d i s c u s s e d in t h e s e c t i o n s d e a l i n g w i t h spec ia l vesse l s . 

Secondary hœmorrhage m a y o c c u r a t t w o p e r i o d s , e i t h e r in t h e 
first few d a y s , o r a f t e r t h e l a p s e of a w e e k o r t e n d a y s . T h e ea r l i e r 
v a r i e t y is t h e less i m p o r t a n t . I t f r e q u e n t l y cons i s t s in l i t t l e m o r e 
t h a n l e a k a g e f r o m a s m a l l w o u n d d u r i n g t h e e a r l y p r o g r e s s of c o n -
t r a c t i o n of t h e c a v i t y : a s m a l l q u a n t i t y of b lood , r e a l l y a p a r t of 
t h e o r ig ina l effusion, m a y e s c a p e , soil t h e d r e s s i n g for t w o o r t h r e e 
d a y s , a n d t h e n e n t i r e l y cea se . I t is i m p o r t a n t t o a p p r e c i a t e t h a t 
s u c h l e a k a g e s a r e n o t a n i n d i c a t i o n for u r g e n t o p e r a t i v e m e a s u r e s , 
a n d t h a t t h e y a r e n o t t o b e r e g a r d e d in t h e s a m e l i g h t a s sma l l 
r e p e a t e d h a e m o r r h a g e s f r o m a s e p t i c w o u n d . 

T h e l a t e r s e c o n d a r y h a e m o r r h a g e is v a s t l y m o r e d a n g e r o u s . I t 
m a y s h o w i tself in t w o f o r m s , e i t h e r a r a p i d e x t e n s i o n of t h e swe l l ing 
in t h e l i m b , o r a s e x t e r n a l h a e m o r r h a g e . I t is r a r e for t h i s f o r m of 

5 
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h a e m o r r h a g e t o a r i s e f r o m s e p t i c in fec t ion of t h e a n e u r y s m i t se l f ; 
i t r a t h e r a p p e a r s t o d e p e n d o n a d e f e c t i v e p r o c e s s of l oca l i za t ion 
w h i c h a l lows s o m e p a r t of t h e l i m i t i n g b o u n d a r y of c lo t t o g i v e w a y , 
o f t en a s a r e s u l t of in fec t ion of t h e s u r r o u n d i n g t i s sue s , o r of a r ise 
i n t h e g e n e r a l b l o o d - p r e s s u r e a c c o m p a n y i n g i n c r e a s e d a c t i v i t y , a n d 
p e r h a p s of free m o v e m e n t of t h e l i m b o n t h e p a r t of t h e p a t i e n t . 

I n s o m e cases i t a p p e a r s t o fol low t h e g i v i n g w a y of t h e a c t u a l 
l ine of u n i o n of s m a l l a n e u r y s m a l sacs , s u c h a s a r e d e p i c t e d in 
Fig. 22 , f r o m t h e o r i g i n a l a r t e r i a l w o u n d , t h e m a r g i n s of w h i c h h a v e 
b e c o m e t h i n n e d , s m o o t h , a n d r o u n d e d in t h e p roces s of r e p a i r . I t 
m a y b e r e p e a t e d t h a t t h e m a r g i n s of t h e sac j o i n i n g t h e c i r c u m f e r e n c e 
of t h e w o u n d of t h e a r t e r y a r e t h e m o s t t e n u o u s p a r t of t h e s ac , wh i l e 
t h e d o m e o p p o s i t e t h e o p e n i n g , w h i c h b e a r s t h e full force of t h e b lood-
s t r e a m , is t h e t h i c k e s t . I n t h e p roces s of c i c a t r i z a t i o n of a w o u n d 
of t h e i n t e s t i n e w e k n o w t h a t t h e e a r l y c o n n e c t i n g l a y e r of l y m p h is 
s t r o n g e s t a t t h e e n d of t h e t h i r d d a y , a n d t h a t d u r i n g t h e n e x t f o u r 
o r five d a y s , w h i l e t h e p r o c e s s of o r g a n i z a t i o n of t h e l y m p h i n t o 
c o n n e c t i v e t i s s u e is t a k i n g p l a c e , t h e u n i o n is p e r c e p t i b l y w e a k e r a n d 
less a b l e t o b e a r s t r a i n . A s i m i l a r w e a k e n i n g of t h e l ine of u n i o n 
b e t w e e n t h e m a r g i n s of t h e s ac a n d t h e a r t e r i a l o p e n i n g m a y b e 
safe ly a s s u m e d t o t a k e p l ace wh i l e t h e s a m e p roces s of c o n v e r s i o n of 
l y m p h i n t o c o n n e c t i v e t i s s u e is p r o g r e s s i n g , a n d t h e ease w i t h w h i c h 
sacs c a n b e s w e p t off t h e vesse l conf i rms t h i s a s s u m p t i o n . T h i s is 
t h e d a n g e r o u s p e r i o d , w h i c h s h o u l d b e r e g a r d e d a s d e m a n d i n g c o m p l e t e 
r e s t t o t h e l i m b , t h e m o r e so a s i t is o b v i o u s t h a t t h e a r t e r y , e v e n in 
i t s m o r e fixed c o n d i t i o n f rom s u r r o u n d i n g in f i l t r a t ion of t h e v a s c u l a r 
clef t , is y e t a m o r e f reely m o v a b l e s t r u c t u r e t h a n t h e sac w h e n a c t i v e 
m u s c u l a r c o n t r a c t i o n s o c c u r . 

I n f e c t i o n of t h e b o u n d a r y of b l o o d - c l o t i tself is i n f r e q u e n t , a n d 
e v e n a n e x t e n s i v e cel lu l i t i s i n v o l v i n g t h e w h o l e l i m b m a y o n l y a t t a c k 
t h e a c t u a l wa l l of t h e a n e u r y s m a l s ac a t a l a t e d a t e ; y e t t h e t r a c k of 
t h e miss i le m a y b e in fec t ed a n d r e m a i n u n r e p a i r e d , a n d t h u s m a y 
n o t o n l y w e a k e n t h e s u p p o r t a f forded t o t h e c lo t b y t h e s u r r o u n d i n g 
t i s s u e s a t a loca l s p o t , b u t a l so f u r n i s h a r e a d y p a t h for t h e e s c a p e 
of t h e b l o o d . 

L a t e s e c o n d a r y h a e m o r r h a g e s a r c e x t r e m e l y d a n g e r o u s t o t h e 
v i t a l i t y of t h e l i m b , w h e t h e r t h e y t a k e t h e f o r m of e x t e n s i o n s f rom 
t h e b l o o d c a v i t y o r of e x t e r n a l b l eed ing , a n d m a y a l so c a u s e g r a v e 
r i sk t o t h e p a t i e n t ' s life. 

W h e n s e c o n d a r y h a e m o r r h a g e is i n t e r n a l a n d causes e x t e n s i o n 
of a h a e m a t o m a o r t r a u m a t i c a n e u r y s m , i t s o c c u r r e n c e is u s u a l l y 
a c c o m p a n i e d b y s e v e r e p a i n c o m i n g o n s u d d e n l y a n d t e n d i n g t o 
a u g m e n t , a n d o n loca l e x a m i n a t i o n t h e swe l l ing wil l b e f o u n d t o 
h a v e i n c r e a s e d in size a n d t o h a v e a l t e r e d in o u t l i n e a n d e x t e n t . 
T h e a c c i d e n t is a n i n d i c a t i o n for p r o m p t su rg ica l i n t e r v e n t i o n . 
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T h e q u e s t i o n of a r t e r i a l t h r o m b o s i s a n d embolism h a s b e e n a l r e a d y 
d e a l t w i t h u n d e r t h e h e a d i n g of a r t e r i a l c o n t u s i o n , a n d will b e a g a i n 
r e f e r r e d t o in t h e spec i a l s e c t i o n s . 

Secondary Inflammation.—The r a r i t y w i t h w h i c h s e c o n d a r y 
i n f l a m m a t i o n o c c u r s in t r a u m a t i c a n e u r y s m affords o n e of t h e m o s t 
s t r i k i n g p roo f s of t h e e n o r m o u s c a p a b i l i t y of t h e b l o o d , e v e n w h e n 
e x t r a v a s a t e d , t o w i t h s t a n d a n d o v e r c o m e b a c t e r i a l i n f ec t ion . A m o n g 
t h e w h o l e ser ies of cases I m e t w i t h p e r s o n a l l y , o n l y t w o i n s t a n c e s of 
d e a t h r e s u l t i n g f r o m a c u t e i n fec t ion of t h e b l o o d - c l o t o c c u r r e d ; in 
b o t h t h e in fec t ion w a s a n a e r o b i c in n a t u r e . I n o n e i n s t a n c e t h e 
b l o o d - c l o t r a p i d l y b r o k e d o w n i n t o a b r o w n fluid offer ing a s t r o n g 
r e s e m b l a n c e t o f e c e s , a n d t h e p a t i e n t d i e d f r o m a s u d d e n p ro fuse 
s e c o n d a r y h e m o r r h a g e . I t o c c a s i o n a l l y h a p p e n s a l so t h a t a false 
a n e u r y s m a l r e a d y loca l i zed b e c o m e s h o t a n d r e d d e n e d o v e r t h e 
su r f ace , a n d t h i s m u s t b e r e g a r d e d a s a n i n d i c a t i o n for a c t i v e s u r g i c a l 
t r e a t m e n t . I n t h e o n l y case I o p e r a t e d u p o n for t h i s r e a s o n , t h e 
a n e u r y s m a l s ac i tself a f forded n o s igns of i n f l a m m a t o r y c h a n g e , a n d 
p r i m a r y u n i o n of t h e o p e r a t i o n w o u n d e n s u e d . 

O n t h e o t h e r h a n d , m a n y cases c a m e u n d e r o b s e r v a t i o n , e spec i a l l y 
in t h e t h i g h , w h e r e w i d e s p r e a d i n f ec t i on of t h e s u r r o u n d i n g t i s s u e 
h a d led t o s u p p u r a t i o n r e q u i r i n g free inc i s ions for i t s relief, in w h i c h 
a n e x i s t i n g l a r g e a n e u r y s m a l s ac r e m a i n e d u n a f f e c t e d . I n o n e 
i n s t a n c e a n a e r o b i c in fec t ion led t o d e s t r u c t i o n of p r a c t i c a l l y t h e 
w h o l e m u s c u l a t u r e of t h e t h i g h , a n d y e t a v e r y l a r g e a n e u r y s m a l 
sac fa i led t o g i v e w a y . I t is c l ea r t h a t a s t r o n g d i s t i n c t i o n m u s t 
b e d r a w n b e t w e e n in fec t ion of t h e a n e u r y s m i tself a n d in fec t ion of 
t h e s u r r o u n d i n g t i s s u e s . 

T h e t e n d e n c y t o l o c a l i z a t i o n a n d s low s p r e a d of i n f ec t i on in 
l a r g e m a s s e s of b l o o d - c l o t is wel l exempl i f i ed b y t h e p h e n o m e n a 
o b s e r v e d in w o u n d s of t h e c h e s t g i v i n g r i se t o a h e m o t h o r a x , p a r -
t i c u l a r l y w h e n t h e o r g a n i s m s a r e a n a e r o b i c . I n m a n y of t h e s e cases 
r e p e a t e d e x p l o r a t o r y p u n c t u r e s m a d e a t i n t e r v a l s , a n d in d i f fe ren t 
s p o t s , m a y b e n e c e s s a r y before i n f ec t i on c a n b e de f in i t e ly p r o v e d 
( E l l i o t t a n d H e n r y ) . 

T h e r i sks of in fec t ion a r e g r e a t e s t d u r i n g t h e a r t e r i a l h e m a t o m a 
s t a g e , w h e n t h e co l lec t ion of b l o o d is l a r g e a n d t h e b o u n d a r y l a y e r of 
c lo t t h i n . U n d e r t h e s e c o n d i t i o n s t h e effusion of b lood m a y i n c r e a s e 
in a m o u n t , o r e x t e r n a l h e m o r r h a g e m a y o c c u r . E i t h e r of t h e s e 
a c c i d e n t s m a y n e c e s s i t a t e i m m e d i a t e l i g a t u r e of t h e a r t e r y , a n d t h e 
cases a r e of a v e r y u n s a t i s f a c t o r y n a t u r e , s ince t h e y a r e n o t infre-
q u e n t l y fol lowed b y f u r t h e r s e c o n d a r y h e m o r r h a g e , o f t en n o t f rom 
t h e p o i n t of t h e l i g a t u r e p l a c e d u p o n t h e m a i n t r u n k , b u t f rom w o u n d e d 
c o l l a t e r a l b r a n c h e s e x p o s e d in t h e o r ig ina l w o u n d c a v i t y n o w b e c o m e 
sep t i c , w h i c h fai led t o b l e e d a t t h e t i m e of t h e o p e r a t i o n . 
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Traumatic Aneurysms Developing in Amputation Stumps.— 
A l t h o u g h of a t o t a l l y d i f fe ren t n a t u r e , a n e u r y s m s d e v e l o p i n g a b o v e 
t h e s i t e of t h e l i g a t u r e p l a c e d u p o n t h e vesse l s in a n a m p u t a t i o n 
d e s e r v e m e n t i o n in t h i s p l a c e , s ince t h e y a r e of n o t i n f r e q u e n t occu r -
r e n c e w h e n t h e w o u n d is i n f ec t ed . A s i m i l a r i t y , m o r e o v e r , ex i s t s 
b e t w e e n t h e m a n d s o m e of t h e a n e u r y s m s seen t o d e v e l o p t a r d i l y a s 
a r e s u l t of t h e s e c o n d a r y g i v i n g w a y of a p a r t i a l les ion of a n a r t e r y 
in a s ep t i c w o u n d . 

I n t h e e a r l y s t a g e s of t h e p r e s e n t w a r t h e a p p e a r a n c e of a c h e r r y -
r e d p u l s a t i n g t u m o u r a t t h e s i t e of t h e l i g a t u r e d m a i n vesse l in a n 
o p e n a m p u t a t i o n s t u m p w a s a n o t u n c o m m o n e x p e r i e n c e , a n d af forded 
a n i n d i c a t i o n for p r o m p t su rg i ca l i n t e r v e n t i o n w h i c h cou ld n o t be 
d i s r e g a r d e d . T h e c o n d i t i o n w a s , in fac t , t h e p r e c u r s o r of a s e c o n d a r y 

Fi(j. 24.—Septic aneurysm of the femoral artery, which formed in the floor of an 
amputation wound. General dilatation of the softened coats of the artery will be 
observed above the point of ligature. Intramural extravasation of blood has occurred 
between the different layers of the arterial wall, and at the under surface complete 
disintegration and necrosis will be observed. The cavity of the sac has become shut 
off from the lumen of the artery, and is occupied by recent clot. 

h e m o r r h a g e in n o t a few cases . T h e t y p e of a n e u r y s m is so wel l 
k n o w n in civi l p r a c t i c e , e i t h e r in s imi l a r c i r c u m s t a n c e s o r w h e n 
a r i s i n g in c o n n e c t i o n w i t h t h e a r r e s t of a s e p t i c e m b o l u s in t h e 
a r t e r y , t h a t i t is u n n e c e s s a r y t o d e v o t e f u r t h e r a t t e n t i o n t o i t h e r e . 
Fig. 24 i l l u s t r a t e s a g o o d e x a m p l e , b u t in t h i s case t h e sac w a s b u r i e d 
in t h e t i s sues of t h e p a r t l y - u n i t e d flaps. T h e l i m b f rom w h i c h i t w a s 
r e m o v e d w a s r e - a m p u t a t e d b y Colonel G o r d o n W a t s o n , t o w h o m I 
ί m i n d e b t e d for a l l o w i n g m e t o h a v e t h e d r a w i n g m a d e . 

ARTERIO-VENOUS HEMATOMA AND ANEURYSM. 

I n t h e ser ies of cases u p o n w h i c h t h i s e s s a y is f o u n d e d , t h e a r t e r i o -
v e n o u s a n e u r y s m s f o r m t h e m a j o r i t y . I n t h e ea r l i e r p a r t of t h e Avar, 
whi le b u l l e t w o u n d s st i l l f o r m e d a l a rge p r o p o r t i o n of a l l t h e in ju r ies 
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m e t w i t h , t h e a r t e r i a l h s c m a t o m a w a s t h e m o r e c o m m o n ; t h i s 
d e p e n d e d o n t h e m o r e s h a r p l y de f ined n a t u r e of t h e w o u n d c a u s e d 
b y t h e b u l l e t w h e n t r a v e l l i n g a c c u r a t e l y . W i t h t h e a d v e n t of a g r e a t e r 
n u m b e r of i n ju r i e s c a u s e d b y f r a g m e n t s of she l l s , a r t e r i o - v e n o u s l e s ions 
h a v e i n c r e a s e d in p r o p o r t i o n a l f r e q u e n c y . 

D I S T R I B U T I O N A N D N A T U R E O F 2 7 2 T R A U M A T I C A N E U R Y S M S . 

Artery Cases Arterial Arterio- Aneurysmal Artery 
venous varix 

Carotid
 1 

57 10 29 18 
Subclavian 24 13 11 
Axi l lary 41 2 4 8 9 
Brachial 22 17 1 4 
Femoral 87 36 34 17 
Popl i teal 41 20 17 4 

Tota ls . . 2 72 120 100 52 

T h e a n e u r y s m a l s a c in t h e m i x e d i n j u r y is t o b e r e g a r d e d a s 
p u r e l y a r t e r i a l in n a t u r e , a n d is a l w a y s d i r e c t l y c o n n e c t e d w i t h t h e 
w o u n d i n t h e a r t e r y . T h e v e i n p l a y s b u t a s e c o n d a r y p a r t , a l t h o u g h , 
a s a r e s u l t of t h e loca l d i l a t a t i o n w h i c h a l w a y s t a k e s p l a c e , i t f u rn i shes 
a c o n s i d e r a b l e p r o p o r t i o n of t h e w h o l e b u l k of t h e t u m o u r . 

e0 etö OsO 
A B C 

Fig. 25.—A, Simple aneurysmal varix. Β, Arterio-venous aneurysm ; 
sac interposed. C. Arterial aneurysm combined with aneurysmal varix. D, 
Arterial and arterio-venous sac. E, Arterio-venous sac with common opening 
of communication with artery and vein. F, Arterio-venous sac with separate 
openings of communication with artery and vein. 

T h e d i a g r a m s (Fig. 25) , r e p r e s e n t i n g t r a n s v e r s e s e c t i o n s t h r o u g h 
t h e a n e u r y s m s , i l l u s t r a t e v a r i o u s w a y s in w h i c h t h e a r t e r i a l s ac m a y 
b e a r r a n g e d . A is a p u r e a n e u r y s m a l v a r i x ; in Β t h e a r t e r i a l s a c 
is i n t e r p o s e d b e t w e e n t h e a r t e r y a n d v e i n — i n s u c h ca ses t h e miss i l e 
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h a s p r o b a b l y p a s s e d b e t w e e n t h e t w o vesse l s , a n d effected a l a t e r a l 
w o u n d in t h e o p p o s i n g s ide of e i t h e r ; in D a n a r t e r i a l sac h a s b e e n 
f o r m e d in c o n n e c t i o n w i t h t h e w o u n d o n e i t h e r s ide of t h e a r t e r y , 
a n d t h u s a s ac s p r i n g s f r o m t h e free s ide of t h e vesse l a s wel l a s f rom 
t h a t o p p o s e d t o t h e v e i n . T h i s a r r a n g e m e n t is t h e r e s u l t of t h e 
p a s s a g e of a miss i le w h i c h h a s t r a v e r s e d b o t h vesse ls , t h e w o u n d o n 
t h e free a s p e c t of t h e v e i n h a v i n g c losed s p o n t a n e o u s l y . I n C t h e 
s ac s p r i n g s f r o m t h e free s ide of t h e a r t e r y , wh i l e a d i r e c t c o m m u n i c a -
t i o n h a s b e e n e s t a b l i s h e d b e t w e e n t h e a r t e r y a n d v e i n . T h i s a r r a n g e -
m e n t a l so r e s u l t s f rom a t r a v e r s i n g i n j u r y , a n d we h a v e t h e c o n d i t i o n s 
of a n a r t e r i a l a n e u r y s m a n d a n a n e u r y s m a l v a r i x c o m b i n e d . I n E 
a n d F t h e miss i l e h a s c rossed t h e vesse ls e i t h e r o n t h e super f ic ia l or 
( m o r e of ten) t h e i r d e e p a s p e c t — i n E a c o m m o n o p e n i n g of t h e t w o 
vesse ls c o m m u n i c a t e s w i t h a s ac s i t u a t e d in t h e a n g l e of u n i o n , in 
F t h e sac h a s a s e p a r a t e o p e n i n g for e a c h vesse l . T h i s f o r m of sac 
I h a v e seen b o t h in t h e case of t h e c a r o t i d a n d of t h e f e m o r a l vesse ls 
l y i n g on t h e i r d e e p a s p e c t . 

W h e n t h e v e i n h a s suffered c o m p l e t e s e v e r a n c e , t h e p e r i p h e r a l 
e n d m a y h e a l a n d close w h i l e t h e c e n t r a l e n d r e m a i n s p a t e n t , a n d 
in t h e s e c i r c u m s t a n c e s t h e s t r e a m of b l o o d f r o m t h e a r t e r y p o u r s 
d i r e c t l y i n t o t h e o p e n e n d of t h e v e i n . I n o n e case of c a r o t i d a r t e r i o -
v e n o u s a n e u r y s m of t h i s n a t u r e u p o n w h i c h I o p e r a t e d , a p iece of 
she l l t h e size of t h e t o p of m y foref inger w a s r e t a i n e d w i t h i n t h e s ac , 
a n d p r o b a b l y a f forded a n e x p l a n a t i o n of t h e a r r a n g e m e n t . R e f e r e n c e 
t o Fig. 1, p . 2 , wil l s h o w h o w s u c h a c o n d i t i o n m i g h t r e a d i l y b e 
e s t a b l i s h e d . 

I n t h e ca se of s o m e vesse ls , e.g. , c a r o t i d , s u b c l a v i a n , e t c . , t h e 
p e r f o r a t i o n m a y n o t o n l y i m p l i c a t e t h e c o r r e s p o n d i n g a r t e r y a n d 
v e i n , b u t a l so s u c h s t r u c t u r e s a s a n e r v e o r m u s c l e s i t u a t e d b e t w e e n 
t h e m . E x a m p l e s of t h e p a r t w h i c h m a y b e t a k e n b y t h e v a g u s wi l l 
b e f o u n d in t h e s ec t i on d e v o t e d t o c a r o t i d a n e u r y s m s , a n d t h e 
c lass ica l o b s e r v a t i o n b y M a t a s of a s u b c l a v i a n a r t e r i o - v e n o u s a n a s t o -
m o s i s in w h i c h t h e a n t e r i o r s ca l ene m u s c l e t o o k a p a r t m a y b e a g a i n 
a l l u d e d t o . 

E x t e n d e d e x p e r i e n c e h a s m a d e m e d o u b t f u l w h e t h e r a n a r t e r i o -
v e n o u s a n e u r y s m e v e r d e v e l o p s a s a r e s u l t of c o m p l e t e s e v e r a n c e of 
t h e t w o vesse l s . S u c h a n e u r y s m s h a v e been d e s c r i b e d ; b u t I t h i n k 
t h i s w a s before c o m m o n k n o w l e d g e of t h e b e h a v i o u r of a vesse l w h i c h 
h a s suffered d iv i s ion of m o r e t h a n t h r e e - q u a r t e r s of i t s c i r c u m f e r e n c e 
e x i s t e d ; a l so of t h e diff iculty w h i c h m a y p r e s e n t i tself of r e cogn i z ing 
t h e r e m a i n i n g s t r a n d of t h e wa l l of t h e vesse l , a n d of t h e t h o r o u g h 
w a y in w h i c h s u c h s t r a n d s b e c o m e i n c o r p o r a t e d a s a n i n t e g r a l p o r t i o n 
of t h e wa l l of t h e sac of t h e a n e u r y s m . 

I h a v e n e v e r seen a n a n e u r y s m a l sac f o r m e d in c o m m u n i c a t i o n 
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w i t h a n o p e n i n g " o n t h e f ree s ide of t h e v e i n . I n e v e r y i n s t a n c e 
of t r a v e r s i n g p e r f o r a t i o n of t h e vesse l s w h i c h I h a v e e x a m i n e d , t h e 
o p e n i n g on t h e free s ide of t h e v e i n h a d c i c a t r i z e d . If t h e m o d e 
of d e v e l o p m e n t of a t r a u m a t i c fa lse a n e u r y s m a l r e a d y d e s c r i b e d 
b e c o r r e c t , i t i s v e r y difficult t o be l i eve t h a t a s ac co u l d be f o r m e d 
a s a r e s u l t of t h e p r e s s u r e of a c u r r e n t of b l o o d f r o m t h e a r t e r y 
c r o s s i n g t h e l u m e n of t h e v e i n . O t h e r a r g u m e n t s b e a r i n g in t h e s a m e 
d i r e c t i o n m a y b e c i t e d , s u c h a s t h e c o n s t a n c y w i t h w h i c h d i l a t a t i o n 
of t h e l u m e n of t h e v e i n is m e t w i t h , a n d t h e w e l l - k n o w n ea se a n d 
r e g u l a r i t y w i t h w h i c h w o u n d s of t h e v e i n s u n d e r g o s p o n t a n e o u s 
c lo su re . 

I a m a l so i nc l ined t o a t t r i b u t e t h e m a i n t e n a n c e of t h e p e r i p h e r a l 
p u l s e a f t e r ' c o m p l e t e s e v e r a n c e ' of t h e vesse l s w h i c h h a s b e e n 
d e s c i i b e d , t o t h e p e r s i s t e n c e of a n a r r o w s t r a n d of t h e a r t e r i a l wa l l , 
w h i c h i n s o m e m e a s u r e k e e p s t h e s e p a r a t e d o p e n i n g s in t h e vesse l in 
l ine , a n d a i d s in d i r e c t i n g t h e c u r r e n t of b lood . I t a p p e a r s e v i d e n t t h a t 
t h e v e r y g r e a t m a j o r i t y , if n o t a l l , of a r t e r i o - v e n o u s a n e u r y s m s r e s u l t 
f r o m e i t h e r l a t e r a l w o u n d s , o r t r a v e r s i n g p e r f o r a t i o n s of t h e vesse l s . 

S o m e i n t e r e s t i n g c l in ica l d i f ferences a r e o b s e r v e d b e t w e e n a n e u -
r y s m s of t h e a r t e r i o - v e n o u s a n d t h e p u r e l y a r t e r i a l v a r i e t y . 

A s t r i k i n g f e a t u r e is s een in t h e d e l a y w h i c h o f t e n o c c u r s before 
t h e t r u e c h a r a c t e r of t h e les ion c a n b e c o r r e c t l y d e t e r m i n e d . I t is 
a r e m a r k a b l e f a c t t h a t w h i l e t h e a n e u r y s m a l v a r i x is u s u a l l y a n 
i m m e d i a t e d e v e l o p m e n t , i t is s o m e t i m e s d a y s o r e v e n w e e k s be fore 
a n a r t e r i o - v e n o u s a n e u r y s m c a n b e d i a g n o s e d w i t h c e r t a i n t y . 

Fig. 26 affords a g o o d e x a m p l e of a n i n s t a n c e in w h i c h d e l a y 
o c c u r r e d in t h e pos s ib i l i t y of m a k i n g a d i a g n o s i s . T h e c o n d i t i o n s 
for t h e f o r m a t i o n of a n a r t e r i o - v e n o u s a n e u r y s m a r e p r e s e n t a n d 
f a v o u r a b l e , b u t sufficient t i m e h a d n o t e l a p s e d for t h e p r o c e s s t o 
b e c o m p l e t e d , o r e v e n a c t u a l l y c o m m e n c e d . T h e b l o o d in t h e 
p r i m a r y h e m a t o m a , a s is o f t e n t h e ca se , h a d c o a g u l a t e d i n t o a l a r g e 
firm c lo t in w h i c h n o c a v i t y e x i s t e d . T h e c lo t e x e r c i s e d p r e s s u r e , 
n o t o n l y o n t h e m a i n t r u n k , b u t a l s o on t h e c o l l a t e r a l b r a n c h e s 
of t h e w o u n d e d vesse l , a n d g a n g r e n e of t h e leg r e s u l t e d , necess i -
t a t i n g a n a m p u t a t i o n . 

A s e c o n d c a u s e for d e l a y in t h e d e v e l o p m e n t of a r t e r i o - v e n o u s 
a n e u r y s m s is f o u n d in a t e m p o r a r y c l o s u r e of t h e o p e n i n g s o r o p e n i n g 
in t h e v e i n b y a t h r o m b u s . O c c l u d i n g t h r o m b i a r e n a t u r a l l y f a r 
m o r e c o m m o n in v e i n s t h a n in a r t e r i e s , b y r e a s o n of t h e lesser fo rce 
of t h e v e n o u s c i r c u l a t i o n . I t m a y a l so h a p p e n t h a t t h e o p e n i n g 
i n t o t h e v e i n is o c c l u d e d b y a fo re ign b o d y ; t h u s , in o n e i n s t a n c e 
o p e r a t i o n o n a n a p p a r e n t l y p u r e a r t e r i a l i n j u r y d i sc losed a w o u n d e d 
a r t e r y , w i t h t h e p iece of s h r a p n e l c a se w h i c h h a d c a u s e d i t filling 
a n d con t ro l l i ng t h e c o n t i g u o u s o p e n i n g in t h e v e i n . 
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T h e c l in ica l e v i d e n c e in s u p p o r t of t h e c o m p a r a t i v e l y l a t e d e v e l o p -
m e n t of a r t e r i o - v e n o u s sacs is e q u a l l y s t r o n g . T h e first i n d i c a t i o n of 
t h e poss ib l e f o r m a t i o n of a n a n e u r y s m m a y b e t h e p r e s e n c e of t h e 
c h a r a c t e r i s t i c s y s t o l i c a r t e r i a l b r u i t , a s ign w h i c h c a n b e d e t e c t e d 
p r i o r t o t h e a p p e a r a n c e of e i t h e r swe l l ing o r p u l s a t i o n . I n m a n y 
cases t h e sys to l i c b r u i t b e c o m e s so f t e r a s t h e m a r g i n s of t h e o p e n i n g 

F U/. 2 G . — W O U N D E D POPLITEAL 

ARTERY AND V E I N , FOLLOWED 

BY GANGRENE OF THE LEG. 

The wound in the artery involves 
nearly half its calibre and gapes widely ; 
the margins of the opening are com-
paratively smooth. The limb was am-
putated on the fifth day. 

A characteristic traversing perfora-
tion of the vein is shown, the shape 
of the openings being irregularly cir-
cular. 

The extravasated blood from these 
wounds had clotted firmly en masse ; 
no murmur was audible in the swelling 
formed by the clot. Gangrene of the 
leg and foot was definite on the fourth 
day. 

Under the care of 
Capt. West, I.M.S. 

in t h e a r t e r i a l w a l l b e c o m e s m o o t h e r in t h e p r o c e s s of r e p a i r , a n d t h e n 
is r e p l a c e d b y t h e c h a r a c t e r i s t i c c o n t i n u o u s m u r m u r of t h e a r t e r i o -
v e n o u s c o m m u n i c a t i o n , a n d a b u b b l i n g t h r i l l b e c o m e s p a l p a b l e . 
T h i s s e q u e n c e of e v e n t s m a y o c c u p y a few d a y s , o r s o m e t i m e s a s m u c h 
a s a c o u p l e of w e e k s , a n d m a y o f t e n b e o b s e r v e d . 

I n a r t e r i o - v e n o u s a n e u r y s m s t h e t u m o u r a n d e x t e n t of p u l s a t i o n 
w h i c h m a y b e p r e s e n t in n o w a y i n d i c a t e t h e s ize a n d e x t e n t of t h e 
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a c t u a l s a c , s ince b o t h m a y b e e x a g g e r a t e d b y t h e e x i s t i n g d i l a t a t i o n 

of t h e v e i n . L a s t l y , t h e a n e u r y s m s d o n o t t e n d t o r e a c h so l a r g e a 

size o r a c q u i r e so f i rm a w a l l e d sac , n e i t h e r a r e t h e y so l i ke ly t o g i v e 

r ise t o t r o u b l e f rom s e c o n d a r y h a e m o r r h a g e o r e x t e n s i o n of t h e s a c . 

T h e e x p l a n a t i o n of t h e s e pecu l i a r i t i e s of t h e a r t e r i o - v e n o u s a n e u r y s m 

is o b v i o u s : t h e p r e s e n c e of t h e o p e n v e i n f u r n i s h e s a spec ies of s a f e t y -

v a l v e ; h e n c e t h e p r e s s u r e e x e r t e d o n t h e wa l l s of t h e s a c is less s e v e r e 

t h a n is t h e case w i t h p u r e a r t e r i a l a n e u r y s m s . T h i s f a c t is d e m o n -

s t r a t e d c l in ica l ly b y t h e f a c t t h a t a l a r g e p r o p o r t i o n of t h e a r t e r i a l 

v a r i e t y n e e d t o b e o p e r a t e d u p o n a s a n u r g e n t m e a s u r e , w h i l e a m u c h 

l a rge r n u m b e r of t h e a r t e r i o - v e n o u s a r e a b l e t o b e t e m p o r i z e d w i t h , 

a n d t r a n s f e r r e d safe ly t o b a s e h o s p i t a l s for t r e a t m e n t i n E n g l a n d o r 

e l s e w h e r e . 

C O M P L I C A T I O N S A T T E N D I N G 8 7 F E M O R A L A R T E R I A L A N D 

A R T E R I O - V E N O U S A N E U R Y S M S R E S P E C T I V E L Y . 

Arterial Arterio- Aneurysmal Arterial 
venous varix 

Secondary haemorrhage 4 3 0 
E x t e n s i o n 6 1 0 
Pre-operat ive gangrene 3 4 0 
Post -operat ive gangrene 2 2 0 
Gas gangrene 2 1 0 
Inf lammat ion 2 0 0 
A m p u t a t i o n 3 3 0 
D e a t h 6 5 0 

Sent h o m e w i t h o u t operat ion 8 15 17 

Totals 36 3 4 17 

Signs of Arterio-venous Aneurysm.—Specia l o b s e r v a t i o n of a 

l a r g e n u m b e r of cases h a s r e v e a l e d s o m e p o i n t s of i n t e r e s t w i t h r e g a r d 

t o t h e c h a r a c t e r of t h e m u r m u r s w h i c h a c c o m p a n y t h e c o n d i t i o n . 

T h e f a c t t h a t t h e s y s t o l i c e l e m e n t of t h e b r u i t m a y b e a u d i b l e first 

h a s a l r e a d y b e e n d w e l t u p o n . I t r e m a i n s t o s a y t h a t t h e c h a r a c t e r s 

of t h i s m a y v a r y c o n s i d e r a b l y : i t m a y b e sof t a n d m u s i c a l , o r h a r s h 

in s o u n d . S o m e t i m e s i t a c q u i r e s a ' s l a m m i n g ' c h a r a c t e r , s i m u l a t i n g 

in a n e x a g g e r a t e d d e g r e e t h e so -ca l l ed ' p i s t o l s h o t ' m u r m u r h e a r d in 

v a l v u l a r d i s e a s e o v e r t h e a o r t i c orifice of t h e h e a r t . S u c h m u r m u r s 

a r e a s s o c i a t e d w i t h a h i g h l y e x c i t a b l e s t a t e of t h e g e n e r a l c i r c u l a t i o n 

a n d a p p a r e n t c a r d i a c d i l a t a t i o n , c o n d i t i o n s w h i c h i n s o m e d e g r e e 

a c c o m p a n y e v e r y t r a u m a t i c a n e u r y s m in i t s e a r l i e r s t a g e s . T h e 

i n c r e a s e d r a p i d i t y of t h e p u l s e t e n d s t o s e t t l e d o w n , b u t d o e s n o t 
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a l w a y s s u b s i d e a t o n c e e v e n w h e n t h e w o u n d in t h e ve s se l s h a s b e e n 
d e a l t w i t h b y o p e r a t i o n . 

T h e l o u d sys to l i c m u r m u r is c o n d u c t e d w i d e l y p e r i p h e r a l l y , a n d 
t o a m u c h less e x t e n t c e n t r a l l y ; b u t in e x c e p t i o n a l c a s e s i t m a y b e 
t r a n s m i t t e d c e n t r a l l y e v e n f r o m t h e l o w e r e x t r e m i t y t o t h e h e a r t . 
T h e d i a s t o l i c r o a r is c o n d u c t e d in e i t h e r d i r e c t i o n , b u t , a s m i g h t b e 
e x p e c t e d , m o r e f reely in a c e n t r a l d i r e c t i o n in t h e v e i n . I t is a l w a y s 
l o u d l y a u d i b l e in t h e o p p o s i t e s ide of t h e n e c k in c e r v i c a l a n e u r y s m s , 
a n d w h e n t h e a n e u r y s m is a t t h e r o o t of t h e n e c k , m a y b e a u d i b l e 
o v e r t h e w h o l e c a r d i a c a r e a , q u i t e s e p a r a t e l y f r o m t h e n o r m a l v a l v u l a r 
s o u n d s of t h e h e a r t i tself. 

I n s o m e i n s t a n c e s t h e m u r m u r m a y b e c o n d u c t e d b y t h e w h o l e 
m a s s of t h e t i s s u e s of t h e l i m b , a n d b e a u d i b l e w h e r e v e r t h e s t e t h o s c o p e 
is p l a c e d u p o n t h e su r f ace ; o c c a s i o n a l l y t h e s o u n d m a y b e h e a r d 
e v e n w h e n t h e e a r is in n e i t h e r d i r e c t n o r i n d i r e c t c o n t a c t w i t h t h e 
l i m b . T h e s e p h e n o m e n a a r e m o r e c o m m o n in t h e l o w e r l i m b , a n d 
in t h e e a r l y o r a r t e r i a l h a e m a t o m a s t a g e w h e n a l a r g e co l l ec t ion of 
effused b l o o d is p r e s e n t . 

As a r u l e , t h e m u r m u r is o n l y c o n d u c t e d a l o n g t h e a c t u a l l ine 
of t h e p e r i p h e r a l vesse ls ; a n d t h e p r e s e n c e of t h e b r u i t , e i t h e r a t t h e 
w r i s t o r t h e a n k l e , is a v a l u a b l e i n d i c a t i o n of t h e p e r s i s t e n c e of a 
c o l u m n of b l o o d in t h e vesse l s w h e n t h e a m o u n t is of insuff ic ient 
v o l u m e a n d force t o b e p a l p a b l e a s a p u l s e . 

T h e h e i g h t of p i t c h of t h e m u r m u r is a v a l u a b l e g u i d e t o t h e 
e x a c t s i t e of t h e a r t e r i o - v e n o u s c o m m u n i c a t i o n . I t is h i g h e s t a n d 
l o u d e s t i m m e d i a t e l y o v e r t h i s s p o t , t h e t o n e s g r a d u a l l y s o f t e n i n g a n d 
d e e p e n i n g in e i t h e r t h e u p w a r d o r d o w n w a r d d i r e c t i o n a s t h e 
s t e t h o s c o p e is m o v e d a l o n g t h e l e n g t h e n i n g c o l u m n of b l o o d in t h e 
c o u r s e of t h e ves se l s . 

Bubbling Thrill.—What h a s b e e n sa id r e g a r d i n g t h e t a r d y 
d e v e l o p m e n t of t h e a r t e r i o - v e n o u s m u r m u r h o l d s e q u a l l y g o o d for 
t h a t of t h e t h r i l l . I t m a y n o t , a s is u s u a l l y t h e case w i t h a n e u r y s m a l 
v a r i c e s , b e p a l p a b l e in t h e e a r l i e s t s t a g e , w h i l e i t t e n d s t o b e c o m e 
s t r o n g e r a n d m o r e r e a d i l y p a l p a b l e d u r i n g t h e first few d a y s . T h u s , 
wh i l e i t m a y b e of t h e feeble ' f a r a d i c - c u r r e n t ' t y p e w h e n first 
d e t e c t e d , w i t h t h e r e a p p e a r a n c e o r s t r e n g t h e n i n g of t h e p e r i p h e r a l 
p u l s e i t m a y b e c o m e s t r o n g a n d eas i ly fe l t . 

T h e t h r i l l is o f t en w i d e l y diffused, a n d is n o t a v a l u a b l e loca l iz ing 
s i gn of t h e e x a c t p o s i t i o n of t h e o p e n i n g of c o m m u n i c a t i o n . I n t h i s 
r e s p e c t t h e l o u d n e s s a n d h e i g h t of p i t c h of t h e m u r m u r is m o r e 
r e l i ab l e . I n m a n y cases t h e c o m m u n i c a t i o n of t h e t h r i l l c o n s e q u e n t 
o n a w o u n d of a b r a n c h of t h e m a i n v e i n m a y g ive r ise t o a q u i t e 
e r r o n e o u s d i a g n o s i s if d e p e n d e d u p o n a l o n e . T h i s is a m a r k e d f e a t u r e 
in w o u n d s of t h e c i r cumf lex vesse ls of t h e t h i g h — i n t h e s e t h e t h r i l l 
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is o f t e n s t r o n g a n d m o s t eas i ly d e t e c t e d in t h e f e m o r a l v e i n ; a n d t h e 
s a m e f e a t u r e is n o t u n c o m m o n in c o n n e c t i o n w i t h w o u n d s of t h e 
b r a n c h e s j o i n i n g t h e i n t e r n a l j u g u l a r v e i n in t h e n e c k . 

W h e n t h e a n e u r y s m s a r e of l o n g s t a n d i n g t h e r e is n o d o u b t 
t h a t t h e vesse l s , b o t h a r t e r y a n d v e i n , t e n d t o e n l a r g e a n d b e c o m e 
t h i c k e n e d o n t h e p r o x i m a l s ide of t h e o b s t r u c t i o n , w h i l e v a r i c o s i t y 
of t h e v e i n s a n d swe l l ing of t h e p e r i p h e r a l p a r t of t h e l i m b d e v e l o p . 
T h e s e s e q u e l e a r e c o m m o n in t h e l o w e r e x t r e m i t y , f a r less so in t h e 
u p p e r . I n e i t h e r s i t u a t i o n a p r e v i o u s d i s p o s i t i o n t o e n l a r g e m e n t o r 
v a r i c o s i t y of t h e v e i n s m a y in f luence a d v e r s e l y t h e d e g r e e t o w h i c h 
t h e s e t r o u b l e s a t t a i n . I n t h e ea r l i e r s t a g e s , a n d e spec ia l ly wh i l e t h e 
p a t i e n t is s t i l l conf ined t o h i s b e d , l i t t l e e v i d e n c e of v e n o u s o b s t r u c t i o n 
is p r e s e n t b e y o n d s o m e g e n e r a l swe l l ing of t h e l i m b . T h e swel l ing 
m a y b e m o r e m a r k e d if p r o g r e s s i n g t h r o m b o s i s o c c u r s , b u t t h i s 
a c c i d e n t is u n c o m m o n u n l e s s i t s t a r t s in c o n n e c t i o n w i t h s e p t i c 
in fec t ion of t h e m a i n w o u n d of t h e sof t p a r t s . 

T h e r e is n o e s s e n t i a l d i f ference of n a t u r e b e t w e e n t h e sacs a n d 
t h o s e of p u r e l y a r t e r i a l o r ig in , a n d t h e y a r e l i ab le t o t h e s a m e p roces s 
of g r a d u a l c o n t r a c t i o n a n d r e g u l a r i z a t i o n ; b u t p r o g r e s s t o s p o n t a n e o u s 
c o n s o l i d a t i o n a n d c u r e is r a r e l y o r n e v e r s e e n . R e s u m p t i o n of a c t i v e 
life o n t h e p a r t of t h e p a t i e n t is t h e r e f o r e l i ab le t o b e fo l lowed b y 
i n c r e a s e in s ize of t h e s ac , a n d t h e d e v e l o p m e n t of v e n o u s o b s t r u c t i o n , 
o r o t h e r p r e s s u r e s y m p t o m s . 

T h e sacs a r e l i ab le t o t h e s a m e e a r l y c o m p l i c a t i o n s a s t h e a r t e r i a l 
v a r i e t y , b u t , a s h a s b e e n a l r e a d y e x p l a i n e d , t h e s e a r e of less f r e q u e n t 
o c c u r r e n c e . 

ANEURYSMAL VARIX. 

T h e i m m e d i a t e e s t a b l i s h m e n t of a d i r e c t l a t e r a l a n a s t o m o s i s 
b e t w e e n a c o n t i g u o u s a r t e r y a n d v e i n is t h e m o s t r e m a r k a b l e of a n y 
r e s u l t s of g u n s h o t i n j u r y t o t h e ves se l s . I t s o c c u r r e n c e is in g r e a t 
p a r t d e p e n d e n t o n t w o p o i n t s in t h e a n a t o m i c a l a r r a n g e m e n t of t h e 
t w o vesse l s i m p l i c a t e d , v iz . , c o n t i g u i t y a n d p a r a l l e l i s m of cou r se ; 
a n d t h e m o s t t y p i c a l e x a m p l e s a r e s een w h e n t h e miss i l e p a s s e s 
b e t w e e n t h e a r t e r y a n d v e i n , c a u s i n g a l a t e r a l w o u n d in b o t h . Fig. 27 
d e p i c t s a n a n e u r y s m a l v a r i x of t h i s c lass ; i t wil l b e seen t h a t a t r a n s -
v e r s e sl i t w o u n d h a s b e e n c a u s e d in t h e a r t e r y , a n d a r o u g h l y s t e l l a t e 
o n e in t h e v e i n . E x a m i n a t i o n of t h e c a r o t i d s h e a t h a n d v a s c u l a r 
cleft s h o w e d t h a t n o g ros s b l e e d i n g h a d t a k e n p l a c e i n t o t h e t i s s u e s , 
a n d t h a t d i r e c t p r i m a r y a d h e s i o n b e t w e e n t h e t w o vesse ls h a d 
r e s u l t e d . A b e t t e r a n a s t o m o s i s c o u l d n o t h a v e b e e n e s t a b l i s h e d b y 
t h e m o s t ski l ful su rg i ca l o p e r a t i o n . A s i m i l a r o b s e r v a t i o n w a s m a d e 
in a case of f e m o r a l v a r i x i n c l u d e d in S u r g e o n - G e n e r a l S t e v e n s o n ' s 
R e p o r t o n t h e su rg i ca l cases n o t e d in t h e S o u t h Af r i can W a r , a n d t h e 
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ARTERY V E IN 

Fig. 27.— ANEURYSMAL VARIX OF THE LEFT COMMON CAROTID ARTERY AND INTERNAL 
JUGULAR VEIN. 

A simple transverse lateral slit is seen from the interior of the artery, and. a roughly 
stellate opening from the interior of the vein. No blood had been extravasated into 
the vascular cleft, and adhesion between the two vessels was immediate and complete. 

The typical signs of a carotid aneurysmal varix were present. The patient died 
on the seventh day from concurrent injuries to the head. Under the care of Major 
Parsons. 

t h e finer d e t a i l s of t h e m o d e of u n i o n . T h e i l l u s t r a t i o n s h o w s t h a t 
t h e a c t u a l b o n d of u n i o n c o n s i s t s in p a r t of d i s p l a c e d f r a g m e n t s of 
t i s s u e o r i g i n a t i n g f r o m t h e v a r i o u s e l e m e n t s of t h e wa l l s of t h e vesse ls , 
in p a r t of o r g a n i z i n g b l o o d - c l o t . T h e s ignif icance of t h e s m a l l t o n g u e 
of a r t e r i a l a d v e n t i t i a p r o j e c t i n g i n t o t h e b l o o d - s t r e a m h a s b e e n a l l u d e d 

f r e q u e n c y w i t h w h i c h s u c h p r i m a r y a d h e s i o n t a k e s p l a c e w i t h o u t t h e 
o c c u r r e n c e of h e m o r r h a g e is n o w c o m m o n k n o w l e d g e . 

Fig. 28 , b u i l t u p f r o m a ser ies of s e c t i o n s of t h e p o i n t of j u n c t i o n 
of t h e vesse ls in a f e m o r a l a n e u r y s m a l v a r i x of t e n d a y s ' s t a n d i n g , 
for w h i c h I a m i n d e b t e d t o t h e a i d of C a p t a i n B a s h f o r d , f u r n i s h e s 
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Vein. Displaced tissue. Artery. 

Fig. 28 .—ANEURYSMAL VARIX OF FEMORAL ARTERY AND V E I N . 

Semi-diagrammatic view of the angle of junction of the artery and vein. Union 
has been effected by means of an intervening portion of displaced tissue derived from 
the adventitia and muscular coats of the artery, and it contains also a portion of the 
internal elastic lamina. The displaced tissue is united to the wall of the artery partly 
by continuity and partly by blood-clot, but to the wall of the vein by blood-clot only. 

Captain Bashford. 

A, Internal elastic lamina of vein. B, Deep clot in rent in vein continuous 
withTthe wound and containing portions of internal elastic lamina. C, Disorganized 
muscular coat of vein. D, Endothelium covering organized clot adherent to vein 
wall. E, Spaces lined by endothelium at original level of endothelium of vein. F, 
Everted wall of vein, muscular coat and adventitia covered with organized clot and 
lined with endothelium. G, Displaced internal elastic lamina, probably of the artery. 
H, Everted external elastic lamina and adventitia of artery ; this projecting point 
is the only surface not covered by endothelium ; this fact, and the fibrin clot and leuco-
cytes situated between it and the artery, suggest that it may have vibrated in the blood-
stream. I. Retracted internal elastic lamina of artery. J , Proliferated endothelium 
of artery, the proliferation being slight compared with that of the vein. K, Increased 
thickness of sub-endothelial tissue. L, Muscular coat, disorganized clot only at site of 
injury and becoming normal at extreme right. The muscle fibres throughout appear 
somewhat swollen, and there is everywhere a slight infiltration of red blood-corpuscles. 
M. Adventitia of artery. N, Displaced portions of muscular coat of artery. O, 
Displaced portions of small nerve. P, Part of the track of the missile, lined through-
out by endothelium lying either on blood-clot, or directly on the walls of the vessel. 
In the mid-point of tho left-hand side of the track, much proliferation of endothelium. 

W e a r e wel l a w a r e , m o r e o v e r , t h a t t h e g e n e r a l t e n d e n c y is for t h e s e 
o p e n i n g s t o c o n t r a c t in s ize, a n d e v e n t o close s p o n t a n e o u s l y . I h a v e 

t o in c o n n e c t i o n w i t h t h e f a c t o r s i n v o l v e d in d e t e r m i n i n g t h e c h a r a c t e r 
of i n d i v i d u a l loca l v a s c u l a r m u r m u r s . A t a l a t e r d a t e of c i c a t r i z a t i o n 
m u c h of t h e i r r e g u l a r i t y of su r f ace d e p i c t e d w o u l d h a v e d i s a p p e a r e d . 
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o b s e r v e d t h i s l a t t e r r e s u l t in i t s v a r i o u s s t a g e s in t w o i n s t a n c e s of 
c a r o t i d a r t e r i o - v e n o u s a n e u r y s m , in w h i c h p r i m a r y c o n s o l i d a t i o n of 
t h e s ac w a s i n d u c e d b y p r o x i m a l l i g a t u r e of t h e c o m m o n c a r o t i d 
a r t e r y . I n b o t h t h e s e cases t h e v e n o u s r o a r w a s r e d u c e d o r d i s a p p e a r e d 
a f t e r t h e o p e r a t i o n , o n l y t o r e t u r n t o i t s o r i g i n a l s t r e n g t h in a few d a y s . 
I n b o t h i t s u b s e q u e n t l y g r a d u a l l y d e c r e a s e d in s t r e n g t h , a n d a f t e r in-
t e r v a l s of fifteen a n d t w e n t y m o n t h s r e s p e c t i v e l y , finally d i s a p p e a r e d . 
O n e of t h e p a t i e n t s s e r v e d a c t i v e l y d u r i n g t h e first t w o y e a r s of t h e 
p r e s e n t w a r , f o u r t e e n y e a r s a f t e r t h e d a t e of h is o p e r a t i o n . I h a v e 
a l so h a d t h e o p p o r t u n i t y of o b s e r v i n g c o n t i n u o u s l y t h e s low c o n t r a c -
t i o n a n d e v e n t u a l c o m p l e t e c lo su re of a n a r t e r i o - v e n o u s c o m m u n i c a -
t i o n b e t w e e n t h e i n n o m i n a t e a r t e r y a n d v e i n , t h e p roces s e x t e n d i n g 
o v e r a p e r i o d of five y e a r s . * A s i m i l a r r e s u l t , w i t h p a t h o l o g i c a l d e t a i l s 
f rom t h e s p e c i m e n o b t a i n e d a f t e r d e a t h , h a s b e e n r e c o r d e d b y Sir 
W . Os lc r f in a case of a x i l l a r y v a r i x (Fig. 29) . 

E x p e r i m e n t a l a r t e r i o - v e n o u s a n a s t o m o s e s e s t a b l i s h e d in a n i m a l s 
h a v e a l so d e m o n s t r a t e d t h e t e n d e n c y for s p o n t a n e o u s c losu re t o 
fol low, a n d t h i s t e n d e n c y h a s b e e n f u r t h e r i l l u s t r a t e d b y t h e e x p e r i e n c e 
g a i n e d in t h e t r e a t m e n t of seni le g a n g r e n e b y e s t a b l i s h i n g c o m m u n i c a -
t i o n s b e t w e e n t h e a r t e r i e s a n d v e i n s . 

T h e d i r e c t n a t u r e of t h e a d h e s i o n b e t w e e n t h e vesse ls sufficiently 
e x p l a i n s t h e f ac t t h a t t h e s igns of a n a n e u r y s m a l v a r i x a r e d e v e l o p e d 
i m m e d i a t e l y a f t e r t h e r e c e p t i o n of t h e i n j u r y in t h e g r e a t m a j o r i t y of 
i n s t a n c e s . T h e o n l y s e c o n d a r y c h a n g e w h i c h d e v e l o p s in t h e s e 
c i r c u m s t a n c e s is a d i l a t a t i o n of t h e l u m e n of t h e ve in , w i t h t h i c k e n i n g 
of i t s wa l l . T h e d i l a t a t i o n m a y be sufficient t o c r e a t e su sp i c ion a s t o 
t h e p r e s e n c e of a n a n e u r y s m a l sac , t h e m o r e so a s t h e a r t e r i a l p u l s a -
t i o n is c o m m u n i c a t e d t o t h e e n l a r g e d v e i n . A n e u r y s m a l v a r i c e s s o m e -
t i m e s fol low w o u n d s in w h i c h s u c h a c c u r a t e p r i m a r y a d a p t a t i o n of 
t h e t w o vesse ls is i m p o s s i b l e ; in s u c h i n s t a n c e s t h e d e v e l o p m e n t of 
t h r i l l a n d m u r m u r m a y b e a l a t e r e v e n t . I n t h e s e c i r c u m s t a n c e s 
i t m u s t be s u p p o s e d e i t h e r t h a t t h e u n i o n a n d c i c a t r i z a t i o n h a s b e e n 
effected u n d e r a l a rge r m a s s of b lood-c lo t , s u c h a s h a s b e e n d e s c r i b e d 
a s p r e s e n t a t a c e r t a i n s t a g e in t h e d e v e l o p m e n t of t h e t r a u m a t i c 
a n e u r y s m s , b u t in w h i c h n o s e c o n d a r y c a v i t y h a s b e e n f o r m e d ; o r 
t h a t a t e m p o r a r y v e n o u s t h r o m b o s i s o c c u r r e d . A case of i n j u r y t o 
t h e i n n o m i n a t e vesse ls , in w h i c h a t h r i l l a n d d o u b l e m u r m u r d e v e l o p e d 
a t a l a t e p e r i o d , is q u o t e d o n p . 117 . H e r e n o e v i d e n c e of a n a n e u r y s -
m a l sac c o u l d b e d e t e c t e d , b u t a s t h e lesion w a s w i t h i n t h e ches t , 
o n e c a n n o t b e c e r t a i n on t h i s p o i n t . 

* Jouriial of the Royal Army Medical Corps, 1905, vol. iv , June , p . 746. 
t Lancet, 1913, vol . ii, p. 1248. 
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A n e x t e n d e d e x p e r i e n c e of cases of a n e u r y s m a l v a r i x h a s led m e 
t o d o u b t , h o w e v e r , w h e t h e r t h i s c o n d i t i o n o f t e n d e v e l o p s p r i m a r i l y 
e x c e p t in i n s t a n c e s in w h i c h t h e vesse l s a r e w o u n d e d b y a miss i le 
w h i c h p a s s e s b e t w e e n t h e a r t e r y a n d t h e v e i n i m p l i c a t e d , o r in t h o s e 
i n s t a n c e s of p e r f o r a t i o n of b o t h vesse l s f r o m s ide t o s ide in w h i c h 

Fig. 29.—S.A.M., Scalenus anticus muscle. A.A., Axillary artery. T .A.A. , 
Thoracico-acromial artery. CV-, Cephalic vein. A.V.. Axillary vein. I.M.A., 
Internal mammary artery. B-P-, Brachial plexus. Sir W. Osier. 

t h e t w o o u t e r o p e n i n g s c i c a t r i z e w h i l e t h o s e in t h e c o n t i g u o u s s ides 
of t h e ves se l s a d h e r e . 

T h e t w o e x a m p l e s of t h e c o n v e r s i o n of a r t e r i o - v e n o u s a n e u r y s m s 
i n t o p u r e v a r i c e s a s a r e s u l t of l i g a t u r e of t h e a r t e r y a l l u d e d t o a b o v e , 
m a k e i t r e a s o n a b l e t o s u p p o s e t h a t s p o n t a n e o u s c o n s o l i d a t i o n of a n 
a n e u r y s m a l sac w o u l d a l so b e fo l lowed b y a l ike r e s u l t . 
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Fig. 3 0 . — W O U N D S OF THE LEFT COMMON CAROTID ARTERY AND INTERNAL 
JUGULAR V E I N . Twice the natural size. 

A traversing perforation of the vein is seen, with fairly symmetrical openings, 
and a lateral transverse wound of the artery. Between the vessels the left vagus 
is shown, greatly enlarged by the extravasation of blood into its sheath. 

The signs were those of a typical carotid aneurysmal \rarix ; no symptoms 
attributable to the vagal injury were noted beyond hoarseness of voice from abductor 
paralysis. The patient died from secondary haemorrhage. Under the charge of Captain 
Oliver. 

in c o n n e c t i o n w i t h t h e w o u n d s in t h e vesse l s e x c e p t t h a t enc losed in 
t h e s h e a t h of t h e left v a g u s . T h e t r a c k l e a d i n g f r o m t h e a r t e r i a l 
w o u n d i n t o t h e l a r y n x h a d r e m a i n e d n a r r o w — s o n a r r o w , in fac t , t h a t 

A case s u c h a s t h a t d e p i c t e d in Fig. 30 offered a c o n s i d e r a b l e 
field for s p e c u l a t i o n ; h e r e n o a n e u r y s m a l s a c h a d d e v e l o p e d a t 
t h e e n d of t h e e i g h t h d a y , n e i t h e r w a s t h e r e a n y co l l ec t ion of b l o o d 
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i t w a s o n l y d i s c o v e r e d b y a v e r y ca re fu l s e a r c h w h e n t h e s p e c i m e n 
w a s d i s s e c t e d . I t is pos s ib l e t h a t a p e r m a n e n t i n d i r e c t a n e u r y s m a l 
v a r i x m i g h t h a v e b e e n d e v e l o p e d h e r e ; o r a n a r t e r i o - v e n o u s a n e u r y s m , 
t h e s a c of w h i c h o c c u p i e d t h e d i s t e n d e d s h e a t h of t h e v a g u s , m i g h t 
h a v e f o r m e d b e t w e e n t h e vesse l s ; o r a g a i n , a s a c m i g h t h a v e 
d e v e l o p e d b e t w e e n t h e w o u n d of t h e a r t e r y a n d t h e l a r y n x . I n f ac t , 
i n s t a n c e s of b o t h t h e l a t t e r poss ib i l i t i e s a r e i n c l u d e d in t h e s e c t i o n 
d e v o t e d t o i n ju r i e s of t h e c a r o t i d a r t e r i e s . A case h a s a l so b e e n 
r e c o r d e d b y M a t a s * i n w h i c h t h e c o m m u n i c a t i o n b e t w e e n t h e 
s u b c l a v i a n a r t e r y a n d v e i n w a s e s t a b l i s h e d t h r o u g h t h e a n t e r i o r 
s ca l ene m u s c l e . 

T h e p r e s e n c e of a n a n e u r y s m a l v a r i x m a y b e a c c o m p a n i e d b y 
n o f u r t h e r p h y s i c a l s igns t h a n t h e a r t e r i o - v e n o u s m u r m u r a n d b u b b l i n g 
t h r i l l . W h a t h a s b e e n s a i d r e g a r d i n g t h e s e s igns u n d e r t h e d e s c r i p -
t i o n of a r t e r i o - v e n o u s a n e u r y s m a p p l i e s e q u a l l y wel l t o a n e u r y s m a l 
v a r i x . B e s i d e s t h e s e p h e n o m e n a , s o m e swel l ing u s u a l l y ex i s t s , d u e t o 
d i l a t a t i o n of t h e v e i n i n t h e v i c i n i t y of t h e c o m m u n i c a t i o n . W h e n 
t h i s d i l a t a t i o n is c o n s i d e r a b l e , c o m m u n i c a t e d p u l s a t i o n f r o m t h e 
a r t e r y m a y r a i s e t h e q u e s t i o n of t h e e x i s t e n c e of a n a n e u r y s m a l 
s a c . T h e d i l a t a t i o n of t h e v e i n m a y p e r s i s t in c a s e s in w h i c h 
t h e a r t e r i o - v e n o u s a p e r t u r e c loses s p o n t a n e o u s l y . T h i s w a s so in 
S i r W . O s i e r ' s c a se i l l u s t r a t e d in Fig. 2 9 , a n d t h e r e m a i n i n g v a r i -
cose d i l a t a t i o n m i g h t b e r e g a r d e d a s a n i l l u s t r a t i o n of a v e n o u s 
a n e u r y s m a l s a c . 

I n t h e e a r l y s t a g e s s o m e g e n e r a l swe l l i ng of t h e l i m b m a y b e 
m e t w i t h , d u e t o t h e d i s t u r b a n c e of t h e n o r m a l v e n o u s c i r c u l a t i o n . 
I n t h e u p p e r e x t r e m i t y t h i s swe l l i ng is o f t e n t e m p o r a r y , b u t i n 
t h e l o w e r l i m b i t o f t e n p e r s i s t s , a n d a t a l a t e r d a t e t h e s u p e r -
ficial v e i n s m a y b e c o m e d i l a t e d a n d t h i c k e n e d , a n d d e v e l o p v a r i -
cos i t i e s . A sense of w e i g h t in t h e l i m b , o r m o r e r a r e l y a c t u a l 
p a i n , m a y ca l l for o p e r a t i o n ; b u t t h e c o n d i t i o n is n o t u s u a l l y 
suff ic ient ly s e r ious t o m a k e s u c h a p r o c e d u r e n e c e s s a r y . 

Cl in ica l e v i d e n c e is n o t w a n t i n g of e a r l y s p o n t a n e o u s c losu re of 
a r t e r i o - v e n o u s c o m m u n i c a t i o n s . T h u s , in a m a n w i t h a t r a v e r s i n g 
b u l l e t w o u n d of t h e r i g h t t h i g h , t e n d a y s a f t e r t h e i n j u r y a loca l 
a r t e r i o - v e n o u s m u r m u r w a s p r e s e n t in S c a r p a ' s t r i a n g l e , a n d a 
l o u d s i m i l a r m u r m u r w a s a u d i b l e o v e r t h e b a s e of t h e h e a r t . 
A f o r t n i g h t l a t e r , b o t h t h e loca l a n d t h e c a r d i a c m u r m u r s h a d 
c o m p l e t e l y d i s a p p e a r e d , a n d n o s ign s u g g e s t i v e of a n y v a s c u l a r 
i n j u r y r e m a i n e d . 

* Transactions of the American Surgical Association, 1901 , x i x , 237. 

6 



82 GUNSHOT INJURIES TO THE BLOOD-VESSELS 

TREATMENT OF TRAUMATIC ANEURYSMS. 

T h e l ines w h i c h g o v e r n t h e t r e a t m e n t of a n y of t h e f o r m s of 

t r a u m a t i c a n e u r y s m a r e in f luenced , a n d s h o u l d b e a c t u a l l y d e t e r m i n e d , 

b y t h e p e r i o d w h i c h h a s e l a p s e d s ince t h e i n i t i a l i n j u r y w a s r ece ived , 

a n d t h e s t a g e of d e v e l o p m e n t w h i c h h a s b e e n r e a c h e d . 

Arterial Hœmatoma.—If i m m e d i a t e t r e a t m e n t h a s n o t b e e n 

u n d e r t a k e n , e i t h e r a s a r e s u l t of u n s a t i s f a c t o r y c o n d i t i o n s for o p e r a -

t i o n , o r b e c a u s e t h e h e m a t o m a h a s d e v e l o p e d g r a d u a l l y , c e r t a i n 

def in i te c o n s i d e r a t i o n s s h o u l d g o v e r n t h e a t t i t u d e of t h e s u r g e o n . 

S p e a k i n g g e n e r a l l y , if t h e h e m a t o m a is of s o m e t h r e e d a y s ' o r 

m o r e d u r a t i o n , a n e x p e c t a n t a t t i t u d e is a d v i s a b l e , e x c e p t in t h e 

p r e s e n c e of t h e fo l lowing c o n d i t i o n s : 

(1) I n c r e a s i n g e x t e n s i o n of t h e h e m a t o m a ; (2) C o n t i n u i n g 

h e m o r r h a g e , o r e v e n c o n t i n u o u s l e a k a g e of b l o o d f rom t h e e x t e r n a l 

w o u n d ; (3) O b l i t e r a t i o n of t h e d i s t a l p u l s e a s a r e s u l t of increasing-

p r e s s u r e e x e r t e d b y t h e co l l ec t ion of fluid b l o o d o r firm c lo t ; (4) 

S y m p t o m s d u e t o p r e s s u r e o n n e i g h b o u r i n g o r g a n s o r s t r u c t u r e s ; 

(5) S igns of e x t e n d i n g in fec t ion of t h e s t r u c t u r e s b o u n d i n g t h e col lec-

t i o n of b lood , in w h i c h case p r o m p t l i g a t u r e a n d d iv i s ion of t h e 

w o u n d e d a r t e r y t o a l l ow of i t s r e t r a c t i o n a r e h i g h l y n e c e s s a r y . 

S h o u l d n o n e of t h e s e c o n d i t i o n s ex i s t , a n e x p e c t a n t a t t i t u d e is 

a d v i s a b l e for s e v e r a l r e a s o n s . 

1. T h e m o s t s e r ious c o n t r a - i n d i c a t i o n t o i n t e r v e n t i o n a t t h i s 

s t a g e is f o u n d in t h e r e c e n t o c c u r r e n c e of free h e m o r r h a g e . T h i s 

p r e l u d e m a y i n v o l v e loss of life t o t h e p a t i e n t a s wel l a s i n c r e a s e d 

r i s k t o t h e loca l v i t a l i t y of t h e p a r t s s u p p l i e d b y t h e i n j u r e d 

vesse l . T h e m a n n e r in w h i c h d e a t h is a p t t o fo l low o p e r a t i o n s 

u n d e r t a k e n a f t e r a s e v e r e p r i m a r y h e m o r r h a g e is v e r y c h a r a c t e r -

i s t i c . T h e o p e r a t i o n m a y a p p e a r t o h a v e b e e n b o r n e wel l , a n d 

w h e n t h e p a t i e n t is r e m o v e d f r o m t h e t a b l e t h e s u r g e o n m a y see 

n o r e a s o n t o feel u n d u e a n x i e t y a s t o t h e f u r t h e r c o u r s e of t h e 

ca se . Y e t , w h e n t h e m a n is p l a c e d in b e d , h e fails t o r e c o v e r f rom 

t h e a n e s t h e t i c , a n d q u i e t l y s leeps h imse l f a w a y t o d e a t h w i t h i n a 

few h o u r s . T h e d a n g e r t o t h e loca l v i t a l i t y of t h e p a r t s s u p p l i e d b y 

t h e o c c l u d e d vesse l is a l so g r e a t . I be l i eve i t is t h e p r e v i o u s occu r -

r e n c e of excess ive h e m o r r h a g e w h i c h is in g r e a t p a r t r e s p o n s i b l e for 

t h e f r e q u e n c y of c e r e b r a l s y m p t o m s a f t e r p r i m a r y l i g a t u r e of t h e 

c o m m o n c a r o t i d a r t e r y , a s a l so for m a n y cases of g a n g r e n e of t h e t o e s , 

foot , o r leg, a f t e r l i g a t u r e of t h e f e m o r a l , o r t h e m o r e s t r i k i n g loss of 

fingers, h a n d , o r e v e n f o r e a r m , a f t e r p r i m a r y l i g a t u r e of t h e b r a c h i a l 

a r t e r y , w h i c h h a v e al l b e e n o b s e r v e d t o o c c u r . T h e t o t a l v o l u m e of 

b l o o d in t h e b o d y h a s , in f ac t , b e e n r e d u c e d t o a d e g r e e w h i c h r e n d e r s 

i t imposs ib l e for a sufficient c o l l a t e r a l c i r c u l a t i o n t o b e e s t a b l i s h e d t o 
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m a i n t a i n t h e v i t a l i t y of t h e p a r t s b e y o n d t h e p o i n t of occ lus ion of 

t h e m a i n vesse l . 

T h e lessons t o b e l e a r n e d f r o m t h e s e f a c t s a r e , t o a v o i d o p e r a t i o n 

if p r a c t i c a b l e , o n p a t i e n t s w h o h a v e suffered a r e c e n t h a e m o r r h a g e ; t o 

e m p l o y loca l anaes thes i a if poss ib l e ; a n d t o m a k e t h e m o s t s t r e n u o u s 

effort t o r e s t r i c t a n y h a e m o r r h a g e i n c i d e n t t o t h e o p e r a t i o n t o a 

m i n i m a l a m o u n t . 

2 . T h e o p e r a t i o n m a y b e o n e of c o n s i d e r a b l e m a g n i t u d e , i n v o l v i n g 

e x t e n s i v e e x p o s u r e of t h e t i s s u e s a t a n u n f a v o u r a b l e m o m e n t . 

I f a s h o r t p e r i o d b e a l l o w e d t o e l a p s e , t h e fo l lowing a d v a n t a g e s m a y 

b e g a i n e d : t h e g e n e r a l c o n d i t i o n i m p r o v e s , c a r d i a c e x c i t e m e n t 

d e p e n d e n t o n t h e i n j u r y s u b s i d e s , loss of b l o o d is t o s o m e e x t e n t m a d e 

u p for, c o m p e n s a t o r y c h a n g e s g o o n in t h e c o l l a t e r a l c i r c u l a t i o n ; 

a n d f u r t h e r , b e t t e r loca l c o n d i t i o n s for t h e o p e r a t i o n a r e o b t a i n e d . 

T h e c a v i t y a n d t h e c o n t a i n e d c l o t c o n t r a c t , a n d t h u s t h e e x t e n t of 

t h e field of o p e r a t i o n is r e d u c e d ; o e d e m a s u b s i d e s , n o t o n l y in t h e 

p a r t of t h e b o d y i m p l i c a t e d b u t a l so in t h e v a s c u l a r cleft a n d t h e 

wal l s of t h e vesse l s t h e m s e l v e s , a n d t h e t i s s u e s g e n e r a l l y b e c o m e m o r e 

p l i a b l e a n d s u i t e d t o t h e n e c e s s a r y m a n i p u l a t i o n . T h u s , t h e b l o o d -

c lo t h a s b e c o m e m o r e o r less c o n s o l i d a t e d i n t o a w e l l - l i m i t e d m a s s , a n d 

h e n c e is m o r e r e a d i l y r e m o v e d ; t h e vesse l s t h e m s e l v e s h a v e b e c o m e 

m o r e m o b i l e , so t h a t if s u t u r e is u n d e r t a k e n , n o t o n l y is less t e n s i o n 

n e e d e d t o b r i n g t h e g a p t o g e t h e r , b u t t h e t e n d e n c y for t h e s t i t c h e s 

t o c u t o u t is a l so r e d u c e d . L o s s of t i m e is of c o u r s e e n t a i l e d , b u t t h i s 

is n o t a s a r u l e a c c o m p a n i e d b y a n y l o w e r i n g of t h e g e n e r a l n u t r i t i o n 

of t h e p a r t s c o n c e r n e d . I t is i n d e e d r e m a r k a b l e h o w v e r y l i t t l e a 

l i m b m a y suffer in t h e c o n t i n u e d p r e s e n c e of t h e h a c m a t o m a ; w h i l e 

occ lus ion of t h e m a i n vesse l a t t h i s s t a g e is o f t en fo l lowed b y a s h r i n k -

i n g of t h e l i m b w h i c h m a y r e a c h a v e r y se r ious d e g r e e . 

Remote Operations.—When n e i t h e r p r i m a r y n o r e a r l y m e a s u r e s 

for d e a l i n g w i t h t h e v a s c u l a r i n j u r y h a v e b e e n t a k e n , t h e r e is l i t t l e 

d o u b t t h a t t h e loca l c o n d i t i o n s a s a r u l e s t e a d i l y i m p r o v e for u l t i m a t e 

s u r g i c a l i n t e r v e n t i o n p r o v i d e d t h e p a t i e n t b e k e p t a t r e s t . T h e 

t i s sues s u r r o u n d i n g t h e a n e u r y s m r e g a i n a m o r e n o r m a l c o n d i t i o n , 

t h e o n l y r e m a i n i n g t r o u b l e s o m e s e q u e l a of t h e i n j u r y b e i n g f o u n d in 

a v a r i a b l e a m o u n t of c i c a t r i c i a l t i s s u e in t h e l ine of t h e o r ig ina l t r a c k 

of t h e miss i l e , a n d s p r e a d i n g a l o n g t h e v a s c u l a r c lef t t o a n e x t e n t 

c o r r e s p o n d i n g w i t h t h a t of t h e b l o o d w h i c h in f i l t r a t ed t h e p e r i v a s c u l a r 

c o n n e c t i v e t i s s u e in t h e p r i m a r y s t a g e . 

T h e c i c a t r i x of t h e w o u n d t r a c k t i e s d o w n a n d i m m o b i l i z e s t h e 

vessel a t t h e p o i n t of o r i g i n a l i n j u r y , a n d r e n d e r s i t n e c e s s a r y t o free 

t h i s b y d i s s e c t i o n w i t h t h e kn i fe , wh i l e t h e e x t e n s i o n a l o n g t h e v a s c u l a r 

cleft n e c e s s i t a t e s a l ike p r o c e d u r e in o r d e r t o m o b i l i z e t h e a r t e r y 

suff ic ient ly if s u t u r e is c o n t e m p l a t e d ; o r t o s e p a r a t e a n d free t h e 
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a c c o m p a n y i n g v e i n , o r n e r v e s w h i c h m a y h a v e a c q u i r e d a n i n t i m a t e 
a d h e r e n c e , if e i t h e r a p r o v i s i o n a l o r p e r m a n e n t l i g a t u r e n e e d s t o b e 
a p p l i e d . 

U n l e s s e v i d e n c e is p r e s e n t t h a t s t e a d y p r o g r e s s t o w a r d s s p o n t a -
n e o u s c u r e is t a k i n g p l a c e , a l l a r t e r i a l o r a r t e r i o - v e n o u s a n e u r y s m s 
s h o u l d b e s u b j e c t e d t o o p e r a t i o n , a n d t h e p r o c e d u r e s w h i c h a r e 
a p p l i c a b l e m a y b e s h o r t l y s u m m a r i z e d a s fo l lows. 

Arterial False Aneurysm.— 

1. L i g a t u r e of t h e a r t e r y a b o v e a n d be low t h e sac , a n d in a s 
close p r o x i m i t y t o t h e l a t t e r a s p r a c t i c a b l e . I t is n o t a d v i s a b l e 
t o l im i t t h e occ lus ion of t h e t r u n k t o t h e p r o x i m a l s ide a l o n e , for 
a l t h o u g h t h i s p r o c e d u r e g e n e r a l l y suffices t o p r o c u r e sol idi f icat ion 
of t h e sac , a r i sk of t h e d e t a c h m e n t of e m b o l i f r o m t h e i n t e r i o r 
of t h e sac e x i s t s , a n d I h a v e seen t h i s s e q u e n c e w i t h u n f o r t u n a t e 
r e s u l t s . A p p l i c a t i o n of a d i s t a l l i g a t u r e n e c e s s i t a t e s o n l y a l i t t l e 
m o r e free d i s sec t ion , a n d s h o u l d b e la id d o w n a s t h e ru l e , un l e s s 
e x c e p t i o n a l difficulties s h o u l d r e n d e r i t s a d o p t i o n i n a d v i s a b l e . 

2 . T h e sac m a y b e exc i sed a f t e r t h e a p p l i c a t i o n of a p r o x i m a l 
a n d d i s t a l l i g a t u r e . I n d e a l i n g w i t h t h e false a n e u r y s m a l sacs follow-
i n g g u n s h o t i n j u r y , p r e c a u t i o n is h i g h l y n e c e s s a r y in o r d e r t o e n s u r e 
t h a t a n e i g h b o u r i n g n e r v e is n o t a c o n s t i t u e n t of t h e a c t u a l wa l l . I t 
is n o t a t a l l a n u n c o m m o n t h i n g t o find a m o r e o r less i n j u r e d n e r v e 
t r u n k s p r e a d o u t w i d e l y o n t h e sur face , o r e v e n b u r i e d in t h e wa l l , of 
t h e a n e u r y s m . 

3 . T h e c a v i t y of t h e sac m a y b e o b l i t e r a t e d b y p l i c a t i o n of i t s 
wa l l s . T h i s m e t h o d , a l t h o u g h s i m p l e a n d e a s y of a p p l i c a t i o n , h a s 
s o m e d i s a d v a n t a g e s . I t i nc reases t h e r i sk of i m m e d i a t e t h r o m b u s 
f o r m a t i o n in t h e a r t e r y , a n d i t m a y b e fol lowed b y r e c u r r e n c e a s a 
r e s u l t of o p e n i n g o u t of t h e fo lds . 

4 . T h e sac m a y b e d i s s e c t e d a w a y f r o m t h e a r t e r y , a n d t h e 
o p e n i n g in t h e vesse l wa l l c losed b y s u t u r e . T h i s is t h e idea l m e t h o d 
if t h e de fec t in t h e wa l l of t h e vesse l is m o d e r a t e in e x t e n t . W h e n 
t h e de fec t is l a rge , if t h e a n e u r y s m b e o n e of s o m e s t a n d i n g so t h a t 
n o d o u b t c a n e x i s t a s t o t h e s t r e n g t h of t h e a d h e s i o n b e t w e e n t h e 
o p e n i n g in t h e a r t e r y a n d t h e m a r g i n s of t h e sac , t h e m e t h o d m a y be 
modi f ied b y r e m o v i n g t h e m a i n p a r t of t h e s ac b u t p r e s e r v i n g e n o u g h 
of i t s b a s e t o u n i t e a n d close o v e r t h e o p e n i n g in t h e vesse l . T h i s 
mod i f i c a t i on h a s o b v i o u s t e c h n i c a l a d v a n t a g e s , b o t h in f ac i l i t a t i ng 
i n t r o d u c t i o n of t h e s t i t c h e s a n d in a v o i d i n g n a r r o w i n g of t h e l u m e n 
of t h e vesse l . As far a s m y e x p e r i e n c e goes i t is, h o w e v e r , m u c h less 
s a t i s f a c t o r y t h a n u n i o n of t h e a c t u a l m a r g i n s of t h e a r t e r y , a n d is 
m o r e l iable t o b e fol lowed b y u l t i m a t e t h r o m b o s i s . T h i s p r o b a b l y 
d e p e n d s u p o n t h e a b s e n c e of a p r o p e r e n d o t h e l i a l l in ing , w h i c h r e n d e r s 
t h e l ine of u n i o n a m o r e l ike ly s t a r t i n g - p o i n t for c l o t t i n g . I n o n e case 
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in w h i c h I a d o p t e d i t , t h e a x i l l a r y a r t e r y t h r o m b o s e d a n d c o m p l e t e 
loca l o b s t r u c t i o n t o o k p l a c e be fo re t h e m a i n w o u n d w a s c losed . 

Arterio-venous Aneurysm.— 

1. L i g a t u r e of b o t h a r t e r y a n d v e i n o n t h e p r o x i m a l a n d d i s t a l 
s ides of t h e s a c . T h i s m e t h o d m a y b e e m p l o y e d w h e n diff icul ty is 
l ike ly t o a t t e n d r e m o v a l of t h e s a c . I f i t b e c h o s e n , g r e a t c a r e m u s t 
b e e x e r c i s e d t o e n s u r e t h a t t h e e x c l u d e d s a c b e n o t f u r t h e r s u p p l i e d 
b y a b r a n c h of t h e a r t e r y . T h e e x i s t e n c e of s u c h b r a n c h e s is c o m m o n , 
a n d , a s w e k n o w , m a y h a v e d e t e r m i n e d t h e a c t u a l l o c a t i o n of t h e 
i n j u r y o r p r e v e n t e d t h e e s c a p e of t h e vesse l f r o m i n j u r y b y c h e c k i n g 
p o s s i b i l i t y of d i s p l a c e m e n t . 

M a n y fa i lu res a f t e r t h i s o p e r a t i o n a r e t o b e a t t r i b u t e d t o t h e f a c t 
t h a t s u c h b r a n c h e s h a v e e s c a p e d d e t e c t i o n a t t h e t i m e of o p e r a t i o n , 
a n d a l t h o u g h t h e r e d u c t i o n of t h e s u p p l y h a s b e e n a t first sufficient 
t o a b o l i s h a n y p u l s a t i o n o r m u r m u r , b o t h m a y r e a p p e a r a n d g r a d u a l l y 
i n c r e a s e a t a l a t e r p e r i o d . 

2 . T h e a d d i t i o n of exc i s ion of t h e s ac t o t h e a b o v e p r o c e d u r e 
a d d s l i t t l e t o i t s di f f icul ty o r g r a v i t y , a n d is p r e f e r a b l e a s e l i m i n a t i n g 
a l l c h a n c e of r e c u r r e n c e . 

3 . M o b i l i z a t i o n of t h e vesse ls , r e m o v a l of t h e s a c , a n d r e p a i r o f 
t h e de fec t in t h e wal l s of t h e a r t e r y a n d v e i n b y s u t u r e . T h i s o p e r a -
t i o n is p r e c e d e d b y t h e a p p l i c a t i o n of four p r o v i s i o n a l l i g a t u r e s t o 
c o n t r o l t h e c i r c u l a t i o n d u r i n g t h e p r o c e s s of s u t u r e a n d r e m o v a l of 
t h e s ac . I f a d i r e c t o p e n i n g e x i s t s b e t w e e n t h e a r t e r y a n d ve in , t h e 
l a t t e r s h o u l d b e o p e n e d u p f ree ly ; t h e c o m m u n i c a t i o n is t h u s e x p o s e d , 
a n d m a y o f t en b e s t i t c h e d u p w i t h o u t a n y f u r t h e r p r e p a r a t i o n . I f 
t h e s ac b e s i t u a t e d b e t w e e n t h e vesse l s , i t s h o u l d b e o p e n e d first, a n d 
t h e c o m m u n i c a t i o n c a n b e s t i t c h e d f r o m t h i s a s p e c t . I f t h e a n e u r y s m 
b e o n t h e free a s p e c t of t h e a r t e r y , t h e s ac is r e m o v e d a n d t h e 
o p e n i n g in t h e vesse ls s e w n u p . 

A w o r d of c a u t i o n s h o u l d b e a d d e d a s t o t h e free u t i l i z a t i o n of 
flaps o b t a i n e d f rom t h e wa l l of a n e s t a b l i s h e d a n e u r y s m a l s ac , t o m a k e 
u p for e x t e n s i v e loss of s u b s t a n c e of t h e a r t e r i a l w a l l . A r t e r i e s r e -
c o n s t r u c t e d in t h i s m a n n e r a r e l i ab le t o s u b s e q u e n t d i l a t a t i o n , a n d i t 
m u s t b e r e m e m b e r e d t h a t t h e c o n v e r s i o n of a n a r t e r i o - v e n o u s i n t o 
a n a r t e r i a l a n e u r y s m is n o t p r o g n o s t i c a l l y d e s i r a b l e . 

Aneurysmal Varix. — T h e i n d i c a t i o n s for o p e r a t i o n for t h i s 
c o n d i t i o n a r e less p r ec i s e t h a n in t h e case of t h e a n e u r y s m s . T h e r e 
is n o d o u b t t h a t m a n y a n e u r y s m a l v a r i c e s , e spec i a l ly in t h e u p p e r 
e x t r e m i t y , d o n o t cal l for o p e r a t i o n , a n d m a y b e left u n t o u c h e d 
w i t h o u t r i s k t o t h e p a t i e n t . E i t h e r p a i n , i n c r e a s i n g loca l d i s t e n t i o n 
of t h e v e i n , o r s igns of i n c r e a s i n g a n d t r o u b l e s o m e o b s t r u c t i o n t o t h e 
p e r i p h e r a l v e n o u s c i r c u l a t i o n , m a y r e n d e r o p e r a t i o n a d v i s a b l e o r 
n e c e s s a r y . 
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T h e vesse ls m a y t h e n b e l i g a t u r e d a b o v e a n d b e l o w t h e level of 
t h e c o m m u n i c a t i o n , a n d t h e v a r i x exc i sed . A far p r e f e r a b l e m e t h o d 
is t o close t h e c o m m u n i c a t i n g o p e n i n g b y s u t u r e , as h a s b e e n a l r e a d y 
d e s c r i b e d u n d e r t h e h e a d i n g of a r t e r i o - v e n o u s a n e u r y s m . I n p u r e 
a n e u r y s m a l v a r i c e s t h e a l m o s t i n v a r i a b l e r o u t e t o t h e a n a s t o m o t i c 
o p e n i n g s h o u l d b e t h r o u g h t h e v e i n ; if t h i s p r o c e d u r e b e a d o p t e d , 
t h e c losure of t h e o p e n i n g i n t o t h e a r t e r y is e a s y , a n d t h a t of t h e 
inc is ion m a d e i n t o t h e v e i n s i m p l e in t h e e x t r e m e . 

W h e n a s h o r t c h a n n e l c o n n e c t s t h e t w o vessels , t h i s m a y b e 
o c c l u d e d b y t h e s i m p l e m e t h o d of a p p l y i n g a l i g a t u r e a r o u n d i t . 
S e v e r a l ca se s h a v e b e e n r e p o r t e d in w h i c h t h i s p l a n h a s b e e n success-
ful ly a d o p t e d . 
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CHAPTER V. 

THE IMMEDIATE AND REMOTE EFFECTS 

OF OCCLUSION OF THE MAIN BLOOD-VESSELS ON THE 

VITALITY OF PARTS SUPPLIED. 

C O M P L E T E o cc lu s ion of t h e a r t e r i e s m a y b e a r e s u l t of t h r o m b o s i s 
fo l lowing c o n t u s i o n , w i t h a v a r y i n g d e g r e e of d i s i n t e g r a t i o n of t h e 
Avails of t h e vesse l s ; of t h r o m b o s i s s e c o n d a r y t o a w o u n d ; o r of 
o b l i t e r a t i o n of t h e l u m e n b y a l i g a t u r e a p p l i e d b y t h e s u r g e o n . W h a t -
e v e r b e t h e a c t u a l c a u s e of i n t e r r u p t i o n of t h e m a i n c u r r e n t , s o m e 
d i s t u r b a n c e of t h e n o r m a l p r o c e s s of n u t r i t i o n of t h e p a r t s s i t u a t e d 
in t h e a r e a of p e r i p h e r a l d i s t r i b u t i o n of t h e o c c l u d e d vesse l is 
i n e v i t a b l e , a n d t o s o m e e x t e n t m u s t b e p e r m a n e n t in i t s effects . 
G r e a t v a r i a t i o n in d e g r e e is m e t w i t h in t h i s r e s p e c t . I t wil l b e 
c o n v e n i e n t f irst t o c o n s i d e r t h e i m m e d i a t e a n d m i n o r effects , a n d 
t h e n t r a c e t h e g r a d a t i o n of e v e n t s f r o m t e m p o r a r y a n d p r a c t i c a l l y 
neg l ig ib le p h e n o m e n a u p w a r d s , t o t h e o c c u r r e n c e of a c t u a l nec ros i s 
of t h e t i s s u e s i m p l i c a t e d . 

