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,~~~ I
EXPERIENCE WITH THE TREATMENT OF BLOOD VESSEL WOU~~~C I~ FORWAR D A:a) AP : iY
AR EAS

Moscow KHIRURGIYA in Russian Vol l~4, l9~~ pp 50—51

[Article by Medical Major V . L. Khenkin , candidate of medicine]

In previous wars , espe cially the f irst  imperialist war , the number of blood
vessel wounds constituted 5.5 to 5 percent of all wounds (Bogoraz. Braytsev ,
ani others). Due to the mass of automatic weapons , mines , and hand grenades
:vw available to the belligerent armies and the capacity of these weapons to
produce vLst. quantities of fragments with great penetrating power , cases of
ja:~~uiar wounds are co:m~on. Although many wounded soldiers remain on the
battlefield , larfe numbers of those removed from the battlefield and given
sru~ ic-d tre-it~ient are found to have injured blood vessels. The dia~nosis
of these wounds still leaves much to be desired . According to the records
of front and army pat.ho1o~ ic anatomy laborator ies, almost 9 per cent of all
autopsies revealed vascular woundr tha t were not diagnosed dur i nf l i f e .  We
st ill do no t know th e exact frequen cy of these wounds , but preliminary ob—
~er’;ations suggest they constitute 3 percent of the total . During Worhi
.la r II we recorded 512 cases of v-irrular wounds in 203 of which we operated
personally . Data on these 512 cases are -iven in Table 1.

Table 1

Operations Perfor~ ei
Wunber In a For— In an

Blood Vessel of Cases ward Area Arn~y Area

Common carotid artery 23 10 13
External carotid artery 6 2 14

Aortic arch 1 —— 1

Wubclavian artery 15 2 13
Axillary artery 18 14 114
F{umeral artery 56 29 27
Radial artery 63 51 12
Ulna r arte ry 20 1 3 
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Operations Perforned
:;~~ be~- In a For— In an

Blood Vessel of Cases war Ar ea . e a~ Area

Palmar arch artery 26 114 12
External iliac artery 12 14 8
Internal iliac artery 10 5 5
Femoral artery 65 36 29
Inferior gluteal artery 14 —— 14
Popliteal artery 1414 114 30
Anterior tibial artery 81 26 55
Peroneal artery 69 31

Total 513 2141 272

The diagnosis of blood vessel wounds is not always easy anti , as a result ,
serious errors are sometimes made , for example , unexpectedly heavy bleeding
dur ing primary surgical treatment , erroneous opening of a pulsat i ng hema—
toma or false aneurysm mistaken for a common abscess. Final ly ,  late diag-
nosis often results in severe heavy secondary ble eding both in a medical
installation and at an evacuation station .

With any wound in the region of large blood vessels , the surgeon must be
aware of the pos sibil ity that they , too , might be injured. Examination of
a wounded extremity should start with measurement of the peripheral pulse
and the absence or weakening of it compared to that in the healthy extrem-
ity should arouse the suspic ion of injury to the nearby vessels. The sur-
geon ’s attention should similarly be drawn to possible extensive subcutane-
ous hemorrhages , even though they are not always present . Diffuse swellin/
in the region of a wound that is visible to the naked eye or palpatable
pulsation of this swelling as well as sounds heard over it (such  swellings
should always be auscultated ) invariably confirm the diagnosis of vascular
wound. All these signs need not be very pronounced and some of them aay in
fact be absent , but a t t e n t i ve, methodical in spection of the wound , palpa-
t ion and auscultati on of the t issues surroundi ng it , and measurement of the
peripheral  pulse may prevent, diagnostic errors. If a 1rir~ e blood vessel is
injured and the  wound not diagnosed w i t h i n  a few hours or if it is dia~ —
nos ed and no operation performe d , a pulsat ing hematoma will form and be
followed by a false ~rieuryra .

