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1. INTRODUCTION . _ .

Abdominal vascular injuries are among the most lethal
of injuries sustained by trauma patlents and their manage-
ment is fraught with difficulties, presenting numercus chai-
lenges for the modern-day trauma surgeon. The majority of
these patients arrive at trauma centers in profound shock
secondary to massive blood loss which often is unrelenting.
Patients sustaining abdominal vascular injuries best exem-
plify the vicious cycle of shack, acidosis, hypothermia, coag-
ulopathy, and cardiac dysrithmias.(l} Furthermore, many
patients present in cardicpulmenary arrest, necessitating
drastic life-saving measures, such as emergency department
thoracotomy, aortic cross clamping, and open cardiopul-
manary resuscitation to achieve any chance of reaching an
operating room alive.(2-4) To compound the problem, expe-
sure of the retroperitoneal hemorrhaging vessels is quite
difficult and requires extensive dissection and mobilization
of the intraabdominal organs. These maneuvers are time-
consuming and. fraught with pitfalls, as rapld dissection
through large retroperitoneal hematomas can lead to fatro-
genic injuries in patients who can ill afford further uncon—
trolled hemorrhage (1

Abdominal vascular injuries are rarely 1so[ated In fact
multiple associated injuries are the rule rather than the
exception, increasing not the severity, but also the time
needed to repair many of these often critical associated
injuries. Moreover, abdominal vascular injuries are charac-
terized by massive blood loss, necessitating large quanti-
ties of crystalloids, blood, and blood products for intravas-
cular volume replacement. Coupled with the frequent need
to cross clamp the acrta or other major mtraabdomrna[ ves-
sels, this scenario predisposes these patients o the devel-
opment of reperfusion injuries and their sequelae.(1-4)

The concept of “bail out”, popularized by Stone5 in the
early 1980's and later known as “damage centrol”,(6) is usu-
ally applied to patients sustaining abdominal. vascular
injuries. Similarly, these patients often demand heroic
abdominal wall closures with prosthetic materials which ini-
tiates a cycle of frequent surgical re-interventions adding
multiple and additive physiclogic insults to an already com-
promised patient.

The classical dilemma of how to repair vascular injuries
under conditions of massive contamination while avoiding
graft infections and vessel blow-outs, remains one of the
most difficult problems that face modern-day trauma sur-
geons.{7, 8) Septic processes and muitiple system organ
failure (MSOF} are frequent complications encountered by
these patients, preczpltated by profound shock, tissue
hypoperfusion, massive blood volume replacement, gener-
alized edema, and prolonged contamination, All these fac-
tors clearly conspire to produce high morbidity and mortal-
ity rates for patients sustaining these injuries. It is clear that
improved outcomes are generally the result of expedient
and precise surgical interventions by trauma surgeons with
extensive experience in the management of these injuries
along with the vast surgical armamentarium needed to
effectively dea! with them.(5-14)

I, HISTORICAL PERCEPTIVE

Some of the earliest contributions in the development
of vascular surgery were made by Eck,(7, 8, [5] a Russian
Surgeon who in 1877, was the first to perform a permanent
union between two intraabdominal blood vessels when he
performed an anastomosis between the portal vein and the
inferior vena cava. In 1897, Silberberg,(7, 8, 15) successfully
sutured arteries, including the abdominal aorta and in 1899,
Dorfler,(7, 8, 15) recommended the use of fine round nee-
dles and sutures to repair all layers of the vessel. His tech-
nigue was successful in 12 of 16 experiments. Similarly, in
1900, Payr,i7, 8 i5) performed arterial anastomosis by
invagination using magnesium rings. An cther advance was
made in 1981 when Clermont,(7, 8, [5) successfuliy per-
formed an end-to-end anastomosis of a divided inferior
vena cava with a continuous fine silk suture.