T h e first o b v i o u s effects of o b s t r u c t i o n t o t h e n o r m a l b lood- f low 
a r e seen in loca l pa l l o r , or , if b o t h a r t e r y a n d v e i n b e i m p l i c a t e d , 
c y a n o s i s ; a fall in t h e loca l t e m p e r a t u r e ; a n d l e s s e n e d f u n c t i o n a l 
c a p a c i t y — t h e l a t t e r m a n i f e s t e d in l o w e r i n g of t h e c o m m o n s e n s a t i o n , 
t h e i n c i d e n c e of s u b j e c t i v e s e n s a t i o n s , a n d loss of m u s c u l a r p o w e r 
p r o g r e s s i n g t o p a r e s i s o r a c t u a l p a r a l y s i s . T h e s e s igns m a y b e 
fug i t ive , o r a t m o s t p e r s i s t i n g for h o u r s o r d a y s ; i n o t h e r i n s t a n c e s 
t h e y m a y b e p r e s e n t for w e e k s o r m o n t h s , o r t h e y m a y b e c o m e 
p e r m a n e n t . 

A s s o c i a t e d les ions of t h e p e r i p h e r a l n e r v e s a r e c o m m o n in c o n -
n e c t i o n w i t h v a s c u l a r in ju r i e s , in w h i c h c i r c u m s t a n c e s a l l t h e 
s y m p t o m s a r e m o r e p r o n o u n c e d in c h a r a c t e r . T h e f r e q u e n c y w i t h 
w h i c h t h i s a s s o c i a t i o n is m e t h a s in f a c t led t h e p u r e effects of 
anaemia t o b e less fu l ly a p p r e c i a t e d t h a n t h e y d e s e r v e d p r i o r t o t h e 
w o r k of H . Meige a n d A t h a n a s s i o - B é n i s t y . Cases in w h i c h t h e effects 
of occ lus ion of t h e m a i n vesse l of a l i m b h a d b e e n c o m p a r e d w i t h t h e 
c o n d i t i o n t e r m e d m u s c u l a r ischa?mia o r v o n V o l k m a n n ' s c o n t r a c t u r e , 
a n d a l so t h o s e in w h i c h g a n g r e n e of a l i m b fo l lowed a s l i g h t i n j u r y 
a f t e r occ lus ion of t h e m a i n a r t e r i a l t r u n k , h a d b e e n r e p o r t e d ; a n d 
t h e q u e s t i o n of t h e effect of " a n e r v o u s e l e m e n t of u n k n o w n q u a n t i t y , 
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t h e effect of t h e f o r m of i n j u r y o n t h e v a s o m o t o r n e r v e s a c c o m p a n y i n g 
t h e g r e a t vesse l s , h a d b e e n t a k e n i n t o c o n s i d e r a t i o n . " * U n t i l t h i s 
w a r , h o w e v e r , l i t t l e o p p o r t u n i t y h a d e x i s t e d for t h e o b s e r v a t i o n of a 
l a r g e n u m b e r of c a s e s . 

I n p u b l i s h e d r e p o r t s of o p e r a t i o n s for e i t h e r r e c e n t w o u n d s o r for 
t r a u m a t i c a n e u r y s m s b y l i g a t u r e of t h e vesse l s , i t is c o m m o n t o m e e t 
w i t h t h e b r o a d s t a t e m e n t ,

 44
 T h e c o n d i t i o n of t h e l i m b w a s e x c e l l e n t . " 

T h e s e r e p o r t s a r e i n d e e d wel l e n o u g h f o u n d e d ; t h e f u n c t i o n a l 
c a p a c i t y of t h e l i m b suffices for a l l o r d i n a r y effor ts , t h e sk in a n d na i l s 
a r e n o r m a l in a p p e a r a n c e , a p e r i p h e r a l p u l s e m a y h a v e r e - d e v e l o p e d , 
a n d w h e n t h e p a t i e n t ' s l i m b is e x p o s e d for i n s p e c t i o n i t m a y a p p e a r 
n o r m a l in a l l r e s p e c t s . E v e n in t h e s e i n s t a n c e s , h o w e v e r , m e a s u r e -
m e n t of t h e l i m b wil l s h o w i t t o h a v e lo s t in v o l u m e , if a n a r t e r y in 
t h e u p p e r s e g m e n t h a s b e e n o c c l u d e d . C o m p a r i s o n w i t h t h e u n -
i n j u r e d l i m b wil l s h o w i t t o h a v e suffered a p e r m a n e n t d e c r e a s e in 
c i r c u m f e r e n c e of f r o m ha l f a n i n c h t o a n i n c h , t h i s d e c r e a s e being-
m o s t m a r k e d in t h e f o r e a r m a n d leg r e s p e c t i v e l y . 

I t is r a r e t o m e e t w i t h a r e - d e v e l o p e d d i s t a l p u l s e w h i c h a p p r o a c h e s 
t h e n o r m a l in s t r e n g t h a n d v o l u m e . P a l p a t i o n u s u a l l y r e v e a l s o n e of 
g r e a t l y d i m i n i s h e d v o l u m e . I t w o u l d b e u n r e a s o n a b l e t o e x p e c t t h a t 
t h e m a i n vesse l c a n e v e r r e g a i n i t s n o r m a l c a l i b r e w h e n t h e c i r c u l a t i o n is 
m a i n l y c o l l a t e r a l in c h a r a c t e r ; b u t in e x a m i n i n g a c o n s i d e r a b l e n u m b e r 
of cases a t a n i n t e r v a l of t w o o r t h r e e w e e k s a f t e r a vesse l h a s b e e n 
l i g a t u r e d , I h a v e b e e n s t r u c k w i t h t h e l a t e p e r i o d a t w h i c h a n a p p r e -
c i ab l e p u l s e a p p e a r s . I n t h e case of t h e b r a c h i a l a r t e r y , t h r e e o r fou r 
d a y s u s u a l l y suffice for t h e r e a p p e a r a n c e of a p a l p a b l e r a d i a l p u l s e , 
b u t t h i s is t h e n u s u a l l y w e a k a n d v e r y i n c o n s t a n t in s t r e n g t h . I n 
t h e l o w e r e x t r e m i t y t h e r e a p p e a r a n c e of t h e p o s t e r i o r t i b i a l p u l s e 
a f t e r l i g a t u r e of t h e f e m o r a l a r t e r y is a m u c h l a t e r o c c u r r e n c e , t w o 
w e e k s b e i n g a r a r e a n d e a r l y d a t e ; i t is o f t en i m p a l p a b l e for w e e k s 
o r m o n t h s . 

E s t i m a t i o n of t h e p e r i p h e r a l b l o o d - p r e s s u r e will a l so s h o w t h i s 
t o b e l o w e r t h a n t h a t of t h e s o u n d l i m b in t h e m a j o r i t y of cases , a 
d e c r e a s e of 10 t o 20 m m . of m e r c u r y b e i n g c o m m o n . 

L o s s of v o l u m e in a l i m b m a y c e r t a i n l y b e a s c r i b e d t o t h e u n c o m -
p l i c a t e d effect of a d e c r e a s e d b l o o d - s u p p l y w h i c h is p e r m a n e n t . I t 
is t h e d e v e l o p m e n t of t h e s e p e r s i s t e n t c h a n g e s t h a t h a s a f forded t h e 
s t r o n g e s t a r g u m e n t for a t t e m p t i n g t o r e p a i r t h e b lood-vesse l s b y 
p l a s t i c m e a s u r e s , r a t h e r t h a n t o effect p e r m a n e n t occ lus ion . 

I n cases w h i c h p r o g r e s s f a v o u r a b l y a f t e r l i g a t i o n of a t r u n k 

* G. H . M A K I N S , Bradshaw Lecture, 1914, p. 49 ; Surgical Experiences in 
South Africa, 1st ed. , 1901 , p . 152. 
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vesse l , t h e i m m e d i a t e c h a n g e s n o t e d a b o v e a r e fo l lowed b y s o m e 
p h e n o m e n a of a m o r e l a s t i n g c h a r a c t e r . T h e s e c o n s i s t in a n i n c r e a s e 
in f i rmness of c o n s i s t e n c e of t h e m u s c l e s of t h e a r e a i m p l i c a t e d , 
w i t h a v a r y i n g d e g r e e of l i m i t a t i o n of f r e e d o m a n d a c t i v i t y of 
m o v e m e n t . T h i s c h a n g e d e p e n d s in p a r t o n t h e e x u d a t i o n of 
fluid w i t h i n t h e m u s c l e s h e a t h , a n d i n p a r t in a c h a n g e in t h e 
m u s c l e i t se l f w h i c h h a s b e e n d e s c r i b e d a s r e s e m b l i n g a n e a r l y s t a g e 
of r i g o r m o r t i s . 

Cl in ica l ly t h i s c o n d i t i o n is of i n t e r e s t , in t h a t i t t e n d s t o c o n v e y 
a false i m p r e s s i o n of t h e a c t u a l c o n d i t i o n w h e n t h e l i m b is i n s p e c t e d . 
T h e s l i g h t swel l ing , t o g e t h e r w i t h a c c u r a t e r e t e n t i o n of t h e n o r m a l 
o u t l i n e of t h e l i m b , s u g g e s t in f a c t t h e a b s e n c e of a n y m o r b i d c h a n g e , 
u n t i l c o m p a r i s o n w i t h t h e u n i n j u r e d l i m b r e v e a l s in t h e l a t t e r t h e 
flabby c o n d i t i o n w h i c h c o m m o n l y fo l lows d i s u s e for a s h o r t p e r i o d . 

T o g e t h e r w i t h t h e s e c h a n g e s in t h e m u s c l e s , a c e r t a i n d e g r e e of 
loss of f r e e d o m of m o v e m e n t of t h e j o i n t s a l so d e v e l o p s , in p a r t d u e 
t o p e r i - a r t i c u l a r oedema a n d i n f i l t r a t i on ; in p a r t t o t h e j o i n t h a v i n g 
b e e n k e p t a t c o m p l e t e r e s t . M a s s a g e , e l e c t r i c a l t r e a t m e n t , a n d care fu l 
exe rc i se s , h o w e v e r , wil l o v e r c o m e a n y d i s a b i l i t y in s u c h i n s t a n c e s , 
a n d t h e t y p i c a l ' g o o d r e s u l t ' wi l l b e a t t a i n e d . 

I n less f a v o u r a b l e ca se s , r a p i d w a s t i n g of t h e l i m b fol lows 
occ lus ion of i t s m a i n a r t e r y . T h i s e v e n t is m o s t s t r i k i n g in t h e case 
of t h e c o m m o n f e m o r a l a n d a x i l l a r y t r u n k s , a n d is s een in i t s e x t r e m e 
d e g r e e in p a t i e n t s w h o m a y r e q u i r e t o b e o p e r a t e d u p o n w h i l e suffer-
i n g f r o m g e n e r a l s y s t e m i c i n fec t ion . I n m y o w n e x p e r i e n c e t h i s 
r a p i d w a s t i n g is seen o n l y a f t e r o p e r a t i o n s p e r f o r m e d a t a n e a r l y 
d a t e , w h e n t h e p a t i e n t s a r e suffer ing f r o m g r e a t d e c r e a s e in g e n e r a l 
v o l u m e of b lood , o r f r o m w o u n d i n f e c t i o n ; I h a v e n e v e r seen i t o c c u r 
a s a c o n s e q u e n c e of a r e m o t e o p e r a t i o n , a n d i t is c e r t a i n l y n e v e r 
i n d u c e d b y t h e p r e s e n c e of a n a n e u r y s m . I n e s t i m a t i n g t h e a m o u n t 
of w a s t i n g in s u c h cases , i t m u s t b e r e m e m b e r e d t h a t t h e m e r e 
a b s o l u t e d i s u s e of t h e l i m b p l a y s a n o t u n i m p o r t a n t p a r t , a n d in t h e 
case of t h e l o w e r e x t r e m i t i e s t h e u n i n j u r e d l i m b will a l so b e f o u n d t o 
h a v e los t c o n s i d e r a b l y in v o l u m e a s a r e s u l t of c o n f i n e m e n t in t h e 
r e c u m b e n t p o s i t i o n . I n m a n y cases t h e e a r l y s t a g e s of c h a n g e in t h e 
m u s c u l a t u r e of t h e l i m b m a y b e m a s k e d b y g e n e r a l oedema s i m i l a r 
t o t h a t w h i c h fol lows t h e t o o t i g h t a p p l i c a t i o n of a b a n d a g e t o a 
f r a c t u r e . I n a c e r t a i n p r o p o r t i o n of t h e cases , e a r l y w a s t i n g of t h e 
m u s c l e s m a y b e fo l lowed b y t h e d e v e l o p m e n t of t h e r ig id i ne l a s t i c 
c o n d i t i o n c h a r a c t e r i s t i c of V o l k m a n n 's c o n t r a c t u r e , w i t h d e f o r m i t y 
of t h e j o i n t s a n d m o r e o r less c o m p l e t e loss of f u n c t i o n of t h e l i m b . 

I n t h e m o s t u n f a v o u r a b l e c lass of case , s h o r t of e a r l y m a s s i v e 
g a n g r e n e of t h e l i m b , t h e s u d d e n loca l anaemia c o n s e q u e n t o n l i g a t u r e 
of t h e vesse l is fo l lowed b y m o r e r a p i d d e s t r u c t i v e c h a n g e s in t h e 
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m u s c l e s . A n e x c e l l e n t d e s c r i p t i o n of t h e s e is g i v e n b y C a p t a i n s H a r o l d 
B u r r o w s a n d A . W . S t o t t . * 

" T h e l i m b w a s a m p u t a t e d o n t h e f o u r t e e n t h d a y a f t e r l i g a t u r e 
of t h e p o p l i t e a l a r t e r y . N o c o n c u r r e n t n e r v e les ion w a s p r e s e n t . T h e 
l i m b w a s swol len a n d h a r d , t h e t i p s of t h e t o e s a n d a p a t c h of sk in 
u p o n t h e d o r s u m of t h e foo t w e r e g a n g r e n o u s , o t h e r w i s e t h e foot w a s 
w a r m . T h e r e w a s n o loss of s e n s a t i o n e x c e p t in t h e l i m i t e d g a n g r e n o u s 
a r e a , b u t t h e r e w a s a b s o l u t e p a r a l y s i s of a l l t h e m u s c l e s be low t h e 
k n e e , e x c e p t for v e r y s l igh t m o v e m e n t w h i c h co u l d b e m a d e b y t h e 
g a s t r o c n e m i u s a n d so leus . 

" A f t e r a m p u t a t i o n , e x a m i n a t i o n s h o w e d a s t r i k i n g a l t e r a t i o n in 
t h e c o l o u r of a l l t h e m u s c l e s ; t h i s w a s p a l e , a n d s c a r c e l y a t i n g e of 
r e d e x i s t e d e x c e p t in t h e d i s t a l p o r t i o n s . T h e g a s t r o c n e m i u s w a s 
affected in i t s l ower t w o - t h i r d s , t h e so leus in i t s l o w e r t h i r d o n l y . 
T h e u p p e r p o r t i o n s of t h e s e m u s c l e s w e r e of n o r m a l c o l o u r a n d l o o k e d 
h e a l t h y . T r a n s i t i o n f r o m t h e h e a l t h y t i s s u e a b o v e t o t h e a l t e r e d 
t i s s u e b e l o w w a s g r a d u a l , a n d in a n i n t e r m e d i a t e zone a s t r e a k y a p p e a r -
a n c e w a s d i s p l a y e d , b u n d l e s of r e d fibres b e i n g i n t e r s p e r s e d a m o n g s t 
t h e p a l e o n e s . " C a p t a i n S t o t t m a d e h i s to log ica l s p e c i m e n s f r o m t h e 
m u s c l e s , a n d r e p o r t e d a s fol lows : " P o r t i o n s of t h e p e r o n e i a n d t h e 
g a s t r o c n e m i u s m u s c l e s w e r e c u t ; e a c h s h o w e d g ross p a t h o l o g i c a l 
c h a n g e s . N o n o r m a l m u s c l e fibres w e r e s een . I n s e c t i o n s s t a i n e d 
w i t h h a c m a l u m a n d eos in , t h e g e n e r a l i m p r e s s i o n g i v e n w a s t h a t of 
a n an rcmic i n f a r c t . T h e m u s c l e fibres a n d i n t e r s t i t i a l t i s s u e s t a i n e d 
a n u n i f o r m p i n k . T h e fibres s h o w e d v a r i o u s s t a g e s of d e g e n e r a t i o n ; 
s o m e p r e s e n t e d a l m o s t n o r m a l s t r i a t i o n b u t n o nuc l e i , o t h e r s h a d 
c o m p l e t e l y los t a l l s t r i a t i o n a n d a p p e a r e d a s g r a n u l a r m a s s e s . F i b r e s 
e x h i b i t i n g d i f ferent d e g r e e s of c h a n g e w e r e o f t en f o u n d n e x t e a c h 
o t h e r . T h e m a j o r i t y of t h e fibres a p p e a r e d swol len , s o m e w e r e b r o k e n 
u p i n t o i r r e g u l a r m a s s e s , o t h e r s w e r e sp l i t i n t o l o n g i t u d i n a l fibrilla? o r 
t r a n s v e r s e d i sc s . T h e r e w a s n o h y a l i n e d e g e n e r a t i o n , a n d n o g ross 
f a t t y c h a n g e w a s seen . T h e i n t e r s t i t i a l t i s s u e a p p e a r e d c e d e m a t o u s , 
s t a i n e d a f a i n t p i n k w i t h v a n Gieson , a n d w a s a l m o s t cel l - less . T h e r e 
w e r e few cap i l l a r i e s . T h r o u g h o u t t h e s ec t i ons t h e r e w a s l i t t l e t r a c e 
of i n f l a m m a t o r y r e a c t i o n . T h e l a rg e vesse l s , a r t e r i e s a n d v e i n s , con-
t a i n e d b l o o d a n d n o b lood -c lo t , a n d a p p e a r e d n o r m a l . " 

I n r a r e i n s t a n c e s t h i s p r o c e s s of m u s c u l a r d e g e n e r a t i o n a n d d i s -
i n t e g r a t i o n m a y b e e q u a l l y c o m p l e t e b u t m u c h s lower in p r o g r e s s . 
T h u s , in a p a t i e n t w h o s e superf ic ia l f e m o r a l a r t e r y h a d b e e n l i g a t u r e d , 
e x t r e m e w a s t i n g of t h e t h i g h a n d leg e n s u e d . A f t e r a l a p s e of s o m e 
t h r e e w e e k s , t h e a r e a c o r r e s p o n d i n g w i t h t h e c o m p a r t m e n t of t h e 
leg c o n t a i n i n g t h e a n t e r i o r t i b i a l g r o u p of m u s c l e s b e c a m e sof t a n d 

* British Medical Journal, 1918, vol . i, Feb . , p. 199. 
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fluctuating. A n inc i s ion g a v e v e n t t o a flow of g r u m o u s fluid co r r e s -
p o n d i n g in v o l u m e t o t h e w h o l e m a s s of t h e m u s c l e s , w h i c h l a t t e r h a d 
suffered a spec ies of m o l e c u l a r d i s i n t e g r a t i o n q u i t e i r r e s p e c t i v e of 
i n f ec t ion f r o m w i t h o u t . T h e o v e r l y i n g s k i n , t h o u g h d r y a n d sca ly , 
r e t a i n e d i t s v i t a l i t y , a n d t h e w a s t e d m u s c u l a t u r e s of t h e p e r o n e a l 
r e g i o n a n d calf a l so r e t a i n e d t h e i r s t r u c t u r a l c o n t i n u i t y . 

T h e d e v e l o p m e n t of a c o n d i t i o n i d e n t i c a l w i t h t h a t d e s c r i b e d b y 
v o n V o l k m a n n a s m u s c u l a r i s c h e m i a is ea s i ly c o m p r e h e n s i b l e in v i e w 
of i t s f a m i l i a r i t y a s a c o n s e q u e n c e of o b s t r u c t i o n t o t h e c i r c u l a t i o n b y 
t i g h t b a n d a g i n g o r t h e t o o t i g h t o r p r o l o n g e d a p p l i c a t i o n of a t o u r n i -
q u e t . A l t h o u g h e v e n in t h i s c o n d i t i o n t h e a s s o c i a t i o n of n e r v o u s 
in f luence in t h e u l t i m a t e r e s u l t s h a s b e e n d e b a t e d , I t h i n k i t m u s t b e 
c o n c e d e d t h a t loca l anaemia is c o m p e t e n t t o e x p l a i n t h e o c c u r r e n c e of 
t h e c h a n g e s m e t w i t h , a n d t h a t i t p l a y s t h e a l l - i m p o r t a n t p a r t in t h e m 
a l l . I t is s ign i f i can t t h a t t h e m u s c l e s , t h e m o s t h i g h l y o r g a n i z e d 
e l e m e n t of t h e l i m b s , suffer first a n d t h e m o s t s e v e r e l y of a l l t h e t i s s u e s . 
R e f e r e n c e h a s b e e n a l r e a d y m a d e t o t h e i m m e d i a t e s igns of n e r v e 
d i s t u r b a n c e w h i c h m a y fol low a n a r t e r i a l i n j u r y , a n d a l so t o t h e a t t e m p t 
m a d e b y C a p t a i n B u r r o w s t o e s t a b l i s h a de f in i t e l ine of s e p a r a t i o n in 
t h e s igns of t h o s e cases in w h i c h t h e a r t e r i a l i n j u r y is c o m p l e t e o r 
p a r t i a l . H e s u g g e s t s t h a t in t h o s e in w h i c h t h e o b s t r u c t i o n is c o m -
p l e t e , t h e s igns of n e r v o u s d i s t u r b a n c e a r e a d i r e c t r e s u l t of ischa?mia, 
wh i l e t h o s e a c c o m p a n y i n g les ions o n l y p a r t i a l l y o b s t r u c t i n g t h e cir-
c u l a t i o n a r e of ' ref lex ' n e r v o u s n a t u r e . S u c h a d i s t i n c t i o n , if r e l i ab l e , 
w o u l d b e of s o m e c l in ica l a n d p r o g n o s t i c v a l u e ; b u t i t is n o t e a s y of 
a c c e p t a n c e , e v e n p u t t i n g u p o n o n e s ide t h e di f f icul ty in a b s o l u t e l y 
e x c l u d i n g c o n c o m i t a n t n e r v e i n j u r y of m i n o r d e g r e e . I t a p p e a r s 
e q u a l l y r e a s o n a b l e t o a s c r i b e t h e d i f ferences in t h e s igns t o v a r y i n g 
d e g r e e s of loca l anaemia , a s a l so t h e f a c t t h a t t h e ' ref lex ' s y m p t o m s 
c l ea r u p w i t h t h e g r e a t e r r a p i d i t y . 

H . Meige a n d A t h a n a s s i o - B é n i s t y , * in t h e c o u r s e of i n v e s t i g a t i o n 
of a n u m b e r of cases in w h i c h v a s o m o t o r , t r o p h i c , a n d s e c r e t o r y 
d i s t u r b a n c e s w e r e p r e s e n t a n d c o n s i d e r e d t o b e c o n s e c u t i v e t o d iv i s ion 
of o r s e r i o u s d a m a g e t o t h e p e r i p h e r a l n e r v e s of t h e l i m b , o b s e r v e d 
t h a t t h e s e c h a n g e s o n l y a p p e a r e d in i n s t a n c e s in w h i c h a n a s s o c i a t e d 
a r t e r i a l les ion w a s p r e s e n t . T h e y t h e r e f o r e l a id d o w n t h e r u l e t h a t a 
c o - e x i s t i n g a r t e r i a l les ion is s u g g e s t e d in a n y case in w h i c h t h e s k i n 
of t h e h a n d s o r fee t h a s a s s u m e d a p u r p l i s h - r e d t i n t o r a b l u e c y a n o t i c 
h u e , a t e n s e g los sy a p p e a r a n c e w i t h t u m i d s u c c u l e n t c h a r a c t e r , t o -
g e t h e r w i t h s igns of t r o p h i c d e g e n e r a t i o n of t h e n a i l s o r t e r m i n a l 
u l c e r a t i o n of t h e d i g i t s . A t h a n a s s i o - B é n i s t y d r a w s a c o m p a r i s o n 
b e t w e e n t h e c o n d i t i o n of a h a n d t h e s u b j e c t of a n u n c o m p l i c a t e d 

* Formes Cliniques des Lésions des Nerfs, 1918, p. 214 . 
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les ion of t h e m e d i a n n e r v e , a n d o n e in w h i c h t h e m a i n v a s c u l a r s u p p l y 
h a s b e e n i n t e r r u p t e d , a s fol lows :— 

T h e
 4

 m e d i a n h a n d ' is t r e m b l i n g , a n d m o r e o r less e m a c i a t e d , 
h o t , r e d , a n d p a i n f u l ; i t r e a c t s p r o m p t l y t o e x t e r n a l in f luences , a n d 
is in a s t a t e of w h a t m a y b e ca l l ed p e r p e t u a l c o m b u s t i o n . 

T h e
 4

 v a s c u l a r h a n d ' is co ld , p u r p l i s h o r d u s k y in h u e , w i t h a 
s h i n y s ca l i ng s k i n ; i t is i n s e n s i t i v e o b j e c t i v e l y a n d s u b j e c t i v e l y . I f 
t h e v a s c u l a r les ion b e of m i n o r g r a v i t y , t h e r e m a y b e n e u r a l g i a of t h e 
a r t i c u l a t i o n s , o r of t h e m a r g i n s of a d i g i t o r t h e m e m b e r , o r — a s in 
a r t e r i t i s o b l i t e r a n s — t h e n e u r a l g i a m a y fol low t h e c o u r s e of a n e r v e . 
C a u s a l g i a , if p r e s e n t , is less i n t e n s e a n d p e r s i s t e n t t h a n in t h e case of 
t h e m e d i a n h a n d . 

T h e s e a u t h o r s h a v e a p p r o a c h e d t h e s u b j e c t f r o m a n e u r o l o g i c a l 
s t a n d p o i n t , a n d in t h e m a j o r i t y of t h e cases i n v e s t i g a t e d i t is c l ea r 
t h a t a s s o c i a t e d a r t e r i a l a n d n e r v o u s les ions w e r e p r e s e n t , s ince i t is 
p o i n t e d o u t t h a t e x p l o r a t o r y o p e r a t i o n s for t h e m o b i l i z a t i o n of n e r v e 
t r u n k s w e r e a l w a y s fo l lowed b y i m p r o v e m e n t in t h e t r o p h i c c o n -
d i t i o n s . T h e i n v e s t i g a t i o n s n o n e t h e less s h e d a n i m p o r t a n t l i g h t o n 
t h e effects p r o d u c e d b y i n t e r f e r e n c e w i t h t h e loca l b l o o d - s u p p l y . 

T h e q u e s t i o n of t h e r e l a t i o n of t h e v a s c u l a r a n d n e r v o u s e l e m e n t s 
r e s p e c t i v e l y , in t h e p r o d u c t i o n of t r o p h i c c h a n g e s , h a s b e e n i n v e s t i -
g a t e d f r o m a n o t h e r a s p e c t b y L e r i c h e a n d H e i t z . * T h e y p o i n t o u t 
t h a t t h e r e s e a r c h e s of B a b i n s k y , F r o m e n t , a n d H e i t z o n t h e c i r c u l a t o r y 
d i s t u r b a n c e s w h i c h a c c o m p a n y p a r a l y s e s a n d ref lex c o n t r a c t u r e s , 
h a v e s h o w n a v a s o m o t o r c o n t r a c t i o n t o b e a c o n s t a n t e l e m e n t , a n d 
t h a t t h i s c o n t r a c t i o n of t h e vesse ls c a n b e t e m p o r a r i l y o v e r c o m e b y 
t h e a p p l i c a t i o n of h e a t , w i t h c o n s e q u e n t d i s p a r i t i o n of m o s t of t h e 
o b j e c t i v e s igns of a m u s c u l a r n a t u r e w h i c h a c c o m p a n y m o t o r d i s -
o r d e r s . L e r i c h e a n d H e i t z r e g a r d a n o b l i t e r a t e d m a i n vesse l a s a 
4
 n e r v e , ' t h e f ib rous c o r d r e p r e s e n t i n g a s e g m e n t of t h e v a s o m o t o r 

c h a i n , s ince i t c o n t a i n s t h e r e m a i n s of t h e p e r i v a s c u l a r s y m p a t h e t i c . 
F u r t h e r , t h a t t h e

 4
 n e r v e ' is a n a b n o r m a l o n e , of w h i c h t h e f u n c t i o n s 

a r e d i s t o r t e d . 
O n t h i s t h e o r y L e r i c h e h a s b a s e d h is o p e r a t i o n of p e r i v a s c u l a r 

s y m p a t h e c t o m y , i .e. , e i t h e r t h e d i s s e c t i o n a w a y of t h e p e r i v a s c u l a r 
s h e a t h t o t h e e x t e n t of a n i n c h o r m o r e , o r t h e r e s e c t i o n of a c o r r e -
s p o n d i n g l e n g t h of t h e i n j u r e d vesse l t o g e t h e r w i t h i t s s h e a t h . T h e 
s t r i p p i n g a w a y of t h e ce l lu l a r s h e a t h i m m e d i a t e l y e n v e l o p i n g t h e vessel 
is fo l lowed a t o n c e b y a n i n t e n s e c o n t r a c t i o n of t h e a r t e r y in t h e w h o l e 
e x t e n t i n v o l v e d b y t h e o p e r a t i o n , wh i l e a s e c o n d a r y v a s o m o t o r d i l a t a -
t i o n s u c c e e d s t h e i n i t i a l c o n t r a c t i o n . T h i s s e c o n d a r y r e a c t i o n pe r s i s t s 
for t w o o r t h r e e w e e k s , t h e f irst r e s u l t s b e i n g a c o n s i d e r a b l e i nc rease 

* Lyon Chirurgicale, x i v , N o . 4 , p. 754. 
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in t h e loca l t e m p e r a t u r e of t h e p a r t of t h e b o d y i n v o l v e d , i n c r e a s e in 
m e t a b o l i c a n d k a t a b o l i c c h a n g e s , a n d a m a n i f e s t effect u p o n t h e p o w e r 
of c o n t r a c t i o n of t h e v o l u n t a r y m u s c l e s . L e r i c h e c o n s i d e r s t h i s 
o p e r a t i o n ju s t i f i ab l e o n t h e g r o u n d s t h a t t h e v a s o m o t o r d i l a t a t i o n 
o b t a i n e d is m o r e c o n s t a n t a n d p e r s i s t e n t t h a n t h a t i n d u c e d b y t h e 
e m p l o y m e n t of h e a t , b a t h s , e t c . , a n d o n t h e a m e l i o r a t i o n of t h e 
s y m p t o m s w h i c h h e h a s o b s e r v e d t o fo l low t h e p r o c e d u r e in s ix 
r e c o r d e d i n s t a n c e s . 

S o m e s ign i f i can t o b s e r v a t i o n s o n t h e r e l a t i v e p a r t s p l a y e d b y t h e 
v a s c u l a r a n d n e r v o u s e l e m e n t s r e s p e c t i v e l y , in t h e c a u s a t i o n of t r o p h i c 
les ions , h a v e b e e n m a d e b y J . B . S t o p f o r d . * T h e s e t e n d t o e l u c i d a t e 
t h e s e r ious effect of a s s o c i a t i o n of t h e t w o e l e m e n t s in i n f luenc ing o r 
e v e n a g g r a v a t i n g t h e d i s t u r b a n c e of t h e n o r m a l p r o c e s s of n u t r i t i o n , 
a n d c a u s i n g i t s p e r s i s t e n c e . I t is p o i n t e d o u t a s a c o m m o n e x p e r i e n c e 
t h a t v a s o m o t o r a n d t r o p h i c c h a n g e s a r e a n o u t s t a n d i n g f e a t u r e of 
m a n y cases of i n c o m p l e t e d i v i s i o n of n e r v e s w h i c h , w h e n c o n s e q u e n t 
o n g u n s h o t i n j u r y , a r e a l m o s t i n v a r i a b l y a c c o m p a n i e d b y e v i d e n c e of 
n e r v e i r r i t a t i o n S t o p f o r d c o n s i d e r s t h a t c o n f u s i o n h a s b e e n c a u s e d 
b y a t t r i b u t i n g t h e o r ig in of t h e s e d i s t u r b a n c e s t o c o n c o m i t a n t v a s c u l a r 
les ions , a n d t h a t t h e v i e w t h a t u n c o m p l i c a t e d n e r v e i n j u r y is r e s p o n -
s ib le for p r o f o u n d v a s o m o t o r s y m p t o m s is v e r y s t r o n g l y s u p p o r t e d b y 
e x p e r i e n c e of t h e m o d i f i c a t i o n w h i c h is i m m e d i a t e l y effected in t h e 
v a s o m o t o r m a n i f e s t a t i o n s b y n e u r o l y s i s o r r e s e c t i o n a n d s e c o n d a r y 
s u t u r e of n e r v e s , in t h e a b s e n c e of a n y pos s ib l e d i s t u r b a n c e of t h e 
a r t e r i a l t r u n k s . T h u s , a s t o t h e r e m o t e c h a n g e s in a l i m b in w h i c h a 
v a s c u l a r a n d n e r v e les ion a r e a s s o c i a t e d , h e c o n s i d e r s t h e r e is s t r o n g 
r e a s o n t o b e l i e v e t h a t i r r i t a t i v e n e r v e l e s ions c a n p r o d u c e c h a n g e s in 
t h e wa l l s of t h e a r t e r i e s s u p p l i e d b y t h e i m p l i c a t e d n e r v e , a n d a g r e e s 
w i t h T . W . T o d d t h a t t h e t r o p h i c l e s ions a r e p r e c e d e d b y v a s c u l a r 
c h a n g e s . I t is s u g g e s t e d t h a t t h e m u s c u l a r c o n t r a c t u r e s w h i c h fol low 
u n c o m p l i c a t e d les ions of t h e p e r i p h e r a l n e r v e s a r e d u e t o a n i s c h e m i a 
s e c o n d a r y t o v a s c u l a r c h a n g e s c a u s e d b y t h e i n j u r y t o t h e n e r v e . I n 
s u p p o r t of t h i s o p i n i o n a r e p o r t is f u r n i s h e d of t h e h i s t o log i ca l c h a n g e s 
f o u n d in t h e a r t e r i e s of a l i m b in w h i c h t h e p o p l i t e a l n e r v e s h a d 
suffered i n j u r y b u t t h e p o p l i t e a l vesse l s h a d e s c a p e d a l l i m p l i c a t i o n . 
A n e n d a r t e r i t i s loca l i zed t o p e r i p h e r a l b r a n c h e s of t h e vesse l w a s 
d e m o n s t r a t e d , a n d i l l u s t r a t i o n s a r e g i v e n of t h e c h a n g e s in t h e w a l l of 
t h e d o r s a l i s p e d i s a r t e r y . 

T h e v i e w s e x p r e s s e d b y S t o p f o r d a r e n o t in a g r e e m e n t w i t h t h o s e 
of Meige a n d A t h a n a s s i o - B é n i s t y ; y e t t h e p r a c t i c a l c o n c l u s i o n d r a w n 
f r o m t h e m , t h a t e a r l y rel ief f r o m i r r i t a t i o n s h o u l d b e s t r i v e n for in 
o r d e r t o p r e v e n t t h e o c c u r r e n c e of s e c o n d a r y v a s c u l a r c h a n g e s in t h e 

* Lancet, 1918, i, Mar. 30 , p. 665 . 
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d i s t a l p a r t of t h e c i r c u l a t i o n , is of g r e a t p r a c t i c a l i m p o r t a n c e , a n d is 
in s t r i c t c o n s o n a n c e w i t h t h e i r o b s e r v a t i o n t h a t i m p r o v e m e n t i n v a r i -
a b l y fol lows m e a s u r e s u n d e r t a k e n for t h e m o b i l i z a t i o n of i n j u r e d 
n e r v e t r u n k s , a n d h e n c e e a r l y i n t e r v e n t i o n is jus t i f ied . 

T h e q u e s t i o n h a s b e e n d e a l t w i t h a t s o m e l e n g t h , b e c a u s e in 
a r t e r i e s s u c h a s t h e a x i l l a r y , w h e r e t h e n e r v e s c a n sca r ce ly e s c a p e 
c o n c u r r e n t i n j u r y , t h e r e s u l t s of t h e c o m b i n e d i n j u r y a r e espec ia l ly 
b a d ; wh i l e t h e f r e q u e n c y w i t h w h i c h t h e a r t e r i a l les ion hea l s s p o n -
t a n e o u s l y , a s a r e s u l t of t h r o m b o s i s , r e m o v e s t h e v a s c u l a r i n j u r y i tself 
f r o m t h e c a t e g o r y in w h i c h o p e r a t i o n is n e c e s s a r y . 

THE OCCURRENCE OF ANEMIC GANGRENE. 

T h e d e v e l o p m e n t of g a n g r e n e is a c o m m o n s e q u e n c e of g u n s h o t 
i n ju r i e s t o t h e a r t e r i e s , w h e t h e r t h e vesse l b e o p e r a t e d u p o n o r n o t . 
O ld co l l ec t ed s t a t i s t i c s s h o w t h e i n c i d e n c e of g a n g r e n e fo l lowing l i g a t u r e 
of t h e m a i n a r t e r i e s f rom al l c a u s e s t o v a r y f r o m 6 t o 12 p e r c e n t . A 
c o n s i d e r a t i o n of t h e cases u p o n w h i c h t h i s e s s a y is f o u n d e d a p p e a r s t o 
s h o w t h a t t h i s e s t i m a t e is t o o low in t h e case of g u n s h o t in ju r i e s ; 
b u t i t m u s t b e r e m e m b e r e d t h a t a c o n s u l t i n g s u r g e o n w i t h t h e a r m y 
h a s m o s t of t h e u n s a t i s f a c t o r y cases b r o u g h t t o his n o t i c e , w h i l e t h o s e 
w h i c h p r o g r e s s u n e v e n t f u l l y wil l e s c a p e a t t e n t i o n a m o n g s t t h e v e r y 
l a rge n u m b e r of w o u n d e d m e n n o m i n a l l y c o m i n g i n t o his p u r v i e w . I t 
is o b v i o u s , h o w e v e r , t h a t ser ies of co l l ec ted s t a t i s t i c s f r o m p u b l i s h e d 
r e c o r d s c o n t a i n m a n y s o u r c e s of f a l l acy a l so . 

I t m a y b e of i n t e r e s t t h e r e f o r e t o offer t h r e e s m a l l t a b u l a r s t a t e -
m e n t s t o i l l u s t r a t e t h e v a r i a t i o n s w h i c h m a y o c c u r in t h e e x p e r i e n c e 
of o n e i n d i v i d u a l , t h e c i r c u m s t a n c e s t o w h i c h t h e s e v a r i a t i o n s a r e 
a t t r i b u t a b l e , a n d h o w t h e y m a y inf luence t h e a p p a r e n t r e s u l t s . 

Table I i n c l u d e s 86 o p e r a t i o n s p e r f o r m e d a t t h e c a s u a l t y c l ea r ing 
s t a t i o n s b y d i f fe ren t s u r g e o n s , b u t t h e cases m a y b e r e g a r d e d a s a 
c o n s e c u t i v e ser ies , a n d t h e p a t i e n t s t o h a v e b e e n s u b j e c t t o t h e s a m e 
c o n d i t i o n s . T h e l a rge m a j o r i t y of t h e s e p a t i e n t s w o u l d o n l y h a v e 
r e m a i n e d Tinder t h e p e r s o n a l o b s e r v a t i o n of t h e o p e r a t o r for a p e r i o d 
of less t h a n t e n d a y s . T h e i n c i d e n c e of a n a m i c g a n g r e n e a m o u n t s 
t o 10-5 p e r c e n t , a n d t h a t of g a s g a n g r e n e t o 7-8 p e r c e n t . 

Table II i n c l u d e s 42 o p e r a t i o n s p e r f o r m e d a t c a s u a l t y c l e a r i n g 
s t a t i o n s for t h e m o s t p a r t , b u t in w h i c h p r o g r e s s w a s suff icient ly 
f a v o u r a b l e t o a l l ow t h e p a t i e n t s t o b e e v a c u a t e d t o a b a s e h o s p i t a l in 
L o n d o n . As t h e p r i m a r y fa i lu res h a v e b e e n w e e d e d o u t , b y a m p u -
t a t i o n o r o t h e r w i s e , t h e a p p a r e n t i n c i d e n c e of ana?mic g a n g r e n e falls 
t o 7*1 p e r c e n t , a n d g a s g a n g r e n e h a s d i s a p p e a r e d f r o m t h e t a b l e . 

Table III s h o w s t h e v a r i a t i o n in i n c i d e n c e of g a n g r e n e a f t e r 
o p e r a t i o n s o n t h e f e m o r a l a n d p o p l i t e a l a r t e r i e s a l o n e , a t t h e t h r e e 
v a r i o u s p o s i t i o n s in t h e l i ne . AVith r e g a r d t o t h e ser ies c o l l a t e d o n 
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T A B L E I . 

Artery . Cases Gangrene 
Gas 

Gangrene 
Injury to 

Nerves Deaths 

Ampu. 

Axil lary 27 2 1 5 1 2 
Brachial 11 — — 3 1 — 
Femoral 27 4 5 1 4 5 
Popl i teal 13 2 — 2 — 4 
Posterior t ibial 8 — — — — 

Tota l s 86 8 6 11 6 11 
10*5 per cent 7*8 per cent 14-4 per cent 7-8% 14-4 % 

T A B L E I I . 

Artery Cases Gangrene 
Gas 

Gangrene 
Injury to 
Nerves Deaths 

Axil lary 3 2 
Brachial 7 1 — 1 
Femoral 18 1 — 2 
Popliteal 6 1 — 3 
Posterior tibial 8 — — 1 

Tota ls 42 3 _ 9 
7*1 per cent 21-4 per cent 

T A B L E I I I . 

Artery Table I.—C.C.S. Table II.—Base Table I I I .—L. of Com. 

Femoral 
Popli teal 

27 
13 

Gangrene 

4 = 14-8% 
2 = 15-3% 

J Gangrene 

18 1 = 5-5% 
6 1 = 16-6% 

93 
48 

Gangrene 

19 = 20-4% 
19 = 39-5% 

t h e l ines of c o m m u n i c a t i o n , I a m i n c l i n e d t o be l i eve i t m o s t n e a r l y 
r e p r e s e n t s t h e r e s u l t l i k e l y t o b e a t t a i n e d in a n y w a r of m o v e m e n t , 
w h e n t h e m e n a r e s u b j e c t e d t o t h e i n c o n v e n i e n c e of e a r l y t r a n s p o r t , 
a n d a r e u n a b l e t o b e d e a l t w i t h e f fec t ive ly a t spec ia l o p e r a t i n g c e n t r e s 
q u i t e n e a r t h e f r o n t . 

F u r t h e r d e t a i l s r e g a r d i n g t h e i n c i d e n c e of g a n g r e n e will b e f o u n d 
in t h e s e c t i o n s d e a l i n g w i t h t h e spec ia l vesse l s . I t m a y b e c o n v e n i e n t , 
h o w e v e r , t o s u m m a r i z e s h o r t l y t h e c o n d i t i o n s w h i c h f a v o u r t h e occu r -
r e n c e of g a n g r e n e a f t e r w o u n d s of a r t e r i e s r e c e i v e d o n m i l i t a r y 
s e r v i c e . T h e s e c o n d i t i o n s a m p l y a c c o u n t for t h e u n s a t i s f a c t o r y 
n a t u r e of t h e r e s u l t s o b t a i n e d , in c o m p a r i s o n w i t h t h o s e fo l lowing 
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r e m o t e o p e r a t i o n s , in w h i c h t h e s u p e r v e n t i o n of g a n g r e n e is suffici-
e n t l y r a r e t o m e r i t b u t s l i g h t cons d e r a t i o n . 

1. D e c r e a s e in t h e t o t a l a m o u n t of c i r c u l a t i n g b l o o d , d u e t o loss 
b y p r i m a r y h a e m o r r h a g e , a n d c o n s e q u e n t fall in t h e b l o o d - p r e s s u r e . 

2 . E x p o s u r e t o cold , a n d e x h a u s t i o n ; in s e v e r a l cases g a n g r e n e 
a f t e r a n a r t e r i a l i n j u r y h a s b e e n a c c o m p a n i e d b y a c o n d i t i o n of 
t r e n c h foo t o r h a n d in t h e u n i n j u r e d l i m b . 

3 . T h e p r o l o n g e d a p p l i c a t i o n cf t h e t o u r n i q u e t , e spec ia l ly d a n -
g e r o u s in t h e case of t h e p o p l i t e a l a r t e r y . 

4 . I n f e c t i o n of t h e w o u n d , i n d e p e n d e n t l y of g a s g a n g r e n e . 
5 . G e n e r a l s y s t e m i c in fec t ion , a n d s e c o n d a r y h a e m o r r h a g e . 
6. A s s o c i a t e d i n j u r y t o n e r v e s , e spec ia l ly n o t i c e a b l e in t h e u p p e r 

e x t r e m i t y in c o n n e c t i o n w i t h i n j u r y t o t h e m e d i a n n e r v e . 
7 . T h e e x t e n t a n d s e v e r i t y of t h e i n j u r y t o t h e sof t p a r t s a n d 

t o t h e b o n e s w h i c h m a y b e a s s o c i a t e d w i t h t h e a r t e r i a l l e s ion . 
I n c o n n e c t i o n w i t h t h e a b o v e c o n d i t i o n s , i t is n o t e w o r t h y t h a t 

a m o n g 175 in ju r i e s t o t h e f e m o r a l a r t e r y , in 1 1 , o r 6-29 p e r c e n t , 
g a n g r e n e d e v e l o p e d p r i o r t o t h e p e r f o r m a n c e of a n y o p e r a t i o n . T h e 
o c c u r r e n c e of g a n g r e n e a s a r e s u l t of loca l s p o n t a n e o u s t h r o m b o s i s is 
a l so s u g g e s t i v e , i n so f a r a s i t i l l u s t r a t e s t h e d a n g e r of s u d d e n a b r o -
g a t i o n of t h e m a i n b l o o d - s u p p l y , a n d i t f o r m s o n e of t h e g r o u n d s u p o n 
w h i c h a n e x p e c t a n t a t t i t u d e is b a s e d , in w h a t m a y b e ca l l ed t h e i n t e r -
m e d i a t e s t a g e in t h e c o u r s e of v a s c u l a r i n ju r i e s . 

T h e cases i n c l u d e d in t h e ser ies afford l i t t l e e v i d e n c e of e m b o l i s m 
b e i n g a f r e q u e n t f a c t o r in t h e p r o d u c t i o n of g a n g r e n e ; o n l y f o u r 
i n s t a n c e s o c c u r r e d a m o n g t h e i n ju r i e s t o t h e l i m b a r t e r i e s ; a n d 
e x p e r i e n c e h a s s h o w n t h a t in i n ju r i e s t o t h e c a r o t i d a r t e r i e s , p r o g r e s -
s ive t h r o m b o s i s is q u i t e a s f r e q u e n t a c a u s e of c e r e b r a l c o m p l i c a t i o n s 
a s e m b o l i s m . 

L a s t l y , i t m a y b e a d d e d t h a t t h e a r e a i n v o l v e d b y p u r e l y anaemic 
g a n g r e n e is a s a r u l e l i m i t e d in e x t e n t , a n d e x c e p t in t h e case of t h e 
p o p l i t e a l vesse l s i t s e l d o m r e n d e r s t h e sacrif ice of a l a rg e p a r t of a 
l i m b n e c e s s a r y . S p e a k i n g g e n e r a l l y , t h e u l t i m a t e r e s u l t of a r t e r i a l 
i n ju r i e s m a y b e sa id t o b e b e t t e r in t h e l o w e r t h a n in t h e u p p e r 
e x t r e m i t y , m a i n l y in c o n s e q u e n c e of t h e l a r g e p r o p o r t i o n of u n c o m -
p l i c a t e d i n ju r i e s t o t h e superf ic ia l f e m o r a l vesse l s . T h e ill effect of 
a s s o c i a t e d in ju r i e s t o t h e n e r v e s is m o s t s t r i k i n g in t h e a x i l l a r y ves se l s , 
a n d t h e w o r s t r e s u l t s of p u r e l y v a s c u l a r i n ju r i e s a r e seen in t h e c a s e 
of t h e p o p l i t e a l vesse l s . 

T h e inf luence e x e r t e d o n t h e i n c i d e n c e of g a n g r e n e b y s i m u l -
t a n e o u s occ lus ion of t h e s a t e l l i t e v e i n w h e n a n a r t e r y is t i e d , is d e a l t 
w i t h in t h e n e x t c h a p t e r . N o d o u b t c a n e x i s t t h a t t h e i n t r o d u c t i o n 
of t h i s p r a c t i c e h a s effected a m a t e r i a l d e c r e a s e in t h e p r o p o r t i o n o f 
l i m b s los t . 
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CHAPTER VI. 

THE GENERAL LINES OF OPERATIVE TREATMENT 

APPLICABLE TO 

GUNSHOT INJURIES TO THE BLOOD-VESSELS. 

I T wil l b e c o n v e n i e n t i n t h i s p l a c e t o i n t r o d u c e s o m e g e n e r a l r e m a r k s 
u p o n t h e f o r m s of o p e r a t i o n , a n d t h e i r t e c h n i q u e , w h i c h a r e s u i t a b l e 
t o t h e t r e a t m e n t of g u n s h o t i n ju r i e s of t h e b lood -ves se l s , a n d t h e i r 
c o n s e q u e n c e s , s ince t h e s e r e m a r k s wi l l b e a p p l i c a b l e t o a n y of t h e 
spec i a l u s e s of t h e p r o c e d u r e s t o b e m e n t i o n e d l a t e r . 

T h e first q u e s t i o n t o b e c o n s i d e r e d is t h e f o r m of p r o v i s i o n a l 
c o n t r o l of t h e loca l c i r c u l a t i o n d u r i n g t h e c o u r s e of t h e e x p l o r a t i o n 
n e c e s s a r y for t h e l o c a t i o n of t h e a c t u a l w o u n d of t h e vesse l . T h e 
w o u n d e d m a n m a y c o m e u n d e r o b s e r v a t i o n w i t h a t o u r n i q u e t a l r e a d y 
a p p l i e d ; b u t if t h i s h a s b e e n p r o p e r l y p l a c e d i t p r o b a b l y e n c r o a c h e s 
t o o n e a r l y o n t h e field of o p e r a t i o n , a n d wil l n e e d t o b e r e a p p l i e d if 
i t b e d e c i d e d t o m a k e u s e of t h i s f o r m of a i d . 

T h e o b j e c t i o n r a i s e d t o t h e r u b b e r - t u b e t o u r n i q u e t , t h a t i t e n c o u r -
a g e s p a r e n c h y m a t o u s b l e e d i n g a f t e r i t s r e m o v a l f r o m t h e l i m b , c a n n o t 
b e g a i n s a i d . Y e t t h e s u b s e q u e n t a p p l i c a t i o n of a b a n d a g e t o t h e 
l i m b m e e t s t h i s dif f icul ty in g r e a t m e a s u r e ; a n d if t h e E s m a r c h ' s 
b a n d a g e b e n o t e m p l o y e d , a n d t h e a r t e r i o l e s a n d cap i l l a r i e s h a v e n o t 
b e e n c o m p l e t e l y e m p t i e d , t h e o b j e c t i o n b e c o m e s of l i t t l e i m p o r t a n c e . 
A ju s t i f i ab l e p r a c t i c a l o b j e c t i o n w h i c h m a y b e r a i s e d t o i t s u s e l ies 
in t h e e x p e r i e n c e t h a t i t is o f t e n d e s i r a b l e t o r e l e a s e t h e c o n t r o l in 
o r d e r t o o b t a i n a n i n d i c a t i o n of t h e e x a c t s o u r c e of t h e b l e e d i n g , a n d 
w h e t h e r i t e m a n a t e s f r o m o n e p o i n t a l o n e . I n t h i s r e s p e c t t h e t o u r -
n i q u e t is i n c o n v e n i e n t . W i t h full a p p r e c i a t i o n of t h e d i s a d v a n t a g e s 
w h i c h a c c o m p a n y i t s u se , I s t i l l t h i n k t h a t t h e i n d i a - r u b b e r t o u r n i q u e t 
f u rn i shes t h e r e a d i e s t a n d m o s t g e n e r a l l y s e r v i c e a b l e f o r m of p r o -
v i s iona l c o n t r o l of t h e c i r c u l a t i o n w h e n a p p l i c a b l e , a s is t h e ca se i n 
a l a r g e p r o p o r t i o n of t h e in ju r i e s t o t h e l a r g e b lood -ves se l s of t h e 
l i m b s . 

W h e n a t o u r n i q u e t is i m p o s s i b l e , a s in t h e ca se of w o u n d s of t h e 
n e c k o r of t h e l i m b s c lose t o t h e t r u n k , a p r o v i s i o n a l l i g a t u r e m a y b e 
p l a c e d o n t h e m a i n vesse l o n t h e p r o x i m a l s ide of t h e i n j u r y . A s a 
ru l e , t h e inc i s ion for t h e m a i n o p e r a t i o n s h o u l d b e suff ic ient ly e x t e n s i v e 
t o g i v e access t o t h e p o i n t o r p o i n t s a t w h i c h i t is d e s i r e d t o e s t a b l i s h 
t h e p r o v i s i o n a l c o n t r o l . T h e s u b c l a v i a n a r t e r y a t t h e r o o t of t h e n e c k , 
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a n d t h e e x t e r n a l i l iac a r t e r i e s , f o rm p e r h a p s t h e o n l y e x c e p t i o n s t o 
o b s e r v a n c e of t h i s r u l e ; in b o t h t h e s e i n s t a n c e s a s e p a r a t e inc i s ion 
possesses m a n i f e s t a d v a n t a g e s . 

M e n t i o n of t h e o c c a s i o n a l t r o u b l e s a t t e n d a n t o n a d o p t i o n of t h e 
p r o c e d u r e of p r o v i s i o n a l l i g a t u r e is n e c e s s a r y , s ince in m y o p i n i o n t h e y 
p r o v i d e sufficient g r o u n d s for n o t c o n s i d e r i n g i t a m e a s u r e s u i t a b l e for 
r o u t i n e a p p l i c a t i o n . P u t t i n g o n o n e s ide t h e m i n o r o b j e c t i o n t h a t i t 
m a y b e n e c e s s a r y t o m a k e a n a d d i t i o n a l w o u n d ( a l t h o u g h u n d e r s o m e 
c i r c u m s t a n c e s t h i s d r a w b a c k m a y b e a v e r y r e a l one ) , o t h e r o b j e c t i o n s 
m a y b e r a i s e d . T h e chief of t h e s e l ies in t h e d a n g e r of c r e a t i n g a loca l 
w e a k e n i n g of t h e v i t a l i t y of t h e a r t e r i a l wa l l a s a d i r e c t r e s u l t of t h e 
c o n s t r i c t i o n of t h e vesse l ; t h i s m a y a m o u n t t o a c t u a l t i s s u e d a m a g e 
if t h e l o o p b e d r a w n t o o t i g h t l y o r b e m a i n t a i n e d t o o l o n g in p o s i t i o n . 
U n d e r t h e s e c i r c u m s t a n c e s t h r o m b o s i s m a y d e v e l o p a t t h e w e a k e n e d 
s p o t , o r if t h e w o u n d s h o u l d b e c o m e a c c i d e n t a l l y in fec ted , s e c o n d a r y 
h a e m o r r h a g e m a y b e f a v o u r e d . B o t h t h e s e u n f o r t u n a t e r e s u l t s h a v e 
c o m e u n d e r m y o b s e r v a t i o n . 

I t m u s t a l w a y s b e b o r n e in m i n d , t h e r e f o r e , t h a t d e l i c a c y is of t h e 
g r e a t e s t i m p o r t a n c e in t h e a p p l i c a t i o n of t h e m e t h o d , a n d v a i i o u s 
p l a n s of a v o i d i n g t h e d a n g e r s of u n n e c e s s a r y t i g h t e n i n g of t h e l i g a t u r e 
m a y b e m e n t i o n e d . T h e s i m p l e s t is n o t t o k n o t t h e l i g a t u r e , b u t t o 
u s e t h e t h r e a d m e r e l y a s a l o o p t o r a i s e t h e vesse l f r o m i t s b e d , w h i c h 
a c t g e n e r a l l y suffices t o c o n t r o l t h e c i r c u l a t i o n t h r o u g h t h e vesse l . T h e 
w e a k p o i n t in t h i s m e t h o d lies in t h e f a c t t h a t t h e s u r g e o n t h e n b e c o m e s 
d e p e n d e n t o n h i s a s s i s t a n t for t h e d e l i c a c y a n d efficiency of t h e t r a c -
t i o n m a i n t a i n e d , a n d if t h e a s s i s t a n c e b e l i m i t e d t o o n e p e r s o n , a p a r t 
of w h o s e t h o u g h t s a r e c l a i m e d b y o t h e r d e t a i l s of t h e o p e r a t i o n , i t m a y 
b e difficult for h i m t o d e v o t e c o n s t a n t a t t e n t i o n t o t h i s p o i n t . A 
s e c o n d p l a n is t o a p p l y a n a r t e r i a l c l a m p ; t h i s i n s t r u m e n t is a v a i l a b l e 
in s e v e r a l p a t t e r n s , a n d is o f t en useful ; i t r e q u i r e s s o m e t i m e s , h o w -
e v e r , t o b e a p p l i e d in s i t u a t i o n s w h e r e i t c a n n o t b e r e a d i l y k e p t in 
p o s i t i o n w i t h o u t c o n s t a n t a t t e n t i o n , a n d t h i s t r o u b l e is a g g r a v a t e d b y 
t h e fac t t h a t i t c a n o n l y b e a p p l i e d loose ly , a n d is a p t t o s l ip o u t of 
p o s i t i o n un l e s s c o n t i n u o u s l y h e l d . 

I h a v e f o u n d a m e t h o d first i n t r o d u c e d t o m y n o t i c e b y Colonel 
G o r d o n W a t s o n t h e m o s t s a t i s f a c t o r y . T h i s cons i s t s in p a s s i n g a 
p iece of n a r r o w t a p e , o r , if t h i s is n o t f o r t h c o m i n g , a t h i c k , s m o o t h 
l i g a t u r e , b e n e a t h t h e vesse l , a n d k n o t t i n g i t b y a s ingle su rg i ca l t u r n 
o v e r a p iece of d r a i n a g e t u b e of a b o u t t h e s a m e ca l ib re a s t h e a r t e r y , 
p l a c e d u p o n i t s su r f ace . B y t h i s m e t h o d a sof t e l a s t i c f o r m of c o m -
pres s ion is o b t a i n e d . H e n c e t h e wal l s of t h e vesse l r u n less r i sk of 
i n j u r y , f rom t h e f a c t s t h a t t h e l i g a t u r e is w i d e , a n d t h e k n o t ( a l w a y s 
t h e m o s t d a n g e r o u s p o i n t ) is m a d e o v e r t h e r u b b e r t u b e a n d n o t o n t h e 
vessel itself. 
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W e m a y n o w t u r n t o t h e i nc i s i ons , a n d i t m u s t b e p o i n t e d o u t 
t h a t t h e s e n e e d t o b e p l a n n e d u p o n a m u c h w i d e r s ca l e t h a n is t h e 
ca se w i t h t h e c lass ica l o p e r a t i o n s so wel l k n o w n t o t h e s t u d e n t of 
o p e r a t i v e s u r g e r y . T h e l a t t e r h a v e b e e n so d e v i s e d a s t o a l l ow t h e 
a r t e r y t o b e s e c u r e d a t t h e ' s e a t of e l e c t i o n ' w i t h t h e l e a s t a m o u n t of 
d a m a g e t o t h e b o d y . T h e m i l i t a r y s u r g e o n is a b l e t o c o n c e r n h imse l f 
l i t t l e w i t h s u c h o p e r a t i o n s a n d t h e t h e o r y u p o n w h i c h t h e y h a v e b e e n 
p l a n n e d , e x c e p t in so f a r a s t h e i r s t u d y a n d a p p l i c a t i o n h a s f a m i l i a r i z e d 
h i m w i t h t h e a n a t o m i c a l d e t a i l s w h i c h s t i l l f o r m h is chief g u i d e . 

E x p l o r a t o r y inc i s ions n e e d t o b e f ree for m o r e t h a n o n e r e a s o n . 
T h e o p e r a t i o n s a s a r u l e n e e d t o b e c o m p l e t e d in t h e s h o r t e s t t i m e 
c o m p a t i b l e w i t h efficiency, a n d t h e s u r g e o n h a s t o w o r k u n d e r v e r y 
spec ia l c o n d i t i o n s . T h e w o u n d e d m a n m a y b e a l r e a d y suffer ing f r o m 
c o n s i d e r a b l e loss of b l o o d ; t h e e x a c t l o c a t i o n of t h e w o u n d in t h e c o u r s e 
of t h e a r t e r y m a y b e d o u b t f u l — i n d e e d , i t m a y h a p p e n t h a t w h e n t h e 
s u r g e o n s e t s o u t t o d e a l w i t h a n i n j u r y of t h e m a i n t r u n k , e x p l o r a t i o n 
m a y s h o w t h a t t h e a c t u a l s o u r c e of h a e m o r r h a g e is in a b r a n c h o n l y ; 
o r , a g a i n , t h e r e m a y b e m o r e t h a n o n e les ion in t h e m a i n t r u n k , o r m o r e 
t h a n o n e b r a n c h m a y n e e d t o b e d e a l t w i t h . I n o t h e r cases t h e c o u r s e 
t a k e n b y t h e miss i le m a y h a v e so n e a r l y c o r r e s p o n d e d w i t h t h a t of t h e 
a r t e r y t h a t e x t e n s i v e loss of s u b s t a n c e h a s b e e n effected, a n d t h e t w o 
e x t r e m i t i e s of t h e vesse l m a y b e w i d e l y s e p a r a t e d . A d d e d t o t h e s e 
diff icul t ies , t h e vesse l , if a m o b i l e o n e , m a y h a v e b e c o m e g r e a t l y d i s -
p l a c e d f r o m i t s n o r m a l c o u r s e , e x t r a v a s a t e d b l o o d h a v i n g p u s h e d i t 
o v e r in t h e d i r e c t i o n of l e a s t r e s i s t a n c e . N o r m a l l a n d m a r k s , s u c h a s 
n e r v e s , m a y h a v e b e e n d i v i d e d ; p o r t i o n s of t h e m m a y h a v e b e e n s h o t 
a w a y , o r t h e y m a y h a v e b e e n c o n s i d e r a b l y d i s p l a c e d f r o m t h e i r n o r m a l 
p o s i t i o n . I n j u r y t o t h e s a t e l l i t e v e i n s , o r o t h e r s , m a y g r e a t l y a g g r a v a t e 
t h e di f f icul ty of s t i l l ing h a e m o r r h a g e a n d p u r s u i n g t h e s e a r c h for t h e 
w o u n d e d a r t e r y u n d e r c o m f o r t a b l e c o n d i t i o n s . T h e in f i l t r a t ion of 
t h e t i s s u e s g e n e r a l l y w i t h e x t r a v a s a t e d b l o o d o f t en r e n d e r s s t r u c t u r e s 
difficult of r e c o g n i t i o n a n d t r o u b l e s o m e t o d e a l w i t h , in e v e r y p a r t of 
t h e field of o p e r a t i o n . L a s t l y , t h e les ion m a y b e so s i t u a t e d a n a t o m i -
ca l ly a s t o b e in t h e m o s t i n c o n v e n i e n t a n d inacces s ib l e s e g m e n t of t h e 
c o u r s e of t h e a r t e r y a s f a r a s t h e s u r g e o n is c o n c e r n e d . T h i s l i s t of 
diff icult ies , if n o t e x h a u s t i v e — a n d i t t a k e s n o a c c o u n t of p a u c i t y of 
a s s i s t a n c e , a n d poss ib l e def iciencies in t h e c o n d i t i o n s s u i t a b l e for a 
t r o u b l e s o m e o p e r a t i o n — o f f e r s a t a n y r a t e sufficient e x p l a n a t i o n of t h e 
n e c e s s i t y for a w i d e e x p l o r a t o r y inc i s ion . 

All t h e s e diff icult ies, m o r e o v e r , t e n d t o b e e x a g g e r a t e d if t h e case 
c o m e s u n d e r t r e a t m e n t m o r e t h a n t w e n t y - f o u r t o t h i r t y - s i x h o u r s a f t e r 
t h e i n j u r y . T h e t i s s u e s a r e t h e n a l r e a d y s t i f fened a n d c e d e m a t o u s 
g e n e r a l l y ; t h e s a m e c o n d i t i o n is m e t w i t h in t h e w a l l of t h e a r t e r y itself, 
a n d t h e vesse l h a s b e c o m e fixed a n d i m m o b i l e in i t s s h e a t h . 
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W h e n t h e field of o p e r a t i o n h a s b e e n f ree ly l a id o p e n , t h e first s t e p 
c o n s i s t s in c l e a r i n g i t of e x t r a v a s a t e d b l o o d a n d b l o o d - c l o t . W h e t h e r 
a t o u r n i q u e t o r a p r o v i s i o n a l l i g a t u r e h a s b e e n a p p l i e d , i t m a y n o w 
b e c o m e n e c e s s a r y t o a p p l y l i g a t u r e s t o b l e e d i n g v e i n s . I t is s o m e t i m e s 
use fu l t o h a v e a s e c o n d t o u r n i q u e t p l a c e d in p o s i t i o n o n t h e d i s t a l s ide 
of t h e w o u n d , w h i c h c a n t h e n b e t i g h t e n e d u p w h e n r e q u i r e d , s h o u l d 
v e n o u s h a e m o r r h a g e f r o m t h e d i s t a l d i r e c t i o n b e f ree . 

A p o r t i o n of t h e b l o o d wil l b e fluid, b u t t h a t in c o n t a c t w i t h t h e 
wa l l s of t h e c a v i t y wil l h a v e a l r e a d y c o a g u l a t e d a n d f o r m e d m o r e o r 
less firm c o n n e c t i o n s , a s a r e s u l t of i n f i l t r a t i on of t h e s u r r o u n d i n g con -
n e c t i v e t i s s u e . W h e n t h e b l o o d a n d c lo t h a v e b e e n r e m o v e d , i t wil l 
b e f o u n d n e c e s s a r y in s o m e cases t o c l e a n s e t h e w o u n d m e c h a n i c a l l y 
b y r e m o v i n g b a d l y d a m a g e d a n d p o s s i b l y i n f e c t e d t i s s u e in t h e l ine 
t r a v e r s e d b y t h e miss i l e . I f t h i s b e c o n s i d e r e d need fu l , i t s h o u l d b e 
c a r r i e d o u t a t t h i s s t a g e , so a s t o o b v i a t e diffusion of i n f ec t i on t o t h e 
l a r g e e x p o s e d su r face of t h e t i s s u e s . 

T h e s e a r c h for t h e w o u n d e d s p o t in t h e ves se l is n o w c o m m e n c e d , 
b e a r i n g in m i n d t h e pos s ib l e d i s p l a c e m e n t of t h e a r t e r y f r o m i t s n o r m a l 
c o u r s e in t h e d i r e c t i o n of l e a s t r e s i s t a n c e ; t h a t t h i s d i s p l a c e m e n t wil l 
p r o b a b l y b e a w a y f rom t h e b o n e , a n d t h a t t h e vesse l is m o r e l i ke ly t o 
b e in t h e s ide of t h e w o u n d , o r m o r e superf ic ia l t h a n n o r m a l r a t h e r t h a n 
p r e s s e d b a c k w a r d s . I f t h e les ion b e a l a t e r a l w o u n d of s o m e s ize , i t 
wi l l o f t en b e seen r e a d i l y , t h e w h i t e i n n e r l i n i n g of t h e a r t e r y s h o w i n g 
u p s t r o n g l y t h r o u g h t h e g a p in t h e wa l l . I f t h e les ion is in a d e e p , n o t 
r e a d i l y i n s p e c t e d p o s i t i o n , t h e g a p m a y o f t en b e ea s i l y fel t , t h e t i p 
of t h e f inger d e t e c t i n g t h e firm r i n g f o r m e d b y t h e m a r g i n s of t h e de fec t 
a n d t h e r e s i s t a n t s m o o t h floor a f forded b y t h e o p p o s i t e w a l l of t h e 
vesse l . I f n o les ion of t h e m a i n t r u n k b e d e t e c t e d , a s e a r c h s h o u l d b e 
m a d e in t h e l ine of t h e c o u r s e of t h e p r i n c i p a l b r a n c h e s , a n d if d i f f icul ty 
a r i se s e v e n y e t in l o c a t i n g t h e w o u n d e d s p o t , t h e t o u r n i q u e t o r p r o v i -
s iona l l i g a t u r e m u s t b e c a u t i o u s l y l oosened , a n d t h e p o i n t o r p o i n t s 
o b s e r v e d f r o m w h i c h b lood c o m m e n c e s t o flow. 

T h e w o u n d e d vesse l m a y n o w b e l i g a t u r e d o n e i t h e r s ide of t h e 
o p e n i n g a n d c o m p l e t e l y d i v i d e d . Careful s e a r c h s h o u l d n o w b e m a d e 
t o b e c e r t a i n t h a t n o b r a n c h is t a k i n g o r ig in f r o m t h e e x c l u d e d s e g m e n t 
of t h e vesse l , a s t h i s m a y b e a s o u r c e of r e c u r r e n t o r s e c o n d a r y haemor-
r h a g e if n o t o c c l u d e d . T h e o r ig in of b r a n c h e s in s u c h a p o s i t i o n is n o t 
u n c o m m o n , a n d a s w e h a v e a l r e a d y seen , fixation b y o n e of i t s o w n 
b r a n c h e s o f t en a c c o u n t s for t h e i n v o l v e m e n t of t h e wa l l s of t h e vesse l . 
D i v i s i o n of t h e n a r r o w s t r a n d c o n n e c t i n g t h e t w o o p e n e n d s of t h e 
vesse l in e x t e n s i v e l a t e r a l w o u n d s is p a r t i c u l a r l y i m p o r t a n t , in o r d e r 
t o a l l ow of full r e t r a c t i o n . 

A w o r d s h o u l d b e a d d e d a s t o t h e i n a d v i s a b i l i t y of h a s t i l y p l a c i n g 
a p r o x i m a l l i g a t u r e o n t h e a r t e r y before t h e b l e e d i n g p o i n t h a s b e e n 
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l o c a t e d e x a c t l y . I n c e r t a i n p o s i t i o n s w h e r e a n u m b e r of s m a l l 
b r a n c h e s a r i s e (e .g . , c o m m o n f e m o r a l a r t e r y ) , t h e free flow of b l o o d 
m a y a p p a r e n t l y i n d i c a t e a l a t e r a l w o u n d of t h e t r u n k ; b u t a f t e r t h e 
m a i n t r u n k h a s b e e n t i e d a n d a l l is c lea r , i t m a y p r o v e t h a t t h e 
i n j u r y w a s a f t e r a l l of o n e of t h e s m a l l b r a n c h e s in c lose p r o x i m i t y 
t o i t s o r i g in , a n d t h e m a i n vesse l h a s b e e n n e e d l e s s l y sacr i f iced. 

SHOULD BOTH, ARTERY AND VEIN BE OCCLUDED? 

I n p r e p a r i n g a f o r m e r c o n t r i b u t i o n t o t h e s u r g e r y of w o u n d e d 
a r t e r i e s , * I w a s m u c h s t r u c k b y t h e o b s e r v a t i o n t h a t p r o x i m a l l iga-
t u r e of t h e f e m o r a l a r t e r y in cases of a r t e r i o - v e n o u s a n e u r y s m w a s 
fo l lowed in a l a r g e p r o p o r t i o n of i n s t a n c e s b y g a n g r e n e of t h e l i m b , 
w h i l e exc i s ion of t h e i m p l i c a t e d s e g m e n t s of b o t h a r t e r y a n d v e i n g a v e 
c o n s i s t e n t l y g o o d r e s u l t s . A n e x p l a n a t i o n of t h i s a p p a r e n t i n c o n -
s i s t e n c y wil l b e f o u n d b e l o w , a s a l so f u r t h e r c o n s i d e r a t i o n s w h i c h 
led m e t o c o n c l u d e t h a t w h e n a n a r t e r y n e e d s t o b e t i e d , t h e s a t e l l i t e 
v e i n s h o u l d b e o c c l u d e d a l s o . 

I t is t o b e r e g r e t t e d t h a t J o h n H u n t e r h imse l f d i d n o t w r i t e t h e 
p a p e r d e s c r i b i n g h i s o p e r a t i o n of p r o x i m a l l i g a t u r e a n d t h e g r o u n d s 
u p o n w h i c h h e w a s l ed t o u n d e r t a k e i t . I n a t l e a s t o n e of t h e cases 
d e s c r i b e d in t h e p a p e r b y Sir E v e r a r d Home,*)* p o s s i b l y in t h e first t h r e e , 
b o t h t h e f e m o r a l a r t e r y a n d v e i n w e r e i n c l u d e d in t h e l i g a t u r e ; in t h e 
f o u r t h w e a r e de f in i t e ly t o l d t h a t t h e a r t e r y o n l y w a s i n c l u d e d . F r o m 
t h a t p e r i o d o n w a r d s s u r g i c a l o p i n i o n h a s b e e n de f in i t e ly t o t h e effect 
t h a t t h e g r e a t e s t c a r e s h o u l d b e t a k e n , w h e n o c c l u d i n g a m a i n a r t e r y , t o 
a v o i d a l l i n j u r y t o t h e v e i n . I n f ac t , e v e r y o p e r a t i o n for t h e l i g a t u r e 
of a n a r t e r y h a s b e e n so d e v i s e d t h a t t h e a n e u r y s m n e e d l e is p a s s e d in 
a d i r e c t i o n a w a y f r o m t h e v e i n i n o r d e r t o m i n i m i z e t h e r i sk of i n j u r y 
t o t h a t vesse l , n o t a l o n e t o a v o i d t h e t e c h n i c a l i n c o n v e n i e n c e of 
i m m e d i a t e h a e m o r r h a g e , b u t a l so w i t h t h e def in i t e o b j e c t of p r e s e r v i n g 
t h e v e n o u s c i r c u l a t i o n i n t a c t . 

O b s e r v a t i o n of a l a r g e n u m b e r of c o i n c i d e n t w o u n d s of l a r g e 
a r t e r i e s a n d v e i n s h a s in n o w a y e n d o r s e d t h e v i ew t h a t s i m u l t a n e o u s 
occ lus ion of b o t h a r t e r y a n d v e i n exerc i ses a n y d e l e t e r i o u s inf luence o n 
t h e s u b s e q u e n t c o l l a t e r a l a r t e r i a l c i r c u l a t i o n a n d t h e v i t a l i t y of t h e 
l i m b . I n s u p p o r t of t h i s s t a t e m e n t a few e x a m p l e s i l l u s t r a t i n g t h e 
i n n o c u o u s n a t u r e of o p e r a t i o n s for t h e occ lus ion of v e i n s in g e n e r a l m a y 
b e first g i v e n . O p e r a t i o n s for t h e c u r e of v a r i c o s e v e i n s h a v e d e m o n -
s t r a t e d t h e ea se w i t h w h i c h a c o m p e n s a t o r y b a l a n c e is a t t a i n e d w h e n 
t h e b l o o d is d i v e r t e d f r o m t h e l a r g e r c h a n n e l s . Occ lus ion of t h e i n t e r n a l 

* Bradshaw Lecture, 1913. 
t J O H N H U N T E R ' S Works. Palmer's edi t ion, vol . iii, p . 604. 
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j u g u l a r a n d o t h e r l a r g e v e n o u s t r u n k s effected in o r d e r t o p r e v e n t t h e 
diffusion of s e p t i c e m b o l i h a s n o t g i v e n r i se t o o b v i o u s p e r m a n e n t 
t r o u b l e . A s is wel l k n o w n a l so , occ lu s ion e v e n of t h e v e n a c a v a b y 
s u r g i c a l m e t h o d s h a s b e e n s u r v i v e d , a n d t h e c a p a c i t y of t h e v e n o u s 
c i r c u l a t i o n t o m a i n t a i n i tse l f b y c o m p e n s a t o r y c h a n g e s , w h i c h is seen 
w h e n t h i s vesse l u n d e r g o e s o b s t r u c t i o n b y t h r o m b o s i s , is a f a m i l i a r 
e x p e r i e n c e . 

I n a v e r y c o n s i d e r a b l e p r o p o r t i o n of g u n s h o t in ju r i e s t o l a r g e 
a r t e r i a l t r u n k s t h e n e i g h b o u r i n g v e i n is c o n t u s e d a n d b e c o m e s t h r o m -
b o s e d , a n d t h i s h a s n o t b e e n s h o w n t o g i v e r i se t o i n c r e a s e d r i sk of 
g a n g r e n e of t h e l i m b s . L i g a t u r e of t h e c o m m o n c a r o t i d a r t e r y t o g e t h e r 
w i t h t h e i n t e r n a l j u g u l a r v e i n en masse h a s b e e n p e r f o r m e d in cases of 
e m e r g e n c y w i t h o u t i n c r e a s e d r i s k of t h e d e v e l o p m e n t of t h e c e r e b r a l 
anaemia a n d s o f t e n i n g so o f t en a c o n s e q u e n c e of l i g a t u r e of t h e a r t e r y 
a l o n e . F u r t h e r , w h e r e s i m u l t a n e o u s l i g a t u r e of b o t h a r t e r y a n d v e i n 
in o t h e r p a r t s of t h e b o d y h a s b e e n o b l i g a t o r y o n a c c o u n t of w o u n d s 
of b o t h vesse l s , u n t o w a r d e v e n t s h a v e n o t b e e n o b s e r v e d . 

E v i d e n c e e x i s t s , m o r e o v e r , t h a t u n d e r c e r t a i n c o n d i t i o n s s i m u l t a n -
e o u s occ lus ion of b o t h a r t e r y a n d v e i n is a p r e f e r a b l e p r o c e d u r e . T h e 
first e x a m p l e , n o t a n u n m i x e d o r s i m p l e o n e , m a y b e s o u g h t in t h e 
r e s u l t s o b s e r v e d t o fol low t h e a p p l i c a t i o n of a s ing le p r o x i m a l l i g a t u r e 
t o t h e a r t e r y in cases of a r t e r i o - v e n o u s a n e u r y s m o r a n e u r y s m a l v a r i c e s 
of t h e f e m o r a l vesse l s . I n p a t i e n t s so t r e a t e d d u r i n g t h e S o u t h Af r i can 
W a r , * g a n g r e n e of t h e l i m b fo l lowed in m o r e t h a n 50 p e r c e n t of 
t h e cases . T h e f r e q u e n c y of t h i s a c c i d e n t finds a s i m p l e e x p l a n a t i o n 
if w e c o n s i d e r w h a t a c t u a l l y r e s u l t s f r o m t h e o p e r a t i o n . T h e m a i n 
ve s se l b e i n g o c c l u d e d a n d t h e d i r e c t a r t e r i a l p r e s s u r e f r o m b e h i n d 
b e i n g a b o l i s h e d , b l o o d w h i c h h a s b e e n c a r r i e d b y t h e a r t e r i a l co l l a t e r a l s 
t o t h e d i s t a l p o r t i o n of t h e i n j u r e d t r u n k , i n s t e a d of p a s s i n g t o t h e 
p e r i p h e r a l c i r c u l a t i o n , t a k e s t h e c o u r s e of l e a s t r e s i s t a n c e b a c k w a r d s 
i n t o t h e v e i n t h r o u g h t h e a r t e r i o - v e n o u s c o m m u n i c a t i o n , a n d t h u s t h e 
l i m b p r a c t i c a l l y b l eeds t o d e a t h m u c h in t h e s a m e w a y a s if t h e d i s t a l 
e n d of t h e w o u n d e d a r t e r y o p e n e d o n t h e su r f ace of t h e l i m b . H e n c e 
t h e c o m p a r a t i v e s a f e t y of r e m o v a l of t h e c o m m u n i c a t i o n en masse a n d 
occ lus ion of a l l f ou r o p e n i n g s b y l i g a t u r e w h i c h h a s b e e n c o n f i r m e d b y 
n u m e r o u s o p e r a t i o n s d u r i n g t h e p r e s e n t w a r . 

A m o r e s t r i k i n g e x a m p l e is offered b y t h e r e s u l t of l i g a t u r i n g t h e 
p o p l i t e a l v e i n a l o n e for t h e t r e a t m e n t of seni le g a n g r e n e of t h e foo t . 
W . A . Oppel,"j* a s c r i b i n g t h e g o o d r e s u l t s o c c a s i o n a l l y o b s e r v e d t o fol low 
a r t e r i o - v e n o u s a n a s t o m o s i s for t h e c u r e of t h i s c o n d i t i o n t o c o n t r o l of 

* S U R G E O N - G E N E R A L W . F . S T E V E N S O N , Report on the Surgical Cases noted 
in the South African War, 1 8 9 9 - 1 9 0 2 . 

t Zentralblatt für Chirurgie, 1913, N o . 3 1 , p . 1241 . 
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t h e v e n o u s c i r c u l a t i o n a n d c o n s e q u e n t r i se in t h e b l o o d - p r e s s u r e of t h e 
l i m b , w a s l ed t o s u b s t i t u t e s i m p l e occ lu s ion of t h e p o p l i t e a l v e i n t o 
p r o d u c e t h e s a m e effects . I n s ix cases t h u s t r e a t e d t h e e x t r e m i t i e s 
w e r e s een t o r e c o v e r n o t o n l y t h e i r w a r m t h a n d c o l o u r w i t h o u t t h e 
d e v e l o p m e n t of oedema , b u t a l so a c e r t a i n d e g r e e of h y p e r e m i a of t h e 
fee t a n d t o e s . 

O n t h e s e a n d o t h e r g r o u n d s i t m u s t b e a d m i t t e d t h a t t h e b a l a n c e 
of t h e c o l l a t e r a l c i r c u l a t i o n is l i ke ly t o b e m o r e eff iciently m a i n t a i n e d 
if t h e vesse l s w h i c h c a r r y i t o n m o r e n e a r l y c o r r e s p o n d in s ize a n d c o n s e -
q u e n t e q u a l i t y in t h e b l o o d - p r e s s u r e a n d r a t e of flow. T h e e l i m i n a t i o n , 
in fac t , of t h e c a p a c i o u s m a i n v e i n is a r e a l a d v a n t a g e , s ince t h i s for 
t h e t i m e affords a t o o r e a d y c h a n n e l of e x i t for t h e d i m i n i s h e d a r t e r i a l 
s u p p l y , a s wel l a s a n u n d e s i r a b l e r e s e r v o i r for s t a g n a t i o n . 

T h e s e c o n s i d e r a t i o n s h a v e led m e n o t o n l y t o r e g a r d o b l i g a t o r y 
s i m u l t a n e o u s occ lus ion of a m a i n a r t e r y a n d v e i n a s a n e g l i g i b l e 
f a c t o r in t h e r i s k of g a n g r e n e of a l i m b ; b u t t o h o l d f u r t h e r , t h a t t h e 
p r o c e d u r e is p r e f e r a b l e w h e t h e r t h e v e i n b e w o u n d e d o r n o t ; t h e r e s u l t 
of t h e c o m b i n e d p r o c e d u r e b e i n g t o m a i n t a i n w i t h i n t h e l i m b for a 
l o n g e r p e r i o d t h e s m a l l e r a m o u n t of b l o o d s u p p l i e d b y t h e c o l l a t e r a l 
a r t e r i a l c i r c u l a t i o n , a n d h e n c e t o i m p r o v e t h e c o n d i t i o n s n e c e s s a r y 
for t h e p r e s e r v a t i o n of t h e v i t a l i t y of t h e l i m b . * 

M. v a n K e n d t e s t e d t h e a c c u r a c y of t h e a b o v e c o n c l u s i o n s a s t o 
t h e r i se of b l o o d - p r e s s u r e a t t h e l a b o r a t o r y of t h e O c e a n A m b u l a n c e 
a t L a P a n n e b y s o m e e x p e r i m e n t s o n a n i m a l s , a n d m a d e t h e fo l lowing 
r e m a r k s in his o b s e r v a t i o n s a t t h e I n t e r - a l l i e d Confe rence of S u r g e o n s 
h e l d in P a r i s in M a y , 1917 :— 

" I n c a r r y i n g o u t a ser ies of e x p e r i m e n t s m a d e w i t h t h e o b j e c t 
of d e t e r m i n i n g t h e i n d i c a t i o n s a n d t h e p h y s i o l o g i c a l b a s i s for t r a n s -
fus ion of b l o o d , I h a v e h a d t h e o p p o r t u n i t y of m e a s u r i n g t h e b l o o d -
p r e s s u r e in l i m b s of w h i c h t h e m a i n a r t e r y h a d b e e n l i g a t u r e d . T h e 
b l o o d - p r e s s u r e w a s t a k e n succes s ive ly a f t e r t h e a r t e r y a l o n e h a d b e e n 
t i e d , a n d a g a i n w h e n l i g a t u r e of t h e v e i n h a d b e e n s u p e r a d d e d . M y 
o b s e r v a t i o n s conf i rm t h e v i e w t h a t h a s b e e n e x p r e s s e d b y S i r G e o r g e 
M a k i n s ; in f ac t , P l e t h y s m o g r a p h i e t r a c i n g s d e m o n s t r a t e c l e a r l y t h a t 
a s l i gh t r i se in t h e b l o o d - p r e s s u r e in t h e l i m b fol lows t h e a p p l i c a t i o n 
of a l i g a t u r e t o a m a i n v e i n , a f t e r p r e v i o u s l i g a t u r e of t h e a r t e r y . 

" I t a p p e a r s , t h e n , f r o m t h e s t a n d p o i n t of t h e p h y s i o l o g i s t , t h a t 
t o l e a v e t h e m a i n v e i n v i a b l e a f t e r occ lu s ion of t h e m a i n a r t e r y of a 
l i m b , d i m i n i s h e s w h a t m a y b e ca l l ed t h e residuary blood-pressure 
m a i n t a i n e d b y t h e c o l l a t e r a l c i r c u l a t i o n . I f t h e c o n t r i b u t i o n of t h e 
c o l l a t e r a l c i r c u l a t i o n is a l l o w e d t o r e m a i n w i t h t h e m a i n v e i n i n t a c t , i t 

* Hunterian Oration, Lancet, Vol . i, 1917, F e b . 17, p. 249 . 
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is n a t u r a l t h a t t h e residuary blood-pressure s h o u l d fa l l . I f t h i s v i e w 
b e a d o p t e d , l i g a t u r e of t h e v e i n a s we l l a s t h e a r t e r y s h o u l d b e r e c o m -
m e n d e d in o r d e r t o r e t a i n t h e b l o o d s u p p l i e d i n l o n g e r c o n t a c t w i t h t h e 
t i s s u e s . T h u s t h e m o s t s a t i s f a c t o r y c o n d i t i o n s for t h e m a i n t e n a n c e 
of t h e n u t r i t i o n of t h e o r g a n s a r e p r o v i d e d , b e c a u s e t h e o b s t a c l e t o t h e 
r e t u r n c i r c u l a t i o n p r o v i d e d b y l i g a t u r e of t h e v e i n r e t a i n s t h e b l o o d 
for a l o n g e r p e r i o d in t h e m e m b e r . " 

A f t e r d i s c u s s i o n of t h e q u e s t i o n a t t h e m e e t i n g , t h e fo l lowing 
c o n c l u s i o n w a s a d o p t e d : " C o n t r a r y t o w h a t h a s u n t i l n o w b e e n 
b e l i e v e d , s i m u l t a n e o u s l i g a t u r e of b o t h a r t e r y a n d v e i n w h e n b o t h 
vesse l s h a v e b e e n w o u n d e d d o e s n o t g i v e r i se t o i n c r e a s e d r i sk s of 
g a n g r e n e ; in f a c t i t d i m i n i s h e s t h e m . F a c t s t e n d t o p r o v e , e v e n w h e n 
t h e w o u n d is l i m i t e d t o t h e a r t e r y , t h a t s i m u l t a n e o u s occ lus ion of t h e 
u n w o u n d e d v e i n is t o b e r e c o m m e n d e d . " * 

T h e n u m b e r s g i v e n b e l o w w e r e s u b m i t t e d t o t h e s a m e m e e t i n g ; 
t h e s e w e r e co l l ec t ed o n o b s e r v a t i o n s of m y o w n , w h i c h i n c l u d e d e v e r y 
c a s e of t h e k i n d o p e r a t e d u p o n d u r i n g a p e r i o d of t w o y e a r s in t h e 
d i s t r i c t i n w h i c h I w o r k e d . I t is o b v i o u s t h a t t h e i n c i d e n c e is a b n o r -
m a l l y h i g h , b u t t h i s w a s c e r t a i n l y t h e case d u r i n g t h e y e a r s 1 9 1 5 - 1 6 . 

C O M P A R A T I V E R E S U L T O F L I G A T U R I N G A R T E R Y A L O N E , A N D S I M U L -

T A N E O U S L I G A T U R E O F A R T E R Y A N D V E I N . 