Besides these main sympt oms , th ere are si gns of c i rculatory d i s t u r bance s
in the  distal portions of the extremity in the form of change in skin color
(pallor or eya.rior is), ecleaa. and sometimes gangrene , generally the dry fora .
f langrene  occurs f ai r ly  oft e n  in arteriovenous injuries. Pain in the dis ta l
portion of an e:-~trer~ity is usually associated with false arterial aneurysms.
We Ii d not observe a n y  / r ir 1 I ac changes in pulsating ar ter iovenous h ema teans ,
w h i c h  o c i ur r e l in 68 percent  of all arter iovenous  aneurysms . These changes
were mani fes ted  by dyspnea , tac hycardia , and pain in the heart . The heart
margins were ~~~j ~~~~~~ to the  r i g h t  in 31 percent of the cases and sounds
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were sometimes heard over the aorta and pulmonary artery . hr . t y r~~r H a .  w e
observed in 92 percent of false arteriovenous aneurynrin -an t in 1.5 percent
of pulsat i ng arteriovenous hernatornas.

As soon as a blood vessel wound is diagnosed , the a t t en t ion  not e n iy  of the
sur - uon but of all attend-inc- personnel should be dr awn to the  v i r t i . I f
there is no external  bleeding and the operation is pos tponed for  ano re ason
or another , we apply a tourniquet  to the ex t remi ty  a f t e r  careful ly  i rat e—
b i l i z i ng, it and t ighten the tourniquet  at the f i r s t  signs  of b lecdinc .  Al-
though the pat ient ’s condi t ion de termines  the t ime  the operat ion is per-
formed, we believe a vascular wound should be operated on in the stage of
evacuation at which it is diagnosed . W ith information on the injury to a
large blood vessel available , primary surgical treatment of the wound
should start in the operating room of the medical ba t t a l ion .  The surgeon
should apply a temporary ster ile tourniquet and be ready to l igate  the Vo? —
sel or suture it. In ligating a major artery , we believe the correrr o n l i n e
vein should also be ligated to help prevent gangrene i n  t he  d i s t il p o r t i o n
of the extremity . In wounds of large blood vessels , we use v .sc u l a . r  su-
ture.  The latter is more important in forward and t r ay  areas than  in the
inter ior  when we are dealing wi th  an already formed false -~n e ar y s r  and have
the t ime to promote the development of collaterals.

Sapozhkov in his article “A New Surgical Treatment of 2raur a t i c  A n e a r y s rr ’
wr i tes :  “We re fuse  to sew up an artery in p Aten ti ng hertatonras in vi~ w of
the danger , if inf ec t ion is pre sent , that the sutures will soon c..1 t hroueh ,
prec ipitating severe bleeding and inevitably sharply .onstricti r ~ ~~~n n ’  lo on
of the blood vessel. We also refuse to apply a I i c a t u . -~’ t o  t L1~~ ve s s el
above or below the site of injury .”* We Jo not igr~ e w~ th this a-ct r ately
categor ical  j u  Imsent  of Sapozhkov ’s. Of 107 cases of wean i r  o: l a rge  P i o o
vessels that we operated on us ing  v a s c u l a r  e d u c e , t A l e - a t m  - n o d  er as 
present in 67. We also transplanted vein s to t r t . e n - ] a J  i t - r e  .~e I a t e , l
with pulsating hematomas . Inspecting the w o l m i o l  2 t 14 weeke • c t •

operation , we failed to observe any cu t  h i  ti~~ t l n - ea ~ , h of tie set irec in v a
one c - a r e .  Blood vessels are highly r ee l  s t at  o infection an n i f  a.
wound i s  properly t reate t , the sutures  c or r e ct ly  a p r]  i , very ~t r t ee —
sis m a i n t a i n e d  lur a r ic the operat ion , and the  wear  I ~ te i  wi  - ii a str . r 0—

c o c c i -  i d e , there is no reason to fear that  t ] e  r i d  tr ee w i l ]  a t  t i r e  a n t
cause  b l e e d i n g  and cons t r i c t ion  of the l oire: of tj n e t I e  1 v erel.
of the proximal an d  d ista l  e ni s  of the vessel , in  a r  Ap n i o n , I c  e n ,

t i a l . du r  personal f i n d i n g s  conf i rm this  ( i t t  l ’ s  2 a n .  3) .