In 1950, Qubert replaced a thrombosed aortic bifurca-
tion with an arterial homograft, and in 1951, Dubost{7, §, 15}
resected an abdominal aortic aneurysm and restored arteri-
al continuity with a thoracic aortic homograft. Julian,
DeBakey, and Szilagyi performed similar operations soon
afterward.(7, 8, 15) In 1956, Voorhees(15) pioneered abdom-
inal aortic prosthetic grafts.
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1L INCIDENCE

Abdominal vascular injuries are seen much more fre-
quently in busy urban trauma centers than during military
conflicts. Some of the most important data dealing with
these injuries were collected by DeBakey and Simeone{{6)
who, in 1946, reported 2,471 arterial injuries from World War
I1, which included 49 intraabdominal injuries accounting for
an incidence of 2%. In 1938, Hughes17 reported 304 arterial
injuries from the Korean War, only 7 of which occurred in the
iliac arteries, accounting for an incidence of 2.3%. In 1970,
Rich(18) reported a series of 1,000 arterial injuries from the
Vietnam War, of which 29, or 2.9%, involved the abdominal
vessels.

Conversely, in civilian series, injuries to abdominal ves-
sels account for 27% to 33% of all vascular injuries treated in
urban trauma centers.(7, 8) The incidence of abdominal vas-
cular injuries has been progressively rising over the last few
years, Asensio and co-workers(19) recently reported that
302 patients were admitted for abdominal vascular injuries,
over a é-year period, to the LAC+USC Trauma Center, a busy
urban trauma center that admits between 7,000 and 7,500
cases per year, Demetriades, Asensio, and co-workers(20)
also reported that 67 patients were admitted for penetrating
injuries of the abdominal acrta, over a 5-year period, to the
same {rauma center,

1IV. MECHANISMS OF INJURY

Penetrating abdominal trauma is the most common
cause of abdominal vascular injuries, accounting for approx-
imately 90% to 95% of all abdominal vascular injuries. Blung
abdominal vascular trauma is much less frequent, with an
estimated incidence of approximately 5% to 10%, and is not
as frequent.(7, 8, 20-22} Approximately 25% of all patients
undergoing laparotomies for gunshot wounds cof the
abdomen have sustained abdominal vascular injuries, while
10% of those undergoing exploratory {aparotomy for stab
wounds of the abdemen will have sustained abdominal vas-
cular injuries.(7, 8, 20-22) Penetrating abdominal injuries are
usually the result of missile injuries and stab wounds,
whereas blunt injuties are the result of motor vehicular col-
lisions and direct impact.

V. ASSOCIATED INJURIES

The abdominal blood vessels, by virtue of their
retroperitoneal location and anatomic proximity to other
organs are rarely the site of an isolated injured. In fact, it is
estimated that approximately two to four associated
intraabdominal injuries occur with abdominal vascular
injuries.(7, 8, 19, 20-22) Penetrating trauma accounts for the
vast majority of associated injuries. Multiple vessels are
occasionally injured in patients sustaining abdominal vas-
cular injuries, with a combination of arterial and venous
injuries appearing to be the most commeon of all associated
vascular injuries.(19)
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V1. ANATOMIC LOCATION OF INJURY

Abdominal vascular injury associated with blunt trauma
most commonly occurs in the upper abdominal arteries and
veins; however, penetrating injuries are unpredictable as
missile trajectories cannot often bhe predicted.
Consequently they may occur within any area of the
abdomen usually affecting more than one vessel. Limited
data are available on the cumulative effect of multiple ves-
sel injury on mortality. Because of the close proximity
between abdominal arteries and veins, arteriovenous fistu-
las may occur, although they are uncommon.(7, 8)

The abdominal aorta and inferior vena cava may be
injured at the suprarenal or infrarenal locations, while the
inferior vena cava may be injured at its retrohepatic loca-
tion, one of the most lethal injuries known to man. The
superior mesenteric artery may be injured in any of its four
zones, and the superior mesenteric vein may be injured at
its infrapancreatic or retropancreatic location. The portal
vein may be injured either at its origin at the confluence of
the superior mesenteric and splenic veins or it may be
injured alone within the confines of the portal triad. The
renal artery may be injured in any one of its three parts and
the renal veins may be injured either at their confluence
with the inferior vena cava or at the renal hilum (1)

VII. DIAGNOSIS

A, Clinical Presenlation

The trauma surgeon must be cognizant that any pene-
trating injuries to the torse from the nipples to the upper
thighs, pose a significant risk of abdominal vascular injury .
Penetrating injuries directly over the midline harbor a
strong potential for aortic or cavil injuries and all penetrat-
ing injuries surrounding the periumbilical region harbor the
potential for aortic or inferior vena cava bifurcation injury.
Missile injuries that traverse the abdominal cavity or pelvis
also pose a great risk of inflicting abdominal vascular
injuries, and this pattern of injury is often quite lethal
Penetrating injuries in the right upper quadrant can aiso
result in aortic, vena cava, and portal venous injuries.(1)