A R T E R Y A L O N E A R T E R Y A N D λ" K I N 

Artery No. of No. of Artery 
cases cases 

Good result Gangrene Good 
result 

Gangrene 

Subclavian 4 3 1 1 1 
Axi l lary 6 5 1 4 4 — • 

Brachial 13 10 3 1 1 — 

Femoral 32 24 8 32 25 7 
Popl i teal 24 , 14 10 28 22 6 
Tibial 4 4 — 1 1 — 
Carotid 18 12 6 4 3 1 

Tota l s 101 72 29 71 57 14 
28 per cent 19*7 per cent 

E v e r y effort w a s m a d e t o e x c l u d e a n y i n s t a n c e s in w h i c h t h e g a n g r e n e 
w a s d u e t o a n a e r o b i c i n fec t ion , a n d i t m u s t b e u n d e r s t o o d t h a t t h e 
t a b l e d o e s n o t g e n e r a l l y i m p l y g a n g r e n e en masse of t h e l i m b s , b u t in 
m a n y cases a v e r y l i m i t e d a m o u n t conf ined t o d i g i t s o r p a t c h e s of sk in . 

* Comptes Rendus, Conf. Chir. Inter all., Paris , 1917, p. 348. 
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F u r t h e r s t a t i s t i c s o n t h i s s u b j e c t wil l b e f o u n d in t h e s e c t i o n s 
d e v o t e d t o t h e spec i a l v e s s e l s ; b u t t h e y a r e of less v a l u e b e c a u s e , 
s i nce t h e m i d d l e of 1917 , t h e p r a c t i c e in F r a n c e h a s b e e n g e n e r a l l y 
in f a v o u r of s i m u l t a n e o u s l i g a t u r e of b o t h ves se l s . 

M a j o r H a m i l t o n D r u m m o n d h a s k i n d l y f u r n i s h e d m e w i t h a n o t e 
r e g a r d i n g s o m e i n v e s t i g a t i o n s w h i c h h e m a d e o n t h i s s u b j e c t i n t h e 
c a s e of t h e v i s c e r a l ves se l s . L o o p s of t h e s m a l l i n t e s t i n e of t h e c a t , 
a n d of t h e co lon of t h e B e l g i a n h a r e , w e r e m a d e u s e of. A f t e r a c a r e -
ful s t u d y m a d e b y m e a n s of b a r i u m i n j e c t i o n s a n d # - r a y p h o t o g r a p h s 

Fig. 31.—Portion of small intestine of a cat. The segment between 2 and 3 has 
been treated by ligature of arteries and veins in the mesentery. The gut on examination 
48 hours later showed some blue discoloration, but contracted normally and was quite 
free from gangrene. The bowel between 3 and 4 is normal. The portion between 
4 and 5 has been treated by ligature of the arteries only, the venous supply being left 
intact ; it shows a patch of gangrene 1 in. in lengthy Each devascularized group is 
4£ in. in length. Major Hamilton Drummond. 

t o d e t e r m i n e t h e n u m b e r of vesse l s w h i c h s h o u l d b e l i g a t u r e d in o r d e r 
t o a v o i d e r r o r f r o m l e a v i n g t o o free a n a n a s t o m o t i c s u p p l y , t h e fol low-
i n g e x p e r i m e n t w a s m a d e s ix t i m e s o n c a t s ' i n t e s t i n e {Fig. 31 ) . 

" A l o o p of i l e u m t o w a r d s t h e caecal e n d w a s d r a w n o u t of t h e 
a b d o m e n , a n d t h e a r t e r i e s a n d v e i n s s u p p l y i n g a b o u t five i n c h e s of 
t h e g u t w e r e l i g a t u r e d , c u t t i n g off t h e t o t a l m a c r o s c o p i c a l b l o o d -
s u p p l y t o t h a t p o r t i o n . T h e l o o p w a s r e t u r n e d i n t o t h e a b d o m e n , 
a n d a s e c o n d l o o p a b o u t s ix i n c h e s h i g h e r w a s d e l i v e r e d a n d d e v a s -
c u l a r i z e d b y l i g a t u r e of t h e a r t e r y a l o n e . 
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" Of s ix e x p e r i m e n t s p e r f o r m e d u p o n t h e c a t , in t h r e e a def in i te 
r i n g of g a n g r e n e d e v e l o p e d in t h e m i d d l e of t h e s e g m e n t of b o w e l 
w h i c h h a d b e e n d e p r i v e d of i t s a r t e r i a l s u p p l y a l o n e , wh i l e t h e 
s e g m e n t t r e a t e d b y s i m u l t a n e o u s l i g a t u r e of a r t e r y a n d v e i n s h o w e d 
l i t t l e o r n o c h a n g e . I n o n e ca se w h e r e t h e a n i m a l w a s k i l l ed w h i l e 
s t i l l l o o k i n g in g o o d h e a l t h , t w e n t y - f o u r h o u r s a f t e r l i g a t u r e of t h e 
vesse l s , t h e s e g m e n t t r e a t e d b y l i g a t u r e of t h e a r t e r i e s o n l y , s h o w e d 
m o r e se r ious c h a n g e s t h a n t h e s e g m e n t t r e a t e d b y s i m u l t a n e o u s 
l i g a t u r e of a r t e r y a n d v e i n . Of t h e r e m a i n i n g t w o cases , o n e s h o w e d 
n o c h a n g e a t a l l , c o n s e q u e n t u p o n t h e f a c t t h a t t o o s h o r t a s e g m e n t 
of t h e b o w e l h a d b e e n d e p r i v e d of i t s b l o o d - s u p p l y , wh i l e t h e r e s u l t 
i n t h e s i x t h ca se w a s c o m p l i c a t e d b y t h e d e v e l o p m e n t of a n a c u t e 
v o l v u l u s . " 

ANGEIORRHAPHY. 

S u t u r e of w o u n d e d vesse l s , t h e i dea l m e t h o d of d e a l i n g w i t h 
t h e in ju r ies , h a s b e e n w i d e l y a d v o c a t e d , a n d a l a r g e n u m b e r of 
t h e s e o p e r a t i o n s h a v e b e e n p e r f o r m e d T h e l a r g e s t n u m e r i c a l ser ies 
a r e t h o s e r e c o r d e d b y S o u b b o t i t c h a n d B i e r ; t h e l a t t e r r e p o r t e d 
u p o n n o less t h a n 100 ca se s a s e a r l y a s E a s t e r , 1 9 1 5 . A s fa r a s 
m y o w n e x p e r i e n c e goes , so m a n y o p e r a t i o n s h a v e n o t b e e n p e r -
f o r m e d b y a n y i n d i v i d u a l s u r g e o n in t h e B r i t i s h s e rv i ce . W o u n d 
c o n d i t i o n s in t h e e a r l y p a r t of t h e c a m p a i g n w e r e n o t f a v o u r a b l e t o 
t h e p e r f o r m a n c e of a r t e r i o r r h a p h y , a n d o n l y a few t e n t a t i v e o p e r a t i o n s 
w e r e p e r f o r m e d , a f t e r t h e e x p e r i e n c e of w h i c h , m o s t B r i t i s h s u r g e o n s 
r e t u r n e d t o t h e s i m p l e r p r o c e d u r e of l i g a t u r e . S u c h o p e r a t i o n s a s 
w e r e s t i l l p e r f o r m e d , m o r e o v e r , w e r e u s u a l l y u n d e r t a k e n a f t e r t h e 
l a p s e of s o m e d a y s f r o m t h e r e c e i p t of t h e o r i g i n a l i n j u r y , w h e n 
g e n e r a l i n f i l t r a t i on a n d c o n s e q u e n t s t i f fening of t h e wa l l s of t h e vesse l s 
m a d e t h e t e c h n i q u e p a r t i c u l a r l y difficult . T h e t e c h n i c a l difficult ies 
w e r e f u r t h e r i n c r e a s e d b y t h e u s e of e x t r e m e l y fine need l e s a n d t h i n 
si lk, s u c h a s h a d b e e n u s e d b y D r . Ca r r e l for h i s e x p e r i m e n t a l w o r k 
o n a n i m a l s , o r b y t h e o p p o s i t e c o n d i t i o n s in w h i c h s i lk o r c a t g u t of 
t o o coa r se a c a l i b r e w a s e m p l o y e d . 

D u r i n g t h e p a s t t w o y e a r s — 1 9 1 7 - 1 8 — c o n s i d e r a b l e c h a n g e h a s 
t a k e n p l a c e in t h e s e c o n d i t i o n s . E a r l i e r o p e r a t i o n s h a v e b e e n u n d e r -
t a k e n ; a n d i t h a s b e e n r ea l i zed t h a t fine s i lk , s u c h a s J a p a n e s e 0000 , 
a n d n e e d l e s of a c o r r e s p o n d i n g size, a r e fine e n o u g h for t h e p u r p o s e 
r e q u i r e d , t h a t t h e y m e e t t h e diff icul ty of d e a l i n g w i t h s t i f fened vesse l s , 
a n d a r e fa r m o r e r e a d i l y a n d eas i ly m a n i p u l a t e d . 

B e y o n d t h i s , e x p e r i e n c e h a s b e e n g a i n e d a s t o t h e p a r t i c u l a r 
vesse l s , a n d t o t h e n a t u r e of t h e w o u n d s , m o s t s u i t e d t o t h i s f o r m of 
t r e a t m e n t . T h e i n d i c a t i o n s for p r i m a r y s u t u r e of t h e vesse ls m a y 
b e s h o r t l y s u m m a r i z e d a s fol lows :— 
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1. A n a c c o m p a n y i n g w o u n d of t h e sof t p a r t s w h i c h t h e r e is a 
r e a s o n a b l e p r o b a b i l i t y of m a i n t a i n i n g in a n a s e p t i c c o n d i t i o n . 

( S u t u r e of vesse ls in c o n n e c t i o n w i t h a r t e r i a l h a e m a t o m a t a o r 
a n e u r y s m s is d e a l t w i t h o n p . 85.) 

2 . W o u n d s of m o d e r a t e d i m e n s i o n s , e x h i b i t i n g a s f a r a s poss ib l e 
a n inc i sed or m i l d l y l a c e r a t e d c h a r a c t e r . T h e m o s t f a v o u r a b l e a r e 
t h o s e p r o d u c e d b y s h a r p f r a g m e n t s of m e t a l , a n d of t h e s e t h e m o s t 
s u i t a b l e t o s u t u r e a r e t h e l o n g i t u d i n a l , t r a v e r s i n g p e r f o r a t i o n s w i t h 
n o t t o o g r e a t a loss of s u b s t a n c e ; a n d l a t e r a l w o u n d s , g e n e r a l l y n o t 
i n v o l v i n g m o r e t h a n ha l f t h e c i r c u m f e r e n c e of t h e vesse l . 

M a n y b u l l e t i n ju r i e s a l so f o r m f a v o u r a b l e s u b j e c t s for t r e a t m e n t 
b y s u t u r e , b u t in t h e e a r l y s t a g e s i t is o f t en difficult t o e s t i m a t e t h e 
d e g r e e of c o n t u s i o n w h i c h a c c o m p a n i e s t h e a c t u a l w o u n d . 

3 . M o r e e x t e n s i v e in ju r i e s c a n o n l y b e t r e a t e d b y exc i s ion of t h e 
d a m a g e d e n d s of t h e vesse l , fo l lowed b y a c o m p l e t e c i r c u l a r u n i o n . 
W i t h a h i g h l y d e v e l o p e d t e c h n i q u e , r e u n i o n of t h e e n d s of t h e s e v e r e d 
vesse l offers n o i m m e d i a t e diff icult ies, a n d t h e o p p o r t u n i t y a f forded 
of e n s u r i n g t i s s u e w h i c h h a s n o t suffered c o n t u s i o n is a n i m p o r t a n t 
e l e m e n t in final succes s . O n t h e o t h e r h a n d , t h e l ine of u n i o n is 
n e c e s s a r i l y e x p o s e d t o c o n s i d e r a b l e t e n s i o n , a n d t h e l i m b n e e d s t o 
b e p l a c e d in a fo rced p o s i t i o n t o o v e r c o m e t h i s o b s t a c l e t o u n i o n 
a s fa r a s pos s ib l e . T h i s q u e s t i o n of p o s i t i o n r e n d e r s t r a n s p o r t m o r e 
difficult , a n d p r o l o n g e d a s s u m p t i o n of a f lexed p o s i t i o n m a y a l so 
b e fo l lowed b y g r e a t d i f f icul ty in s t r a i g h t e n i n g t h e l i m b e v e n t u a l l y . 
A g a i n , m o b i l i z a t i o n of t h e vesse l n e e d s t o b e v e r y f ree , a n d t h i s 
n e c e s s i t a t e s a n a m o u n t of d i s s e c t i o n of t h e l i m b w h i c h is o f t en 
u n d e s i r a b l e . Al l t h e s e c o n d i t i o n s n e e d t o b e t a k e n i n t o c o n s i d e r a -
t i o n in d e c i d i n g u p o n e s t a b l i s h i n g a c i r c u l a r u n i o n . T h e m o s t 
p r o m i s i n g a r t e r i e s for t h i s p r o c e d u r e a r e t h e c a r o t i d , t h e b r a c h i a l , 
a n d t h e superf ic ia l f e m o r a l , in w h i c h t h r e e vesse l s n o t o n l y l o n g 
s t r e t c h e s a r e a s s u r e d , b u t a l so s t r e t c h e s w h i c h m a y b e free f r o m 
a n y fixation b y b r a n c h e s . 

4. W i t h r e g a r d t o t h e a r t e r i e s s u t u r e of w h i c h is m o s t s t r o n g l y 
ca l l ed f o r — a s f a r a s t h e q u e s t i o n of u l t i m a t e m a i n t e n a n c e of t h e 
v i t a l i t y of t h e l i m b a t a h i g h l eve l is c o n c e r n e d — t w o o r t h r e e vesse ls 
s t a n d o u t p r o m i n e n t l y . 

T h e c o m m o n c a r o t i d , t h e e x t e r n a l i l iac , a n d i t s c o n t i n u a t i o n t h e 
c o m m o n f e m o r a l , m a y b e first c o n s i d e r e d . F o r t u n a t e l y , in t h e case of 
b o t h t h e s e t r u n k s , t h e i m p o r t a n c e of t h e i r p e r i p h e r a l d i s t r i b u t i o n , 
a n d t h e i r c o m p a r a t i v e acce s s ib i l i t y a n d c a p a c i t y for t h e n e c e s s a r y 
m o b i l i z a t i o n , a r e in c o n s o n a n c e . T o a lesser d e g r e e t h e s a m e m a y b e 
sa id a b o u t t h e m a i n t r u n k of t h e u p p e r l i m b ; b u t i t c a n n o t b e s a i d 
t h a t t h e a x i l l a r y is a r e a l l y s a t i s f a c t o r y vesse l t o d e a l w i t h , o n a c c o u n t 
of i t s d e p t h of p o s i t i o n , t h e i m p o r t a n t m u s c l e s w h i c h r e q u i r e d iv i s ion 
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t o g a i n t h e n e e d f u l e x p o s u r e , a n d t h e diff icul t ies o f t e n a r i s i n g in d e a l i n g 
w i t h t h e v e i n s . 

5 . S u t u r e of t h e v e i n s is a n eas i e r m a t t e r in a l m o s t a n y p o s i t i o n , 
a n d a s f a r a s t h e c o n t r o l of h a e m o r r h a g e is c o n c e r n e d , i t m a y b e sa id 
t o b e g e n e r a l l y successful . 

W i t h r e g a r d t o t h e s u r g i c a l t e c h n i q u e of t h e s e o p e r a t i o n s , I d o 
n o t t h i n k a n y m a t e r i a l m o d i f i c a t i o n of t h e m e t h o d of Ca r r e l , b e y o n d 
t h e u s e of s o m e w h a t l a r g e r s i lk a n d n e e d l e s , c a n b e ca l l ed for . I n 
effect ing c i r c u l a r u n i o n s , i t h a s b e e n s h o w n t h a t t w o fixation t h r e a d s 
a r e suff icient ; o t h e r w i s e I c o n s i d e r t h a t t h e m a i n a i m of t h o s e 
p r a c t i s i n g a r t e r i a l s u r g e r y s h o u l d b e t o s t r i v e t o a p p r o a c h t h e exce l -
l ence a t t a i n e d b y t h e m a s t e r of t h i s m e t h o d . 

A r e m a r k h a s a l r e a d y b e e n m a d e a s t o t h e u n s a t i s f a c t o r y r e s u l t s 
w h i c h m a y fol low p l i c a t i o n a s a m e a n s of o b l i t e r a t i n g t h e c a v i t y of 
s m a l l a n e u r y s m a l sacs , a n d of t h e e m p l o y m e n t of flaps f a s h i o n e d 
f r o m t h e w a l l of t h e s a c for t h e p u r p o s e of r e c o n s t r u c t i n g a n a r t e r y . 
I t w o u l d , a f t e r a l l , a p p e a r t o b e o b v i o u s t h a t a flap c o n t a i n i n g n e i t h e r 
m u s c u l a r n o r e l a s t i c t i s s u e c a n h a r d l y b e r e g a r d e d as s a t i s f a c t o r y 
m a t e r i a l for r e p a i r i n g a n a r t e r i a l de fec t . S u c h flaps, m o r e o v e r , n o t 
o n l y l a c k t h e p o w e r of a c t i v e c o n t r a c t i o n a n d e l a s t i c i t y , b u t a l so , 
a s c o n s i s t i n g of c i ca t r i c i a l t i s s u e , a r e l i ab le t o s u b s e q u e n t c o n t r a c t i o n 
o r t h e y m a y p r o v e of insuff ic ient r e s i s t i n g c a p a c i t y t o w i t h s t a n d 
t h e force of t h e c i r c u l a t i o n . T h e s e c r i t i c i sms a l so a p p l y t o t h e e m -
p l o y m e n t of fasc ia l flaps for s t r e n g t h e n i n g w e a k u n i o n s ; in m o s t 
i n s t a n c e s t h e s u b s e q u e n t f a t e of a vesse l r e p a i r e d b y t h i s m e t h o d 
wil l p r o b a b l y b e c o n t r a c t i o n a n d o c c l u s i o n . 

A s t o t h e g e n e r a l r e s u l t s a t t a i n e d b y t h e m e t h o d of s u t u r e in 
t h e ser ies of cases u n d e r c o n s i d e r a t i o n , r e f e r ence m a y b e m a d e t o 
t h e s e c t i o n s d e v o t e d t o t h e i n d i v i d u a l a r t e r i e s . I t h i n k t h e s e r e s u l t s 
m a y b e r e g a r d e d a s d e m o n s t r a t i n g t h a t t h e m e t h o d of s u t u r e is n o t 
so difficult of p r a c t i c a l a p p l i c a t i o n a s h a s b e e n s o m e t i m e s a s s u m e d ; 
f u r t h e r , t h a t t h e u l t i m a t e r e s u l t s m a y b e c l a i m e d t o b e s u p e r i o r t o 
t h o s e t o b e o b t a i n e d b y s i m p l e l i g a t u r e of t h e vesse l s . 

I t c a n n o t , h o w e v e r , b e s a id t h a t i d e a l r e s u l t s a r e c o m m o n , s ince 
e x p e r i e n c e h a s s h o w n t h a t e i t h e r e a r l y t h r o m b o s i s , o r l a t e r c i ca t r i c i a l 
c o n t r a c t i o n , m a y a f t e r a l l l e a d t o occ lu s ion of t h e a r t e r y . E a r l y 
t h r o m b o s i s m a y r e a s o n a b l y b e a s c r i b e d in m o s t cases e i t h e r t o 
d e f e c t i v e s u r g i c a l t e c h n i q u e o r t o t h e cho ice of u n s u i t a b l e cases . 
U l t i m a t e occ lu s ion t a k i n g p l a c e a t a l a t e r d a t e is p r o b a b l y b e y o n d 
t h e p o w e r of t h e s u r g e o n t o a v o i d . I t is d i s a p p o i n t i n g a s v i t i a t i n g 
h i s p r i n c i p a l a i m , y e t t h e g r e a t a d v a n t a g e of a g r a d u a l c u t t i n g off 
of t h e m a i n b l o o d - s t r e a m h a s b e e n g a i n e d . 

A w o r d m a y b e a d d e d as t o t h e c o u r s e w h i c h s h o u l d b e t a k e n 
b y t h e s u r g e o n s h o u l d i m m e d i a t e t h r o m b o s i s follow t h e c losu re of 
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t h e w o u n d in t h e w a l l of t h e a r t e r y . U n d e r t h e s e c i r c u m s t a n c e s , 
p e r h a p s l i t t l e is t o b e h o p e d for, b u t I b e l i e v e i t is p r o b a b l y wi se r n o t 
t o r e - o p e n t h e ves se l a n d e v a c u a t e t h e c lo t , w h i c h wi l l p r o b a b l y 
b e r a p i d l y r e - f o r m e d . I t is a loca l o b s t r u c t i o n , a n d c o n s i s t s of a sof t 
t h r o m b u s , p r o b a b l y a t t a c h e d firmly o n l y a l o n g t h e a c t u a l l ine of 
s u t u r e , a n d c a p a b l e of c o n t r a c t i o n a n d a b s o r p t i o n . H e n c e i t is 
w i se r t o t r u s t t o t h e s e poss ib i l i t i e s . 

A s t o t h e o b j e c t i o n c o n c e r n i n g t h e l e n g t h of t i m e n e e d e d for t h e s e 
o p e r a t i o n s , i t is o b v i o u s t h a t a dec i s ion on t h e i r a d v i s a b i l i t y m u s t 
b e d e t e r m i n e d b y t h e s t a t e of t h e p a t i e n t a n d t h e j u d g e m e n t of 
t h e i n d i v i d u a l s u r g e o n . 

S u t u r e of t h e o p e n e n d of a d i v i d e d vesse l is o f t e n p r e f e r a b l e 
t o l i g a t u r e , a s i t a v o i d s a n y s t r i p p i n g u p of t h e v a s c u l a r c lef t . 

THE PROVISION OF A TEMPORARY CONDUIT IN PLACE OF 

IMMEDIATE OCCLUSION OF THE VESSEL. 

N o d o u b t c a n e x i s t t h a t t h e m o s t s e r i o u s of t h e effects fo l lowing 
a b r u p t a n d c o m p l e t e o b s t r u c t i o n of a m a i n a r t e r y d e p e n d o n t h e 
s u d d e n anaemia p r o d u c e d in t h e a r e a of t h e p e r i p h e r a l d i s t r i b u t i o n . 
T h e m o s t s t r i k i n g e x a m p l e of i m m e d i a t e effects is s een w h e n t h e 
m o s t h i g h l y o r g a n i z e d t i s s u e s , a s t h o s e of t h e c e n t r a l n e r v o u s s y s t e m , 
a r e i n c l u d e d in t h e a r e a r e n d e r e d anaemic . T h u s , in t h e case of t h e 
c a r o t i d a r t e r y , a s u d d e n h e m i p l e g i a m a y fol low o b s t r u c t i o n of t h e 
m a i n b l o o d - s u p p l y , a n d t h i s m a y e v e n b e fo l lowed b y a f a t a l i s sue 
in a s s h o r t a p e r i o d a s t h i r t y - s i x h o u r s ; o r p e r m a n e n t ot a m e r e l y 
t e m p o r a r y p a r a l y s i s m a y r e s u l t . 

I n t h e case of t h e less d e l i c a t e t i s s u e s of t h e l i m b s , t h e o n s e t of 
t h e s igns is n o t so d r a m a t i c a l l y d e m o n s t r a t e d , b u t t h e l i m b m a y a t 
o n c e b e c o m e cold a n d f u n c t i o n l e s s , a n d g a n g r e n e , m o r e o r less e x t e n s i v e , 
m a y fol low in a c o u p l e o r m o r e d a y s . 

T h e r e is n o d o u b t t h a t a n u m b e r of e l e m e n t s c o m b i n e t o inf luence 
t h e g r a d e of loca l v i t a l d e p r e s s i o n , o r a c t u a l d e a t h of t h e p a r t s , i n d u c e d 
b y a b r u p t s u p p r e s s i o n of t h e b l o o d - s u p p l y . S u c h a r e i r r e g u l a r i t i e s in 
t h e a r r a n g e m e n t of t h e n o r m a l a n a s t o m o s e s p e c u l i a r t o t h e i n d i v i d u a l ; 
t h e c o m m o n i n t e r f e r e n c e w i t h s o m e of t h e n o r m a l c h a n n e l s so c h a r a c -
t e r i s t i c of g u n s h o t w o u n d s ; a n d , m o r e r a r e l y , a r t e r i a l d e g e n e r a t i o n , 
a l t h o u g h t h i s l a s t is n o t o f t en p r e s e n t in t h e y o u n g a n d h e a l t h y a d u l t s 
w h o f o r m so l a r g e a p r o p o r t i o n of t h e m i l i t a r y c lass . T h e n , c e r t a i n 
m o r e g e n e r a l c a u s e s m a y b e c o n t r i b u t o r y , s u c h a s p s y c h i c a l d e p r e s s i o n , 
e x h a u s t i o n f r o m e x p o s u r e , a n d p r o l o n g e d e x p o s u r e t o cold ; a n d l a s t l y 
a n d a b o v e a l l , t h e r e c e n t l y i n d u c e d s e v e r e g e n e r a l anaemia a n d fall 
of b l o o d - p r e s s u r e a t t e n d a n t u p o n a l a r g e h a e m o r r h a g e . 
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A n y o r a l l of t h e s e in f luences m a y b e b r o u g h t t o b e a r o n i n d i -
v i d u a l s in w h o m n o p r e p a r a t o r y c h a n g e s in t h e c i r c u l a t i o n h a v e 
t a k e n p l a c e , a s m a y h a v e b e e n t h e case i n t h e s u b j e c t s of s p o n t a -
n e o u s a n e u r y s m s , o r of t u m o u r s w h i c h h a v e e x e r c i s e d a s lowly 
i n c r e a s i n g in f luence o n t h e c a l i b r e of t h e m a i n vessel of s u p p l y . A s 
a r e s u l t , w e find g a n g r e n e a fa r m o r e f r e q u e n t s e q u e l a t o t h e o p e r a -
t i o n of l i g a t u r e t h a n w e s h o u l d h a v e p r i m a r i l y e x p e c t e d i t t o b e . 

A g a i n , i t c a n n o t b e t o o s t r o n g l y e m p h a s i z e d , t h a t t h e i m m e n s e 
m a j o r i t y of t h e cases óf g a n g r e n e w h i c h h a v e b e e n o b s e r v e d in t h i s 
w a r fo l lowed p r i m a r y o r i n t e r m e d i a t e o p e r a t i o n s of u r g e n c y ; w h i l e 
t h e i nc idence a f t e r o p e r a t i o n s p e r f o r m e d a t a l a t e r d a t e , w h e n t h e 
d a n g e r s d e p e n d e n t o n p r i m a r y h a e m o r r h a g e , s h o c k , a n d t h e r i sk s of 
in fec t ion h a v e p a s s e d b y , h a s b e e n a l m o s t neg l ig ib l e . 

D r . Ca r r e l h a s s h o w n m a n y y e a r s a g o t h e pos s ib i l i t y of m a i n t a i n -
i n g t h e c i r c u l a t i o n in a n i m a l s , e v e n for v e r y p r o l o n g e d p e r i o d s , b y t h e 
i n s e r t i o n of a g lass j u n c t i o n t u b e i n t o t h e e n d s of a d i v i d e d a r t e r y . 
P ro fe s so r Tuffier h a s u t i l i zed t h i s e x p e r i e n c e b y i n t r o d u c i n g a s i m i l a r 
p r o c e d u r e in t h e t r e a t m e n t of w o u n d e d a r t e r i e s in m a n . A s i lver 
t u b e is m a d e u s e of, a n d a l l o w e d t o lie in p o s i t i o n u n t i l i t h a s e v i -
d e n t l y u n d e r g o n e o b s t r u c t i o n , w h e n i t is r e m o v e d a n d t h e e n d s of t h e 
vesse l a r e s e c u r e d if n e c e s s a r y . T h e s i lver t u b e is p r e v i o u s l y c o a t e d 
w i t h paraff in , a n d m a y s e r v e t o m a i n t a i n a g r a d u a l l y d e c r e a s i n g 
s t r e a m in t h e a r t e r y for f r o m a few h o u r s t o a s m u c h a s t e n d a y s ; 
d u r i n g t h i s p e r i o d t h e i n t e r i o r b e c o m e s g r a d u a l l y filled w i t h l a m i n a t e d 
b l o o d - c l o t . Plate IV is d r a w n f r o m a sec t ion of s u c h a c lo t r e m o v e d 
f r o m t h e i n t e r i o r of a t u b e w h i c h h a d l a i n in p o s i t i o n for f ou r d a y s . 
D u r i n g t h i s i n t e r v a l t i m e is a f forded for p r o g r e s s i v e e n l a r g e m e n t of 
t h e co l l a t e r a l b r a n c h e s of t h e m a i n t r u n k , a n d t h u s a g r a d u a l l y 
i n c r e a s i n g s t r a i n is i m p o s e d u p o n t h e c o m p e n s a t o r y m e c h a n i s m , r a t h e r 
t h a n a n a b r u p t a n d c o m p l e t e d e m a n d . 

T h e s e t u b e s h a v e b e e n w i d e l y e m p l o y e d , w i t h a c o n s i d e r a b l e 
m e a s u r e of success . I n t w o cases of i n j u r y t o t h e p o p l i t e a l a r t e r y in 
w h i c h I e m p l o y e d t h e t u b e , in n e i t h e r d i d g a n g r e n e s u p e r v e n e ; a n d 
I h a v e seen t h e s a m e r e s u l t s e v e r a l t i m e s w h e n t h e t u b e h a s b e e n u s e d 
b y o t h e r s . A s t r i k i n g case w a s r e p o r t e d t o m e in w h i c h t h e c o m -
p l e t e l y d i v i d e d f e m o r a l a r t e r y h a d b e e n a t o n c e l i g a t u r e d , a n d s h o r t l y 
a f t e r w a r d s s igns of i n c i p i e n t g a n g r e n e w e r e n o t e d . C a p t a i n Cowell 
r e m o v e d t h e l i g a t u r e s a n d i n t r o d u c e d a t u b e , w i t h t h e r e s u l t t h a t 
g a n g r e n e w a s a v o i d e d . I n o n e i n s t a n c e i n t h e se rv i ce of P ro fe s so r 
Tuffier, t h e c i r c u l a t i o n w a s m a i n t a i n e d t h r o u g h t h e f e m o r a l a r t e r y for 
a p e r i o d of t e n d a y s ; b u t I t h i n k t h i s m u s t b e r e g a r d e d a s a v e r y 
e x c e p t i o n a l o c c u r r e n c e , a n d a s a r u l e t h e t u b e s h o u l d b e r e m o v e d a t 
t h e e n d of f ou r d a y s , a n d a t t h i s d a t e I h a v e a l w a y s f o u n d i t o c c l u d e d . 

T h e m a i n e l e m e n t in p r o c u r i n g success in u s i n g t h e s e t u b e s l ies 



PLATE IV. 

Clot removed from a Tuffier's tube, on the fourth day. Occlusion has resulted 
from the union of irregular processes of clot, which have united at the centre, and 
either end, enclosing spaces. The green strip is a remnant of the paraffin lining 
of the tube, still adherent to the clot. 

Gunshot Injuries to the Blood-vessels, p. 1 1 0 
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in o b s e r v i n g c a r e t h a t t h e c o a t i n g of paraf f in b e n o t d i s t u r b e d in t h e 
p r o c e s s of i n t r o d u c t i o n . T h e free m a r g i n s of t h e a p e r t u r e s a r e t h e 
p a r t s m o s t l i ke ly t o suffer. I n t r o d u c t i o n of t h e t u b e i n t o t h e p r o x i m a l 
e x t r e m i t y of t h e d i v i d e d vesse l is e a s y , b u t t h a t i n t o t h e d i s t a l e n d 
o f t e n g ive s t r o u b l e f r o m t h e f a c t t h a t i t is a l r e a d y c o n t r a c t e d a n d 
difficult t o d i l a t e m e c h a n i c a l l y . N o m o r e s t r i k i n g e x e m p l i f i c a t i o n of 
t h e force e x e r t e d b y t h e n o r m a l b l o o d - p r e s s u r e c a n b e a f forded t h a n 
b y w i t n e s s i n g t h e diff icul ty w i t h w h i c h t h e s u r g e o n c a n s t r e t c h t h e 
o p e n e n d of a d i v i d e d vesse l , a n d t h e r a p i d d i l a t a t i o n w h i c h a t o n c e 
fol lows e n t r a n c e of t h e b l o o d - s t r e a m w h e n t h e j u n c t i o n is effected. 

T h e fo l lowing f o r m u l a r e c o m m e n d e d b y C a p t a i n B a z e t t for a 
paraff in m i x t u r e t o c o a t t h e t u b e s u s e d in d i r e c t t r a n s f u s i o n of b l o o d 
is v e r y use fu l for c o a t i n g t h e Tuffier t u b e s , a n d t h e i r i n t r o d u c t i o n is 
m u c h f a c i l i t a t e d b y t h e e m p l o y m e n t of a p a i r of fo rceps m a d e u p o n 
t h e s a m e p a t t e r n a s o n e of P r o f e s s o r Tuffi e r 's : A b o u t e q u a l p a r t s 
of paraff in w a x a n d v a s e l i n e a r e m i x e d , t h e p r o p o r t i o n of e a c h 
b e i n g s l i g h t l y modi f i ed so a s t o o b t a i n a m a s s w h i c h wil l s e t a t f r o m 
43° t o 48° C. T h e m i x t u r e is t h e n s t r a i n e d t h r o u g h c o t t o n - w o o l . 
T h e t u b e s a r e c o a t e d b y i m m e r s i n g t h e m in t h e m i x t u r e h e a t e d t o 
a b o u t 130° C , t a k i n g c a r e t o a v o i d t h e p r e s e n c e of a i r - b u b b l e s . 



113 

Wounds of Individual Vessels. 

CHAPTER VII. 

THE GREAT VESSELS OF THE TRUNK. 

T H E f a t a l i t y a t t e n d a n t u p o n w o u n d s of t h e g r e a t vesse l s of t h e t r u n k 

c a n n o t b e b e t t e r i l l u s t r a t e d t h a n b y r e f e r e n c e t o t h e T a b l e ( p . 7 ) 

w h i c h s h o w s t h e r e g i o n a l d i s t r i b u t i o n of t h e cases d e a l t w i t h in 

t h i s e s s a y . 

I n a l l c o m m u n i c a t i o n s c o n c e r n i n g g u n s h o t i n ju r i e s t o t h e c h e s t 

a n d t h e a b d o m e n , h a e m o r r h a g e is g e n e r a l l y a c k n o w l e d g e d t o b e t h e 

m a i n c a u s e of e a r l y d e a t h ; a n d in c o n s i d e r i n g t h e effects of g u n s h o t 

w o u n d s of t h e l u n g s , h a e m o r r h a g e i n t o t h e p l e u r a l c a v i t y a n d i t s c o n -

s e q u e n c e s o b t a i n a d o m i n a n t p o s i t i o n . 

VESSELS OF THE CHEST. 

A o r t a — T h a t a w o u n d of t h e t h o r a c i c a o r t a n e e d n o t p r o v e i m m e -

d i a t e l y f a t a l is n o t a n o v e l o b s e r v a t i o n . Fig. 32 d e p i c t s a s p e c i m e n of 

F I G . 32.—Spherical ball wound of the ascending aorta. Plug of soft tissues, 
and bullet retained in the lumen of the vessel. 

M r . G u t h r i e ' s p r e s e r v e d in t h e M u s e u m of t h e R o y a l Col lege of S u r g e o n s 
( N o . 3051 ) . I n t h i s i n s t a n c e t h e p a t i e n t d i e d o n t h e t h i r d d a y , a n d 

8 
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t e m p o r a r y h scmos t a s i s a p p e a r s t o h a v e b e e n effected b y a p l u g of t h e 
s k i n a n d sof t t i s s u e s c a r r i e d b y t h e s p h e r i c a l b u l l e t i n t o t h e a p e r t u r e 
in t h e wa l l of t h e a r t e r y . T h i s m o d e of s p o n t a n e o u s c l o s u r e of a 
de f ec t in t h e a r t e r i a l wa l l is n o t , I t h i n k , c o m m o n , a l t h o u g h m e n t i o n 
is m a d e of i t in t h e case of a w o u n d of t h e b r a c h i a l a r t e r y r e c o r d e d 
b y Sir W . S t o k e s q u o t e d on p . 2 7 . W h e n G u t h r i e ' s s p e c i m e n w a s 

F I G . 33.—Bullet wound of thoracic aorta, fifth day. Infiltration of mediastinal 
connective tissue with blood, but no aneurysmal sac. Capt. Adrian Stokes. 

first r e m o v e d f r o m t h e b o d y , t h e b u l l e t w a s r e t a i n e d in i t s p o s i t i o n 
a g a i n s t t h e wa l l of t h e a r t e r y b y a c o v e r i n g of fibrinous c lo t a n d p o s -
s i b l y s h r e d s of t h e fibrous t i s s u e i t h a d c a r r i e d w i t h i t i n t o t h e l u m e n 
of t h e a o r t a . 

A b e a u t i f u l s p e c i m e n o b t a i n e d b y C a p t a i n A d r i a n S t o k e s , f rom a 
p o s t - m o r t e m e x a m i n a t i o n p e r f o r m e d in a f a t a l case of i n j u r y t o t h e 
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ches t in w h i c h a large h e m o t h o r a x w a s t h e p r o m i n e n t feature , is pre-

served in t h e W a r Collect ion a t t h e R o y a l College of Surgeons (Fig. 33 ) . 

T h e p a t i e n t susta ined a perforat ing w o u n d of t h e chest , a n d during 

t h e n e x t t w e n t y - f o u r hours w a s operated upon , a n d four p ints of b lood 

Avere e v a c u a t e d from t h e r ight pleural c a v i t y . T h e w o u n d u n d e r w e n t 

a severe s treptococcal infect ion, a n d as a result t h e p a t i e n t died o n 

t h e fifth d a y after recept ion of t h e injury . A t t h e a u t o p s y t h e areolar 

t i s sue of t h e posterior m e d i a s t i n u m w a s found t o be d e n s e l y infi ltrated 

w i t h blood-c lot , b u t no aneurysmal c a v i t y w a s present . A slit aper-

ture of e n t r y w a s found in t h e descend ing aorta , a n d t h e bul let w h i c h 

had caused th i s w o u n d w a s d i scovered in t h e r ight c o m m o n iliac artery 

w i t h t h e base d irected d o w n w a r d s . There is no reason t o a s sume , 

from t h e condi t ions d i scovered after dea th , t h a t th i s pa t i en t m i g h t 

n o t h a v e recovered so far as t h e aort ic injury w a s concerned. 

T h e instances of s p o n t a n e o u s closure of t h e abdomina l aorta 

referred t o on p. 26 a n d p . 119 w o u l d also s e e m t o support t h e v i e w 

t h a t w o u n d s t o t h e thorac ic aor ta infl icted b y bul le t s of smal l cal ibre 

or m i n u t e f ragments of shel l m a y in l ike m a n n e r heal s p o n t a n e o u s l y 

and escape observat ion . This poss ib i l i ty helps t o m a k e t h e e x a c t 

local izat ion of ar ter io -venous c o m m u n i c a t i o n s s i tuated wi th in t h e 

confines of t h e t h o r a x a m a t t e r of s o m e difficulty ; t h e fo l lowing case 

forms a n i l lus trat ive e x a m p l e . 

Case 1 .—Thoracic a r t e r i o - v e n o u s c o m m u n i c a t i o n , t r a n s v e r s e a r c h of 
t h e a o r t a or l e f t s u b c l a v i a n a r t e r y . 

P t e . W . A bullet entered a t t h e cent re of t h e left supraspinous fossa, 
a n d was re ta ined benea th t h e centre of t h e m a n u b r i u m s terni . 

Some haemoptysis followed the recept ion of the wound , and a left 
h e m o t h o r a x developed. The man was kep t at rest at the casua l ty clearing 
s ta t ion for a week, and t h e n t ransferred to a hospi ta l on the lines of com-
munica t ion . On admission, the re was some cellular emphysema at t h e root 
of t h e neck on t h e left side, a n d a large h e m o t h o r a x wi th considerable dis-
p lacement of t h e hea r t to t h e r ight , b u t t h e man ' s general condi t ion was 
good. Respi ra t ion was easy, t h e pulse-rate 90, a n d t h e hear t ' s ac t ion was 
not exci ted. The left radial pulse was present a n d una l te red . 

A loud ar ter io-venous bru i t was audible over t h e ent i re p r eco rd i a l 
area, louder still over t h e m a n u b r i u m sterni , and a t t a in ing i ts g rea tes t 
in tens i ty over t h e s ternal end of t h e left clavicle. I t was audible in b o t h 
posterior t r iangles of t h e neck, b u t s t ronger in t h e left. I was inclined t o 
localize t h e communica t ion t o t h e left subclavian a r t e ry . 

Dur ing t h e nex t fourteen days t h e pa t i en t remained in much t h e same 
condit ion, b u t he t h e n h a d a sudden a t t a c k of dyspnoea a n d became exci ted 
a n d depressed by t u r n s . The charac te r of t h e brui t at th i s t ime unde rwen t 
considerable a l tera t ion ; t h e systolic e lement t ook on a sha rp whist l ing 
charac ter , and t h e venous roar became lower in p i tch a n d softer in t one . 
T h e normal cardiac sounds could be ve ry readi ly dis t inguished from t h e 
advent i t ious vascular m u r m u r , a n d t h e l a t t e r had become more s t rongly 
conducted towards t h e r ight side of t h e chest . Li t t le change h a d t a k e n 
place in t h e condit ion of t h e h e m o t h o r a x . 
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The pa t ien t was kep t a t rest in bed dur ing t h e succeeding four weeks, 
a n d steadil j

7
 improved . The whist l ing charac te r of t h e systolic e lement of 

t h e bru i t was main ta ined , t h e venous roar becoming still less p rominen t . 
T h e radial pulses were equal in s t reng th and volume. The h e m o t h o r a x 
s teadi ly decreased in ex ten t , and dyspnoea and distress d isappeared com-
pletely. An a?-ray p la te revealed a shadow in t h e upper pa r t of t h e chest , 
ex tend ing beyond t h e r ight border of t h e s t e rnum, b u t nei ther pulsat ion nor 
thri l l could be de tec ted in t h e upper intercostal spaces. 

A t t h e end of seven weeks t h e m a n was t ransferred t o Folkes tone , 
where he s tayed th ree m o n t h s , a n d was t h e n sent b a c k to Canada to be 
d ischarged from t h e service. 

While a t Folkes tone a second sk iagram was t a k e n , a n d t h e sk iagrapher 
was of opinion t h a t t h e lesion was one of t he t r ansverse por t ion of t h e a rch 
of the ao r t a . T h e m a n was complain ing of occasional a t t a c k s of b rea th -
lessness a t n ight , b u t was otherwise comfortable . 

Innominate Vesse l s .—Aneurysma l v a r i c e s of t h e i n n o m i n a t e 

vesse l s a r e o c c a s i o n a l l y m e t w i t h , b u t I h a v e o n l y o n c e h a d t h e o p p o r -

t u n i t y of o b s e r v i n g a n a r t e r i o - v e n o u s a n e u r y s m , a n d n e v e r a p u r e 

a r t e r i a l h e m a t o m a . 

Q u o t a t i o n of t h e t h r e e cases w h i c h h a v e c o m e u n d e r m y o w n 

o b s e r v a t i o n will p r o b a b l y b e m o r e usefu l t h a n a n y a t t e m p t t o g ive a 

d e t a i l e d d e s c r i p t i o n of i n n o m i n a t e les ions . T h e first case is of spec ia l 

i n t e r e s t a s i l l u s t r a t i n g o n e of t h e a n o m a l o u s t y p e s of h a e m a t o m a w h i c h 

m a y b e m e t w i t h in a n e u r y s m s d u e t o g u n s h o t i n j u r y , w h i l e t h e t h i r d , 

a n o ld e x p e r i e n c e , is q u o t e d a s a n e x a m p l e of t h e o c c u r r e n c e of s p o n -

t a n e o u s c losu re of a n a r t e r i o - v e n o u s c o m m u n i c a t i o n . 

Case 2 . — I n n o m i n a t e a r t e r i o - v e n o u s a n e u r y s m . D e a t h f r o m s e c o n d a r y 
h a e m o r r h a g e o n t h e t e n t h d a y . 

P t e . Α., age 1 9 . The m a n was wounded b y a small f ragment of shell 
which entered over t h e centre of t h e r ight supraspinous fossa, and was 
re ta ined in t h e chest . He was kep t a t rest a t t h e casual ty clearing s ta t ion 
for some days , a n d t h e n t ransferred t o a hospi tal on t h e lines of communi -
cat ion. H e was b rought t o m y notice on t h e seventh d a y after reception 
of t h e wound, as a y o u t h suffering wi th congenital hea r t mischief, t h e 
diagnosis having been m a d e as a result of t h e roar ing m u r m u r audible in 
t h e praecordium and a t t h e back of the chest . The boy was t h e n somewhat 
cyanosed and dyspnœic , bu t no t in grea t distress. H e had expec tora ted a 
good deal of blood for t h e first t w o days after t h e injury, bu t none s ince; 
t h e t e m p e r a t u r e was normal , t h e pulse-rate 1 2 0 . 

On pa lpa t ion , some pulsat ion and a pur r ing thri l l were de tec ted above 
t h e r ight clavicle. The r ight apex was dull on percussion, and t h e b r ea th 
sounds were diminished and t u b u l a r a t t h e r ight base . 

On t h e evening of t h e same d a y t h e pa t i en t died, as a result of a pro-
fuse haemoptysis. 

At t h e au topsy , a wound the size of t h e l i t t le finger-nail was found on 
t h e anter ior surface of t h e root of t h e innomina te a r t e ry ; t h e wound of 
t h e vein could no t be localized. The apical a rea of t h e pleural sac was 
obl i tera ted b y old adhesions ; hence t h e absence of a h e m o t h o r a x . The 
sac was formed b y an old tuberculous cav i ty in t h e apex of t h e r ight lung, 
a n d within its confines a small sharp fragment of shell was found. 
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Case 3 .—Pte . X . was a d m i t t e d wi th a small slit en t ry -wound s i tua ted 
over t h e left s ternoclavicular jo in t . T h e missile was re ta ined a n d i ts posi-
t ion was never discovered. T h e pa t i en t was suffering from an extensive 
r ight h e m o t h o r a x a n d was ve ry ill. Dur ing t h e nex t t e n days he improved , 
a n d meanwhi le t h e whole chest was examined a lmost dai ly, a n d was also 
asp i ra ted . 

On t h e e leventh d a y a double mach ine ry m u r m u r was hea rd for t h e first 
t i m e by Lt.-Col. T . R . El l io t t , under whose observat ion t h e m a n h a d been 
since his admission. The systolic e lement was of t h e ' s l a m m i n g ' or 'p is to l -
s h o t ' charac ter , t h e roar was conduc ted loud ly t o bo th sides of t h e neck 
a n d t o t h e base of t h e hea r t . A bubbl ing thri l l was pa lpable in t h e line of 
t h e r ight axi l lary vein. A week la ter t he re was l i t t le change, except t h a t 
t h e thri l l was now felt only in t h e line of t h e jugula r vein in t h e neck, a n d 
t h a t t h e m u r m u r was louder a n d more definitely localized over t h e line of 
t h e innomina te vessels. N o local dullness was t o be de tec ted benea th t h e 
first piece of t h e s t e r n u m or in t h e upper r ight intercostal spaces. T h e 
pa t i en t was shor t ly af terwards t ransferred t c Eng land . 

I n c o n t r a s t w i t h t h e a b o v e t w o c a s e s , o n e o b s e r v e d d u r i n g t h e 

S o u t h A f r i c a n C a m p a i g n m a y b e s h o r t l y n a r r a t e d . * I h a d t h e 

o p p o r t u n i t y of k e e p i n g in t o u c h w i t h t h i s p a t i e n t for s o m e y e a r s . 

Case 4 .—The wound was caused b y a Mauser bullet , which, enter ing 
a t t h e poster ior border of t h e s te rnomas to id on t h e left side of t h e neck, 
crossed t h e chest t o emerge a t a poin t in t h e r ight an ter ior axi l lary line one 
inch below t h e fold. 

Some haemoptysis followed t h e in jury ; and later , some pulsat ion, a 
thr i l l , a n d an ar ter io-venous bru i t were de tec ted over a circular p rominen t 
a rea t h e cent re of which corresponded wi th t h e r ight s ternoclavicular 
jo in t . L i t t le change occurred in t h e signs, except t h a t some g rav i t a t ion 
ecchymosis became a p p a r e n t a t t h e lower costal marg in on t h e r ight side 
a n d in t h e epigas t r ium. 

The pa t i en t suffered l i t t le inconvenience, b u t was discharged from t h e 
service, a n d a t t h e end of seven m o n t h s r e tu rned t o his occupat ion as a l a m p 
t r i m m e r . 

F o u r and a half years la ter t h e a r te r io -venous brui t was t h e only per-
sisting sign ; a t t h e end of five a n d a half years t h e bru i t h a d disappeared, 
and , except for a somewhat d is tended ex te rna l jugu la r vein, no evidence of 
t h e original vascular in jury remained . 

Other Vessels.—I h a v e s een n o i n s t a n c e in w h i c h t h e i n t r a t h o r a c i c 
p o r t i o n of t h e left c a r o t i d a r t e r y w a s s u s p e c t e d a s t h e s e a t of a les ion , 
b u t a c a se of i n j u r y t o t h e lef t s u b c l a v i a n a r t e r y w i t h i n t h e t h o r a x 
is r e c o r d e d in m y b o o k Surgical Experiences in South Africa, a n d o n e 
is r e p o r t e d h e r e o n p . 1 8 8 . T h e fo l lowing ca se is q u o t e d a s i l lus -
t r a t i n g t h e di f f icul ty in c o r r e c t l y l oca l i z i ng a n i n t r a t h o r a c i c les ion . 

Case 5 . — I n t r a t h o r a c i c a r t e r i o - v e n o u s c o m m u n i c a t i o n of u n c e r t a i n pos i t i on . 
P t e . l i . A small ape r tu re of en t ry was present a t t h e left marg in of 

t h e m a n u b r i u m sterni in t h e first in tercostal space, a n d a sk iagram showed 

* Surgical Experiences in South Africa, p . 140. 
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a small f ragment of shell appa ren t ly lying one inch anter ior t o t h e root of 
t h e t ransverse process of t h e fourth dorsal ve r t eb ra of t h e r ight side. The 
signs present shor t ly after t h e in jury suggested a small h e m o t h o r a x . 

At t h e end of a mon th , when t h e case came under m y observat ion, t h e 
pa t i en t was in no distress, t h e pulse-rate varied from 7 0 t o 1 0 0 , t h e radial 
pulse was present and equal on t h e t w o sides, and the re was paralysis of 
t h e sympa the t i c of t h e left side. 

A loud ar ter io-venous brui t was audible over t h e front of t h e chest , 
loudest a t t h e s i tuat ion of t h e wound of en t ry ; th i s was conveyed t o t h e 
left posterior t r iangle , b u t not t o t h e left a r m . The apex of t h e hear t was 
j u s t wi th in t h e nipple line, cardiac pulsat ion was heaving a n d visible, t h e 
sounds were clear. A cardiographie examina t ion m a d e by D r . Cassidy 
revealed no abnormal i ty . 

The pa t i en t was kep t a t rest in bed for two m o n t h s , dur ing which t ime 
he did no t complain of a n y discomfort ; he was t h e n allowed t o get up a n d 
abou t , a n d a t t h e end of four m o n t h s was discharged from t h e service, 
suffering no inconvenience when t ak ing life easily. 

W o u n d s of t h e p a r i e t a l vesse l s of t h e c h e s t h a v e p r o v e d t o b e a 
m u c h less f r e q u e n t s o u r c e of t h e b l o o d in ca se s of h s c m o t h o r a x t h a n 
w a s b e l i e v e d t o b e t h e c a s e be fo re t h e p r e s e n t w a r , a n d E l l i o t t 
a n d H e n r y * h a v e p r o v e d c o n c l u s i v e l y b y p o s t - m o r t e m o b s e r v a t i o n s 
t h a t t h e p u l m o n a r y vesse ls f o r m t h e m o s t c o m m o n s o u r c e of s u p p l y . 
I n t h e s e c t i o n d e a l i n g w i t h t h e s u b c l a v i a n vesse l s g e n e r a l l y , s o m e 
cases will b e f o u n d b e a r i n g o n t h i s q u e s t i o n b e y o n d t h a t j u s t r e c i t e d 
a b o v e . 

M e d i a s t i n a l h a e m o r r h a g e does n o t o c c u p y s u c h a p r o m i n e n t 
p o s i t i o n in r e l a t i o n t o in ju r i e s of t h e t h o r a c i c vesse l s a s d o e s r e t r o -
p e r i t o n e a l t o t h o s e of t h e a b d o m e n , b e c a u s e t h e e x t r a v a s a t e d b l o o d is 
n o t so l i ab le t o s e c o n d a r y in fec t ion f rom t h e v i s c e r a ; b u t g r a v i t a t i o n 
e c c h y m o s i s a t t h e l o w e r m a r g i n of t h e t h o r a x s o m e t i m e s affords a 
use fu l d i a g n o s t i c i n d i c a t i o n . 

I h a v e m e t w i t h o n e case of a r t e r i a l a n e u r y s m in c o n n e c t i o n w i t h 
a w o u n d of a b r a n c h of t h e i n t e r n a l m a m m a r y a r t e r y . T h e chief 
i n t e r e s t in t h i s o b s e r v a t i o n d e p e n d e d o n t h e f a c t t h a t a l t h o u g h t h e 
loca l sy s to l i c b r u i t w a s l o u d a n d in n e a r p r o x i m i t y t o t h e h e a r t , y e t 
i t w a s n o t c o n d u c t e d , a s m a y b e t h e case in m o r e d i s t a n t a r t e r i a l 
l e s ions . 

VESSELS OF THE ABDOMEN. 

W o u n d s of t h e v i s c e r a l a r t e r i e s a c c o u n t for a v e r y l a rg e p r o p o r t i o n 
of t h e d e a t h s w h i c h fol low g u n s h o t w o u n d s of t h e a b d o m e n , a n d in 
m a n y i n s t a n c e s w o u n d s of t h e v i s c e r a l a r t e r i e s a r e d e a l t w i t h d u r i n g 
t h e p e r f o r m a n c e of a b d o m i n a l e x p l o r a t i o n s . I n j u r i e s of t h e l a t t e r 
c h a r a c t e r a r e c o m m o n l y c o m p l i c a t e d b y c o e x i s t e n t o n e s of t h e v i sce ra , 

* Journal of the Royal Army Medical Corps, vo l . x x v i i , N o v . 1916, p . 552 . 
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a n d need n o further m e n t i o n here. I t m a y be remarked, however , 
t h a t it is n o t c o m m o n t o m e e t w i t h cases of s econdary haemorrhage 
from t h e intes t ina l vesse l s in t h e hosp i ta l s on t h e l ines of c o m m u n i -
ca t ion or a t t h e base ; whi le , on t h e o ther hand , d e a t h s fo l lowing 
w o u n d s of t h e sol id a b d o m i n a l v i scera are a t t r ibutab le t o secondary 
haemorrhage in from for ty t o fifty per cent of all fata l cases .* 
These d e a t h s are m o s t l y c o n s e q u e n t o n secondary infect ion, a n d 
as a rule t h e b l e e d i n g is n o t from vesse l s of t h e first m a g n i t u d e , 
t h e la t ter h a v i n g a lready e x a c t e d the ir to l l in t h e pr imary s tages of 
t h e injuries . 

I n arterial surgery t h e interest rather centres u p o n retroperitoneal 
injuries, a n d on w o u n d s of t h e parietal series of vesse l s . There can 
be l i t t le d o u b t in t h e great m a j o r i t y of ins tances in w h i c h a miss i le 
crosses t h e per i toneal c a v i t y a n d impl i ca tes t h e aor ta or t h e i l iac 
vesse ls , or e v e n t h e great ve ins , t h a t t h e pa t i en t s die rapidly from 
intraper i toneal haemorrhage. Aga in , w h e n t h e haemorrhage is retro-
peri toneal , a l t h o u g h d e a t h m a y be deferred, n o t a f e w of t h e pa t i en t s 
s u c c u m b as a residt of s econdary infect ion of t h e m a s s e s of c lot w h i c h 
infiltrate t h e ex traper i tonea l t i s sue . This opin ion is supported b y 
t h e fact t h a t , in t h e series of cases u p o n w h i c h th i s e s s a y is founded , 
o n l y one injury t o t h e a b d o m i n a l aorta and five t o t h e il iac vesse l s 
are m e t w i t h . 

Abdominal Aorta.—In t h e general sect ion (p. 26) , reference has 
been m a d e t o a classical case of s p o n t a n e o u s closure of a bul le t w o u n d 
of t h e a b d o m i n a l aorta , a n d b y t h e k indness of Captains Morgan a n d 
Y o u n g I a m able t o q u o t e a case observed dur ing t h e present war, in 
w h i c h t h e p a t i e n t surv ived a bi lateral perforat ion of t h e aorta b y a 
f r a g m e n t of shell for m o r e t h a n three w e e k s , a n d e v e n t u a l l y d ied from 
other causes . T h e preparat ion from w h i c h Fig. 34 has been d r a w n is 
preserved in t h e W a r Collect ion a t t h e R o y a l College of Surgeons 
( N o . 664) . 

Case 6.—Cpl. R. , age 3 2 , was a d m i t t e d in to Millicent Duchess of Suther-
land ' s Hosp i ta l five days after receiving t w o wounds , one in t h e left axil la , 
t h e second jus t wi th in t h e ver tebra l border of t h e left scapula . The wounds 
were a lmost healed a t t h e t ime of admission, and were a t first t h o u g h t no t 
t o have pene t r a t ed t h e t h o r a x . The in jury h a d been followed b y m o d e r a t e 
haemoptysis a n d some dyspnoea, b u t b y no abdomina l pa in . 

W h e n a d m i t t e d to hospi ta l on the fifth day, the pa t i en t was s l ightly 
dyspneeic, but t he re were no abdomina l signs ; the t e m p e r a t u r e was 101-6° F . , 
and the pulse-rate 116. The signs discovered in the chest were slight, and 
considered to indicate ei ther a small haemothorax or a t r a u m a t i c pneumonia . 
An x-ray examina t ion showed slight opaci ty at the left base , and the out-
line of the d i aphragm was obscured. An exploring needle entered at the 

* British Journal of Surgery, 1916, vo l . iii, N o . 12 , p . 650 . 
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left base gave a negat ive resul t . T h e abdomen was supple and no t t ender ; 
t he re was slight j aundice of t h e conjunctiva ' . 

Dur ing t h e nex t few days t h e pa t i en t ' s general condit ion improved , 
t h e evening t e m p e r a t u r e rose t o 101° t o 1 0 2 ° , b u t t h e pulse-rate averaged 
only 88. 

On t h e seventeenth d a y after t h e injury t h e m a n began t o vomi t freely, 
a n d complained of pa in all over t h e abdomen ; t h e l a t t e r remained supple, 
b u t was t ender t h roughou t , and dis tended. A recta l examina t ion afforded 
no information. The signs in t h e chest h a d cleared u p , except for evidence 
of slight bronchi t is in bo th lungs. 

All food b y m o u t h was forbidden, p i tu i t r in was admin is te red sub -
cutaneously , a n d dextrose was given b y enema. These measures relieved 
t h e vomi t ing a n d dis tent ion, b u t t h e abdomina l pa in persisted, a n d on t h e 
twen t i e th d a y became localized t o t h e r igh t half of t h e a b d o m e n . Some 
resis tance t o pa lpa t ion now developed, especially in t h e r ight iliac fossa. 
A repea ted recta l examina t ion proved negat ive . The t e m p e r a t u r e was 
1 0 1 ° , and t h e pulse-rate h a d risen t o 1 0 0 . 

A diagnosis of appendici t is was m a d e , a n d a l a p a r o t o m y performed. 
T h e operat ion disclosed li t t le beyond t h e existence of generalized d is ten t ion , 
a n d some old adhesions in t he region of t h e append ix ; t he re was no excess 
of per i toneal fluid. 

The pa in a n d vomi t ing cont inued, t h e t e m p e r a t u r e remained high, t h e 
pulse became progressively more rapid and weaker , a n d on t h e twen ty -
th i rd d a y t h e pa t i en t died : there was never a n y h e m a t u r i a , and t h e colora-
t ion of t h e con junc t ive h a d no t apprec iably increased. 

Autopsy, b y Capta in R . J . Be thune .—On incising t h e scar an inch 
below t h e left axi l lary folds and jus t poster ior t o t h e mid-axil lary line, a 
t r a c k leading t o t h e left pleural cav i ty could be dist inguished. No t r ack 
could be de tec ted leading from t h e scar a t t h e ver tebra l border of t h e 
scapula . Hal f a p in t of bloody fluid was found in t h e left pleural cav i ty , a n d 
tenacious adhesions were present in bo th p l e u r e between the lung a n d chest 
wall . The upper and t h e inner surfaces of t h e s ix th r ib were grooved 
a n d d e n u d e d of per ios teum. 

An aper tu re half an inch in d iamete r was found in t h e d i aphragm near 
t h e mid-line a n d towards t h e back of t h a t por t ion of t h e muscle in con tac t 
wi th t h e inferior surface of t he lower lobe of t he left lung. The opening 
was par t ia l ly closed by a t a g of o m e n t u m , which adhered t o its marg in . 
(The specimen can be seen a t t h e Roya l College of Surgeons, N o . 665). 

T h e myoca rd ium was paler t h a n normal , a n d broke down wi th 
modera t e digital pressure. The per icardium, endocard ium, a n d valves were 
normal . 

A modera te q u a n t i t y of clear brownish fluid was found in t h e peri-
toneal cavi ty , no blood or pus , a n d no evidence indicat ive of recent peri-
toni t i s . The spleen was enlarged, soft, and of an opaque p ink colour. 
T h e liver was enlarged, soft, and yellow in colour. On section, a f a t ty area 
was seen a t t h e uppe r aspect of t h e left lobe, corresponding in posit ion 
wi th t h e overlying aper tu re in t h e d iaphragm. The connective t issue of 
t h e capsule was infil trated wi th blood. The fundus of t h e gal l -bladder was 
adhe ren t t o t h e t ransverse colon, t h e organ was no t d is tended, a n d its 
con ten t s were normal in charac ter . The kidneys were somewhat swollen, 
soft, a n d pale . T h e y presented no sign of in jury . The pancreas was 
embedded in blood-clot, b u t no sign of inters t i t ia l h e m o r r h a g e was seen 
on section. 
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F I G . 34.— Bilateral perforation of abdominal aorta by shell fragment. 

removed b y division of t h e vessels enter ing t h e hilus, a small , more or less 
cylindrical f ragment of meta l , measur ing one-half b y one-quar te r of an inch, 
was found in t h e clot near t h e pedicle. Two aper tu res were found in t h e 

T h e ent i re re t roper i toneal t issue was infi l trated wi th soft blood-clot, 
t h e mass being grea tes t in t h e r ight renal region, a n d a r o u n d t h e r igh t crus 
of t h e d i a p h r a g m a n d t h e pancreas . W h e n t h e r ight k idney h a d been 
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a o r t a jus t above t he level of origin of t h e renal ar ter ies . One opening was 
t r i angu la r in shape , wi th a small flap, t h e o ther was oval w i th ragged 
marg ins . The openings pe rmi t t ed t h e passage of t h e f ragment of me ta l 
in t roduced lengthwise (Fig 3 4 ) . 

The lumen of t he vena cava could no t be clearly dis t inguished on 
account of t he firm clot. 

Capta in Be thune makes t h e following r emarks : " The pos t -mor t em 
evidence points t o septicaemia as t he cause of d e a t h . I t is r emarkab le t h a t 
ne i ther blood nor blood-clot was

1
 seen in t h e per i toneal cav i ty e i ther a t t h e 

opera t ion performed on the seventeen th d a y or a t t h e pos t -mor t em exam-
inat ion made upon t h e twenty- four th . H a d the re been a hole in t h e 
posterior per i toneal layer, death' would surely have occurred rap id ly from 
haemorrhage in to t h e peri toneal cav i ty . The condit ions found on b o t h 
occasions suggest t h a t t he projectile passed ! t h r o u g h t h e lesser sac of t h e 
per i toneum, subsequent ly t ravel l ing in t h e subper i toneal t issue of t h e ao r t a . 
If one m a y assume t h a t t h e man . was lying on his face when he received t h e 
wound in t h e axilla, t he escape of t h e s tomach a n d liver from in jury m a y 
be accounted for by t h e falling forward of these viscera towards t h e anter ior 
abdomina l wall. One o ther point is deserving of not ice, namely , t h a t no 
suppura t ion or abscess was found in t h e clot or elsewhere which m i g h t 
have ac ted as a focus for t h e septicaemia." 

Iliac Vessels .—Only five cases of i n j u r y t o t h e i l iac vesse l s a r e 

i n c l u d e d in t h e ser ies , y e t t h e s e afford s e v e r a l p o i n t s of i n t e r e s t , a n d 

t h e y a r e t h e r e f o r e a l l q u o t e d brief ly b e l o w . I n j u r i e s t o t h e s e vesse l s 

m a y b e r e a d i l y o v e r l o o k e d , a s t h e y a r e c o m m o n l y c o m p l i c a t e d b y 

v i s c e r a l les ions ; wh i l e , if r e t r o p e r i t o n e a l , t h e p r i m a r y b l o o d e x t r a -

v a s a t i o n t e n d s t o b e i l l - m a r g i n a t e d , w i d e s p r e a d , a n d o b s c u r e d b y t h e 

p r e s e n c e of a b d o m i n a l d i s t e n t i o n . F o r t h e s e r e a s o n s a u s c u l t a t i o n 

m a y b e t h e chief o r t h e sole a id a t t h e d i s p o s a l of t h e s u r g e o n in 

m a k i n g a d i a g n o s i s . 

I t is n o t e w o r t h y t h a t of t h e five cases h e r e d e a l t w i t h , t h e i n j u r y 

w
r
as t o t h e l o w e r p a r t of t h e e x t e r n a l i l iac a r t e r y in t h r e e , a n d I t h i n k 

i t m a y b e a s s u m e d t h a t t h e l o w e r t h e w o u n d is s i t u a t e d in t h e c o u r s e 

of t h i s vesse l , t h e g r e a t e r is t h e c h a n c e of t h e h a e m o r r h a g e being-

r e s t r a i n e d . A diff icul ty m a y a r i s e , w h e n t h e w o u n d s a r e in t h i s 

p o s i t i o n , in d i s c r i m i n a t i n g b e t w e e n a w o u n d of t h e e x t e r n a l o r t h e 

c o m m o n f e m o r a l a r t e r y , b e c a u s e t h e b l o o d e x t r a v a s a t i o n m a y s o m e -

t i m e s t r a c k d o w n w a r d s i n t o t h e t h i g h , o r in s o m e cases t r a c k u p w a r d s 

f rom t h e t h i g h i n t o t h e i l iac fossa . O b s e r v a t i o n of t h e poss ib le cou r se 

t a k e n b y t h e bu l l e t , a n d care fu l a u s c u l t a t i o n , m a y be t h e o n l y m e a n s 

of c o r r e c t l y loca l iz ing t h e p o i n t of i n j u r y . I h a v e seen m i s t a k e s 

m a d e in t h i s p a r t i c u l a r , a n d t h e y a r e t h e m o r e in te l l ig ib le s ince t h e 

i l iac swel l ing is s o m e t i m e s t h e m o r e p r o m i n e n t f e a t u r e in f emora l 

les ions . I n a n i n t e r e s t i n g o p e r a t i o n in w h i c h I a s s i s t e d Colonel J . 

G u n n , C.A.M.C. , a n a r t e r i o - v e n o u s a n e u r y s m o s t e n s i b l y of t h e left 

e x t e r n a l i l iac a r t e r y a n d v e i n p r o v e d t o b e d u e t o a w o u n d of t h e 

d e e p c i rcumf lex i l iac vesse ls , in c lose p r o x i m i t y t o t h e p a r e n t t r u n k . 
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A g a i n , t h e f ac t t h a t t h e b l o o d in t h e r e t r o p e r i t o n e a l i n ju r i e s 

r a p i d l y c lo t s in t h e m e s h e s of t h e loose c o n n e c t i v e t i s s u e , m a y a c c o u n t 

for a b s e n c e of e x p a n s i l e p u l s a t i o n in t h e e a r l y s t a g e s of t h e ca ses . 

Case 7 . — A b d o m i n a l w o u n d . W o u n d s of t h e i n t e s t i n e . A r t e r i a l h e m a -
t o m a of t h e e x t e r n a l i l i a c v e s s e l s . ? S p o n t a n e o u s c u r e . 

P t e . E . A piece of shell entered t h e a b d o m e n a t t h e outer marg in of 
t h e left rec tus muscle, one inch above P o u p a r t ' s l igament . 

The a b d o m e n was explored b y Capta in Meyer twenty- four hours la ter , 
and five perforat ions of t h e small in tes t ine s i tua ted a t t h e lower end of t h e 
j e j u n u m a n d t h e commencement of t h e i leum were found. Two of t h e 
perforat ions were su tured , a n d t h e piece of intes t ine conta in ing t h e remain-
ing perforat ions was excised en masse. 

Blood-clot was removed from Douglas ' s pouch a n d from t h e an ter ior 
abdomina l wall, and it was no ted a t t h e t i m e t h a t t h e femoral vessels were 
pulsa t ing normal ly . 

The after-progress was uneventful , a n d a t t h e end of fourteen days 
t h e pa t i en t was t ransferred t o a hospi ta l on t h e lines of communica t ion . His 
general condit ion was good, b u t t w o days la te r he complained of pa in in 
t h e left groin, and on examina t ion a small diffuse swelling was discovered 
benea th P o u p a r t ' s l igament . Pu lsa t ion a n d a blowing systolic m u r m u r were 
present , b u t no thri l l . T h e condit ion of t h e l imb was normal , a n d a good 
posterior t ib ia l pulse was present . 

T h e pa t i en t was kep t a t rest , a n d th ree weeks la te r t h e swelling h a d 
pract ical ly disappeared, t h e pulsa t ion was localized t o t h e line of t h e 
a r t e ry , a n d t h e systolic m u r m u r h a d become very faint . A few days la te r 
t he m a n was t ransferred t o Eng land , a n d no fur ther detai ls are t o h a n d . 

Case 8 . — A r t e r i o - v e n o u s a n e u r y s m of t h e e x t e r n a l i l i a c a r t e r y . 

L.-Cpl. M. The m a n was wounded b y a revolver bullet , which en tered 
above t h e centre of P o u p a r t ' s l igament on t h e left side a n d was re ta ined , 
lying a b o u t a t t h e same level on t h e poster ior abdomina l wall . T h e t ibia l 
pulses were main ta ined , a n d good. There was a wel l -marked thr i l l over 
t h e s i tua t ion of t h e wound, a n d a loud mach ine ry m u r m u r ex tend ing down 
t o t h e foot a n d upwards as far as t h e lower marg in of t h e thorac ic wal l . 
The venous roar alone was audible in t h e cardiac a rea . T h e p a t i e n t was 
t ransferred t o Eng land for t r e a t m e n t . 

Case 9 . — W o u n d of e x t e r n a l i l i a c a r t e r y . P r i m a r y l i g a t u r e of a r t e r y 
a n d v e i n . 

Lieut . B . B o t h a r t e ry a n d vein were lacera ted b y a f ragment of shell, 
a n d were l igatured. Twelve days la ter t h e p r i m a r y wound h a d healed, a n d 
the lower l imb was in good condi t ion. 

Case 1 0 . — C o m p l e t e s e v e r a n c e of c o m m o n i l i a c a r t e r y . H e m o t h o r a x . 
D e a t h on t h i r t e e n t h d a y . 

P t e . E . The pa t i en t was wounded b y a f ragment of a t r ench m o r t a r 
shell, which entered t o t h e left side of t h e lower dorsal vertebrae. A 
haemothorax developed p rompt ly , a n d eight t o t en hours after recept ion 
of t h e wound t h e m a n began t o complain of pa in in t h e left lower l imb, 
which became swollen. 

After a s t ay of nine days a t t h e casua l ty clearing s ta t ion , t h e p a t i e n t 
was t ransferred t o a hospi ta l on t h e lines of communica t ion . W h e n 
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a d m i t t e d he looked pale a n d ill ; he was restless, w i th a good deal of cough, 
and a small a m o u n t of blood-stained mucus was still being expec tora ted . 
A h e m o t h o r a x ex tending u p t o t h e angle of t h e scapula was present , a n d 
on examina t ion of t h e abdomen , resistance t o pressure was de tec ted in t h e 
left flank a n d iliac fossa. 

T h e r ight lower l imb was t h in and wasted ; t h e left swollen, b u t wi th 
no subcutaneous cedema, a n d t h e calf muscles were firm a n d res i s tan t on 
pa lpa t ion . Sensat ion was present t h roughou t t h e l imb, a n d the re was no 
loss of mo to r power. 

F I G . 35.—Arterial hematoma developing in connection with a complete 
severance of the common iliac artery. The cavity laid open, and a portion of 
the clot still in position. 

The m a n was very restless, and complained much of pa in in t h e lower 
l imb. On t h e t h i r t e e n t h d a y t h e l imb became still more tense , a n d pulsa-
t ion in t h e femoral vessels was ab la t ed . Sensat ion became impai red in t h e 
th igh , and a l though t h e l imb remained wa rm, t h e foot commenced t o be 
discoloured and mot t l ed . On t h e fifteenth d a y t h e m a n died suddenly 
from no obvious cause. 

A t t h e au topsy , a p in t a n d a half of blood was found in t h e left 
p leural cav i ty , a n d t h e t r a c k of t h e missile was t r aced t h r o u g h t h e base 
of t h e left lung, d iaphragm, and psoas muscle. After emerging from t h e 
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la t ter , t h e missile h a d complete ly severed t h e c o m m o n iliac vessels near 
their commencement (Fig. 35), a n d t h e n d ropped in to Douglas ' s pouch . 
T h e femoral vein was th rombosed as low down as t h e popl i teal space. A 
p in t of b loody fluid was present in t h e per i tonea l cavi ty , t he re was ex t en -
sive re t roper i toneal ex t ravasa t ion , a n d a large thick-wal led ar ter ia l haema-
t o m a in connect ion wi th t h e severed ends of t h e a r t e r y . 

Case 1 1 . — W o u n d of r i g h t i n t e r n a l i l i a c a r t e r y . A r t e r i a l h a e m a t o m a . 

L.-Cpl.—. An abdomina l explora t ion resul ted in t h e discovery of a 
large q u a n t i t y of evil-smelling clot in t h e per i toneal cavi ty , b u t no visceral 
injury was de tec ted , ne i ther was t h e source of t h e haemorrhage localized. 

Three days la ter a secondary haemorrhage occurred, b u t again t h e 
source of t h e bleeding was no t localized. T h e m a n , however , improved in 
condit ion, a n d t en days la te r he was sent down t h e lines. A t th is t i m e he 
was still ve ry anaemic, a n d on examina t ion a systolic apical m u r m u r was 
de tec ted . There was a m a r k e d diastolic shock b o t h in t h e cardiac sounds 
a n d in t h e ar ter ies , a n d diffuse praecordial pulsa t ion . 

Cont inuous improvemen t took place in t h e general condi t ion, and on 
t h e t h i r t e e n t h d a y t h e systolic b ru i t was no longer audible over t h e hea r t , 
bu t a blowing systolic m u r m u r was localized over t h e r ight iliac fossa, which 
could be t r aced u p w a r d s t o t h e ao r t a . T h e p a t i e n t was shor t ly af terwards 
t ransferred t o Eng l and . 

Prognosis and Treatment.—The a b o v e m a t e r i a l a f fords l i t t l e s cope 
for d o g m a t i s m r e g a r d i n g t h e t r e a t m e n t of i n ju r i e s t o t h e i l iac vesse l s ; 
i t s s c a n t i n e s s , h o w e v e r , s u p p o r t s t h e v i e w of t h e s e r ious r e s u l t s w h i c h 
a t t e n d w o u n d s in t h i s r e g i o n , a n d a l so , I t h i n k , t h e o p i n i o n t h a t 
w o u n d s of t h e d i s t a l q u a r t e r of t h e e x t e r n a l i l iac a r t e r y a r e t h e 
m o s t l ike ly t o b e m e t w i t h b y t h e s u r g e o n . T h e cases a l so i l l u s t r a t e 
t h e p o s s i b i l i t y of s p o n t a n e o u s h e a l i n g in t h i s r e g i o n , t h e f a c t t h a t 
t h e s e l es ions m a y b e r e a d i l y o v e r l o o k e d p r i m a r i l y , a n d t h a t t h e 
d e v e l o p m e n t of a p u l s a t i n g h a e m a t o m a m a y b e d e f e r r e d . Case 10 is 
a n i n t e r e s t i n g e x a m p l e of a t e m p o r a r y m a i n t e n a n c e of t h e c i r c u l a t i o n 
in s p i t e of p r a c t i c a l l y c o m p l e t e s e v e r a n c e of c o n t i n u i t y of t h e vesse l . 

W i t h r e g a r d t o t h e t r e a t m e n t of a n e u r y s m s of t h e i l iac a r t e r i e s , 
i t is c lea r t h a t t h e o p e r a t i o n m a y n e e d t o b e of t h e t r a n s p e r i t o n e a l 
t y p e , s ince t h i s m e t h o d g ives t h e s u r g e o n t h e o p p o r t u n i t y of e s t a b l i s h i n g 
c o n t r o l of t h e c i r c u l a t i o n b y p l a c i n g a p r o v i s i o n a l l i g a t u r e a r o u n d t h e 
c o m m o n i l iac o r t h e c o m m e n c e m e n t of e i t h e r of i t s b r a n c h e s , a s m a y 
b e d i c t a t e d b y t h e p o s i t i o n of t h e a c t u a l l es ion . I t m a y b e a d d e d 
t h a t p l a c i n g t h e p a t i e n t in t h e so-ca l led T r e n d e l e n b u r g p o s i t i o n m u c h 
f ac i l i t a t e s a n y p r o c e d u r e u n d e r t a k e n ; o t h e r w i s e t h e o r d i n a r y ru l e s 
g u i d i n g t h e t r e a t m e n t of a r t e r i a l o r a r t e r i o - v e n o u s les ions n e e d n o 
mod i f i ca t i on . 

T h e few cases r e c o r d e d f u r n i s h n o r e a s o n t o d e p a r t f r o m t h e 
o p i n i o n t h a t l i g a t u r e of t h e i l iac vesse l s is a successfu l p r o c e d u r e , a n d 
t h a t u n s a t i s f a c t o r y u l t e r i o r c o n s e q u e n c e s a r e n o t t o b e a p p r e h e n d e d . 

T h i s is p e r h a p s t h e m o s t c o n v e n i e n t p l a c e t o a d d a few w o r d s a s 
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t o t h e r e s u l t s of l i g a t u r e of t h e i l iac a r t e r i e s for t h e t r e a t m e n t of e i t h e r 
c o m m o n f e m o r a l i n ju r i e s o r w o u n d s of t h e vesse l s of t h e b u t t o c k . 
W h e n a c o m m o n f e m o r a l a n e u r y s m a l s a c e x t e n d s u p t o o r a b o v e 
P o u p a r t ' s l i g a m e n t , t h e t r a n s p e r i t o n e a l r o u t e m a y b e t h e m o r e con-
v e n i e n t , a s i t a l l ows t h e c o n f o r m a t i o n a n d e x t e n t of t h e s a c t o b e m a d e 
o u t , w i t h o u t a n y d i s s e c t i o n . I h a v e seen t h i s o p e r a t i o n d o n e t w i c e 
w i t h g o o d r e s u l t s , a n d w i t h s m a l l d i s t u r b a n c e of t h e u l t i m a t e n u t r i t i o n 
of t h e l i m b . 

W h e n i t is r e q u i r e d m e r e l y t o e x p o s e t h e vesse l for t h e a p p l i c a t i o n 
of a p r o v i s i o n a l l i g a t u r e , o r t o d e a l w i t h a s m a l l a n e u r y s m of t h e lower 
p a r t of t h e vesse l , t h e o p e r a t i o n s h o u l d be of t h e e x t r a p e r i t o n e a l t y p e , 
a n d t h e m o s t s a t i s f a c t o r y inc is ion , a s fa r a s t h e f u t u r e s t r e n g t h of 
t h e a b d o m i n a l wal l is c o n c e r n e d , is t h a t in w h i c h t h e r e c t u s s h e a t h 
is o p e n e d a n d t h e r e c t u s i tself d i s p l a c e d , a s in o p e r a t i o n s for a p p e n -
d i c e c t o m y o r for e x p l o r a t i o n of t h e p e l v i c p o r t i o n of t h e u r e t e r . 

L i g a t u r e of t h e i n t e r n a l i l iac, o r i t s p o s t e r i o r d iv i s ion , h a s b e e n 
m o s t f r e q u e n t l y n e e d e d for t h e t r e a t m e n t of h a e m o r r h a g e f r o m t h e 
vesse l s of t h e b u t t o c k o r for t h e t r e a t m e n t of g l u t e a l a n e u r y s m s . I n 
m y o w n e x p e r i e n c e t h i s is t h e o n l y f o r m of p r o x i m a l l i g a t u r e a t a 
d i s t a n c e for s e c o n d a r y h a e m o r r h a g e w h i c h h a s af forded g o o d r e s u l t s , 
a n d w h i c h is t o b e r e g a r d e d a s a n o r m a l p r o c e d u r e . I h a v e seen i t 
e m p l o y e d w i t h success in a t l e a s t t e n i n s t a n c e s . S l o u g h i n g of t h e 
t i s s u e s of t h e b u t t o c k h a s , h o w e v e r , b e e n k n o w n t o fol low i t w h e n t h e 
b u t t o c k w o u n d w a s in fec ted ; a n d i t is s ca r ce ly n e c e s s a r y t o a d d t h a t , 
if t h e r e is a n y r e a s o n t o s u s p e c t a n a e r o b i c in fec t ion of t h e t i s s u e s , 
t h e w o u n d in t h e b u t t o c k m u s t b e m a i n t a i n e d v e r y w i d e l y o p e n . 

WOUNDS OF THE GREAT VEINS. 

A n u m b e r of s p e c i m e n s i l l u s t r a t i v e of w o u n d s of t h e g r e a t v e i n s 
a r e c o n t a i n e d in t h e W a r Col lec t ion a t t h e R o y a l College of S u r g e o n s . 
T h e s e w e r e o b t a i n e d m o s t l y f r o m t h e b o d i e s of p a t i e n t s w h o h a d 
o t h e r v i s ce r a l i n ju r i e s , b u t i t is n o t e w o r t h y t h a t in t h e m a j o r i t y of 
i n s t a n c e s d e a t h o c c u r r e d d u r i n g t h e first t w e n t y - f o u r h o u r s . O n 
p . 22 a s h o r t a c c o u n t of a w o u n d of t h e p o r t a l v e i n , success fu l ly t r e a t e d , 
is r e c o r d e d . 
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CHAPTER Vili. 

VESSELS OF THE NECK. 

CAROTID ARTERIES. 

T H E i n ju r i e s t o t h e c a r o t i d a r t e r i e s t h a t c o m e i n t o t h e h a n d s of t h e 
s u r g e o n a r e u s u a l l y of a l i m i t e d c h a r a c t e r , b e i n g e i t h e r of t h e n a t u r e 
of c o n t u s i o n s , l a t e r a l w o u n d s , o r t r a v e r s i n g p e r f o r a t i o n s . I n o n l y 
o n e of t h e w h o l e ser ies of cases o n w h i c h t h i s c h a p t e r is f o u n d e d w a s 
a c o m p l e t e s e v e r a n c e of t h e vesse l m e t w i t h . A m o n g s t 8 5 in ju r i e s 
t r e a t e d u p o n t h e l ines of c o m m u n i c a t i o n o r a t t h e b a s e , n o c o m p l e t e 
s e v e r a n c e w a s d i a g n o s e d , a n d in a l l t h e cases o p e r a t e d u p o n t h e les ion 
w a s of a l i m i t e d n a t u r e . I t m a y a l so b e n o t e d t h a t t h e a c c o m p a n y i n g 
w o u n d s of t h e sof t p a r t s w e r e of a s i m i l a r t y p e ; t h u s , a m o n g s t 6 6 
cases , in 2 0 t h e w o u n d w a s a s i m p l e t h r o u g h - a n d - t h r o u g h t r a c k of 
s m a l l o r m i n i m a l c a l i b r e , in 4 5 t h e miss i l e w a s r e t a i n e d , a n d in o n l y 
1 w a s t h e e x t e r n a l w o u n d e x t e n s i v e . 

A m o n g 6 0 in ju r i e s , 2 2 w e r e p r o d u c e d b y b u l l e t s , a n d 3 8 b y 
f r a g m e n t s of shel ls o r b o m b s , o f t en of v e r y s m a l l s ize . 

As t o t h e pos i t i on of t h e in ju r i e s in t h e c o u r s e of t h e vesse ls : 
Of 8 5 cases , 4 4 w e r e o n t h e r i g h t s ide , 3 9 o n t h e lef t ; in 2 cases 
t h e vesse ls of b o t h s ides w e r e i m p l i c a t e d . A m o n g s t 7 6 cases , t h e 
e x t e r n a l c a r o t i d w a s w o u n d e d in 9 , t h e i n t e r n a l in 9 , a n d t h e c o m -
m o n t r u n k in 5 8 . T h e 4 9 in ju r i e s t o t h e c o m m o n c a r o t i d w e r e 
l o c a t e d a s fol lows : u p p e r t h i r d 2 5 , m i d d l e t h i r d 1 9 , l o w e r t h i r d 5 . 

I t m a y b e in fe r red f r o m t h e s e f a c t s t h a t if t h e w o u n d of t h e soft 
p a r t s of t h e n e c k b e e x t e n s i v e , o r if t h e vesse l b e c o m p l e t e l y s e v e r e d , 
a f a t a l r e s u l t u s u a l l y e n s u e s . T h e s m a l l p r o p o r t i o n of in ju r i e s t o t h e 
lower t h i r d of t h e vesse l s u g g e s t s t h a t w o u n d s in t h i s p a r t of i t s c o u r s e 
a r e p a r t i c u l a r l y d a n g e r o u s . L a s t l y , t h e l a r g e p r o p o r t i o n of t h e cases 
in w h i c h t h e miss i le w a s r e t a i n e d , a n d w a s a f r a g m e n t of a shel l , i l lus-
t r a t e s wel l t h e f a v o u r a b l e p r o g n o s t i c s igni f icance of low v e l o c i t y o n 
t h e p a r t of t h e miss i le in d e c r e a s i n g t h e s e v e r i t y of t h e i n j u r y . 

A m o n g s t a t o t a l of 8 5 in ju r i e s , in 1 9 t h e les ion w a s of t h e n a t u r e 
of a c o n t u s i o n , o r of a w o u n d of s u c h l i m i t e d e x t e n t a s t o o c c a s i o n 
n o g ross l e a k a g e of b l o o d . T h e i n t e r e s t of t h i s s m a l l se r ies of cases is 
t w o f o l d . I t t h r o w s l i g h t o n t h e p o s s i b i l i t y of s p o n t a n e o u s c l o s u r e of 
w o u n d s of g r e a t vesse l s , a n d i t is r e m a r k a b l e t h a t , in a l l , t h e les ion w a s 
d i s c o v e r e d , n o t b y t h e p r e s e n c e of loca l s igns , b u t a s a r e s u l t of t h e 
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r e m o t e c o n s e q u e n c e s i t w a s r e s p o n s i b l e for . T h e s e c o n d f e a t u r e 
s e e m s t o i n d i c a t e a l so t h a t t h r o m b o s i s l e a d i n g t o s p o n t a n e o u s h e a l i n g 
of a r t e r i a l l es ions c a n n o t b e u n c o m m o n , s ince t h e o c c u r r e n c e of c e r e b r a l 
s igns w a s a l o n e r e s p o n s i b l e for t h e d e t e c t i o n of t h e v a s c u l a r i n j u r y 
in t h e s e i n s t a n c e s . I t c a n n o t b e a s s u m e d t h a t o b l i t e r a t i o n of t h e 
l u m e n of t h e c a r o t i d a r t e r y a s a s e q u e n c e of c o n t u s i o n is m o r e l ike ly 
t o be fo l lowed b y c o m p l i c a t i o n s in i t s a r e a of d i s t r i b u t i o n t h a n m a y 
b e t h e case w i t h a n y of t h e o t h e r l a r g e a r t e r i e s of t h e b o d y ; a n d , in 
a d d i t i o n , w e h a v e p o s i t i v e e v i d e n c e t h a t e x t e n s i v e o b l i t e r a t i n g t h r o m -
bosis of t h e c a r o t i d i tself m a y b e e v i d e n c e d b y n o r e m o t e c o n s e q u e n c e s 
w h a t e v e r . H e n c e w e a r e jus t i f i ed in c o n c l u d i n g t h a t m a n y cases of 
c o n t u s i o n o r m i n i m a l w o u n d of t h e c a r o t i d vesse ls m a y p a s s u n n o t i c e d 
a n d n e v e r be d i s c o v e r e d . 

D I A G N O S I S O F I N J U R I E S TO T H E C A R O T I D A R T E R I E S . 