Thus , t h r e e  - a m p a t .. n t . i ons were pe t - f o r - e e l  in 107 case. in win -t t o ’

t a r ’ wan ; i n s e t and 12 amputa t ions  in  PC cases i n v o l v i n g  L i  c- ar. ] o r  f r ae ye:—
sels.

I t . is ev iden t  t rom Table 3 that  ‘it t of t he n e- at inn ~j~~r ’  l u ’  ‘ . ‘ - a n n e , n~
i n f e ~- t i o n . We ~1o not coun ter  t , l i j ~ - t o n i  n n t r - t l  . All n n e i t n i e r -  went

* K] ]dt’L’~ 11, ’ , No 5—6 , 1914 ~~.
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operated on from 10 hours to 3 days after they were wounded. Ligation of
the vessel, which markedly aggravated blood circulation in the extremity,
contributed , in our opinion , to the development of anaerobic infection .

Table 2

Reason for the Including
Operation Arter io—

Pulsating False venous Arterial
Blood Vessel Hematoma Aneurysm Total Injury Injury

Common carotid artery 9 14 13 8 5
Aortic arch 1 —— 1 —— 1
Subclavian artery 6 5 11 5 6
Submaxillary artery 6 -- 6 2 14
Humeral artery 14 17 21 11 10
External iliac artery 12 —— 12 5 7
Femoral artery 15 17 32 20 12
Popliteal artery

Total 62 145 107 58 149

Outcona
Blood Vessel Recovery Death Asi j ut a t i o n

Common carotid artery 13 —— ——
Aortic arch —— 1 -—
Subelavian artery 6 5 -—

Submaxillary artery 6 -- --
Humeral artery 21 —— ——
External iliac artery 12 —— 1
Femoral artery 30 2 (gas ) 1
Popliteal artery 11

Total 99 8 3

N ote :  The amputations l isted in the outcomes are included in the recovery
column .

We ) p e r - r a t e ,I on a soldier for a pulsating hematoma of the femoral artery 3
lays afti- r he was wounded . No signs of anaerobic infection were detected

at operation. The fragment was removed and the wound was opened wide.
Owing to the extensive injury to the artery and poor general condit ion of
the pa ti t -r i t. as a result of preoperative bleeding , we had to restrict our-
selves to ligra t .inct the femoral artery and vein. The wound remained open.
Gn,: ; canon -ne set in 8 hours later .

i f  12 u ’p a t aLiens , the reason for the procedure was the r a p i d  l e v e i a ; rr c n t
of gas gangr -no . This was confirmed by the experience of other r u n - - - ’ us of

‘ar  -t err y who only l ign t , ed  the vessels.
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Table 3. Blood Vessel Wounds Operated on With Ligation in Forward and Army
Areas

Reason for the Operation
Pulsating False

Blood Vesoci Bleeding Hematoma Aneurysm Total

External carotid artery 1 3 —— 14
Humeral artery 2 6 8 16
Radial artery 114 — —  — —  14
Palmar arch 10 —— —— 10
Internal iliac artery 8 — —— 8
Femoral artery —— 1 —— 1

Popl iteal artery —— 8 1 9
Anterior tibial artery 13 2 1 16
Peroneal artery 12 2 — —  114
Inferior gluteal artery (in-
ternal iliac artery ligated) 2 2 —— 14

Total 62 214 10 96

Outcome
Blood Vessel Recovery Death An~putation

External carotid artery 2 2 ——
il ’,irrenal artery 12 14 (gas) 1
Pelial artery llt —— ——
Palmar arch 10 —— 2
Internal  iliac artery 7 1 — —
Femoral artery —— 1 (gas) ——
Popliteal artery 7 2 (gas) 14
Anterior bibial artery 15 1 (gas) 3 (gas)
Peroneal artery l~4 —— 2 (gas)
Inferior gluteal artery (in-
ternal iliac artery ligated ) 11 —— — —

Total 85 11 (8 gas ) 12 ( 5  g a s )

Note: The abbreviation “gas ” refers to the complication of anaerobic in-
fect ion that developed in operations for bleeding and pulsatin-
hematoma .