The clinical presentation of patients who have sustained
abdominal vascular injuries is determined by whether they
present with a contained retroperitoneal hematoma or free
bleeding within the abdominal cavity. Obvicusly those with
a contained retroperitoneal kematoma will be either hemo-
dynamically stable or have some degree of initial hypoten-
sion responsive to intravenous fluids, whereas those with
free retroperitoneal and intraabdominal hemorrhage will
present profoundly hypotensive.(i, 7, 8)

The presence of penetrating abdominal injury associat-
ed with massive abdominal distention and shock usually
signals the presence of an uncontained intrazbdominal
hemorrhage secondary to injury of one of the major abdom-
inal vessels. For patients with penetrating pelvic injuries
who present with absent femoral pulses, one must suspect
the presence of an injury to the ipsilateral ifiac artery.([}
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For patients who have sustained blunt abdominal trau-
ma with or without hypotension, in the presence of gross
hematuria, the trauma surgeon must suspect iniury to the
renal vessels. In short, any patient who presents with a his-
tory of a penetrating abdominal wound and a history of
hypotension in the field has an intraabdominal vascular
injury until proven otherwise.(1, 7, &)

Clinical findings such as abdominal discomfort and pain
as well as physical examination findings consistent with
peritoneal irritation or signs of peritonitis may be due either
to the abdominal vascular injury or to other abdominal
organ injuries frequently associated with intraabdominal
vascular injuries.(i-4, 7, 8} The presence or absence of
femoral, popliteal, dorsalis pedis, and posterior tibial puls-
es should be checked in both extremities. The hand-held
Doppler should be routinely used to evaluate the flow sig-
nal from these vessels if the patient is hemodynamically sta-
ble. It should also be used to listen for venous sounds to
ascertain whether elevation of the lower extremities or com-
pression of the calf augments venous flow signals.(1-4, 7, &)
The ankle brachial index (ABI) should alsc be measured.

B.INVESTIGATIONS

Laboratory tests are of limited value in the early diagno-
sis of abdominal vascular injuries. An initial CBC should be
obtained and will generally show a decrease in both hemo-
globin and hematocrit levels. Ar arterial blood gas (ABG)
analysis should also be done to check the patients initial pH,
detect acidosis and evaluate the status of oxygenation and
ventilation. Furthermore, repeat arterial blood gases are
also useful adjuncts in evaluating the progress of resuscita-
tion, while lactic acid levels are useful to obtain as a baseline
measurement to monitor the progress of resuscitation. As
many patients present with profound hypotension, there are
few other investigations that can actually be instituted.(})

The use cf ultrasound will prove useful for detecting the
presence of intraabdominal fluid, but very little detailed
information will be obtained above the retroperitcneum
and major abdominal vessels. A plain radiograph of the
abdomen may be of diagnostic value, particularly in
patients who have sustzined penetrating wounds, to help
evaluate the location and trajectory of the missile
Intravenous pyelograms {IVP] may be performed either in
the emergency department (ED) or operating room (OR}
provided that the patient is not hypotensive, to ascertain
whether there are two functioning kidneys.(1)

A CT of the abdomen can be obtained in hemodynami-
cally stable patients who have sustained blunt trauma with
or without hematuria and may be useful for detecting
retroperitoneal hematomas or for visualizing kidneys follow-
ing blunt injury to the renal vessels. While angiography
remains the “Gold Standard”, it is generally not applicable
in the acute management of these patients, but is a valuable
adjunct to diagnose and treat postoperative complica-
tions.(1}
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VIIL- SURGICAL MANAGEMENT