O b s e r v a n c e of t h e ru le s g u i d i n g t h e i n v e s t i g a t i o n of a s u s p e c t e d 
a r t e r i a l in jur ) - in a n y reg ion suffices t o d e t e r m i n e t h e q u e s t i o n w i t h 
c o m p a r a t i v e ease in t h e n e c k . T h e chief diff icul ty cons i s t s in t h e 
s m a l l a m o u n t of a i d w h i c h c a n b e o b t a i n e d in t h i s r eg ion b y i n v e s t i -
g a t i o n of t h e p e r i p h e r a l p u l s e . I t is t r u e t h a t in m a n y cases of 
o b s t r u c t i o n of t h e m a i n t r u n k seen a t a n e a r l y d a t e , t h e p u l s a t i o n in 
t h e e x t e r n a l c a r o t i d m a y b e a b s e n t o r feeble , b u t a f t e r a v e r y s h o r t 
p e r i o d t h e free c r o s s - a n a s t o m o s i s b e t w e e n t h e a r t e r i e s of t h e t w o 
s ides m a y a b o l i s h t h e di f ference. A l t h o u g h , t h e r e f o r e , Ave m a y o b t a i n 
e v i d e n c e b y p a l p a t i n g t h e t e m p o r a l pu l se , i t c a n n o t b e r e g a r d e d a s 
g i v i n g a n a b s o l u t e i n d i c a t i o n ; a n d , a s wil l be p o i n t e d o u t l a t e r , 
e x a m i n a t i o n of t h e f u n d u s ocu l i is use less in f u r n i s h i n g a n e s t i m a t e 
of t h e f r e e d o m of c i r c u l a t i o n t h r o u g h t h e i n t e r n a l c a r o t i d . 

D e t e r m i n a t i o n of t h e i m p o r t a n t q u e s t i o n a s t o w h e t h e r a n i n j u r y 
i nvo lves t h e c a r o t i d i m m e d i a t e l y a b o v e or i m m e d i a t e l y b e l o w t h e 
b i fu r ca t i on of t h e c o m m o n t r u n k , c a n u s u a l l y o n l y b e m a d e b y o p e r a -
t i v e e x p l o r a t i o n . I t m a y b e n o t e d , in t h i s p a r t i c u l a r , t h a t w h e n t h e 
i n t e r n a l c a r o t i d is t h e vesse l i n j u r e d , t h e h e m a t o m a is g e n e r a l l y p a l -
p a b l e b e n e a t h t h e tons i l , a n d t e n d s t o s p r e a d b a c k w a r d s ; wh i l e t h e 
e x t r a v a s a t i o n f rom w o u n d s of t h e t r u n k t e n d s r a t h e r t o fol low t h e 
m o r e superf ic ia l cou r se of t h e e x t e r n a l c a r o t i d . T h e e x i s t e n c e of a n 
i n t r a c r a n i a l i n j u r y t o t h e i n t e r n a l c a r o t i d m a y u s u a l l y b e d e t e r m i n e d 
b y a u s c u l t a t i o n of t h e skul l , w h e n t h e c h a r a c t e r i s t i c sy s to l i c b r u i t , o r 
a n a r t e r i o - v e n o u s m u r m u r , wil l b e a u d i b l e . Fig. 36 fu rn i shes a n 
i n t e r e s t i n g e x a m p l e of t h e v a l u e of a u s c u l t a t i o n u n d e r s u c h c i r c u m -
s t a n c e s . I n t h i s i n s t a n c e a f r a g m e n t of s h r a p n e l case h a d e n t e r e d t h e 
sku l l , a n d t h e i n j u r y w a s fo l lowed b y t h e d e v e l o p m e n t of a p u l s a t i n g 
e x o p h t h a l m o s , w h i c h w a s a t first t h o u g h t t o i n d i c a t e a n i n j u r y t o 
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Fig. 36.—Pulsating exophthalmos, due to a hernia cerebri at the apex of the orbit. 

A t t h e r o o t of t h e n e c k i t is o f t en difficult t o m a k e c e r t a i n w h e t h e r 
t h e i n j u r y h a s b e e n t o t h e c a r o t i d , t h e first p a r t of t h e s u b c l a v i a n , 
t h e infer ior t h y r o i d , o r t h e v e r t e b r a l a r t e r y . I h a v e seen t h e diff icul ty 

9 

t h e i n t e r n a l c a r o t i d a r t e r y o r i t s o p h t h a l m i c b r a n c h . T h e a b s e n c e of 
a n y v a s c u l a r m u r m u r , h o w e v e r , n e g a t i v e d t h i s v i e w , a n d o n t h e m a n ' s 
d e a t h a few d a y s l a t e r , t h e p u l s a t i o n w a s f o u n d t o h a v e d e p e n d e d 
u p o n t h e p r o t r u s i o n of a h e r n i a ce r eb r i i n t o t h e d e e p p a r t of t h e o r b i t . 
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i n t h e case of a l l t h e s e vesse ls o n l y c l ea red u p b y o p e r a t i v e e x p l o r a t i o n . 

W h e n t h e i n j u r y is p u r e l y a r t e r i a l , t h e so f tness of a sy s to l i c m u r m u r 

m a y s u g g e s t t h e v e r t e b r a l a s t h e i n j u r e d vessel ; b u t l i t t l e f a i t h c a n b e 

p u t in s u c h a d i a g n o s i s . W^hen t h e les ion is a r t e r i o - v e n o u s , t h e diffi-

cu l t i e s a r e f a r g r e a t e r , n o t o n l y o n a c c o u n t of t h e w i d e s p r e a d a r e a o v e r 

w h i c h t h e m u r m u r m a y b e a u d i b l e , b u t s t i l l m o r e b y r e a s o n of t h e 

t r a n s m i s s i o n of t h e c h a r a c t e r i s t i c t h r i l l f rom a m i n o r b r a n c h t o t h e 

c u r r e n t in t h e m a i n v e i n . 

T h e fo l lowing case i l l u s t r a t e s wel l t h e difficulties w h i c h m a y 

a t t e n d t h e e s t a b l i s h m e n t of a c o r r e c t d i a g n o s i s w h e n m u l t i p l e 

w o u n d s a r e p r e s e n t . 

Case 1 2 . — M u l t i p l e w o u n d s f r o m a b o m b e x p l o s i o n . A r t e r i o - v e n o u s 
i n j u r i e s t o v e s s e l s of n e c k a n d a x i l l a . 

An officer was admi t t ed to a hospi tal on t h e lines of communica t ion on 
t h e seventh d a y after being wounded by a n u m b e r of f ragments of a b o m b . 
H e was still suffering from t h e effects of severe shock. Two small wounds 
were s i tua ted over t h e course of t h e r ight common carot id a r t e ry , and one 
over t h e anter ior axil lary fold. 

A pulsa t ing haematoma was present in t h e lower pa r t of t h e neck, and over 
th i s a pur r ing thri l l was marked , a n d a loud ar ter io-venous brui t was audib le . 
T h e machinery m u r m u r was conducted over t h e entire area of t h e chest , 
b u t no t t o t h e head . The m u r m u r over t h e axilla was somewhat different 
in charac te r , and t h e systolic element was widely conducted along t h e course 
of t h e brachial a r t e ry . The hea r t ' s apex was in t h e nipple line, t h e sounds 
were audible dis t inct from t h e advent i t ious bru i t . The m a n ' s r igh t h a n d was 
sha t t e r ed . 

The pa t i en t was kep t a t rest , b u t he picked u p slowly, and th ree weeks 
la ter a probe was passed in to a small opening a t t h e posterior marg in of t h e 
s te rnomasto id , on account of t h e persistence of a high t e m p e r a t u r e . This 
procedure was followed b y haemorrhage of a leaking charac ter , a n d on t h e 
evening of t h e same d a y it was considered advisable t o deal wi th t h e 
supposed wound of the carot id . An explorat ion m a d e b y Major Copeland, 
however , showed t h e aneurysmal sac t o lie behind t h e grea t vessels, and 
t h a t t h e wound was really one of t h e inferior thy ro id a r t e ry a n d vein. I 
t h i n k it was qui te impossible t o have m a d e a correct diagnosis in th is 
ins tance except b y operat ive explorat ion. 

T h e b r u i t s c h a r a c t e r i s t i c of v a s c u l a r w o u n d s a r e wel l m a r k e d in 
t h e n e c k , a n d d i s c o v e r y of t h e s e m a y l e a d t o t h e d e t e c t i o n of a les ion 
w h i c h o t h e r w i s e w o u l d h a v e p a s s e d u n n o t i c e d . C o n d u c t i o n of t h e 
sy s to l i c m u r m u r t o t h e c a r d i a c a p e x is n o t c o m m o n ; b u t I h a v e 
n o t i c e d i t in a few cases , a n d t h e p r e s e n c e of s u c h a b r u i t w o u l d 
s u g g e s t t h a t e x a m i n a t i o n of a n y m i n u t e o r m u l t i p l e w o u n d s of t h e 
n e c k s h o u l d b e m a d e . 

A m o n g s t i n ju r i e s of t h e c a r o t i d a r t e r i e s fo l lowed b y t h e d e v e l o p -
m e n t of t r a u m a t i c a n e u r y s m s , s e v e r e p r i m a r y h a e m o r r h a g e w a s n o t e d 
in o n l y t w e l v e . T h e n a t u r e of t h e w o u n d s of t h e soft p a r t s w h i c h 
a c c o m p a n i e d t h e s e cases , a n d w h i c h h a s b e e n a l r e a d y r e f e r r ed t o , 
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Fig. 37.—Arterial aneurysm of external carotid artery. 

b e f r o m t h e m o u t h , o r b l o o d m a y p a s s d o w n i n t o t h e a i r - p a s s a g e s 
o r t h e s t o m a c h . 

E x t r a v a s a t i o n i n t o t h e t i s s u e s of t h e n e c k t a k e s p l a c e m a i n l y 
a l o n g t h e l ine of t h e v a s c u l a r cleft , b u t i t s d i r e c t i o n m a y b e in f luenced 

suff ic ient ly e x p l a i n s t h i s o b s e r v a t i o n , a s a l so t h e e x p e r i e n c e t h a t , w h e n 
h a e m o r r h a g e d i d occur , i t w a s r e a d i l y c o n t r o l l e d b y a p a d a n d b a n d a g e , 
o r c e a s e d s p o n t a n e o u s l y . W h e n t h e t r a c k of t h e miss i l e h a s c ros sed 
t h e l a r y n x o r t r a c h e a , o r t h e p h a r y n x o r oesophagus , t h e b l e e d i n g m a y 
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b y t h a t of t h e t r a c k of t h e miss i l e , a n d c o n s i d e r a b l e s u b c u t a n e o u s 

e c c h y m o s i s is n o t r a r e ; t h e e c c h y m o s i s t e n d s t o s p r e a d b y g r a v i t a t i o n 

d o w n w a r d s o v e r t h e f r o n t of t h e c h e s t , o r o v e r t h e s h o u l d e r . 

COMPLICATIONS. 

Secondary Haemorrhage.—This c o m p l i c a t i o n is m e t w i t h in s o m e 

d e g r e e of f r e q u e n c y . T h u s , a m o n g 66 i n s t a n c e s of p e r f o r a t i n g les ions , 

s e c o n d a r y b l e e d i n g o c c u r r e d in 1 5 . I t f o r m e d t h e i n d i c a t i o n for 

o p e r a t i v e i n t e r v e n t i o n in 14 cases , a n d in 3 i t p r o v e d t h e a c t u a l 

c a u s e of d e a t h . 

A s in o t h e r s i t u a t i o n s , t h e o c c u r r e n c e of t h i s c o m p l i c a t i o n is 

u s u a l l y t o b e t r a c e d t o i n fec t ion of t h e w o u n d ; b u t , a s h a s b e e n p o i n t e d 

o u t a l r e a d y , t h e w o u n d s in t h e p a t i e n t s w h o s u r v i v e a r e of a t y p e w h i c h 

f r e q u e n t l y e s c a p e s i n f ec t i on . I n t w o of t h e f a t a l cases a s t r e p t o c o c c i c 

a n d a n a n a e r o b i c in fec t ion r e s p e c t i v e l y w e r e r e s p o n s i b l e for t h e 

a c c i d e n t , b u t in t w o o t h e r s t h e r e w a s n o r e a s o n t o re fe r t h e b l e e d i n g 

t o in fec t ion . T h r e e of t h e s e cases a r e of sufficient i n t e r e s t t o m e r i t 

br ief r e l a t i o n . 

Case 1 3 . — A r t e r i o - v e n o u s h e m a t o m a . A n a e r o b i c i n f e c t i o n . S e c o n d a r y 
h e m o r r h a g e . D e a t h . 

The pa t i en t was wounded t w o days prior t o admission ; t he re was no 
informat ion as t o t h e occurrence of p r imary haemorrhage, b u t t h e pa t i en t 
was ill a n d ve ry anaemic. T e m p e r a t u r e 101° ; pulse 104. 

A circular wound t w o a n d a half inches in d iamete r existed a t the 
poster ior border of t h e s te rnomasto id , t w o inches above t h e clavicular 
origin of t h e muscle . A small en t rance wound a t t h e back of t h e neck was 
closed. F r o m t h e wound a d a r k brown discharge wi th a s t rong faecal odour 
was escaping ; t h e nurse indeed said t h a t ' faeces ' were coming ou t of t h e 
neck. B. aérogenes capsulatus was cu l t iva ted from t h e fluid. 

F o u r days af ter t h e recept ion of t h e wound a sudden severe secondary 
haemorrhage t ook place. This was ar res ted b y plugging t h e wound wi th 
gauze soaked in adrenal in . On removal of t h e plug t h e nex t d a y some 
pulsa t ion was not iced, a n d auscul ta t ion revealed t h e presence of an ar ter io-
venous bru i t . Shor t ly af terwards t h e pa t i en t became hémiplégie, and he 
died on t h e s ix th d a y . 

T h e r igh t side of t h e neck is shown in Fig. 38. The opening, still 
occupied b y blood-clot , is exposed, and leads down t o an ape r tu re in t h e 
in terna l jugu la r vein ; t h e w o u n d in t h e a r t e ry was no t exposed. N o 
l amina ted cav i ty h a d been formed ; hence t h e condi t ion was still t h a t of 
a n ar ter io-venous haematoma, in which t h e ra re accident of acu te infection 
h a d occurred. T h e hemiplegia was ei ther t h r o m b o t i c or embolic in origin, 
b u t unfor tuna te ly no examina t ion of t h e bra in was m a d e . 

Fig. 39 is of m u c h interest as i l lus t ra t ing t h e size which collections of 
gas m a y reach in suitable s i tuat ions in B. aérogenes capsulatus infections. 
T h e large space behind t h e p h a r y n x a n d oesophagus conta ined gas only. 

Case 1 4 . — C a r o t i d - j u g u l a r a r t e r i o - v e n o u s w o u n d . S e c o n d a r y h e m o r -
r h a g e i n t h e a b s e n c e of o b v i o u s i n f e c t i o n . 

A m a n was admi t t ed t h r e e days after t h e reception of a t ransverse 
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bul le t wound of t h e neck. T h e ape r tu re of e n t r y half a n inch below t h e 
upper marg in of t h e left a la of t h e thy ro id car t i lage, a n d t h e ape r tu re of exi t 
a t t h e marg in of t h e r ight t rapez ius muscle , t w o a n d a half inches above t h e 
clavicle, were bo th min ima l in size, a n d closed. 

T h e skin of t h e left side of t h e neck was of an orange t i n t from fading 
ecchymosis, a n d the re was some general swelling of t h e neck, b u t no localized 
t u m o u r or expansile pulsa t ion . The m a n was brea th ing quiet ly , b u t t h e 

Fig. 38.—A dissection of the neck, showing the aperture of exit of a bullet track 
crossing the course of the right carotid artery and internal jugular vein, and establishing 
a communication between them. 

A glass rod projects from the track, and the blood-clot seen in the opening is in 
direct continuity with the wound in the vein. The arterial wound has not been 
exposed. 

The wound underwent anaerobic infection, and the patient died from secondary 
haemorrhage, associated with left hemiplegia, on the sixth day. Lieut.-Colonel Butler. 

voice was hoarse a n d low, t h e l a t t e r fact being ascribed t o recur ren t laryn-
geal paralysis . T h e pulse was 1 2 0 , of fair s t rength , a n d regular . On 
auscul ta t ion a loud ar ter io-venous m u r m u r was heard , mos t m a r k e d a t 
t h e posterior border of t h e left s te rnomasto id muscle, in which posi t ion 
a bubbl ing thri l l was also pa lpable a n d s t rong . 

T h e m a n showed l i t t le distress, a n d for t h e nex t four days lay quie t ly 
in bed, t h e swelling of t h e neck s teadi ly decreasing. H e took food easily, 
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brea th ing was pract ica l ly normal , a n d no suspicion arose t h a t t h e vascular 
in jury was no t set t l ing down as is usual ly t h e case. 

A t 8 p .m . on t h e t e n t h d a y after t h e injury, w i thou t a n y warn ing , 
a b o u t half a p in t of br ight blood was coughed u p . I saw h im a t 9 p .m. , when, 
except t h a t he was r a the r excited, he seemed li t t le changed. I n view of t h e 
a m o u n t of blood coughed u p , i t appea red advisable t o l igature t h e root of 
t h e carot id a r t e ry , or possibly deal direct ly wi th t h e wound in t h e vessels. 

Fig. 39.—A mesial section of the same neck. A glass rod in the retropharyngeal 
space indicates the central portion of the track of the bullet. The retropharyngeal 
space itself is highly distended by gas emanating from the action of anaerobic bacilli, 
but no pus was present in the space. The condition illustrates well the fact that the 
extension of the gas precedes that of actual invasion of the tissues by the anaerobes, 
and renders the latter process more easy and rapid. Lieut.-Colonel Butler. 

Open e ther narcosis was chosen as t h e anaesthetic ; no th ing special was 
no ted in t h e b rea th ing except t h a t t h e inspirat ions were shallow a n d t h e 
pa t i en t wen t slowly under t h e influence of t h e anaesthetic. As t h e first 
incision was m a d e , t h e m a n ceased to b rea the , a n d since the re was evident ly 
mechanical resp i ra tory obs t ruct ion , I opened t h e t r achea . Much fluid blood 
a n d clot escaped, bu t no relief was afforded, a n d t h e m a n died. 

A t t h e au topsy , the t r achea a n d all t h e bronchial t ubes were found full 
of blood and clot, the re was massive collapse of t h e lower lobe of t h e r ight 
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lung, and localized pa tches of collapse in b o t h r ight a n d left lungs. A n 
enlarged t h y m u s was present , a n d some post -opera t ive ecchymosis of t h e 
medias t ina l t issues. B e y o n d t h e presence of some enlarged mesenter ic 
g lands , no fur ther visceral disease was discovered. 

T h e condi t ion of t h e vessels is shown in Fig. 30, p . 80. A double 
perforat ion of t h e vein a n d a la tera l w o u n d of t h e caro t id are p resen t , 
while t h e t w o vessels a re s epa ra t ed b y t h e left vagus ne rve . T h e l a t t e r h a s 
been perforated, a n d beyond t h e blood which h a d collected wi th in t h e 
confines of i ts shea th , n o haemorrhage of a n y m o m e n t has t a k e n place i n to 
t h e vascular cleft. 

Case 1 5 . — W o u n d of s u p e r i o r t h y r o i d v e s s e l s . S e c o n d a r y h a e m o r r h a g e . 
D e a t h . 

A m a n was a d m i t t e d t w o days af ter receiving a bullet wound . T h e 
bullet s t ruck t h e t i p of h i s nose, passed t h r o u g h t h e upper l ip, wounded t h e 
tongue , a n d t h e n enter ing t h e sinus pyriformis , t ravel led vert ical ly down t h e 
neck. I t s final rest ing-place was never localized. 

There was considerable swelling of t h e r ight side of t h e neck, and some 
ecchymosis, b u t no evidence of t h e existence of an in jury t o t h e carot id 
vessels. 

On t h e th i rd d a y af ter admission t w o severe a t t a cks of dyspnoea a n d 
some haemoptysis occurred. I n t h e second of these t h e m a n died. 

A t t h e au topsy , t h e t r achea , bronchi , a n d lungs were swamped wi th 
blood, a n d the re was sept ic pneumonic consolidat ion of b o t h bases. E x t r a -
vasa ted blood was present in t h e neck a n d in t h e anter ior a n d middle 
medias t ina . A large a m o u n t of blood h a d also t r ickled down t h e gullet , 
a n d t h e s tomach was loaded wi th clot. N o in jury t o t h e ma in carot id t r u n k s 
h a d occurred, b u t t h e thy ro id g land was m u c h lacera ted , a n d i ts capsule 
bounded a large haematoma. 

Subsequent examina t ion of t h e specimen for preserva t ion in t h e 
Museum proved t h e in jury t o be l imited t o t h e branches of t h e superior 
t hy ro id a r t e ry . The haematoma was bounded b y t h e capsule of t h e thy ro id 
g land. 

I n th is ins tance again, t h e uneventful deve lopment of t h e haemorrhage 
was very s t r iking. Unt i l t h e first a t t a c k of dyspnoea t h e m a n appea red t o 
be progressing well, a n d t h e mode ra t e haemoptysis exci ted l i t t le suspicion. 
There is no d o u b t t h a t commencing infection influenced t h e occurrence of 
t h e secondary bleeding, a n d was pe rhaps ma in ly responsible for i t . 

T h e g radua l unnot iced filling u p of t h e lungs a n d s tomach b y blood 
welling u p from t h e wound in t h e fossa pyriformis, I believe again t o be 
explained b y t h e presence of anaesthesia in t h e a rea of d i s t r ibu t ion of t h e 
superior laryngeal nerve consequent on t h e wound of t h e pyr i form fossa 
a n d l a rynx . 

Concurrent Injury to Nerves.—The t w o t r u n k s o b v i o u s l y l i ab l e 
t o i n j u r y a r e t h e v a g u s a n d s y m p a t h e t i c . 

Vagus.—Figs. 30 a n d 44 i l l u s t r a t e we l l a c lass of i n j u r y t o w h i c h 
t h e p n e u m o g a s t r i c is l i ab l e , in c o m m o n w i t h o t h e r n e r v e s ; in e a c h 
t h e n e r v e h a s b e e n p e r f o r a t e d a n d h e m o r r h a g e h a s o c c u r r e d w i t h i n i t s 
s h e a t h . I n b o t h t h e n e r v e t a k e s p a r t in t h e f o r m a t i o n of t h e c h a n n e l 
of c o m m u n i c a t i o n b e t w e e n t h e a r t e r y a n d v e i n . I t m i g h t b e t h o u g h t 
t h a t a l es ion of t h i s c h a r a c t e r a n d e x t e n t w o u l d g i v e r i se t o s y m p t o m s 
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s u c h a s g r e a t d i s t u r b a n c e of t h e p u l s e - r a t e , o r v a r i a t i o n in t h e r a t e a n d 
ea se of r e s p i r a t i o n ; b u t a l t h o u g h b o t h cases e n d e d f a t a l l y , o n e f r o m 
s e c o n d a r y h a e m o r r h a g e , t h e o t h e r f r o m s e p t i c in fec t ion , in n e i t h e r w a s 
t h e i n j u r y s u s p e c t e d d u r i n g life. T h i s b e i n g t h e c a s e — a n d t h e obse r -
v a t i o n is in c o n s o n a n c e w i t h t h e r e s u l t s of phys io log i ca l e x p e r i m e n t — 
i t m u s t b e a s s u m e d t h a t m a n y m i n o r i n ju r i e s t o t h e p n e u m o g a s t r i c 
n e r v e , a n d p e r h a p s m a n y cases of c o m p l e t e s e v e r a n c e , p a s s u n r e c o g -
n i z e d . I n a n u m b e r of o p e r a t i o n s w h i c h I h a v e p e r f o r m e d , a n d o t h e r s 
of w h i c h I h a v e b e e n a w i t n e s s , I h a v e n e v e r m e t w i t h a n y t o t a l l y 
d e s t r u c t i v e les ion, a l t h o u g h in m a n y cases t h e n e r v e h a s b e e n t i e d u p 
a n d i m m o b i l i z e d b y t h e s ca r t i s s u e of t h e w o u n d t r a c k , o r in o t h e r s 
h a d a c q u i r e d a sol id a d h e s i o n t o t h e c a r o t i d a r t e r y w h i c h r e q u i r e d 
d i s s e c t i o n w i t h t h e kn i fe t o s e p a r a t e i t . T h e a v e r a g e p u l s e - r a t e in a 
l a r g e n u m b e r of in ju r i e s t o t h e c a r o t i d vesse l s w h i c h I h a v e e x a m i n e d 
a m o u n t e d t o 88 , w i t h e x t r e m e s of 62 a n d 120 . I n t w o cases in w h i c h 
g r a v e in fec t ion w a s p r e s e n t , t h e r a t e r e a c h e d 120 , b u t t h e v a g u s co u l d 
n o t b e he ld r e s p o n s i b l e for t h e s e . 

W i t h r e g a r d t o a n y g e n e r a l r e s p i r a t o r y difficult ies, a g a i n , I h a v e 
n e v e r d e t e c t e d a n y i n d i c a t i o n of d i s t u r b a n c e of v a g a l f u n c t i o n ; b u t 
loca l l a r y n g e a l s y m p t o m s a r e n o t u n c o m m o n , e spec ia l ly if t h e miss i l e 
h a s p e n e t r a t e d o r t r a v e r s e d t h e l a r y n x . T h e m o s t c o m m o n s ign is 
w e a k n e s s o r h o a r s e n e s s of t h e vo ice ; t h i s is u s u a l l y t e m p o r a r y , a n d 
m a y b e r e f e r r ed in m o s t i n s t a n c e s t o l a r y n g e a l c o n c u s s i o n , o r t h e loca l 
in f luence of t h e i n j u r y . I n o t h e r i n s t a n c e s de f in i t e u n i l a t e r a l a b d u c t o r 
p a r a l y s i s is o b s e r v e d , a n d t h i s b o t h in i n ju r i e s tp t h e u p p e r a n d lower 
s e g m e n t s of t h e a r t e r y . T h i s l a t t e r o b s e r v a t i o n s h o w s t h a t a b d u c t o r 
p a r a l y s i s m a y fol low i n j u r y t o t h e t r u n k a s wel l a s loca l i n j u r y t o t h e 
r e c u r r e n t l a r y n g e a l b r a n c h , so t h a t t h e s ign is of l i t t l e u s e in loca l i z ing 
t h e s i t e of t h e a r t e r i a l l es ion . 

T h e i n s id ious m a n n e r in w h i c h b l o o d m a y t r i c k l e t h r o u g h t h e 
l a r y n x a n d flood t h e a i r - p a s s a g e s h a s a l r e a d y b e e n r e f e r r ed t o , a n d 
t h e r e s e e m s r e a s o n t o be l i eve t h a t t h i s m a y d e p e n d o n anaes thes ia of 
t h e a r e a s u p p l i e d b y t h e s u p e r i o r l a r y n g e a l n e r v e , a n d a b o l i t i o n of t h e 
c o u g h ref lex. 

Cervical Sympathetic.—Evidence of i n j u r y t o t h e s y m p a t h e t i c 
c h a i n is o f t en p r e s e n t , a n d in c o n t r a s t t o w h a t o c c u r s in t h e c a s e of t h e 
v a g u s , i t c a n s c a r c e l y e s c a p e r e c o g n i t i o n . G e n e r a l f l a t t e n i n g of t h e 
face , s u n k e n e y e b a l l , s l i gh t p t o s i s a n d n a r r o w i n g of t h e p a l p e b r a l 
f issure, c o n t r a c t e d p u p i l , a n d a b s e n c e of s w e a t i n g o n t h e af fec ted s ide 
of t h e h e a d , a r e m e t w i t h in v a r y i n g d e g r e e in m o r e t h a n 12 p e r c e n t 
of a l l t h e cases of c a r o t i d a n e u r y s m . I n m a n y i n s t a n c e s t h e s igns 
p e r s i s t for m o n t h s , a n d in s o m e t h e y a r e n o d o u b t p e r m a n e n t . T h e y 
a r e m e t w i t h w h i c h e v e r p a r t of t h e c a r o t i d is w o u n d e d . I n s o m e 
i n s t a n c e s t h e s igns a r e r a t h e r t h o s e of i r r i t a t i o n t h a n of a b l a t i o n of 
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f u n c t i o n ; in s u c h t h e p a r a l y t i c s igns m a y b e less m a r k e d , t h e e y e b a l l 
m a y b e p r o m i n e n t r a t h e r t h a n s u n k e n , a n d h y p e r i d r o s i s m a y b e 
p r e s e n t . I n t h i s r e l a t i o n i t is of i n t e r e s t t o n o t e t h a t t h e s a m e s u s c e p -
t i b i l i t y on t h e p a r t of t h e s y m p a t h e t i c is s o m e t i m e s e x h i b i t e d in t h e 
f o r m of u n i l a t e r a l flushing a n d s w e a t i n g of t h e s t i m u l a t e d s ide a f t e r 
o p e r a t i o n s o n t h e c a r o t i d vesse l s . T h e f r e q u e n c y w i t h w h i c h s igns of 
i n j u r y t o t h e s y m p a t h e t i c a r e d i s c o v e r e d is d u e t o t h e i r o b v i o u s 
c h a r a c t e r , b u t a f u r t h e r f a c t o r of a m e c h a n i c a l n a t u r e of c o n s i d e r a b l e 
i m p o r t a n c e e n t e r s i n t o t h e q u e s t i o n of t h e f r e q u e n c y of t h e s e i n ju r i e s . 
T h e v a g u s lies in t h e c o m p a r a t i v e l y loose a n d r o o m y v a s c u l a r c lef t , 
a n d is c a p a b l e of v e r y c o n s i d e r a b l e d i s p l a c e m e n t e i t h e r l a t e r a l l y o r in 
a f o r w a r d d i r e c t i o n ; w h i l e t h e s y m p a t h e t i c c h a i n l ies in i n t i m a t e 
c o n t a c t w i t h t h e p r e v e r t e b r a l l a y e r of t h e ce rv i ca l fasc ia , a n d in a d d i -
t i o n is m o r e o r less i m m o b i l i z e d b y t h e b r a n c h e s w h i c h p a s s l a t e r a l l y 
f r o m i t s g a n g l i a . H e n c e i t is a c o m p a r a t i v e l y f ixed a n d i m m o b i l e 
s t r u c t u r e , m o r e l i ab le t o suffer t h e full fo rce of a n y miss i l e w h i c h m a y 
t r a v e r s e i t s c o u r s e . 

T h e r e m a i n i n g n e r v e les ions a r e of less i n t e r e s t ; b u t i n ju r i e s t o 
t h e h y p o g l o s s a l a n d s p i n a l a c c e s s o r y n e r v e s a r e m e t w i t h , e spec ia l ly 
in c o n n e c t i o n w i t h les ions of t h e e x t e r n a l o r i n t e r n a l c a r o t i d a r t e r i e s . 
A n y of t h e b r a n c h e s of t h e c e r v i c a l p l e x u s m a y b e d a m a g e d , a n d t o 
low in ju r i e s of t h e c a r o t i d m a y b e a d d e d s igns of c o n t u s i o n o r d iv i s ion 
of o n e o r m o r e of t h e c o r d s of t h e b r a c h i a l p l e x u s . I n s t a n c e s of a l l 
t h e s e les ions a r e n o t u n c o m m o n . 

C E R E B R A L COMPLICATIONS. 

I t wil l b e c o n v e n i e n t t o d e a l h e r e w i t h t h e w h o l e q u e s t i o n of 
c e r e b r a l c o m p l i c a t i o n s , w h a t e v e r b e t h e n a t u r e of t h e les ion of t h e 
c a r o t i d vesse l s t h e y fol low, s ince t h e r e is n o e s s e n t i a l di f ference in t h e 
c o n s e q u e n c e s o b s e r v e d . 

T h e d e v e l o p m e n t of c e r e b r a l s y m p t o m s m a y b e a s e q u e n c e of 
u n c o m p l i c a t e d w o u n d of t h e c o m m o n o r i n t e r n a l c a r o t i d a r t e r y ; of 
c o n t u s i o n ; of loca l occ lus ion of t h e vesse l b y t h r o m b o s i s ; of t h r o m -
bos i s e x t e n d i n g w i d e l y i n t o t h e c e r e b r a l vesse l s ; of e m b o l i s m ; o r of 
su rg i ca l occ lus ion of t h e t r u n k s . E x a m p l e s of a l l t h e s e c o n d i t i o n s a n d 
s e q u e n c e s of e v e n t s a r e g i v e n be low, b u t w e a r e p r a c t i c a l l y i g n o r a n t 
of t h e f a c t o r s w h i c h m a y d e t e r m i n e t h e o c c u r r e n c e , o r inf luence t h e 
g r a v i t y of t h e s y m p t o m s , in a n y i n d i v i d u a l c a se . 

C e r t a i n c o n d i t i o n s w h i c h c e r t a i n l y inf luence t h e i n c i d e n c e of 
c e r e b r a l s y m p t o m s m a y b e first m e n t i o n e d ; t h e s e a r e a c o n s i d e r a b l e 
r e d u c t i o n in t h e t o t a l v o l u m e of b l o o d in t h e g e n e r a l c i r c u l a t i o n fol low-
i n g h e m o r r h a g e , a n d t h e c o - e x i s t e n c e of a g e n e r a l t o x a e m i a o r s e p t i -
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caemia. Of o ther poss ible factors , such as personal id iosyncrasy , 
var iat ions in t h e m o d e of format ion of t h e circle of Wil l i s , t h e s cheme 
of anas tomos i s of t h e cerebral vesse l s , t h e s ize a n d shape of t h e b o n y 
foramina b y w h i c h t h e vesse l s enter t h e skull , or t h e m a n n e r in 
wh ich t h e nerves s u p p l y i n g t h e arterial wal l in a n y ind iv idua l case 
m a y be impl icated , w e k n o w l i t t le or n o t h i n g ; whi l e in t h e class of 
pa t i ent s l ike ly t o suffer from g u n s h o t injuries, t h e ques t ion of arterial 
degenerat ion se ldom comes in to cons iderat ion . 

N o d o u b t can ex i s t as t o t h e unfavourable influence e x e r t e d b y 
t h e previous occurrence of a pr imary or secondary haemorrhage, for 
th i s acc ident is seen n o t o n l y t o be of impor t in t h e case of t h e sus-
cept ib le t i s sue of t h e brain, but a lso in de termin ing t h e degree of 
muscular degenerat ion , or e v e n gangrene , of a l imb . T h e s a m e m a y 
be sa id w i t h regard t o t h e ill effects of a cond i t ion of general t o x -
aemia. T h e cerebral compl icat ions w h i c h fol low interrupt ion of t h e 
carot id circulat ion are, however , far more dramat ic in onse t a n d in 
g r a v i t y t h a n t h o s e due t o obs truct ion t o t h e arterial s u p p l y of a l imb, 
a n d in v i e w of t h e special arrangements of t h e intracranial c irculat ion 

which are ca lcu lated t o reduce t o a m i n i m u m t h e danger of interrupt ion 
of a n y one source of b lood-supply , t h e y are sti l l m o r e str iking. I t is 
m o s t d i sconcert ing t h a t one p a t i e n t m a y d e v e l o p s igns of hemipleg ia 
whi le sti l l u p o n t h e operat ing tab le , or d e t e c t e d as soon as he recovers 
from t h e anaesthetic, whi le in others no s ign of a n y d is turbance what -
ever of t h e intracranial c irculat ion can be d i scovered . P u t t i n g u p o n 
one s ide, moreover , ac tua l cerebral s y m p t o m s , t h e opportuni t i e s for 
gaug ing t h e freedom of c irculat ion in t h e carot id arteries is remarkably 
l imi ted . Decrease in v o l u m e of t h e pulse in t h e branches of t h e 
ex terna l carot id , such as t h e t empora l or t h e facial, m a y be of s o m e 
a id ; y e t t h e cross -anastomos is b e t w e e n t h e s e vesse ls is so free t h a t 
l i t t le we ight can be p laced u p o n a d iminut ion of s t r e n g t h of pulse , 
for such d iminut ion m a y be observed in pa t i en t s in w h o m n o cerebral 
s igns deve lop , inequa l i ty of t h e t w o sides m a y n o t be m a r k e d w h e n 
ev idence of cerebral d i s turbance is certain, a n d it m a y be observed 
in t h e subjec ts of arterial or arter io-venous a n e u r y s m in w h o m t h e 
vascular obs truct ion is n o t more t h a n v e r y part ial in i t s nature . W i t h 
regard t o e x a m i n a t i o n of t h e c irculat ion in t h e branches of t h e internal 
carot id artery, Mr. F isher has been k ind e n o u g h t o inves t iga te for m e 
t h e fundus oculi in a n u m b e r of m e n w h o s e c o m m o n carot id has been 
t i e d fourteen t o t w e n t y - o n e d a y s previous ly ; in none could ev idence 
of vascular d is turbance be d e t e c t e d . 

These observat ions raise t h e further ques t ion as t o whether t h e 
e x t r e m e cerebral anaemia depends so le ly on t h e local obstruct ion of 
one of t h e sources of b lood-supply , or w h e t h e r t o t h e local obs truct ion 
t h e r e is superadded a condi t ion of vasoconstr ic t ion or vascular s p a s m 
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w h i c h a u g m e n t s a n d r e n d e r s m o r e p e r s i s t e n t a n d h a r m f u l t h e anaemia 

i n d u c e d b y t h e occ lu s ion of t h e c a r o t i d . 

I n t h e a b s e n c e of e v i d e n c e of v a s o - c o n t r a c t i o n a s a n a c t u a l 

r e s p o n s e t o t h e s t i m u l u s a f forded b y a loca l i n j u r y t o t h e vesse l , i t 

m u s t b e a s s u m e d t h a t t h e l o w e r e d b l o o d - p r e s s u r e — a p r o m i n e n t 

f e a t u r e if p r i m a r y h a e m o r r h a g e h a s b e e n a b u n d a n t — c o m b i n e d w i t h 

a def ic ient t o t a l v o l u m e of b l o o d in t h e c i r c u l a t i o n , a r e t h e a c t u a l 

f a c t o r s . T h e c e r e b r a l a r t e r i e s , b e i n g m o r e o r less c o m p l e t e l y e m p t i e d 

b y t h e s u d d e n i n t e r r u p t i o n of t h e i r m a i n b l o o d - s u p p l y , c o n t r a c t e v e n 

t o t h e d e g r e e of o b l i t e r a t i o n of t h e i r l u m e n , a n d t h e r e m a i n i n g b l o o d -

p r e s s u r e p r o v e s insuff ic ient t o o v e r c o m e t h e m u s c u l a r r e s i s t a n c e 

offered t o t h e i r d i l a t a t i o n . T h i s e x p l a n a t i o n o b v i o u s l y o b t a i n s , e v e n 

if in lesser d e g r e e , w h e n t h e l o w e r e d b l o o d - p r e s s u r e d e p e n d s u p o n 

s h o c k a l o n e . 

S o m e o b s e r v a t i o n s o n t h e c o n d i t i o n w h i c h h a s b e e n d e s c r i b e d 

a n d d e s i g n a t e d a s ' v a s c u l a r s t u p o r ' (see p . 14) , o c c u r r i n g a s a r e s u l t 

of c o n t u s i o n of t h e vesse l s of t h e e x t r e m i t i e s , h a s a l so a b e a r i n g o n 

t h i s q u e s t i o n , s ince in t h a t c o n d i t i o n t h e b lood l e s snes s of t h e p e r i -

p h e r a l c i r c u l a t i o n m u s t b e s e c o n d a r y t o t h e loca l o b s t r u c t i o n , w h i c h 

d e p e n d s u p o n e x t r e m e a n d p e r s i s t e n t l oca l c o n t r a c t i o n of t h e a r t e r y 

a t t h e s i t e of t h e i n j u r y . 

T h e o b s e r v a t i o n s of L e r i c h e a n d H e i t z , * a l t h o u g h a p p a r e n t l y 

b a s e d u p o n a n i n c o m p l e t e a p p r e c i a t i o n of t h e a c t u a l a n a t o m i c a l 

a r r a n g e m e n t a n d d i s t r i b u t i o n of t h e n e r v e - s u p p l y t o t h e b lood-vesse l s , 

y e t f u r n i s h e x p e r i m e n t a l e v i d e n c e of t h e v a s o - c o n s t r i c t o r effect p r o -

d u c e d b y i n t e r r u p t i o n of t h e c o n t i n u i t y of t h e n e r v o u s c h a i n in t h e 

case of t h e l i m b s , a s seen a f t e r t h e p e r f o r m a n c e of L e r i c h e ' s o p e r a t i o n 

of p e r i v a s c u l a r s y m p a t h e c t o m y (see p . 56 ) . U n f o r t u n a t e l y , h o w e v e r , 

t h e s e p h e n o m e n a c a n n o t b e c o n s i d e r e d a p p l i c a b l e in t h e case of t h e 

c e r e b r a l c i r c u l a t i o n . 

I f t h e t h e o r y of l o w e r e d b l o o d - p r e s s u r e a n d a n insuff ic ient t o t a l 

v o l u m e of b l o o d b e t h e c o r r e c t e x p l a n a t i o n , i t is o b v i o u s t h a t t h e 

c o r r e c t m e t h o d of t r e a t m e n t is t h e t r a n s f u s i o n of b l o o d , a s t h e m o s t 

efficient m e a n s of b o t h h e i g h t e n i n g t h e p r e s s u r e a n d s u p p l y i n g a 

p r o p e r s u p p l e m e n t t o t h e b l o o d c o n t e n t of t h e b o d y . As fa r a s I 

k n o w , t h i s p r o c e d u r e h a s n o t u n t i l n o w b e e n a d o p t e d . 

Nature of the Cerebral Symptoms observed.—Litt le spec ia l de s -

c r i p t i o n n e e d s t o b e g i v e n of t h e s e . T h e y m a y v a r y g r e a t l y in 

s e v e r i t y a n d d i s t r i b u t i o n . I n t h e m o s t s e v e r e cases t h e p a t i e n t m a y 

b e c o m e a t o n c e u n c o n s c i o u s , a n d l a t e r c o m a t o s e , t h e o n s e t s o m e t i m e s 

b e i n g a c c o m p a n i e d b y r e s t l e s snes s o r s t r u g g l i n g . I n o t h e r i n s t a n c e s 

t h e loss of consc iousnes s m a y b e s h o r t , o r m e r e d r o w s i n e s s a n d m e n t a l 

* Lyon Chirurgicale, xiv, No. 4 , p . 754 . 
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s lowness m a y t a k e i t s p l a c e . T h e loca l p a r a l y t i c s igns m a y v a r y in 
a s i m i l a r m a n n e r : t h u s t h e r e m a y b e t e m p o r a r y o r p e r m a n e n t a p h a s i a , 
p a r e s i s o r p a r a l y s i s of t h e l i m b s , t e m p o r a r y o r p e r m a n e n t loss of p o w e r 
o v e r t h e s p h i n c t e r s . I n s o m e cases a p h a s i a , o r loss of m o t o r p o w e r in 
o n e l i m b o n l y , m a y d e v e l o p . I n m o n o p l e g i a s , t h e u p p e r e x t r e m i t y 
is t h e m o r e f r e q u e n t l y affected ; t h e p a r a l y s i s m a y b e c o m p l e t e , o r 
d i s t u r b a n c e s of s e n s a t i o n o r loss of m u s c u l a r sense m a y b e t h e m a i n 
f e a t u r e . G r e a t v a r i a t i o n s a r e seen in t h e d i s t r i b u t i o n a n d s e v e r i t y 
of t h e s e n s o r y d i s t u r b a n c e s , a n d al l t h e s e s y m p t o m s m a y b e e v a n e s c e n t , 
t e m p o r a r y , o r p e r m a n e n t in d i f ferent i n s t a n c e s . 

T h e v a r y i n g c i r c u m s t a n c e s u n d e r w h i c h c e r e b r a l c o m p l i c a t i o n s 
m a y follow in ju r i e s t o t h e c a r o t i d a r t e r i e s will b e m o s t s a t i s f a c t o r i l y 
se t f o r t h b y a br ie f r e c i t a l of s o m e i l l u s t r a t i v e cases . 

Case 1 6 . — I n j u r y t o t h e l e f t c o m m o n c a r o t i d a r t e r y . T h r o m b o s i s 
e x t e n d i n g i n t o t h e i n t e r n a l c a r o t i d t r u n k . R i g h t h e m i p l e g i a . (Under the 

charge of C A P T A I N A L A N C U R R Y , t o w h o m I 

a m indebted for the notes and specimen.) 

P t e . R . was a d m i t t e d in to a casual ty 
clearing s ta t ion suffering wi th severe shell 
wounds of bo th legs, and a compound frac-
t u r e of t h e left t ib ia a n d fìbufa. A small 
wound of e n t r y was present over t h e 
thyro id cart i lage in t h e mid-line of t h e 
neck. The m a n was drowsy a n d could no t 
speak, the re was r ight hemiplegia , increase 
of t h e r ight knee-jerk, no ankle-clonus, and 
an extensor response t o s t imula t ion of t h e 
sole. T e m p e r a t u r e 9 9 ° . Pulse 1 1 0 . N o 
swelling or b ru i t could be de tec ted in t h e 
neck, a n d t h e t empora l pulses were equal . 

The wounds were cleansed a n d dressed, 
a n d for t h e nex t t w o days t h e pa t i en t 
appeared t o be progressing satisfactorily, 
b u t on t h e th i rd d a y t h e left leg became 
gangrenous as a result of a wound of t h e 
posterior t ibial a r t e ry , a n d was a m p u t a t e d . 

D e a t h occurred on t h e fourth day . A t 
t h e au topsy a wound of t he left common 
carot id half an inch below t h e bifurcation 
was discovered. The fragment of shell 
which had occasioned t h e wound projected 
in to t h e opening in t h e wall of t h e vessel, 
while i t was sur rounded externa l ly b y a 
small incipient aneurysmal sac. On laying 
t h e a r t e ry open it was found t h a t a t h rom-
bus completely obl i tera ted t h e lumen of t he 

in ternal carot id b ranch , and par t ia l ly obs t ruc ted t he externa l carotid 
(Fig. 4 0 ) . The in ternal jugu la r vein was uninjured. 

There was well-marked softening of t he basal ganglia of t h e left side 
of bra in , b u t nei ther in t racrania l thrombosis nor embolism was p re sen t . 

Fig. 40.—Wound of left 
common carotid artery. Local 
thrombosis of internal carotid 
and partial obstruction of ex-
ternal carotid. Localized exter-
nal clot, and fragment of shell 
(A) projecting into wound. 
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Case 1 7 . — C o m p l e t e s e v e r a n c e of c o n t i n u i t y of t h e r i g h t i n t e r n a l 
c a r o t i d a r t e r y . L o c a l t h r o m b o s i s . L e f t h e m i p l e g i a . (Under the charge of 
C A P T A I N G . L . K E Y N E S , t o w h o m I a m indebted for t h e notes . ) 

P t e . L . was a d m i t t e d in to a casua l ty clearing s ta t ion wi th a wound of 
t h e neck. T h e bullet had entered over t h e left angle of t h e mandib le , a n d 
emerged a n inch a n d a half below t h e t i p of t h e r ight mas to id process. 
The r a m u s of t h e j a w was fractured. There was some resp i ra tory distress, 
inabi l i ty t o swallow, a n d t h e pulse was rap id a n d feeble. N o externa l 
haemorrhage was occurring. 

On t h e evening of t h e second d a y t h e resp i ra tory distress increased 
and t h e pulse became more feeble. I t was considered advisable t o perform 
t r acheo tomy , a n d t h e opera t ion afforded 
t h e pa t i en t considerable relief. On t h e 
n ight of t h e t h i rd d a y he became hémi-
plégie, t h e t e m p e r a t u r e rose t o 1 0 5 ° , a n d 
d e a t h occurred on t h e evening of t h e four th . 

A t t h e au topsy , t h e r igh t in ternal caro-
t i d a r t e ry was found t o have been com-
pletely divided a t t h e level of t h e ape r tu r e 
of exi t . A n an t e -mor t em clot occluded t h e 
lumen, ex tend ing downward for t w o inches 
and u p w a r d in to t he sigmoid bend in t h e 
cavernous sinus. N o t h r o m b u s or embolus 
was discovered in t h e cerebral vessels ; a n d 
beyond pal lor , no naked-eye change was 
de tec ted in t h e bra in . 

Case 1 8 . — M i n i m a l c o n t u s e d w o u n d of 
t h e c o m m o n c a r o t i d a r t e r y . S p r e a d i n g 
t h r o m b o s i s . (Under the charge of C A P T A I N 
H . B . W A L K E R , t o w h o m I a m indebted for 
the notes and the specimen—Fig. 4 1 ) . 

P t e . D . was b rough t t o a casua l ty clear-
ing s ta t ion shor t ly after receiving several 
wounds . A wound of e n t r y t h e size of a 
halfpenny was present in t h e r igh t cheek, 
also a small perfora t ing w o u n d of t h e r igh t 
p inna , a n d a superficial wound over t h e 
r ight mas to id process. 

W h e n t a k e n t o t h e t h e a t r e t o have t h e 
wounds cleaned u p , t h e m a n was drowsy, 
b u t no ac tua l paralysis was no ted . Pulse 
7 2 . T e m p e r a t u r e 9 8 ° . Some blood-clot was 
present a round t h e nostr i ls . A fragment of 
shell t h e size of a wa lnu t was removed from 
t h e r ight p terygoid fossa, also some frag-
m e n t s of bone from t h e f ractured mand ib le . 
N o serious haemorrhage occurred. 

The pa t i en t remained in a drowsy condi t ion, w i th a pulse of 6 0 a n d 
t e m p e r a t u r e of 9 7 ° , b u t his condit ion did no t a t first give rise t o a n y special 
anx ie ty . Dur ing t h e n ight he became restless and tore off his dressings, a n d 
on t h e morn ing of t h e second d a y he h a d become comatose . T h e pulse 
was irregular , wi thou t periodici ty, a t t imes full a n d slow, a t o thers r ap id 
and feeble. T h e b rea th ing was slow a n d s te r torous . T h e r ight pupil was 

F I G . 41. — Contusion and 
minimal wound of common 
carotid. Thrombosis of internal 
carotid, extending into cerebral 
vessels. The minute perfora-
tions are indicated by the two 
dark spots at the upper part of 
the carotid trunk. 
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dilated and fixed, t h e left nar rowly cont rac ted ; the re was extensor spasm 
of t h e l imbs, with pronat ion of t h e a r m s . The abdomina l reflexes were 
absent ; spast ic i ty of t h e l imbs prevented elicitation of t h e t endon reflexes. 
The r ight p l an t a r reflex was extensor , t h e left flexor. 

A provisional diagnosis of fracture of t h e base of t h e skull , wi th possible 
middle meningeal haemorrhage, was arr ived a t , bu t t h e condit ion of t h e 
pa t i en t was such t h a t a projected explorat ion was abandoned a n d lumbar 
punc tu re subs t i tu ted . Three d rachms of clear fluid under no grea t pressure 
were wi thd rawn . I m p r o v e m e n t followed th is procedure , t h e pulse became 
slow and full, and t h e brea th ing less s ter torous . As a last hope t h e middle 
meningeal area was t h e n explored wi th t h e aid of local anaesthesia. The 
result was negat ive ; as t h e d u r a showed no pulsat ion, it was opened, b u t 
no sign of congestion or of pressure was discovered. I 

Dea th followed short ly after t h e operat ion. N o t race of injury t o 
ei ther bra in or skull was found on pos t -mor tem examina t ion . The r ight 
internal carot id was noticed t o have a l ready become much larger t h a n t h e 
left, and t h e la t t e r was dis tended wi th an t e -mor t em clot. The left middle 
cerebral a r t e ry was also filled wi th clot, and downwards t h e t h r o m b u s 
ex tended t o abou t J in. below t h e lateral mass of t h e a t las . Opposi te th i s 
process two small perforations, apparen t ly t h e result of t h e vessel hav ing 
been nipped between t h e fragment of shell a n d t h e bone, indicated t h e 
initial cause of t he thrombosis . 

Case 1 9 . — W o u n d of t h e r i g h t e x t e r n a l c a r o t i d a r t e r y . C o n t u s i o n a n d 
e x t e n d i n g t h r o m b o s i s of left i n t e r n a l c a r o t i d a r t e r y . (Under the care of 
C A P T A I N H . L A W S O N W H A L E , t o w h o m I am indebted for the notes . ) 

P t e . S. was a d m i t t e d in to a s t a t ionary hospi ta l wi th a wound a t t h e 
junc t ion of t h e r ight ala nasi wi th t h e cheek, t h e further direction of t h e 
t r ack being appa ren t ly t oward t h e left mas to id process. Immedia te ly 
after admission, and before the re was t ime t o remove his clothes, a copious 
a n d persis tent haemorrhage occurred from t h e pa t i en t ' s m o u t h . I t was 
doubtful from which in ternal maxi l la ry a r t e ry t he blood came, b u t as 
bleeding was checked by pressure over t h e r ight common carot id , t h e 
externa l carot id of t h a t side was p rompt ly l igatured. Wi th in th ree hours 
from t h e t ime of operat ion, r ight hemiplegia was noted , and t h e m a n became 
comatose . The pa t ien t was seen by Colonels Gordon Holmes and Percy 
Sargent , who agreed t h a t t h e slow pulse and accompanying signs suggested 
pressure from int racrania l haemorrhage, bu t considered t h a t t h e pa t i en t ' s 
condit ion negat ived surgical in tervent ion . 

Dea th occurred a few hours later . A t t h e au topsy , t h e r ight ex terna l 
carot id a r t e ry was found th rombosed for an inch beyond t h e point l igatured. 
On t h e left side of t he neck a shrapnel ball was discovered lying in t h e fork 
of bifurcation of t h e common carot id ; from th is spot a cont inuous t h r o m b u s 
ex tended into t h e circle of Willis and into t he branches of t he middle cerebral 
a r t e ry as far as t h e y could be t raced into t h e fissure of Sylvius. 

T h e a b o v e four cases afford p o s t - m o r t e m e v i d e n c e of t h e n a t u r e 
of t h e p r i m a r y les ion t o t h e vesse l s , a n d of i t s u l t i m a t e c o n s e q u e n c e s . 
I t wil l b e o b s e r v e d t h a t in t h e first t w o , loca l t h r o m b i d e v e l o p e d a t 
t h e s i t e of t h e a r t e r i a l w o u n d ; h e n c e t h e o b s t r u c t i o n c o r r e s p o n d s 
in n a t u r e w i t h t h a t w h i c h m i g h t h a v e fol lowed t h e a p p l i c a t i o n of a 
l i g a t u r e . I n t h e s e c o n d case , t h e o c c u r r e n c e of s e p t i c in fec t ion 
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c a n n o t b e d i s r e g a r d e d a s a n in f luenc ing f ac to r , a n d in a less d e g r e e 
t h i s r e m a r k a p p l i e s t o t h e first case a l so . T h e f ac t t h a t s y m p t o m s a r e 
a c c o m p a n i e d b y a h i g h t e m p e r a t u r e m u s t n o t , h o w e v e r , b e e s t i m a t e d 
t o o h i g h l y a s a s ign of s e p t i c in fec t ion , s ince s u c h r i ses c o m m o n l y 
a t t e n d t h e d e v e l o p m e n t of a r t e r i a l t h r o m b o s i s . 

T h e t h i r d a n d f o u r t h ca se s , in w
r
hich c o n t i n u o u s t h r o m b i e x t e n d e d 

t o t h e m i d d l e c e r e b r a l a r t e r y , o b t a i n spec ia l d i a g n o s t i c i n t e r e s t . B o t h 
e x h i b i t e d c e r e b r a l s y m p t o m s i n d i s t i n g u i s h a b l e f rom t h o s e of s eve re 
i n t r a c r a n i a l p r e s s u r e s u c h a s m a y a c c o m p a n y t h e o c c u r r e n c e of a 
h a e m o r r h a g e ; h e n c e in o n e a n e x p l o r a t i o n w a s p e r f o r m e d , a n d in t h e 
o t h e r t a k e n i n t o c o n s i d e r a t i o n . I h a v e seen t h e s a m e c o u r s e t a k e n 
in a n o t h e r ca se . 

I n a p a p e r p u b l i s h e d in 1916 ,* a se r ies of i n s t a n c e s of i n j u r y t o 
t h e c a r o t i d a r t e r i e s a c c o m p a n i e d b y c e r e b r a l c o m p l i c a t i o n s is d i s -
cus sed , a n d t h e c e r e b r a l s y m p t o m s a r e a s c r i b e d t o e m b o l i s m . I n al l of 
t h e s e t h e d i a g n o s i s w a s m a d e o n c l in ica l g r o u n d s a l o n e , a n d i t a p p e a r s 
c l ea r in m a n y of t h e m t h a t t h e n a t u r e of t h e s y m p t o m s a n d t h e i r 
loca l ized c h a r a c t e r w a r r a n t e d t h e c o n c l u s i o n t h e n a r r i v e d a t . T h e 
p o s t - m o r t e m findings t h a t w e now h a v e a t o u r d i s p o s a l , h o w e v e r , 
s u g g e s t t h a t , in s o m e of t h e m o r e s e v e r e a n d c o m p l e t e , e x t e n d i n g 
t h r o m b o s i s w a s a n e q u a l l y p r o b a b l e e x p l a n a t i o n of t h e s y m p t o m s . 

S o m e of t h e s e cases a r e a g a i n q u o t e d ; t h e y a r e e spec ia l ly v a l u a b l e , 
a s Colonel G o r d o n H o l m e s k i n d l y m a d e t h e n e u r o l o g i c a l e x a m i n a t i o n s 
a n d n o t e s , a n d in s o m e of t h e m t h e f u r t h e r p r o g r e s s c a n n o w b e 
r e c o r d e d . I n t h o s e cases in w h i c h a n o n - p e r f o r a t i n g les ion w a s 
a s s u m e d , t h e d i s t i n c t i o n w a s m a d e o n t h e a b s e n c e of b r u i t , p u r r i n g 
t h r i l l , p u l s a t i n g t u m o u r , o r t h e o c c u r r e n c e of s e c o n d a r y h a e m o r r h a g e . 
I n c r e a s e d e x p e r i e n c e , h o w e v e r , s h o w s t h a t t h e p r e s e n c e o r a b s e n c e of 
t h e s e s igns d o e s n o t fu rn i sh sufficient g r o u n d s for e s t a b l i s h i n g t h e 
d i s t i n c t i o n , a n d t h a t in a n y of t h e cases m i n i m a l w o u n d s , o r e v e n 
m o r e e x t e n s i v e l es ions , m a y h a v e e x i s t e d . 

Case 2 0 . — N o n - p e n e t r a t i n g l e s i o n of t h e l e f t c o m m o n c a r o t i d a r t e r y . 

T h e pa t ien t was a d m i t t e d in to N o . 1 Canadian General Hospi ta l 
under t h e care of L I E U T . - C O L O N E L F I N L E Y on Dec . 1 2 , 1 9 1 5 , hav ing p robab ly 
been wounded a d a y or t w o earlier. H e t h inks t h e bullet entered b y his 
m o u t h , a n d th is s t a t e m e n t is suppor ted b y t h e presence of scarring of t h e 
lip a n d fractures of t h e left premolar a n d incisor t e e th . T h e wound of exi t 
is s i tua ted two inches t o t h e left of t h e fifth and s ix th cervical spinous 
processes. Consciousness was no t lost a t t h e t ime of t h e accident , a n d t h e 
m a n walked a mile t o a first-aid pos t wi th full power over his l imbs. Twelve 
hours later , dur ing t h e n ight , he suddenly lost power in t h e r igh t uppe r a n d 
lower ext remit ies , a n d his speech became affected. N o fit occurred . 

W h e n a d m i t t e d t o hospi ta l , the re was complete flaccid palsy of t h e 

* Lancet, 1916, ii, Sept . 2 3 , p . 543 . 
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r ight upper ex t remi ty , t h e left lower ex t remi ty could only be moved slightly, 
a n d aphasia was complete . Dur ing t h e succeeding fortnight some improve-
m e n t took place, and t h e condit ion on Dec . 2 1 was as follows :— 

44
 The wound of exit is healed ; the re is slight fullness over t h e left 

carot id a r t e ry , b u t no abnormal pulsat ion, thri l l , or m u r m u r . Pulsa t ion in 
t h e t empora l vessels is equal . There is some difficulty of speech, b u t t h e 
pa t i en t answers quest ions ra t ional ly . Pupi ls , bo th circular, a n d react t o 
light ; b u t t h e left is much smaller and ? no d i la ta t ion t o shade a n d no skin 
sympa the t i c reflex. The left eye is sunken a n d t h e palpebral fissure nar rowed. 
B o t h sides of t h e face are equal ly d ry . There is considerable weakness of 
the r ight facial muscles, and t h e tongue is p ro t ruded t o t h e r ight . Motor 
system : R i g h t upper ex t r emi ty somewhat was ted , especially distal ly ; all 
movemen t s are possible b u t m u c h weaker t h a n on t h e left side, distal ly 
propor t ionate ly more so. Slight r igidi ty of shoulder a n d elbow. N o a t ax ia . 
R i g h t lower ex t r emi ty , all movemen t s possible b u t weaker t h a n left. N o 
r igidi ty. Reflexes :—Arm-jerks : R . f + ; L . no rmal . Knee-jerks : 
R . + + ; L . normal . Ankle-jerks : R . + + ; L normal . R i g h t ankle-
clonus. Abdomina l reflex : R . - ; L . f. P l a n t a r reflex : R . ex tensor ; 
L. flexor. Sensation :—Touch unaffected. P a i n unaffected. Posi t ion : 
R . diminished. F o r m lost. Diagnosis :—Cortical embol i sm." 

Seven m o n t h s la ter t h e following note was m a d e on t h e occasion of t h e 
m a n ' s discharge from t h e a r m y as pe rmanen t ly unfit : " Aphasie ; dys-
a r th r i a . R . facial paralysis . R . a r m useless. Paresis of left leg, b u t th is 
is s teadily improv ing . " 

Case 2 1 . — N o n - p e n e t r a t i n g i n j u r y of t h e r i g h t c o m m o n c a r o t i d a r t e r y . 

The pa t i en t was admi t t ed in to N o . 1 Canadian General Hospi ta l unde r 
t h e care of L I E U T . - C O L O N E L F I N L E Y . H e h a d been wounded p robab ly on 
Dec . 1 8 . A superficial glancing wound of t h e scalp was present in t h e 
left occipital region, wi th no a p p a r e n t injury t o t h e bone (x rays) ; also 
a small i rregular wound a t t h e middle of t h e poster ior border of t h e r ight 
s te rnomasto id muscle. Tempora l pulses equal . No th ing abnorma l pal-
pable in course of carot id . Three days after infliction of t h e injuries left 
hemiplegia suddenly occurred. N o fit. On Dec . 2 0 t h e m a n became 
incont inent a n d the left l imbs spastic ; also some rigidity of t h e r ight a r m 
was no ted . On J a n . 2 1 , 1 9 1 6 , t h e condit ion was as follows :— 

44
 The pa t i en t is dull and s tupid , also incont inent . H e complains of 

sharp pains in t h e left leg. Pupi ls : R . smaller t h a n L . ; t h e r ight eye is 
no t sunken, b u t t h e palpebral fissure is smaller t h a n t h e left. T h e r ight side 
of t h e face is less greasy t h a n t h e left. Much weakness of left facial muscles. 
Tongue p ro t ruded slightly t o t h e left. Motor system :—Left upper ex t rem-
i ty powerless and somewhat rigid. J o i n t changes have developed. Left 
lower ex t r emi ty rigid ; t h e only movemen t t h a t can be m a d e is slight exten-
sion of t h e l imb as a whole. R i g h t lower ex t r emi ty normal . Reflexes :— 
Arm-jerk : L . + + . K n e e - j e r k : R . n o r m a l ; L . + + . Ankle-jerk : R . 
normal ; L . + + . Abdominal : R . + ; L . absen t . P l a n t a r : R . flexor ; 
L . extensor . Sensation :—Touch : Definite loss on whole left side. P inch : 
Sharper a n d sorer on left side. Posi t ion : General loss on left side. The 
appl icat ion of cold, pinching, a n d scraping causes more pa in a n d a greater 
react ion on t h e left t h a n t h e r ight side. Diagnosis :—Embol ism deep in 
t h e r ight hemisphere involving t h e in ternal capsule a n d t h e la tera l aspect 
of t h e opt ic t h a l a m u s ( thalamic syndrome) . " 

N o improvement occurred before t ransference t o E n g l a n d two weeks 
later . 
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Case 2 2 . — P e n e t r a t i n g w o u n d of t h e l e f t c o m m o n c a r o t i d a r t e r y . 

P a t i e n t was a d m i t t e d in to N o . 1 Canadian General Hospi ta l u n d e r t h e 
care of L I E U T . - C O L O N E L G U N N abou t J u n e 8 . H e h a d been wounded 
on May 2 1 , 1 9 1 6 , and h a d been subsequent ly t r eph ined , w i th a negat ive 
resul t . A g u t t e r wound was present in t h e scalp j u s t above t h e left p inna , 
also a n irregular en t ry wound in t h e left side of t h e neck in t h e superior 
carot id t r iangle a t t h e level of t h e uppe r marg in of t h e t hy ro id car t i lage, 
a n d an exi t wound a t t h e poster ior border of t h e left s te rnomasto id muscle 
a t abou t t h e same level. B o t h wounds were caused by f ragments of a b o m b . 
On J u n e 9 t h e pa t i en t was still complete ly hémiplégie a n d aphasie . H e 
emi t t ed some ar t icu la te sounds , b u t could answer no quest ions , a n d no pre-
vious h is tory was ob ta inab le . The wounds in t h e neck were still unhealed ; 
forcible pulsa t ion was no ted over t h e carot id , b u t no palpable t u m o u r . T h e 
t empora l pulses were equal . On auscul ta t ion , a soft systolic brui t w a s 
audible over t h e carot id in t h e line of t h e wounds . The hea r t was of no rmal 
size a n d no m u r m u r was audible . On J u n e 1 5 a severe secondary hœmor-
rhage occurred, and t h e common carot id a r t e r y was l igatured b y Lieut . -
Colonel Hu tch inson . An extensive lacerat ion of t h e vessel was discovered 
in t h e uppe r t h i rd of i ts course. The opera t ion was followed b y a n imme-
d ia te slight improvement in t h e pa ra ly t i c s y m p t o m s , t h e nex t d a y some 
words could be spoken, a n d eight days la te r some movemen t s of t h e leg 
could be m a d e . The pa t i en t was shor t ly a f te rwards t ransferred t o Eng land 
still improving . 

Three m o n t h s la ter ,
 44

 t h e m a n was beginning t o walk, a n d could move 
his a r m a n d h a n d . His men ta l condi t ion remained ve ry depressed, a n d he 
could r emember l i t t le of his pas t h i s to ry . " A t t h e end of twelve m o n t h s he 
was discharged from t h e a r m y as p e r m a n e n t l y unfit. 

Case 2 3 . — N o n - p e r f o r a t i n g i n j u r y t o l e f t c o m m o n c a r o t i d a r t e r y . 

P a t i e n t was a d m i t t e d in to t h e St . J o h n ' s Ambulance Br igade Hosp i t a l 
under t h e care of M A J O R M A Y N A R D S M I T H in J a n u a r y , 1 9 1 6 . H e was 
wounded on J a n . 4 b y a rifle bul let which entered t h e left side of t h e neck 
opposi te t h e centre of t h e an ter ior border of t h e s te rnomasto id muscle , a n d 
passing obl iquely t ransverse ly , emerged ju s t in front of t h e r ight angle of 
t h e mand ib le . The m a n was no t rendered unconscious, a n d one hour la ter 
he lost power in his r ight a r m , and experienced for t w o days m u c h difficulty 
in speaking :

 44
 Couldn ' t say w h a t he w a n t e d t o . " His lower ext remit ies 

were never affected. S t eady improvemen t t ook place, a n d a week la ter 
( J u n e 1 1 ) speech was a lmost normal , t h e wounds were pract ical ly healed, no 
abnorma l pulsa t ion was pa lpable over t h e carot id , no b ru i t was audible , 
a n d t h e t empora l pulses were equal . The following no te was m a d e :— 

44
 Motor system :—Right upper ex t r emi ty : N o r igidi ty ; all movemen t s 

of t h e shoulder a n d elbow are possible, b u t weaker t h a n those of t h e o the r 
l imb. Ex tens ion of t h e wrist can be m a d e occasionally, b u t t h e effort often 
fails ; flexion of t h e wrist is no t ob ta inable ; no m o v e m e n t s of t h e fingers 
can be m a d e . The lower extremit ies are normal . Reflexes :—Arm-jerk : 
R . + ; L . —. Knee- a n d ankle-jerks no rma l . Abdomina l : R igh t less 
t h a n left. P l a n t a r : F lexor . Sensation :—Touch a n d pin-prick unaffected. 
Posi t ion a n d form lowered as t o r ight h a n d . Diagnosis :—Small cortical 
embol i sm." 

Case 2 4 . — N o n - p e r f o r a t i n g i n j u r y t o r i g h t i n t e rna l c a r o t i d a r t e r y . 
P a t i e n t was a d m i t t e d in to N o . 2 0 General Hosp i ta l unde r t h e care of 

C A P T A I N B U R R O W S in 1 9 1 6 . H e was wounded on J u l y 2 7 b y a small 
1 0 
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piece of shell-casing from a shell t h a t burs t close beside h im. H e fell a t 
once, a n d has no definite m e m o r y of w h a t immedia te ly followed, bu t he 
was p robab ly rendered unconscious. H e says he was able t o get up in 
a b o u t t en minu tes ' t ime , b u t was unable t o walk in consequence of weakness 
of his left lower ex t r emi ty ; t h e left upper he only discovered t o be weak 
after he reached t h e hospi ta l on a s t re tcher . T h e wound consisted in a 
gaping slit a b o u t a n inch long jus t anter ior t o t h e r ight t r agus . X - r a y 
examina t ion showed t h e piece of shell behind t h e p h a r y n x on t h e front of 
t h e body of t h e second cervical ve r tebra , where i t was also pa lpable . The 
condit ion on Aug . 4 was as follows :— 

" The m a n is qu i te intell igent, b u t has slight difficulty in ar t icula t ion 
due t o facial paresis . The r ight t empora l a r t e ry cannot be felt t o pulsa te . 
T h e pupils are equal , a n d react normal ly . There is incomplete r ight peri-
pheral facial palsy, and slight b u t definite paresis of t h e upper neurone t y p e 
upon t h e left side. The tongue is p ro t ruded to t h e left, and t h e left side lies 
higher in t h e m o u t h . Motor system :—The r ight upper ex t r emi ty is normal , 
t h e left flaccid a n d toneless. There is slight power of flexion in t h e fingers, 
b u t no power of extension, nor of adduc t ion or abduc t ion . Flexion and 
extension of t h e wrist are very feeble, and l imited in range . T h e shoulder 
and elbow movemen t s are s t ronger . I n forced inspirat ion t h e r ight side of 
t h e chest moves be t t e r t h a n t h e left. The r ight lower ex t r emi ty is normal ; 
t h e tone of t h e muscles of t h e left is fair, and all movemen t s a re possible, 
especially t h e more distal , b u t t h e y are weaker t h a n those of t h e r ight l imb. 
Reflexes :—Arm-jerks : R . normal ; L . feeble. Knee-jerks : E q u a l and 
brisk. Ankle-jerks : E q u a l and brisk. Abdomina l : R . brisk ; L . a lmos t 
absen t . P l a n t a r : R . flexor ; L . extensor . Sensation :—Considerable 
a l te ra t ion in t h e sense of touch , b u t no complete loss, is present in t h e left 
side of t h e head a n d t r u n k and t h e left uppe r ex t r emi ty . Contact produces 
t ingl ing. Localizat ion, sense of form, and posi t ion are all very defective in 
t h e left upper ex t r emi ty . " 

Of t h e a b o v e five cases fou r a r e of t h e c lass in w h i c h n o p e r f o r a t -
i n g i n j u r y w a s c o n s i d e r e d t o b e p r e s e n t , b u t t h e y offered n o di f ferences 
in h i s t o r y o r c h a r a c t e r of t h e s y m p t o m s f r o m t h o s e in w h i c h e i t h e r 
a n a r t e r i a l b r u i t , a n a n e u r y s m a l sac , o r t h e o c c u r r e n c e of s e c o n d a r y 
h a e m o r r h a g e i n d i c a t e d t h e p r e s e n c e of a n o p e n i n g in t h e wa l l of t h e 
v e s s e l — t h a t is, c o n d i t i o n s s t i l l m o r e f a v o u r a b l e for t h e f o r m a t i o n of 
a t h r o m b u s . 

T h i s ser ies of cases m a y b e s u p p l e m e n t e d b y t h e r e c i t a l of t w o 
in w h i c h c e r e b r a l s y m p t o m s d e v e l o p e d a f t e r o p e r a t i o n s , a n e m b o l i s m 
b e i n g r e s p o n s i b l e in o n e c a s e , a n d a p r o g r e s s i v e t h r o m b o s i s in t h e 
o t h e r . 

Case 2 5 . — A r t e r i a l a n e u r y s m of r i g h t c o m m o n caro t id . L i g a t u r e b e l o w 
t h e o m o h y o i d . Cerebra l e m b o l i s m . 

A m a n was admi t t ed on t h e fourth d a y after receiving a wound a t t h e 
level of t h e upper marg in of t h e r ight ala of t h e t hy ro id car t i lage. The 
missile was re ta ined . The blood spur ted ' a s from a t a p ' a t first, a n d t h e 
pa t i en t fainted, b u t a p a d was applied a n d haemorrhage ceased p e r m a n e n t l y . 

On admission, a pulsa t ing t u m o u r 2£ in. b y 3 in . was present a t 
a b o u t t h e level of t h e t o p of t h e thyro id cart i lage ; the re was a lit t le 
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general oedema of t h e side of t h e neck, a n d ecchymosis a long t h e line 
of t h e vascular cleft, ex tend ing down over t h e front of t h e first piece of t h e 
s t e rnum. A loud simple systolic b ru i t was audible on auscul ta t ion . T h e 
pa t i en t improved when kep t a t res t , t h e pulse averaging 88, a n d t h e oedema 
of t h e neck decreased. 

On t h e n in th day , some evidence of extension along t h e line of t h e vas-
cular cleft suggested t h e wisdom of l igatur ing t h e a r t e ry , a n d th is was done 
by Capta in Kel ly . The l igature was placed below t h e omohyoid , a n d pulsa-
t ion in t h e aneu rysm ceased. T h e p a t i e n t progressed well for four days , 
t he aneu rysm solidified, a n d feeble pulsa t ion could be de tec ted in t h e dis tal 
por t ion of t h e carot id . 

On t h e fifth d a y after t h e opera t ion, t h e pa t i en t , who h a d been br ight 
and well all t h e af ternoon, suddenly became drowsy a n d hémiplégie. On 
the twen t i e th d a y he was t ransferred t o Eng land , in fair bodily a n d men ta l 
condit ion, b u t still completely hémiplégie. 

Li t t le subsequent improvemen t took place. 

Case 2 6 . — A r t e r i o - v e n o u s a n e u r y s m . S u t u r e of v e s s e l s . P r o g r e s s i v e 
t h r o m b o s i s . 

T h e pa t i en t was suffering wi th an ar ter io-venous aneurysm of two years ' 
s tanding . The sac was large, more t h a n an inch a n d a half in d iameter , a n d 
projected forwards in t h e anter ior t r iangle of t h e neck. I t was showing signs 
of enlargement , a n d caused some inconvenience from t h e buzzing sound 
a t n ight . 

Exp lo ra t i on disclosed a thick-walled sac springing from t h e r ight common 
carot id a r t e ry jus t below t h e bifurcation. The defect in t h e vessel wall was 
th ree -quar te r s of an inch long, and involved abou t half t h e circumference of 
t h e lumen. The a r t e ry was reconst ructed by util izing a flap cut from t h e 
wall of t h e sac, a n d t h e opening in t h e vein closed b y a ver t ical line of su tu re . 

T h e opera t ion occupied t w o hours , a n d upon t h e same evening t h e 
t empera tu re rose t o 103°. The n e x t morn ing t h e t e m p e r a t u r e h a d fallen t o 
normal , a n d t h e pulse-rate was 96. Twenty-four hours af ter t h e opera t ion 
t h e pa t i en t h a d hard ly recovered consciousness ; he was drowsy, and 
a l though he appeared t o recognize persons, he did no t speak. (G. H . M.) 

The pa t i en t h a d been ve ry restless dur ing t h e n ight , a n d two injections 
of I gr. of morph ia had been adminis tered . Dur ing t h e d a y improvement 
took place, a n d all four l imbs could be moved . Urine was once passed 
involuntar i ly in to t h e bed . 

On t h e th i rd d a y the p a t i e n t was still ve ry drowsy ; he answered 
quest ions sensibly, b u t appeared rapid ly t o t i re menta l ly . The aspect was 
decidedly cerebral , t h e face th in , p inched, a n d slightly cyanot ic . H e com-
plained of headache on t h e r ight side, and of some difficulty in swallowing. 
The pupils were equal a n d reacted normal ly , and no weakness of t h e limbs 
was de tec ted . N o pulsat ion could be detected a t the site of t he su ture . 

On t h e fourth d a y the re was left facial weakness, a n d numbness a n d 
some loss of power in t h e left h a n d , wi th loss of sense of posit ion, and 
inabil i ty t o discover t h e n a t u r e of a n object placed in t he h a n d . The lower 
l imb was no rma l . The difficulty in swallowing had lessened. T h e p a t i e n t 
was very slow in empty ing his bladder, a l though he felt t h e desire t o 
mic tu ra te . Cerebration remained slow, and efforts t o t a lk rapidly t i red him. 

F r o m this da te s teady improvement took place, and a t t he end of t en 
days the facial weakness was slight and t h e power of t he a rm had been 
practically regained. The carotids were pulsating freely a t this da t e , sug-
gest ing t h a t t h e p r i m a r y t h r o m b u s h a d now been absorbed . 
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Table /.—TRAUMATIC ANEURYSMS ACCOMPANIED 

No. 
D A T E 

O P 

W O U N D 

P O S I T I O N O P W O U N D 

A N D 

N A T U R E O P M I S S I L E 

1 
L O C A L P U L S A T I O N , 

T H R I L L , O R M U R M U R 

T E M P O R A L P U L S E S : 

I N D I C A T I N G T H R O M B O S I S 

O R E M B O L I S M 

1 1 9 . 5 . 15 Small incised wound over left 
s ternomastoid at level of angle 
of jaw. Fragment of shell 

Arterio-venous aneu-
rysm of internal 
carotid 

Equal . 
? Embol i sm 

2 18 1 . 6 Large wound posterior border of 
s ternomastoid . Shell 

Arterio-venous haema-
t o m a , c o m m o n caro-
t id 

----

3 6 .7 16 E n t r y 3 in. direct ly below left 
external audi tory meatus . Shell 

Arterial haematoma, 
c o m m o n carotid 

Left temporal pulse 
absent . 

? Thrombosis 

4 10 . 5 16 Oval slit 1 in . behind anterior 
margin of right s ternomasto id , 
a t level of thyroid carti lage 

Arterial aneurysm of 
c o m m o n carotid 

R ight tempora 
pulse absent . 

? Thrombosis 

5 — Arterio-venous aneu-
rysm of c o m m o n 
carotid 

Equal . 
? E m b o l i s m 
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BY CEREBRAL COMPLICATIONS. 

D A T E O P 

O N S E T 

S I G N S O F I N J U R Y T O 

S Y M P A T H E T I C 

1 
S I G N S O P C E R E B R A L D I S T U R B A N C E 

P R O G R E S S " A N D 

C O M P L I C A T I O N S 

Early Right pupil dilated, 
left palpebral fissure 
narrow 

Slight weakness right face, and 
tongue to right side. Motor 
system :—Upper extremity : L. 
normal ; R. no power of move-
ment. Lower extremity : L. 
normal ; R. some tone, won't 
move on order, withdrawal on 
prickingsole. Sensory system :— 
Position : Much loss right hand 
and arm. No further tests pos-
sible. Reflexes :—Arm-jerk : + . 
K n e e - j e r k : + + ; R. > L. 
Ankle-jerk : + . Abd. : R. 0 ; 
L. + . Plantar : R. extensor ; 
L. flexor 

No improvement 

6th day None Complete left hemiplegia Anaerobic infection. 
Secondary haemor-
rhage. Death 

— Left pupil contracted Difficulty in articulation and 
swallowing 

Improved after liga-
ture of the carotid 

None The common carotid 
was tied proxim-
ally. Improvement 
followed in condi-
tion of arm, but 
none in face and 
tongue 

None Tongue protruded to right. Right 
facial paresis. Right upper ex-
tremity powerless. Some tone 
in right lower extremity, but 
could not move it to order 
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Table II.—POST-OPERATIVE CASES 

N O . 
D A T E O P 

W O U N D 
P O S I T I O N A N D N A T U R E O P W O U N D 

L O C A L P U L S A T I O N , 

T H R I L L , O R M U R M U R 

N A T U R E O P 

O P E R A T I O N 

1 1 . 2 . 1 6 W o u n d a t upper border of t h y -
roid carti lage ; missi le retained 
left side 4 th intervertebral disc 

Arterio-venous aneu-
r y s m , c o m m o n caro-
t id 

Ligature of caro-
t id in 4 th week 

2 1 2 . 1 . 1 6 Through-and-through track from 
anterior border right sterno-
masto id t o left s ternoclavicular 
jo int 

Arterio-venous aneu-
rysm on one s ide , 
arterial on o ther 
s ide , of neck, c o m -
m o n carotid 

I n s e r t i o n o f 
Turner t ube on 
37th d a y 

3 2 3 . 7 . 1 6 — Arterio-venous haema-
t o m a , c o m m o n caro-
t id 

Ligature of artery 
on 4 th d a y , for 
extens ion 

4 1 6 . 8 . 1 6 W o u n d in posterior triangle ; 
retained missile 

Arterio-venous aneu-
rysm, c o m m o n caro-
t id 

Ligature on 16th 
d a y for second-
ary haemorrhage 

5 1 6 . 9 . 1 6 Missile entered through m o u t h 
and was retained 

Arterial haematoma, 
c o m m o n carotid 

Ligature on 4th 
d a y for second-
ary haemorrhage 

6 1 . 9 . 1 6 Fractured jaw Ligature of ex -
t e r n a l carotid 
8 th day . Liga-
t u r e c o m m o n 
carotid 9 th d a y 
f o r secondary 
haemorrhage 

7 Fractured jaw Ligature of in-
t e r n a l carotid 
f o r secondary 
haemorrhage 

8 1 5 . 5 . 1 6 Small through-and-through track 
a t level of upper border of t h y -
roid carti lage 

Arterial haematoma Ligature of com-
m o n carotid on 
11th d a y 
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ACCOMPANIED BY CEREBRAL COMPLICATIONS. 

D A T E O P 

O N S E T A F T E R 

O P E R A T I O N 

S I G N S O F I N J U R Y T O 

S Y M P A T H E T I C 
S I G N S O F C E R E B R A L D I S T U R B A N C E 

P R O G R E S S A N D 

C O M P L I C A T I O N S 

4th d a y — R i g h t hemiplegia and aphas ia ? Embol i c . D e a t h 

62nd d a y — Temporary loss of power in left 
arm. Headache . V o m i t i n g 

D i e d from general t o x -
aemia a few days later. 
? E m b o l i c 

I m m e d i a t e — Complete hemiplegia D ied the n ight of 
operat ion. N o naked-
eye changes in brain 

I m m e d i a t e N o n e ; b u t s y m -
pathe t i c irrita-
t ion ( sweat ing) 
on s a m e s ide 
after operat ion 

Complete hemipleg ia . Dul l m e n -
ta l ly . L imbs flaccid 

Much improved a t end 
of three weeks . S o m e 
m o v e m e n t of leg 

Noted 3rd d a y N o n e Complete hemiplegia w i t h aphas ia A t end of 10th d a y 
aphas ia gone and l imb 
improv ing 

Immedia te N o n e Complete hemiplegia N o i m p r o v e m e n t in 
three m o n t h s 

Embol i sm 
? d a t e 

N o n e Aphas ia . Laryngeal paralysis D e a t h . Clot in middle 
cerebral artery , soft-
en ing , and haemor-
rhage into internal 
capsule 

E m b o l i s m 
4th d a y 

N o n e Complete left hemipleg ia Li t t le improvement 



152 GUNSHOT INJURIES TO THE BLOOD-VESSELS 

Table III.—CASES OF MINOR INJURY 

No. J 
1 

D A T E O P 

I N J U R Y 

P O S I T I O N O F W O U N D 

A N D 

N A T U R E O P M I S S I L E 

1 

L O C A L P U L S A T I O N , 

T H R I L L , O R M U R M U R 

! 

T E M P O R A L P U L S E S : 

I N D I C A T I N G T H R O M B O S I S 

O R E M B O L I S M 

1 1 6 . 5 . 15 Small slit near anterior border of 
s ternomastoid 1 in . be low angle 
of jaw. N o ex i t w o u n d . Shell 

Small circular area of 
indurat ion. N o a b -
normal pulsat ion. 
N o murmur. Pulse 
120 at first, fell t o 84 

? Left > right 

2 E n t r y wound middle of right 
s ternomastoid on level wi th t h y -
roid. E x i t w o u n d in anterior 
margin left trapezius 1 in. lower 
level 

N o carotid pulsat ion. 
N o murmur. Pulse 
142 

Absent on left side 

3 1 2 . 1 2 . 1 5 W o u n d back of side of neck 
over trapezius opposi te s ix th 
cervical vertebra. Missile re-
ta ined , or escaped b y m o u t h 

N o swel l ing or pulsa-
t ion . N o murmur 

? Diminished on 
left side 

4 1 8 . 1 2 . 1 5 E n t r y right side of neck middle 
of anterior border of sterno-
masto id . Reta ined fragment of 
shell. (Left scalp wound. ) 

N o pulsat ion or thrill . 
N o murmur 

Equal on the t w o 
sides 

5 E n t r y anterior border of sterno-
masto id right side 1 in. above 
s ternum. Reta ined over spines 
of 6th and 7 th dorsal vertebrae. 
Bul l e t 

N o pulsation or thrill . 
N o murmur 

Equa l on the t w o 
sides 

6 2 1 . 5 . 16 E n t r y and ex i t smal l , over left 
carotid. Left scalp wound ; 
trephined ; nil found. B o m b 

Soft systol ic bruit . 
N o conduct ion 

Equal on the t w o 
sides 

7 4 1 . 16 E n t r y centre of anterior border 
of left s ternomasto id . E x i t jus t 
in front of angle of j a w , right 
s ide. Bul le t 

N o pulsat ion orthri l l . 
N o murmur 

L e f t temporal pulse 
absent 

8 3 1 . 16 E n t r y wound j u s t in posterior 
margin of middle of left s terno-
masto id . Shell 

N o pulsat ion orthri l l . 
N o murmur 

Equal on t h e t w o 
sides 
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ACCOMPANIED BY CEREBRAL COMPLICATIONS. 

D A T E O F 

O N S E T 

S I G N S O P I N J U R Y T O 

S Y M P A T H E T I C 
S I G N S O P C E R E B R A L D I S T U R B A N C E 

P R O G R E S S A N D 

C O M P L I C A T I O N S , 

No evidence Unconscious a t first. Mental 
condition improved. Speech not 
bad. Difficulty in reading and 
writing. Motor system :—Right 
hemiplegia 

Died 

Pupils, right > left. 
? Sweating more 
left side of face 

Right face very weak. Motor 
system :—Upper and lower ex-
tremities : L. normal ; R. no 
power of movement ; slight 
rigidity of right limbs. Sensory 
system :—Reacts to pin-prick 
on both sides. Reflexes :— 
Arm-jerk : L. -f ; R. 0. Knee-
je rk : R . > L . Ankle-jerk: R . > 
L. Abd. : L. + ; R. 0. Plan-
ta r : L. flexor ; R. extensor 

Pupils, right > left. 
Slight ptosis 

Motor aphasia. Weakness of right 
face. Tongue deviates to left. 
Motor system :—Weakness right 
upper extremity. Some rigidity 
at elbow 

Aphasia and paralysis 
improved 

Left pupil > right No mental change. Motor sys-
tem :—Upper and lower ex-
tremities : L. no power of 
movement ; R. normal. 