As ment ioned above , we performed 310 operat ions.  There were 214 deaths and
gas gangrene in 7. The limb was amputated in 35 of 286 of those who re-
covered (11 amputa t ions were due to gra s a n g r en e ) .

In ligating blood vessels in a forward or army area, it is necess ary net ,
only to immobilize the ex t re r - nity carefully but al so inj ec t  i n t , n - - a v v n c u : l v

‘ii , 000 to 25,000 1’r’,pby ],a.nr to uni he of -ant  i c - an g r e n e  Ce - rn. The t a t . ] en t ,
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must be closely observed for the next 3 to 5 Jay s in  order not to m i s s  the
possible development of anaerobic i n f e c t i o n . If he has to be evacuated , an
appropriate notation to this effect should be r- nade on the forward region
card or in the individual ’s medical history .

If there is still a question as to when to operate on a blood ve ssel in a
rear area where the t ime is determined by the development of collaterals,
the operation should be performed in a forward or army region when the
wound is diagnosed and the patient ’s condition permits. In rare cases when
the combat situat ion permitted and when there was a formed pulsating hema—
toma and no danger of bleeding , we postponed the operat ion in an army area
for 2 or 3 weeks .

Vascular suture is l i t t le  discussed in recently published articles on blood
vessel wounds. The authors present only their own occasional observations.
We see no need to defend the technique. Whereas vessels are usually h eated
in forward and army areas because young surgeons are not famil iar  wi th  the
suture techn ique , the lat ter  should be used much more often in the interior
than they are at present . In choosing the method , the surgeon should be
guided in general by the patient ’ s condit ion and his own ski l ls .  That
method is good if the particular surgeon has mastered it. However , when
cer ta in  blood vessels are in jured , e . g . ,  the common carot id and pophiteal
ar ter ies , vascular suture , in our opinion , is the operation of choice .  Of
13 wounded soldiers to whose c ommon carotid artery we applied sutures not
one d ied , whereas of 10 soldiers operated on by other surgeons who used the
ligation method on the same artery , 9 died . In 11 cases of sutures that we
applied to the pophiteal artery , gangrene of the leg set in once , whereas
of 32 cases in which th is  vessel was l igated (2 14 by other surgeons and 8 by
us), the leg had to be amputated in 19. The observation period ira our cases
was at least 3 weeks or sufficient time to make an accurate evaluationi of
the results. Vascular suture justified itself even in the presence of an
infected wound. In such cases we dusted the wound with a streptocoocicide
after placing the sutures and then inserted rubber drains which we remove i

3 or 14 days later. Immobihizatiorn was used after all operations on blood
vessels.

an i le we consider vascular suture the operation of choice in wounds of t }ne
common caro t id  and popl iteal arteries , we did not use it in frenh weuni s of
the popliteal artery . In such cases the opera t ion  w nie  very  a r i u U n:n ana
long . The approach to the proximal ~and d i s t a l  p o r t i o n s  of t h e  vessel nS a ’l
to be wide and it requ ired subper iosteal r - e s e r t i e n  of t }e  n l a v i - l o ’ . -A
ope ra t i ng  in blood—saturated t i ssues  in the r ide r of a Sn - aSs  of i i  aol  ci t. :,
l e i rp it e  maximum c-arc , it in d i f f i c u l t  to avoid h r - s-n at z i  rn t i n e  I a ’  i a l

r i - w as to some extent . A long - in :]  t raumatic oper -n i , i e n  on p d i ent c  : i f :
i n n -  f rom the loss of blood of ten causes severe oper i I v c Oon n r ’ r- wi r  I -

they may d ie .  -Ic lost f ive or Si:-: patients -an t thi n I an as t o  i t o ]  i n n

i n ’  vascular sutures to fresh wounds of the  p o p l i t e r a l  - a r t a ry .

6
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Suturing a gunshot wound of the aortic arch seems to be very uncommon , for
we failed to f ind a description of the operation in the available litera-
ture.

Our case is as follows .