A, Emergency Departiment

All trauma patients should be evaluated and resuscitat-
ed according to the ATLS protocols. Prompt attention to
achieving a secure airway, venous access, placement of a
nasogastric tube, and Foley catheter, as well as early volume
replacement with Lactated Ringer's solution and biood are
the mainstays of early evaluation and successful resuscita-
tion. When it is strongly suspected that a patient may be
harboring abdominal vascular injuries it is not advisable to
place intravenous lines in the femoral veins. This is because
there could be iliac venous or inferior vena cavil injuries that
may be actively hemorrhaging which would prevents vol-
ume repiacement from reaching the right side of the
heart.(1-4, 7-8) Similarly, the need for cross clamping the
iliac vein or inferior vena cava during an exploratory laparo-
tomy also arise, which will also prevent replacement fluid
from reaching the right side of the heart. Therefore, large
intravenous catheters should be inserted in the upper
extremities, If the need arises, as it usually does in pro-
foundiy hypotensive patients, the subclavian or jusular
veins should be accessed. Clinical findings consistent with
acute hemoperitoneum or peritonitis, as well as absence of
the femoral pulses, demand an immediate exploratory
laparotomy. Broad spectrum antibiotics such as cefoxitin,
which is routinely used in our department, are administered
prior to surgical intervention.(1-4, 7-8)

In patients presenting in cardiopulmonary arrest or pro-
found refractory hypotension unresponsive to fluid replace-
ment via rapid infusers, an emergency department thoraco-
tomy will be needed to perform open cardiopulmonary
massage and cross-clamping of the descending theracic
aorta. Cross-clamping of the descending thoracic aorta will
allow for redistribution of the remaining intravascular voi-
ume to improve perfusion of both the carctids and coronary
arteries, and will significantly decrease or stop intraabdom-
inal arterial hemarrhage.(1-4, 7, 8, 23, 24)

Emergency department thoracotomy with cross-clamp-
ing of the descending thoracic aorta will subject patients to
risks such as ischemia distal to the cross camp, and
increased cf heat loss secondary to the open thoracic cavi-
ty, and predispose the patient to reperfusion injuries.
Despite these risks, it is a useful adjunct, and often the only
hope for salvaging in exsanguinating patients in whom vas-
cular control cannot be obtained immediately. Needless to
say, time is of the most importance and these patients must
be rapidly transported to the OR without any further radi-
ographic evaluations or delays.{1-4, 7, §, 23, 24)

B. Intraoperative Managemient

In the operating rcom, the patient's torso from neck to
mid-thighs is prepared and draped. The area of the mid-
thighs is important sheuld the necessity arise to obtain an
autcgenous saphenous vein graft. The trauma surgeon must
confirm that blocd has been prepared for immediate trans-
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fusion via rapid infusicn technology. He must also institute
maneuvers to prevent hypothermia which include: place-
ment of a warming blanket on the operating table, covering
the patient's lower extremities, as well as a circulating warm
air mattress covering the head te prevent heat loss. The
ventilator cascade temperature should be increased to
420°C, and that an ample supply of microwave heated irri-
gation fluids must be available, Furthermore, the availabili-
ty of auto transfusion apparatus is of great value.(1-4, 7, 8)

Abdominal injuries should be explored through a mid-
line incision extending from the xyphoid to the pubis.
immediate control of life-threatening hemorrhage followed
by immediate control of sources of gastrointestinal spillage
must be achieved early. The next step in the management
of abdominal injuries consists of thorough exploration of the
abdominal cavity. Since the abdominal vasculature resides
in the retroperitoneum, a thorough exploration of these
structures must be performed utilizing a systematic
approach of the anatomic zones of the retroperitoneum.
Exploration of the retroperitoneum is quite challenging and
demands that the trauma surgeon be totally familiar with
the complex anatomy of these zones.(1, 7, 8)

The first and most important goal to achieve in the man-
agement of abdominal vascular injuries is hemorrhage con-
trol. As in all vascular injuries, proximal and distal control of
the hemorrhaging blood vessel is ideal; however, in exsan-
guinating abdominal vascular injuries, achieving this rapidly
can be eztremely difficult.(1-4) These patients frequently
patients experience severe and profound hypotension, and
cross-clamping of the aorta is therefore the first maneuver to
stop life-threatening hemorrhage. If the patient arives pro-
foundly hypotensive orif a cardiopulmonary arrest occurs in
the OR, an immediate left anterclateral thoracotomy with
aortic cross-clamping must be petformed prior to proceed-
ing with laparotomy. (-4, 23, 24)