Rigidity in left arm 
after three days ' inter-
val, which increased, 
with a great deal of 
pain 

No evidence Dull and stupid. Motor sys-
tem :—Upper extremity : L. no 
power of movement ; R. bra-
chial monoplegia. Paraplegia 
paralysis of bladder and rectum 

No improvement took 
place. Transferred to 
England 

No evidence Aphasie. Quite conscious. Motor 
system :—Upper and lower ex-
tremities : L. normal ; R. no 
power of movement 

Improved after liga-
ture of carotid for 
s e c o n d a r y haemor-
rhage 

Pupils, left > right Mental condition normal. Motor 
system :—Upper extremity : L. 
normal ; R. forearm paralyzed, 
and biceps and triceps slightly. 
Lower extremity : L. and R. 
normal 

Went home nearly well 

Pupils, right >left. 
Left palpebral 
fissure narrow. 
Left side of face 
more flushed 

' Dull and drowsy. Motor aphasia. 
Right side of face weak. Motor 
system :—Upper extremity : L. 
normal ; R. flaccid, distal move-
ment very weak. Lower extrem-
ity : L. and R. normal 

Went home consider-
ably improved. Right 
arm better. Speech 
better 

Continued on next page. 
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Table III CASES OF MINOR INJURY 

No. D A T E O P 

I N J U R Y 

P O S I T I O N O P W O U N D 

A N D 

N A T U R E O P M I S S I L E 

L O C A L P U L S A T I O N , 

T H R I L L , O R M U R M U R 

T E M P O R A L P U L S E S : 

I N D I C A T I N G T H R O M B O S I S 

O R E M B O L I S M 

9 2 4 . 1 . 1 6 E n t r y J in . t o right of 4 t h cervi-
cal spine. E x i t 1 in. outs ide 
right angle of m o u t h . Bul le t 

N o pulsat ion, thril l , 
or murmur 

Equal on the t w o 
sides 

10 2 7 . 7 . 1 6 Irregular gaping w o u n d about 
1 in. long immedia te ly in front 
of tragus. Shell (retained) 

N o pulsat ion, thri l l , 
or murmur 

R i g h t temporal 
pulse absent 

11 2 5 . 9 . 1 6 E n t r y left side of chin. E x i t 
posterior triangle 

Swel l ing left side of 
neck. N o pulsat ion 
or murmur 

Equal on t h e t w o 
sides 

12 6 . 4 . 1 7 Small entry wound over thyroid 
carti lage in mid-l ine 

N o tumour , pulsa-
t ion , or bruit 

Equal on the t w o 
sides 

13 2 0 . 2 . 1 7 Small entry wound a t left angle 
of mandible . E x i t below right 
masto id process 

N o tumour or pulsa-
t ion 

14 3 0 . 1 . 1 7 Centre of right cheek. R i g h t 
p inna. R i g h t masto id process 

N o tumour or pulsa-
t ion 

— 

15 1 3 . 7 . 1 6 E n t r y a t junct ion of right ala 
nasi w i t h cheek 

N o tumour or pulsa-
t ion 

• — 
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D A T E O F 
O N S E T 

S I G N S O F I N J U R Y T O 

S Y M P A T H E T I C 
S I G N S O F C E R E B R A L D I S T U R B A N C E 

l ie f t pupil > r i g h t . 
R i g h t face more 
flushed 

N o ev idence 

26.9 .16. 
D r o w s y . 

28.9 .16. 
E x c i t e d , 
hémiplégie , 
and aphasie 

Pupi ls equal and 
contracted 

Immedia te (?) ; 

3rd day 

D r o w s y 
immedia te ly 

2nd or 3rd day 

Pupi ls equal and 
reacted 

Left face paralyzed (supranuclear). 
Motor s y s t e m :—Upper ex trem-
i ty : L . rigid and comple te ly 
paralyzed ; R. normal . Lower 
e x t r e m i t y : L . rigid, s l ight vol -
u n t a r y m o v e m e n t a t h ip on ly ; 
R. normal . Sensory s y s t e m :— 
Ent ire loss left s ide. Reflexes :— 
All increased left s ide. P lantar 
reflex extensor on left side 

Incomple te peripheral facial palsy 
r ight , and s l ight upper neurone 
paresis l e f t s ide . Motor s y s t e m : — 
Upper e x t r e m i t y : L . flaccid 
and tone less , some power ; R . 
normal . Lower e x t r e m i t y : L . 
m o v e m e n t s weaker t h a n right 
side ; R. normal . Sensat ion 
diminished on left s ide . Reflexes 
d iminished. P lantar reflex ex -
tensor on left s ide 

R i g h t hemiplegia . Aphas ia . 
Facial paralysis . Incont inence 
of urine and fasces 

R i g h t hemiplegia 

Complete left hemiplegia 

Coma. Signs of compress ion 

R i g h t hemiplegia . Coma 

P R O G R E S S A N D 

C O M P L I C A T I O N S ] 

Sl ight improvement on 
transfer. N o t con-
t inued . 

17 .10.16. S l ight right 
facial paralysis . R i g h t 
h e m i p l e g i a . Very 
s l ight m o v e m e n t of 
right leg. Knee-jerks 
+ + . Ankle-c lonus . 
Thick speech. Lingual 
paralysis . Muddles 
words . Incont inence 
i m p r o v e d . R i g h t 
arm to ta l paralysis . 

1.10.17. Facial para-
lysis s l ight . Can flex 
right arm ; no e x t e n -
sor power. Fingers 
contracted , b u t can 
be s tra ightened. Can 
flex t h i g h , knee , and 
ankle . F o o t stiff and 
inverted . Knee - and 
ankle-c lonus . 

D i e d 5 th d a y (Case 
16). 

D ied 4 th d a y (Case 
17). 

D i e d 2nd d a y (Case 
18) . 

D i e d 3rd d a y (Case 
19). 
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Mode of Onset, Variations in Degree of Severity, and Prognosis 

in Cases attended by Cerebral Complications.—The m o d e of o n s e t a f t e r 
l i g a t u r e of t h e c o m m o n c a r o t i d a r t e r y is f a i r ly c o n s t a n t . A s a r u l e 
t h e c e r e b r a l s y m p t o m s a r e e i t h e r i m m e d i a t e , o r n o t i c e d in t h e c o u r s e 
of a few h o u r s . W h e n , a f t e r t h e a p p l i c a t i o n of a p r o x i m a l l i g a t u r e , 
t h e d i s t a l s e g m e n t of t h e vesse l is left in c o m m u n i c a t i o n w i t h t h e s a c 
of a n a n e u r y s m , t h e d e t a c h m e n t of a n e m b o l u s m a y t a k e p l a c e a f t e r 
a few d a y s , o r e v e n a t a m o r e r e m o t e p e r i o d . T w o s u c h cases a r e 
r e c o r d e d in Table II ( N o s . 7 a n d 8 ) . 

W h e n t h e c e r e b r a l s y m p t o m s fol low t h r o m b o s i s of t h e a r t e r y , i t 
is fa r m o r e difficult t o s a y w h e n t h e y a r e l ike ly t o d e v e l o p . I n s o m e 
of t h e cases r e c o r d e d a b o v e t h e y w e r e i m m e d i a t e , a n d t h e c o u r s e of 
e v e n t s is i d e n t i c a l w i t h t h a t s een a f t e r occ lus ion of t h e vesse l b y l iga-
t u r e . I n o t h e r i n s t a n c e s t h e s y m p t o m s w e r e d e l a y e d , a n d t h e n i t is 
r e a s o n a b l e t o a s s u m e t h a t t h e t h r o m b o s i s w a s of t h e e x t e n d i n g v a r i e t y . 
T h i s conc lus ion , h o w e v e r , is o p e n t o m u c h d o u b t , s ince a n e x t e n s i v e 
t h r o m b u s m a y f o r m w i t h o u t a n y a p p a r e n t ill r e s u l t ; t h u s , t h e i n t e r n a l 
c a r o t i d a r t e r y in t h e n e c k h a s b e e n seen t o b e b l o c k e d t h r o u g h o u t 
d u r i n g t h e c o u r s e of a n o p e r a t i o n for l i g a t u r e of t h e c o m m o n c a r o t i d , 
a n d y e t n o s igns e x i s t e d a t t h e t i m e o r d e v e l o p e d a f t e r w a r d s . W h e n 
t h e s y m p t o m s first b e c o m e a p p a r e n t a t a l a t e r d a t e , i t s e e m s r e a s o n -
a b l e t o a s s u m e t h e l o d g e m e n t of a n e m b o l u s ; b u t h e r e a g a i n t h e 
m e r e q u e s t i o n of d a t e he lp s u s l i t t l e , a n d a c e r t a i n d i a g n o s i s is m o r e 
l ike ly t o b e m a d e w h e n t h e p a r a l y s i s is i n c o m p l e t e , b y a ca re fu l con-
s i d e r a t i o n of t h e focal s igns p r e s e n t a s a m e a n s of l o c a t i n g t h e p o s i t i o n 
of t h e e m b o l u s . 

T h e g e n e r a l l ines u p o n w h i c h a d i a g n o s i s is t o b e b a s e d h a v e 
a l r e a d y b e e n m e n t i o n e d ; i t r e m a i n s t o i m p r e s s t h e e x p e r i e n c e t h a t i t 
is e a s y t o m i s t a k e s igns d u e t o a p u r e l y v a s c u l a r d i s t u r b a n c e for t h o s e 
of c o m p r e s s i o n r e s u l t i n g f r o m i n j u r y t o t h e b r a i n , o r i n t r a c r a n i a l 
h a e m o r r h a g e . T w o of t h e cases r e l a t e d a b o v e i l l u s t r a t e t h i s p o i n t . 
I s a w a t h i r d in w h i c h a t r e p h i n e o p e n i n g h a d b e e n m a d e ; a n d in 
a f o u r t h ( N o . 4, Table III), b i l a t e r a l s y m p t o m s , in c o n j u n c t i o n w i t h 
t h e p r e s e n c e of a s ca lp w o u n d o n t h e o p p o s i t e s ide of t h e h e a d , 
s u g g e s t e d a c o m b i n a t i o n of c o n t u s i o n of b r a i n a n d p o s s i b l y haemor-
r h a g e on o n e s ide w i t h v a s c u l a r d i s t u r b a n c e o n t h e o t h e r . T h e 
e x i s t e n c e of a n o p t i c d i sc in t h e e a r l y s t a g e of pap i l l i t i s , so c o m m o n l y 
seen in c o n j u n c t i o n w i t h t h e oedema of t h e b r a i n o c c u r r i n g in t h e 
e a r l y s t a g e of c e r e b r a l i n ju r i e s , m i g h t p r o v e a useful d i a g n o s t i c p o i n t . 

P R O G N O S I S . — R e f e r e n c e t o t h e t a b l e s g ives s o m e i d e a of t h e 
g r a v i t y of c e r e b r a l c o m p l i c a t i o n s in v a s c u l a r d i s t u r b a n c e , b u t i t m u s t 
b e r e m e m b e r e d t h a t t h e ser ies of cases h e r e r e c o r d e d a r e a l l of a s eve re 
t y p e . All e x c e p t t h e first four ( w h i c h t e r m i n a t e d f a t a l l y ) w e r e 
o b s e r v e d in g e n e r a l h o s p i t a l s on t h e l ines of c o m m u n i c a t i o n — t h a t i s , 
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s o m e d a y s after t h e recept ion of t h e injury . This fact t e n d s t o s h o w 
t h a t , whi l e on t h e o n e h a n d fata l i t ies m a y be e v e n m o r e n u m e r o u s 
t h a n w a s t h e case here, y e t t i m e e n o u g h had e lapsed for pa t i en t s 
w i t h e v a n e s c e n t s y m p t o m s t o h a v e g o t over the ir t roubles w i t h o u t 
t h e real n a t u r e of t h e s igns h a v i n g b e e n d i scovered . W e are we l l 
aware t h a t t h e pareses a n d e v e n para lyses w h i c h m a y fol low l igature 
of t h e c o m m o n carot id artery are s o m e t i m e s v e r y trans ient , s o m e -
t i m e s pers i s tent , s o m e t i m e s fo l lowed b y a fata l i ssue ; a n d there c a n 
be l i t t le d o u b t t h a t t h e s imilar cond i t ions d u e t o vascu lar d i s turbance 
from thrombos i s or e m b o l i s m m a y fo l low t h e s a m e course. W e a l so 
k n o w t h a t t h r o m b o s i s of t h e carot ids m a y g i v e rise t o no s y m p t o m s 
w h a t e v e r ; further, t h a t w h e n paralys is does occur, t h e pa t i en t s are 
e i ther unconsc ious of it , or unwi l l ing t o recognize it . H e n c e w e are 
justified in t h e a s s u m p t i o n t h a t t h e proport ion of pa t i en t s in w h o m 
t h e s y m p t o m s are trans ient or s l ight is far greater t h a n t h e series 
under cons iderat ion wou ld suggest . 

T h e mater ia l furnished a b o v e m a y be short ly summar ized as 
fol lows :— 

A m o n g s t 14 cases in w h i c h t h e c o m m o n carot id artery w a s 
l igatured for t h e t r e a t m e n t of s e c o n d a r y haemorrhage, h e m i p l e g i a 
d e v e l o p e d in 3 (21-4 per cent ) ; in one of t h e s e d e a t h occurred w i t h i n 
t w e n t y - f o u r hours , in a second t h e hemip leg ia a n d aphas ia i m p r o v e d , 
a n d in a th ird it was pers i s tent . 

I n 13 cases in w h i c h t h e operat ion w a s under taken for t h e 
early t r e a t m e n t of e i ther arterial or arter io-venous haematomata, 
hemip leg ia d e v e l o p e d in 5 ins tances (38*4 per cent ) . I n one p a t i e n t 
t h e paresis was trans ient ; in one part ia l recovery ensued ; in one t h e 
paralys is pers isted w i t h l i t t le i m p r o v e m e n t ; a n d in t w o d e a t h resulted. 
One d e a t h t o o k place wi th in t w e n t y - f o u r hours ; t h e second w a s n o t 
d irect ly t h e result of t h e arterial injury or of i ts t r e a t m e n t , t h e p a t i e n t 
d y i n g of general infect ion from mul t ip l e w o u n d s , a n d t h e paralys is 
was t rans ient a n d of t h e upper e x t r e m i t y on ly . 

If t h e s e t w o short series be c o m b i n e d , w e h a v e a t o t a l of 27 cases 
of l igature of t h e c o m m o n carot id , in 8 of wh ich (29-6 per cent ) 
cerebral compl i ca t ions ensued , a n d 3 of t h e pa t i en t s s u c c u m b e d , 
t w o as a direct consequence of t h e operat ion ; o n l y one of t h e e ight 
p a t i e n t s recovered his normal s t a t e . 

T h e prognosis in t h e 15 cases of cerebral compl icat ions conse-
q u e n t on minor injuries t o t h e vesse ls , fo l lowed either b y thrombos i s , 
or thrombos i s a n d embo l i sm, is st i l l more grave ; b u t in th i s 
ins tance t h e fact a lready m e n t i o n e d m u s t receive full recognit ion, 
i .e. , t h a t w e are in c o m p l e t e ignorance of t h e n u m b e r of such 
injuries in w

T
hich t r a u m a t i c thrombos i s has led t o no evi l effect 

w h a t e v e r , and perhaps of t h e sti l l larger n u m b e r in w h i c h transient 
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p h e n o m e n a h a v e b e e n p r e s e n t , t h e r e a l s ign i f icance of w h i c h w a s 

n o t a p p r e c i a t e d . 

A m o n g s t t h e 15 cases , d e a t h o c c u r r e d in 5 (33*3 p e r c e n t ) 

d u r i n g t h e first four d a y s . O n l y o n e i n s t a n c e of t r a n s i e n t p a r e s i s a n d 

c o m p l e t e r e c o v e r y w a s o b s e r v e d . I n t h e r e m a i n i n g 9 p a t i e n t s , 

a l t h o u g h i m p r o v e m e n t o c c u r r e d in 5 , a l l w e r e d i s c h a r g e d f r o m t h e 

a r m y a s p e r m a n e n t l y unf i t , a n d p r o b a b l y n o n e a r e e v e r l ike ly t o b e 

a b l e t o fol low a n y a c t i v e w o r k . 

O n e r e m a r k a b l e o b s e r v a t i o n w a s m a d e in t w o of t h e cases 

u n d e r c o n s i d e r a t i o n — l i g a t u r e of t h e c o m m o n c a r o t i d a r t e r y b e i n g 

a p p a r e n t l y fo l lowed b y a d i s t i n c t i m p r o v e m e n t in t h e s y m p t o m s . I t 

is difficult t o e x p l a i n t h i s s e q u e n c e e x c e p t u p o n t h e t h e o r y t h a t c o m -

p l e t e o b s t r u c t i o n of t h e p a r t i a l l y o c c l u d e d a r t e r y l ed t o a g r e a t e r 

d e g r e e of c o m p e n s a t o r y d i l a t a t i o n in t h e r e m a i n i n g ves se l s . 

DEVELOPMENT OF TRAUMATIC ANEURYSM. 

Arterial Haematoma and False Traumatic Aneurysm.—Amongs t 

58 cases of a n e u r y s m , 10 w e r e p u r e l y a r t e r i a l in o r ig in a n d n a t u r e , t h e 

r e m a i n i n g 48 b e i n g of t h e a r t e r i o - v e n o u s v a r i e t y . T h i s d i s p a r i t y in 

t h e case of t h e c a r o t i d vesse ls is t o b e e x p l a i n e d in m o r e t h a n o n e 

w a y . F i r s t , t h e cases f rom w h i c h t h e a b o v e n u m b e r s w e r e d r a w n 

w e r e a l l o b s e r v e d in h o s p i t a l s e i t h e r u p o n t h e l ines of c o m m u n i c a t i o n 

o r a t t h e b a s e a t h o m e . T h u s , a l l cases in w h i c h h a e m o r r h a g e , e a r l y 

i nc rea se in size of t h e h e m a t o m a , o r t h e a t t e n d a n t w o u n d s of t h e 

sof t p a r t s , w e r e e x t e n s i v e , a r e e l i m i n a t e d . S e c o n d l y , t h e l o n g a n d 

i n t i m a t e r e l a t i o n of t h e c a r o t i d s a n d t h e i n t e r n a l j u g u l a r v e i n affords 

p a r t i c u l a r l y f a v o u r a b l e c o n d i t i o n s for c o n t e m p o r a n e o u s i n j u r y t o 

t h e t w o vesse l s . T h i r d l y , p u r e a r t e r i a l h a r m a t o m a t a a r e m o r e l i ab le 

t o c o n t i n u o u s i nc rea se in s ize, o r s e c o n d a r y e x t e n s i o n , t h a n t h o s e 

of t h e a r t e r i o - v e n o u s v a r i e t y , b e c a u s e t h e s a f e t y - v a l v e a f forded b y 

t h e o p e n v e i n is a b s e n t . T h e power fu l s u c t i o n a c t i o n exe rc i sed b y 

t h e i n d u c t i o n of n e g a t i v e i n t r a t h o r a c i c p r e s s u r e d u r i n g i n s p i r a t i o n 

r e n d e r s t h i s l a t t e r p o i n t of spec ia l i m p o r t a n c e in c a r o t i d a r t e r i o -

v e n o u s a n e u r y s m s . 

T h e s a m e r e a s o n s e x p l a i n t h e fac t t h a t t h e sacs of a r t e r i a l 

a n e u r y s m s c o m m o n l y r e a c h a l a r g e r def in i te size t h a n t h o s e of t h e 

a r t e r i o - v e n o u s v a r i e t y . I n t h e e a r l y s t a g e s t h o s e in t h e u p p e r p a r t 

of t h e cou r se of t h e vesse l t e n d t o b e t h e l a r g e r a n d m o r e i r r e g u l a r 

in o u t l i n e , a s t h e firm s u p p o r t a f forded t o t h e lower p a r t b y t h e 

d e p r e s s o r m u s c l e s of t h e h y o i d b o n e a n d t h e s t e r n o m a s t o i d is w a n t i n g . 

T h e a r t e r y i tself t e n d s t o b e d i s p l a c e d in t h e d i r e c t i o n of l ea s t 

r e s i s t a n c e , t h a t is , t o w a r d s t h e m i d - l i n e o r f o r w a r d s , b u t in s o m e cases 

t h e a s p e c t o n w h i c h t h e vesse l is w o u n d e d m a y d e t e r m i n e b o t h t h e 
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position of the sac and the direction in which the vessel is displaced. 
In others, the position of the sac is determined by that of the track 
made by the missile, and it may be situated in the actual substance 
of a muscle such as the sternomastoid or those of the prevertebral 
region. 

A fully-developed sac assumes a more or less rounded outline as 
a rule. Spontaneous consolidation is possible : I have seen it occur 
in the stage of wounded artery with a minimal haematoma, but never 

Fig. 42.—Carotid arterial aneurysm. The sac has been opened. The drawing illus-
trates the part taken by the remaining strand of the wall of the vessel in the formation 
of the sac, also the anterior displacement of the artery. 

when a sac of any extent had formed. The general tendency, however, 
is towards decrease in size during the early months. I have known 
one arterial aneurysm to rupture as the result of violent exertion after 
four years of quiescence ; and in another case the sac persisted without 
any great increase in size for six or seven years, the patient eventually 
dying when under an anaesthetic for an operation. The latter was 
determined upon in consequence of the patient developing occasional 
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fits, w h i c h w e r e i n c r e a s i n g in f r e q u e n c y , a n d w h i c h i t w a s s u s p e c t e d 
m i g h t b e d u e t o t h e p a s s a g e of s m a l l e m b o l i f r o m t h e sac t o t h e b r a i n . 

T h e s y s t o l i c b r u i t a c c o m p a n y i n g a n a r t e r i a l a n e u r y s m is occa-
s iona l ly c o n d u c t e d t o t h e c a r d i a c a p e x o r t h e b a s e of t h e left v e n t r i c l e . 
I h a v e seen t h r e e e x a m p l e s of t h i s . 

Arterio-venous Aneurysm. — As h a s b e e n a l r e a d y m e n t i o n e d , t h i s 
v a r i e t y is c o m p a r a t i v e l y c o m m o n in t h e n e c k . T h e sacs a r e n o t a s a 
r u l e of l a rge s ize , a n d t h i s a g a i n m a y b e r e f e r r ed t o t h e s a f e t y - v a l v e 
p r o v i d e d t o t h e h e m a t o m a b y t h e o p e n v e i n . T h e y m a y b e s i t u a t e d 
b e t w e e n t h e a r t e r y a n d ve in , in c o n n e c t i o n w i t h o n e of t h e a r t e r i a l 
w o u n d s a l o n e , o r in b o t h s i t u a t i o n s . I f t h e s a c is i n t e r p o s e d b e t w e e n 
t h e vesse ls , i t is , in m y o p e r a t i v e e x p e r i e n c e , of s m a l l s ize . I n o n e 
i n s t a n c e in w h i c h I o p e r a t e d , t h e s a c w a s s i t u a t e d b e h i n d t h e vesse l s , 
e x t e n d i n g i n t o t h e s u b s t a n c e of t h e p r e v e r t e b r a l m u s c l e s , a n d a r t e r y 
a n d v e i n c o m m u n i c a t e d w i t h i t b y s e p a r a t e o p e n i n g s o n t h e i r p o s t e r i o r 
a s p e c t . I n a n o t h e r , t h e b l o o d s t r e a m i n g f r o m a l a t e r a l w o u n d of t h e 
c o m m o n c a r o t i d p a s s e d b y m e a n s of t h e s ac i n t o t h e o p e n lower e n d 
of t h e i n t e r n a l j u g u l a r v e i n . T h e u p p e r e n d of t h e v e i n w a s c losed , 
a n d t h e f r a g m e n t of shel l w h i c h h a d c a u s e d t h e i n j u r y w a s enc losed 
w i t h i n t h e a n e u r y s m a l s ac . 

G r e a t d i l a t a t i o n of t h e v e i n is a c o n s t a n t f e a t u r e ; i t p u l s a t e s 
f reely , a n d in m a n y i n s t a n c e s f o r m s t h e m a j o r p o r t i o n of a n y t u m o u r 
w h i c h m a y e x i s t . T h e wa l l of t h e v e i n b e c o m e s a t a n e a r l y s t a g e 
c o n s i d e r a b l y t h i c k e n e d (see Fig. 43) . I h a v e n e v e r seen a t r u e v e n o u s 
s a c . T h e wa l l of a n a r t e r i a l s a c is firmer t h a n t h e t h i c k e n e d v e i n , b u t 
t h e s a c m a y b e t u c k e d a w a y l a t e r a l l y o r b e h i n d t h e vesse l s , w h e r e 
i t is difficult t o feel. 

Vis ib le p u l s a t i o n of t h e v e i n s in t h e p o s t e r i o r t r i a n g l e is n o t u n -
c o m m o n , a n d t h e p u r r i n g t h r i l l is u s u a l l y wel l m a r k e d a n d e x t e n s i v e 
in d i s t r i b u t i o n . I t is wel l t o b e a r in m i n d t h a t t h r i l l p a l p a b l e in t h e 
j u g u l a r v e i n b y n o m e a n s a l w a y s i n d i c a t e s a w o u n d of t h e m a i n v e i n 
itself ; i t is o f t en s t r o n g l y c o n d u c t e d e v e n w h e n a b r a n c h of m o d e r a t e 
size is t h e vesse l i m p l i c a t e d . 

S igns of v e n o u s o b s t r u c t i o n in t h e p e r i p h e r a l v e i n s a r e u n c o m m o n . 
I h a v e n e v e r seen t h e m . 

T h e loca l m u r m u r s in t h e n e c k a r e l o u d a n d w i d e s p r e a d , o f t en so 
s t r o n g o n t h e o p p o s i t e s ide a s t o s u g g e s t a b i l a t e r a l les ion. T h e con -
d u c t e d m u r m u r on t h e s o u n d s ide m a y be of a s o m e w h a t d i f fe ren t 
c h a r a c t e r , t h e sys to l i c e l e m e n t b e i n g so f t e r a n d m o r e ' b l o w i n g ' in 
t y p e . T h e s o u n d s c a n u s u a l l y b e h e a r d o v e r t h e u p p e r p a r t of t h e 
c h e s t a n d t h e w h o l e p r e c o r d i a l a r e a , b u t t h e h e a r t s o u n d s a r e d i s t i n c t 
f r o m t h e a d v e n t i t i o u s b r u i t . I n a s m a l l p r o p o r t i o n of a l l c a ses , h o w -
eve r , t h e sys to l i c e l e m e n t t r a n s f o r m s t h e first s o u n d i n t o a b r u i t a t 
t h e b a s e , o r e v e n a t t h e c a r d i a c a p e x . 
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M a n y of t h e p a t i e n t s c o m p l a i n of t h e ' b u z z i n g ' s o u n d in t h e 

h e a d a n d e a r s ; i t m a y b e e spec i a l l y t r o u b l e s o m e in t h e o p p o s i t e e a r . 

I f t h i s b e a n e a r l y s y m p t o m i t t e n d s t o w e a r off, b u t w h e n i t r e c u r s 

u p o n r e s u m p t i o n of a c t i v e life a f t e r a p e r i o d of r e s t , i t m a y b e p e r -

s i s t e n t . T h e no i se is i n c r e a s e d on stooping*, a n d i n p a t i e n t s of a 

n e r v o u s t e m p e r a m e n t i t m a y b e a s e r i o u s t r o u b l e , p a r t i c u l a r l y w h e n 

t h e sufferers a r e a t r e s t in t h e r e c u m b e n t p o s i t i o n in b e d . 

I h a v e n e v e r seen a case of c a r o t i d a r t e r i o - v e n o u s a n e u r y s m g e t 

wel l s p o n t a n e o u s l y if lef t u n t o u c h e d . 

Aneurysmal Var ix .—The a n a t o m i c a l c o n d i t i o n s a r e p a r t i c u l a r l y 

f a v o u r a b l e t o t h e d e v e l o p m e n t of p u r e a r t e r i o - v e n o u s c o m m u n i c a t i o n s 

w i t h o u t t h e i n t e r v e n t i o n of a s a c . Fig. 27 i l l u s t r a t e s a d i r e c t v a r i x 

of i m m e d i a t e f o r m a t i o n . Figs. 30 , 44 , d e p i c t t w o i n s t a n c e s in w h i c h 

a n i n t e r m e d i a t e s t r u c t u r e , t h e v a g u s , is t r a v e r s e d b y t h e c h a n n e l of 

c o m m u n i c a t i o n b e t w e e n t h e vesse l s . I t is difficult t o f o r eca s t w h a t 

w o u l d h a v e b e e n t h e u l t i m a t e c o n d i t i o n in e i t h e r of t h e s e t w o les ions , 

b u t i t m a y b e a s s u m e d w i t h a c e r t a i n d e g r e e of conf idence t h a t t h e 

i n j u r y d e p i c t e d in Fig. 44 w o u l d h a v e e n d e d in t h e f o r m a t i o n of a n 

i n t e r m e d i a t e sac , t h e r e m a i n i n g fibres of t h e v a g u s b e i n g i n c o r p o r a t e d 

in t h e w a l l . 

T h e s igns a n d s y m p t o m s of a n e u r y s m a l v a r i c e s in t h e n e c k so 

n e a r l y s i m u l a t e t h o s e of a r t e r i o - v e n o u s a n e u r y s m s , t h a t , in t h e a b s e n c e 

of a l a r g e s ac , i t is difficult t o d i s t i n g u i s h t h e t w o c o n d i t i o n s c l in ica l ly . 

A d i a g n o s i s r e a l l y d e p e n d s u p o n s ize , a n d def in i te e v i d e n c e of t h e 

p r e s e n c e of a s ac , a n d , a s w e h a v e seen , t h e l a t t e r m a y b e s m a l l . 

T h e t e n d e n c y is for t h e s e c o m m u n i c a t i o n s t o c o n t r a c t , a n d in 

s o m e cases t h e r e is n o d o u b t t h e y c lose s p o n t a n e o u s l y . I h a v e t w i c e 

seen t h e l a t t e r r e s u l t , b u t in e a c h i n s t a n c e t h e v o l u m e of b l o o d flowing 

t h r o u g h t h e c a r o t i d h a d p r e v i o u s l y b e e n r e d u c e d b y p r o x i m a l l i g a t u r e 

of t h e a r t e r y in o r d e r t o o b t a i n c o n s o l i d a t i o n of a n a n e u r y s m a l s a c . 

GENERAL PROGNOSIS IN CASES OF CAROTID I N J U R I E S . 

F r o m a c o n s i d e r a t i o n of t h i s ser ies of cases i t m u s t b e a s s u m e d 

t h a t w o u n d s of t h e c a r o t i d a r t e r i e s a r e a t t e n d e d b y a v e r y l a rge p r i -

m a r y m o r t a l i t y . T h i s is s h o w n b y t h e fo l lowing f a c t s . I n e v e r s a w 

a successful case of a c t u a l p r i m a r y l i g a t u r e of t h e vesse l in t h e h o s p i t a l s 

o n t h e l ines of c o m m u n i c a t i o n o r a t t h e b a s e d u r i n g a p e r i o d of f ou r 

y e a r s ; a n d a l t h o u g h fou r cases of e a r l y l i g a t u r e a r e i n c l u d e d , in t h r e e 

of t h e s e t h e w o u n d of t h e vesse l w a s o n l y d i s c o v e r e d d u r i n g o p e r a t i o n s 

for t h e r e m o v a l of r e t a i n e d fore ign b o d i e s , a n d in t h e f o u r t h t h e o p e r -

a t i o n w a s u n d e r t a k e n o n a c c o u n t of s t e a d y i n c r e a s e in t h e size of t h e 

h a e m a t o m a . I n o n l y o n e of t h e w h o l e ser ies h e r e d e a l t w i t h d i d a 

l a rge w o u n d of t h e soft p a r t s a c c o m p a n y t h e i n j u r y t o t h e a r t e r y , a n d 

11 
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n o case is i n c l u d e d in w h i c h t h e vesse l w a s f o u n d t h r o m b o s e d a n d 

l y i n g in t h e floor of a w o u n d of t h e n e c k . I t o n l y r e m a i n s t o r e p e a t 

t h a t t h e i n f r e q u e n c y of w o u n d s of t h e l o w e r t h i r d of t h e c o m m o n 

c a r o t i d , a n d t h e f ac t t h a t o p e r a t i v e p r o c e d u r e s h a v e n o t d i sc losed 

c o m p l e t e s e v e r a n c e s of c o n t i n u i t y of t h e t r u n k , a l so p o i n t t o t h e 

f a t a l i t y of in ju r i e s of t h e s e c lasses . 

T h e m o r t a l i t y in t h i s w h o l e ser ies of 85 in ju r i e s o b s e r v e d o n t h e 

l ines of c o m m u n i c a t i o n o r a t t h e b a s e , a m o u n t s t o 13 (15-2 p e r c e n t ) . 

T h r e e d e a t h s w e r e t o b e a s c r i b e d t o c o n c u r r e n t in ju r ies of o t h e r p a r t s , 

t h r e e r e s u l t e d f rom s e c o n d a r y h a e m o r r h a g e , o n e o c c u r r e d d u r i n g 

c h l o r o f o r m anaes thes ia , a n d s ix w e r e c o n s e q u e n t o n c e r e b r a l c o m p l i -

c a t i o n s . 

T h e q u e s t i o n of t h e o c c u r r e n c e of c e r e b r a l c o m p l i c a t i o n s in 

in ju r i e s t o t h e c a r o t i d vesse ls , a n d t h e r e s u l t s of o p e r a t i v e t r e a t m e n t , 

h a v e b e e n d e a l t w i t h in o t h e r s e c t i o n s . 

T h e s u r g e o n is chiefly c o n c e r n e d w i t h t h e c o m p l i c a t i o n s t h a t 

fol low u p o n o p e r a t i o n , a n d in t h i s r e s p e c t i t is c l ea r t h a t t h e d a n g e r 

is o n l y g r e a t w h e n t h e o p e r a t i o n h a s t o b e u n d e r t a k e n a s a n u r g e n t 

m e a s u r e i m m e d i a t e l y , o r d u r i n g t h e first d a y s t h a t follow t h e r e c e p t i o n 

of t h e i n j u r y . I n r e m o t e o p e r a t i o n s t h e d a n g e r is n o t g r e a t ; a n d 

a l t h o u g h t h e n u m b e r s s u p p o r t i n g t h e o p i n i o n a r e s m a l l , y e t i t m a y b e 

c o n f i d e n t l y s t a t e d t h a t t h e d a n g e r s in a n y case a r e d i m i n i s h e d b y 

s i m u l t a n e o u s occ lu s ion of t h e j u g u l a r v e i n . 

Arterial Aneurysm.—Of t h e 10 a r t e r i a l a n e u r y s m s c o n t a i n e d 

in t h e ser ies , n o n e d i e d . I n 3 , n e r v e c o m p l i c a t i o n s w e r e p r e s e n t , 

t h e i n j u r y b e i n g t o t h e s e v e n t h n e r v e in 1, t o t h e r e c u r r e n t l a r y n g e a l 

o r v a g u s in 1, a n d t o t h e b r a c h i a l p l e x u s i n 1. F i v e p a t i e n t s w e r e 

s e n t h o m e w i t h o u t o p e r a t i o n , a n d in 1 of t h e s e s p o n t a n e o u s c u r e t o o k 

p l a c e . F i v e cases w e r e o p e r a t e d u p o n , t h e i n d i c a t i o n s b e i n g s e c o n d a r y 

h a e m o r r h a g e in 1 ( i n t e r n a l c a r o t i d ) , e x t e n s i o n of t h e a n e u r y s m d u r i n g 

t h e h a e m a t o m a s t a g e in 3 , a n d e x p e d i e n c y in 1. I n 2 cases c e r e b r a l 

c o m p l i c a t i o n s fo l lowed u p o n o p e r a t i o n : in o n e , a t r a n s i e n t h e m i p l e g i a 

p r o b a b l y d u e t o anaemia ; in t h e s e c o n d , p e r m a n e n t h e m i p l e g i a d u e 

t o e m b o l i s m . T h e o p e r a t i o n s w e r e in 1 ca se p r o x i m a l l i g a t u r e , fol-

l o w e d b y e m b o l i s m , t h e c lo t p r o b a b l y o r i g i n a t i n g in t h e sac ; i n 1 ca se 

( i n t e r n a l c a r o t i d ) p r o x i m a l l i g a t u r e a n d p l u g g i n g of t h e sac ; in 2 cases 

p r o x i m a l a n d d i s t a l l i g a t u r e s w e r e a p p l i e d t o t h e a r t e r y ; a n d in 1 case 

b o t h a r t e r y a n d v e i n w e r e l i g a t u r e d . T r a n s i e n t h e m i p l e g i a fo l lowed 

o n e of t h e o p e r a t i o n s in w h i c h t h e a r t e r y o n l y w a s d e a l t w i t h . 

Arterio-venous Aneurysm. — T h e 48 a r t e r i o - v e n o u s a n e u r y s m s 

a n d v a r i c e s w e r e d i s t r i b u t e d a s fol lows : c o m m o n c a r o t i d 3 8 , e x t e r n a l 

c a r o t i d 6, i n t e r n a l c a r o t i d 4. 

C o n c u r r e n t n e r v e les ions exe rc i s ed n o o b v i o u s inf luence on t h e 

c o u r s e of t h e ca ses . I n a t l e a s t 10, s igns of p a r a l y s i s of t h e ce rv ica l 
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s y m p a t h e t i c were present , a n d in 2 , s igns a t t r ibuted t o irritat ion. I n 
2, serious les ions of t h e v a g u s , one o n t h e right a n d one on t h e left 
s ide , were d iscovered a t operat ions , b u t n o s igns l eading t o de tec t ion 
of t h e injury had been not i ced . There m a y wel l h a v e b e e n m a n y 
others in t h e series. Laryngea l paralys is due t o concuss ion w a s 
observed in several cases ; in 5 , uni lateral abductor paralys is ind icated 
injury e i ther t o t h e recurrent laryngea l branch or t h e t runk of t h e 
v a g u s . 

Cerebral compl ica t ions occurred in 6 of t h e cases . I n 6, h e m i -
plegia w a s t h e direct result of t h e injury t o t h e artery ; in 1 i t fo l lowed 
anaerobic infect ion of t h e w o u n d of t h e neck ; in 1 i t w a s a n 
i m m e d i a t e consequence of l igature of t h e c o m m o n carot id artery , a n d 
in 1 a s econdary consequence due t o t h e d e t a c h m e n t of an e m b o l u s ; 
in 1 i t resu l ted from t h r o m b o s i s . 

D e a t h occurred in 9 in s tances (18-7 per cent ) . I n 6 of t h e s e it 
w a s d u e t o o ther condi t ions : cerebral injury 1, anaerobic infect ion 
of w o u n d of neck 1, general infect ion 1, spinal mening i t i s 2 , d e a t h 
under chloroform anaesthesia 1. One p a t i e n t died from secondary 
haemorrhage, 1 from a c u t e cerebral anaemia fo l lowing l igature of 
t h e c o m m o n carot id , a n d 1 from cerebral e m b o l i s m after l igature of 
t h e carot id . 

Of t h e surv iv ing 39 p a t i e n t s , 26 were sent h o m e t o E n g l a n d in 
g o o d condi t ion , a n d of m a n y it has p r o v e d imposs ib le t o fo l low t h e 
further course . 

F o u r t e e n were operated upon , t h e indicat ions b e i n g : secondary 
haemorrhage 1, e x t e n s i o n of a n e u r y s m 5 , e x p e d i e n c y 2 , r emote o pera -
t ions 6. I n 6 t h e operat ion cons i s ted in l igature of artery a n d v e i n 
a b o v e a n d be low t h e w o u n d s a n d c learance a w a y of t h e sac : 4 of t h e 
operat ions were successful , a n d 2 p a t i e n t s d ied , b o t h from cerebral 
compl ica t ions (anaemia 1, e m b o l i s m 1) . I n 1 t h e sac w a s left u n t o u c h e d . 
I n 7 cases , all of t h e remote class , t h e w o u n d s in t h e vesse l s were 
su tured a n d t h e sac r e m o v e d after t h e a n e u r y s m h a d se t t l ed d o w n ; 
all t h e s e cases recovered, a n d — a s far as could be judged after 
observat ion for several w e e k s — w i t h pers is tence of t h e l u m e n of 
t h e vesse l s ; in one , t e m p o r a r y cerebral s y m p t o m s fo l lowed, d u e 
t o thrombos i s . 

I t m a y be a s s u m e d t h a t these 12 pa t i en t s re sumed ordinary life. 
I be l i eve t h e s a m e m a y be sa id a b o u t t h e pa t i en t s w h o were re turned 
t o E n g l a n d w i t h a n e u r y s m a l var ices , as t h e s e cases usua l ly suffer l i t t le 
inconven ience . T w o p a t i e n t s u p o n w h o m I operated in 1900 h a v e 
remained wel l s ince ; one of t h e m w a s in c o m m a n d of a b a t t a l i o n 
a n d w a s thrice w o u n d e d in t h e present war . 

I h a v e t w i c e w a t c h e d t h e gradual c lose a n d spontaneous cure 
of carot id aneurysmal var ices . 
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T R E A T M E N T O F I N J U R I E S TO T H E C A R O T I D A R T E R I E S . 

I n t h e p r i m a r y t r e a t m e n t of t h e s e in ju r i e s , t h e o r d i n a r y ru l e s 
g u i d i n g t h e s u r g e o n in o t h e r p a r t s of t h e b o d y a r e t o b e o b s e r v e d . I n 
v i e w , h o w e v e r , of t h e g r a v e c o n s e q u e n c e s w h i c h m a y e n s u e in t h e 
e v e n t of r e c u r r e n t o r e a r l y s e c o n d a r y h a e m o r r h a g e o c c u r r i n g , v e r y 
spec ia l c a r e m u s t b e t a k e n n o t t o o v e r l o o k a n a r t e r i a l i n j u r y , a n d in 
t h e case of a h a e m a t o m a d e v e l o p i n g w h e n t h e a p e r t u r e s of e n t r y o r 
e x i t of t h e sof t p a r t s a r e of a n y c o n s i d e r a b l e s ize, t e m p o r a r y ce s sa t i on 
of b l e e d i n g s h o u l d n o t b e r e g a r d e d a s sufficient j u s t i f i ca t ion for t a k i n g 
u p a n e x p e c t a n t a t t i t u d e . T h e r i sks a r e p a r t i c u l a r l y g r e a t s h o u l d a n y 
d o u b t e x i s t a s t o t h e p r a c t i c a b i l i t y of m a i n t a i n i n g t h e w o u n d in a n 
a s e p t i c c o n d i t i o n . 

W h e n t h e w o u n d s of t h e sof t p a r t s a r e of t h e m i n i m a l t y p e , 
w h e t h e r t h e y a r e t h r o u g h - a n d - t h r o u g h t r a c k s o r t h e fore ign b o d y is 
r e t a i n e d , if h a e m o r r h a g e h a s cea sed , a n e x p e c t a n t a t t i t u d e is p r e f e r a b l e ; 
e spec i a l l y if a c o n s i d e r a b l e a m o u n t of b l o o d h a s b e e n los t , if s y m p t o m s 
of s h o c k a r e p r e s e n t , o r if t h e c o n d i t i o n s u n d e r w h i c h t h e o p e r a t i o n 
h a s t o b e u n d e r t a k e n a r e n o t e n t i r e l y s a t i s f a c t o r y . U n d e r a n y of 
t h e s e c i r c u m s t a n c e s t h e r i sk of d e l a y in a c t i v e i n t e r v e n t i o n is far less 
t h a n t h a t a t t e n d a n t o n s u d d e n occ lus ion of t h e c a r o t i d vesse ls a t a 
p e r i o d w h e n t h e g e n e r a l b l o o d - p r e s s u r e is p r o b a b l y low. 

W h e n t h e p r i m a r y s t a g e h a s b e e n p a s s e d , t h e i n d i c a t i o n s for 
o p e r a t i v e i n t e r v e n t i o n m a y b e s u m m a r i z e d a s fol lows : (1) S e c o n d a r y 
h a e m o r r h a g e , e i t h e r f rom t h e e x t e r n a l w o u n d o r f rom t h e m o u t h ; 
(2) E x t e n s i o n of a h a e m a t o m a , w h e t h e r a r t e r i a l o r a r t e r i o - v e n o u s in 
n a t u r e ; (3) T h e d e v e l o p m e n t of p r e s s u r e s igns s u c h a s d y s p n o e a o r 
d y s p h a g i a ; (4) F o r t h e c u r e of a t r a u m a t i c a n e u r y s m . 

W'hen s e c o n d a r y h e m o r r h a g e f o r m s t h e i n d i c a t i o n , in n o o t h e r 
p a r t of t h e b o d y is i t so i m p o r t a n t t o m a k e s u r e t h a t t h e s o u r c e of 
t h e h a e m o r r h a g e is r e a l l y f rom t h e p a r e n t t r u n k ; in n o t a few cases 
t h e c o m m o n c a r o t i d h a s b e e n o c c l u d e d w h e n t h e w o u n d w a s r e a l l y 
s i t u a t e d in t h e e x t e r n a l c a r o t i d o r o n e of i t s b r a n c h e s , a n d in s o m e of 
t h e s e w i t h fell r e s u l t s . T o a v o i d t h i s u n s a t i s f a c t o r y o c c u r r e n c e , e v e n 
if t h e l i g a t u r e h a s t o b e a p p l i e d in h a s t e , i t s h o u l d n o t b e p e r m a n e n t l y 
k n o t t e d u n t i l f u r t h e r i n v e s t i g a t i o n h a s s h o w n t h a t t h e p a r e n t vesse l 
m u s t b e sacr i f iced. W h e n b r a n c h e s of t h e e x t e r n a l c a r o t i d a r e t h e 
o b v i o u s s o u r c e of s e c o n d a r y h a e m o r r h a g e f r o m t h e n e c k , a s in cases 
of f r a c t u r e d j a w , C a p t a i n B u r r o w s * h a s s h o w n t h a t w h e n i t is n o t 
pos s ib l e t o s e c u r e t h e a c t u a l b l e e d i n g p o i n t , p r o x i m a l l i g a t u r e of t h e 
b r a n c h e s , espec ia l ly of t h e l i n g u a l , is p r e f e r a b l e t o o c c l u d i n g e v e n t h e 

* British Journal of Surgery, 1917, vo l . v , N o . 17, J u l y , p . 137. 
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e x t e r n a l c a r o t i d , a n d t h i s e x p e r i e n c e , a f t e r a l l , co inc ides w i t h t h a t 
a f forded b y t h e t r e a t m e n t of h a e m o r r h a g e in o t h e r p a r t s of t h e b o d y . 

I n e s t i m a t i n g e x t e n s i o n of a h a e m a t o m a as a n i n d i c a t i o n for 
i n t e r v e n t i o n , i t is wel l t o r e m e m b e r t h a t v a r i a t i o n s in size a r e n o t 
u n c o m m o n , a n d m a y b e o b s e r v e d f r o m d a y t o d a y in t h e e a r l y 
s t a g e s . T h e s e v a r i a t i o n s m a y d e p e n d o n c h a n g e s in t h e b l o o d -
p r e s s u r e , o n a v a r y i n g a m o u n t of oedema , o r o n u n n e c e s s a r y m o v e -
m e n t s o n t h e p a r t of t h e p a t i e n t , a n d a r e n o t a l w a y s t o b e t o o 
h i g h l y e s t i m a t e d . 

D y s p n o e a o r d y s p h a g i a is g e n e r a l l y a s ign n o t t o b e d i s r e g a r d e d , 
a n d in r e l a t i o n t o t h e f o r m e r , i t m a y b e p o i n t e d o u t t h a t d i r e c t t r e a t -
m e n t of t h e h a e m a t o m a a t o n c e re l ieves i t , a n d c a r e s h o u l d b e exe rc i s ed 
t h a t a p r e l i m i n a r y t r a c h e o t o m y is n o t u n n e c e s s a r i l y u n d e r t a k e n , a s h a s 
s o m e t i m e s b e e n t h e ca se . 

W h e n t h e e x i s t e n c e of a wel l - loca l ized h a e m a t o m a o r false 
a n e u r y s m , e i t h e r a r t e r i a l o r a r t e r i o - v e n o u s , f o rms t h e i n d i c a t i o n , t h e 
p r i n c i p a l q u e s t i o n w h i c h a r i ses is a s t o t h e m o s t s u i t a b l e m o m e n t for 
i n t e rven t ion . S p o n t a n e o u s c o n s o l i d a t i o n is r a r e in a r t e r i a l , a n d I d o 

n o t be l i eve i t e v e r o c c u r s in a r t e r i o - v e n o u s a n e u r y s m s . T h e p r e s e n c e 
of t h e c o n d i t i o n is a n a c t u a l b a r t o n o r m a l a c t i v e life, h e n c e u l t i m a t e 
i n t e r v e n t i o n m u s t b e t h e r u l e . F o r r e a s o n s of e c o n o m y of t i m e , i t 
s t a n d s t o r e a s o n t h a t t h e s o o n e r t h e c u r e is u n d e r t a k e n t h e b e t t e r . 
A t t h e s a m e t i m e , a s fa r a s m y o w n e x p e r i e n c e goes , r e a s o n a b l e d e l a y 
u n d e r s u i t a b l e c o n d i t i o n s h a s o b v i o u s a d v a n t a g e s . T h e loca l c o n -
d i t i o n s i m p r o v e ; t h e c o l l a t e r a l c i r c u l a t i o n a d a p t s i tself ; wh i l e , in 
a d d i t i o n , d e l a y a l lows t h e t i s s u e s t o r e s u m e a s fa r a s poss ib le t h e i r 
n a t u r a l s t a t e . T h e l a s t c o n d i t i o n r e n d e r s t h e s u r g e o n a b s o l u t e l y 
free t o u n d e r t a k e a p l a s t i c o p e r a t i o n w h e r e v e r t h i s is poss ib le , a n d in 
t h e case of t h e c a r o t i d vesse l s t h i s is a m a n i f e s t a d v a n t a g e . S p e a k -
i n g g e n e r a l l y , I t h i n k w h e n e v e r t h e a n e u r y s m h a s ful ly loca l ized itself, 
o p e r a t i o n s s h o u l d n o t b e u n d e r t a k e n be fo re s ix w e e k s t o t w o m o n t h s 
h a v e e l a p s e d ; a n d , f r o m t h e s u r g e o n ' s s t a n d p o i n t , t h e l a t e r h e g e t s 
t h e case a f t e r t h i s p e r i o d , t h e m o r e l i ke ly is h e t o h a v e a free h a n d 
t o p e r f o r m a n o p e r a t i o n w h i c h a p p r o a c h e s t h e i d e a l f r o m t h e r e c o n -
s t r u c t i v e p o i n t of v i e w . 

A n e u r y s m a l v a r i c e s o f t e n o c c a s i o n v e r y l i t t l e t r o u b l e o r d i s -
a b i l i t y t o t h e p a t i e n t . T h e m o s t c o m m o n i n d i c a t i o n s for i n t e r v e n t i o n 
a r e t h e p e r s i s t e n c e of w o r r y i n g no i s e in t h e h e a d o r e a r s , o r g r e a t 
d i s t e n t i o n of t h e v e i n . A l a rge p r o p o r t i o n of t h e s e cases m a y b e lef t 
u n t o u c h e d . 

A t e n t a t i v e s u g g e s t i o n s h o u l d p e r h a p s b e m a d e a s t o t h e a d v i s a -
b i l i t y of c o m p l e t e l y o b s t r u c t i n g t h e c o m m o n c a r o t i d i n cases of a r t e r i a l 
t h r o m b o s i s , w i t h a v i e w t o s t i m u l a t i n g t h e d e v e l o p m e n t of t h e col la-
t e r a l c i r c u l a t i o n . I n t h e o n l y t w o i n s t a n c e s I h a v e seen , a de f in i t e 
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i m p r o v e m e n t in t h e s y m p t o m s a p p e a r e d t o fol low, a n d i t c a n n o t b e 

s u p p o s e d t h a t t h e p r o c e d u r e is l ike ly t o c a u s e a n y h a r m . 

Mode of Operation.—In r e c e n t in ju r i e s , t h e n a t u r e , e x t e n t , a n d 

p o s i t i o n of t h e w o u n d of t h e n e c k wil l p r o b a b l y d e t e r m i n e t h e inc is ion 

n e c e s s a r y for s e c u r i n g t h e a r t e r y ; b u t w h e n t h e o p e r a t i o n is o n e for 

Fig. 43.—Left carotid arterio-venous aneurysm. Exposure of jugular vein. 
The vein completely covers the artery. The characteristic infiltration and thickening 
of the adventitia of the vein seen in recent cases is well shown. 

d e a l i n g w i t h a n a n e u r y s m , t h e inc i s ion n e e d s t o b e a v e r y free one , 
e x t e n d i n g t h e e n t i r e l e n g t h of t h e a n t e r i o r b o r d e r of t h e s t e r n o m a s t o i d . 
I n s o m e i n s t a n c e s i t m a y n e e d t o b e f u r t h e r e x t e n d e d b y a n incis ion 
c a r r i e d o u t w a r d s f rom i t s c e n t r e , o r o n e a l o n g t h e c lav ic le f rom i t s lower 
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angle , accord ing t o w h e t h e r t h e upper or lower port ion of t h e neck is 
t h e sea t of t h e a n e u r y s m . I n difficult cases i t m a y a lso be necessary 
t o d iv ide t h e musc les freely ; t h u s , t h e s t ernomasto id m a y be d iv ided 
wel l be low t h e entrance of i t s nerve s u p p l y a n d reflected, t h e depressor 
musc le s of t h e hyo id b o n e m a y need t o be d iv ided , a n d t h e o m o h y o i d 
in m o s t cases where an a n e u r y s m has t o be dea l t w i t h in t h e centre 
of t h e neck. 

This freedom of access is necessary as a precaut ionary measure 
w h e n t h e a n e u r y s m is large, a n d also t o a l low t h e upper a n d lower 
port ions of t h e vesse l t o be e x p o s e d for t h e purpose of a p p l y i n g 
provis ional l igatures t o control t h e c irculat ion a n d permit t h e 
necessary manipu la t ion of t h e sac if a p last ic operat ion is de termined 
upon . 

W h e n t h e ac tua l field of opera t ion has been e x p o s e d b y t h e 
pre l iminary incis ion, it is bes t t o deal a t once w i t h t h e ve ins cross ing 
t h e l ine of t h e artery . T h e descend ing cervical nerve should be 
spared, if poss ible . T h e anterior jugular ve in and t h e c o m m o n facial 
v e i n m a y need t o be d o u b l y l igatured a n d d iv ided . W e are n o w free 
t o deal d irect ly w i t h t h e m a i n vesse l s . If t h e a n e u r y s m be arterio-
v e n o u s , t h e internal jugular v e i n m a y be v e r y large, and , espec ia l ly on 
t h e left s ide, m a y c o m p l e t e l y cover t h e artery (Fig. 4 3 ) . I t m a y also 
be firmly connec ted b o t h w i t h t h e artery and t h e s t ernomas to id if t h e 
la t ter has not been d iv ided a n d reflected. Adhes ion will be part icu-
larly i n t i m a t e if t h e miss i le has crossed t h e l ine of t h e vesse l s af ter 
perforat ing t h e musc le , and it m u s t be remembered t h a t separat ion 
of t h e v e i n a t t h e po in t crossed b y t h e track m a y i n v o l v e o p e n i n g 
u p a hea led perforat ion in t h e wal l of t h e ve in . 

B o t h artery and ve in are n o w isolated a t t h e lower and upper 
parts of the ir course, a n d provis ional l igatures are passed b e n e a t h 
a n d around t h e m , or around t h e carot id a lone in arterial a n e u r y s m . 
W h e n th i s has been done , t h e ligatures- m a y be t i g h t e n e d sufficiently 
t o control t h e c irculat ion w i t h o u t injury t o t h e coats of t h e vesse l , 
and t h e exposure of t h e sac proceeded wi th . 

Arterial Aneurysm.—When t h e artery a lone has t o be dea l t w i t h , 
further procedure is c o m p a r a t i v e l y s imple . If t h e case be one of 
o n l y a few weeks ' s tanding , t h e sac m a y be readi ly separated from 
t h e vesse l , and t h e defect in t h e wal l e x p o s e d ; if t h e sac be older a n d 
firmer, it should be incised and t h e defect in t h e arterial wal l inspected 
from wi th in . If t h e defect is n o w j u d g e d sui table for suture , it wil l 
be necessary t o further mobi l i ze t h e artery t o fac i l i tate t h e passage 
of t h e s t i t ches , and t o reduce as m u c h as poss ible t h e local t ens ion 
w h e n t h e y are t i ed . D u r i n g t h e process of mobi l i za t ion care should 
be t a k e n t o be certain t h a t there ex i s t s in t h e arterial wal l no second 
w o u n d w h i c h has been reopened during t h e process of freeing t h e 
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vesse l . I t is m u c h easier t o over look a second open ing t h a n m i g h t 
b e supposed , especia l ly if i t is s i tuated on t h e posterior aspec t of 
t h e artery and n o t on e x a c t l y t h e s a m e level as t h a t first found. 

If t h e defect in t h e arterial wal l be j u d g e d t o o e x t e n s i v e for 
suture , l igatures should be appl ied on e i ther s ide of it in i m m e d i a t e 
p r o x i m i t y t o t h e opening , a n d t i ed . One l igature u p o n t h e ve in is 
n o w definitely t i ed , a n y remain ing provis ional l igatures are w i t h d r a w n , 
a n d t h e w o u n d m a y be c losed t i g h t l y . 

Arterio-venous Aneurysm.—The earlier s t a g e s of t h e operat ion 
are ident ical w i t h t h o s e descr ibed a b o v e ; b u t t r e a t m e n t of t h e 
a n e u r y s m is a more compl ica ted mat t er . W h e n t h e a n e u r y s m is 
c o n n e c t e d w i t h t h e c o m m o n carot id trunk, it is e a s y t o abrogate 
comple te ly t h e supply of arterial b lood . I t is less easy in t h e case 
of t h e jugular ve in , as branches m a y reach t h e ve in b e t w e e n t h e 
p o i n t s control led b y t h e provis ional l igatures . These branches m u s t 
be sought for a n d control led before a n y further s t ep is t a k e n . 

If a sac be s i tuated b e t w e e n t h e artery a n d ve in , it should be 
laid open a n d t h e orifices l ead ing into t h e t w o vesse ls inspected . I f 
t h e apertures be j u d g e d su i table for closure b y suture , t h e vesse l s are 
n o w more freely mobi l i zed , t h e sac m a y be cut a w a y , and t h e openings 
c losed. W h e n t h e sac is s i tua ted on t h e aspec t of t h e artery a w a y 
from t h e ve in , i t is dea l t w i t h in t h e m a n n e r a lready described for 
arterial a n e u r y s m s . Should th i s arrangement be found, t h e direct 
o p e n i n g w h i c h ex i s t s b e t w e e n t h e artery a n d ve in should be dea l t 
w i t h as if t h e case were one of u n c o m p l i c a t e d aneurysmal var ix ; 
t h a t is t o say , t h e aperture should be e x p o s e d b y freely o p e n i n g t h e 
v e i n on t h e oppos i t e s ide t o t h a t upon w h i c h t h e c o m m u n i c a t i o n w i th 
t h e artery ex i s t s , a n d t h e a d v e n t i t i o u s o p e n i n g dea l t w i t h from 
w i t h i n t h e lumen of t h e d i la ted ve in . Other arrangements m a y be 
m e t w i t h ; t h u s , t h e open ing l ead ing from t h e ve in and artery m a y 
c o m m u n i c a t e d irect ly w i t h a c o m m o n sac, or t h e sac m a y connec t t h e 
artery direct ly w i t h one open end of a c o m p l e t e l y d iv ided v e i n ; s o m e 
e x a m p l e s are g i v e n below. 

W
7
hen t h e condi t ions are n o t a d a p t e d t o suture, t h e four 

provis ional l igatures a lready in pos i t ion m a y be definitely t i g h t e n e d , 
and t h e sac m a y be exc ised . Care m u s t be exercised in t h e lat ter 
procedure t h a t impor tant s tructures are n o t d a m a g e d ; a n d i t should 
be borne in m i n d t h a t t h e sac is a harmless s tructure , t h e r e m o v a l of 
w h i c h is in no sense ob l igatory . 

N o mater ia l differences ex i s t , except in anatomica l detai l , whe ther 
t h e internal or external carot id is t h e seat of t h e a n e u r y s m . T h e 
internal carot id presents t h e m o s t difficult technica l problem w h e n t h e 
w o u n d is h igh u p . 

Shou ld t h e original injury h a v e i n v o l v e d t h e c o m m o n carotid 
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t r u n k i m m e d i a t e l y be low t h e b i f u r c a t i o n , in p l a c e of a p p l y i n g def in i te 

l i g a t u r e s u p o n t h e p r o x i m a l e n d of t h e t w o b r a n c h e s , t h e s e m a y b e 

c o m p l e t e l y d i v i d e d , a n d a n e n d - t o - e n d u n i o n m a d e , o r a l a t e r a l 

a n a s t o m o s i s m a y b e e s t a b l i s h e d , so a s t o o b t a i n t h e a d v a n t a g e s of 

c o m m u n i c a t i o n of t h e b r a n c h e s of t h e t w o e x t e r n a l c a r o t i d s for t h e 

c e r e b r a l s u p p l y t h r o u g h t h e i n t e r n a l c a r o t i d ( D u v a l ) . 

S o m e of t h e p o i n t s i n v o l v e d in t h e p e r f o r m a n c e of t h e s e o p e r a t i o n s 
m a y b e b e s t i l l u s t r a t e d b y t h e s h o r t r e c i t a l of a few cases , a n d a g l a n c e 
a t Figs. 2 5 , 30 , 42 , a n d 4 4 . 

Fig. 42 i l l u s t r a t e s a p o i n t in t h e f o r m a t i o n of a p a r t of t h e wa l l 

of a n a n e u r y s m a l sac b y i nc lu s ion of t h e r e m a i n s of t h e w a l l of t h e 

a r t e r y . Fig. 44 d e p i c t s t h e c o n d i t i o n s w h i c h e x i s t e d in a ca se of 

b i l a t e r a l i n j u r y t o t h e ves se l s , a n d t h i s c a s e , a s o n e of v e r y g r e a t 

i n t e r e s t a n d i m p o r t a n c e , m a y b e s h o r t l y d e t a i l e d . 

Case 2 7 . — B i l a t e r a l i n j u r y of t h e c o m m o n c a r o t i d s . U s e of Tuffler t u b e . 

A bul le t en tered a t t h e anter ior border of t h e lower t h i rd of t h e r ight 
s te rnomasto id , t raversed t h e neck, a n d emerged jus t in ternal t o t h e left 
s ternoclavicular a r t icu la t ion . T h e inner end of t h e left clavicle was frac-
tu red . No serious p r i m a r y haemorrhage followed t h e wound , a n d t h e 
pa t i en t af ter four days ' s t ay a t a casua l ty clearing s ta t ion was b rough t 
down to one of t h e hospi tals on t h e lines of communica t ion . The condit ion 
found on t h e fifth d a y was as follows. A large suppura t ing wound was 
present a t t h e root of t h e neck on t h e left side, and signs of general toxaemia 
were of mode ra t e degree. T h e en t rance wound on t h e r ight side of t h e neck 
was closed a n d quiescent . A loud ar ter io-venous bru i t , widely conducted , 
a n d of which t h e systolic e lement was t h e more pronounced, was heard a t 
t h e root of t h e neck a n d elsewhere. There was no cardiac enlargement , no 
conducted m u r m u r t o t h e hea r t , a n d t h e pulse was 100, a n d regular . The 
pa t i en t developed a t e t a n u s an t i tox in rash , wi th some fever ; a n d t h e 
s treptococcal infection of t h e wound a t t h e left side of t h e neck progressed, 
so t h a t incisions needed t o be m a d e . Progress was no t sat isfactory, a n d a 
m o n t h af ter recept ion of t h e wound a fresh swelling was no ted on t h e left 
side a t t h e root of t h e neck. 

On examina t ion , th is p roved t o be an ar ter ia l aneurysm, over which a 
faint systolic bru i t was audib le . As act ive infection of t h e large wound in 
immedia te p rox imi ty t o t h e recent ly developed aneurysm was present , it 
was deemed necessary t o deal p r o m p t l y wi th t h e aneurysm, a n d on t h e 
nex t d a y Colonel C. Gordon W a t s o n opera ted . Professor Turner h a d ju s t 
sent me some of his silver j unc t ion tubes , a n d as a bi lateral ar ter ia l in jury 
was present in th is case, i t seemed eminent ly desirable t o deal as gent ly 
wi th t h e cerebral circulation as possible. Colonel Gordon W a t s o n therefore 
in t roduced a t u b e , which was re ta ined for th ree days , a n d t h e n removed . 
I t is doubtful w h a t a d v a n t a g e was gained b y t h e use of t h e t u b e , as i t 
became obs t ruc ted within t h e first twenty- four hours ; b u t t h e resul t a t t a ined 
was good, since no cerebral signs developed in spite of t h e presence of t h e 
ar ter io-venous aneurysm on t h e o ther side of t h e neck. 

Unfor tuna te ly t h e general infection from which t h e pa t i en t was suffering 
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cont inued unchecked, he gradual ly lost s t reng th , developed an acu te peri-
cardi t is , and a m o n t h la ter he died, d e a t h being preceded b y a t r ans ien t loss 
of power in t h e r ight a r m . 

The condit ion of t h e r ight vagus has a l ready been referred t o , also t h e 
remarkab le reproduct ion of a solid column of t issue between t h e re t rac ted 
ends of t h e divided left carot id a r t e ry . 

Fig. 44.—Bilateral injury to the carotid arteries. On the right side, the missile 
has,l traversed the artery, vein, and vagus. The sheath of the vagus is distended by 
clot, and might eventually have formed the boundary of an aneurysmal sac. On the 
left side, an arterial aneurysm which formed secondarily was operated upon, and a 
Turner's tube was introduced. It will be observed that a column of connective tissue 
corresponding in calibre with the tube now connects the two extremities of the severed 
artery. Case 21. Under the care of Colonel Gordon Watson, C.M.G. 
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Case 28.—Arterio-venous aneurysm. S u t u r e of vessels. 

Gun . R . Shrapnel wound of r ight side of neck ; missile re ta ined a t left 
side of first dorsal ve r t eb ra . An ar ter io-venous aneu rysm formed, no t 
a p p a r e n t l y of large size, t h e signs being indist inguishable from those of a 
simple va r ix . The signs were typica l , a n d accompanied b y those of r ight 
s y m p a t h e t i c paralysis . 

Nine weeks after recept ion of t h e injury, a t y p e opera t ion was performed 
as described above . I t was found necessary t o divide three-four ths of t h e 
w id th of t h e s te rnomas to id in order t o deal satisfactorily w i th t h e lower end 
of t h e jugu la r vein, for t h e vessels were still somewhat fixed as a consequence 
of p r ima ry infiltration of t h e vascular cleft wi th blood. T h e vein was 
large, b u t t h e surface smooth , and wi th l i t t le signs of reac t ionary change 
in t h e t issue of t h e vascular cleft. 

W h e n t h e circulat ion h a d been controlled, t h e vein was opened, as no 
sign of a sac was t o be seen from t h e front. An opening in t h e back of t h e 
vein was disclosed, communica t ing wi th a sac lying behind t h e vessels a n d 
in t h e subs tance of t h e prever tebra l muscles. B o t h vessels were now 
mobilized, a n d t h e a r t e ry was found t o h a v e a n oblique slit on its postero-
in te rna l aspect , and communica ted by th is opening wi th t h e sac lying 
behind t h e vessels. The ar ter ia l defect was closed b y su tu re , a n d t h e 
opening in t h e vein sewn u p from t h e inter ior of t h e vessel ; last ly, t h e 
explora tory incision in t h e vein was Closed, and t h e repair was comple ted . 
T h e sac was pract ica l ly left un touched , except t h a t it was separa ted from 
t h e a r t e r y (G. I I . M.). 

I t was no ted t h a t on t h e d a y after t h e operat ion t h e m a n sweated 
freely except on t h e r ight side of his face. E x c e p t for some anaesthetic 
sickness he m a d e an un in t e r rup ted recovery, and as far as can be judged 
t h e vessels have remained p a t e n t . T h e s y m p a t h e t i c para lys is steadily 
improved . 

Case 29.—Arter io-venous a n e u r y s m of left i n t e rna l carot id a r t e r y . 
S u t u r e of vessels. 

Sergt . P . A piece of shrapnel case entered a t t h e left angle of t h e 
mandib le , a n d was re ta ined opposi te t h e disc between t h e th i rd a n d 
four th cervical vertebrae. An ar ter io-venous aneurysm formed (Fig. 45), 
associated w i t h left sympa the t i c paralysis . The signs were typical , bu t it 
was impossible t o de te rmine whe ther t h e in ternal or t h e externa l carot id 
was involved. 

Six weeks la ter t h e aneurysm was explored ; t h e sac proved t o be 
a junc t ion chamber interposed between t h e in ternal jugu la r vein a n d t h e 
lower end of t h e in ternal carot id a r t e r y . W h e n t h e control l igatures h a d 
been t igh tened u p , t h e sac was laid open, b u t fairly free bleeding took place, 
t h e blood appa ren t ly being furnished by t h e ascending pharyngea l a n d 
superior t hy ro id ar ter ies , each of which needed t o be freed and controlled 
b y an ar ter ia l c l amp. The opening in t h e vein was easily sewn up , b u t as 
t h e field of operat ion could no t be kep t free of blood on t h e ar ter ial side, in 
place of removing t h e remains of t h e small sac, su tures were passed th rough 
i t , and t h u s i t was pl icated a n d closed (G. H . M.). 

The future progress was uneventful , except t h a t some enlargement was 
found t o be present a t t h e site of t h e sac when t h e pa t i en t h a d his wound 
dressed a week la ter . This enlargement was exaggerated b y indura t ion of 
t h e sur rounding t issues, a n d over i t a somewhat harsh systolic brui t , much 
increased in loudness by pressure of t h e s te thoscope, was heard . 
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Fig. 45.—Arterio-venous aneurysm of common carotid. The small prominent 
nodule is merely the characteristic thickening around the wound track often seen 
in the early stages. 

Case 3 0 . — A r t e r i o - v e n o u s a n e u r y s m . S u t u r e of v e s s e l s . 

Lieut . A. A bullet wound was followed by p r o m p t deve lopment of 
t h e aneurysm. The pa t i en t was only re ta ined in F rance for a few days . 
H e remained in hospi ta l for some t ime, was t h e n discharged, and led an easy 
life for more t h a n a year . T h e main t rouble experienced was t h e buzzing 
noise in t h e head and opposite ear . No act ive exert ion h a d been m a d e since 
t h e da t e of in jury . 

The signs were typical , wi th associated sympa the t i c paresis . Fou r t een 
m o n t h s la ter a n explorat ion was m a d e . The sac was found t o be small and 
interposed be tween t h e two vessels. The whole operat ion was one of grea t 
s implici ty on account of t h e t i m e which had been allowed t o elapse before 

The pa t i en t was u p a n d abou t a t t h e end of th ree weeks, a n d t h e local 
condit ion has s teadi ly improved. I t h i n k t h e plication of t h e sac was a 
mis take , a l though it much facilitated t h e opera t ion . 
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it was u n d e r t a k e n . T h e sac was incised, t h e wound in t h e vein sewn u p , 
a n d t h e same course t a k e n wi th t h e a r t e ry . Un in t e r rup t ed progress ended 
in complete recovery (G. H . M.). 

Fig. 46.—The wounds in the vessels 01 the arterio-venous aneurysm shown in 
Fig. 45. The tubercle has been retracted backwards. 

Case 3 1 . — A r t e r i o - v e n o u s a n e u r y s m . S u t u r e of a r t e r y , l i g a t u r e of v e i n . 

Gun. C. A fragment of shrapnel case entered jus t behind t h e anter ior 
border of t h e s ternomastoid of t h e left side, a n d lodged against t h e vertebrali 
on t h e left side of t h e mid-l ine. A typica l ar ter io-venous h e m a t o m a resul ted . 
I t was soft and r a the r extensive, wi th indefinite margins . Twelve days 
la ter it was explored. N o definite sac h a d formed, b u t t h e hacmatoma was 
sufficiently well localized t o allow t h e provisional l igatures t o be applied 
wi thou t a n y grea t difficulty. W h e n the vessels were exposed, a perforat ion 
was seen on t h e an tero-externa l aspect of t h e upper th i rd of t h e common 
carot id a r t e ry , a n d a lacerat ion of t h e vein. Troublesome bleeding from 
t h e vein necessi tated double l igature of t h a t vessel. The a r t e ry was mobil-
ized, no t wi thou t some difficulty on account of t h e indura t ion of t h e areolar 
t issue of t h e vascular cleft. T h e visible defect in t h e wall was t h e n su tured , 
and t h e blood allowed t o en ter t h e vessel from above . This ac t was followed 
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b y free haemorrhage from t h e back of t h e vessel. The upper provisional 
l igature was again t igh tened , a n d on examina t ion a second oblique slit in 
t h e posterior aspect of t he vessel, which h a d been closed b y adhesion t o t h e 
prever tebra l fascia, was found t o have been reopened in t h e process of 
mobilization of t he vessel. This second slit was repaired w i th some diffi-
cul ty , and t h e wound closed (G. H . M.). The pa t i en t m a d e an uninter-
rup t ed recovery . 

Case 3 2 . — A r t e r i o - v e n o u s a n e u r y s m . S u t u r e . F a i l u r e t o c u r e v a r i x . 

P t e . L . Bullet wound of neck. Type minimal wounds of e n t r y and 
exit , passing from behind t h e centre of t h e left s ternomastoid t o emerge nea r 
t he mid-line a t t h e level of t h e cricoid. Λ typica l ar ter io-venous aneurysm 
developed a t t h e level of t he cricoid cart i lage, t h e sac ex tending t o w a r d s 
t h e mid-line. 

Three m o n t h s la ter an operat ion was unde r t aken . The soft p a r t s h a d 
in grea t measure regained the i r normal s ta te , and litt le difficulty was experi-
enced in defining t h e sac, which lay t o t h e inner side of t h e a r t e ry . As I felt 
confident t h a t a direct communica t ion was oresent between t h e in terna l 
jugular and t h e a r te ry , I opened t h e vein as a pre l iminary procedure . I 
found no opening. T h e a r t e ry was t h e n mobilized, and separa ted from t h e 
sac, wi th which it communica ted b y an elongated slit on i ts inner aspect . 
W h e n t h e inter ior of t h e a r t e ry was inspected from th i s opening, a small 
opening on t h e opposite side filled wi th clot was seen. A probe would n o t 
en ter th is ape r tu re , and I was inclined t o t h i n k it t h e blocked origin of a 
superior thy ro id b ranch placed in an abnorma l posi t ion. The operat ion 
was t h e n completed, b u t as a very long slit h a d been m a d e in t h e jugu la r 
vein, t h e provisional l igatures were m a d e definite a n d t h e in tervening 
por t ion of vein was excised (G. Η . M.). 

Three days af terwards t h e pa t i en t complained of an a t t a c k of pain in 
t h e neck, and t h e dressings were removed. E x a m i n a t i o n showed t h a t t h e 
ar ter io-venous brui t had re tu rned , and t h e veins a t t h e roo t of t h e neck 
pulsa ted freely. No evidence existed dur ing t h e nex t th ree m o n t h s of 
recurrence of t h e ar ter ial sac, b u t t h e bru i t persisted, a l though t h e pulsat ion 
of the veins a t t he root of t h e neck diminished in force. The pa t i en t declined 
a n y further in tervent ion , and r e tu rned to Canada . 

Choice of Method.—It is in t h e case of t h e c a r o t i d vesse l s t h a t 

t h e q u e s t i o n of l i g a t u r e o r r e p a i r b y s u t u r e a c q u i r e s chief i m p o r t a n c e . 

T h e a d v a n t a g e s o n t h e s ide of l i g a t u r e m a y b e s t a t e d a s c o n s i s t i n g in : 

(a) I t s ea se a n d r a p i d i t y of a p p l i c a t i o n , s u i t i n g i t t o t h o s e cases in 

w h i c h a s h o r t o p e r a t i o n is a d e s i d e r a t u m w h i c h c a n b e c o n s i d e r e d t o 

c o u n t e r b a l a n c e t h e r i sks of d i s t u r b a n c e of t h e c e r e b r a l c i r c u l a t i o n ; 

(b) T h e f ac t t h a t t h e o p e r a t i o n is g e n e r a l l y a p p l i c a b l e , a n d c a n b e 

p e r f o r m e d in m a n y cases in w h i c h s u t u r e is i m p r a c t i c a b l e . 

W h e n e v e r i t is d e t e r m i n e d t o l i g a t u r e t h e c o m m o n c a r o t i d o r i t s 

b r a n c h e s , s i m u l t a n e o u s occ lus ion of t h e v e i n s h o u l d a l w a y s b e a p a r t 

of t h e o p e r a t i o n . I t h a s p r o v e d c e r t a i n t h a t occ lus ion of t h e s a t e l l i t e 

v e i n is a d v i s a b l e in d e a l i n g w i t h t h e a r t e r i e s of t h e e x t r e m i t i e s , a n d if 

t h e e x p l a n a t i o n b e f o u n d in t h e r e d u c t i o n of t h e d e g r e e of a n a e m i a 

c o n s e q u e n t o n i n t e r f e r e n c e w i t h t h e a r t e r i a l s u p p l y , i t is c l e a r t h a t 
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t h e procedure is d o u b l y adv i sab le in t h e case of one of t h e chief 
sources of t h e b l o o d - s u p p l y of t h e brain . The few figures I h a v e t o 
offer in t h e case of th i s artery are a t least sugges t ive , s ince t h e y refer 
t o a c o n s e c u t i v e series , e v e n if few in n u m b e r . 

ISTumber Cerebral Complications 

Ligature of artery and ve in . . 9 2 * (22-2 per cent) 
Ligature of artery alone 18 5 (27-7 „ ) 

One of these patients was very exsanguine when operated upon on the second 

day after receipt of the injury. 

F o r t u n a t e l y t h e c o m m o n carot id artery is n o t o n l y one in w h i c h 
a reconstruct ive operat ion of repair is adv i sab le , b u t i t is a lso t h e 
eas ies t artery in t h e b o d y t o deal w i t h , on a c c o u n t of i ts s ize, t h e ease 
w i t h w h i c h i ts ent ire course can be e x p o s e d , t h e readiness w i t h w h i c h 
it can be mobi l i zed , a n d t h e fact t h a t i t g i v e s off n o branches e x c e p t 
i ts t w o termina l d iv i s ions . Aga in , t h e size a n d direct course of t h e 
internal jugular ve in renders it a v e r y e a s y vesse l t o m a n i p u l a t e . 

I t wil l be n o t e d in t h e descr ipt ion of t h e operat ion furnished 
a b o v e , t h a t t h e m e t h o d has been l imi ted t o t h e t r e a t m e n t of injuries 
of a perforat ing or lateral character. I m a y s a y a t once t h a t more 
e x t e n s i v e injuries m a y readi ly be dea l t w i t h b y resect ion and e n d - t o -
end union of t h e vesse l . I h a v e n o personal exper ience of t h e l e n g t h 
of t h e vesse l w h i c h m a y b e sacrificed a n d y e t a safe end- to - end un ion 
be effected, b u t poss ib ly a t least three-quarters of an inch m a y be 
resected a n d t h e union es tab l i shed w i t h o u t difficulty. T h e appl ica-
b i l i ty of t h i s form of operat ion d e p e n d s ent ire ly on t h e technica l 
c a p a c i t y of t h e operator ; m y o w n exper ience of i t is l imi ted t o t h e 
brachial artery , an e a s y vesse l t o m a n i p u l a t e ; b u t I h a v e n o t a l w a y s 
been for tunate in avo id ing t h e u l t i m a t e occurrence of thrombos i s . In 
t h e case of t h e carot id, as has been a lready po inted out , i t is e x t r e m e l y 
difficult t o de termine w h e t h e r occ lus ion has t a k e n place or n o t ; hence 
in t h e short series of cases I h a v e t o report I a m n o t prepared t o assert 
t h a t t h e v iab i l i t y of t h e vesse l s w a s p e r m a n e n t l y a t ta ined , a l t h o u g h 
t h e results are t o all appearance of a sa t i s fac tory nature . There is , 
moreover , n o t h i n g t o s h o w t h a t a n y t h i n g is lost b y t h e a t t e m p t t o 
obta in an ideal result , a n d suture of t h e w o u n d e d carot id should , in 
m y opin ion , a l w a y s be u n d e r t a k e n if pract icable . 

T h e s imples t of all t h e operat ions is t h a t for t h e cure of an 
aneurysmal var ix ; a n d if i t be u n d e r t a k e n , t h e rule of approaching 
t h e aperture of c o m m u n i c a t i o n b y w a y of t h e ve in , af ter es tabl i sh ing 
provis ional control of t h e blood-current , should a l w a y s be observed . 
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WOUNDS OF THE SMALLER ARTERIES OF THE NECK. 

T h e o n l y i m p o r t a n c e p e r t a i n i n g t o w o u n d s of t h e s m a l l e r vessels 
of t h e n e c k cons i s t s in t h e diff icul ty w h i c h m a y a r i se in d i s c r i m i n a t i n g 
b e t w e e n a n e u r y s m s w h i c h m a y d e v e l o p in c o n n e c t i o n w i t h t h e m , 
a n d a n e u r y s m s o r i g i n a t i n g in w o u n d s of t h e m a i n t r u n k s . Cases 12 
a n d 15 i l l u s t r a t e t h i s p o i n t w i t h r e g a r d t o t h e s u p e r i o r a n d infer ior 
t h y r o i d a r t e r i e s r e s p e c t i v e l y , a n d e m p h a s i z e t h e n e e d for carefu l 
e x p l o r a t i o n , l e s t t h e m a i n t r u n k b e h a s t i l y a n d need le s s ly sacr i f iced. 

I h a v e seen a n e u r y s m s in c o n n e c t i o n w i t h t h e occ ip i t a l , t h e facia l , 
a n d t h e t e m p o r a l a r t e r i e s , b u t t h e s e n e e d n o f u r t h e r d e s c r i p t i o n . 

T h e v e r t e b r a l a r t e r y r e q u i r e s m o r e d e t a i l e d a t t e n t i o n , for t h e 
d e p t h of i t s s i t u a t i o n r e n d e r s i t difficult in m a n y cases e i t h e r t o d i a -
g n o s e t h e i n j u r y o r t o d e a l w i t h i t su rg i ca l l y . I o n l y c a m e ac ros s 3 
ca se s . I n 2 of t h e s e t h e a n e u r y s m d e v e l o p e d in c o n n e c t i o n w i t h t h e 
c o m m e n c e m e n t of t h e vesse l ; in t h e t h i r d t h e a r t e r y h a d b e e n 
i n j u r e d in t h e p a r t of i t s c o u r s e l y i n g u p o n t h e a r c h of t h e a t l a s . 

N e i t h e r of t h e t w o cases of i n j u r y of t h e lower e n d of t h e ves se l 
I s a w w e r e o p e r a t e d u p o n , a s t h e s ac w a s s m a l l , n o p u l s a t i o n w a s p a l -
p a b l e , a n d t h e p a t i e n t s a p p e a r e d t o suffer l i t t l e o r n o d i s a b i l i t y . T h e 
d i agnos i s w a s m a d e u p o n t h e sof tness a n d a p p a r e n t d e p t h of t h e 
m u r m u r , in b o t h cases a p u r e sys to l i c o n e , a n d t h e a b s e n c e of e v i d e n c e 
of i n j u r y t o e i t h e r t h e c a r o t i d o r s u b c l a v i a n a r t e r y ; in o n e of t h e m 
t h e e x i s t e n c e of a f r a c t u r e of t h e t r a n s v e r s e p roces s of t h e 7 t h ce rv i -
ca l v e r t e b r a , as seen b y x-ray e x a m i n a t i o n , s u p p o r t e d t h e d i a g n o s i s . 

T h e t h i r d case w a s o p e r a t e d u p o n b y Colonel H a r v e y d i s h i n g . T h e 
s ac w a s e x p o s e d in t h e s u b - o c c i p i t a l t r i a n g l e , a n d a s i t w a s f o u n d 
i m p r a c t i c a b l e t o a p p l y a l i g a t u r e loca l ly , t h e sac w a s p l u g g e d , a n d t h e 
a r t e r y w a s s e c u r e d a t t h e r o o t of t h e n e c k . T h e o p e r a t i o n w a s 
successful . 

W i t h n o o p e r a t i v e e x p e r i e n c e on t h e s u b j e c t , I a m l o t h t o d o g m a -
t i ze u p o n t h e b e s t r o u t e t o choose w h e n a v e r t e b r a l a n e u r y s m a t t h e 
r o o t of t h e n e c k n e e d s t o b e d e a l t w i t h . S h o u l d I n e e d t o o p e r a t e o n 
s u c h a case , I s h o u l d pre fe r t o m a k e t h e a n g u l a r inc is ion a s for t h e 
i n n o m i n a t e a r t e r y o r t h e first p o r t i o n of t h e s u b c l a v i a n a r t e r y , a n d 
p a r t i a l l y o r w h o l l y d i v i d e t h e s t e r n o m a s t o i d m u s c l e , in o r d e r t o e n s u r e 
sufficient r o o m for a c o m f o r t a b l e e x p o s u r e of t h e s ac . I f t h e r o u t e 
f rom t h e p o s t e r i o r b o r d e r of t h e s t e r n o m a s t o i d b e c h o s e n , less s p a c e 
is s ecu red , a n d p r o b a b l y a m u c h w i d e r d iv i s ion of t i s sues b e c o m e s 
n e c e s s a r y . 

SUBCLAVIAN ARTERY. 

T w e n t y - e i g h t cases of i n j u r y t o t h e s u b c l a v i a n a r t e r y a r e i n c l u d e d 
in t h e ser ies . W o u n d s of t h i s vesse l a r e n o t m e t w

r
i th so f r e q u e n t l y 

in h o s p i t a l s a s t h o s e of t h e c a r o t i d o r a x i l l a r y . T h i s d e p e n d s p a r t l y 
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o n t h e c o m p a r a t i v e shortness of t h e course t h e t r u n k runs, b u t a l so 
in part o n t h e dangerous nature of t h e acc ident . A l t h o u g h s i tuated 
deep ly , a n d in t h e greater part of i ts course protec ted b o t h b y bones 
a n d musc le s , in i ts first part i t is in v e r y close re lat ion w i t h o t h e r 
great vesse l s , a concurrent w o u n d of w h i c h is probab ly usua l ly fatal ; 
a n d further, i ts relat ion t o t h e a p e x of t h e pleural sac is an arrange-
m e n t w h i c h a l lows internal haemorrhage t o t a k e p lace qu i e t l y a n d 
eas i ly , a n d t o be a b u n d a n t in a m o u n t . 

T h e artery of t h e r ight s ide w a s i n v o l v e d in 16 of t h e injuries , 
a n d t h a t of t h e left in o n l y 12 , in sp i te of t h e longer course t a k e n 
b y t h e la t ter vesse l . I n 24 of t h e cases in w h i c h t h e nature o f 
t h e miss i le is recorded, i t w a s a bul le t in 15 , a n d a f ragment of 
shell in 9 . Of t h e w o u n d s of t h e soft parts , 13 were narrow t h r o u g h -
and- through tracks ; in 8 ins tances t h e miss i le w a s reta ined ; in 2 
t h e w o u n d s were large ; in one of t h e p a t i e n t s w i t h a large w o u n d , 
infect ion a n d secondary haemorrhage p r o v e d fatal . 

I n 7 of t h e pa t i en t s (25 per cent ) free pr imary haemorrhage 
is n o t e d t o h a v e occurred ; in th i s re lat ion it m a y be added t h a t in 
9 more a large hacmothorax c o m p l i c a t e d t h e injury . S e c o n d a r y 
haemorrhage from t h e w o u n d o n l y occurred t w i c e , a n d in e a c h 
ins tance i t p r o v e d fata l . E x t e n s i o n of t h e hacmatoma formed t h e 
ind ica t ion for o p e r a t i v e i n t e r v e n t i o n in 4 cases . 