Patient S . ,  18 years old , an instructor on sanitary and medical mat ters ,
was admitted to a mobile field hospital on 25 December 19141 with a bullet
wound on the anterior surface of the neck suffered on 12 December 1901. He
lost consciousness after the wound . He received first aid (ligation) in the
medical battalion from which he was evacuated to a frontline mobile field
hospital and then to a second line hospital . Complaints of labored resp ira-
tion. Examination of the patient in a semirecumbent position on 31 Dec ent—
ber . Respiration rapid with a whistling sound ; face, vermilion border ,
lips , and nails cyanotic; pulse 96 beats a minute, rhythmic , soft . Along
the posterior margin of the right sternocleidomastoid muscle 2 cm above the
clavicle was a bullet hole 1 x 1 cm in size. The wound was filled with
flaccid granulations and a slight purulent discharge. On the anterolateral
surface of the neck (more to the right ) was a large pulsating swelling whose
upper border reached the hyoid; the lower border was concealed in the jugu-
lar notch , while the lateral and median borders were , respect ively,  along
the posterior and anterior margins of the lef t  sternocleidonsastoid muscle.
A pronounced systolic murmur was heard over the swelling.

The patient ’ s condition deteriorated markedly during the examination and
asphyxia intensified. It was impossible to perform a tracheotomy because
the incision would have had to pass through the pulsating hematoma. We
performed an emergency operation the same day . An incision was made under
local anesthesia over the right clavicle. The clavicle was resected sub—
periosteally and the subclavian artery and vein were exposed . By grad ual
dissect ion along the subclavian vessels we were able to reach the i n i t ia l
portion of the common carotid artery and then continue along it as far an
the b i furca t ion , but v’ could not f i nd  the wound anywhere . We made an in-
cision along the mid l ine  of the neck over the swel l ing in order to pcrfo: cn
a tracheotomy . After the platysma was incised , numerous blood clots es-
caped , resp iration was restored , and blood spurted out in a large stream
from behind the sternum . With a finger inser ted beh ind  the st ernuon , we
felt an opening about 0.5 x 0.5 cm in size and s t rong pulsation . The
bleeding ceased . Without  t ak ing  out our f inger , we n-ca rved the manubriurn
in pieces and then discovered the wound was in the acetic arch . We applied
four sut ures to the aortic wound above the fin cer , gr a in - al ly  tightening
them an: we withdrew the f’irieer . We applied two more sutures. There was
no ‘bleeding. Blood was t ransfused at the sam e L i c e .  Pc ’spira tory  arrest
occurred while the surgical wound was being sewn up, b ;t  it was res tored  In
5 to 8 minutes  by a r t i f i c i a l  respirat ion.  The pulse d c t , c r i n : - - a t c i  sharply.
800 cm3 of 0(1) blood were transfused. The pulse ir: ’:a’vei and then be -an
to slow . Blood transfusion was cont inued but the tijiCt’ could not be f e l t
and the  r - n t , i e r i t  d i e t  30 m i n u t e : :  after the operation.
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Regarding the technique of vascular suture for blood ves sel wounds , we w ish
to emphasize the importance that we attach to preparation of the suture ma-
terial. The latter should not have any traces of alcohol or mercury chlo-
ride. After ordinary t reatment with ether , ho 0 or No 1 silk is sterilized
in an autoclave and then kept in sterile mineral oil.

The approach to the site of injury to the blood vessel should be made from
some distance away . We f i r s t  expose the vessel proximally and then ihetal ly
to the site. “IC carefully dissect it of f and apply tempor ary gauz e ctr izs
to the isolated ends , after which we dissect the vessel in the Jireotionn of
the injury , gradually moving the gauze strips forward . In doing so we ~.‘a,ke
every effort to spare the collaterals branchin- off the vessel . As wo ap—
proach the wound , we tighten the gauze strips and in this way e:-:pose the
in jury  s i te  almost  bloodlessly.