When a patient arrives with some degree of hemedy-
namic stability, but decompensates duting laparotomy, the
abdominal acrta can be controlled either digitafly at the aor-
tic hiatus, by using of an abdominal aortic root compressor
or by the placement of a cross clamp. The placement of a
cross clamp in this area can be difficult, as the abdominal
aorta is surrounded by the crura of the diaphragm which
may require transection.(1-4, 23, 24) Once the exsanguinat-
ing hemorrhage has been controiled, the trauma surgeon
should classify the hemorrhage or hematoma into one of the
three zones of the retroperitoneum; namely Zone [, Zone ],
or Zone Ui, All trauma surgeons must be cognizant of the
intricate anatomy of these zones, Zone | begins at the aortic
hiatus and ends at the sacral promontery; it is located mid-
line and courses on top of the spinal column. This zone is
divided into Zone [ supramesocolic and Zone | inframeso-
colic. There are two Zones Il right and left, located in the
pericolic gutters. Zone 1ll begins at the sacral promontory
and encompasses the pelvis.(1-4, 7-8)

Zone | supramesocolic contains the suprarenal abdomi-
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nal aorta, the celiac axis and the first two parts of the supe-
rior mesenteric artery; zone 1 extending form the origin of
the superior mesenteric artery at the aorta to the point
where the inferior pancreaticoduodenal artery emerges,
zone 2 extending from the inferior pancreaticoduodenal to
the origin of the middle colic artery, zone 3 extending form
the trunk distal to middle colic artery and zone 4 inclzding
the segmental branches the jejunal ileal artery or colic
artery. This zone alse contains the infrahepatic suprarenal
inferior vena cava, the infrarenal inferior vena cava as well as
the proximal portion of the superior mesenteric vein. The
right and left zones It contain the renal vascular pedicles.
Zone [Il contains both common iliac arteries and veins, as
well as their internal and external branches, and the pre-
sacral venous plexus. The portal - retrohepatic area is a spe-
clal area contains the portal vein, hepatic artery, and retro-
hepatic vena cava.{l-4, 7, 8

As soon as the trauma surgeon has identified and classi-
fied the hemorrhage or hematoma into one of these zones,
he must then approach this zone to obtain vascular control
and expose the injured blood vessel before definitive
repair can be attempted. Each zone requires a different and
complex maneuver to expose these vessels.

Zone [ supramesocolic is generally approached utilizing
a maneuver that rotates the jeft-sided viscera medially. This
approach requires transection of the avascular line of Toldt
in the left colen, incision of the fienosplenic ligament and
rotating the left colon, spleen, tail, and body of the pancreas
as well as the stomach medially. This exposes the aorta from
its entrance into the abdominal cavity via the aortic hiatus
and includes exposure of the origin of the celiac axis, supeti-
or mesenteric artery, and the left renal vascular pedicle.
Alternatively the ieft kidney can be mobilized medially,
although this is generally not done.(1-4, 7-8} Another maneu-
ver is to perform an extended Kocher maneuver along with
transection of the avascular line of Teldt in the right colon,
medially mobilizing the right colon, hepatic flexure, ducde-
num, and head of the pancreas to the level of the superior
mesenteric vessels, and incising the retroperitoneal tissue to
the left of the inferior vena cava. This maneuver exposes the
suprarenal abdominal aorta between the celiac axis and the
superior mesenteric artery. The disadvantage of this maneu-
ver is that the exposure obtained is below the level of any
wounds of the supraceliac aorta and the hiatus (1-4, 7-8}

Maneuvers used to expose injuries in Zone [ inframeso-
colic include displacing the transverse colon and mesocoton
cephalad, eviscerating the small bowel to the right, and
locating the ligament of Treitz, transecting it with the [cose
tissue alongside the left of the abdominal aorta untii the left
renal vein is located. This exposes the infrarenal aorta, To
expose the infrarenal inferior vena cava, the avascular line of
Toldt in the right colon is transected along with a Kocher
maneuver sweeping the pancreas and duodenum to the left
and incising the retroperitoneal tissues that cover the infe-
rior vena cava.(1-4, 7-8}
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Exposure of the right and left zones Il is achieved
depending on whether the perirenal hematoma or active
bleeding is located laterally or medially. If active bleeding
is found medially or if there is an expanding hematoma, vas-
cular control of the vessels in the pedicle is preferable. On
the right, this is achieved by mobilizing the right colon and
hepatic flexure as well as performing a Kocher maneuver,
exposing the inferior vena cava infrarenally and continuing
the dissection cephalad by incising the tissues directly over
the suprarenal infrahepatic inferior vena cava. This is con-
tinued until the right renal vein is encountered, Further dis-
section superiorly and posteriorly to the right renal vein will
locate the right renal artery.(1-4, 7, 8}