T h e compl i ca t ion of hacmothorax does n o t appear t o h a v e 
mater ia l ly affected t h e prognos is in p a t i e n t s reaching t h e hospi ta ls 
on t h e l ines of c o m m u n i c a t i o n ; i t w a s present in 10 of t h e 2 8 
cases (35-7 per cent ) , 6 t i m e s in t h e r ight , 4 t i m e s in t h e left pleura, 
a n d n o n e of t h e p a t i e n t s d ied , a l t h o u g h in o n e in s tance t h e 
b lood b e c a m e infected a n d an e m p y e m a needed t o be t rea ted . T h e 
assoc ia t ion w i t h w o u n d s of t h e ches t w a s a p p r o x i m a t e l y eis c o m m o n 
in injuries t o t h e ax i l lary artery (20 per cent ) , b u t injuries t o t h a t 
vesse l d o n o t furnish t h e b lood for t h e pleural effusion. T h e s a m e 
m a y be t h e case w i t h t h e subc lav ian w h e n t h e miss i le enters d e e p l y , 
or t raverses t h e t h o r a x ; b u t in a certa in n u m b e r of cases t h e 
subc lav ian is t h e source of t h e b lood w h i c h col lects in t h e pleura. 
I o b t a i n e d p o s t - m o r t e m e v i d e n c e of t h i s fact in a case observed d u r i n g 
t h e S o u t h African W a r , a n d certa in po in t s in t h e cl inical h i s tory o f 
t h e p a t i e n t s under cons iderat ion support t h e s t a t e m e n t . * First , i t 
m a y be remarked t h a t n o n e of t h e subc lav ian a n e u r y s m s in t h i s 
series w a s of large size ; b u t w h e n t h e cases are ana lyzed , th i s is a 
spec ia l ly we l l -marked feature in t h o s e in w h i c h a hacmothorax w a s 
present . Of 10 cases of injury t o t h e artery a c c o m p a n i e d b y a 
hacmothorax, in o n l y 2 d id a we l l -marked rounded t u m o u r d e v e l o p ; 

* See Case 32a, p. 188. 12 
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in 3 n o aneurysmal t u m o u r or abnormal pu l sa t ion w a s d e t e c t e d , in 2 
t h e s igns p o i n t e d t o local thrombos i s of t h e artery, and in 4 s l ight 
or diffuse abnormal pulsat ion w a s t h e o n l y o ther s ign t o corroborate 
t h e ev idence furnished b y t h e presence of a local vascu lar murmur . 
Further , in all t h e cases t h e local s igns were b u t s l ight ly m a r k e d in 
t h e init ial s tage , a n d t e n d e d t o increase, and in t w o of t h e hacmothorax 
cases t h e t u m o u r w a s n o t d e t e c t e d unt i l a later d a t e — i n one ins tance 
o n l y a t t h e e n d of three w e e k s . I n t h o s e ins tances in w h i c h t h e 
subc lav ian real ly furnishes t h e b lood for t h e hacmothorax, I th ink 
t h e la te d e v e l o p m e n t of t h e t u m o u r finds a r e a d y exp lanat ion . T h e 
direct ion of l eas t res is tance for t h e passage of t h e b lood is o b v i o u s l y 
t o w a r d s t h e p o t e n t i a l space afforded b y t h e pleural sac, and it is o n l y 
w h e n a certain degree of d i s t en t ion of th i s has been reached t h a t a n y 
b lood wil l t rave l in to t h e t i s sues of t h e neck. H e n c e t h e c lot w h i c h 
ordinari ly forms t h e init ial boundaries of a haematoma is o n l y 
depos i t ed a t a la te date , a n d m a y n o t surround a n y b l o o d - c a v i t y , 
or a sac m a y be pract ica l ly absent . 

T h e second c o m m o n compl ica t ion cons is ts in injury t o t h e cords 
of t h e brachial p l exus . S igns of serious d a m a g e t o t h e nerves were 
present in 7 cases (25 per cent ) , and in 3 o thers severe pain in t h e 
upper e x t r e m i t y po in ted t o injury of a minor degree. I h a v e b u t 
few deta i l s as t o t h e u l t i m a t e result in a n y of t h e s e cases , b u t 
I d o u b t if t h e y are as b a d as t h o s e seen after injuries t o t h e vesse ls 
a n d nerves of t h e axi l la . Of t h e 10 cases in w h i c h nerve impl ica-
t i o n w a s n o t e d , 4 were of t h e vesse l in t h e second part of i ts course, 
a n d 6 in t h e th ird part ; in three of t h e l a t t er pa in w a s t h e o n l y 
s ign present . 

I n 3 cases a fractured c lavic le w a s present , in 4 a fracture of 
t h e upper i x r t of t h e scapula , a n d in 1 a fractured humerus and 
acromion pi;-cess. 

Of t h e who le series of 28 injuries, 4 (14-2 per cent) were t o t h e 
first part of t h e artery, 13 (46-2 per cent) were t o t h e second, and 
10 (35-7 per cent ) t o t h e th ird . I th ink th i s d is tr ibut ion corresponds 
fairly accurate ly w i t h t h e re la t ive danger a t t e n d a n t upon injury in 
t h e three pos i t ions . 

A s t o t h e nature of t h e les ions of t h e vesse ls , in 2 spontaneous 
thrombos i s probably t o o k p lace ; th i s was ev idenced in one b y t h e 
depos i t ion of an embolus a t t h e bifurcation of t h e brachial artery, 
a n d in t h e second b y s igns of arterial obs truct ion u n a c c o m p a n i e d 
b y either swel l ing, pu l sa t ion , or an arterial bruit . I n 3 cases 
operat ion s h o w e d t h e artery t o h a v e suffered comple te severance of 
c o n t i n u i t y ; a n d in one of t h e s e — d i s c o v e r e d during an early explora-
t i o n of a d iv ided brachial p l e x u s — t h e r e w a s n o ev idence of a n y local 
haemorrhage h a v i n g t a k e n place . T h e form a n d e x t e n t of t h e injury 
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in t h e remain ing cases can o n l y be conjec tured , b u t in three opera-
t i ons for arterial haematoma i t w a s f o u n d t h a t e i ther t h e v e i n h a d 
been w o u n d e d or i ts c o n t i n u i t y severed w i t h o u t t h e d e v e l o p m e n t 
of an arter io-venous c o m m u n i c a t i o n t a k i n g place . This lat ter fact 
is in consonance w i t h t h e remark m a d e in t h e general sec t ion as 
t o t h e importance of re tent ion of c o n t i n u i t y of t h e ve in , a n d of i t s 
close p r o x i m i t y t o t h e artery, in de termin ing t h e occurrence of 
a n e u r y s m a l var ices or arter io-venous a n e u r y s m s . 

I n 24 of t h e cases e i ther an arterial or an ar ter io -venous haema-
t o m a formed. In 1 3 of t h e s e t h e s igns p o i n t e d t o a pure arterial 
injury ; in one of t h e s e , d i sappearance of b o t h pu l sa t ion a n d bruit 
appeared t o ind icate a s p o n t a n e o u s cure. I n 11 cases an arterio-
v e n o u s c o m m u n i c a t i o n was e s tab l i shed ; in o n l y o n e of t h e s e w a s a 
large haematoma present , a n d t h e presence of t h e t y p i c a l m u r m u r 
w a s an i m p o r t a n t e l e m e n t in t h e d iagnos i s . 

L i t t l e remains t o be said as t o t h e spec ia l characters of a n e u r y s m s 
of th i s artery ; t h e general t e n d e n c y is t o be smal l , a n d th i s is m o s t 
m a r k e d in t h o s e in c o n n e c t i o n w i t h t h e second por t ion of t h e artery . 
In t h o s e of t h e th ird port ion t h e poster ior tr iang le offers easier 
cond i t ions for t h e format ion of a haematoma. W h e n t h e a n e u r y s m is 
ar ter io -venous , t h e large size of t h e v e i n , a n d t h e powerful s u c t i o n 
ac t ion e x e r t e d on t h e v e n o u s c irculat ion in s u c h c lose p r o x i m i t y t o 
t h e upper o p e n i n g of t h e t h o r a x , d o m u c h t o re l ieve t h e pressure of 
t h e arterial b lood-s tream, a n d p r o b a b l y a c c o u n t in cons iderable 
measure for t h e fact t h a t large sacs d o n o t form. 

A m o n g s t 2 3 of t h e cases , t h e radial pulse w a s obl i terated in 
9, in s o m e of w h i c h i t r e t u r n e d ; whi l e in 14 i t w a s present , b u t 
d imin i shed in v o l u m e . 

T h e presence of t h e characterist ic murmurs is t h e m o s t va luab le 
a n d d e p e n d a b l e s ign of a w o u n d of t h e artery or an arter io-venous 
c o m m u n i c a t i o n ; if t h e s e be absent , or d isappear in assoc iat ion w i t h 
obl i terat ion of t h e radial pulse , local thrombos i s m a y be a s s u m e d . 
In t w o cases of t h e series t h e sys to l i c m u r m u r w a s transferred t o t h e 
cardiac a p e x . 

T h e m o s t difficult po in t in d iagnos i s is t o d i s t inguish injuries of 
t h e first part of t h e artery from t h o s e of t h e root of t h e carot id , a n d 
on t h e r ight s ide from t h o s e of t h e i n n o m i n a t e artery . Careful 
auscu l ta t ion for t h e po in t a t w h i c h t h e local m u r m u r is loudest , a n d 
— i n arter io -venous c o m m u n i c a t i o n s — o b s e r v a t i o n of wh ich set of 
ve ins pu l sa tes , are t h e m a i n aids ; b u t a certain cl inical d iagnos is can 
hardly be es tabl i shed . 

Prognosis and Treatment. — E x a m i n a t i o n of t h e m e t h o d s of 
t r e a t m e n t a d o p t e d in th i s series affords a v e r y restr icted a m o u n t of 
informat ion , a l though , such as it is , t h e exper ience furnishes m a t t e r 
for serious considerat ion. 
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T h e g r e a t m a j o r i t y of t h e p a t i e n t s , wh i l e u n d e r m y o b s e r v a t i o n , 

w e r e t r e a t e d b y r e s t , a n d a f t e r w a r d s t r a n s f e r r e d t o E n g l a n d ; a n d I 

r e g r e t b e i n g u n a b l e t o o b t a i n a f u r t h e r h i s t o r y of m o r e t h a n four 

of t h e s e , in s p i t e of t h e v a l u a b l e a i d g i v e n t o m e b y D r . Y o u n g . 

O n e of t h e p a t i e n t s , in w h o m s p o n t a n e o u s t h r o m b o s i s o c c u r r e d , 

e v e n t u a l l y r e t u r n e d t o a c t i v e se rv ice , a n d w a s s e r v i n g w i t h h is 

b a t t a l i o n in F r a n c e s i x t e e n m o n t h s l a t e r ; in t h i s ca se t h e r e w a s 

a h e m o t h o r a x , b u t n o s igns of n e r v e i n j u r y . 

A second ca se w a s o p e r a t e d u p o n o n r e t u r n t o E n g l a n d , t h e 

a r t e r i o - v e n o u s c o m m u n i c a t i o n p r o v i n g t o b e a x i l l a r y . N o r e p o r t a s 

t o f u r t h e r p r o g r e s s is a v a i l a b l e , e x c e p t t h a t t h e r a d i a l p u l s e h a d 

r e t u r n e d four m o n t h s l a t e r , a n d t h a t d i s c h a r g i n g w o u n d s w e r e s t i l l 

o p e n . 

I n a t h i r d , a n o t e s u g g e s t s t h a t in E n g l a n d t h e s u r g e o n w a s 

i n c l i n e d t o a t t r i b u t e t h e i n j u r y t o t h e a r c h of t h e a o r t a . " L o u d 

m u r m u r o v e r r eg ion of a s c e n d i n g a r c h a n d s u p e r i o r v e n a c a v a — 

x-ray e x a m i n a t i o n s h o w s t h e a r c h of t h e a o r t a t o b e a n a r r o w o n e , 

o t h e r w i s e t h e r e is n o t h i n g a b n o r m a l t o b e s e e n — t h e p a t i e n t is v e r y 

w e a k a n d i n c a p a b l e of e x e r t i o n . " I n F r a n c e , a m o n t h ea r l i e r , I h a v e 

t h e n o t e , " l o u d m a c h i n e r y m u r m u r , l o u d e s t o v e r c lav ic le ; c o n d u c t e d 

t o t h e b a s e of t h e h e a r t , t h e n e c k , a n d d o w n t h e l i m b , " a n d I a m 

s t i l l i nc l i ned t o l o c a t e t h e i n j u r y t o t h e r i g h t s u b c l a v i a n . 

S e v e n p a t i e n t s w e r e o p e r a t e d u p o n ; in e a c h i n s t a n c e t h e i n d i c a -

t i o n w a s e i t h e r h a e m o r r h a g e f r o m t h e w o u n d , o r i n c r e a s e in size of 

t h e h a e m a t o m a ; a n d in e v e r y case a f a t a l i s sue fo l lowed. I n v i e w 

of t h e v e r y g r e a t d a n g e r w h i c h a t t e n d s t h e s e o p e r a t i o n s , t h e m o s t 

usefu l p l a n is t o a p p e n d a s h o r t r e p o r t of e a c h . 

Case 3 3 . — A r t e r i a l h e e m a t o m a . H a e m o r r h a g e f o l l o w i n g r e m o v a l of 
r e t a i n e d m i s s i l e . S e c o n d a r y b l e e d i n g . D e a t h . 

A piece of shrapnel case was removed from t h e left poster ior t r iangle 
of t h e neck th ree days af ter recept ion of t h e wound . The operat ion 
was accompanied by free bleeding, which was checked by plugging t h e 
wounds . 

Cellulitis followed, a n d on t h e t e n t h , twelf th , a n d four teenth days a 
haemorrhage accompanied each dressing of t h e wound , which was plugged 
on each occasion. On t h e fifteenth d a y an a t t e m p t t o reach a n d l igature 
t h e a r t e ry was m a d e , b u t t h e m a t t e d condit ion of t h e t issues was such 
t h a t in t h e face of incontrollable bleeding t h e opera t ion h a d t o be aban-
doned and t h e wound again plugged. The pa t i en t died of exhaus t ion 
ab o u t twelve hours later . A d iagrammat ic drawing of t he ar ter ia l wound 
in this case is shown in Fig. 8 c. 

At t h e pos t -mor tem examina t ion , a large mass of blood-clot was 
found benea th t h e clavicle, also suppura t ion ex tend ing in to t h e neck 
a n d downwards in t h e posterior med ias t inum. Two inches of t h e sub-
clavian vein were missing, a n d t h e ar ter ia l wound was of ' f l a p ' form. 
Nei ther ar ter ia l nor ar ter io-venous bru i t had been audible dur ing life. 
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Case 3 4 . — A r t e r i a l h œ m a t o m a . H a e m o r r h a g e f o l l o w i n g r e m o v a l of 
r e t a i n e d m i s s i l e on d a y of w o u n d . S e c o n d a r y b l e e d i n g . D e a t h . 

P t e . C. A t t h e first dressing performed a t t h e casua l ty clearing s ta t ion , 
bleeding followed removal of t h e p lug in t roduced a t t h e p r i m a r y opera t ion . 
T h e w o u n d was repacked , a n d t h e skin b rough t toge ther over t h e p lug b y 
s t i tches . 

On ar r iva l a t a hospi ta l on t h e lines of communica t ion on t h e fifth 
day , t h e plugs were again removed a n d no haemorrhage followed. On t h e 
seventh d a y a copious secondary haemorrhage occurred ; t h e wound was 
again plugged, no t sufficiently t igh t ly , however , t o obl i te ra te t h e rad ia l 
pulse. On t h e seventeen th d a y haemorrhage again recurred, a n d a n 
a t t e m p t t o secure t h e subclavian a r t e r y was m a d e . The t issues were 
m a t t e d a n d soft, b u t a l igature was passed a round t h e t h i r d por t ion of t h e 
subclavian, a n d haemorrhage was a r res ted . The opera t ion was ve ry 
difficult, a n d some air en tered t h e p leura dur ing i ts performance. T h e 
pa t i en t died t h e same evening from exhaus t ion a n d loss of blood. 

T h e s e t w o o p e r a t i o n s m e r e l y e m p h a s i z e t h e a d v i s a b i l i t y of 

d e a l i n g r a d i c a l l y w i t h h a ? m o r r h a g e f r o m t h e r o o t of t h e n e c k a t t h e 

p r i m a r y o p e r a t i o n o n t h e w o u n d . 

T h e r e m a i n i n g five o p e r a t i o n s w e r e a l l p e r f o r m e d for s o m e fo rm 

of a n e u r y s m . T w o of t h e f a t a l r e s u l t s o c c u r r e d in cases o p e r a t e d 

u p o n b y myself , a n d I wil l p l a c e t h e s e first, a s wel l i l l u s t r a t i n g t h e 

d a n g e r s w h i c h m a y h a v e t o b e f aced . 

Case 3 5 . — F a l s e a n e u r y s m of s e c o n d p o r t i o n of s u b c l a v i a n a r t e r y . 
L o c a l l i g a t u r e . D e a t h f r o m ef fects of h a e m o r r h a g e . 

P t e . B . was a d m i t t e d th ree days af ter being wounded b y a bul let which 
entered a b o u t t h e apex of t h e r ight poster ior t r iangle a n d emerged a t t h e 
back of t h e shoulder above t h e posterior marg in of t h e scapula . T h e e n t r y 
wound was minimal in size. There was a complete brachial monoplegia . 
A large, soft, pu lsa t ing swelling ex tended upwards t o t h e level of t h e t o p 
of t h e t hy ro id cart i lage, raised t h e s t e rnomas to id sl ightly, b u t d id n o t 
ex tend benea th t h e t rapez ius . T h e radia l pulse was absen t . A simple 
systolic b ru i t was audible t h r o u g h o u t t h e swelling, b u t was no t widely 
conduc ted . T h e m a n was very pale a n d anaemic. 

D u r i n g t h e nex t fourteen days complete rest was main ta ined , a n d 
t h e swelling became m u c h more localized ; b u t on t h e t h i r t e en th d a y i t 
was no ted t o be m u c h softer a n d a p p a r e n t l y increasing. Fo r t h e l a t t e r 
reasons I decided to opera te in spite of t h e pa t i en t ' s anaemic condi t ion. As 
a precaut ion , t h e innomina te a r t e ry was first exposed b y an incision a long 
t h e anter ior border of t h e s te rnomasto id , a n d a c lamp Was placed u p o n i t . 
An incision was now carr ied from the lower end of the first one, along t h e 
clavicle, a n d a t r i angu la r flap raised ou twards . The swelling was t h e n 
exposed a n d opened. A cav i ty conta in ing a greenish fluid, bounded b y 
decolorized l ymph , was found completely shu t off from a deeper swelling b y 
t h e deep layers of t he cervical fascia. The aneu rysm was t h e n opened, a 
procedure which was followed b y an a la rming rush of blood, controlled only 
b y pressure downwards a n d inwards towards t h e t ransverse processes of t h e 
cervical vertebrae. After some t rouble t h e bleeding, which came from t h e 
cent ra l end of a complete division of t he a r t e ry in its second por t ion , was 
s topped, and it was t h o u g h t wiser to t ie t he first por t ion of t h e subclavian 
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Fig. 47.—Arterial aneurysm developed in connection with a complete division 
of the second portion of the right subclavian artery. The distal end of the vessel is 
shown by the dark glass rod. The white rod passes through the original aperture 
of entrance of the bullet, and indicates its course. The anterior scalene muscle was 
destroyed in half its width by the bullet. The incision in the sternal portion of the 
sternomastoid muscle was made for the purpose of applying an arterial clamp to the 
innominate artery during the progress of the operation on the aneurysm. Under 
the care of Dr. Ronald Gray. 

t r u n k , and remove the c lamp from t h e innomina te . No t race of the sub-
clavian vein was seen. The pa t i en t was m u c h blanched from loss of blood 
a t t h e end of t h e operat ion, a n d th ree hours la ter he died, in spite of a 
saline infusion (G. H . M.). 
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Fig. 47 shows t h e condi t ion found a t t h e opera t ion . One poin t , t h e 
des t ruc t ion of half t h e w i d t h of t h e an te r ior scalene muscle , t h e phrenic 
nerve lying in t ac t on t h e fascia a t t h e ve ry edge of t h e remain ing p a r t , 
is ins t ruc t ive , since h a d t h e muscle been divided—as was a t one m o m e n t 
con templa t ed dur ing t h e difficulties of t h e opera t ion—the nerve migh t 
no t have escaped. The haemorrhage came from t h e r e t u r n flow in t h e 
branches of t h e first a n d second p a r t s of t h e a r t e ry . 

Spec i a l p o i n t s of i n t e r e s t in t h i s c a s e a r e , f i rs t ly , t h a t t h e s p a c e 

o c c u p i e d b y t h e o r i g i n a l h e m a t o m a h a d b e c o m e l o c u l a t e d a n d t h e 

l ocu lu s s h u t off, w h i l e a t y p i c a l false a n e u r y s m h a d d e v e l o p e d ; 

s e c o n d l y , t h a t a l t h o u g h b o t h t h e v e i n a n d a r t e r y h a d suffered 

Fig. 48.—Skiagram showing size, shape, and position of a fragment of shell which 
wounded the second part of the right subclavian artery, giving rise to an arterio-
venous aneurysm. The resemblance in shape of the fragment to a deformed bullet is 
of interest. Under the care of Captain Greaves. 

d i v i s i o n , a s i m p l e a r t e r i a l a n e u r y s m d e v e l o p e d . I b e l i e v e t h i s l a t t e r 

t o b e a f a r f r o m u n c o m m o n r e s u l t w rhen t h e v e i n is c o m p l e t e l y 

s e v e r e d ; r e t r a c t i o n , t h r o m b o s i s , a n d s p o n t a n e o u s c lo su re t a k i n g p l a c e , 

wh i l e t h e a r t e r i a l w o u n d m a y r e m a i n p a t e n t . O t h e r e x a m p l e s h a v e 

b e e n s een . 

Case 3 6 . — A r t e r i o - v e n o u s a n e u r y s m of j u n c t i o n of s e c o n d a n d t h i r d 
p a r t s of r i g h t s u b c l a v i a n a r t e r y . D e a t h f r o m e n t r y of a i r i n t o v e i n s . 

P t e . W . The bul le t en te red over t h e junc t ion of t h e middle a n d inner 
th i rds of t h e clavicle, a n d emerged a t t h e uppe r border of t h e scapula 
behind. 
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W h e n a d m i t t e d t o a base hospital t h e wounds still r emained open, b u t 
t h e y rapid ly healed. On t h e seventy-fifth d a y af ter t h e original in jury the re 
was swelling a n d pulsa t ion in t h e posterior t r iangle of t h e neck, a n d pulsa-
t ion of t h e small bluish scar overlying t h e perforat ion of t h e clavicle. There 
was a wel l -marked thr i l l in t h e neck, a n d t h e veins in t h e poster ior t r iangle 
pulsa ted , b u t t h e t u m o u r was soft, a n d only p a r t l y obl i tera ted t h e normal 
hollow of t h e t r iangle . A loud a n d widely conduc ted mach ine ry m u r m u r 
was hea rd on auscul ta t ion . 

An incision was m a d e along t h e inner four-fifths of t h e length of t h e 
clavicle, wi th a n angular extension runn ing upwards along t h e an te r ior 
border of t h e s te rnomasto id t e n d o n for t w o inches. 

The s te rnomasto id muscle was divided near i ts insert ion a n d reflected 
upwards , a n d t h e poster ior t r iangle opened u p in i ts whole wid th . T h e 
carot id a n d first por t ion of t h e subclavian a r t e r y were now bared a n d 
cleared from t h e vagus , t h e phrenic nerve was identified, a n d a provisional 
l igature placed a round t h e first p a r t of t h e subclavian a r t e ry . T h e ou te r 
marg in a n d half t h e b r ead th of t h e an ter ior scalene muscle were divided, 
a n d t h e remainder of t h e muscle r e t r ac t ed inwards ; b y th is s tep a second 
provisional l igature was able t o be placed on t h e a r t e ry beyond t h e origin 
of t h e in ternal m a m m a r y a r t e ry a n d t h e thy ro id axis . 

T h e cords of t h e brachial plexus needed t o be freed from t h e surface 
of t h e di la ted vein. T h e vein was grea t ly d is tended, as were also t h e 
ex te rna l jugular a n d some o ther branches enter ing it ; t h e l a t t e r were t ied 
off, a n d a provisional l igature was placed on t h e axi l lary vein. T h e ou te r 
end of t h e th i rd p a r t of t h e a r t e ry was now readi ly secured, a n d a provi-
sional l igature placed a round i t . 

So far all h a d gone as regular ly as clockwork, and every precau t ion 
h a d been t a k e n except t o close provisionally t h e proximal end of t h e 
subclavian vein. The fact t h a t th is was adhe ren t a n d cont inuous wi th 
t h e opening in t h e clavicle had no t allowed t h e clavicle t o be divided, a n d 
h a d rendered it impract icable t o d r aw t h e vein fully in to view. An a t t e m p t 
was now m a d e to free t h e vein from its connection t o t h e bone. As th is was 
done , a sound of air enter ing in to t h e vein was heard . The sound was no t 
loud, nei ther was there a n y difficulty in controll ing t h e haemorrhage from 
t h e opening in t h e vein ; b u t t h e pa t i en t became suddenly ill, in a few 
seconds t h e hea r t ' s act ion failed, and a l though he cont inued t o b rea the , 
he died in a few minutes (G. H . M.). 

T h e o n l y c o m m e n t t o b e m a d e o n t h i s c a se is t h a t t h e a c c i d e n t 
m i g h t h a v e b e e n a v o i d e d h a d a p r o v i s i o n a l l i g a t u r e b e e n p l a c e d o n 
t h e i n n o m i n a t e v e i n . T h e a m o u n t of a i r w h i c h e n t e r e d m u s t h a v e 
b e e n l a r g e , for t h e e x p o s e d i n t e r n a l j u g u l a r v e i n b e c a m e b lood les s , 
a n d b u b b l e s of a i r c o u l d b e seen m o v i n g in i t in a s s o c i a t i o n w i t h t h e 
m o v e m e n t s of r e s p i r a t i o n . 

Case 3 6 A . — A r t e r i o - v e n o u s a n e u r y s m of t h e first p a r t of t h e r i g h t s u b -
c l a v i a n a r t e r y . L i g a t u r e of t h e i n n o m i n a t e a r t e r y . C losure of t h e orif ice 
of c o m m u n i c a t i o n b y l i g a t u r e . 

P t e . A. W o u n d e d b y a small f ragment of shell, which en te red ab o u t 
t h e centre of t h e anter ior border of the r ight t rapezius muscle, a n d was 
re ta ined in a posi t ion u n k n o w n . There was free p r imary bleeding, con-
trolled b y the appl icat ion of a p a d a n d dressing. 
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W h e n seen fourteen days la ter , the re was widespread subcutaneous 
ecchyrnosis, indura t ion in t h e line of t he wound t r ack , a n d general fullness 
of t h e poster ior t r iangle of t h e neck. A rounded localized swelling was pal-
pable b e n e a t h t h e lower end of t he s te rnomasto id muscle, a n d thri l l a n d a 
cont inuous b ru i t , of which the systolic e lement was t he more marked , were 
present . The cardiac apex was in t he nipple line, a n d t h e sounds could be 
hea rd dis t inct from the b ru i t . The pulses a t t he wrist were equal in volume 
a n d force, a n d bea t 100 to t h e m i n u t e . T h e venous roar was audible a t t h e 
wrist on auscul ta t ion . 

The pa t i en t was kep t a t rest , a n d two m o n t h s la ter t h e condi t ion was 
m u c h improved . The swelling a n d ecchyrnosis in t h e posterior t r iangle 
h a d d isappeared, and a local sac lying benea th t h e s te rnomasto id in t h e line 
of t h e com m on carot id a r t e ry , a n d ex tend ing upwards for th ree inches above 
t h e clavicle, remained . N o enlargement of t he superficial veins was present , 
b u t t h e r ight radial pulse was a li t t le weaker t h a n t h e left. 

On t h e sevent ie th d a y after t he in jury an operat ion was u n d e r t a k e n . 
A n angula r incision, as for l igature of t h e innomina te a r t e ry , b u t carried 
ou twards for th ree-quar te rs of t he length of t he clavicle, was m a d e , a n d t h e 
s te rnomasto id muscle was divided one inch above its insert ion and reflected. 
This procedure exposed a thick-walled sac, appa ren t ly emerging from t h e 
in terval be tween the longus colli a n d t h e anter ior scalene muscles, a n d 
ex tend ing upwards as high as the level of t h e four th cervical ve r t ebra . 

The carot id a r t e ry a n d vagus nerve were freed from t h e inner marg in 
of t he sac, and a n a t t e m p t m a d e t o secure t he root of t he first p a r t of t h e 
subclavian a r t e ry ; th is proved to be impract icable , as t he vessel was wide, 
and impl icated in t he wall of t h e aneu rysm in this posi t ion. Provisional 
l igatures were therefore placed upon the innomina te and t h e th i rd p a r t of 
t h e subclavian a r te ry , a n d t h e clearance of the sac proceeded wi th . The 
deep aspect of t h e sac was readi ly raised from t h e surface of t he anter ior 
scalene muscle , which was widened ou t , a n d on its surface t h e phrenic nerve 
was exposed. On a t t e m p t i n g t o free t h e inner margin of t h e sac, a wound 
was m a d e in to i t , and it t h e n became necessary t o t igh ten u p the l igature 
on t h e innomina te a r t e ry . The opening in t h e sac was controlled b y t h e 
finger, t h e sac freed down t o its connect ion wi th the a r t e ry and vein, a n d a 
l igature t h r o w n a round t h e junc t ion and t ied. 

The wound was t hen closed ; t h e pa t i en t h a d lost a good deal of blood 
dur ing the l a t t e r p a r t of t h e operat ion, a n d a saline infusion was given in 
t he evening, after which he s teadi ly picked u p (G. H . M.). 

The following d a y the pa t i en t looked pale , a n d was somewha t drowsy, 
b u t he h a d a pulse of 104 of good volume, a n d said

 ki
 he felt fine." 

On t h e evening of t h e second d a y he lost power in t he left upper 
ex t remi ty , b u t there was no facial weakness , and t h e m a n did no t 
appear t o apprecia te t h a t his a r m was powerless. On the fourth d a y no 
t race of t h e paralysis remained , t h e anaemia was m u c h less marked , and 
t h e pulse a n d t empera tu re were normal . St i tches were removed a t t he end 
of eight days . 

On t h e seventh d a y a considerable a m o u n t of lymph escaped from the 
wound, a n d the discharge cont inued for some five days ; t he charac te r of 
th is discharge suggested in jury to t he r ight l ympha t i c duc t . T h e t empera -
tu re , which h a d never risen since t he opera t ion , a n d the pulse, remained 
normal t h roughou t , and s t eady improvemen t took place. A t no t ime was 
there coldness or a n y sign of t roub le in t h e r ight upper ex t r emi ty . 

The pa t i en t m a d e an excellent recovery . 
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Case 3 7 . — A r t e r i a l h œ m a t o m a of l e f t s u b c l a v i a n a r t e r y . P r o x i m a l 
l i g a t u r e of t h e first p o r t i o n of t h e v e s s e l . S u b s e q u e n t e x t e n s i o n of t h e 
a n e u r y s m . D e a t h f r o m e x h a u s t i o n l a t e r . 

P t e . S. A fortnight after reception of a wound b y a bul le t—which 
entered t he chest wall over t h e s t e rnum jus t t o t h e inner end of t h e left 
clavicle, and emerged behind t h e left shoulder-joint—a soft pulsa t ing swelling, 
over which a systolic brui t was audible, was discovered. 

Dur ing t h e nex t six days t h e swelling increased in prominence and 
exten t , filling up the posterior t r iangle, and operat ion became necessary. 

Capta in Greaves resected t h e inner th i rd of t h e clavicle, t u rned it 
upward together wi th t h e s ternomastoid , and t ied t h e first por t ion of t h e 
subclavian a r t e ry . Eighteen days la ter t h e pa t i en t was t ransferred t o 
Eng land . 

On arr ival , t he aneurysm was act ive a n d cont inued t o ex tend , t h e 
wound was suppura t ing , and t h e pa t i en t ill. I t was no t considered a n 
operable case, and t h e pa t i en t gradual ly sank a n d died from exhaus t ion 
th ree mon ths af ter t h e d a t e of reception of t h e in jury . 

Case 3 8 . — A r t e r i a l h a e m a t o m a of first p o r t i o n of r i g h t s u b c l a v i a n 
a r t e r y . E m b o l i s m of r i g h t b r a c h i a l a r t e r y , G a n g r e n e of h a n d , D e a t h . 

Sergt.-Maj. F . Bullet wound, passing from over inner t h i rd of r ight 
clavicle t o emerge over r ight scapula . A week la ter pulsat ion was no ted 
a round t h e ape r tu re of en t ry , and a systolic brui t was audib le . On t h e 
eighth d a y t h e h a n d and forearm became tense a n d swollen, and incipient 
gangrene was appa ren t . The radia l pulse was absen t , a n d brachial embolism 
was diagnosed. On t h e t h i r t e en th d a y t h e local swelling had increased, 
b u t t h e general condit ion was fair ; t h e wound of exit was suppura t ing . 

On t h e twen t i e th day , an a t t e m p t t o deal wi th t h e haematoma was 
m a d e . The clot was found t o be infected ; t h e first p a r t of t h e subclavian 
was secured wi th great difficulty, and t h e pa t i en t died shor t ly af terwards . 

Case 3 9 . — A r t e r i a l h a e m a t o m a of t h i r d p o r t i o n of s u b c l a v i a n a r t e r y . 
L o c a l l i g a t u r e of t h e v e s s e l . G a n g r e n e of a r m . A m p u t a t i o n . 

P t e . W . Bullet wound, enter ing jus t below clavicle, and emerging a t 
back of shoulder . On t h e second d a y a pulsa t ing t u m o u r , over which a 
systolic m u r m u r was audible , was de tec ted . Ten days later t h e t u m o u r 
was larger, a n d it was t h o u g h t advisable t o opera te . An injury t o bo th 
a r t e ry and vein was discovered a t t h e poin t of junc t ion of t h e subclavian 
and axi l lary. B o t h vessels were l igated above a n d below t h e wounds in 
the i r walls. 

On t h e twelf th d a y t h e h a n d became blue, a l though still w a r m ; b u t 
wi th t h e swelling a rise of t e m p e r a t u r e and general malaise poin ted t o 
septic absorpt ion, and on t h e t h i r t e e n t h d a y t h e a r m was a m p u t a t e d above 
t h e elbow. 

T h e p o s t - o p e r a t i v e r e s u l t s i l l u s t r a t e a l m o s t a l l t h e p o i n t s w h i c h 
r e q u i r e a t t e n t i o n : t h e diff icul ty of successfu l ly d e a l i n g w i t h s e c o n d a r y 
h e m o r r h a g e f r o m t h i s a r t e r y in a n in f ec t ed w o u n d ; t h e d a n g e r of 
r i s k i n g a n o p e r a t i o n w h i c h m a y be a t t e n d e d b y free b l e e d i n g in a 
p a t i e n t s t i l l anaemic f rom p r i m a r y loss of b l o o d ; t h e f u t i l i t y of t h e 
o p e r a t i o n of s i m p l e p r o x i m a l l i g a t u r e in t h e ca se of a l a r g e t r u n k g i v i n g 
off b r a n c h e s in close p r o x i m i t y t o t h e w o u n d e d p o i n t ; t h e d a n g e r 
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w h i c h e x i s t s a t t h e r o o t of t h e n e c k of a i r e n t e r i n g t h e g r e a t ve in s ; 
l a s t l y , t h e pos s ib i l i t y of p o s t - o p e r a t i v e e m b o l i s m . 

T h e d e a t h - r a t e in t h i s ser ies a m o u n t s t o 21-4 p e r c e n t of a l l 
i n ju r i e s , a n d 85-7 p e r c e n t in t h e ca se of o p e r a t i o n s . I t is t r u e t h a t 
in four of t h e cases s e p t i c i n fec t ion p l a y e d a p r o m i n e n t p a r t , b u t n o n e 
t h e less t h e g r e a t r i sk w h i c h a t t e n d s t h e s e o p e r a t i o n s c a n n o t b e t o o 
s t r o n g l y i m p r e s s e d . 

I n t w o cases s p o n t a n e o u s t h r o m b o s i s a p p e a r s t o h a v e effected 
a c u r e ; w

r
hile, o n t h e o t h e r h a n d , g a n g r e n e r e s u l t e d f rom a r t e r i a l 

e m b o l i s m in n o less t h a n t h r e e cases . I t is i n s t r u c t i v e t o k e e p in 
m i n d t h e f a c t t h a t e m b o l i s m a t t h e b i f u r c a t i o n of t h e b r a c h i a l is a 
c o m p a r a t i v e l y e a s y a c c i d e n t t o d i a g n o s e , w h i l e in t h e l ower l i m b 
t h i s is n o t t h e case , a n d , m o r e o v e r , i t is n o t a l w a y s e a s y t o d e t e c t 
a n e m b o l u s e v e n o n p o s t - m o r t e m e x a m i n a t i o n . T h e s e cases , a n d 
t h o s e a l r e a d y d e a l t w i t h in t h e s e c t i o n d e v o t e d t o t h e c a r o t i d a r t e r i e s , 
s u p p o r t t h e v i e w t h a t e m b o l i s m m a y b e a m o r e c o m m o n f a c t o r in 
t h e p r o d u c t i o n of g a n g r e n e of t h e l i m b s t h a n is g e n e r a l l y r e c o g n i z e d . 

Mode of Operation.—In a n y case of s u b c l a v i a n a n e u r y s m , t h e 
c lass ica l inc i s ion for s e c u r i n g t h e t h i r d p o r t i o n of t h e a r t e r y n e e d s t o 
b e c o n s i d e r a b l y e l o n g a t e d t o w a r d s t h e m i d - l i n e ; a n d if t h e first o r 
s e c o n d p o r t i o n of t h e vesse l n e e d s t o b e d e a l t w i t h , t h e a n g u l a r inc i -
s ion , fo l lowing t h e a n t e r i o r b o r d e r of t h e s t e r n o m a s t o i d t o t h e s t e r n o -
c l a v i c u l a r j o i n t a n d t h e n c a r r i e d o u t w a r d s a l o n g t h e c lav ic le , is t h e 
m o s t s u i t a b l e . 

T h e superf ic ia l s t r u c t u r e s h a v i n g b e e n d i v i d e d , i t is g e n e r a l l y 
b e t t e r a t o n c e t o d i v i d e t h e s t e r n o m a s t o i d m u s c l e , a b o u t o n e i n c h 
a b o v e i t s c l a v i c u l a r a t t a c h m e n t . T h e a r e a t o b e d e a l t w i t h is t h u s 
fa i r ly wel l e x p o s e d , a n d t h e first p a r t of t h e s u b c l a v i a n o r t h e 
i n n o m i n a t e t r u n k c a n b e r e a d i l y s e c u r e d s h o u l d i t p r o v e n e c e s s a r y . 
I n s o m e cases i t b e c o m e s t h e n a d v i s a b l e t o d i v i d e t h e a n t e r i o r s ca l ene 
m u s c l e , exe r c i s i ng d u e c a r e t o p r e s e r v e t h e p h r e n i c n e r v e i n t a c t . 

T h e chief diff icul ty w h i c h m a y n o w a r i se lies in t h e n u m b e r a n d 
size of t h e b r a n c h e s of t h e first a n d s e c o n d p o r t i o n s of t h e a r t e r y , 
w h i c h m a y e i t h e r l e ad d i r e c t l y i n t o t h e s a c , o r wil l f u r n i s h a n a b u n d a n t 
s u p p l y t o i t e v e n w h e n p r o v i s i o n a l c o n t r o l h a s b e e n e s t a b l i s h e d of t h e 
i n n o m i n a t e o r t h e first p a r t of t h e s u b c l a v i a n , a n d t h e t h i r d p a r t of 
t h e l a t t e r vesse l . A p r o v i s i o n a l l i g a t u r e o r c l a m p p l a c e d u p o n t h e 
i n n o m i n a t e is in i tself p r a c t i c a l l y use less t o r e s t r a i n h a e m o r r h a g e f rom 
t h e sac if t h i s b e o p e n e d , a n d t h e s a m e h o l d s g o o d w i t h r e g a r d t o 
p r o v i s i o n a l c o n t r o l of t h e r o o t of t h e s u b c l a v i a n a r t e r y . T h i s w a s 
fo rc ib ly d e m o n s t r a t e d in Case 3 5 , in w h i c h i n s t a n c e b l e e d i n g f rom 
t h e sac s e e m e d t o b e a l m o s t a s free a s if n o p r e c a u t i o n w h a t e v e r h a d 
b e e n t a k e n . I t is c l ea r t h a t in t h i s ca se t h e s t e r n o m a s t o i d a n d t h e 
a n t e r i o r s ca l ene m u s c l e s s h o u l d h a v e b e e n c o m p l e t e l y d i v i d e d before 
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t h e sac w a s o p e n e d , a n d t h e n m u c h of t h e loss of b l o o d w h i c h led t o 

a f a t a l i s sue m i g h t h a v e b e e n a v o i d e d . 

T h e n e e d t o exerc i se c a r e w i t h r e g a r d t o t h e r e c u r r e n t l a r y n g e a l 

n e r v e a n d t h e t h o r a c i c o r r i g h t l y m p h a t i c d u c t , wh i l e m a n i p u l a t i n g 

in t h i s r eg ion , m a y b e m e n t i o n e d in p a s s i n g , a n d t h e c a r e n e c e s s a r y 

in d e a l i n g w i t h t h e v e i n s . 

T h e e x p e r i e n c e g a i n e d in Case 36 s h o w s t h a t in a p p r o a c h i n g 

a r t e r i o - v e n o u s a n e u r y s m s of t h e s econd p a r t of t h e a r t e r y , i t is b e s t 

t o p l a c e a p r o v i s i o n a l c o n t r o l o n t h e i n n o m i n a t e v e i n wh i l e f ree ing 

t h e first p a r t of t h e s u b c l a v i a n , s h o u l d t h e l a t t e r h a v e a c q u i r e d 

a d h e s i o n s . T h e s u b c l a v i a n v e i n i tself is u s u a l l y v e r y m u c h d i l a t e d , 

a n d f o r m s t h e m a j o r p a r t of t h e t u m o u r , a n d t h e b r a n c h e s a r e a l so 

l a r g e . T h e l a t t e r a r e eas i ly s e c u r e d a n d d i v i d e d b e t w e e n l i g a t u r e s , 

a n d a s a ru l e t h i s p r e c a u t i o n s h o u l d b e t a k e n as soon as t h e b r a n c h e s 

a r e ful ly e x p o s e d . 

O n e p o i n t is w o r t h y of f u r t h e r m e n t i o n . I s i t b e t t e r t o d i v i d e 

t h e c lav ic le o r n o t ? I n t h e m a j o r i t y of ca ses , un l e s s t h e j u n c t i o n of 

t h e s u b c l a v i a n a n d a x i l l a r y a r t e r i e s r e q u i r e s t o b e e x p o s e d , i t is q u i t e 

u n n e c e s s a r y if t h e s t e r n o m a s t o i d b e d i v i d e d ; s ec t ion of t h e b o n e 

inc reases t h e s e v e r i t y of t h e o p e r a t i o n , a n d e n t a i l s r i sk of i n j u r y t o 

t h e a n e u r y s m a l sac o r t h e v e i n s . I t h i n k t h e p r o c e d u r e s h o u l d b e 

r e s e r v e d for cases of e x c e p t i o n a l diff icul ty, a n d r a r e l y r e s o r t e d t o . 

M y o w n e x p e r i e n c e l e a d s m e t o r e g a r d o p e r a t i o n s for a r t e r i o -

v e n o u s a n e u r y s m s in t h i s r eg ion a s t h e m o s t difficult a n d d a n g e r o u s 

of a n y t h a t c a n b e u n d e r t a k e n . 

Case 3 2 a . — I n t r a t h o r a c i c w o u n d of l e f t s u b c l a v i a n a r t e r y . H e m o t h o r a x . 
A r t e r i a l h e m a t o m a . E m b o l i s m of b r a c h i a l a r t e r y . G a n g r e n e of h a n d . 
A m p u t a t i o n . (Omitted from p. 177 . ) 

Sergt . W . W o u n d of e n t r y in left posterior t r iangle , large exit nea r 
angle of left scapula . W h e n seen a t t he end of t he week, a large hacmo-
t h o r a x h a d developed, and a loud blowing systolic m u r m u r was audible 
over t h e course of t he subclavian a r t e ry . No pulsa t ion was pa lpable . A 
d a y la ter , t he h a n d became blue a n d cold, pulsa t ion of t he radia l a r t e r y 
was ext inguished, bu t no t t h a t of t he brachia l . 

The pa t i en t h a d been obliged t o remain th ree days in t h e t r enches 
af ter being wounded , a n d he was suffering considerably. H e was anaemic, 
a n d short of b r e a t h . Considerable ecchymosis was still p resent a round t h e 
wound of e n t r y . 

In view of t h e m a n ' s condi t ion an a r t e r io tomy was no t considered 
advisable , t h e h a n d became gangrenous in t he an ter ior th i rd , a n d t h e haemo-
t h o r a x suppura t ed . 

The h e m o t h o r a x was dra ined, a n d an a m p u t a t i o n performed t h rough 
t h e lower t h i r d of t he forearm. A good recovery was m a d e , a n d t h e m a n 
re tu rned home in good condi t ion, b u t t h e u l t ima te fate of t h e haematoma 
is u n k n o w n . 
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CHAPTER IX. 

VESSELS OF THE UPPER EXTREMITY. 

AXILLARY ARTERY. 

F I F T Y - F O U R cases of i n j u r y t o t h i s a r t e r y a r e d e a l t w i t h in t h e 
ser ies , a n d i n 4 0 of t h e s e s o m e f o r m of a n e u r y s m d e v e l o p e d . T h e 
i n c i d e n c e o n t h e t w o s ides of t h e b o d y is a b o u t e q u a l : of 4 8 of t h e 
cases , 2 7 w e r e o n t h e r i g h t a n d 2 1 o n t h e lef t s i de of t h e b o d y . 1 5 
w e r e t h e r e s u l t of b u l l e t w o u n d s , a n d 3 9 of in ju r i e s b y f r a g m e n t s of 
she l l s . W i t h r e g a r d t o d i s t r i b u t i o n o v e r t h e l e n g t h of t h e vesse l , 
a m o n g s t 5 2 in ju r i e s , we find 1 7 ( 3 2 - 6 p e r c e n t ) w e r e of t h e first p a r t , 
1 4 ( 2 6 - 9 p e r c e n t ) of t h e s e c o n d p a r t , a n d 2 1 ( 4 0 - 3 p e r c e n t ) of t h e 
t h i r d p a r t . 

I t wil l b e o b s e r v e d t h a t t h e ser ies c o n t a i n s a v e r y l a r g e p r o p o r -
t i o n of a n e u r y s m s . T h i s d e p e n d s u p o n t w o c o n d i t i o n s : first, t h e 
w o u n d s of t h e sof t p a r t s w e r e for t h e m o s t p a r t of a c o m p a r a t i v e l y 
s l i gh t n a t u r e ; a n d s e c o n d l y , a x i l l a r y a n e u r y s m s , e x c e p t of t h e 
t h i r d p a r t , a r e r a r e l y d e a l t w i t h a t a n e a r l y s t a g e , h e n c e t h e g r e a t 
m a j o r i t y of t h e m r e a c h t h e h o s p i t a l s o n t h e l ines of c o m m u n i c a t i o n 
o r t h e b a s e . F o r t h e s a m e r e a s o n s , t h e h i s t o r i e s s h o w t h a t p r i m a r y 
h e m o r r h a g e h a d r a r e l y b e e n free, a n d s e c o n d a r y h a e m o r r h a g e w a s 
n o t a f r e q u e n t c o m p l i c a t i o n ; t h e l a t t e r o c c u r r e d in 1 3 - 3 p e r c e n t of 
a l l t h e cases , a n d in o n l y o n e led t o a f a t a l i s sue . 

Spec i a l c o n d i t i o n s e x i s t in t h e case of t h e a x i l l a r y vesse ls w h i c h 
inf luence t h e o c c u r r e n c e of e i t h e r p r i m a r y o r s e c o n d a r y h e m o r r h a g e . 
F i r s t , t h e w o u n d s in cases w h i c h r e a c h t h e b a c k l ines a r e u s u a l l y of 
t h e s l igh t t r a v e r s i n g c h a r a c t e r , o r t h o s e in w h i c h t h e miss i l e is r e t a i n e d . 
I n o n l y t h r e e i n s t a n c e s in t h i s ser ies w e r e t h e w o u n d s of t h e 
s u r r o u n d i n g sof t p a r t s of a n y c o n s i d e r a b l e e x t e n t — w h i c h p o i n t s t o 
t h e conc lus ion t h a t l a rge w o u n d s of t h e a x i l l a a c c o m p a n i e d b y les ions 
of t h e g r e a t vesse ls a r e o f t en f a t a l . 

T h e s e c o n d c o n d i t i o n w h i c h affects t h e o c c u r r e n c e of h e m o r -
r h a g e is t h e d i s p o s i t i o n of l a rge n e r v e t r u n k s p a r a l l e l t o a n d 
s u r r o u n d i n g t h e vesse l . T h e i m p o r t a n c e of t h i s a n a t o m i c a l a r r a n g e -
m e n t in p r o m o t i n g s p o n t a n e o u s a r r e s t of h e m o r r h a g e f rom l a rg e 
vesse ls h a s a l r e a d y b e e n r e fe r r ed t o in t h e g e n e r a l s e c t i o n (p . 2 7 ) , 
a s a l so i t s inf luence in a i d i n g p e r m a n e n t c losu re of w o u n d s of t h e 
a r t e r i e s . T h i s f e a t u r e is s t r i k i n g l y i l l u s t r a t e d in t h e ser ies of in ju r ies 
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u n d e r c o n s i d e r a t i o n . T h u s , a m o n g s t t h e 54 cases , w e find n o less 
t h a n 10 i n s t a n c e s in w h i c h p e r m a n e n t o b l i t e r a t i o n of t h e a r t e r y 
w a s effected s p o n t a n e o u s l y : in a l l w i t h o u t t h e o c c u r r e n c e of se r ious 
h e m o r r h a g e , in severa l w i t h p r a c t i c a l l y n o n e , a n d in o n l y o n e w i t h 
e v i d e n c e of t h e f o r m a t i o n of a t r a u m a t i c a n e u r y s m — w h i c h u n d e r -
w e n t s p o n t a n e o u s c u r e — t a k i n g a n y p a r t in t h e p r o c e s s . I t is difficult 
t o s a y w h a t g r a d e of i n j u r y w a s p r e s e n t in t h e s e les ions ; b u t wc k n o w , 
f rom e x p e r i e n c e g a i n e d in o p e r a t i o n s u n d e r t a k e n for e x p l o r a t i o n of 
t h e n e r v e s in t h e ax i l l a , t h a t t h e y a r e o f t e n of a s e v e r e c h a r a c t e r , 
s ince c o n s i d e r a b l e l a t e r a l w o u n d s , a n d e v e n i n s t a n c e s of c o m p l e t e 
s e v e r a n c e , h a v e b e e n m e t w i t h . T h e l i a b i l i t y of t h e a x i l l a r y a r t e r y 
t o in ju r i e s of a c o n t u s e d c h a r a c t e r is suff ic ient ly e x p l a i n e d b y a g l a n c e 
a t i t s r e l a t i o n s t o t h e wa l l s of t h e c a v i t y in w h i c h i t l ies ; w e h a v e 
t h e h u m e r u s on t h e o u t e r s ide , t h e m a r g i n of t h e s c a p u l a b e h i n d , 
t h e r i b s o n t h e i n n e r a s p e c t , a n d t h e c l av i c l e in f ron t , a l l f u r n i s h i n g 
o p p o r t u n i t y for c r u s h i n g of t h e a r t e r y b e t w e e n t h e mis s i l e a n d t h e 
b o n y s k e l e t o n . 

I t h i n k i t m u s t b e a s s u m e d t h a t s p o n t a n e o u s o b l i t e r a t i o n of t h e 
a x i l l a r y ves se l s is p e r h a p s m o r e c o m m o n t h a n e v e n t h e s e n u m b e r s 
s u g g e s t , b e c a u s e s u c h i n ju r i e s c a n b e v e r y r e a d i l y o v e r l o o k e d in t h e i r 
e a r l y s t a g e s ; in f a c t , a t t e n t i o n w a s o f t en first ca l l ed t o t h e m , n o t o n 
a c c o u n t of s u s p i c i o n r a i s e d b y loca l c i r c u l a t o r y s igns , b u t b y t h e 
a b s e n c e of t h e r a d i a l p u l s e d i s c o v e r e d in t h e c o u r s e of e x a m i n a t i o n of 
p a t i e n t s in w h o m t h e les ions of n e r v e s w e r e t h e p r o m i n e n t f e a t u r e . 
I n c o n n e c t i o n w i t h t h i s q u e s t i o n of s p o n t a n e o u s c losu re of w o u n d s of 
t h e a x i l l a r y a r t e r y , i t is of i n t e r e s t t o n o t e t h a t in t w o cases , d u r i n g 
e x p l o r a t i o n of t h e n e r v e s in t h e ax i l l a , a vesse l l a rg e e n o u g h t o t a k e 
in g r e a t m e a s u r e t h e p l ace of t h e n o r m a l a r t e r y w a s d i s c o v e r e d . I t 
is u n f o r t u n a t e l y n o t poss ib le t o s a y w h e t h e r t h i s vesse l w a s a r e s u l t 
of c a n a l i z a t i o n of t h e t e m p o r a r i l y o b l i t e r a t e d t r u n k , o r w h e t h e r i t 
w a s a n e w a n a s t o m o t i c f o r m a t i o n . 

T h e s e c o n d spec ia l c h a r a c t e r i s t i c of in ju r ies t o t h e s e vesse ls is 
t h e c o - e x i s t e n c e of i n j u r y t o t h e n e r v e t r u n k s . T h i s c o m b i n a t i o n 
is v e r y f r e q u e n t , a n d in v i e w of t h e c lose a s s o c i a t i o n of t h e vesse ls 
a n d n e r v e s , i t a p p e a r s r e m a r k a b l e t h a t t h e l a t t e r c a n e v e r e s c a p e 
s i m u l t a n e o u s i n j u r y . A m o n g s t o u r 54 cases , se r ious n e r v e c o m -
p l i c a t i o n s a r e n o t e d in 2 3 i n s t a n c e s (42-59 p e r c e n t ) . T h e s e v a r i e d 
f rom c o m p l e t e b r a c h i a l m o n o p l e g i a t o i n j u r y t o a s ing le n e r v e o r 
a g e n e r a l d i s t u r b a n c e of s e n s o r y f u n c t i o n ; b u t , a s will b e seen 
l a t e r , p e r m a n e n t d i s a b i l i t y is a v e r y f r e q u e n t c o n s e q u e n c e . T h e 
m u s c u l o - s p i r a l a n d t h e m e d i a n n e r v e s a r e t h o s e m o s t p r o n e t o i so la t ed 
i n j u r y , t h e f o r m e r a s a r e s u l t of i t s p o s i t i o n d i r e c t l y b e h i n d t h e 
a r t e r y , a n d t h e l a t t e r a s a r e s u l t of i t s m o d e of f o r m a t i o n b y t w o 
h e a d s w h i c h s u r r o u n d a b o u t ha l f of t h e c i r c u m f e r e n c e of t h e vesse l . 



VESSELS OF THE UPPER EXTREMITY 191 

P a r t i a l l e s ions of t h e m e d i a n a r e n o t u n c o m m o n a s a r e s u l t of t h i s 

a n a t o m i c a l a r r a n g e m e n t . 

T h e t h i r d spec ia l f e a t u r e of a x i l l a r y i n ju r i e s lies in t h e f r e q u e n c y 

w i t h w h i c h t h e miss i l e w h i c h i n ju r e s t h e a r t e r y e n t e r s o r t r a v e r s e s 

t h e t h o r a x . I n o u r ser ies a c o n s i d e r a b l e h a c m o t h o r a x c o m p l i c a t e d 

t h e a r t e r i a l i n j u r y in 20 p e r c e n t of a l l t h e cases . T h i s c o m p l i c a t i o n 

is o n e t o b e spec i a l ly b o r n e in m i n d in c o n t e m p l a t i n g e a r l y su rg i ca l 

i n t e r v e n t i o n for t h e v a s c u l a r i n j u r y , b e c a u s e t h e e s c a p e of a l a r g e 

q u a n t i t y of b l o o d i n t o t h e t h o r a c i c c a v i t y p r o d u c e s a n anaemia v e r y 

u n f a v o u r a b l e t o t h e p e r f o r m a n c e of a n o p e r a t i o n w h i c h m a y i n v o l v e 

t h e o c c u r r e n c e of f u r t h e r h a e m o r r h a g e . 

Signs of Injury to the Axillary Vessels .—The s igns of c o n t u -

s ion a n d o b l i t e r a t i o n of t h e a r t e r y m a y b e s h o r t l y s u m m e d u p a s 

c o n s i s t i n g in e x t i n c t i o n of t h e r a d i a l o r b r a c h i a l p u l s e , a b s e n c e of 

a n y loca l v a s c u l a r b r u i t s , a n i m m e d i a t e i n t e r f e r e n c e w i t h t h e m o t o r 

p o w e r of t h e l i m b a p p a r e n t l y g r e a t e r t h a n t h e s e v e r i t y of t h e i n j u r y 

s h o u l d w a r r a n t , a n e x a g g e r a t i o n of t h e r e s u l t s of i n j u r y t o t h e 

n e r v e s ; a n d l a t e r , a n u n f a v o u r a b l e in f luence in t h e f u r t h e r p r o g r e s s 

of t h e n e r v e les ion. 

I n a l a r g e p r o p o r t i o n of t h e i n ju r i e s (40 o u t of 54) , o n e of t h e 

f o r m s of h a e m a t o m a o r a n e u r y s m fo l lowed . T h e a n e u r y s m in o u r 

ser ies w a s p u r e l y a r t e r i a l in c h a r a c t e r in 24 i n s t a n c e s , a n d a r t e r i o -

v e n o u s in 16 . I n 9 of t h e l a t t e r a s a c w a s c e r t a i n l y p r e s e n t ; in 7 

t h e c o n d i t i o n w a s o n e of a n e u r y s m a l v a r i x , for t h e f o r m a t i o n of 

w h i c h t h e a n a t o m i c a l a r r a n g e m e n t is p a r t i c u l a r l y f a v o u r a b l e . 

T h e e a r l y s igns in t h e s e cases c o n s i s t in a c o n s i d e r a b l e d e g r e e 

of g e n e r a l swe l l ing of t h e l i m b , c o m b i n e d w i t h loss of p o w e r a n d 

s e n s a t i o n , w h i c h l a t t e r m a y b e o f t en m u c h g r e a t e r t h a n t h e a c t u a l 

s e v e r i t y of t h e n e r v e les ion w o u l d s e e m t o w a r r a n t . T h e loss of 

f u n c t i o n m a y b e m a i n l y d u e t o n e r v e c o n c u s s i o n , a n d m a y b e p r e s e n t 

w h e n n o se r ious o r d e s t r u c t i v e les ion of t h e n e r v e s h a s b e e n c a u s e d ; 

in s u c h cases t h e s y m p t o m s c l ea r u p r a p i d l y . T h e g e n e r a l swe l l ing 

of t h e l i m b d e p e n d s u p o n t h e effusion of b l o o d i n t o t h e a x i l l a a n d 

i n t e r f e r e n c e w i t h t h e v e n o u s r e t u r n . T h e r a d i a l . pu l s e is u s u a l l y 

d i m i n i s h e d in v o l u m e , s o m e t i m e s a b s e n t a l t o g e t h e r . 

T h e loca l swel l ing v a r i e s in e x t e n t a n d a p p e a r a n c e a c c o r d i n g t o 

w h i c h p o r t i o n of t h e t r u n k is i n v o l v e d . W h e n t h i s is t h e first 

p o r t i o n , t h e b l o o d in t h e h a e m a t o m a s t a g e u s u a l l y g ives r ise t o a 

m o r e o r less i l l -defined f l a t t e n e d swel l ing o b l i t e r a t i n g t h e s u b c l a v i c u l a r 

fossa, a n d t e n d s t o s p r e a d o v e r t h e p e c t o r a l m u s c l e a n d t o w a r d s t h e 

m e d i a n l ine . W i d e s p r e a d e c c h y m o s i s is n o t u n c o m m o n . 

W h e n t h e les ion is of t h e s e c o n d p a r t of t h e a r t e r y , t h e r e s u l t i n g 

t u m o u r is of a m o r e loca l ized c h a r a c t e r , r o u n d e d in o u t l i n e , a n d a p t 

n o t t o s p r e a d b e y o n d t h e confines of t h e b o r d e r s of t h e p e c t o r a l i s 
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Fig. 49.—Arterial aneurysm of the second portion of the left axillary artery. 
The aperture of entry of the bullet is seen in the outer part of the deltoid region, small 
and typical. The bullet itself was retained under the small prominences, due to the 
presence of subcutaneous blood-clot, seen over the sternum ; note also the ecchymosis 
in this region. The anterior wall of the axilla projects as a large dome-like cavity^ 
The wrist-drop, due to injury to the musculospiral nerve, is well shown. Under the. 
care of Capt. Fitzmaurice Kelly. 
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minor, b y w h i c h m u s c l e i t is b o u n d d o w n a n d confined. W h e n t h e 
sac reaches a n y considerable size, i t is readi ly palpable in t h e 
axi l la . 

H e m a t o m a t a of t h e th ird port ion are a p t t o be more irregular in 
out l ine ; t h e y m a y spread a long t h e vascu lar cleft in to t h e arm in t h e 
l ine of t h e m a i n vesse l ; or t h e e x t r a v a s a t i o n m a y t a k e t h e l ine of 
s o m e of t h e branches , m o s t c o m m o n l y t h a t of e i ther t h e circumflex 
or t h e subscapular . If t h e circumflex, great subde l to id swel l ing m a y 
d e v e l o p ; if t h e subscapular , t h e effusion trave l s t o t h e ches t wal l , 
a n d m a y col lect b o t h on t h e surface a n d b e n e a t h t h e scapula . 

D e t e r m i n a t i o n as t o whether t h e m a i n trunk or one of i ts branches 
is a t faul t m a y be a m a t t e r of considerable difficulty, and operat ive 
exp lorat ion a lone m a y clear u p t h e po int . T h e subscapular artery is 
t h e one w h i c h m o s t o f ten g ives rise t o confusion. I h a v e tw ice h a d 
occas ion t o operate in such cases . I n one , a h e m a t o m a in connec t ion 
w i t h t h e second part of t h e artery w a s s imulated , as t h e effusion w a s 
l imi ted a t t h e lower margin of t h e pectoral is minor ; further, t h e 
radial pulse was absent . E x p l o r a t i o n s h o w e d t h e w o u n d t o be of 
t h e subscapular branch close t o i ts origin, and absence of t h e radial 
pulse proved n o t t o be t h e result of pressure, but of obl i terat ion of 
t h e m a i n trunk fo l lowing contus ion of i ts wal l s . I n t h e second case , 
t h e effusion had fo l lowed t h e l ine b o t h of t h e subscapular artery a n d 
t h a t t a k e n b y t h e miss i le , a n d was m o s t a b u n d a n t over t h e ches t wal l 
and around t h e scapula . In th i s ins tance a pre-operat ive correct 
d iagnos i s was m a d e ; b u t it is of in teres t t o no te t h a t th i s p a t i e n t h a d 
c o m p l e t e brachial monopleg ia , w h i c h sugges ted a les ion of t h e main 
arterial t runk rather t h a n of a branch . T h e subsequent h i s tory of 
th i s p a t i e n t was of a s low general recovery of nerve funct ion from 
a b o v e d o w n w a r d s , sugges t ing t h a t concuss ion a n d t e m p o r a r y local 
pressure were responsible for t h e m o n o p l e g i a . A t t h e end of s i x 
m o n t h s , however , recovery was v e r y far from c o m p l e t e . 

T h e local vascular bruits are wel l m a r k e d ; t h e y m a y be v e r y 
wide ly dis tr ibuted over t h e chest , a n d d o w n t h e arm. T h e resonat ing 
factor afforded b y t h e ches t a l lows t h e m u r m u r t o be heard over t h e 
whole p r e c o r d i a l region, b u t as a ride t h e sounds of t h e heart can be 
heard qu i t e d i s t inct from t h e aneurysmal bruits . I n four cases in 
our series a d is t inct sys to l ic m u r m u r replaced t h e normal first sound ; 
t w o of t h e s e cases were arterial a n d t w o arter io-venous in nature . 
In b o t h t h e arterial cases t h e bruit w a s heard a t t h e a p e x , a n d loudes t 
a t t h e base of t h e left ventr ic le . I n t h e arter io-venous cases , in one 
t h e sys to l i c m u r m u r w a s audible b o t h at a p e x and base of t h e 
heart , in t h e o ther it w a s l imi ted t o t h e base and t h e a p e x of t h e 
left ventr ic le , as is t h e rule w i t h pure ly arterial les ions . 

In one pat i ent , an axi l lary var ix was present as wel l as an arterio-
1 3 
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v e n o u s h a e m a t o m a of t h e infer ior t h y r o i d a r t e r y , t h e l a t t e r b e i n g a t 

first m i s t a k e n for a c a r o t i d i n j u r y . 

Prognosis and Treatment.—In t h e m a t t e r of p r o g n o s i s , i n ju r i e s 

t o t h e a x i l l a r y a r t e r y h a v e a n u n f a v o u r a b l e a s p e c t s e c o n d t o n o n e 

i n t h e b o d y . Quoad vitœ, w e find 4 d e a t h s a m o n g s t 54 cases (7-4 

p e r c e n t ) . T w o of t h e p a t i e n t s d i e d f r o m t h e c o m b i n e d effects 

of a l a r g e p r i m a r y h a e m o r r h a g e a n d a l a r g e h a e m a t o m a , a n d loss of 

b l o o d c o n s e q u e n t u p o n a n o p e r a t i o n u n d e r t a k e n a t a n e a r l y d a t e ; 

Fig. 50.—Skiagram showing fragment of shell on chest wall, and smaller fragments 
in entry end of wound track, which gave rise to the development of an aneurysmal 
varix in the third part of the right axillary artery. 

o n e of t h e s e a c c i d e n t s m i g h t p e r h a p s h a v e b e e n a v o i d e d b y a l l o w i n g 
a l onge r i n t e r v a l t o e l a p s e be fo re d e a l i n g w i t h t h e h a e m a t o m a ; b u t 
t h e s econd o p e r a t i o n w a s u n d e r t a k e n for u r g e n t a n d i m p e r a t i v e s igns . 
O n e p a t i e n t d i e d a s a r e s u l t of s e c o n d a r y h a e m o r r h a g e , a n d o n e f r o m 
a c u t e p o s t - o p e r a t i v e t e t a n u s . 

As h a s b e e n a l r e a d y d w e l t u p o n , s p o n t a n e o u s a r r e s t of haemor-
r h a g e is c o m m o n in in ju r i e s t o t h i s a r t e r y . I t is in t h e u l t i m a t e 
r e s u l t s a t t a i n e d t h a t t h e u n f a v o u r a b l e p r o g n o s i s a s s e r t s itself. 

I t is a r e m a r k a b l e f a c t t h a t in o u r ser ies t h e m o s t c o n s i s t e n t a n d 
p e r s i s t e n t loss of f u n c t i o n a l c a p a c i t y of t h e l i m b w a s o f t en seen in 
t h o s e i n s t a n c e s in w h i c h p r i m a r y s p o n t a n e o u s t h r o m b o s i s h a d 
p r e s e r v e d t h e p a t i e n t f rom m o s t of t h e e a r l y d a n g e r s of a w o u n d e d 
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artery. A m o n g s t t h e t e n cases here recorded, in t w o t h e artery is 
k n o w n t o h a v e been c o m p l e t e l y severed b y t h e miss i le , b u t in t h e 
remainder it is imposs ib le t o s a y w h a t grade t h e pr imary injury 
reached, or w h a t e x t e n t of t h e arterial wal l w a s des troyed . R e a s o n i n g 
from t h e ev idence offered b y t h e a n a t o m i c a l findings in injuries of 
th i s c lass t o t h e carot id arteries, w e m a y a s s u m e t h a t in some ins tances 
t h e les ion w a s n o t of a n e x t e n s i v e character . In all t h e cases t h e 
radial pulse was primari ly obl i terated , and in t h e m a j o r i t y a g o o d 
radial w a s n o t re-establ i shed dur ing t h e period t h a t t h e p a t i e n t s were 
able t o be fol lowed. I n four ins tances b o t h t h e radial and t h e brachial 
pulses were impalpable , and in t h e s e t h e pr imary injury m u s t be 
judged t o h a v e been e x t e n s i v e . Only in one of t h e 10 cases of 
t r a u m a t i c thrombos i s d id t h e p a t i e n t escape w i t h o u t a c o n c o m i t a n t 
nerve les ion, a n d in th i s ins tance t h e t h r o m b o s e d artery l a y a t t h e 
b o t t o m of a large o p e n w o u n d ; t h i s vesse l e v e n t u a l l y g a v e w a y 
secondari ly , g i v i n g rise t o a secondary haemorrhage wh ich necess i ta ted 
l igature. Of t h e remain ing 9 pa t i en t s , 5 returned t o E n g l a n d w i t h 
pers i s tent comple te brachial m o n o p l e g i a ; of t h e o thers , one proved 
t o h a v e suffered d iv is ion of t h e m e d i a n , ulnar, a n d musculo-spira l 
nerves ; in one t h e muscu lo -cu taneous nerve w a s d iv ided a n d t h e 
remain ing nerve t r u n k s were fixed b y cicatricial t i s sue ; in o n e t h e 
posterior cord and i ts branches were a lone affected ; and in o n e , in 
w h o m general d iminut ion of sensat ion and t ing l ing were present , t h e 
radial pulse returned a t an early d a t e . I regret t h a t I h a v e been 
unable t o trace these pat i ent s further, b u t general experience does 
n o t warrant t h e e x p e c t a t i o n t h a t a n y great i m p r o v e m e n t t o o k place . 

A m o n g s t 22 pa t i en t s in w h o m c o m b i n e d arterial and nerve 
les ions were fo l lowed b y t h e format ion of a neury s m s , t h e results 
s e e m l i t t l e superior. I n 9 of t h e s e t h e radial pulse w a s abol i shed, 
in 9 i t w a s d imin i shed in v o l u m e , a n d in 1 b o t h radial a n d 
brachial pu l sa t ion w a s impalpable . In o n l y one case of ax i l lary 
var ix w a s t h e blood-pressure in t h e injured l imb equal t o t h a t in 
t h e s o u n d one , a n d in th i s in s tance t h e les ion w a s t h e result of a 
b a y o n e t s tab , and n o t a g u n s h o t injury. T h e nerve s y m p t o m s present 
in t h e s e cases were as fol lows : comple te brachial monopleg ia , 7 ; 
s igns of injury t o m e d i a n and ulnar nerves , 3 ; t o m e d i a n a lone , 3 ; 
t o l u n a r a lone , 2 ; t o m e d i a n , musculo-spiral , a n d ulnar, 1 ; t o 
musculo-spiral , muscu lo -cu taneous , a n d ulnar, 1 ; general anaesthesia, 
1 ; anaesthesia in t h e area suppl ied b y s e v e n t h cervical root , 1. On ly 
one of t h e s e pat i ent s recovered sufficiently t o return t o ac t i ve service, 
t h e great m a j o r i t y of t h e remainder were d ischarged from t h e service 
as p e r m a n e n t l y unfit . 

I t is n o t o n l y from t h e po in t of c o n t e m p o r a n e o u s injury t o t h e 
nerves in t h e axi l la t h a t t h e vascu lar injuries are l iable t o be fo l lowed 
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b y u n s a t i s f a c t o r y r e s u l t s . F r o m t h e p u r e l y v a s c u l a r a s p e c t a l so , 
o b l i t e r a t i o n of t h e a r t e r y is a p t t o b e fo l lowed b y i m p e r f e c t r e s u l t s . 
I t is r a r e n o t t o o b s e r v e a co ld c y a n o t i c h a n d a f t e r l i g a t u r e of t h i s 
a r t e r y , a n d t h i s e v i d e n c e of d e p r e s s e d v i t a l i t y m a y p e r s i s t for 
c o n s i d e r a b l e p e r i o d s of t i m e . S o m e loss of v o l u m e in t h e m u s c l e s of 
t h e l i m b is a l so c o m m o n , a s m u c h a s o n e i n c h in t h e f o r e a r m a n d ha l f 
a n i n c h in t h e a r m . I t is a l w a y s t h e t e r m i n a l s e g m e n t s of t h e l i m b 
w h i c h suffer t h e m o r e seve re ly . 

A r t e r i o - v e n o u s a n e u r y s m s a n d a n e u r y s m a l v a r i c e s o f t en g ive r i se 
t o l i t t l e c h a n g e d u r i n g t h e p e r i o d t h e modi f i ed a r t e r i a l c i r c u l a t i o n is 
n o t i n t e r f e r e d w i t h . I n t h e case of t h e a n e u r y s m s u l t i m a t e o p e r a t i o n 
is n e c e s s a r y , b u t in t h a t of t h e v a r i c e s i t is b e s t a v o i d e d if pos s ib l e . 
I t h a s a l w a y s b e e n k n o w n t h a t t h e s e c o n d i t i o n s g ive r i se t o less se r ious 
s igns of v e n o u s o b s t r u c t i o n in t h e u p p e r t h a n in t h e l ower e x t r e m i t y ; 
b u t o b s e r v a t i o n of a l a rge n u m b e r of cases h a s s h o w n t h a t v e n o u s 
o b s t r u c t i o n m a y d e v e l o p m o r e f r e q u e n t l y t h a n h a s b e e n s u p p o s e d . 
I h a v e seen cases w h i c h c l in ica l ly e x h i b i t e d t h e s igns of a p u r e v a r i x , 
in w h i c h t h e c o n d i t i o n of t h e p e r i p h e r a l v e i n s ca l led for o p e r a t i o n ; 
in o n e of t h e s e a t e n d e n c y t o e n l a r g e m e n t of t h e v e i n s a l so e x i s t e d 
in t h e u n i n j u r e d l i m b , a n d t h e r e c a n b e l i t t l e d o u b t t h a t p e r s o n a l 
i d i o s y n c r a s y in t h i s r e s p e c t is a m a t t e r t h a t m u s t n o t b e los t s i g h t of. 

M E T H O D S O F T R E A T M E N T A D O P T E D I N T H E S E R I E S O F C A S E S 

U N D E R C O N S I D E R A T I O N . — A c o n s i d e r a b l e v a r i a t i o n in t h e m o d e in 
w h i c h t h e cases i n c l u d e d in t h i s ser ies w e r e d e a l t w i t h is a p p a r e n t . 
T h i s h a s d e p e n d e d on a n i m p e r f e c t r e a l i z a t i o n in t h e e a r l y d a y s of t h e 
w a r of t h e t r u e l ines w h i c h s h o u l d b e fol lowed ; b u t t h e s e h a v e n o w 
c r y s t a l l i z e d o u t in def in i te f o r m as t h e r e s u l t of i n c r e a s e d e x p e r i e n c e . 

T h e t h i r d p a r t of t h e s u b c l a v i a n a r t e r y w a s l i g a t u r e d in c o n t i n u i t y 
in 7 i n s t a n c e s . T w i c e t h i s m e a s u r e w a s a d o p t e d a s t h e sole o n e . 
I n o n e of t h e cases t h e o p e r a t i o n w a s p e r f o r m e d t o c h e c k p r i m a r y 
h a e m o r r h a g e f r o m t h e first p a r t of t h e a r t e r y . T h e p a t i e n t w a s 
r e m o v e d t o a h o s p i t a l on t h e l ine of c o m m u n i c a t i o n t w e n t y - f o u r h o u r s 
l a t e r , a n d a r r i v e d in b a d c o n d i t i o n . T h e w h o l e l i m b w a s swol l en , 
p a l e , a n d cold , a n d s u g g e s t e d a s t a t e of i n c i p i e n t g a n g r e n e . W i t h 
r e s t a n d c a r e d u r i n g t h e n e x t s even d a y s t h e l i m b i m p r o v e d , a n d 
a c t u a l g a n g r e n e w a s u l t i m a t e l y l i m i t e d t o t h e l i t t l e finger a n d t h e 
l a s t t w o j o i n t s of t h e t h u m b . I n t h e s e c o n d c a s e t h e o p e r a t i o n w a s 
u n d e r t a k e n as a m e a s u r e of p r o x i m a l l i g a t u r e for a n a r t e r i a l a n e u r y s m 
of t h e t h i r d p a r t of t h e a x i l l a r y a r t e r y . T h e a n e u r y s m w a s e v e n t u a l l y 
c u r e d , b u t a sof t fluctuating b l o o d t u m o u r , s u r r o u n d e d b y i n d u r a t e d 
t i s s u e s , p e r s i s t e d for a c o u p l e of m o n t h s , a n d c o n s i d e r a b l e w a s t i n g of 
t h e a r m o c c u r r e d . 

I n 3 cases l i g a t u r e of t h e t h i r d p a r t of t h e s u b c l a v i a n w a s 
c o m b i n e d w i t h d i s t a l l i g a t u r e of t h e t h i r d p a r t of t h e a x i l l a r y a r t e r y . 
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I n o n e of t h e s e t h e p r o c e d u r e w a s successfu l . I n t w o i t fa i led . I n 
o n e of t h e l a t t e r a p e r m a n e n t a r t e r i o - v e n o u s c o m m u n i c a t i o n w a s 
lef t , a l t h o u g h a t t h e t i m e of o p e r a t i o n t h e d e c r e a s e effected in t h e 
b l o o d - c u r r e n t c a u s e d a t e m p o r a r y d i s a p p e a r a n c e of t h e t h r i l l a n d 
m u r m u r . I n t h e s e c o n d , p e r s i s t i n g h a e m o r r h a g e f rom t h e o p e n e d - u p 
c a v i t y in t h e ax i l l a h a d t o b e c o n t r o l l e d b y p l u g g i n g , t h e w o u n d 
b e i n g s u t u r e d s e c o n d a r i l y a t a l a t e r d a t e . 

I n t w o cases t h e s u b c l a v i a n w a s l i g a t u r e d for t h e t r e a t m e n t of 
s e c o n d a r y h a e m o r r h a g e o c c u r r i n g a f t e r loca l l i g a t u r e of t h e a x i l l a r y 
a r t e r y . I n b o t h of t h e s e a successfu l r e s u l t w a s a t t a i n e d . 

I n o n l y o n e case t h a t I s a w h a d t h e w o u n d in t h e a r t e r y b e e n 
s u b j e c t e d t o p r i m a r y s u t u r e . T h i s o p e r a t i o n h a d b e e n p e r f o r m e d b y 
M a jo r O z a n n e , a n d a t t h e e n d of f o u r t e e n d a y s p u l s a t i o n in t h e 
b r a c h i a l a r t e r y w a s n o r m a l in v o l u m e . I t w a s u n f o r t u n a t e t h a t in 
t h i s i n s t a n c e a w o u n d of t h e f o r e a r m h a d n e c e s s i t a t e d a s i m u l t a n e o u s 
l i g a t u r e of t h e r a d i a l a r t e r y , so t h a t w e h a d n o t t h e m o r e s t r i n g e n t 
t e s t of t h e p u l s e a t t h e w r i s t t o g o b y . 

I n a n a r t e r i a l a n e u r y s m of 2 3 m o n t h s ' s t a n d i n g , w h i c h s p r a n g 
b y a b r o a d b a s e f rom t h e a r t e r y , I r e m o v e d t h e g r e a t e r p a r t of t h e 

a d v e n t i t i o u s s a c , a n d b y s e w i n g i t s b a s e a t t e m p t e d t o r e c o n s t r u c t 
t h e a r t e r y . T h i s o p e r a t i o n w a s a f a i l u re f r o m t h e i d e a l p o i n t of 
v i e w , a l t h o u g h a g o o d r e s u l t w a s o b t a i n e d a s f a r a s c u r i n g t h e 
a n e u r y s m a n d p r e s e r v i n g a usefu l l i m b w a s c o n c e r n e d . T h e r a d i a l 
p u l s e r e t u r n e d in t h i s ca se in e i g h t d a y s . I n o n e i n s t a n c e in w h i c h 
I c losed t h e c o m m u n i c a t i o n b e t w e e n t h e a r t e r y a n d ve in , b y s u t u r i n g 
t h e o p e n i n g f rom t h e l a i d - o p e n v e i n , a p e r f e c t r e s u l t w a s a t t a i n e d . 

I h a v e o n l y t h e r e c o r d of o n e ca se of w o u n d of t h e a x i l l a r y t r e a t e d 
b y t h e i n t r o d u c t i o n of a Tuff ier ' s t u b e . I t w a s n o t a success ; t h e 
r a d i a l p u l s e d i s a p p e a r e d t w o h o u r s a f t e r i n s e r t i o n of t h e t u b e ; 
t h e l a t t e r w a s r e m o v e d a t t h e e n d of f o r t y - e i g h t h o u r s , a n d t h e t w o 
e n d s of t h e vesse l w e r e c losed b y l i g a t u r e . S e c o n d a r y h a e m o r r h a g e 
o c c u r r e d o n t h e t e n t h d a y , a n d t h e a r t e r y w a s a g a i n l i g a t u r e d ; b u t 
t h e b l e e d i n g r e c u r r e d a t t h e e n d of t w o d a y s , a n d t h e p a t i e n t 
s u c c u m b e d . I n f e c t i o n of t h e w o u n d w a s r e s p o n s i b l e for t h i s f a t a l i t y . 

F o u r cases w e r e t r e a t e d b y d o u b l e l i g a t u r e a n d d iv i s ion of 
t h e i n t e r v e n i n g p a r t of t h e a r t e r y a s a p r i m a r y m e a s u r e , a n d a l l 
d i d wel l ; t h e s a m e m a y b e s a i d of five o u t of e i g h t cases in 
w h i c h t h e s a m e p r o c e d u r e w a s a d o p t e d for t h e c u r e of a n e u r y s m s , 
w i t h t h e r e s e r v a t i o n t h a t h a s b e e n f o r e s h a d o w e d a s t o t h e u l t i m a t e 
r e s u l t w h i c h c o m m o n l y fol lows occ lu s ion of t h i s a r t e r y . 

T h e c a u s e s of d e a t h in t h e t h r e e f a t a l cases h a v e a l r e a d y b e e n 
g i v e n a b o v e . 

I n 7 cases t h e a r t e r y a n d v e i n w e r e t i e d s i m u l t a n e o u s l y , a n d 
in 5 t h e a r t e r y a l o n e . T h e o n l y case of g a n g r e n e fo l lowing l i g a t u r e 
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of t h e J a x i l l a r y a r t e r y w a s i n c l u d e d in t h e l a t t e r n u m b e r ; b u t i t 
m u s t b e r e m a r k e d t h a t in t h i s i n s t a n c e o n e of t h e h e a d s of t h e 
m e d i a n n e r v e h a d b e e n d i v i d e d , a n d i n ju r i e s t o t h i s n e r v e a r e 
p a r t i c u l a r l y d a n g e r o u s f rom t h e p o i n t of v i e w of t h e n u t r i t i o n of 
t h e l i m b . 

Fig. 51.—External surface of arterial aneurysm developed in connection with 
the second portion of the axillary artery. The arm has been placed at the side. 
Captain Santos. 

I n j u r i e s t o t h i s vesse l w h i c h r e q u i r e o p e r a t i v e i n t e r v e n t i o n 
s h o u l d a l w a y s b e d e a l t w i t h loca l ly . T h e s a m e p r o c e d u r e is 
a d v i s a b l e w h e t h e r t h e first o r s e c o n d p o r t i o n of t h e a r t e r y n e e d s 
t o b e t i e d . 
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W h e n a h e m a t o m a o r a n a n e u r y s m r e q u i r e s t o b e a t t a c k e d , t h e 
first s t e p c o n s i s t s in t h e a p p l i c a t i o n of a p r o v i s i o n a l l i g a t u r e t o t h e 
t h i r d p a r t of t h e s u b c l a v i a n a r t e r y t o e n s u r e a b s o l u t e c o n t r o l of t h e 
p r o x i m a l c i r c u l a t i o n . T h i s p r e l i m i n a r y is a d v i s a b l e in e v e r y ca se , 
a l t h o u g h c o m p r e s s i o n of t h e s u b c l a v i a n m a y b e r e l i ed u p o n w h e n t h e 
a n e u r y s m is a s m a l l a r t e r i a l o n e o n t h e t h i r d p o r t i o n of t h e a x i l l a r y . 
C o m p r e s s i o n is , h o w e v e r , a p o o r s u b s t i t u t e for t h e efficient c o n t r o l 

Fig. 52.—Wound in second portion of axillary artery responsible for the aneurysm 
shown in Fig. 51. Captain Santos. 

a n d t h e conf idence e n g e n d e r e d b y a p r o v i s i o n a l l i g a t u r e , wh i l e i n 
a r t e r i o - v e n o u s in ju r i e s c o m p r e s s i o n m a y b e a n a c t u a l s o u r c e of 
dif f icul ty a n d d a n g e r b y a u g m e n t i n g v e n o u s h e m o r r h a g e . I n n o 
o t h e r s i t u a t i o n is v e n o u s h e m o r r h a g e l i ke ly t o b e m o r e free a n d 
difficult t o c o n t r o l t h a n h e r e ; a n d , in a d d i t i o n , t h e r i s k of e n t r y of 
a i r i n t o t h e v e i n s h a s t o b e b o r n e in m i n d . E v e n w h e n t h e s u b c l a v i a n 
is c o n t r o l l e d , t h e n u m b e r of c o l l a t e r a l b r a n c h e s s p r i n g i n g f rom t h e 
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a x i l l a r y a r t e r y m a y f u r n i s h sufficient b l o o d t o r e n d e r i t difficult t o 
k e e p t h e field of o p e r a t i o n free for s u c h a p r o c e d u r e a s s u t u r e of 
t h e w o u n d e d t r u n k . 

T h e s e c o n d s t e p cons i s t s in c a r r y i n g a n inc i s ion f rom t h e c e n t r e 
of t h e c lav ic le d o w n o v e r t h e p e c t o r a l r eg i o n t o t h e l eve l of t h e 
c o m m e n c e m e n t of t h e b r a c h i a l a r t e r y . T h e p e c t o r a l m u s c l e s a r e t h e n 
c o m p l e t e l y d i v i d e d , in o r d e r t o g a i n a s a t i s f a c t o r y e x p o s u r e of t h e 
vesse l s in t h e i r w h o l e l e n g t h , a n d e n s u r e t h e safe s e p a r a t i o n of t h e 
s u r r o u n d i n g n e r v e t r u n k s . W h e n t h e o p e r a t i o n is u n d e r t a k e n a f t e r 
t h e l a p s e of w e e k s o r m o n t h s , a n d p e r s i s t i n g s igns of n e r v e les ion a r e 
p r e s e n t , t h e o b v i o u s n e c e s s i t y of e x p l o r i n g t h e n e r v e t r u n k s a n d 
f ree ing t h e m f r o m a d h e s i o n , o r p o s s i b l y r e p a i r i n g d a m a g e , a d d s a 
s e c o n d r e a s o n for a d o p t i n g t h i s m e a s u r e b e y o n d t h a t of a v o i d i n g 
h e m o r r h a g e o r of c u r i n g a n a n e u r y s m . 

T h e p e c t o r a l i s m a j o r is d i v i d e d f rom t h e su r face ; if i t b e t h o u g h t 
p r e f e r a b l e , t h e p e c t o r a l i s m i n o r m a y b e freed b y b l u n t d i s sec t ion f rom 
t h e a x i l l a r y fasc ia before p r o c e e d i n g t o d i v i d e i t . A c e p h a l o - j u g u l a r 
v e i n , if p r e s e n t , s h o u l d b e p r e s e r v e d , in v i e w of t h e p o s s i b i l i t y t h a t 
t h e a x i l l a r y v e i n m a y n e e d t o b e t i e d l a t e r . B r a n c h e s a n d t r u n k 
of t h e a c r o m i o - t h o r a c i c a r t e r y , a n d t h e c e p h a l i c v e i n , s h o u l d a l so b e 
s p a r e d . T h e a r t e r y is n o w e x p o s e d , a n d a d i s t a l l i g a t u r e is a p p l i e d 
a s a p r o v i s i o n a l m e a s u r e . I n r e c e n t cases , w h e n t h e c o n n e c t i v e t i s s u e 
is i n f i l t r a t ed w i t h b lood , i t is n e c e s s a r y t o exe rc i se c a u t i o n t h a t t h e 
m e d i a n n e r v e is n o t o v e r l o o k e d a n d d a m a g e d . 

T h e a c t u a l s c a t of d a m a g e t o t h e a r t e r y c a n n o w b e i n v e s t i g a t e d , 
a n d if t h e o p e r a t i o n b e a n e a r l y o n e , t h e vesse l wil l b e e i t h e r s u t u r e d 
o r l i g a t u r e d a s m a y s e e m b e s t . I f t h e a r t e r y n e e d s t o b e l i g a t u r e d , 
t h e a x i l l a r y v e i n s h o u l d a l so b e o c c l u d e d . 

I f a false a n e u r y s m of a n y s t a n d i n g n e e d s t o b e d e a l t w i t h , t h e 
wa l l of t h e sac is u s u a l l y r e a d i l y s e p a r a b l e , a n d w h e n i t h a s b e e n f reed, 
t h e n a t u r e of i t s c o m m u n i c a t i o n w i t h t h e m a i n t r u n k c a n b e i n v e s t i -
g a t e d . If t h e c o n n e c t i o n b e b r o a d , s u g g e s t i n g a n e x t e n s i v e de fec t 
in t h e a r t e r i a l wa l l , t h e g r e a t e r p a r t of t h e s ac m a y b e r e m o v e d , 
r e t a i n i n g a p o r t i o n , w h i c h m a y b e s u t u r e d , a n d t h u s t h e v i a b i l i t y of 
t h e a r t e r y m a i n t a i n e d . I f t h e c o n n e c t i o n b e a s m a l l o n e , t h e w h o l e 
s a c is r e m o v e d a n d t h e de f ec t in t h e a r t e r i a l wa l l s u t u r e d . T h e 
l a t t e r , is , in m y e x p e r i e n c e , m u c h t h e m o r e l ike ly t o p r o v e a successfu l 
p r o c e d u r e . 