In the cas e of f resh  wounds of the extremit ies , we use a t o u r n in u ct  ‘arn i in: . —
mediately expose the injury site , thereby great ly s h o r t e n i ng  the  o I : c : a t O ~e..
If - an - a r t e ry  and vein are wounded at the same t ime , especially if an ‘a: —
ter iovenous aneurysm or arteriovenous f i s tu la  has formed , it is necL ’Sn ry
to co around all sides of the arteriovenous anastomosis forrr e ’i  and c- a n t - —
fully separate the vessels. Once it is certain that they have been ccc: —
pletely ::e-sorc- i , a suture or ligature can be applied t o  each blood vessel
e np a n - a t e l y .

In snail parietai wounds, we apply a parietal suture transversely . If the
Je fect , in  the vessel is larger than its semicircumference , we resect the
i n j u r e l part and suture the vessel end to end . The m iddle and inner coats
an-c often somewhat contracted , resulting in an excess of adventitia -0ni :h
extends beyond the  thread or coils up in the lumen of the vessel. Thi s
makes the work much more dif ficult and impairs the quality of the suture .
Hence , we also tighten the adventitia slight ly with an ophthalmic foroen e
anI cut away the excess with scissors. We then proceed to sew t oge ther
the vessel , applying sutures by the Carrel or Jensen—Carrel method. To
prevent the ends of the vessel from drying out at this time , they should be
moi s tened with physiologic :~aline or 14—percent sodium citrate. After the
siatur ini ,’: is completed , first the distal end and t hen the proximal end of
the vessel is freed . The s l i , -h t  bleeding from t i n e - nor  ies of sutures in - -ar-
rested ‘by compressing the bl e- lin g site with -ì gr a u se  ball. ic’a~~ hleelino
requires r;’ld ,itien: -al s t t  n r c - c , u - l i e :  s i n o u l  be n i - i  alT o’:- c-osnpresni on a bo v e
and below the injury .

‘‘Jo have been auplej I no of late rn ly a for; e :~ a n~- ‘: ~u 1 s n ; n :-c cnn I rn - tAno ’s with
-i ‘-off fashioned fr-on : the nie ar; nr u v- ’in . A b a  t~t n- ia ’ f e - t  in an a n t o n - V  is
exten .:  iv , an t its ends r’anrae t be l r -o ao ; t together , we ne - inn: j a i L a 1)1000

of Li; vein to the (IC fe’-t . 0:- in- icily n-c o a:e Line om en 
~t ci ; I ]  n g  veir. for

t h i s  A n n e : ’ . A verimunc a , ranen nI in extensive i nt .i n:~j a ’: to the cor’sona
r-arotid and pop1 I teal :n n-t,eries is , in our enini o n , f:; cn~,’: - ’ 0 ion on choice.

8
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Studies run in Bogoraz ’s clinic (Kartashov , Khenkin) showed t hat a trans-
planted vein can withstand arterial pressure ani that significant changes
take place in its wall over time. The wall thickens , the muscular layer
becomes stronger , and the wall of the vein com es to resemble t hat  of the
artery. The operation itself is not much more difficult thann ordinary su-
turing of the ends of the vessel. The only difference is that two circular
stitches (rather than one) have to be placed because both the proximal and
the distal ends of the vein must be sutured. We sew the proximal end of
the transplant to the distal end of the wounded vessel and the distal end
to the proximal end in order to avoid the possibility of the venous valves
impeding the blood flow. A venous transplant has to be 3 to 14 cnn longer
than the ex isting arter ial defect bec ause the vein contracts after it is
resected . And when it is sutured , care must be taken no prevent the su-
tures from tightening because the thin venous wall is easily cut through.
We transplanted venous graft s 6 to 10 cm long, 5, T, and 14 t imes for common
carotid , femoral , and popliteal art ery wounds , respectively . All 16 trans-
plants ended in the recovery of the patients.

Regarding operations for vascular wounds , it should be borne in mind, that
if 2 or more weeks have elapsed from the time of injury , attention must be
paid to the nerve that often lies in the scars surrounding the blood ves-
sels , for it will eventually cause some neurologie disturbances . We in-
variably remove it with care from the scars and then cover it with muscle.
Observance of the above—described technical requirements in connection with
operations for blood vessel wounds enabled us to achieve satisfactory re-
sults.