On the left, the left colon and splenic flesure are mobi-
lized and the small bowel is then eviscerated to the right.
The ligament of Treitz is located and the transverse colon
and mesocolon are displaced cephalad. This should Jocate
the infrarenal abdominal aorta, and cephalad dissection will
locate the left renal vein as it crosses over the abdominal
aorta. The left renal artery will also be found superiorly and
posteriorly to the left renal vein. Alternatively, if a perirenal
hematoma or bieeding is found laterally with no extension
into the hilum of the kidney the lateral aspects of Gerota's
fascia can be incised and the kidney elevated and displaced
medially to locate the hemorthage (14, 7-8)

Exposure to the vessels in Zone Ill can be achieved by
taking down the avascular line of Toldt in both the right and
left colon and displacing them medially. Utilizing a combi-
nation of blunt and sharp dissection, the common iliac arter-
les and veins will then be located. Meticulous attention
must be paid to locating the ureter as it crosses the common
fliac artery, A vessel loop should be passed around the
ureter to retract and dissection is extended in a caudad
direction opening the retroperitoneum over the vessels.{1-4,
7-8)

Once exposure and proximal and distal control have
been obtained, all the abdominal vascular injuries shogld
be graded according to the American Association for the
Surgery Trauma - Organ Injuries Scale for vascular injuries
{AAST-QIS)25 (see Table 1}. The routine principles of vascu-
lar surgery also apply to the management of the abdominal
vascular injuries. Adequate exposure, proximal and distal
control, debridment of the vessel wall, prevention of the
embolization of clots or plaque, irrigation with heparinized
saline, the judicious use of Fogarty catheters, meticulous
arteriorraphy or vencrraphy with monofilament vascular
sutures, avoiding narrowing of the vessel during repair,
insertion of an autogenous or prosthetic graft when applica-
ble, and intraoperative angiography when feasible, are the
mainstays of successful repair (1-4, 7-8)

The management of vascular injuries in Zone 1 suprame-
socolic consists of primary arteriorraphy of the suprarenal
abdominal aorta when feasible, and on rare occasions, the
insertion of a Dacron or PTFE graft. Injuries to the celiac axis
are usually treated with ligation. injuries to the first two
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zones of the superior mesenteric artery sheould be treated
with by primary repair whenever possible but intense vaso-
constriction can make this difficult. These i injuries can be lig-
ated because theoretically, there are sufficient collaterals to
preserve the viability of the smail and large bowel, howev-
er, profound vasospasm may lead to intense ischemia and
bowel necrosis.(1, 19, 26) The first two zones of the superior
mesentéric artery can also be repaired either with an auto-
genous or prosthetic graft while the insertion of & temporary
shunt has also been described(26) (Table 2).

The management of injuries to zone } inframesocolic
involves many of the same techniques as those used in zone
| supramesccolic. Zones 3 and 4 of the superior mesenteric
artery should also repaired, although the main jejunal and
colic branches of zone 4 may he individually ligated.(1, 19,
26) injuries to the inferior mesenteric artery are treated usu-
ally by ligation. The management of injuries to the infrahep-
atic suprarenal inferior vena cava, and the infrarenal inferior
vena cava consists of {ateral venorraphy whenever feasible.
If through and through injuries are found in these vessels,
both anterior and posterior aspects of the vessel must be
repaired, This can prove to be quite challenging (1, 19)