P r i o r t o r e m o v a l of t h e s ac , i t is o f t en c o n v e n i e n t t o p l a c e e i t h e r 
p r o v i s i o n a l l i g a t u r e s o r c l a m p s on t h e a r t e r y in i m m e d i a t e p r o x i m i t y 
t o t h e a n e u r y s m . T h i s m e a s u r e h a s t h e d o u b l e a d v a n t a g e of n o t 
o n l y e l i m i n a t i n g a n u m b e r of b r a n c h e s w h i c h m a y s u p p l y b lood a n d 
t h u s r e n d e r t h e o p e r a t i o n of s u t u r e less e a s y , b u t i t a l so s h o r t e n s 
t h e p e r i o d for w h i c h i t is n e c e s s a r y t o m a i n t a i n c o n t r o l b y t h e first 
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provis ional l igature on t h e third part of t h e subc lav ian , and min imizes 
t h e chance of d a m a g e t o t h e wal l of t h a t vesse l . 

Λ word of special caut ion needs t o be u t tered w i t h regard t o t h e 
process of remova l of t h e sac ; in t w o ins tances in m y o w n operat ive 
exper ience a spread-out head of t h e m e d i a n nerve has formed an 
integral e l e m e n t of t h e wal l of t h e a n e u r y s m , a n d needed t o be 
separated w i t h v e r y great care ; in a n o t h e r case operated u p o n b y 
m y col league, Captain Z. Mennel l , t h e trunk of t h e musculo-spiral 
nerve was s imi larly d i sposed . T h e numerous branches of t h e 
ax i l lary artery form another t r o u b l e s o m e e l e m e n t in dea l ing w i t h 
t h e s e aneurysms , a n d it m a y prove necessary t emporar i ly t o control 
one or more of t h e m . O b v i o u s l y t h e y should n e v e r be d iv ided , 
e v e n w h e n suture is chosen , as c e r t a i n t y c a n n o t be ensured t h a t 
thrombos i s m a y n o t conver t t h e operat ion in to one of occ lus ion. 

T h e remain ing special feature of ax i l lary operat ions is t h e great 
difficulty w h i c h m a y be m e t w i t h in contro l l ing v e n o u s h e m o r r h a g e 
w h e n t h e first part of t h e axi l lary v e i n has been t h e seat of injury. 
In one of m y o w n operat ions , t h e first I undertook , I unfor tunate ly 
t rus ted t o dig i ta l compress ion of t h e th ird part of t h e subc lav ian 
artery for control of t h e arterial c irculat ion ; t h e artery was secured 
a b o v e a n d be low t h e a n e u r y s m w i t h o u t difficulty ; but t h e ve in , 
which h a d been c o m p l e t e l y severed, had retracted beneath t h e 
clavicle , where adhes ions had formed w h i c h held t h e l u m e n wide ly 
open w i t h a t r u m p e t - s h a p e d m o u t h . T h e ve in w as e v e n t u a l l y 
secured, b u t t h e pa t i en t died t h e s a m e e v e n i n g as t h e result of 
t h e loss of b lood he h a d sus ta ined dur ing t h e operat ion . I n a 
second case, wh ich ended more happi ly , t h e artery h a v i n g been 
l igatured, pers is t ing v e n o u s h e m o r r h a g e had t o be control led b y 
t h e insert ion of a p lug . 

A n y further deta i l s in t h e performance of operat ions on 
arter io-venous a n e u r y s m s — t h e m a n n e r of dea l ing w i t h t h e sac or 
t h e ac tua l c o m m u n i c a t i o n b e t w e e n t h e ves se l s—are carried o u t on 
t h e l ines laid d o w n in t h e general sec t ion on th i s subject . 

BRACHIAL ARTERY. 

In sp i te of t h e great f requency of injuries t o th i s vesse l , 
our series o n l y conta ins 4 3 , a n d a m o n g s t t h e m are a v e r y large 
proport ion of acc idents . I t w a s , indeed , for t h e m o s t part o n l y 
w h a t m a y be cal led serious cases t h a t c a m e under m y special 
observa t ion ; hence th i s sec t ion offers l i t t le m a t t e r for s tat i s t ica l 
deduct ion , a l t h o u g h it affords i l lustrat ion of m o s t of t h e com-
pl icat ions t h a t occur in t h e course of t r e a t m e n t of injuries t o t h e 
brachial artery . 
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T h e inc idence on t h e t w o s ides of t h e body , a m o n g s t 35 of 
t h e cases , is — right 20 , left 1 5 . E i g h t injuries were t o t h e 
upper third of t h e vesse l , 8 t o t h e midd le third, and 15 t o t h e 
lower th ird . 

T h e proport ion of cases in w h i c h pr imary h e m o r r h a g e is said 
t o h a v e been free is c o m p a r a t i v e l y large, 12 o u t of 4 3 (27-8 per 
cen t ) . Secondary h e m o r r h a g e occurred in 6 (13-9 per cent ) . N e r v e 
compl icat ions occurred in 10 cases (23-25 per cent ) ; in 6 of t h e s e 
t h e m e d i a n w a s t h e t runk injured, in 2 t h e musculo-spiral , in 1 t h e 
ulnar, and in 2 all three nerves were i n v o l v e d . 

In on ly 4 was t h e humerus fractured ; but th i s n u m b e r g ives 
l i t t le idea of t h e frequency w i t h wh ich fractures of t h e h u m e r u s 
are compl ica ted b y injury t o t h e artery . Again , o n l y one w a s 
compl icated b y a h e m o t h o r a x , in sp i te of t h e notor ious f requency of 
associat ion of w o u n d s of t h e arm and t h e ches t . 

T h e n u m b e r of w o u n d s caused b y bul le t and fragments of shell 
is pract ical ly equal . A s o m e w h a t large proport ion of e x t e n s i v e 
wounds , and a smal l one of reta ined missi les , occurred. 

T h e m o s t s tr iking feature in t h e h e m a t o m a t a a n d a n e u r y s m s is 
t h e great preponderance of t h e arterial var ie ty . Thus , of 2 5 , 12 
were pure arterial sacs , o n l y 1 an arter io -venous a n e u r y s m , and 5 
were a n e u r y s m a l var ices . T h e e x p l a n a t i o n is no d o u b t found in 
t h e fact t h a t a w o u n d of t h e ar tery of a n y cons iderable e x t e n t is 
probably genera l ly a c c o m p a n i e d b y c o m p l e t e d iv i s ion of one or 
o ther of t h e v e n e comités , t h e lat ter be ing comparat ive ly smal l in 
consequence of t h e large size of t h e more d i s t a n t l y s i tua ted cephal ic 
a n d basil ic ve ins . One case afforded a g o o d i l lustrat ion of a m e t h o d 
b y wh ich early e s tab l i shment of an arter io -venous anas tomos i s m a y 
be prevented . In th i s ins tance t h e smal l f ragment of shell case w h i c h 
h a d w o u n d e d b o t h vesse ls was lodged in t h e open ing in t h e ve in , a n d 
hence o n l y an arterial h e m a t o m a formed. 

T h e rarity w i t h w h i c h an arterial m u r m u r is t r a n s m i t t e d t o t h e 
heart from a local lesion in t h e arm, has been a lready remarked 
(p . 54 ) . In th i s series t ransmiss ion w a s m e t w i t h o n l y once , a n d t h e 
pecul iar i ty of t h e cardiac m u r m u r w h i c h w a s heard during a rout ine 
e x a m i n a t i o n of t h e ches t led t o t h e d i scovery of t h e var ix . T h e 
lat ter was of o ld s tanding , t h e result of a s h o t - g u n acc ident s ix years 
previous ly , and t h e condi t ion had n o t g i v e n rise t o a n y d i sabi l i ty . 
T h e case also affords an i l lustrat ion of t h e fact t h a t t ransmiss ion of 
a local m u r m u r m a y be a permanent p h e n o m e n o n . 

In 5 cases injury t o t h e brachial artery w a s fo l lowed b y 
t r a u m a t i c thrombos i s and obl i terat ion ; in one of t h e s e a severe 
i s c h e m i c condi t ion of t h e l i m b deve loped . P r o b a b l y s o m e of t h e s e 
cases would h a v e passed unnot i ced h a d it n o t been for t h e fact t h a t 



VESSELS OF THE UPPER EXTREMITY 2 0 3 

each of t h e m w a s a c c o m p a n i e d b y s igns of a more or less severe les ion 

of t h e nerves . In t w o cases t h e m e d i a n w a s affected, in one t h e 

ulnar, in one t h e m e d i a n a n d musculo-spiral , a n d in one there w a s 

comple te loss of b o t h m o t i o n and sensa t ion in t h e l i m b be low t h e 

w o u n d , t h e track of w h i c h passed i m m e d i a t e l y a t t h e j u n c t i o n of 

t h e anterior axi l lary fold w i t h t h e arm. T h e p a t i e n t w i t h m u s c u l o -

spiral paralys is is t h e o n l y one I h a v e been able t o t race a t h o m e ; 

he was discharged from t h e service as p e r m a n e n t l y unfit e l even m o n t h s 

after t h e injury. T h e condi t ions , after all, are v e r y l ike t h o s e w h i c h 

ex i s t in t h e case of t h e ax i l lary artery . I n a few cases , n o t in-

c luded in t h e s e numbers , I h a v e seen a t h r o m b o s e d port ion of t h e 

Fig. 53.—Raspberry-like excrescence on brachial artery exposed in an open wound, 
on fourth day after injury, illustrating the possible occurrence of secondary haemorrhage 
or the development of an aneurysm as the result of incomplete destruction of the 
arterial wall. 

brachial ar tery resected. A p a r t from t h e c o m m o n assoc iat ion of 
thrombos i s w i t h injury t o t h e nerves , t h e condi t ion is n o t one of 
great importance . 

N o t h i n g special needs t o be said regarding diagnos is of injuries 
t o th i s artery ; but an interes t ing case is m e n t i o n e d in t h e n e x t sect ion , 
in wh ich a v a r i x of t h e m e d i a n basi l ic v e i n a t t h e bend of t h e e lbow, 
w h i c h I t h o u g h t t o be in c o m m u n i c a t i o n w i t h t h e brachial, proved t o 
be c o n n e c t e d w i t h t h e interosseous artery (p. 206 ) . 

Prognosis and Treatment.—Apart from c o m b i n e d injuries of t h e 
artery a n d t h e nerves of t h e arm, w o u n d s of t h e brachial artery, 
w i t h subsequent obl i terat ion of t h e trunk, wou ld s e e m t o be acci-
dent s of smal l importance . I n t h e f ew cases w h i c h I h a v e had t h e 
o p p o r t u n i t y of e x a m i n i n g m o n t h s after t h e injury, however , , a n 
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a p p r e c i a b l e loss of v o l u m e of t h e l i m b be low t h e s i t e of t h e occ lus ion 
of t h e vesse l , a n d a l o w e r i n g of t h e d i s t a l b l o o d - p r e s s u r e , h a v e b e e n 
p r e s e n t . Y e t t h e m e n w e r e b a c k on a c t i v e se rv ice , n o t c o m p l a i n i n g ; 
a n d m e r e e x a m i n a t i o n of t h e af fec ted l i m b , w i t h o u t c o m p a r i s o n w i t h 
t h e u n i n j u r e d o n e , w o u l d h a v e w a r r a n t e d t h e s u r g e o n in c l a i m i n g a 
pe r f ec t r e s u l t . 

Of t h e 38 cases in w h i c h t h e a r t e r y w a s n o t a l r e a d y o c c l u d e d 
b y t h r o m b o s i s , 24 w e r e t r e a t e d b y l i g a t u r e , a n d 6 b y s u t u r e of t h e 
a r t e r y ; t h e r e m a i n i n g 8 cases p a s s e d f r o m m y o b s e r v a t i o n a t a n 
e a r l y s t a g e . 

Ligature.—Of t h e 24 cases of l i g a t u r e , 17 w e r e of t h e a r t e r y 
a l o n e , a n d 7 of b o t h a r t e r y a n d v e i n . 

A m o n g t h e 17 cases of l i g a t u r e of t h e a r t e r y , t h e r e w e r e 6 cases 
of g a n g r e n e , a n d 1 case o c c u r r e d a m o n g t h e 7 in w h i c h t h e a r t e r y a n d 
v e i n w e r e t i e d . 

Of t h e 17 o p e r a t i o n s , 5 w e r e p r i m a r y , w i t h 3 cases of g a n g r e n e ; 
12 w e r e s e c o n d a r y , a l so w i t h 3 cases of g a n g e n e . 

Of t h e t h r e e cases in w h i c h g a n g r e n e fol lowed p r i m a r y l i g a t u r e , 
in o n e t h e h a e m o r r h a g e h a d b e e n v e r y c o p i o u s a n d p a l l o r w a s e x t r e m e , 
t h e vesse l w a s t i e d in a n o p e n w o u n d w i t h t h e a i d of loca l anaes thes ia , 
a r t e r i a l g a n g r e n e s t a r t e d in t h e fingers, fo l lowed b y g a s g a n g r e n e , 
a n d t h e a r m w a s a m p u t a t e d ; in a s econd , t h e p a t i e n t w a s v e r y s eve re ly 
w o u n d e d , l a y o u t in t h e co ld , t h e o t h e r a r m a n d o n e leg w e r e a m p u -
t a t e d for d e s t r u c t i v e in ju r i e s , a n d t h e e n d s of t h e fingers w e r e los t ; 
i n t h e t h i r d case , a r t e r i a l g a n g r e n e of t h e fingers w a s fo l lowed b y g a s 
g a n g r e n e , a n d a m p u t a t i o n w a s p e r f o r m e d . 

Of t h e t h r e e cases in w h i c h g a n g r e n e fo l lowed s e c o n d a r y l i g a t u r e , 
h a e m o r r h a g e w a s t h e i n d i c a t i o n in al l . I n t w o of t h e m t h e m e d i a n 
n e r v e w a s i n j u r e d . I n t w o , d i g i t s o n l y w e r e affected ; in t h e t h i r d 
t h e g a n g r e n e s p r e a d u p t h e a n t e r i o r su r f ace of t h e f o r e a r m . A m p u -
t a t i o n w

r
as success fu l ly p e r f o r m e d in e a c h . 

I n t h e o n l y case of g a n g r e n e fo l lowing l i g a t u r e of a r t e r y a n d v e i n , 
t h e g a n g r e n e e x t e n d e d o n l y t o t h e b a s e of t h e t e r m i n a l p h a l a n g e s . 
S u p p u r a t i o n of t h e f o r e a r m a f t e r w a r d s n e c e s s i t a t e d a m p u t a t i o n . 

T h e i n d i c a t i o n s for l i g a t u r e of t h e a r t e r y a l o n e w e r e : p r i m a r y 
h e m o r r h a g e 5 , s e c o n d a r y h a e m o r r h a g e 5, a r t e r i a l h a e m a t o m a 6, 
a n e u r y s m a l v a r i x 1 (a f a i lu re ) . T h e i n d i c a t i o n s for l i g a t u r e of a r t e r y 
a n d v e i n w

T
cre in al l ca ses a r t e r i a l h a e m a t o m a t a . 

As t o t h e p e r m a n e n t r e s u l t s , I h a v e o n l y k n o w l e d g e of t w o , a n d 
t h e s e r e t u r n e d t o d u t y . 

Suture.—In 6 cases w o u n d s of t h e vesse l w e r e s u t u r e d . I n 
3 t h e w o u n d w a s r e s e c t e d o n a c c o u n t of i t s e x t e n t , a n d e n d - t o - e n d 
u n i o n w a s e s t a b l i s h e d . T h e first, a p r i m a r y o p e r a t i o n , fa i led, a s t h e 
u n i o n g a v e w a y on t h e t e n t h d a y a n d t h e vesse l r e q u i r e d t o b e l iga-
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t u r e d ; t h e s u t u r e h a d t o r n f r o m t h e d i s t a l e n d of t h e vesse l . I n 
t h e s e c o n d , t h e o p e r a t i o n w a s p e r f o r m e d o n t h e n i n e t e e n t h d a y ; t h e 
p u l s e w a s m a i n t a i n e d ; o n t h e f o u r t h d a y t h e b l o o d - p r e s s u r e in t h e 
p e r i p h e r y \vas 90 m m . , a g a i n s t 125 m m . o n t h e s o u n d s ide ; o n t h e 
t w e n t y - f o u r t h d a y i t w a s 127 m m . , a g a i n s t 140 m m . ; t h e m a n is 
n o w w o r k i n g in a co l l i e ry . I n t h e t h i r d , t h e o p e r a t i o n w a s p e r f o r m e d 
o n t h e t w e n t y - s e c o n d d a y ; t h e r a d i a l p u l s e fa i led a t t h e e n d of 
f o r t y - e i g h t h o u r s , a n d r e t u r n e d o n t h e fifth d a y , o n w h i c h d a t e t h e 
p e r i p h e r a l b l o o d - p r e s s u r e w a s 80 m m . , a g a i n s t 127 m m . in t h e s o u n d 
l i m b ; t h e p a t i e n t h a s r e t u r n e d t o A u s t r a l i a . 

I n 3 cases l a t e r a l s u t u r e w a s p e r f o r m e d . I n t h e first a l o n g 
v e r t i c a l s l i t in t h e a r t e r y w a s c losed in t h e h o r i z o n t a l l ine ; t h e 
r a d i a l p u l s e w a s s u p p r e s s e d a t t h e e n d of t w e n t y - f o u r h o u r s , a n d 
r e t u r n e d in s e v e n d a y s ; t h e m a n r e j o i n e d h i s r e g i m e n t fou r m o n t h s 
l a t e r . I n t h e s econd , a l a t e r a l s u t u r e of ha l f t h e c i r c u m f e r e n c e of t h e 
a r t e r y w a s p e r f o r m e d o n t h e f o u r t e e n t h d a y b y C a p t a i n G r e a v e s ; 
t h e r a d i a l p u l s e w a s m a i n t a i n e d , a n d o n t h e t e n t h d a y t h e p e r i -
p h e r a l b l o o d - p r e s s u r e w a s e q u a l t o t h a t of t h e s o u n d l i m b . I n t h e 
t h i r d , a v a r i x for w h i c h p r o x i m a l l i g a t u r e h a d b e e n p e r f o r m e d 
unsucces s fu l l y t w e n t y - t h r e e m o n t h s p r e v i o u s l y , a t y p e o p e r a t i o n 
w a s p e r f o r m e d b y M r . E d r e d C o r n e r , b u t t h e ve in w a s u t i l i z ed t o 
s u p p l e m e n t t h e a r t e r i a l s u t u r e ; t h e r a d i a l p u l s e (pos s ib ly a l r e a d y a n 
a n a s t o m o t i c one ) w a s r e t a i n e d , b u t t h r e e w e e k s l a t e r t h e p e r i p h e r a l 
b l o o d - p r e s s u r e w a s o n l y 60 m m . , a g a i n s t 135 m m . o n t h e s o u n d s ide . 

T h i s s m a l l ser ies affords o n e a b s o l u t e f a i lu re , b u t i t m u s t b e b o r n e 
in m i n d t h a t t h e g i v i n g w a y of t h e l ine of u n i o n fo l lowed t r a n s p o r t 
a n d r e m o v a l of t h e s p l i n t . T h e r e w e r e t w o g o o d r e s u l t s , o n e of t h e m 
idea l . I n t h r e e cases t h e r e s u l t s w e r e n o t m a t e r i a l l y b e t t e r t h a n 
t h o s e of l i g a t u r e . 

A w o r d r e m a i n s t o b e sa id r e g a r d i n g t h e o c c u r r e n c e of s u c h a 
l a r g e p r o p o r t i o n of g a n g r e n e a f t e r l i g a t u r e . T h e r e a r e t w o or t h r e e 
spec ia l r e a s o n s t o e x p l a i n t h i s . I n t h e first p l a c e , u n f o r t u n a t e l y 
t h e a r m is a n e a s y p l a c e t o a p p l y a t i g h t t o u r n i q u e t . I n s e v e r a l of t h e 
cases t h i s h a d b e e n d o n e , a n d in o n e i t w a s p r o b a b l y r e s p o n s i b l e for 
t h e s u b s e q u e n t g a n g r e n e . I n o n e case e x p o s u r e t o co ld a n d e x h a u s -
t i o n w a s a t a n y r a t e a n c i l l a r y , if n o t t h e sole c a u s e . I n t w o cases 
s e c o n d a r y g a s g a n g r e n e d e v e l o p e d , a s e q u e n c e w h i c h h a s a l w a y s b e e n 
poss ib le , a n d is g r e a t l y f a v o u r e d b y occ lus ion of a m a i n t r u n k . I n 
b o t h of t h e s e p a t i e n t s , h o w e v e r , a n e m i c g a n g r e n e of t h e fingers 
d e v e l o p e d p r i o r t o a n d i n d e p e n d e n t l y of t h e e x t e n d i n g i n f e c t i v e 
g a n g r e n e . 

I t m a y b e w o r t h m e n t i o n i n g t h a t h i g h d iv i s ion of t h e b r a c h i a l 
a r t e r y w a s seen s e v e r a l t i m e s . I n o n e case in w h i c h i t h a d b e e n h o p e d 
t o r e p a i r t h e l o w e r p a r t of t h e vesse l , a n d in w h i c h r e s o r t h a d t o b e 
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h a d t o l igature, it was n o t e d t h a t t h e radial pulse w a s unaffected. 
H a d t h e operat ion of suture been pract icable , t h e condi t ion would 
n o t h a v e been suspected , a n d an ideal resul t would h a v e been cJaimed 
w h i c h m i g h t n o t h a v e been real ly just if ied. 

In three of t h e cases of gangrene t h e m e d i a n nerve had suffered 
injury, and there is no d o u b t w h a t e v e r t h a t d a m a g e t o th i s nerve 
is a v e r y impor tant contr ibutory cause t o t h e occurrence of t h e 
acc ident . 

I t s eems unnecessary t o g i v e a n y deta i l ed descript ion of t h e 
appropriate m e t h o d s of operat ion . A free incis ion, care of t h e nerve 
trunks , and sufficient mobi l i za t ion of t h e artery w i t h o u t d iv i s ion of 
branches, if e i ther suture or l igature be c o n t e m p l a t e d , are t h e on ly 
po ints of importance . T h e artery is a v e r y conven ien t one for e i ther 
resect ion and end- to -end junc t ion or lateral suture , and in su i table 
cases repair should be preferred t o occ lus ion. Arterial hscmatomata 
or arter io-venous aneurysms should a l w a y s be operated upon . In 
cases of aneurysmal var ix , t h e surgeon exercises his o w n j u d g e m e n t , 
b u t in m a n y cases there are no s igns or s y m p t o m s w h i c h warrant 
interference. 

VESSELS OF THE FOREARM. 

W o u n d s of t h e radial or ulnar arteries are c o m m o n , b u t t h e y do 
not call for a n y special descr ipt ion ; t h e pulse a t t h e wrist is rapidly 
re-establ ished after a w o u n d of one of t h e vesse ls , and interference 
w i t h t h e nutr i t ion of t h e h a n d is usua l ly negl ig ible . 

I n consequence of t h e smal l cal ibre of t h e vesse l s , c o m p l e t e 
severances of cont inu i ty are c o m m o n ; whi le for t h e e s tab l i shment of 
an a n e u r y s m or arter io-venous c o m m u n i c a t i o n , e i ther t h e injury m u s t 
be s l ight or t h e miss i le v e r y smal l . T r a u m a t i c a n e u r y s m s on t h e s e 
vesse ls , therefore , are n o t c o m m o n . 

I t is rather interest ing t o n o t e h o w loud arter io-venous murmurs 
m a y be in consequence of t h e superficial s i tuat ion of t h e arteries in 
t h e lower half of t h e forearm, and for t h e s a m e reason t h e murmurs 
m a y be v e r y m u c h changed in character b y pressure exer ted b y the 
bell of t h e s t e thoscope . 

One case m a y be quoted t o i l lustrate t h e difficulty which often 
ex i s t s in locat ing t h e actual pos i t ion of an arter io-venous c o m m u n i c a -
t ion and de termin ing t h e vesse l s i n v o l v e d . T h e w o u n d w a s caused 
b y a f ragment of a b o m b w h i c h entered e x a c t l y in t h e centre of t h e 
e lbow-crease of t h e r ight arm. A n aneurysmal var ix resul ted , and was 
disregarded unt i l a w o u n d of t h e e lbow-jo int w a s rece ived near ly t w o 
years later. T h e e lbow b e c a m e a n k y l o s e d a t a r ight ang le , and t h e 
l imi ta t ion of m o v e m e n t m a y h a v e been responsible for en largement 
of t h e var ix , in so far as it interfered w i t h t h e normal m e c h a n i s m of 
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t h e v e n o u s c i r c u l a t i o n . A v a r i x t h e s ize of a p i g e o n ' s e g g h a d 
d e v e l o p e d in t h e m e d i a n bas i l i c v e i n ; t h i s p u l s a t e d f reely , a n d I 
a s s u m e d t h a t a d i r e c t c o m m u n i c a t i o n w i t h t h e b r a c h i a l a r t e r y a s i t 
l a y b e n e a t h t h e b i c i p i t a l f a sc ia w a s p r e s e n t . O n d i s s e c t i o n , t h e v a r i x 
w a s r e a d i l y l i f ted f r o m t h e su r f ace of t h e b r a c h i a l , a n d i t b e c a m e 
e v i d e n t t h a t t h e p u l s a t i o n a n d t h r i l l w e r e b o t h c o n d u c t e d f r o m a 
v e i n of t h e f o r e a r m , p r o b a b l y t h e d e e p m e d i a n . T h i s v e i n a n d t h e 
i n t e r o s s e o u s b r a n c h of t h e u l n a r a r t e r y w e r e l i g a t u r e d , a n d p u l s a t i o n 
a n d t h r i l l w e r e p e r m a n e n t l y a b o l i s h e d . 

Q u a d r u p l e l i g a t u r e of t h e vesse l s a n d exc i s ion of t h e s ac is t h e 
f o r m of o p e r a t i o n a p p l i c a b l e t o a r t e r i o - v e n o u s a n e u r y s m s , a n d 
exc i s ion a n d d o u b l e l i g a t u r e of t h e a r t e r y for t h e a r t e r i a l v a r i e t y . 
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CHAPTER Χ. 

VESSELS OF THE LOWER EXTREMITY. 

FEMORAL VESSELS. 

T H E f e m o r a l vesse ls afford t h e l a r g e s t ser ies of in ju r i e s , 1 7 0 in a l l . 
T h e i n c i d e n c e o n t h e t w o s ides of t h e b o d y w a s a b o u t e q u a l : of 
1 1 7 of t h e ca ses , 5 6 w e r e i n ju r i e s t o t h e r i g h t a n d 6 1 i n j u r i e s t o 
t h e lef t t h i g h . A v e r y g r e a t m a j o r i t y of t h e les ions w e r e c a u s e d b y 
f r a g m e n t s of she l l s , a l t h o u g h d u r i n g t h e first m o n t h s of t h e w a r t h i s 
w a s n o t t h e ca se , a n d b u l l e t i n ju r i e s w e r e f r e q u e n t . I t is n o t e w o r t h y 
t h a t i n c r e a s e in t h e p r o p o r t i o n a l n u m b e r of a r t e r i o - v e n o u s t o a r t e r i a l 
a n e u r y s m s c o r r e s p o n d e d in d a t e w i t h t h e c h a n g e in t h e n a t u r e of t h e 
miss i le c a u s i n g t h e w o u n d s of t h e vesse l s . 

A h i s t o r y of p ro fuse p r i m a r y h e m o r r h a g e w a s r a r e a m o n g s t t h e 
p a t i e n t s w h o r e a c h e d t h e h o s p i t a l s on t h e l ines of c o m m u n i c a t i o n ; 
i t is o n l y n o t e d t o h a v e o c c u r r e d in 1 8 o u t of 1 5 0 . T h e s a m e r e m a r k 
h o l d s g o o d a m o n g s t t h e s m a l l n u m b e r of cases t r e a t e d a t t h e c a s u a l t y 
c l e a r i n g s t a t i o n s w h i c h a r e q u o t e d h e r e . 

A m o n g s t 7 5 cases in w h i c h t h e n a t u r e of t h e w o u n d of t h e sof t 
p a r t s is spec ia l ly r e c o r d e d , in 4 3 i t c o n s i s t e d of a l i m i t e d t h r o u g h -
a n d - t h r o u g h t r a c k ; in 1 8 t h e miss i le w a s r e t a i n e d ; a n d in o n l y 1 4 
w a s t h e w o u n d l a rge a n d e x t e n s i v e l y l a c e r a t e d . C o m p l i c a t i o n s a r c 
n o t a s t r i k i n g f e a t u r e . T h u s , in o n l y 1 5 w a s a f r a c t u r e of t h e f e m u r 
p r e s e n t . I t m a y , h o w e v e r , b e r e m a r k e d t h a t a l a rge a d d i t i o n t o 
t h i s n u m b e r w o u l d b e p r o b a b l e w e r e t h e cases of f r a c t u r e of t h e 
f e m u r s i f ted for a r t e r i a l c o m p l i c a t i o n s . A s s o c i a t e d i n j u r y t o n e r v e s 
w a s a l so r a r e ; p e r h a p s t h e m o s t c o m m o n w a s i n j u r y t o t h e g r e a t 
s c i a t i c t r u n k in w o u n d t r a c k s p a s s i n g f rom before b a c k w

r
a r d s . I t 

w a s s u r p r i s i n g t o n o t i c e , in t h e cou r se of o p e r a t i o n s on t h e superf ic ia l 
f e m o r a l a r t e r y , h o w r a r e l y e i t h e r t h e l o n g s a p h e n o u s o r t h e n e r v e 
t o t h e v a s t u s i n t e r n u s h a d b e e n i n j u r e d . 

Thrombosis.—In 2 0 cases t h e r e w a s r e a s o n t o be l i eve t h a t 
t h r o m b o s i s h a d e n s u e d a f t e r t h e inf l ic t ion of e i t h e r c o n t u s i o n or 
w o u n d of t h e vesse l ; a n d a s t h i s s e q u e n c e is of v e r y c o n s i d e r a b l e 
i n t e r e s t , a s b e a r i n g n o t o n l y u p o n t h e q u e s t i o n of s p o n t a n e o u s a r r e s t 
of h e m o r r h a g e , b u t a l so o n t h a t of def in i te s p o n t a n e o u s c u r e of 
w o u n d e d a r t e r i e s , t h e s m a l l ser ies is w o r t h y of a n a l y s i s . T h e e v i d e n c e 
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r e s t s in p a r t o n c l in ica l i n v e s t i g a t i o n , in p a r t o n o c u l a r p r o o f b y 
d i r e c t o b s e r v a t i o n in w o u n d s . 

I t wil l b e wel l t o d e a l first w i t h t h e i n s t a n c e s in w h i c h t h e d i a -
gnos i s d e p e n d e d u p o n c l in ica l i n v e s t i g a t i o n a l o n e . I n s e v e n t h e 
e v i d e n c e c o n s i s t e d a l m o s t so le ly of t h e d i s a p p e a r a n c e of a loca l 
a r t e r i a l b r u i t , o r t h e c o m b i n a t i o n of t h i s w i t h a t r a n s m i t t e d m u r m u r 

t ο t h e h e a r t . 

Case 40.—An officer received a small t h rough -and - th rough wound of 
bo th th ighs . I t was originally t h o u g h t t h a t one femur h a d been f ractured, 
b u t th is a s sumpt ion was nega t ived b y ic-ray examina t ion . F o u r days la ter , 
examina t ion of t h e hea r t showed t h e apex t o lie in t h e nipple line, t h e pulse 
t o v a r y from 80 t o 90, a n d auscu l ta t ion disclosed a loud bru i t audible over 
t h e base of t h e hea r t . This m u r m u r h a d been l ikened t o t h a t dependen t on 
pericardial friction, b u t t h e b ru i t real ly consisted of t h e typ ica l loud venous 
roar , w i th systolic exacerba t ions . T h e first sound was replaced b y t h e 
systolic bru i t , while t h e second was loud, pronounced, a n d qui te clear. 

On examina t ion of t h e th igh , ecchymosis was seen over t h e t r iangle of 
Scarpa , b u t the re was l i t t le or no swelling, and nei ther thr i l l nor pulsa t ion 
could be de tec ted . The poster ior t ibia l pulse was present . On auscul ta-
t ion , a loud venous roar a n d a compara t ive ly soft systolic b ru i t were audible 
over t h e commencemen t of t h e superficial femoral a r t e ry , a n d conduc ted in 
b o t h direct ions. The presence of an ar ter io-venous communica t ion was 
therefore demons t r a t ed , a n d t h e presence of bo th sets of m u r m u r s was 
cor robora ted b y a t least t h ree experienced auscu l ta tors . 

Four t een days la te r I saw th is pa t i en t in London ; t h e local m u r m u r 
h a d t h e n completely d isappeared , no pulsa t ion or thr i l l could be de tec ted , 
a n d t h e t ibia l pulses were present ; b u t a faint systolic b ru i t persis ted a t t h e 
apex of t h e hea r t for a few days longer. The pa t i en t was kep t a t rest in 
bed for a fur ther period of th ree weeks, a n d t h e n allowed to move a b o u t ; 
no recurrence of a n y of t h e signs t ook place. 

Case 41.—A sepoy, wi th a f racture of t h e femur j u s t below t h e t r o -
chan te r s , was found t o h a v e a systolic b ru i t audible over t h e course of t h e 
femoral a r t e r y j u s t below P o u p a r t ' s l igament , a n d no pulsa t ion could be 
de tec ted in t h e vessel. This b ru i t persis ted for th ree weeks, b u t t w o m o n t h s 
la ter it h a d d isappeared, a n d bo th t h e t ib ia l pulses were pa lpab le . 

Case 42 .—Pte . W . A t h r o u g h - a n d - t h r o u g h t r a c k t r aversed t h e upper 
th i rd of t h e th igh ; no pu lsa t ion was pa lpable in t h e femoral a r t e ry , and a 
local systolic brui t was audib le . The dorsalis pedis a r t e r y was pulsa t ing , 
b u t no t t h e poster ior t ib ia l . Seventeen days la ter t h e bru i t h a d d isappeared, 
a n d t h e oedema of t h e foot, present a t t h e t ime of t h e first examina t ion , 
h a d subsided. 

Case 43 .—Pte . R . A th rough-and - th rough wound t raversed t h e th igh 
j u s t below its cent re . A tense pu l sa t ing swelling was present in t h e 
adduc to r region. On t h e four teenth d a y all pu lsa t ion h a d d isappeared , a 
soft venous brui t was audible , a n d t h e t ibial pulses were presen t . On t h e 
twen t i e th d a y ne i ther pulsa t ion nor b ru i t could be de tec ted . 

Case 44 .—Pte . S. Small wound of left t h igh . After being dressed, 
t h e pa t i en t was sent back t o t h e t renches . F ive days la te r a small tense 
swelling was detec ted over t h e junc t ion of t h e middle a n d lower th i rds of 

14 
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t h e superficial femoral a r t e ry , a n d a local systolic b ru i t was audible a t 
th i s spot . Two days la ter t h e b ru i t h a d d isappeared , a n d t h e pa t i en t was 
shor t ly af terwards evacua ted t o E n g l a n d . 

Case 45 .—Pte . T . Through-and- th rough t r a c k in th igh , a n d a fracture 
of t h e femur. T h e th igh was m u c h swollen, b u t t h e posterior t ib ia l pulse 
was present . A systolic b ru i t was audible a t t h e apex of t h e h e a r t . Sixteen 
days la ter t h e swelling of t h e th igh h a d m u c h diminished, a n d t h e cardiac 
b ru i t h a d d isappeared . 

Case 46 .—Pte . W . Shell wound of th igh . The wound bled freely 
pr imar i ly , a n d t h e pa t i en t controlled t h e haemorrhage b y ty ing a t ou rn ique t 
a round t h e l imb. The m a n lay ou t for two days , a n d when b rough t in 
t o t h e casua l ty clearing s ta t ion an ar ter io-venous communica t ion was 
diagnosed. A week la ter a systolic bru i t was still audible a t t h e cardiac 
apex , b u t t h e local signs h a d d isappeared . 

T h e a b o v e 7 cases m i g h t p e r h a p s b e m o r e a c c u r a t e l y c lassed 
u n d e r t h e h e a d i n g ' s p o n t a n e o u s h e a l i n g , ' b u t loca l t h r o m b o s i s is 
n o n e t h e less t h e n e c e s s a r y p a r t of t h e p r o c e s s of c u r e . I t will b e 
n o t e d t h a t , in t h e l a s t t w o , t h e p r e s e n c e of a c a r d i a c b r u i t w a s re l ied 
u p o n a s e v i d e n c e of a loca l les ion of t h e vesse l s . T h i s s ign h a s b e e n 
so o f t en s u b s t a n t i a t e d in m y o w n e x p e r i e n c e b y t h e d i s c o v e r y of a 
def in i te local les ion t h a t I c o n s i d e r t h a t i t s i m p o r t a n c e s h o u l d n e v e r 
b e d i s c o u n t e d . 

I n t h e r e m a i n i n g 13 cases , o c u l a r d e m o n s t r a t i o n of c o m p l e t e 
t h r o m b o s i s of t h e a r t e r y w a s af forded ; in 5 i t w

r
as seen a n d p a l p a t e d 

in t h e floor of a l a r g e o p e n w o u n d , in 7 i t w a s seen d u r i n g t h e p e r f o r m -
a n c e of o p e r a t i o n s , wh i l e in t h e t h i r t e e n t h case a c o n t u s e d a r t e r y , 
s t i l l v i a b l e , w a s a s s o c i a t e d w i t h a c o m p l e t e l y d i v i d e d v e i n . I n t w o 
i n s t a n c e s a w o u n d e d v e i n w a s a s s o c i a t e d w i t h a t h r o m b o s e d a r t e r y , 
a n d in t w o a w o u n d e d a r t e r y w a s a s s o c i a t e d w i t h a t h r o m b o s e d v e i n . 

P u t t i n g a s i d e t h e s ignif icance of t h r o m b o s i s a s a n e l e m e n t in 
t h e p roces s of s p o n t a n e o u s c u r e , i t s chief i n t e r e s t lies in i t s r e l a t i o n 
t o t h e o c c u r r e n c e of s e c o n d a r y h a e m o r r h a g e , t o i t s i m p o r t a n c e a s 
a s t a g e in t h e d e v e l o p m e n t of s e c o n d a r y t r a u m a t i c a n e u r y s m s , a n d 
t o t h e r i sk of e m b o l i s m a n d i t s a t t e n d a n t c o n s e q u e n c e s . 

S e c o n d a r y h a e m o r r h a g e o c c u r r e d in 5 o u t of t h e 13 cases u n d e r 
c o n s i d e r a t i o n , o n t h e f o u r t h , s i x t h , e i g h t h , t e n t h , a n d f o u r t e e n t h d a y s 
r e s p e c t i v e l y . I t is o b v i o u s t h a t s e p t i c in fec t ion is a s a ru l e r e s p o n s i b l e 
for t h e a c c i d e n t , a n d in o n e of t h e five p a t i e n t s g a s g a n g r e n e w a s 
t h e a c t u a l c a u s e ; b u t , a s h a s b e e n r e p e a t e d l y p o i n t e d o u t , s e c o n d a r y 
h a e m o r r h a g e m a y r e s u l t f rom t h e s e p a r a t i o n of a n a s e p t i c s l o u g h . 
E x p e r i e n c e h a s t h e r e f o r e a m p l y d e m o n s t r a t e d t h e w i s d o m of exc i s ing 
t h e t h r o m b o s e d p o r t i o n of a n y a r t e r y e x p o s e d in t h e o r i g i n a l w o u n d 
o r m e t w i t h d u r i n g t h e p e r f o r m a n c e of a n o p e r a t i o n . T h e d i i f icu l ty 
of c o r r e c t l y e s t i m a t i n g t h e a c t u a l d e g r e e of d a m a g e t o t h e Avail of 
t h e vesse l b y e x t e r n a l i n s p e c t i o n m a y b e g r e a t o r i n s u p e r a b l e ; b u t 



Fig. 54.-Wound of superficial and
deep femoral arteries, the profunda dis­
placcd inwards; the opening into the
sac behind the vessels is seen, margin­
ated below by the insertion of the
adductors.
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in some cases it may be readily gauged. Thus, an artery may look as
if" it had been rubbed with a coarse rasp"; while in an instance such
as that figured on p. 10 (Plate 1), the small dark spot seen on the outer
surface of the vessel gave little indication of either the degree or
extent of the lesion.

In this small series two instances are ineluded in which a local
bulging of a partially damaged wall was seen; in one the inner coat
was bulging through a defect in the adventitia like the inner tube of
a bicyelc tyre bulging through a hole in the cover (Lieut.-Colonel
Cowell); in the second (Fig. 6, p. 14) a small local bulge due to a
defect in the inner coat at the upper limit of a vertical wound was
exposed during an operation for suture of the wound in the artery.
The prognostic significance of thl' latter observation, made at a period
of four months after infliction of the injury, is perhaps not great;
but the former illustrates well the condition which may precede the
occurrence of either secondary hIT'morrhage or a tardily developing
traumatic aneurysm.

Secondary embolism was met with only once in the series; the
embolus was arrested at the point of bifurcation of the popliteal
artery, and occasioned gangrene of the foot and leg.

Nature and Distribution of Wounds of tbe Femoral Vessels.-Little
need be said specially as to the nature of the wounds in the walls of
these vessels. In the great majority of the instances which come on
to the operating table, these arc of
the lateral variety. Amongst 22
cases in which primary ligature was
performed, 14 lateral wounds, 3
perforations, and 5 complete sever­
ances were met with. In 45 cases
in which operations were under­
taken at a later date, 31 lateral
wounds, 7 extensive lateral wounds
approximating complete severances,
5 complete severances, and 2 per­
forations were found. Perforations
have become rarer with the increase
in frequency of wounds caused by
shells. These, too, arc apt to be
followed by the development of
aneurysmal varices. A number of
the latter would have escaped
notice as far as this series is con­
cerned, since it deals mainly with cases in which early operations
were undertaken.
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Of 150 cases , t h e w o u n d s of t h e femoral vesse ls were dis tr ibuted as 
fol lows : upper third, 45 ; midd le third, 65 ; lower third, 40 . Certain 
port ions of t h e arteries are specia l ly l iable t o serious injury. Thus , 
t h e c o m m o n femoral is fixed a t its origin, a n d again b y t h e profunda 
branch, which t ies it firmly in pos i t ion . A t t h e lat ter spot w o u n d s 
are frequent, and a p t t o be severe. In three cases I saw t h e deep 
femoral comple t e ly cut off from t h e m a i n trunk, and in several i t 
was w o u n d e d in c o m b i n a t i o n w i t h t h e superficial branch. A good 
e x a m p l e is furnished b y Fig. 5 4 . D u r i n g its course t h r o u g h Hunter ' s 
canal t h e superficial femoral is firmly supported throughout by muscles 
a n d t h e aponeurot ic roof of t h e canal , so t h a t t h e vesse l can scarcely 
escape a miss i le travers ing i ts course. T h e m o s t dangerous spot of 
all is t h e e x t r e m e lower end where t h e artery lies in t h e so-cal led 
adductor canal , and here t h e addi t ional risk of w o u n d b y a f ragment 
of a fractured femur also ex i s t s . T h e short trunk of t h e d e e p femoral 
artery is also held very firmly in pos i t ion b y t h e circumflex branches . 

Signs of Wounds of the Femoral Artery and its Branches.— 

Haematomata in connect ion w i t h w o u n d s of these vesse ls reach t h e 
largest size of a n y m e t w i t h in t h e body , t h o s e forming in connect ion 
w i t h t h e axi l lary artery be ing t h e o n l y ones wh ich a p p r o x i m a t e 
in size and hold ing capac i ty . 

F r o m t h e regional po int of v iew, w o u n d s of t h e m a i n trunks m a y 
be d iv ided in to three classes :— 

1. Those in which t h e c o m m o n , t h e superficial, or t h e d e e p 
femoral m a y happen t o be w o u n d e d whi le enc losed wi th in t h e confines 
of t h e tr iangle of Scarpa. I t is n o t infrequent ly imposs ib le t o 
determine wh ich of t h e three vesse ls is impl icated , as t h e e x t r a v a s a t e d 
blood in e i ther case m a y fill t h e tr iangle , ob l i terat ing t h e normal 
c o n c a v i t y or replacing it b y a broadly c o n v e x swell ing. W h e n t h e 
w o u n d of t h e c o m m o n femoral is near i ts c o m m e n c e m e n t , t h e blood 
m a y find i ts w a y u p b e n e a t h Poupart ' s l i gament and sugges t t h a t 
t h e external i l iac artery is t h e vesse l impl icated . Subcutaneous 
ecchymos i s is of ten widespread in w o u n d s in th i s s i tuat ion. 

2. W
r
hen t h e superficial femoral is w o u n d e d wi th in t h e confines 

of Hunter ' s canal , a swel l ing of e longated out l ine forms a long t h e 
antero- internal aspect of t h e t h i g h ; it is firm and tense , rarely e x t e n d s 
into Scarpa's tr iangle , and s u b c u t a n e o u s e c c h y m o s i s is rare. A 
special feature of th is h e m a t o m a is t h e part t a k e n b y t h e sartorius 
musc le in contr ibut ing t o its boundaries . T h e musc le , b e y o n d 
s tre tch ing longi tudinal ly , w i d e n s out lateral ly , so t h a t i t m a y often 
be preferable, w h e n t r y i n g t o expose t h e artery , t o cut t h r o u g h t h e 
fibres of t h e m u s c l e rather t h a n t o displace i t . 

3 . W h e n t h e w o u n d is a track pass ing through t h e adductor 
musc les from t h e front of t h e th igh , blood trave l s in to t h e adductor 
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Fig. 55.—Orifice of entry of a bullet which caused a common femoral arterio-
venous aneurysm. The minimal size of the aneurysm can be appreciated by regarding 
the outline of the groin. The cutaneous ecchymosis over the adductor region still 
persists, while the papular form of the orifice of entry, with its central depression, so 
characteristic of such wounds during the process of absorption and contraction of the 
underlying blood-clot, is well shown. Under the care of Captain Martin. 
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c o m p a r t m e n t , f o r m i n g a s e c o n d l a r g e s ac c o n n e c t e d t o t h e a n t e r i o r 
o n e b y a v e r y n a r r o w n e c k o r c h a n n e l . T h e b l o o d in t h e p o s t e r i o r 
s e g m e n t of t h i s b i - sac u s u a l l y c o a g u l a t e s e a r l y , a n d r a r e l y f o r m s a 
p a r t of a t r a u m a t i c a n e u r y s m , s h o u l d t h i s f o r m . 

Haematomata in connection with Wounds of the Branches of 

the Femoral Trunks.—Profunda Femoris.—Wounds of t h e p r o f u n d a 
a r e p r o b a b l y fa r m o r e c o m m o n t h a n t h e n u m b e r s f u r n i s h e d b y l i s t s 
of in ju r i e s t o t h e f e m o r a l a r t e r i e s w o u l d s u g g e s t , for t h e r e is n o 
d o u b t t h a t in m a n y i n s t a n c e s a c l in ica l d i a g n o s i s of w o u n d of t h e 
c o m m o n f e m o r a l a r t e r y is a r r i v e d a t , w h e n t h e d e e p f e m o r a l is r e a l l y 
t h e vesse l w h i c h h a s b e e n i n j u r e d . 

T h i s ser ies i n c l u d e s 6 cases in w h i c h i s o l a t e d in ju r i e s t o t h e 
p r o f u n d a w e r e d i sc losed b y o p e r a t i o n . Of t h e s e p a t i e n t s 3 d i ed , 
a n d of t h e 3 w h o r e c o v e r e d , 2 w e r e e v e n t u a l l y d i s c h a r g e d f r o m t h e 
se rv ice a s p e r m a n e n t l y unf i t , a n d in t h e t h i r d t h e l i m b w a s in fa r 
f rom g o o d c o n d i t i o n . A br ie f a b s t r a c t of t h e h i s to r i e s wil l p e r h a p s 
b e s t s e r v e t o e x p l a i n t h i s v e r y u n s a t i s f a c t o r y e x p e r i e n c e , s ince 
i so l a t ed occ lus ion of t h e p r o f u n d a i n v o l v e s t h e l e a s t s e r ious i n t e r -
f e rence w i t h t h e c i r c u l a t i o n of t h e l i m b of a n y of t h e t h r e e t r u n k s . 

Case 47 .—Pte . F . was a d m i t t e d wi th a shell wound of t h e th igh , one 
a n d a qua r t e r b y one inch in size, t h r ee inches below t h e mid-poin t of 
P o u p a r t ' s l igament , a n d appa ren t l y superficial in n a t u r e . The wound was 
fairly clean on admission, the re was some swelling of t h e th igh , no pulsat ion, 
and t h e t ibial pulses were no rma l . 

Two days af terwards the re was a m a r k e d increase in anaemia, associated 
wi th grea t increase in t h e size of t h e th igh , and t h e deve lopment of pulsa-
t ion a n d a systolic b ru i t . T h e swelling ex tended from t h e level of t h e 
anter ior superior spine t o t h e middle of t h e th igh . A t e m p o r a r y elastic 
l igature was applied t o t h e common femoral a r t e ry , t h e swelling was incised, 
and t w o p in t s of clot were evacua ted . A la tera l wound was discovered on 
t h e ou te r side of t h e origin of t h e deep femoral a r t e r y ; a l igature was applied 
below th is , and t h e common femoral a r t e ry definitely closed also. After 
four days ' sat isfactory progress, gangrene of t h e toes set in, and a few days 
la ter t h e m a n succumbed t o a general toxaemia. 

Case 48 .—Pte . G. was a d m i t t e d w i th t w o wounds , one pene t r a t ing t h e 
r ight chest , t h e second t ravers ing t h e bu t tocks a n d wounding t h e r ec tum. 
A large haematoma was present in Scarpa 's t r iangle . Dur ing t h e following 
week t h e t e m p e r a t u r e rose (reaching 103°), wi th occasional rigors, a n d t h e 
haematoma showed signs of breaking down. 

U n d e r spinal anaesthesia t h e suppura t ing haematoma was incised ; i t 
ex tended deeply t h rough t h e o b t u r a t o r foramen, a n d t h e common femoral 
vessels were felt pulsa t ing in i ts anter ior wall . On t h e same night a severe 
secondary haemorrhage took place ; th is was controlled b y placing a l igature 
on t h e common femoral a r te ry , b u t t h e pa t i en t died a few hours la ter . A 
subsequent examina t ion of t h e l imb showed t h e deep femoral a r t e r y t o have 
been completely severed a t i ts origin from t h e common femoral . I t h a d 
no doub t been th rombosed , b u t t h e clot h a d given w a y as a resul t of secondary 
infection. 
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Case 49 .—Pte . G. A slit shell w o u n d was present above t h e inner 
t h i rd of P o u p a r t ' s l igament . There was no h i s tory of p r i m a r y haemorrnage, 
b u t Scarpa ' s t r iangle was now filled b y a large clot which pu l sa ted en masse. 
There was no bru i t audible on auscu l ta t ion . The t ibial pulses were absen t , 
t h e foot was red, a n d t he r e were some pa tches of ecchymosis upon i t . Pulse 
108, t e m p e r a t u r e 102-5°. 

A provisional diagnosis of wound of e i ther t h e common femoral or 
ex te rna l iliac a r t e ry was m a d e . Dur ing t h e nex t four d a y s t h e clot showed 
signs of commencing dis integrat ion, a n d t h e mass decreased in size, t h e 
foot meanwhi le commencing t o mummify . 

On t h e seventh d a y a secondary haemorrhage occurred, a n d t h e ex te rna l 
iliac was l igatured in con t inu i ty . Haemorrhage recurred t w o days la ter , 
a n d was ar res ted b y placing a second l igature on t h e common femoral 
a r t e ry . T h e pa t i en t died shor t ly af te rwards from t h e combined effects of 
haemorrhage a n d septic absorp t ion . T h e profunda was found t o be com-
pletely cu t off from its origin. 

Of t h e r e m a i n i n g t h r e e cases , w h i c h r e c o v e r e d , in o n e s e c o n d a r y 
h a e m o r r h a g e , a n d in t w o e x t e n s i o n of t h e h a e m a t o m a , f o r m e d t h e 
i n d i c a t i o n s for t h e o p e r a t i v e i n t e r v e n t i o n w h i c h w a s a m e a n s of 
c l i n c h i n g t h e d i a g n o s i s . I n o n e c a s e t h e w o u n d w a s a c t u a l l y a 
l es ion of t h e b a c k of t h e c o m m o n f e m o r a l a t t h e p o i n t of o r ig in of 
t h e p r o f u n d a , a n d a l l t h r e e t r u n k s w e r e t i e d . I n t h e s e c o n d t h e 
p r o f u n d a w a s t i e d loca l ly , a n d l a t e r t h e c o m m o n f e m o r a l for t h e 
a r r e s t of s e c o n d a r y h a e m o r r h a g e o n t h e t e n t h d a y . I n t h e t h i r d , a 
c a se of c o m p o u n d f r a c t u r e of t h e f e m u r , t h e p r o f u n d a w a s t i e d 
loca l ly for s e c o n d a r y h a e m o r r h a g e o c c u r r i n g o n t h e s i x t h d a y . T h e 
u l t i m a t e r e s u l t in t h e s e cases is g i v e n a b o v e . 

C o n s i d e r a t i o n of t h e s e h i s t o r i e s i l l u s t r a t e s t h e u n c e r t a i n t y in 
d i a g n o s i s w h i c h a t t e n d s in ju r i e s t o t h e p r o f u n d a a r t e r y , a n d w h a t is 
m o r e i m p o r t a n t , t h e in f luence e x e r t e d b y a n i n c o r r e c t d i a g n o s i s o n 
t h e t r e a t m e n t a n d s u b s e q u e n t c o u r s e of t h e ca se s . A few p o i n t s 
h e l p in a r r i v i n g a t a c o r r e c t o p i n i o n , b u t t h e y c a n o n l y b e r e g a r d e d 
a s a f fo rd ing c i r c u m s t a n t i a l e v i d e n c e , t h u s : (1) T h e d i r e c t i o n of t h e 
w o u n d t r a c k , a s i n d i c a t e d b y t h e s i t u a t i o n of t h e a p e r t u r e s of e n t r y 
a n d e x i t , t a k e n i n t o c o n s i d e r a t i o n w i t h t h e a t t i t u d e of t h e b o d y a n d 
l i m b w h e n t h e w o u n d w a s r e c e i v e d , o r t h e p o s i t i o n of a r e t a i n e d 
miss i le ; (2) D e t e r m i n a t i o n of t h e p o i n t a t w h i c h t h e a r t e r i a l b r u i t 
is l o u d e s t ; (3) T h e r e t e n t i o n of p r a c t i c a l l y n o r m a l t i b i a l p u l s e s . 
T h e r e s u l t of m y o w n e x p e r i e n c e is t o l e a d m e t o a p p r o a c h a n y 
h a e m a t o m a in S c a r p a ' s t r i a n g l e w i t h a n o p e n m i n d , a n d in n o c a s e 
of u r g e n c y t o a p p l y m o r e t h a n a p r o v i s i o n a l c o n t r o l t o t h e c o m m o n 
f e m o r a l a r t e r y u n t i l o c u l a r d e m o n s t r a t i o n h a s s h o w n t h a t vesse l t o 
b e t h e o n e w o u n d e d . 

Circumflex Branches.—-What h a s b e e n s a i d r e g a r d i n g t h e t r u n k 
of t h e p r o f u n d a f emor i s a p p l i e s e q u a l l y t o t h e cases of i n j u r y t o t h e 
c i r cumf lex b r a n c h e s , a n d h e r e a g a i n 7 cases w e r e a c c o m p a n i e d b y 
a m o r t a l i t y of 3 . 
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I n t h e s e i n s t a n c e s , h o w e v e r , t h e m o r t a l i t y w a s n o t so d i r e c t l y 
in f luenced b y t h e p r e l i m i n a r y d i a g n o s i s . I n a l l t h r e e f a t a l c a se s 
d i r e c t loca l l i g a t u r e of t h e w o u n d e d b r a n c h w a s effected ; o n e p a t i e n t , 
suffer ing f r o m a se r ious f r a c t u r e of t h e f e m u r , d i e d f r o m t h e c o m b i n e d 
effects of h e m o r r h a g e a n d s h o c k ; a s e c o n d a s t h e r e s u l t of r e p e a t e d 
s e c o n d a r y h e m o r r h a g e s f r o m a n in fec ted w o u n d ; a n d t h e t h i r d f r o m 
c a u s e s of w h i c h I a m i g n o r a n t . 

C e r t a i n s m a l l p o i n t s m a y a i d in l o c a t i n g a w o u n d t o o n e of t h e 
c i r cumf lex b r a n c h e s . T h e s ize of t h e h e m a t o m a is a b s o l u t e l y n o 
g u i d e , for q u i t e a s m u c h b l o o d m a y b e e x t r a v a s a t c d a s if o n e of t h e 
l a r g e r t r u n k s h a d b e e n w o u n d e d . T h e s a m e p o i n t s a l r e a d y e n u m e r a t e d 
u n d e r t h e h e a d i n g of t h e p r o f u n d a s h o u l d b e t a k e n i n t o c o n s i d e r a t i o n ; 
a n d b e y o n d t h e s e i t s h o u l d b e b o r n e in m i n d t h a t t h e e x t r a v a s a t i o n 
t e n d s t o fol low t h e c o u r s e of, a n d c o r r e s p o n d w i t h t h a t of, t h e v e s s e l s 

Fig. 56.—Wound of internal circumflex artery, with secondary extension along the 
line of the external circumflex. 

t h e m s e l v e s . T h u s , a w o u n d of t h e i n t e r n a l c i r cumf lex m a y l ead t o 
t h e d e v e l o p m e n t of a h e m a t o m a in t h e a d d u c t o r r eg ion , a l t h o u g h 
t h e c o m p a r t m e n t h a s n o t b e e n t r a v e r s e d b y t h e miss i le ; a n d , g e n e r a l l y 
s p e a k i n g , t h e swe l l ing i n d i c a t i v e of t h e h e m a t o m a t e n d s t o s p r e a d 
w i d e l y in a t r a n s v e r s e d i r e c t i o n t o t h e l o n g a x i s of t h e t h i g h (Fig. 56 ) . 

T h e s e spec ia l p o i n t s m a y b e i l l u s t r a t e d b y t h e fo l lowing case :— 

Case 50 .—Pte . A. Type bullet wound, t h e ape r tu re of e n t r y being 
s i tua ted one inch below P o u p a r t ' s l igament , and over t h e line of t h e r ight 
femoral vessels ; t h a t of exi t was in t h e r ight bu t t ock . 

On admission, a diffuse swelling occupied Scarpa ' s t r iangle , pulsa t ion 
was s t rongest j u s t below t h e ape r tu re of en t ry , a localized thr i l l was pa lpable 
in th is posit ion, a n d a mach ine ry m u r m u r , no t ve ry widely d i s t r ibu ted , was 
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audible . T h e apex of t h e hea r t was in t h e left nipple line, and a systolic 
m u r m u r was audible here . 

The pa t i en t was kep t a t complete rest , a n d t h e diffuse swelling gradu-
ally localized itself t o t h e inner side of t h e femoral vessels. The walls of 
t h e sac increased in firmness, and t h e t ibia l pulses were ma in ta ined th rough-
ou t . The compara t ive dis ta l blood-pressure in t h e t w o l imbs, t a k e n a m o n t h 
after recept ion of t h e injury, was—right 120 m m . of mercury , left 150 m m . 
Meanwhile t h e physical signs remained una l te red , a n d t h e s t reng th of t h e 
pur r ing thri l l in t h e femoral vein appeared t o poin t t o a direct communi -
cat ion be tween t h e ma in a r t e ry a n d vein. 

A t t h e end of t w o m o n t h s a sudden increase in t h e size of t h e haematoma 
took place, a n d th is now ex tended ou twards t o t h e r ight marg in of t he th igh 
(Fig. 56), a n d t h e femoral vessels could be felt t o be bea t ing independent ly 
along t h e inner aspect of t h e blood sac. T h e m u r m u r audible over th is new 
extension was a lmost pure ly systolic in charac te r . 

An incision was m a d e ex tending from jus t below P o u p a r t ' s l igament 
for six inches downwards , so as t o allow a provisional controll ing l igature 
t o be placed on t h e common femoral a r t e ry . W h e n t h e l igature h a d been 
placed upon t h e vessel, a second t r u n k was felt pulsa t ing benea th , so t h a t 
i t was clear t h a t a high division was present , a n d a l igature was passed 
a round t h e second t r u n k . 

The sac was now cleared a n d opened, and t h e two t r u n k s were found 
to be bo th located upon i ts an ter ior wall . F r o m t h e outer side of t h e deep 
t r u n k t w o branches of abou t equal size or iginated, a n d t h e wound was found 
t o be in t h e upper of these . A l igature including t h e satell i te vein was 
appl ied on e i ther side of t h e wound , a n d when t h e provisional control on 
t h e ma in t r u n k s was released, no bleeding or recurrence of t h e thri l l a n d 
m u r m u r followed. (G. H . M.) 

The sac proved to consist of t w o segments , t h e p r i m a r y one following 
t h e course of t h e in ternal circumflex a r t e r y in to t h e a d d u c t o r c o m p a r t m e n t , 
t h e la ter one t rack ing ou twards in t h e line of t h e externa l circumflex branches . 

After a n uneventful course t h e pa t i en t was evacua ted t o Eng l and . 
The u l t ima te resul t was no t considered sufficiently sat isfactory for t h e m a n 
t o be r e tu rned t o act ive service, b u t he resumed his occupat ion as a miner , 
a n d has h a d no further t roub le wi th t h e l imb. 

Prognosis and Treatment.—The t o t a l m o r t a l i t y a m o n g s t 170 
cases of i n j u r y t o t h e f e m o r a l vesse l s a m o u n t e d t o 2 3 (13-5 p e r c e n t ) . 
I n s e v e r a l of t h e p a t i e n t s a s s o c i a t e d in ju r i e s w e r e c o n c e r n e d in t h e 
u l t i m a t e i s sue . D e a t h s fo l lowed in ju r i e s t o t h e c o m m o n f e m o r a l in 5 
i n s t a n c e s , t o t h e superf ic ia l f e m o r a l in 10, t o t h e p r o f u n d a in 3 , a n d t o 
t h e c i r cumf lex b r a n c h e s in 3 . I n 14 of t h e 2 3 f a t a l cases a n o p e r a -
t i o n w a s p e r f o r m e d for d i r e c t t r e a t m e n t of t h e w o u n d of t h e a r t e r y . 
I n t h e r e m a i n i n g 9 cases , 1 d i e d f rom e x h a u s t i o n c o n s e q u e n t on t h e 
p r i m a r y h a e m o r r h a g e a c c o m p a n y i n g t h e i n j u r y , 3 a f t e r e x p l o r a t o r y 
o p e r a t i o n s , 2 a f t e r a m p u t a t i o n of t h e l i m b , 1 f r o m h a e m o r r h a g e 
r e s u l t i n g f r o m i n c a u t i o u s l y o p e n i n g a l a r g e h a e m a t o m a w i t h o u t 
h a v i n g p r e v i o u s l y e s t a b l i s h e d p r o v i s i o n a l c o n t r o l of t h e m a i n t r u n k , 
a n d 1 f r o m c a u s e s of w h i c h n o d e t a i l s a r e a v a i l a b l e . 

I n t h e case of 9 3 of t h e 170 p a t i e n t s , o p e r a t i o n s w e r e p e r f o r m e d 



218 GUNSHOT INJURIES TO THE BLOOD-VESSELS 

for t h e l igature of one or o ther of t h e femoral arteries . T h e operat ions 
were d i s tr ibuted as fo l lows :— 

Common Femoral—Cases, 14 ; cures , 2 ; recoveries , 5 ; d e a t h s , 7 . 
I n 9 cases t h e artery a lone w a s t i ed ; a m o n g s t these , gangrene of 
v a r y i n g e x t e n t fo l lowed in 4 , a n d 6 of t h e pat i en t s d ied . I n 5 cases 
t h e artery a n d ve in were occ luded s imul taneous ly ; a m o n g s t these 
pat i ent s , gangrene of v a r y i n g e x t e n t occurred in 3 , and 1 d ied. 

Superficial Femoral.—Cases, 79 ; cures, 52 ; recoveries , 20 ; 
d e a t h s , 7 . I n 25 cases t h e artery a lone w a s t i ed ; a m o n g s t t h e s e 
pa t i en t s , gangrene of v a r y i n g e x t e n t d e v e l o p e d in 4 (16 per cent ) , 
and 4 d e a t h s (16 per cent ) occurred. In 54 cases t h e artery a n d 
ve in were t i ed s imul taneous ly ; a m o n g s t t h e s e pat i ent s , gangrene of 
v a r y i n g e x t e n t deve loped in 7 (12-9 per cent ) , a n d 3 d e a t h s (5*5 
per cent ) occurred. 

If t h e t w o series be combined , w e h a v e a to ta l of 9 3 operat ions , 
w i t h 19 cases of gangrene (20-4 per cent ) , a n d 14 d e a t h s (15 per cent ) . 
A m o n g s t t h o s e cases in w h i c h t h e artery a lone was t i ed , t h e 
incidence of b o t h local gangrene a n d of d e a t h was cons iderably t h e 
greater . T h u s : Artery a lone , 34 ; gangrene , 8 (24-5 per cent) ; 
dea ths , 7 (20-5 per cent ) . Artery a n d ve in , 59 ; gangrene , 10 (16-9 
per cent) ; dea ths , 7 (11-7 per cent ) . 

T h e causes of d e a t h in t h e 14 cases fo l lowing operat ion were as 
fol lows : Sept ic infect ion, 1 ; gas gangrene , 3 ; pr imary haemorrhage, 
1 ; operat ive haemorrhage, 1 ; s econdary haemorrhage, sept ic infect ion, 
a n d exhaus t ion , 8. 

If t h e cases in w h i c h l igature was under taken as a pr imary 
measure or during t h e first t w o d a y s be t a k e n separate ly , t h e resul ts 
a t t a i n e d are as fol lows. F o r t h e purpose of th i s c o m p u t a t i o n t w o 
smal l series of cases are ava i lab le , one of 25 se lected from t h e 170 
cases a lready considered, a n d one of 18 o b t a i n e d from reports fur-
nished b y surgeons work ing a t casua l ty c learing s ta t ions . These are 
set o u t separate ly in t h e subjo ined tab le , because t h e y offer definite 
ev idence as t o t h e bet ter results a t t a i n e d b y pr imary operat ion w h e n 
it is pract icable . 

P R I M A R Y L I G A T U R E O F S U P E R F I C I A L F E M O R A L A R T E R Y . 

Hospitals on lines 
of communication, 

25 cases 

Casualty clearing 
stations, 
18 cases* 

Gangrene 
Gas gangrene 
A m p u t a t i o n 

D e a t h s . . 

10 υ ι 
1 (not fatal) I 1 (fatal) 
5 (1 death) ! 4 (1 death) 

1 I 1 

1 

* Also two cases of ligature of common femoral ; no complications 
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If b o t h se t s of cases be t a k e n toge ther , w i t h a v i e w t o o b t a i n i n g 
an average result of t h e work e x t e n d i n g over t h e w h o l e l ine, w e h a v e 
4 5 cases of ear ly l igature of t h e artery , a m o n g s t w h i c h g a n g r e n e 
occurred 1 1 t i m e s ( 2 4 - 4 per cent ) , 9 a m p u t a t i o n s h a d t o be performed 
( 2 0 per cent ) , a n d 2 d e a t h s occurred ( 4 - 4 per c e n t ) . 

In 1 5 of t h e 4 5 cases t h e artery a lone w
T
as t i ed ; a m o n g s t t h e s e 

gangrene occurred 5 t i m e s ( 3 3 - 3 per cent ) , a n d there w a s n o d e a t h . 
T h e remain ing 3 0 were t r e a t e d b y s i m u l t a n e o u s l igature of t h e ar tery 
a n d v e i n ; a m o n g s t these gangrene occurred in 6 ( 2 0 per cent ) , a n d 
d e a t h in 2 ( 6 - 6 per cent ) . 

T H E O C C U R R E N C E O F G A N G R E N E F O L L O W I N G I N J U R I E S T O T H E 

F E M O R A L A R T E R I E S . — A m o n g s t t h e 1 7 0 cases , gangrene of a v a r y i n g 
e x t e n t fo l lowed injuries t o t h e femoral vesse l s in 3 6 ( 2 1 - 1 per cent ) . 

Pre-operative Gangrene.—In 1 1 in s tances gangrene w a s a direct 
result of t h e injury a lone . I n 2 t h e injuries i n v o l v e d t h e c o m m o n 
femoral trunk, a n d in b o t h t h e foot a n d leg were i n v o l v e d . I n 7 
ins tances t h e w o u n d w a s of t h e superficial femoral ; in 2 t h e 
toe s o n l y were invo lved , in 1 t h e w h o l e foot , in 3 t h e foot a n d leg, 
a n d in 1 i so lated p a t c h e s of sk in a lone were impl ica ted . Thrombos i s 
w a s fo l lowed b y gangrene t w i c e ; in one case th i s w a s l imi ted t o t h e 
foot , in t h e second b o t h foot a n d leg were i n v o l v e d . 

Post-operative Gangrene.—Gangrene fo l lowed t h e appl icat ion of 
a l igature in 2 5 cases ; b u t in 4 of t h e s e t h e gangrene w a s d u e t o 
anaerobic infect ion. I n t h e remaining 2 1 cases t h e gangrene w a s of 
t h e anaemic t y p e ; b u t i t m u s t be a d d e d t h a t a t least half t h e n u m b e r 
of p a t i e n t s were suffering from t h e effects of sept ic absorpt ion from 
the ir w o u n d s , a n d in 8 of t h e m a t t a c k s of s econdary haemorrhage 
formed t h e indicat ion for occ lus ion of t h e artery . T h e c o m m o n 
femoral w a s t h e seat of l igature in 6 of t h e pat i ent s ; in 1 t h e 
gangrene did n o t e x t e n d b e y o n d t h e t o e s , in 2 t h e w h o l e foot w a s 
i n v o l v e d , a n d in 3 b o t h foot a n d leg. T h e superficial femoral w a s 
t h e seat of l igature in 1 5 cases ; in 6 t h e gangrene d id n o t e x t e n d 
b e y o n d t h e toe s , in 1 half t h e foot w a s invo lved , in 1 a l imi t ed 
s lough formed in t h e sole, a n d in 6 t h e foot a n d leg were impl ica ted . 

I t wil l be observed a t once t h a t t h e e x t e n t of t h e gangrene w a s 
n o t a w i d e one on t h e w h o l e ; in less t h a n half ( 9 o u t of 2 1 ) d id 
t h e process i n v o l v e t h e leg. I t should a lso be n o t e d t h a t i n v o l v e m e n t 
of t h e leg s e ldom depassed t h e dangerous area—i.e . , t h e junct ion of 
t h e m i d d l e and lower th irds , t h e p o i n t where t h e arterial supp ly is 
normal ly least a b u n d a n t . I n fact , t h e gangrene of t h e leg w a s o f ten 
p a t c h y , i n v o l v i n g t h e leg in th i s area a n d o f ten t h e heel , w i t h p a t c h e s 
of skin sti l l re ta in ing v i t a l i t y in terven ing . T w o further influencing 
factors also need t o be t a k e n in to cons iderat ion : ( 1 ) T h e pat i ent s 
h a d of ten lain o u t on t h e ground for hours or e v e n d a y s , s o m e t i m e s 
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w i t h a self-applied tourn ique t on t h e l imb ; and (2) A large propor-
t ion were suffering from sept ic infect ion of v a r y i n g degree, or were 
t h e subjects of mul t ip le w o u n d s . W h e n all these unfavourable 
condi t ions are considered, I do n o t t h i n k t h e inc idence of 20-5 per 
cent can be regarded as a surprising one . In th i s particular series, 
moreover , a dec ided fall in t h e inc idence of gangrene corresponded 
w i t h a general ly improved m e t h o d of pr imary w o u n d t r e a t m e n t , 
showing t h e influence l ikely t o be exerted b y sept ic absorpt ion. 

T h e presence of t h e t ib ia l pulses a t t h e ankle , regarded as an 
indicat ion of t h e pers is tence of a co lumn of b lood c irculat ing in t h e 
m a i n trunk, m u s t a l w a y s be of importance ; b u t in t h e early s tages 
of injuries t o t h e femoral artery i t is no proof of an enlarged col lateral 
c irculat ion. W h e n ex i s t en t , it is p r o m p t l y ex t ingu i shed b y l igature 
of t h e m a i n vesse l , and no ev idence has been obta ined from t h e cases 
under cons iderat ion t h a t t h e previous ex i s t ence of a pulse guarantees 
an earlier return after t h e operat ion . On t h e other hand , t h e dis -
appearance of t h e t ibia l pulses whi le a case is under o b s e r v a t i o n is 
a serious s ign of increasing pressure and obstruct ion , especial ly if a t 
t h e same t i m e an arterial m u r m u r w h i c h has been present d i sappears . 
U n d e r these c ircumstances surgical operat ion is i m p e r a t i v e l y 
d e m a n d e d , a n d m a y s t a v e off i m p e n d i n g gangrene a n d save t h e 
v i t a l i t y of t h e l imb . 

Resor t t o l igature has not , however , proved of great service in 
t h e comple te preservat ion of t h e l imb w h e n s igns of i m p e n d i n g 
gangrene h a v e reached a serious degree. T h e operat ion has proved 
m o s t sat i s factory in t h o s e ins tances in w h i c h pressure b y large 
col lect ions of e x t r a v a s a t c d blood, espec ia l ly w h e n coagulat ion has 
t a k e n place , are exer t ing pressure b o t h on t h e m a i n t runk a n d t h e 
col lateral branches . In one or t w o ins tances t h e l ine of threatening-
gangrene has been seen t o recede s o m e w h a t , and t h u s t h e e v e n t u a l 
a m p u t a t i o n has been able t o be carried t h r o u g h a lower point . S o m e 
further remarks u p o n th i s subjec t will be found in t h e sect ion d e v o t e d 
t o t h e popl i teal artery. 

Arterial Haematomata and False Aneurysms.—Arterial h e m a t o -
m a t a deve loped in 36 ins tances , and in 27 of these it was necessary 
t o operate in t h e early s tages . 

S ix of t h e pat i ent s (16*6 per cent ) died, 1 from secondary h e m o r -
rhage, gangrene , a n d e x h a u s t i o n , 2 as t h e result of sept ic absorpt ion 
a n d secondary h e m o r r h a g e , 1 from h e m o r r h a g e occurring dur ing 
t h e operat ion , 1 from gas gangrene , a n d 1 from sept ic in fec t ion of 
t h e peritoneal c a v i t y . N i n e of t h e pat i ent s were able t o be transferred 
t o E n g l a n d w i t h o u t operat ion . I t wil l be n o t e d t h a t in t h i s part icular 
t h e arterial injuries compare unfavourab ly w i t h t h e arter io-venous , 
as , in t h e lat ter , 25 ou t of 51 pa t i en t s were able t o be transferred t o 
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E n g l a n d w i t h o u t operat ion . T h e series t h u s supports t h e s t a t e m e n t 
m a d e in t h e general sec t ion of t h i s e s s a y ; for ana lys i s shows t h a t 
e x t e n s i o n of t h e haematoma, secondary haemorrhage, a n d secondary 
in f lammat ion—al l condi t ions assoc ia ted w i t h t h e degree of t ens ion 
e x i s t e n t in t h e haematoma—are far m o r e c o m m o n in pure arterial 
haematomata . A g a i n , rout ine e x a m i n a t i o n of t h e d is ta l pulse s h o w s 
th i s general ly t o be more d imin ished in v o l u m e , or more frequent ly 
abol i shed w h e n t h e lesion is pure ly arterial in character. 

T h e indicat ions for operat ion were : pre-operat ive gangrene in 
3 of t h e pat ients , secondary haemorrhage in 2 , e x t e n s i o n of t h e 
haematoma in 5 , and local in f lammatory changes in 2 . Pr imary or 
secondary a m p u t a t i o n w a s performed in 3 cases (8*3 per cent) ; 
in one of t h e p a t i e n t s t h e vascular les ion a c c o m p a n i e d a severe 
c o m p o u n d fracture of t h e femur. T h e artery a lone was t i ed 18 
t i m e s ; pos t -operat ive gangrene fol lowed t h e operat ion twice , and 
all t h e fatal i t ies occurred in th is series. T h e artery a n d ve in were 
t i ed s imul taneous ly in 6 cases , a n d in one ins tance t h e artery a lone 
was t ied because t h e ve in was a lready thrombosed . 

Arterio-venous Aneurysms and Aneurysmal Varices. — Arterio-
v e n o u s c o m m u n i c a t i o n s were p e r m a n e n t l y es tabl i shed in 51 ins tances . 

Of these pat i ent s 7 d ied (13-7 per cent ) , 4 w i t h o u t operat ion , and 
3 after l igature of t h e vesse l s . T h e 4 non-operat ive d e a t h s resulted, 
in 1 as a result of general sept ic infect ion d e p e n d e n t u p o n a suppurat ing 
a m p u t a t i o n s t u m p of t h e oppos i te t h i g h (Fig. 57) , in 1 from sept ic 
absorpt ion in combinat ion w i t h severe pr imary h e m o r r h a g e , and in 
2 from compl icat ions w h i c h were n o t recorded. 

In 15 cases t rea ted in t h e early s tage , t h e operat ion cons is ted in 
quadruple l igature and removal of t h e sac . T h e indicat ions for inter-
v e n t i o n were in 2 ins tances secondary h e m o r r h a g e , in 6 ex t ens ion , 
in 4 t h e large size of t h e h e m a t o m a , a n d in o n l y 1 was t h e operat ion 
done in t h e se t t l ed false a n e u r y s m s tage . 

Aneurysmal varices were treated b y quadruple l igature and 
exc i s ion in 7 ins tances , w i t h invariable success ; 3 of t h e pat ients 
rejoined their regiments wi th in a few m o n t h s . The operat ions for 
ar ter io -venous h e m a t o m a were fo l lowed in 2 ins tances b y a n e m i c 
gangrene necess i ta t ing a m p u t a t i o n of t h e leg. Three of t h e pat i ent s 
died, 2 from anaerobic gangrene , and 1 w i t h o u t a n y obv ious cause 
b e y o n d shock be ing d iscovered a t t h e a u t o p s y . 

Of t h e remaining 11 m e n w h o were operated u p o n , I h a v e been 
unable t o obta in a n y subsequent part iculars , e x c e p t in t h e case of 
one w h o was discharged from t h e service as p e r m a n e n t l y unfit for 
mi l i tary d u t y . Ne i ther h a v e I been able t o obta in a n y further detai l s 
o f t h e 25 m e n w h o were transferred t o E n g l a n d prior t o operat ion . 

Of t h e whole 79 pa t i en t s in w h o m t h e femoral artery was 
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F I G . 57.—Femoral arterio-venous aneurysm. The dilated vein is laid open, and 
within are seen the termination of the profunda vein and the arterio-venous channel. 
The aneurysmal sac is of the small typical form wedged into the angle between the 
two trunks. 

S o m e of t h e l a t t e r a r e , h o w e v e r , e a r n i n g t h e i r l i v ing in civi l o c c u p a -
t i o n , e v e n in s u c h w o r k a s a m i n e r ' s . I feel n o d o u b t , m o r e o v e r , t h a t 
a l a r g e p r o p o r t i o n a m o n g s t t h o s e o n w h o m p r i m a r y o p e r a t i o n s h a v e 
b e e n p e r f o r m e d will e v e n t u a l l y suffer l i t t l e i n c o n v e n i e n c e . N o n e t h e 
less i t is o b v i o u s l y a r a r e e v e n t for t h e l i m b a c t u a l l y t o r e g a i n i t s full 
n o r m a l v o l u m e a n d s t r e n g t h . 

l i g a t u r e d , I h a v e b e e n a b l e t o t r a c e o n l y 15 t o t h e i r u l t i m a t e i s sue . 
Of t h e s e , 7 w e r e r e t u r n e d t o d u t y ( t h r e e of t h e m s u b s e q u e n t l y b e i n g 
k i l l ed o n t h e field of b a t t l e w i t h i n a few m o n t h s ) , a n d 8 w e r e 
d i s c h a r g e d f r o m t h e s e rv i ce a s p e r m a n e n t l y unf i t for m i l i t a r y d u t y . 
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After-results.—Circumstances h a v e n o t a l lowed a full i n v e s t i g a t i o n 
of t h e after-results w h i c h h a v e c o m e under m y not ice ; b u t a short 
résumé o f t h e condi t ions w h i c h h a v e been observed m a y be useful . I 
h a v e h a d t h e o p p o r t u n i t y of e x a m i n i n g a n u m b e r of m e n in E n g l a n d 
in w h o m ei ther t h e artery or t h e ar tery a n d ve in h a v e been l igatured 
abroad. A n inspect ion of t h e l imb in s u c h cases , a t a period of from 
t w o t o three w e e k s after occ lus ion of t h e artery, ful ly warrants a report 
a s t o the ir g o o d condi t ion . A s t h e p a t i e n t l ies in bed, t h e injured 
l imb , in fact , o f ten appears t h e be t ter of t h e t w o . I t is as large as 
or larger t h a n t h e uninjured l imb, a n d a lso retains t h e normal out l ine 
of a we l l -deve loped m e m b e r . Th i s appearance does n o t depend on 
s u b c u t a n e o u s oedema, a t a n y rate n o t sufficiently t o be demons trab le 
b y m a k i n g pressure p i t s w i t h t h e t i p of t h e finger. On pa lpat ion , 
t h e e x p l a n a t i o n is found in t h e condi t ion of t h e musc l e s . T h e 
musc les of t h e calf of t h e uninjured l i m b will h a v e acquired t h e loss 
of t o n e w h i c h i n e v i t a b l y fo l lows d i s u s e ; whi le those of t h e l imb in 
which t h e artery has been t i ed are a b n o r m a l l y firm a n d reta in the ir 
out l ine ful ly . T h e musc les exhib i t , in fact , t h e condi t ion characterist ic 
of t h e early s tages of muscular i s c h e m i a , t h e degree v a r y i n g in indi-
v idual cases . I n some ins tances th i s is a l m o s t t h e o n l y p h e n o m e n o n 
which a t trac t s not ice ; in others a v a r y i n g degree of stiffness of t h e 
ankle- jo int a n d t h e art iculat ions of t h e toe s is superadded. 

E x a m i n a t i o n of t h e t ibial pulses rarely reveals a v o l u m e in a n y 
degree reaching t h e normal . There is great difficulty in de termin ing 
w h a t should be considered a normal d a t e for t h e re-appearance of 
a palpable pulse in t h e posterior t ibial artery a t t h e ankle , or in t h e 
dorsalis pedis artery. There is a lso a great var ia t ion in t h e capac i ty 
of t h e indiv idual surgeon t o de termine t h e presence or absence of 
s l ight pu l sa t ion . T h e surgeons a t s o m e of t h e c a s u a l t y c learing 
s ta t ions h a v e m a d e a smal l n u m b e r of observat ions on th i s po int . 
A palpable pulse w a s reported t o h a v e reappeared in. 7 cases o u t of 
2 5 — a t t h e e n d of t w e n t y - f o u r hours in 1, a t t h e end of four d a y s in 2 , 

a t t h e e n d of e ight d a y s in 1, a n d a t t h e e n d of n ine d a y s in 3 . 

F o r purposes of compar i son , 20 cases observed in L o n d o n m a y 
be t a k e n . I n 7 of these t h e pulse w a s pa lpable a t t h e end of three , 
s even , fourteen, s ix teen , t w e n t y - s i x , fifty-two, and n ine ty d a y s 
respect ive ly ; but these d a t e s m a y n o t real ly correspond w i t h t h e 
actual d a y on which t h e pulse returned ; moreover , a recent ly-returned 
pulse is o f ten v e r y var iable in s t rength , a n d n o t c o n s t a n t l y present . 
T h e n e g a t i v e results are therefore of m o r e real va lue . Of these there 
were 1 3 . A m o n g s t these no pa lpable pulse w a s present a t t h e end 
of three d a y s in 2 , or in t h e others af ter t e n , fourteen , t w e n t y , 
t w e n t y - s i x , th ir ty -one , t h i r t y - t w o , forty-one , fifty-eight, e i g h t y - t w o , 
one hundred a n d s ix t een , a n d one hundred a n d s i x t y - t w o d a y s 
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r e s p e c t i v e l y . Of t h e 13 cases in w h i c h t h e p u l s e r e m a i n e d a b s e n t , 
in 2 i n s t a n c e s l i m i t e d g a n g r e n e h a d o c c u r r e d , b u t in t h e r e m a i n i n g 
11 t h e foot w a s a p p a r e n t l y in g o o d c o n d i t i o n . 

W i t h r e s u m p t i o n of t h e u p r i g h t p o s i t i o n on t h e p a r t of t h e p a t i e n t , 
a c e r t a i n a m o u n t of oedema a l w a y s d e v e l o p s ; t h i s is r a r e l y p e r s i s t e n t , 
b u t i t m a y l a s t for w e e k s o r m o n t h s . T h e s e v e r i t y of t h e p r i m a r y 
i n j u r y a n d t h e a m o u n t of c i ca t r i c i a l t i s s u e in t h e l i m b a r e p o t e n t 
f ac to r s in t h e a m o u n t of t r o u b l e c a u s e d b y oedema , a n d cases in w h i c h 
a f r a c t u r e of t h e f e m u r h a s a c c o m p a n i e d t h e a r t e r i a l les ion a r e t h e 
m o s t u n f a v o u r a b l e . 

T h e p e r i p h e r a l b l o o d - p r e s s u r e r a r e l y if e v e r e q u a l s t h a t of t h e 
u n i n j u r e d l i m b ; in a l l t h e cases I h a v e e x a m i n e d i t h a s b e e n f rom 

Fig. 58.—Skiagram showing a retained shrapnel ball in the adductor region of the 
left^thigh which had wounded the vessels and given rise to a common-femoral arterio-
venous aneurysm. Captain Greaves. 

20 t o 60 m m . of m e r c u r y l o w e r t h a n t h a t of t h e s o u n d s ide . T h e 
d i m i n u t i o n a f t e r l i g a t u r e of t h e a r t e r y , m o r e o v e r , is c o n s i d e r a b l y 
g r e a t e r t h a n t h a t c a u s e d b y t h e p r e s e n c e of a n a n e u r y s m . A l t h o u g h 
t h e b l o o d - p r e s s u r e t e n d s t o r i se w i t h t h e l a p s e of t i m e , I h a v e seen 
n o case in w h i c h i t r e a c h e d t h e n o r m a l . T h e t e m p e r a t u r e of t h e foot 
r e m a i n s l owered , a n d i t is d o u b t f u l w h e t h e r t h e foot e v e r b e c o m e s a s 
r e s i s t a n t t o e x t e r n a l c h a n g e s of t e m p e r a t u r e a s is n o r m a l . 

T h e d e g r e e t o w h i c h loss of v o l u m e of t h e l i m b m a y a t t a i n is 
v a r i a b l e . I n m y e x p e r i e n c e , r a p i d s eve re w a s t i n g h a s o n l y b e e n 
seen in e a r l y o p e r a t i o n s , o r in p a t i e n t s t h e s u b j e c t s of in fec t ion . I t 
is r a r e , a n d p r a c t i c a l l y n e v e r occu r s a f t e r r e m o t e o p e r a t i o n s . A 
p e r m a n e n t loss of v o l u m e of t h e l i m b of a s l i gh t e r n a t u r e , h o w e v e r , 
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fo l lows occ lus ion of t h e m a i n ar tery e v e n in t h e m o s t sa t i s fac tory 

cases . I n such, a loss of c ircumference of t h e calf of from half a n 

inch t o one inch wil l b e found o n m e a s u r e m e n t . 

Grave trophic changes in t h e foot , of t h e degree n o t u n c o m m o n 

in t h e hand , are d i s t inc t ly rare in m y exper ience , a fact w h i c h support s 

t h e t h e o r y of t h e a l m o s t invar iable d e p e n d e n c e of such changes o n 

assoc ia ted nerve injury. 

Suture of tl|e Femoral Vessels .—This series conta ins o n l y 9 

operat ions , 1 of t h e c o m m o n femoral , a n d 8 of t h e superficial femoral 

artery ; 3 of t h e operat ions were under taken in t h e pr imary s t a g e , 

3 were in termedia te , a n d 3 w
r
ere r emote . 

T h e three pr imary operat ions afford l i t t le informat ion , for t w o 

of t h e m were of a compl i ca ted nature . In one t h e suture was of a n 

ar ter io tomy w o u n d w h i c h h a d been m a d e for t h e e v a c u a t i o n of a 

t h r o m b u s fo l lowing a contus ion ; recurrence of t h e t h r o m b u s ensued . 

T h e second (Captain Gabe) i l lustrates t h e dangers t o w h i c h a 

promis ing pr imary operat ion m a y b e e x p o s e d ; t h e pa t i en t arrived 

a t a hospi ta l o n t h e l ines of c o m m u n i c a t i o n o n t h e fifth d a y , 

after suture of a lateral w o u n d of t h e femoral artery, w i t h a n 

exce l l ent posterior t ib ia l pulse ; bes ides t h e w o u n d of t h e t h i g h , 

mul t ip le w o u n d s of o ther parts of t h e b o d y were present , and t h e 

pat i en t s u c c u m b e d after a f ew d a y s t o a n acute general infect ion. 