Although the infrahepatic suprarenal inferior vena cava
has no venous tributaries it is quite difficult to mobilize. In
general, these repairs are accomplished by extending the
injury in the anterior wall and repairing the posterior wall
from within. The vessel can be mobilized by rotating the
right kidney from lelt to right outside of the renal fossa; how-
ever, this maneuver is quite treacherous and not recom-
mended.(1, 19) When there has been massive destruction of
the infrahepatic suprarenal inferior vena cava, ligation can
be considered; however, the associated survival rates are
low, generally being less than 5%. Occasionally, prosthetic
grafts have been utilized in this position. The management
of injuries ta the infrarenal inferior vena cava usually involve
lateral venorraphy, In the presence of through and through
injuries, primary repair car be accomplished either by
extending the laceration or by rotating the vessel; however,
this can be challenging and invelves ligating many of its frag-
ile lumbar veins. We recommend performing the repair from
within the vessel. When massive destruction has occurred,
the infrarenal inferior vena cava can be ligated. which is gen-
erally well tolerated. Injuries to the superior mesenteric
vein should be primarily repaired, although ligation can be
performed, hut with serious sequelae to the circulation of
the small and farge bowel {1, 19)

Infuries to the right or left Zones Il can be challenging to
repair. Injuries to the renal artery can be primarily repaired
or resected and grafted utilizing either an autogenous or
prosthetic graft. Alternatively an aortorenal bypass can be
performed utilizing a distal site in the anterior wall of the
abdominral aorta. Repairs to the renal arteries are quite dif-
ficult. In fact ligation of the renal artery is often performed
with subsequent nephrectomy. Injuries to the renal veins
can also be repaired with primary vencrraphy or ligation. An
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injury to the right renal vein that cannot be successfully
repaired requires ligation and will demand that a nephrec-
tomy be performed secondary to the lack of verous collat-
erals. Ligation of the left renal vein is generally well tolerat-
ed provided that it is performed proximally and close to the
inferior vena cava as they are venous collaterals similar to
the gonadal and renclumbar veins, which handle the venous
outflow {1, 19}

Injuries to Zone 1l can also be quite challenging to man-
age, as they are often associated with colonic and genitouri-
nary tnjuries resulting in significant contamination. injuries
to the common iliac arteries can be primarily repaired via
arteriorrhaphy, while resection and primary anastomosis are
occasionally performed. Autogenous and prosthetic grafts
can also be utilized to repair the common iliac arteries.
Internal iliac artery injuries are generally treated with by lig-
ation. Injuries to the external iliac artery can be primarily
repaired via arteriorraphy and occasionally, by resection
and primary anastomosis. lliofemoral bypasses can be per-
formed with autogenous or prosthetic grafts, although it is
uncommon to find a saphenous vein of adequate size fo
perform an iliofemoral repair.{1, 19)

When there has been massive destruction of either the
common or internal iliac arteries ligation may be needed.
Arterial flow can be restored utilizing a cross over femoro-
femoral or axillofemoral bypass. The disadvantages of these
bypasses are the need to involve uninjured vessels and a
high incidence of thrombosis. Injuries to common, external
and internal iliacs veins can be treated with by ligation,
which is frequently well tolerated, or by iateral venorraphy.
Occasionally, access to an injured right external iliac vein
may demand transection of the ipsilateral right iliac artery
as the vessel lies below the artery.(1, 19)

Whenever a trauma surgeon performs an abdominal vas-
cular repair serious consideration must be given to “second
look” operations 1o assess for bowel viability as contamina-
tion from gastrointestinal or genitourinary injuries pose a
great risk for the development of infections in prosthetic
grafts inserted to bypass injured vessels. Whenever passi-
ble, all grafts, whether autogenous or prosthetic, shouid be
reperitonealized. Similarly, for all vascular repairs adjacent
to gastrointestinal suture lines, an effort should be made to
interpose viable tissue, generally omentum, between the
suture lines to prevent vascular-enteric fistulas or anasto-
motic dehiscence and blow-outs.(1, 19, 26)

IX. MORTALITY

Abdominal vascular injuries are associated with a high
mortality rate. Mortality can be analyzed on-a temporal
basis and subdivided into early and late mortality. Most
early deaths are caused by exsanguination and it is well
known that patients presenting in shock have extremely
high mortality rates.(1-4) Asensio(2-4} reported that the inci-
dence of exsanguination for penetrating abdominal acrtic
injuries in both the suprarenal and infrarenal locations was
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55%. A review of series in the literature, by Asensio(2-4)
revealed that the incidence of exsanguination from pene-
trating injuries to the superior mesenteric artery was 25%. In
a separate study, Asensio(2-4) reported a 37% incidence of
exsanguination for both penetrating and biunt injuries to
the superior mesenteric artery injuries. According to anoth-
er review of the literature by Asensio{2-4) the incidence of
exsanguination from both penetrating and blunt trauma to
the inferior vena cava was 33%, while in collective review of
the literature revealed a 30% incidence of exsanguination for
blunt and penetrating injuries to the portal vein.