T h e th ird case (Captain Cowell) w a s a success ; a lateral w o u n d of 

t h e artery a s i t l ies in H u n t e r ' s canal w a s c losed b y s t i tches , a n d t h e 

l ine of un ion s t r e n g t h e n e d b y a flap of t i s sue ob ta ined from t h e 

aponeurot i c roof of t h e canal ; v i a b i l i t y of t h e artery w a s reta ined. 

T h e three secondary o r i n t ermedia te operat ions afforded successful , 

if n o t perfect , results . 

Case 51.—Arter ial haematoma of seven days ' s t and ing . A definite, 
stiff sac h a d formed a round a la tera l r en t in t h e a r t e r y a lmost a m o u n t i n g t o 
a comple te division. A double row of su tures , t h e second implicat ing t h e 
adven t i t i a alone, was inser ted, somewhat res t r ic t ing t h e lumen of t h e vessel. 
T h e t ibia l pulse was diminished in vo lume, b u t was pers is tent . On t h e 
four teenth d a y t h e per ipheral blood-pressure was de termined as 90 m m . 
of mercu ry in t h e injured t o 140 m m . in t h e sound l imb. A n unevent fu l 
recovery took place, b u t i t has no t been possible t o t race t h e pa t i en t since 
he left F rance . (G. H . M.) 

Case 52. (Colonel Gunn) .—Arter ia l haematoma, developing secondari ly 
on t h e twelf th day , in a pa t i en t wi th a f ractured femur. Exp lo ra t i on revealed 
a t h rough-and- th rough perforat ion of t h e a r t e ry . The t w o aper tu res were 
closed b y su ture a n d an uneventful recovery took place. N o observat ion of 
t h e per iphera l blood-pressure was m a d e . 

Case 53 . (Major Hope) .—Secondary haemorrhage occurring on t h e 
th i rd d a y from a small shell-wound. A ren t a qua r t e r of a n inch long was 
sewn u p , and t h e fragment of shell r emoved from H u n t e r ' s canal . T h e 
posterior t ibial pulse persisted, b u t in reduced volume. 

15 
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Of t h e t h r e e r e m o t e o p e r a t i o n s , o n e d i e d . 

Case 54 .—Aneurysmal var ix of six m o n t h s ' s t and ing . This m a n had 
been re tu rned t o d u t y after being wounded six m o n t h s previously ; t h e 
ar ter io-venous communica t ion h a d no t been discovered. The m a n was 
sent down t h e line because he complained of pa in when marching . A 
ver t ical slit in t h e side of t he superficial femoral a r t e ry was closed b y su ture , 
a n d t h e femoral vein was t ied (see Fig. 6, p . 14). Pr ior t o t h e opera t ion 
t h e per ipheral blood-pressure in t h e two l imbs was equal a t 140 m m . of 
mercury . After t h e operat ion it fell t o 125 in t h e sound l imb, a n d 110 in 
t h e affected one. The t ibial pulse was re ta ined, b u t was smaller in volume 
t h a n t h a t of t he sound l imb. (G. H . M.) 

Case 55.—Arterial aneu rysm of t h e common femoral a r t e ry of six 
weeks ' s t and ing . The bullet , which h a d entered above P o u p a r t ' s liga-
m e n t , passed downwards , a n d wounded t h e common femoral a r t e r y on its 
poster ior aspect . The sac d ipped in to t h e iliopsoas muscle. The sac was 
separa ted from t h e a r t e ry , a n d t h e opening in t h e vessel closed. E a r l y 
th rombos is took place a t t h e site of su ture , and t h e posterior t ib ia l pulse 
was obl i tera ted ; b u t the pa t i en t m a d e a good recovery. (G. H . M.) 

Case 56.—Arter io-venous aneu rysm of superficial femoral a r t e r y a t t h e 
apex of Scarpa 's t r iangle . Vertical la teral slits in t he a r t e ry and vein were 
closed b y s t i tches . The wound, which communica ted wi th an unhealed 
sinus in t h e b u t t o c k , was acu te ly reinfected b y s t reptococcus , a n d t h e 
p a t i e n t succumbed t o toxaemia on the n in th day , after an a t t a c k of 
secondary haemorrhage. 

T h e ser ies is s m a l l for d r a w i n g a n y w i d e conc lu s ions , b u t i t s h o w s 
t h a t in four of t h e o p e r a t i o n s t h e v i a b i l i t y of t h e vesse l w a s m a i n -
t a i n e d , wh i l e in t h r e e i t w a s c e r t a i n l y n o t . I n n o case w a s a n i dea l 
r e s u l t a t t a i n e d , a s e s t i m a t e d b y t h e v o l u m e of t h e p o s t e r i o r t i b i a l 
p u l s e a n d t h e p e r i p h e r a l b l o o d - p r e s s u r e in t h e l i m b . T h e t w o 
f a t a l i t i e s w e r e in n o w

r
ay d e p e n d e n t u p o n t h e n a t u r e of t h e o p e r a t i o n 

p e r f o r m e d , a n d t h e s econd cou ld c e r t a i n l y h a v e b e e n a v o i d e d h a d 
n o t t h e p r e s e n c e of a d e e p s i n u s in t h e b u t t o c k b e e n o v e r l o o k e d . 

The Use of Tuffier's Tubes.—In 5 cases a n a t t e m p t a t t e m p o r a r y 
m a i n t e n a n c e of t h e c i r c u l a t i o n w a s m a d e . I n t w o i n s t a n c e s success 
w a s a t t a i n e d . I n o n e of t h e s e t h e t u b e w a s left in p o s i t i o n t w e n t y - o n e 
d a y s (Colonel K i d d ) ; t h e p u l s e p e r s i s t e d c o n t i n u o u s l y , a n d on t h e 
s i x t i e t h d a y t h e p e r i p h e r a l b l o o d - p r e s s u r e in t h e affected l i m b s t o o d 
a t 120 m m . of m e r c u r y a s a g a i n s t 135 m m . in t h e s o u n d o n e . I n 
t h e s e c o n d ca se ( C a p t a i n J . F r a s e r ) t h e t u b e w a s r e t a i n e d for s e v e n t y -
t w o h o u r s , a n d t h e p a t i e n t w a s e v a c u a t e d l a t e r w i t h a p e r s i s t i n g p u l s e . 
I n t w o unsuccess fu l cases , t h e l i m b in o n e b e c a m e g a n g r e n o u s a n d 
h a d t o b e a m p u t a t e d a f t e r t w e n t y h o u r s ; in t h e s e c o n d t h e t u b e 
w a s r e t a i n e d s ix d a y s , w h e n g a s g a n g r e n e s u p e r v e n e d , a n d t h e 
p a t i e n t s u c c u m b e d a f t e r a n a m p u t a t i o n . T h e fifth case w a s o n e in 
w h i c h t r a u m a t i c t h r o m b o s i s h a v i n g o c c u r r e d , t h e a r t e r y w a s inc i sed , 
t h e c lo t e v a c u a t e d , a n d a t u b e i n t r o d u c e d . A f resh t h r o m b u s f o r m e d 
i n t h r e e h o u r s , a n d t h e a r t e r y w a s t i e d . 
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The Lines of Treatment to be followed in dealing with Cases 

of Injury to the Femoral Vessels .—The t h r e e m e t h o d s for d e a l i n g 

w i t h t h e s e i n ju r i e s h a v e b e e n p r a c t i c a l l y i l l u s t r a t e d in t h e preceding-

p a r a g r a p h s . I t r e m a i n s t o c o n s i d e r s h o r t l y w h a t m a y b e t h e i n d i -

c a t i o n s for t h e cho ice of e i t h e r . 

W h e n t h e c o n d i t i o n s a s t o w o u n d s of t h e soft p a r t s , o p e r a t i v e 

faci l i t ies , a n d t h e g e n e r a l s t a t e of t h e p a t i e n t a r e g o o d , l a t e r a l w o u n d s 

a n d t r a v e r s i n g p e r f o r a t i o n s , if t h e c h a r a c t e r of t h e de fec t in t h e w a l l 

of t h e vesse l is s u i t a b l e , m a y b e s u t u r e d . 

W h e n t h e les ion is of a m o r e e x t e n s i v e c h a r a c t e r , t h e q u e s t i o n 

of r e s e c t i o n a n d e n d - t o - e n d u n i o n m a y b e c o n s i d e r e d . T h e cho ice 

of t h i s m e t h o d wil l p r o b a b l y d e p e n d o n t h e i n d i v i d u a l p roc l i v i t i e s 

of t h e s u r g e o n . I n c e r t a i n p o s i t i o n s — f o r e x a m p l e , t h e i m m e d i a t e 

n e i g h b o u r h o o d of P o u p a r t ' s l i g a m e n t , c lose t o t h e o r ig in of t h e p r o -

f u n d a , o r a t t h e e x t r e m e l o w e r e n d of H u n t e r ' s c a n a l — i t is difficult 

t o m o b i l i z e t h e vesse l suff ic ient ly t o a l l ow of i t s b e i n g u n i t e d w i t h 

t e c h n i c a l ea se , a n d I d o n o t t h i n k t h e m e t h o d s h o u l d b e c h o s e n . I n 

o t h e r p a r t s of t h e c o u r s e of t h e vesse l s t h e t e c h n i q u e is c o m p a r a t i v e l y 

s i m p l e ; b u t f u r t h e r e x p e r i e n c e is n e e d e d a s t o t h e u l t i m a t e r e s u l t s of 

e n d - t o - e n d u n i o n be fo re i t c a n b e c o n f i d e n t l y r e c o m m e n d e d . I t 

s h o u l d n o t b e a d o p t e d in a n y case w h e r e t h e p a t i e n t is l i ab le t o e a r l y 

t r a n s p o r t . 

W h e n t h e c h a r a c t e r of t h e les ion of t h e a r t e r i a l wa l l p r e c l u d e s 

a n y i d e a of e s s a y i n g r e p a i r , t h e i n t r o d u c t i o n of a Tuff ier 's t u b e m a y 

b e c o n s i d e r e d . M a j o r - G e n e r a l W a l l a c e h a s s u g g e s t e d t h i s a s a d v i s a b l e 

a s a m e a n s of l e s sen ing t h e r i sk of t h e s u p e r v e n t i o n of g a s g a n g r e n e , 

t h e o c c u r r e n c e of w h i c h is so h i g h l y f a v o u r e d b y l i m i t a t i o n of t h e 

b l o o d - s u p p l y t o t h e p e r i p h e r y of t h e l i m b . 

T h e o p e r a t i o n of l i g a t u r e is a p p l i c a b l e in a n y case ; i t r e q u i r e s 

less p e r f e c t s u r r o u n d i n g s a n d e q u i p m e n t t h a n e i t h e r of t h e o t h e r 

m e t h o d s ; i t t a k e s less t i m e t o p e r f o r m o n a p a t i e n t suffer ing f rom 

s h o c k o r t h e effects of loss of b l o o d ; a n d i t is l ike ly t o ho ld t h e field 

a s a r o u t i n e p r o c e d u r e . T h e r e s u l t s g i v e n a b o v e i n d i c a t e t h a t 

s i m u l t a n e o u s l i g a t u r e of t h e a r t e r y a n d a c c o m p a n y i n g v e i n s h o u l d 

b e t h e r u l e ; a l so , t h a t w
r
hen o n l y a s t r a n d of t h e a r t e r i a l wa l l 

r e m a i n s , t h i s s h o u l d a l w a y s b e d i v i d e d , t o a l low of r e t r a c t i o n of 

t h e l i g a t u r e d e n d s of t h e vesse l . 

I n t h e i n t e r m e d i a t e s t a g e , t h e m a j o r i t y of t h e in ju r i e s a r e b e s t 

t r e a t e d e i t h e r b y l i g a t u r e o r b y t h e i n t r o d u c t i o n of a Tuff ier 's t u b e . 

I n t h e r e m o t e o r l a t e s t a g e , s u t u r e s h o u l d b e t h e i n v a r i a b l e a i m 

of t h e s u r g e o n . T h e j u n c t i o n t u b e is u n n e c e s s a r y , a s t h e c o l l a t e r a l 

c i r c u l a t i o n m a y be re l ied u p o n ; wh i l e l i g a t u r e c a n a l w a y s be r e s o r t e d 

t o if s u t u r e is f o u n d t o b e i m p r a c t i c a b l e a f t e r t h e les ion h a s b e e n 

e x p o s e d . 
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Remarks on the Operative Procedures for Dealing with Injuries 

to the Femoral Vessels.—Operations for injuries t o these vesse l s 
are required more frequent ly t h a n for t h o s e for a n y others in 
t h e b o d y ; and it m a y be laid d o w n as a general s t a t e m e n t t h a t w i t h 
t h e except ion of operat ions u p o n t h e arteries a t t h e root of t h e neck, 
w h i c h possess special dangers of their o w n , no operat ions call for 
more capac i ty a n d resource on t h e part of t h e surgeon t h a n those in 
t h e th igh . I t is true t h a t t h e mere p lac ing of a l igature u p o n t h e 
femoral artery is one of t h e s imples t and m o s t s traightforward proce-
dures in surgery ; but g u n s h o t injuries t o t h e vesse ls of t h e th igh , 
especia l ly in t h e region inc luded b e t w e e n t h e origin of t h e profunda 
artery and t h e mid-po in t in H u n t e r ' s canal , m a y d e m a n d all t h e skill 
a n d resource of t h e exper ienced surgeon, t o secure t h e m a i n trunks 
or w o u n d e d branches of t h e intr icate ne twork found in th i s s i tuat ion . 
Provis ional l igatures placed u p o n t h e c o m m o n a n d superficial femoral 
arteries m a y of ten exert b u t l i t t le influence in restraining haemorrhage 
w h e n t h e collateral supp ly der ived from t h e branches of t h e internal iliac 
pass ing t o t h e b u t t o c k is freely deve loped ; and it behoves t h e operator 
t o be careful h o w he occludes a n y factors in th i s supp ly e x c e p t w h e n 
abso lute ly necessary , as far as t h e e v e n t u a l nutr i t ion of t h e l imb is 
concerned if t h e m a i n trunk needs t o be l igatured. I h a v e seen t h e 
resources of a good operator t a x e d t o t h e u t t e r m o s t on several 
occas ions in dea l ing w i t h haemorrhage from a second w o u n d of t h e 
profunda or one or more of i ts branches , and even t h e n eventua l ly 
he has been compel led t o be satisfied w i t h forcipressure and perhaps 
a plug, t o restrain severe and persist ing haemorrhage. 

T h e first po int which arises in a n y procedure is as t o the best 
m e t h o d of mainta in ing provis ional control of t h e main trunks . In 
t h e case of t h e c o m m o n femoral artery, a provis ional loop appl ied 
t o t h e external i l iac artery is t h e m e t h o d of choice . T h e artery m a y 
be approached across t h e peritoneal cav i ty , or an extraper i toneal 
operat ion m a y be performed. T h e former is t h e simpler a n d more 
rapid m e t h o d , t h e lat ter avo ids obv ious risks, and is general ly t o be 
preferred. I h a v e e m p l o y e d t h e rectus shea th incision, and displaced 
t h e per i toneum, as in t h e search for t h e ureter. If t i m e or t h e 
surrounding condi t ions render provis ional l igature of t h e external 
i l iac inadvisable , recourse can be had t o an indiarubber tourniquet 
of tub ing t h e size of t h e finger appl ied around t h e wais t . I h a v e t w i c e 
used th is m e t h o d wi th success , and have seen no ill result fol low. 

W h e n t h e posi t ion of t h e field of operat ion a l lows , an E s m a r c h ' s 
tourn iquet m a y be appl ied t o t h e th igh . This m e t h o d is general ly 
preferable, as it permits t h e w o u n d e d vesse l t o be approached safely ; 
t h e provis ional l igature, if necessary , can be placed nearer t o t h e 
w o u n d e d spot , less trouble results from blood brought t o t h e trunk 
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b y col lateral branches ; and , should t h e les ion prove t o be one o n l y 
su i table for t r e a t m e n t b y l igature, unnecessary interference w i t h t h e 
artery is a v o i d e d . 

T h e incis ion m a d e in t h e l ine of t h e artery needs t o be f r e e — 
s ix , e ight , or more inches in l e n g t h . T h e long saphenous ve in should 
be careful ly preserved, in v i e w of t h e fact t h a t t h e d e e p v e i n m a y 
probably require t o be occ luded . T h e sartorius m u s c l e m a y be dis -
p laced in t h e usual m a n n e r ; b u t in recent cases where a large 
haematoma is present in H u n t e r ' s canal , i t is o f ten bet ter t o g o t h r o u g h 
t h e musc le . If t h e co l lect ion of e x t r a v a s a t e d b lood be large, t h e 
vesse l is l iable t o be d isplaced in t h e direct ion of l east res istance, a n d 
will therefore m o s t l ike ly be found in e i ther t h e inner or t h e anter ior 
wall of t h e c a v i t y . 

Certain anatomica l var ia t ions shou ld be k e p t in m i n d ; t h u s , a 
h igh d iv i s ion of t h e c o m m o n femoral is n o t unusua l . I h a v e t w i c e 
c o m e across i t in t h e s e operat ions . U n l e s s recognized, one m a y u n w i t -
t i n g l y l eave t h e profunda uncontro l l ed . A second n o t infrequent 
source of confus ion lies in t h e origin of t h e ex terna l c ircumflex branch 
from t h e femoral t runk ; if th i s arrangement be present , t h e profunda 
lies more internal ly t h a n usual , a n d c a n n o t be g o t a t from t h e ou ter 
s ide of t h e superficial femoral as is u s u a l l y t h e case . Great care should 
be t a k e n t o spare th i s branch from injury ; and t h e s a m e caut ion is 
needed w i t h regard t o t h e a n a s t o m o t i c a m a g n a w h e n t h e lower part 
of H u n t e r ' s canal is be ing laid open . T h e lat ter po int is especia l ly 
i m p o r t a n t w h e n it b e c o m e s necessary t o d iv ide t h e t e n d o n of t h e 
adductor m a g n u s , as i t m a y be , w h e n t h e artery is w o u n d e d in t h e 
lower part of t h e adductor canal . 

T h e m o s t t r y i n g cases t o deal w i t h are t h o s e in w h i c h t h e w o u n d 
is of e i ther t h e c o m m o n or superficial femoral t runks in i m m e d i a t e 
p r o x i m i t y t o t h e origin of t h e profunda ; in t h e s e ins tances t h e passage 
of a l igature around t h e profunda is o f ten a m a t t e r of great difficulty. 
T h e a m o u n t of b lood w h i c h m a y escape from t h e dis ta l end of a 
d iv ided profunda artery, brought from t h e a n a s t o m o s e s w i t h t h e 
branches of t h e internal i l iac, is surprising. 

W h e n t h e vesse ls h a v e been w o u n d e d in t h e course of a track 
pass ing antero-poster ior ly in t h e t h i g h , an hour-glass sac is c o m m o n . 
T h e connec t ing open ing in t h e insert ion of t h e adductors is o f ten 
small , b u t t h e c a v i t y in t h e a d d u c t o r c o m p a r t m e n t m a y e x t e n d wide ly 
t o t h e back of t h e t h i g h . T h e b lood a n d clot should be careful ly 
removed , but , as a rule, no further measure is needed ; a n d it is n o t 
adv i sab le t o drain such a c a v i t y t o t h e back of t h e t h i g h e x c e p t in 
except iona l cases . T h e condi t ions m a y be different w h e n t h e w o u n d 
is one of t h e profunda a t a smal l d i s tance from i ts origin ; under 
t h e s e c ircumstances t h e sac m a y be who l ly a c c o m m o d a t e d in t h e 
a d d u c t o r c o m p a r t m e n t . 
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T h e bifurcation of t h e c o m m o n femoral provides an angle which 
favours c o n c o m i t a n t w o u n d of b o t h vesse ls should t h e missi le pass 
b e t w e e n t h e m ; th i s fact m u s t a lways be borne in m i nd in explor ing 
a n injury in th i s pos i t ion. Fig. 54 i l lustrates an injury of th i s class. 
Should t h e w o u n d be s i tua ted in t h e angle itself, i t m a y s o m e t i m e s 
be easier t o a n a s t o m o s e t h e t w o vesse ls t h a n t o close t h e t w o openings 
separate ly b y suture. 

In all early cases , t h e rule t h a t no l igature should be p laced 
definitely u p o n t h e m a i n t runk unt i l t h e surgeon is sure t h a t t h e 
b leeding does n o t c o m e from one of t h e branches , m u s t never be 
departed from. I n deal ing w i t h arterial h e m a t o m a t a or a n e u r y s m s 
in w h i c h t h e vesse l c o m m u n i c a t e s w i t h t h e sac b y t w o separate 
openings , c losure of t h e ar tery b y terminal suture is preferable t o 
l igature , as b y th i s m e a n s interference w i t h t h e vascu lar cleft is 
avo ided . 

T h e a b o v e observat ions refer a lmos t pure ly t o operat ions under-
t a k e n in t h e early s tages ; operat ions for t h e t r e a t m e n t of definite 
false aneurysms or arter io -venous les ions are easier, a n d require no 
further descript ion t h a n t h a t afforded b y t h e remarks in t h e general 
sect ion. 

Las t ly , a word m a y be said regarding i so lated injuries t o ' the 
femoral ve in . H e m o r r h a g e from these w o u n d s is as a rule arrested 
s p o n t a n e o u s l y ; b u t in some ins tances th i s is n o t t h e case, and a v e r y 
e x t e n s i v e h e m a t o m a , and great swel l ing of t h e t h i g h , m a y d e v e l o p . 
T h e poss ib i l i ty of th i s lesion be ing t h e o n l y one m u s t a l w a y s be borne 
in mind , especial ly , in m y experience , w h e n t h e swel l ing of t h e t h i g h 
is great and diffuse. T h e cases of ten present great operat ive difficulty : 
first, in local iz ing t h e w o u n d ; and secondly , in a p p l y i n g t h e l igature, 
s ince a w o u n d e d v e i n is m u c h more difficult t o clear t h a n t h e stronger-
wal led artery . 

POPLITEAL ARTERY. 

Injuries t o t h e popl i teal vesse ls e n j o y a more evi l reputat ion in 
regard t o their pr imary consequences t h a n those affecting a n y other 
artery of t h e l imbs ; and in their u l t i m a t e results t h e y hold a 
pos i t ion comparable t o t h a t of t h e axi l lary. 

The series under cons iderat ion consis ts of 85 cases . T h e inc idence 
in t h e t w o l imbs was e q u a l : t h u s , of 50 injuries, t h e vesse l s of t h e 
r ight side were i n v o l v e d 24 t i m e s , t h o s e of t h e left 26 t i m e s . In t h e 
ear ly s tages of t h e war a considerable n u m b e r of injuries b y bul le ts 
were m e t wi th , b u t during t h e lat ter three years t h e proport ion of 
shell injuries was overwhe lming . A m o n g t h e cases reaching t h e l ines 
of c o m m u n i c a t i o n , assoc iated e x t e n s i v e w o u n d s of t h e soft parts were 
rare ; t h u s , a m o n g s t 50 cases , in 22 t h e w o u n d s were l imited through-
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and- through tracks , in 4 t h e w o u n d s were large, and in 24 t h e miss i le 
was retained. 

Pr imary haemorrhage is n o t e d t o h a v e been severe in 14 cases 
(16-4 per cent) , and secondary haemorrhage necess i ta ted operat ive 
in tervent ion in 12 (14-1 per cent ) . 

T h e local injury t o t h e vesse ls t e n d s t o be severe in t y p e . T h e 
l iabi l i ty t o severe injury t o t h e artery, and t o assoc ia ted lesions of 
t h e artery and ve in , as also t h e serious consequences wh ich result , 
depend in great measure on t h e local anatomica l arrangement . T h e 
walls of t h e popl i teal space are part icularly firm a n d res i s tant in 
every direct ion. T h e nature of t h e f loor—formed b y t h e b o n e s — e x p o s e s 
t h e vesse ls n o t o n l y t o risk of contus ion , b u t a lso t o penetrat ion b y 
fragments of bone ; t h e lateral boundaries , held toge ther b y t h e s t o u t 
popl i teal fascia, a n d in great part t e n d i n o u s in nature , are v e r y 
t e n s e w h e n t h e knee- jo int is ful ly e x t e n d e d ; and t h e fascial roof is 
unusua l ly s trong and inelast ic . H e n c e , w h e n effusion of b lood t a k e s 
place in to t h e space , t h e pressure exer ted u p o n b o t h t h e m a i n 
t runks a n d their branches is v e r y considerable . 

T h e vesse ls , b o t h on their en try and on their ex i t from t h e space , 
are v e r y firmly fixed in pos i t ion b y t h e fibrous arches formed b y t h e 
insert ion of t h e adductor m a g n u s , a n d t h e origin of t h e so leus , respec-
t i ve ly . Further , t h e artery is immobi l i zed b y t h e articular branches , 
b o t h lateral ly , and anteriorly b y t h e a z y g o s branch. Last ly , t h e 
relat ion of t h e artery a n d t h e v e i n is a part icularly i n t i m a t e one . 
T h e s ta t e of tens ion induced b y full ex tens ion of t h e knee- jo int 
accounts for t h e wide gap ing wh ich accompanies e x t e n s i v e lateral 
w o u n d s ; th i s causes t h e s e injuries t o s imulate c o m p l e t e severance 
c losely , a n d no d o u b t favours t h e occurrence of pr imary haemorrhage. 

Contusion of the Popliteal Vessels. — This form of injury 
accompanies a large proport ion of all w o u n d s ; and , whi le t e n d i n g 
t o prevent or oppose t h e occurrence of pr imary haemorrhage, y e t , b y 
occas ioning thrombos i s , i t t akes a prominent place in g iv ing rise t o 
an unfortunate issue in m a n y cases . Thrombos i s of t h e artery w a s 
t h e prominent feature of 7 of t h e cases in th i s series, a n d in all of 
these e x c e p t one , gangrene of t h e l imb necess i tat ing a m p u t a t i o n 
was a direct consequence . I n t w o ins tances t h e popl i teal ve in h a d 
suffered a penetrat ing injury, a n d in one of these i t was l igatured 
primari ly ; in each case t h e t ib ia l pulses were ex t ingu i shed a t an early 
m o m e n t , and in b o t h gangrene of t h e leg was es tabl i shed on t h e 
s i x t h d a y ; t h e artery in one of t h e cases is dep ic ted in Fig. 12 . 
In t w o cases secondary haematomata deve loped , on t h e th i r t eenth 
a n d e igh teenth d a y respect ive ly ; in b o t h t h e t ibia l pulses were 
impalpable , and a m p u t a t i o n b e c a m e necessary , in one ins tance for 
t h e remova l of t h e gangrenous l imb, a n d in t h e other on account of 
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t oxaemia s e c o n d a r y t o t h e l a r g e in fec t ed w o u n d of t h e p o p l i t e a l s p a c e . 

I n t h e fifth case , in w h i c h a f r a c t u r e of t h e f e m u r w a s p r e s e n t , 

g a n g r e n e c o m m e n c e d t o d e v e l o p on t h e fifth d a y , t h e o b v i o u s s igns 

c o r r e s p o n d i n g in t h e i r a p p e a r a n c e w i t h t h e t r a n s f e r e n c e of t h e l i m b 

f rom a W a l l a c e - M a y b u r y t o a M c l n t y r e s p l i n t ; in t h i s i n s t a n c e 

t h e vesse ls h a d suffered c o m p l e t e d iv i s ion , a n d u p t o t h e o c c u r r e n c e 

of t h e g a n g r e n e t h e b l o o d - s u p p l y h a d b e e n m a i n t a i n e d b y a g r e a t l y 

e n l a r g e d v e r t i c a l co l l a t e r a l c h a i n , w h i c h in t u r n h a d u n d e r g o n e 

t h r o m b o s i s ; t h i s c h a i n h a d f o r m e d a superf ic ia l t r u n k w h i c h t h e 

s u r g e o n l i k e n e d t o t h e p o p l i t e a l a r t e r y i tse l f in s ize . T h e s i x t h 

case w a s o n e of t h r o m b o s i s s e c o n d a r y t o c o n t u s i o n b y a s h r a p n e l 

ba l l ; t h e t i b i a l pu l se s w e r e a b s e n t , a n d g a n g r e n e b e g a n t o d e v e l o p 

o n t h e s e c o n d d a y ; o n t h e f o u r t h d a y t h e l i m b w a s a m p u t a t e d , 

b u t t h e p a t i e n t d i e d s ix d a y s l a t e r f rom toxaemia . I n t h e s e v e n t h 

case s e c o n d a r y h a e m o r r h a g e o c c u r r e d o n t h e t h i r d d a y , a n d t h e 

a r t e r y a n d v e i n w e r e l i g a t u r e d ; on t h e t e n t h d a y t h e l eg a n d foot 

b e c a m e g a n g r e n o u s , a n d a m p u t a t i o n w a s p e r f o r m e d ; t h e p o s t e r i o r 

t i b i a l a r t e r y a n d v e i n w e r e f o u n d t o b e o c c l u d e d t h r o u g h o u t t h e i r 

c o u r s e b y a r e c e n t t h r o m b u s ; t h e a n t e r i o r t i b i a l vesse ls w e r e p a t e n t . 

Wounds of the Popliteal Vessels.—A n o t e of t h e f o r m of t h e 

v a s c u l a r w o u n d is r e c o r d e d in 49 cases . I n 32 (65-3 p e r c e n t ) i t 

Figs. 59, 60.—Skiagrams showing the position, shape, and size of a fragment of 
shell which had wounded the popliteal artery and given rise to the formation of an 
arterial aneurysm. Captain Greaves. 

w a s l a t e r a l in t y p e ; in 19 of t h e s e a n a s s o c i a t e d i n j u r y t o t h e ve in 

w a s p r e s e n t , in t w o i n s t a n c e s a t h r o u g h - a n d - t h r o u g h p e r f o r a t i o n , a n d 
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in one t r a u m a t i c thrombos i s due t o contus ion . I n 15 ins tances (30*6 
per cent) comple te severance of cont inu i ty was noted ; in 8 of these 
t h e v e i n w a s w o u n d e d , a n d in 1 thrombosed . 

I t m a y be remarked here t h a t s o m e observers report cases 
a s comple te divis ion of t h e . a r t e r y where a narrow strand of t h e wall 
real ly persists ; a n d in t h i s re lat ion i t m a y be n o t e d t h a t a m o n g s t the 
3 2 cases of lateral w o u n d jus t q u o t e d , a t least 10 are inc luded t h a t 
m i g h t h a v e been regarded as c o m p l e t e d iv is ions b y s o m e operators . 

Only t w o through-and- through perforations are recorded (4 per 
cent ) , a n d experience would lead one t o e x p e c t th i s t o be t h e case in 
t h e presence of such a large proport ion of injuries caused b y fragments 
of shel ls . In t w o ins tances t h e miss i le remained lodged wi th in t h e 
artery, and control led haemorrhage unt i l it w as r e m o v e d ; t h e miss i le 
was in one ins tance a fragment of shrapnel case, in t h e other a German 
bul let ; t h e lat ter is depic ted in pos i t ion in Fig. 16 , p . 2 8 . 

Complications of Injuries to the Popliteal Vessels. — T h e c o m -
pl icat ions m o s t of ten m e t w i t h are : haemarthrosis or synov ia l 
effusion in to t h e knee-jo int ; smal l local ized fractures of t h e femur 
or t ib ia ; a n d lesions of t h e popl i teal nerves . This series affords 
rather -meagre information on these po ints , a c ircumstance which 
d e p e n d s on t h e fact t h a t , in t h e early h is tory of these cases, in t h e 
major i ty t h e v i ta l i t y of t h e l imb is t h e al l -absorbing m o m e n t . In 
o n l y t w o cases was a major fracture of t h e femur present ; th is was 
compl i ca ted in one ins tance b y gangrene necess i ta t ing a m p u t a t i o n , 
a n d in t h e other b y an infected haemarthrosis w h i c h ceded t o a 
s ingle asp irat ion . N o n e of t h e minor fractures t o o k a n y serious 
part in t h e clinical course of t h e cases . T h e knee- jo int is n o t e d t o 
h a v e suppurated and led t o a m p u t a t i o n tw ice in t h e early a n d 
t w i c e in remote s tages . In 10 cases synov ia l effusion was a promi-
n e n t feature, b u t led t o no ill result . I t is s o m e w h a t remarkable 
t h a t injuries t o t h e popl i tea l nerves are m e n t i o n e d in o n l y 5 
ins tances , 4 of t h e more fixed external , and 1 of t h e internal . S o m e 
les ions were u n d o u b t e d l y over looked ; but , on t h e o ther hand, t h e 
w o u n d s in t h e m a j o r i t y of ins tances were narrow through-and- through 
tracks , t a k i n g a more or less t ransverse or obl ique course ; hence 
t h e y were unl ike ly t o i n v o l v e t h e internal popl i tea l nerve , which 
runs a superficial course in t h e centre of t h e space ; in large open 
w o u n d s of t h e popl i tea l space th i s nerve is o f ten i n v o l v e d . 

Clinical Characteristics of Injuries to the Popliteal Vessels.— 

In no o ther pos i t ion in t h e b o d y are t h e s igns of an arterial les ion so 
p r o m p t a n d o b v i o u s . I n a t least two- th irds of t h e cases t h e t ibial 
pulses are ex t ingu i shed a t an early d a t e ; coolness of t h e l imb, and 
pallor or cyanos i s a n d swel l ing of t h e calf, are c o m m o n l y early and 
wel l -marked s igns . W h e n t h e pulses are present a t t h e ankle , t h e y 
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a r c d i m i n i s h e d in v o l u m e ; in m y e x p e r i e n c e a g o o d t i b i a l p u l s e 
is r a r e , e x c e p t in cases of i m m e d i a t e f o r m a t i o n of a n a n e u r y s m a l 
v a r i x o r a s m a l l a r t e r i o - v e n o u s h e m a t o m a . 

T h e s i t u a t i o n is o n e in w h i c h t h e a p p l i c a t i o n a n d p r o l o n g e d 
r e t e n t i o n of a t o u r n i q u e t is l ike ly t o b e p a r t i c u l a r l y h a r m f u l , n o t 
o n l y a s c a u s i n g d e p r i v a t i o n of t h e a r t e r i a l s u p p l y , b u t a l so in c a u s i n g 
oedema. U n f o r t u n a t e l y , t h e a p p l i c a t i o n of a t o u r n i q u e t t o t h e lower 
t h i r d of t h e t h i g h is n o t o n l y a n e a s y p r o c e d u r e , e v e n t o t h e p a t i e n t 
himself, b u t i t is a l so p a r t i c u l a r l y effect ive, a n d h e n c e t h e m o r e t o 
be d r e a d e d . I t is n o t a t al l u n c o m m o n in t h e s e cases t o m e e t w i t h 
t h e p e r s i s t i n g l ine of c o n s t r i c t i o n d u e t o t h e use of a t o u r n i q u e t p u t 
on b y t h e p a t i e n t o r o n e of his m a t e s . 

T h e swel l ing c o n s e q u e n t on e x t r a v a s a t i o n of b l o o d i n v o l v e s 
chiefly t h e calf ; i t is r a r e for t h e b lood t o t r a v e l a l o n g t h e c o u r s e 
of t h e a n t e r i o r t i b i a l vessels i n t o t h e a n t e r i o r c o m p a r t m e n t . I n s o m e 
cases t h e oedema is v e r y a b u n d a n t , a n d m a y s i m u l a t e b l o o d e x t r a v a s a -
t i o n ; i t does t h i s t h e m o r e eas i ly , s ince e x t r a v a s a t i o n i n t o t h e calf 
lies in a s p a c e w h i c h a l lows e x t e n s i o n t o i t s e x t r e m e l i m i t s , a n d a n y -
t h i n g l ike a m a r g i n a l b o u n d a r y of c lo t , s u c h a s d e v e l o p s in t h e t h i g h , 
is u s u a l l y a b s e n t . A m a r k e d d e g r e e of c y a n o s i s s u g g e s t s a s s o c i a t e d 
i n j u r y t o t h e v e i n ; b u t i t m a y b e sa id t h a t c l in ica l ly i t is g e n e r a l l y 
imposs ib l e t o b e c e r t a i n t h a t a n i so l a t ed les ion of t h e ve in is p r e s e n t , 
s ince t h e s igns m a y b e i d e n t i c a l w i t h t h o s e of a w o u n d e d a r t e r y . 
T h e r e is l i t t l e d o u b t t h a t i s o l a t e d in ju r ies t o t h e v e i n a r e m o r e c o m m o n 
t h a n t h e n u m b e r i n c l u d e d in t h i s ser ies w o u l d sugges t , a n d un les s 
a c c o m p a n i e d b y t h r o m b o s i s of t h e a r t e r y , t h e i n j u r y m a y n o t c a u s e 
a n y se r ious c o n s e q u e n c e s . 

T h e les ions m o s t l iab le t o b e o v e r l o o k e d a r e d i r e c t a n e u r y s m a l 
v a r i c e s . I h a v e t w i c e seen t h i s h a p p e n w h e r e o n e s m a l l w o u n d , 
a m o n g s t s e v e r a l d i s t r i b u t e d o v e r t h e lower e x t r e m i t y , h a p p e n e d t o 
h a v e i m p l i c a t e d t h e vesse ls . I n o t h e r i n s t a n c e s a p e r f o r a t i n g w o u n d 
of t h e k n e e - j o i n t m a y a t t r a c t t h e m a i n a t t e n t i o n of t h e s u r g e o n a n d 
t h e a s s o c i a t e d v a s c u l a r les ion e s c a p e d e t e c t i o n . S u c h v a r i c e s a r e 
o f t en a t t e n d e d b y n o s igns e x c e p t t h e local m u r m u r a n d t h r i l l . T h e 
i m p o r t a n c e of a u s c u l t a t i o n in s u c h in ju r ies is e v i d e n t , a s i t c e r t a i n l y 
p r e v e n t s a n y c h a n c e of t h e les ion b e i n g m i s s e d . T r a n s m i s s i o n of 
t h e local sys to l i c m u r m u r t o t h e c a r d i a c a p e x w a s n o t e d in m o r e 
t h a n o n e - t h i r d of t h e cases of a r t e r i a l o r a r t e r i o - v e n o u s h e m a t o m a t a , 
a n d m a y s o m e t i m e s l ead t o t h e d i s c o v e r y of a n u n s u s p e c t e d a r t e r i a l 
i n j u r y . 

A r t e r i a l a n d a r t e r i o - v e n o u s h e m a t o m a t a of t h e p o p l i t e a l vesse l s 
offer s o m e spec ia l c h a r a c t e r s . T h e first of t h e s e is t h e diffuse n a t u r e 
of t h e p r i m a r y swel l ing , w h i c h t e n d s t o i n v a d e t h e w h o l e spaqe a n d 
g ive r ise t o a g e n e r a l h e a v i n g t y p e of p u l s a t i o n l ike t h a t o b s e r v e d 



VESSELS OF THE LOWER EXTREMITY 2 3 5 

w h e n a s p o n t a n e o u s a n e u r y s m h a s c o m m e n c e d t o diffuse. A s e c o n d 
p e c u l i a r i t y lies in t h e diff icul ty w h i c h a t t e n d s a n y a t t e m p t t o 
d e t e r m i n e w i t h c e r t a i n t y b y c l in ica l e x a m i n a t i o n w h e t h e r t h e p r i m a r y 
i n j u r y h a s i n v o l v e d t h e a r t e r y a l o n e , o r b o t h a r t e r y a n d v e i n . T h u s , 
in four of t h e cases u n d e r c o n s i d e r a t i o n , t h e p r e s e n c e of a p u r e l y sys to l ic 
b r u i t c a u s e d t h e h a e m a t o m a t o b e d i a g n o s e d a s a r t e r i a l ; y e t a t t h e 
o p e r a t i o n t h e ve in w a s f o u n d t o b e e i t h e r e x t e n s i v e l y l a c e r a t e d o r 
c o m p l e t e l y s e v e r e d . T h i s diff icul ty is b y n o m e a n s conf ined t o t h e 
p o p l i t e a l vesse l s , e spec ia l ly if t h e v e i n b e s e v e r e d , b u t i t is c e r t a i n l y 
m o r e c o m m o n l y e n c o u n t e r e d . D e l a y e d d e v e l o p m e n t of t h e h a e m a t o m a 
is a l so m o r e c o m m o n l y m e t w i t h in t h i s s i t u a t i o n , p u l s a t i o n a n d b r u i t 
a p p e a r i n g a t t h e e i g h t h , t e n t h , o r a l a t e r d a y — i n f a c t a t m u c h t h e 
s a m e p e r i o d t h a t t h e wa l l of t h e a r t e r y m i g h t g ive w a y a n d a s e c o n d a r y 
h a e m o r r h a g e o c c u r . T h i s is p r o b a b l y t o b e e x p l a i n e d b y t h e f a c t s 
t h a t p r i m a r y t h r o m b o s i s of a s e v e r e l y - c o n t u s e d vesse l o c c u r s , a n d 
t h a t , e x c e p t in t h e u p p e r a n d t h e l o w e r p a r t of i t s c o u r s e , t h e 
vesse l r ece ives l i t t l e d i r e c t s u p p o r t f r o m m u s c l e s , a n d t h e r e is n o 
o p p o r t u n i t y for a d h e s i o n t o n e i g h b o u r i n g s t r u c t u r e s . The p r i m a r y 
b l o o d effusion s p r e a d s in o n e d i r e c t i o n o n l y , d o w n w a r d i n t o t h e 
calf, b u t t h e b l o o d effused b e t w e e n t h e t w o l a y e r s of t h e m u s c l e s 
of t h e ca l f n e v e r t a k e s a n y p a r t in t h e e v e n t u a l fa lse a n e u r y s m , 
a n d s e l d o m o r n e v e r p u l s a t e s in t h e e a r l y s t a g e , s ince t h e d i v i d i n g 
n e c k f o r m e d b y t h e a r c h of t h e so leus is t o o n a r r o w t o a l l o w t h e w a v e 
t o p a s s f ree ly . T h e p r e s e n c e of p u l s a t i o n in t h e ca l f s u g g e s t s t h a t 
t h e w o u n d is of t h e p o s t e r i o r t i b i a l a r t e r y . 

T h e f a c t t h a t s u c h a l a r g e p r o p o r t i o n of in ju r i e s t o t h e p o p l i t e a l 
vesse ls r e q u i r e e a r l y t r e a t m e n t , m u c h l im i t s t h e n u m b e r of ful ly-
d e v e l o p e d t r a u m a t i c a n e u r y s m s , o r e v e n wel l - loca l ized h a e m a t o m a t a . 
I n t h i s ser ies o n l y 28 o u t of 85 c a n b e s a id t o h a v e p a s s e d b e y o n d 
t h e w o u n d e d a r t e r y s t a g e . Of t h e s e , 11 w e r e a r t e r i a l h a e m a t o m a t a ; 
12 w e r e a r t e r i o - v e n o u s h a e m a t o m a t a ; a n d in 5 t h e c l in ica l s igns 
s u g g e s t e d a n e u r y s m a l v a r i x . 

A m o n g s t t h e 11 a r t e r i a l h a e m a t o m a t a , 6 e a r l y o p e r a t i o n s w
r
ere 

ca l led for, a n d o n l y 5 a m o n g s t t h e 17 o b v i o u s a r t e r i o - v e n o u s les ions , 
e v i d e n c e in f a v o u r of a s t a t e m e n t m a d e in t h e g e n e r a l s ec t ion a s t o 
t h e m o r e d a n g e r o u s n a t u r e of t h e p u r e a r t e r i a l l es ion . I t wil l b e 
c o n v e n i e n t t o d e t a i l s h o r t l y in t h i s p l a c e t h e n a t u r e of t h e s e o p e r a -
t i o n s a n d t h e i r r e s u l t s . 

Six operations on arterial hœmatomata :— 

Case 57 .—Wound of a r t e ry , l igature on t h e t e n t h day , eighteen d a y s 
la ter t h e pa t i en t was evacua ted t o E n g l a n d in good condit ion. There h a d 
been some effusion in to t h e knee-joint which had given rise t o no anx ie ty . 
Two m o n t h s la ter t h e knee-joint suppu ra t ed and a m p u t a t i o n became neces-
sary . A year la ter t h e m a n was discharged from t h e service, pe rmanen t ly 
unfit for mi l i ta ry d u t y . 
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Case 58 .—Ligature of a r t e ry on t h e e leventh d a y . Two m o n t h s la ter 
t h e foot and leg were in good condi t ion, b u t t he re was no t ib ia l pulse, a n d 
some effusion in t h e knee-joint . A t t h e end of four a n d a half m o n t h s an 
a r t h r e c t o m y was performed, a n d t h e m a n was finally discharged as per-
m a n e n t l y unfit for mi l i ta ry d u t y eleven m o n t h s from t h e da t e of t h e accident . 

Case 59.—The a r t e ry was l igatured on t h e fifth d a y for extension of t h e 
haematoma. The immedia te resul t was good, b u t no further information 
is forthcoming. 

Case 60 .—Artery l igatured on t h e s ix th d a y ; t he immedia te result was 
good, b u t no further information is for thcoming. 

Case 61 .—The a r t e ry a n d vein were l igatured on t h e twenty-fif th d a y 
for extension wi th d isappearance of t h e pulse. The immedia te result was 
good, b u t t h e m a n was discharged as pe rmanen t ly unfit for mi l i ta ry d u t y 
five mo n ths later , as a consequence of concurrent in jury t o t h e ex te rna l 
popli teal nerve . 

Case 62 .—Ligature of a r t e ry a n d vein on t h e fifth d a y for t h rea t en ing 
gangrene . I m m e d i a t e result good. 

Five operations on arterio-venous hœmatomata :•— 

Case 63 .—Artery a n d vein l igatured on t h e n in th day . An a m p u t a t i o n 
for rapid gangrene was performed forty-eight hours later , a n d the pa t i en t 
died. 

Case 64 .—Ligature of a r t e ry a n d vein on t h e th i rd d a y ; swollen t ender 
l imb and good t ibial pulses. I m m e d i a t e resul t good. 

Case 65 .—Ligature of a r t e ry a n d vein on t h e n i n t h d a y . Immed ia t e 
result good. F o u r m o n t h s la ter t h e m a n wen t on furlough able t o walk 
two miles. 

Case 66 .—Ligature of a r t e ry a n d vein on e ighth d a y ; an ter ior t ibial 
pulse palpable , t h e posterior absen t . I n th is case t h e wound in t he a r t e ry 
was no t localized, a n d a m o n t h la ter an aneurysm developed. The femoral 
a r t e ry was t h e n l igatured in H u n t e r ' s canal , a n d the m a n finally rejoined, 
s ixteen m o n t h s after t h e in jury . 

Case 67 .—Ligature of a r t e ry a n d vein for an aneurysm of th ree m o n t h s ' 
s t and ing ; the re were signs of serious venous obs t ruct ion , a n d feeble t ibial 
pulses. The immedia te result was excellent. 

Aneurysmal Varix.—Only o n e case w
r
as o p e r a t e d u p o n . T h e 

a r t e r y a n d v e i n w e r e t i e d , t h e v a r i x exc i s ed on t h e n i n e t e e n t h d a y , 
a n d a f r a g m e n t of shel l r e m o v e d . T h e i m m e d i a t e r e s u l t w a s g o o d . 

T h e s e r e s u l t s s p e a k for t h e m s e l v e s w i t h o u t f u r t h e r c o m m e n t . 
I t wil l b e o b s e r v e d t h a t o n l y t w o of t h e p a t i e n t s a r e k n o w n t o h a v e 
r e j o i n e d t h e i r b a t t a l i o n s o n a c t i v e se rv ice . 

Gangrene.—The i n c i d e n c e of g a n g r e n e is e n o r m o u s l y h i g h , a n d 
t h i s w o u l d a p p e a r t o b e d u e t o t w o f a c t o r s : first, t h a t in ju r i e s t o 
t h i s a r t e r y t e n d t o b e v e r y s e v e r e ; s e c o n d l y , t h a t t h e c o l l a t e r a l 
c i r c u l a t i o n is n o t a v e r y efficient o n e . T h i s m a y in p a r t d e p e n d on 
t h e f ac t t h a t t h e v i a b i l i t y of n o t r u n k a r t e r y in t h e b o d y is m o r e 
i n t e r f e r e d w i t h b y p o s t u r e t h a n t h e p o p l i t e a l , h e n c e c o m p e n s a t i o n 
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b y t h e col lateral c irculat ion is c o n s t a n t l y cal led in to act ion under 
normal c i rcumstances . T h e art icular branches of t h e popl i tea l on 
w h i c h i t m a i n l y d e p e n d s are, however , so fixed in t h e ear ly part 
of their course t h a t d i la tat ion b e y o n d t h a t cal led for under normal 
condi t ions is n o t easy . T h e great en largement of t h e vert ical cha in 
wh ich fol lows occlus ion of t h e trunk, espec ia l ly t h a t a long t h e great 
sc iat ic nerve , s eems t o favour th is t h e o r y . In one of t h e cases under 
considerat ion, a t an a m p u t a t i o n for gangrene fo l lowing l igature, a 
vert ical vesse l approaching in size t h e popl i tea l i tself was found, in 
which recent thrombos i s h a d t a k e n place . 

E x t i n c t i o n of t h e peripheral pulse is n o t a b l y frequent in these 
injuries ; t h u s , of 48 cases , t h e posterior t ibia l pulse was ex t ingu i shed 
in 36 (75 per cent) , and present , usua l ly in d iminished v o l u m e , in 12 
(25 per cent ) . 

I t has been sugges ted t h a t pressure on t h e vesse l b y blood 
e x t r a v a s a t e d in t h e popl i teal space is responsible for t h e obstruct ion ; 
but operat ive explorat ion has n o t subs tant ia t ed th is v i ew . On t h e 
other hand, w h e n t h e e x t r a v a s a t i o n reaches t h e calf in abundance , 
there is no d o u b t t h a t t h e pressure exer ted on t h e peripheral circula-
t ion is a p o t e n t factor in t h e causat ion of gangrene . T h e occurrence 
of thrombos i s is another e l ement t o be k e p t in m i n d . S o m e remarks 
are m a d e later as t o h o w far t h r e a t e n i n g gangrene is l ike ly t o be 
modified b y opening t h e popl i tea l space and l igaturing t h e injured 
vessel . 

Consideration of t h e cases inc luded in th i s series indicates t h a t 
t h e occurrence of gangrene is cons iderably influenced b y t h e s i tuat ion 
of t h e w o u n d of t h e artery . T h u s , of 60 cases , w e find : injuries t o 
t h e upper th ird 15 , gangrene 3 (20 per cent ) ; injuries t o t h e midd le 
th ird 2 5 , gangrene 10 (40 per cent ) ; injuries t o t h e lower third 20 , 
gangrene 7 (35 per cent ) . 

T h e inc idence of gangrene in t h e w h o l e series of 85 was 39 , or 
45-8 per cent . In 21 cases (24-7 per cent ) t h e gangrene c o m m e n c e d 
before a n y operat ive in ter ference ; in 18 ins tances (21-1 per cent ) 
it fo l lowed an operat ion . In all of t h e cases e x c e p t t w o t h e gangrene 
was pure ly a n e m i c in t y p e ; in one of t h e t w o except ions t h e an-
aerobic gangrene was certa in ly secondary t o arterial gangrene , and in 
t h e o ther probably so . 

T h e gangrene was usual ly of an e x t e n s i v e character, necess i ta t ing 
a m p u t a t i o n of t h e t h i g h ; t h u s , in t h e 21 cases in w h i c h gangrene 
supervened independent ly of operat ion , in 2 o n l y w a s it l imi ted t o 
t h e foot . A m o n g t h e 18 pos t -operat ive cases , w e find i t was l imited 
in 2 cases t o t h e toes , in 3 t o local ized pa tches on t h e feet , in 3 t o t h e 
whole foot , whi le in 10 i t e x t e n d e d t o t h e leg. 

M y records show 25 a m p u t a t i o n s t o h a v e been performed in 
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F r a n c e , of w h i c h 24 w e r e of t h e t h i g h a n d 1 of t h e leg . Of t h e 25 

p a t i e n t s , 3 d i e d (or 7*6 p e r c e n t ) . T h e s e n u m b e r s a r e n o t , I be l i eve , 

a c c u r a t e ; in a n y case t h e y a r e u n r e l i a b l e a s t o t h e u l t i m a t e n u m b e r 

of e i t h e r a m p u t a t i o n s o r d e a t h s , a s I h a v e b e e n u n a b l e t o t r a c e a 

l a rge p r o p o r t i o n of t h e cases in E n g l a n d . 

Prognosis and Treatment.—As h a s a l r e a d y b e e n se t f o r t h , t h e 

f r e q u e n c y w i t h w h i c h g a n g r e n e fol lows in ju r i e s t o t h e p o p l i t e a l vesse ls 

is t h e o v e r w h e l m i n g f a c t o r in d e t e r m i n i n g t h e f a t e of t h e l i m b . T h e 

u l t i m a t e r e s u l t s , in cases of w h i c h t h e p e r i o d i m m e d i a t e l y fo l lowing 

o p e r a t i o n is n o t u n s a t i s f a c t o r y , a r e fa r f rom e n c o u r a g i n g . I h a v e 

o n l y s u c c e e d e d in fo l lowing u p 15 of t h e cases i n c l u d e d in t h e ser ies , 

a n d I c a n n o t , p e r h a p s , b e t t e r i l l u s t r a t e t h e c o m m o n c o u r s e of e v e n t s 

t h a n b y s h o r t l y q u o t i n g t h e r e p o r t s o b t a i n e d . 

Case 68 .—Pr imary l igature of a r t e ry a n d vein. T h e immedia te resul t 
gave no cause for dissatisfaction. A t t h e end of four m o n t h s , t h e m a n 
was repor ted " convalescent , b u t still requir ing a good deal of massage . " 

Case 69 .—Pr imary l igature of a r t e ry and vein. Sent t o Eng land on t h e 
twen ty - th i rd d a y . A week la ter a residual abscess was opened in t h e pop-
liteal space. Suppura t ion progressed, and t h e v i ta l i ty of t he foot failed. 
A m p u t a t i o n of t h e th igh was performed, and a t t h e end of seven m o n t h s 
t he m a n was discharged from t h e service as pe rmanen t ly unfit. 

Case 70 .—Pr imary l igature of a r t e ry and vein. The immedia te result 
was sat isfactory, bu t th ree m o n t h s la ter t h e repor t says, " t he knee is con-
t rac ted , and t h e muscles of t h e leg are w e a k . " Seven m o n t h s la ter t h e 
m a n rejoined the Fly ing Corps. 

Case 71.—Arterial haematoma, extension on t h e twenty-f irs t day , pop-
liteal a r t e ry l igatured. The immedia te result was sat isfactory ; b u t one 
m o n t h la ter t h e m a n is repor ted t o have an acute ly flexed knee ; th ree 
mo n th s la ter t h e l imb was a m p u t a t e d for a suppura t ing knee- joint ; a n d a t 
t h e end of th i r t een m o n t h s t h e m a n was discharged from t h e service as 
pe rmanen t ly unfit. 

Case 72.—Arterial haematoma. Popl i teal a r t e ry and vein l igatured on 
the e leventh d a y . The immedia te result was good. Six m o n t h s la ter an 
a r th r ec tomy of knee was performed, and a t t h e end of four m o n t h s t he m a n 
was discharged from t h e service as pe rmanen t ly unfit. 

Case 73.—Arterial haematoma. Liga ture of popli teal a r t e ry and vein on 
the th i r t een th day . Immed ia t e result good. Five m o n t h s la ter t he move-
ments of t he knee-joint are repor ted t o be res t r ic ted in range, a n d t h e foot 
t o get cold and n u m b a t t imes . The pa t i en t left on furlough, so he m a y 
possibly have rejoined. 

Case 74.—Arterial false aneurysm. Extens ion took place a t t he end of 
four weeks. The m a n was discharged as pe rmanen t ly unfit five m o n t h s 
later , t he disabil i ty depending on concurrent injury t o t he ex terna l popli-
teal nerve . 

Case 75.—Arterio-venous haematoma." Liga ture of popli teal a r t e ry and 
vein on t h e fifteenth day . F ive mon ths la ter t he m a n was discharged on 
furlough wi th t h e repor t t h a t he could walk t w o miles. 
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Case 76.—Arter io-venous haematoma. L iga tu re of t h e popli teal a r t e ry 
a n d vein on t h e e ighth d a y . Seventeen days la te r t h e femoral a r t e ry was 
l igatured in H u n t e r ' s canal for recur ren t pulsa t ion in t h e popli teal space. 
Eleven m o n t h s la ter he wen t on furlough, a n d u l t imate ly rejoined his 
regiment . 

Case 77.—Arter ial haematoma. L iga tu re of femoral a r t e ry in H u n t e r ' s 
canal a t t h e end of th ree weeks. T h e m a n is r epor ted as u p on crutches a t 
t h e end of six weeks, wi th t h e foot a l i t t le blue. The foot improved , and 
t en weeks la ter t h e pa t i en t was sent t o a convalescent home . 

Case 78 .—Wound of popli teal a r t e ry . P r i m a r y proximal l igature of 
femoral in H u n t e r ' s canal . E igh t m o n t h s la ter t h e m a n was still unde r 
t r e a t m e n t for d ropped foot. 

Case 79 .—Wound of popli teal a r t e ry a n d vein. P r i m a r y proximal liga-
t u r e of femoral in H u n t e r ' s canal . Three years la ter , ulcer of t h e leg, and 
pers is tent ar ter io-venous aneu rysm in popl i teal space. 

Case 80 .—Pr imary l igature of a r t e ry a n d vein. I m m e d i a t e resul t good. 
Two m o n t h s la ter no t ibial pulses were present ; t h e knee could no t be 
qui te ex tended ; t he re was some oedema ; a n d t h e leg ached . A year la ter 
t h e pa t i en t was discharged from t h e service as pe rmanen t ly unfit. Could 
n o t wa lk more t h a n a mile . 

S o m e f u r t h e r u l t i m a t e r e s u l t s wil l b e f o u n d u n d e r t h e h e a d i n g s 
of " Tuff ier ' s T u b e " a n d " S u t u r e " ( p p . 2 4 1 , 242) . 

T h e r e is, I t h i n k , n o r e a s o n t o be l i eve t h a t t h e a b o v e u l t i m a t e 
r e s u l t s a r e a l t o g e t h e r u n t r u s t w o r t h y , in s p i t e of t h e i r s m a l l n u m b e r . 
W e m a y infer t h a t 6 m e n r e j o i n e d t h e i r r e g i m e n t s , a n d t h a t 7 w e r e 
r e n d e r e d p e r m a n e n t l y unf i t , 2 chiefly a s a r e s u l t of e x i s t i n g i n j u r y 
t o t h e e x t e r n a l p o p l i t e a l n e r v e . W h e n i t is b o r n e in m i n d t h a t 45 
p e r c e n t of t h e m e n suffer ing f rom t h e s e i n ju r i e s h a d a l r e a d y b e e n 
e l i m i n a t e d b y t h e o c c u r r e n c e of e a r l y g a n g r e n e of t h e l i m b , a n d t h a t 
a t l e a s t 6 (7 p e r c e n t ) of t h o s e w h o s u r v i v e d t o r e a c h t h e l ines of 
c o m m u n i c a t i o n d i ed t h e r e , t h e i d t i m a t e p r o g n o s i s m a y b e r e g a r d e d 
a s u n h a p p y in t h e e x t r e m e . 

T h e first p o i n t t o b e t a k e n i n t o c o n s i d e r a t i o n in t h e t r e a t m e n t 
of in ju r ies t o t h e p o p l i t e a l vesse ls is t h e q u e s t i o n a s t o w h e t h e r , in 
v i e w of t h e u n f a v o u r a b l e p r o g n o s i s b o t h w i t h r e g a r d t o t h e i m m e d i a t e 
v i t a l i t y of t h e l i m b a n d t h e u l t i m a t e r e s u l t s , a m o r e a c t i v e a t t i t u d e 
s h o u l d b e a s s u m e d in t h e face of t h e p r i m a r y i n j u r y . T h e cases u n d e r 
c o n s i d e r a t i o n , a l t h o u g h n o t co l lec ted w i t h t h e p u r p o s e of spec ia l ly 
e l u c i d a t i n g t h i s q u e s t i o n — s i n c e a s far a s I k n o w n o s u r g e o n h a s t a k e n 
t h e l ine of l i g a t u r i n g t h e vesse ls p r i m a r i l y a s a r o u t i n e m e t h o d — y e t 
s h e d s o m e l i g h t o n t h e s u b j e c t . I n e v e r y i n s t a n c e p r i m a r y l i g a t u r e 
w a s u n d e r t a k e n for pe r s i s t i ng haemorrhage , a n d 28 cases a r e i nc luded . 
Of t h e s e , 16 a r e o b t a i n e d f rom t h e series of 85 , a n d 12 f rom d i r e c t 
r e p o r t s fu rn i shed b y c a s u a l t y c lea r ing s t a t i o n s . I n 20 cases b o t h 
a r t e r y a n d v e i n w e r e occ luded , w i t h 6 cases of g a n g r e n e ; in 8 t h e 
a r t e r y a lone w a s l i g a t u r e d , w i t h 2 cases of g a n g r e n e . Cons ide ra t ion 
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of the combined series shows tha t , of 28 cases, in 8 (28-5 per cent) 
gangrene is k n o w n t o have occurred, and 7 pat ients (25 per cent) 
were subjected t o amputa t ion . I t m u s t be added t h a t , as regards 
the 12 cases in which reports from casual ty clearing s tat ions have 
been util ized, 2 pat ients were so ill as t o need blood transfusion, 
and in on ly 2 does t h e history after operat ion e x t e n d b e y o n d a few 
days t o a week ; hence t h e numbers m a y be more favourable than was 
actual ly t h e case. N o n e t h e less t h e apparent reduction of t h e general 
incidence from 45-8 t o 28-5 per cent affords food for reflection, and a 
trial of subject ing every pat ient t o operation, who can be retained for 
a week in a casual ty clearing stat ion or advanced hospital , appears 
worth making. 

The n e x t quest ion is t h a t of t h e p o w e r of prompt l igature of the 
vessels t o avert impending or commenc ing gangrene. I t has already 
been pointed out t h a t pressure from extravasated blood upon the 
trunks or collateral branches can se ldom be held responsible ; further, 
t h a t haemorrhage ex tending be tween t h e t w o layers of musc les of t h e 
calf is an important e lement . In t h e series there are 8 cases bearing 
upon this quest ion , which seem wor thy of brief quotat ion . 

Case 81 .—Admit ted on t h i rd day , t y p e th rough-and- th rough t r ack , t ibial 
pulses absent , foot cool and d u s k y in colour. L iga tu re of popli teal a r t e ry . 
Definite gangrene of t h e t ips of t h e toes, and a pa tch on t h e unde r surface 
of t h e heel, developed ; a week la ter t h e gangrene commenced to ex tend , 
and a m p u t a t i o n of t h e th igh was performed. 

Case 82 .—Through-and- th rough t r ack . On t h e th i rd d a y t h e t ibial pulses 
were absent , t h e foot dusky in colour b u t no t cold. The a r t e ry was l igatured. 
The vein was uninjured, and the re was no clot in t h e popli teal space. On 
the fifteenth d a y gangrene of t h e foot was absolute , and a m p u t a t i o n of t h e 
th igh was performed. 

Case 83 .—Through-and- th rough t r ack . Tibial pulses absen t—limb cold 
on t h e th i rd d a y . On t h e fourth d a y t h e popli teal a r t e ry was l igatured. 
The wound suppura t ed and general infection developed, necessi ta t ing 
a m p u t a t i o n on t h e twenty-first day . 

Case 84.—Open wound of popli teal space. Tourn ique t left on for some 
hours . On t h e fifth d a y no t ibial pulses were palpable , and t h e foot a n d 
lower th i rd of t h e leg cold and anaesthetic. The a r t e ry was l igatured. The 
vein was th rombosed , and the re was no massive clot in t h e popli teal space. 
Gangrene progressed, and t h e l imb was a m p u t a t e d on t h e e leventh day . 

Case 85 .—Through-and- through t r ack . F r ac tu r ed femur in lower th i rd . 
Infected haemarthrosis. On fifth day absent t ibial pulses and incipient 
gangrene extending to mid-leg. L iga tu re of a r t e ry , localized haematoma 
of modera te size. The gangrene receded, and eventual ly only t h e anter ior 
half of t h e foot mummified. The knee did well wi th simple asp i ra t ion . 
The pa t i en t , an Ind ian , refused a Syme's a m p u t a t i o n . (G. H . M.) 

Case 86 .—Retained small shell-fragment. Arterial haematoma. On the 
fourth d a y t h e haematoma commenced to ex tend , t h e t ibial pulses were 
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absent , a n d t h e foot was cold and marb led . The popl i teal a r t e ry was liga-
tu red , a n d t h e condit ion improved dur ing t h e nex t th ree days . The pa t i en t 
was sent t o Eng land , a n d t h e fur ther progress is u n k n o w n . 

Case 87 .—Reta ined small shell-fragment. On t h e th i rd d a y t h e foot was 
cold and pulseless. The a r t e ry and vein were l igatured, and t h e foot was 
saved. 

Case 88 .—Reta ined small shell-fragment. On t h e fifteenth d a y t h e 
ar ter ia l haematoma commenced t o ex t end . The t ibial pulses were present 
b u t feeble, t h e calf much swollen, a n d t h e foot cold. T h e a r t e r y and vein 
were l igatured, and t h e foot was saved. 

T h e first 5 cases m a y al l be ca l led fa i lures ; t h e 6 t h a n d 7 t h w e r e 
successes , t h e 8 t h w a s a l a t e o p e r a t i o n , a n d c a n sca rce ly b e cons ide red 
t o b e l o n g t o t h e class , a s t i m e for c o n s i d e r a b l e c o m p e n s a t i o n b y t h e 
co l l a t e r a l c i r c u l a t i o n h a d e l a p s e d . T h e s m a l l ser ies , h o w e v e r , n e g a t i v e s 
t h e i d e a t h a t loca l p r e s s u r e is t h e chief c a u s e of g a n g r e n e , a n d i t 
e n c o u r a g e s t h e s u r g e o n n e i t h e r t o be s i m p l y e x p e c t a n t , n o r t o h u r r y 
o n t o a m p u t a t i o n . 

Ligature.—-Ligature of t h e vesse l s w a s p e r f o r m e d in 48 of t h e 8 5 
cases . 

I n 24 cases t h e a r t e r y a l o n e w a s l i g a t u r e d ; of t h e s e , 11 suffered 
a r t e r i a l g a n g r e n e (45-8 p e r c e n t ) a n d 2 g a s g a n g r e n e . 

I n 24 t h e a r t e r y a n d v e i n w e r e l i g a t u r e d s i m u l t a n e o u s l y ; of 
t h e s e , in 6 (25 p e r c e n t ) a r t e r i a l g a n g r e n e o c c u r r e d ; b u t a s in t w o of 
t h e l a t t e r i n c i p i e n t g a n g r e n e w a s t h e i n d i c a t i o n for o p e r a t i o n , t h e 
p e r c e n t a g e m a y r e a l l y b e fa i r ly c o n s i d e r e d 16-6 p e r c e n t . 

Tuffier's Tube.—In 6 cases a Tuff ier ' s t u b e w a s t i e d in . I n 4 of 
t h e s e n o g a n g r e n e o c c u r r e d ; in 1 t h e r e s u l t is u n c e r t a i n . I t will b e 
o b s e r v e d t h a t n o case is i n c l u d e d in w h i c h c l o t t i n g d i d n o t o c c u r 
r a p i d l y . I t h i n k t h i s m a y b e p a r t l y d u e t o t h e f ac t t h a t i n t r o d u c t i o n 
of t h e t u b e i n t o t h e d i s t a l e n d of t h e vesse l is o f t e n difficult , a n d 

16 

Indication for Ligature 
No. of 
Cases Gangrene 

Ampu-
tation Died 

Primary haemorrhage 19 8 5 
Secondary haemorrhage 8 3 3 1 
Pre-operat ive gangrene 5 5 3 — • 

Haematoma, arterial 6 1 — — 
Haematoma, arterio-venous 5 —~ • — - 1 
R e m o v a l of missi le 4 1 1 
W o u n d of popliteal ve in 1 1 —- — 

T o t a l s 48 19 12 2 
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n e e d s a g o o d d e a l of m a n i p u l a t i o n . M y o w n feel ing is t h a t t h e 
m e t h o d is a l w a y s w o r t h y of t r i a l if s u t u r e is i m p r a c t i c a b l e , e spec ia l ly 
in r e c e n t i n ju r i e s . 

Case 89.—Arter io-venous haematoma explored, n in th day . Tuffier's 
t u b e in t roduced in a r t e ry and vein t ied . W o u n d eventua l ly suppura t ed 
U l t ima te result , discharged pe rmanen t ly unfit. N o record of t ibial pulse 
bu t foot was painful a t t imes . 

Case 90 .—Reta ined shell-fragment. Arter ia l haematoma extension on 
n in th day . Longi tudinal t e a r of a r t e ry and of vein, b u t t h e l a t t e r was 
th rombosed . Small t u b e in t roduced and removed on t h e fourth d a y ; it 
was obs t ruc ted in less t h a n twenty- four hours . The leg and foot did well. 
F ive m on ths la ter t h e m a n was repor ted t o be ge t t ing abou t on furlough, 
b u t with some restr ict ion of movemen t s of t h e knee, and wi th a n u m b foot 
' a t t imes . ' 

Case 91.—Single wound, followed by severe p r i m a r y haemorrhage. T u b e 
was t ied in on t h e th i rd d a y ; t h e absent tibial pulses did no t r e t u rn . The 
condi t ion of t h e foot improved, b u t I have no knowledge of t he u l t ima te 
resul t . 

Case 92.—Arterial haematoma. Operat ion on the e ighteenth d a y . The 
a r t e ry was a lmost completely divided. A t u b e was t ied in and re ta ined 
th ree days , pulsat ion re tu rn ing in t h e t ibial pulses. The pa t i en t m a d e a 
good recovery (section of clot from tube , Plate IV). (G. H . M.) 

I n 2 cases r e p o r t e d f rom c a s u a l t y c l e a r i n g s t a t i o n s , p u l s a t i o n in 
t h e t i b i a l s l a s t e d in o n e for for ty- f ive m i n u t e s o n l y , a n d in t h e s econd 
t h e t u b e w a s . left for five d a y s . I n n e i t h e r of t h e cases d i d g a n g r e n e 
s u p e r v e n e . 

Suture of Wounds of the Popliteal Vessels.—In 5 cases w o u n d s 
in t h e a r t e r y w e r e s u t u r e d :— 

Case 93 .—Operat ion on s ix th day . A long ragged wound closed by 
vert ical su ture ; on t he nex t d a y t h e an ter ior pulse was good. T h e wound 
of t h e soft pa r t s was an extensive one ; it suppura t ed , and t h e pa t i en t even-
tua l ly died. Thrombosis of t he a r t e ry is p robable , as secondary haemor-
rhage did no t occur. No o ther detai ls are avai lable . 

Case 94.—Operat ion on seventh d a y . A ragged hole in t h e a r t e ry was 
su tured vert ical ly. The pulses re tu rned , and on t h e thirty-fif th d a y t h e 
blood-pressure in t h e leg was equa l t o t h a t on t h e sound side. (Lieut.-Col. 
Kidd , C.A.M.C.) 

Case 95 .—Operat ion on t h e th i rd d a y for recur ren t haemorrhage. A 
lateral wound in t he a r t e ry was su tured , and t h e t ibial pulses r e tu rned . 
On t h e e ighteenth d a y t h e pulses were still re ta ined . T h e blood-pressure 
in t h e injured leg was 99, in t h e sound one 119. A secondary haemorrhage 
occurred on t h e twen ty - th i rd d a y ; t h e wound was reopened, and t h e vessel 
found to be th rombosed . A double l igature was applied, and t h e pa t i en t 
m a d e a good recovery. (Lieut.-Col. Kidd , C.A.M.C.) 

Case 96 .—Operat ion for p r imary haemorrhage. W o u n d s on t h e anter ior 
surface of bo th a r t e ry and vein su tured . Three weeks la ter t h e pa t i en t 
arr ived in London wi th a pract ical ly normal foot and good t ibial pulses. 
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T e n days la te r t h e pulses h a d d isappeared , b u t t h e foot a n d leg remained 
in good condi t ion, w i th slight oedema (1 in. increase of circumference of 
calf). (Capt . Gordon Taylor . ) 

Case 97 . Opera t ion on seven th d a y . Arter io-venous anas tomosis e s t ab -
lished ; t ransverse wound of poster ior surface of a r t e ry immedia te ly above 
bifurcation su tu red t ransverse ly . Pulses p resen t a t end of opera t ion a n d 
persisted. Ten days af ter t h e opera t ion t h e blood-pressure in t h e t w o legs 
was equal (110 m m . ) . (G. H . M.) 

Case 98. Arter ia l haematoma. On t h e twelf th d a y t h e swelling in-
creased, a n d t h e popli teal space was explored. A la tera l opening in t h e 
a r t e ry was closed b y su tu re , a n d t h e sac p l ica ted. A t t h e end of a m o n t h 
t h e pa t i en t came t o Eng land , a n d two m o n t h s la te r he was still in hospi ta l 
w i th weakness of t h e muscles of t h e leg. 

T h i s s m a l l ser ies is s u g g e s t i v e , a s i n n o i n s t a n c e d i d g a n g r e n e 
o c c u r , a n d in t h e d e a t h w h i c h t o o k p l a c e t h e w o u n d of t h e sof t p a r t s 
w a s r e s p o n s i b l e . I n N o s . 2 a n d 5 t h e r e s u l t w a s a p p a r e n t l y i dea l ; 
in N o s . 3 a n d 6 i t w a s g o o d ; a n d t h e s a m e m u s t b e sa id r e g a r d -
i n g N o . 4, a l t h o u g h t h e r e is n o d o u b t t h e vesse l e v e n t u a l l y suffered 
t h r o m b o s i s . 

T h e r e s u l t s r e c o r d e d a b o v e s p e a k i n f a v o u r of s u t u r e of t h e vesse l 
w h e n t h e w o u n d is l a t e r a l ; s o m e e v i d e n c e is offered iii s u p p o r t of 
t h e u s e of Tuff ier ' s t u b e s , a n d a l so in f a v o u r of a m o r e f r e q u e n t r e s o r t 
t o p r i m a r y l i g a t u r e . I t is a n u n d o u b t e d f a c t t h a t in t h i s ser ies t h e 
i m m e d i a t e r e s u l t s i m p r o v e d in c o n n e c t i o n w i t h t w o changes—f i r s t , 
a b e t t e r i n i t i a l w o u n d t r e a t m e n t ; a n d s e c o n d l y , t h e a d o p t i o n of 
s i m u l t a n e o u s l i g a t u r e of a r t e r y a n d v e i n . 

L a s t l y , w i t h r e g a r d t o t h e o p e r a t i o n s . W h i c h e v e r m e t h o d is 
a d o p t e d , t h e c e n t r a l p o s t e r i o r inc i s ion , e x t e n d i n g f rom 1 in . a b o v e t h e 
u p p e r a n g l e of t h e p o p l i t e a l s p a c e t o 1 in . b e l o w t h e l o w e r a n g l e , 
s h o u l d a l w a y s b e usjed ; t h e i n t e r n a l inc i s ion n e v e r g ives sufficient 
acces s . T h e e x t e r n a l s a p h e n o u s v e i n m u s t o f t en b e l i g a t u r e d ; b u t 
c a r e s h o u l d b e t a k e n t h a t i t s c o m m u n i c a t i n g b r a n c h t o t h e i n t e r n a l 
s a p h e n o u s is n o t i n j u r e d . T h e i n t e r n a l p o p l i t e a l n e r v e s h o u l d b e 
h e l d a s i d e , e i t h e r w i t h a g a u z e o r t h i n r u b b e r loop , a n d n o t w i t h a 
s t ee l r e t r a c t o r . G r e a t c a r e s h o u l d b e e x e r c i s e d in f ree ing t h e n e r v e 
t h a t t h e a n a s t o m o t i c c h a i n a c c o m p a n y i n g i t b e n o t i n j u r e d , a s t h e 
i n t e g r i t y of t h e s e s m a l l vesse l s is of first-rate i m p o r t a n c e ; if for 
a n y r e a s o n — a s in r e m o v i n g a Tuff ier ' s t u b e — t h e n e r v e b e e x p o s e d 
a few d a y s a f t e r t h e m a i n t r u n k h a s b e e n o b s t r u c t e d , a vesse l c o m p a r -
a b l e t o t h e r a d i a l in size is fel t b e a t i n g w i t h i n t h e n e r v e s h e a t h . N o 
b r a n c h of t h e m a i n a r t e r i a l t r u n k s h o u l d b e d a m a g e d , if pos s ib l e . 
W h e n t h e i n j u r y t o t h e a r t e r y is in t h e c e n t r a l p a r t of i t s c o u r s e , a n d 
t h e vesse l is l i g a t e d a n d d i v i d e d , c a r e m u s t b e t a k e n t o m a k e s u r e 
t h a t t h e o p e n e n d of t h e a z y g o s a r t i c u l a r b r a n c h is a t t e n d e d t o , a s 
o t h e r w i s e is m a y b e a s o u r c e of s e c o n d a r y h a e m o r r h a g e . W h e n t h e 
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lower part of t h e trunk needs t o be sutured, t h e m a i n operat ive 
trouble is usua l ly a m u l t i t u d e of small ve ins enter ing t h e parent 
trunk, and t i m e is saved b y dea l ing w i t h t h e s e prompt ly . 

I t w o u l d seem unnecessary t o emphas i ze t h e i m p o r t a n c e of n o t 
a l lowing t h e knee- jo int t o b e c o m e flexed during t h e early after-treat-
m e n t ; b u t neg lect of th i s e l ementary rule is m u c h more frequent 
t h a n would be expec ted , and leads t o v e r y t roublesome after-results , 
and prolongs t h e period of t r e a t m e n t enormous ly . 

THE ARTERIES OF THE LEG. 

These vesse ls , l i t t le loved b y thö cand idate a t an e x a m i n a t i o n 
in operat ive surgery, h a v e acquired a no more agreeable reputat ion 
w i t h t h e mi l i tary surgeon w h e n t h e y m a y h a p p e n t o be t h e seat of 
a g u n s h o t injury. 

A w o u n d of e i ther t h e anterior or posterior t ibia l artery m i g h t 
be e x p e c t e d t o prove an acc ident of minor importance ; b u t th i s is 
far from be ing t h e case. A t r a u m a t i c a n e u r y s m of e i ther var i e ty 
is n o t a c o m m o n t h i n g t o m e e t w i t h in t h e hospi ta l s on t h e l ines of 
c o m m u n i c a t i o n or a t t h e base , and t h e y form t h e smal les t sect ion in 
t h e series of cases under cons iderat ion . T h e n u m b e r of ins tances 
w h i c h c a m e under m y observat ion is indeed so meagre as t o furnish 
n o o p p o r t u n i t y for m a k i n g a n y stat is t ical remarks w h a t e v e r upon 
t h e m . 

T h e reasons for th is are n o t far t o seek. T h e vesse ls t h e m s e l v e s 
are n o t of large size. B e y o n d th is , t h e y bear such a close relat ion t o 
t h e bones of t h e leg t h a t vascular w o u n d s are rarely uncompl icated . 
E v e n if no fracture ex is t s , another pecu l iar i ty—the fact t h a t bo th 
anterior and posterior t ibial arteries are s i tuated in spaces which are 
especia l ly a p t t o retain ex travasa ted blood from a w o u n d e d artery 
a n d thus t o subject t h e other t i ssues wi thin t h e space, inc luding t h e 
col lateral branches , t o injurious pressure—makes these injuries parti-
cularly dangerous . The last condit ion, again, renders ev en a modera te 
a m o u n t of gas formation in t h e presence of an anaerobic infect ion 
a source of early and very a c u t e danger. Las t ly , as a result of t h e 
large part of t h e m a s s of t h e leg which is occupied b y bone , e x t e n s i v e 
lacerated w o u n d s of an exp los ive character of ten a c c o m p a n y t h e 
injuries t o t h e t ibial vesse l s . 

T h e comparat ive rarity of t raumat i c aneurysms , therefore, is t o 
be a t tr ibuted t o t h e infrequency of i so lated injuries, the degree of 
tens ion wh ich is a p t t o deve lop w h e n t h e arteries are w o u n d e d , and 
t h e frequency w i t h wh ich t h e w o u n d e d vesse l lies in a large w o u n d 
which does n o t offer condi t ions favourable t o t h e format ion of a sac. 
T h e i l lustrat ions (Fig. 22 , p . 59) in the general sect ion of th i s essay , 
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h o w e v e r , s h o w t h a t a n a n e u r y s m a l s a c m a y o f t en b e in p r o c e s s of 

f o r m a t i o n w h e n i t s p r e s e n c e is n o t e x p e c t e d ; a n d t h e f ac t t h a t t h e s e 

s m a l l s acs w e r e e v a c u a t e d t o g e t h e r w i t h a l a r g e m a s s of c o a g u l i m i , 

s u p p o r t s t h e d e s c r i p t i o n t h e r e g i v e n of t h e i r m o d e of d e v e l o p m e n t . 

Signs of Wounds of the Tibial Arteries.—The a n a t o m i c a l con-

d i t i o n s a b o v e r e fe r r ed t o , a c c o u n t a l so for s u c h spec ia l c h a r a c t e r s 

a s t h e s igns pos se s s . T h e m o s t c o m m o n r e s u l t of a w o u n d f r o m w h i c h 

t h e b l o o d d o e s n o t e s c a p e e x t e r n a l l y is t h e diffusion of t h e e x t r a v a s a -

t i o n , e i t h e r t h r o u g h t h e g r e a t e r p a r t of t h e c o m p a r t m e n t c o n t a i n i n g 

t h e a n t e r i o r g r o u p of m u s c l e s ; b e n e a t h t h e fasc ia c o v e r i n g t h e d e e p 

m u s c l e s , o r t h r o u g h o u t t h e i n t e r s p a c e b e t w e e n t h e t w o l a y e r s of t h e 

m u s c l e s a t t h e b a c k of t h e leg. T h u s , e i t h e r a t e n s e swe l l ing of t h e 

f r o n t of t h e leg, o r a g r e a t l y swol len calf, is d e v e l o p e d . T h e p r e s s u r e 

is o f t e n s u c h as t o i n v o l v e m o r e or less t h e w h o l e l e n g t h of t h e m a i n 

t r u n k ; h e n c e t h e p u l s e s a t t h e a n k l e a r e e a r l y a b o l i s h e d . 

I t m u s t b e r e m e m b e r e d a l so t h a t g r e a t swel l ing of t h e calf, o r 

of t h e a n t e r i o r r eg ion , r e s p e c t i v e l y , d o e s n o t nece s sa r i l y i n d i c a t e t h a t 

t h e c o r r e s p o n d i n g vesse l is t h e s e a t of t h e les ion ; for n o t i n f r e q u e n t l y 

t h e b l o o d f rom a w o u n d e d a n t e r i o r t i b i a l a r t e r y m a y p a s s in t h e l ine 

of t h e t r a c k m a d e b y t h e miss i le t h r o u g h t h e i n t e r o s s e o u s m e m b r a n e , 

o r t h e r e v e r s e s t a t e of t h i n g s m a y t a k e p l a c e w h e n t h e p o s t e r i o r t i b i a l 

is w o u n d e d . A g a i n , e i t h e r f o r m of swe l l ing of t h e l eg m a y d e v e l o p 

in c o n n e c t i o n w i t h a w o u n d of o n e of t h e b r a n c h e s of t h e t r u n k s , a n d 

m a y exe rc i se sufficient p r e s s u r e t o o b l i t e r a t e t h e p u l s e in j u s t t h e s a m e 

w a y a s if t h e m a i n vesse l w e r e t h e s e a t of i n j u r y . 

T h e diffuse h o o m a t o m a t a f o r m e d in t h i s m a n n e r m a y p u l s a t e a t 

first, a n d l a t e r b e c o m e sol id a s a r e s u l t of c o a g u l a t i o n of t h e l a r g e 

co l l ec t ion of b lood . 

U n d e r t h e s e c i r c u m s t a n c e s , i t m u s t b e r ea l i zed t h a t t h e d i a g n o s i s 

of t h e e x i s t e n c e of a w o u n d of t h e m a i n vesse l , a n d l o c a t i o n of i t s 

s i t e , a r e n o t a l w a y s e a s y . T h e r e a d i e s t a n d s u r e s t m e t h o d of i n v e s t i -

g a t i o n in case of dif f icul ty is b y a u s c u l t a t i o n , a s t h e c h a r a c t e r i s t i c 

m u r m u r s of e i t h e r a n a r t e r i a l o r a n a r t e r i o - v e n o u s i n j u r y a r e r a r e l y 

a b s e n t . I h a v e d e t e c t e d a w o u n d of t h e p e r o n e a l a r t e r y b y t h i s 

m e t h o d w h e n t h e a n t e r i o r a n d p o s t e r i o r t i b i a l a r t e r i e s h a d b o t h b e e n 

t i e d in a l a r g e w o u n d ; in r e g a r d t o t h i s c a s e — i n w h i c h , b y r e a s o n 

of t h e free e x i t w h i c h e x i s t e d for t h e b l e e d i n g , n o t e n s i o n h a d 

d e v e l o p e d — i t is r e m a r k a b l e t h a t o n l y a f t e r l i g a t u r e of t h e t h i r d a r t e r y 

d i d s igns of g a n g r e n e d e v e l o p . I n t h e case of m u l t i p l e w o u n d s i n 

t h e leg, t h e e x i s t e n c e of a sy s to l i c m u r m u r in t h e c a r d i a c r eg ion m a y 

a l so h e l p i n m a k i n g a d i a g n o s i s . A c o n v e y e d m u r m u r f rom t h i s 

r eg io n is p r e s e n t in s o m e t h i n g l ike a t h i r d of a l l a r t e r i a l w o u n d s . 

I n c o n t r a s t w i t h t h e a b o v e d e s c r i p t i o n , a s m a l l wel l - loca l ized 

t r a u m a t i c a n e u r y s m m a y d e v e l o p ; a n d in o n e ca se I s a w t w o 
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arter io-venous communica t ions , w i th in t w o inches of each other, 

formed b e t w e e n t h e posteror t ibial artery a n d ve ins a t t h e lower 

third of t h e leg. A still more striking e x a m p l e of a local ized lesion 

w a s a definite arterial haematoma in connect ion w i t h t h e external 

p lantar artery, t h e w o u n d in t h e vesse l be ing part ly b locked b y t h e 

external p lantar nerve . 

Prognosis and Treatment.—I a m sorry t o be unable t o g ive a n y 

e s t imate of t h e number of l imbs wh ich h a v e been lost , or t h e n u m b e r 

of d e a t h s w h i c h h a v e occurred, consequent on w o u n d s of t h e s e 

arteries ; b u t I k n o w i t t o h a v e been a large one , qui te incom-

mensurate w i t h t h e size of t h e vesse l s i n v o l v e d . This ques t ion is of 

importance o n l y w i t h regard t o t h e pr imary t r e a t m e n t of t h e injuries, 

and po ints t o t h e necess i ty of rapidly re l ieving t h e tens ion of t h e 

l imb b y incis ion and direct t r e a t m e n t of t h e w o u n d in t h e vesse l . 

In t h e surgery of th i s war, moreover , injury t o n o vesse ls has more 

clearly exempli f ied t h e sinister influence of interference w i t h t h e 

m a i n b lood-supply on t h e occurrence of anaerobic gangrene ; hence 

all such injuries are t o be regarded w i t h suspic ion. 

Secondary haemorrhage is v e r y c o m m o n , b o t h as a result of 

contus ion a n d thrombos i s , of non-penetra t ing w o u n d s of t h e arteries, 

a n d fo l lowing infect ion ; a n d in no s i tuat ion is it more necessary t o 

deal p r o m p t l y w i t h e v e n insignif icant escapes of b lood in t h e course 

of t r e a t m e n t of t h e cases . 

L i t t l e need be said regarding t h e t r e a t m e n t of false a n e u r y s m s 

of e i ther var i e ty . T h e ordinary l ines laid d o w n in t h e general sect ion 

suffice t o m e e t a n y case . I t m a y , however , be po in ted o u t t h a t 

w h e n a w o u n d of t h e anterior t ibia l artery is s i tua ted in c lose 

p r o x i m i t y t o t h e spot a t w h i c h t h e vessel pierces t h e interosseous 

m e m b r a n e , t h e surgeon m u s t be prepared for difficulty in securing 

t h e upper end of t h e artery, and e v e n a separate posterior incis ion 

m a y prove t o be necessary. Aga in , w h e n a large col lect ion of coagu-

la ted blood is depos i ted b e t w e e n t h e layers of musc les of t h e calf, 

a central incis ion is preferable t o t h e classical lateral incision for 

securing t h e posterior t ibial ar tery . 
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