Asensiol9 conducted a study at the LAC+USC Medical
Center, spanning 72 months, on a series of 302 patients who
sustained abdominal vascular injuries. To date, this is the
largest series reported in the literature. There were 266
patients (88%) admitted with penetrating injuries 216 (81%)
of whom had sustained sunshot wounds, 46 (17%) stab
wounds, and only 4 (2%) shotgun wounds. There were 36
(12%) admitted with blunt injuries, 23 (64%) whe had been
involved in motor vehicular collisions, 1} (31%) who had
been pedestrians struck by vehicles, and 2 (5%) who had
sustained falis from great heights. The operative findings
revealed that 275 of the 302 patients (91%) had retropern-
toneal hematomas, 137 located in Zone | {55 supramesocol-
ic and 82 inframesccolicl, 49 in Zone 11 and 89 in Zone IIL. In
addition, 39 patients had multiple zones of involvement.

There was ccllective a total of 504 vessels injured in
these 302 patients, making an average of 1.67 vessels
injured per patient. There were 238 (47%) arterial injuries
and 266 (53%} venous injuries. The most frequently injured
artery was the aorta, seen in 60 patients (25%). While the
most frequently injured vein was the inferior vena cava,
seen in 77 patients {31%), followed by the superior mesen-
teric vein, seen in 33 patients (13%).

Asensicl9 reported an overall mortality rate following
abdominal vascular injuries of 54%. In the same seriesi9,
15% of the patients who had sustained abdominal vascular
injuries succumbed without any vascular control. in this
series, 43 patients (14%) underwent Emergency department
thoracotomy with 1 survivor (2%) and 88 (29%) underweat
this procedure in the operating room with 9 survivers (10%).
Attesting to my critical value of these patients, if those sub-
mitted to Emergency department thoracotomy were exclud-
ed from the mortality analysis the overall mortality would
drop significantly to 39%.

increased mortality rates were also noted when more
than one vessel was injured. For Asensiol9 reported that
160 patients with one vessel injured had a mortality rate
45%, 102 with two vessels injured had a mortality rate of 60%,
33 patients with three vessels injured had a mortality of 73%
and 5 patients with 4-6 vessels injured had a uniform 100%
mortality rate. In this series, exsanguination accounted for
83% of the overall mortality. (19)
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X~ COMPLICATIONS

Abdominal vascular injuries are asscciated with very
high rates of morbidity. Abdominal compartment syndrome
{s guite common in the presence of abdominal vascular
injuries, while other important complications include throm-
bosis, dehiscence of suture lines and infection. Vessel
occlusion is not uncommaon when repairs have been pet-
formed on vasoconstricted vessels, such as the renal artery
ar superior mesenteric artery.(1-4, 19, 26) Systemic hypov-
olemia and intestinal hypervolemia syndrome are common
when the portal vein, superior mesenteric vein or
suprarenal inferior vena cava have been ligated, as there is
littte venous outflow from the enteric circulation and limited
time for the development of venous collaterals.
Aortoenteric fistulas may develop if no viable tissue is inter-
posed between an aortic and enteric repair, most frequent-
ly the stomach,(l, 7, & and less frequently aortoduodenal
fistulas in the third portion of the duodenum

The cycle of hypothermia, acidosis, coagulopathy and
cardliac disthythmias is frequently seen in abdominal vascu-
lar injuries. Limb ischemia and compartment syndromes can
occur in patients when there has been a delay in the restora-
tion of arterial blood flow. The same complication can occur
in patients who do not tolerate ligation of the inferior vena
cava or iliac veins,(1, 7, 8] due to poor venous collaterals.

Asensiol9 reported 128 major complications in his
series of 302 patients with abdominal vascular injuries. The
mean ICY of stay was 4 days { range 1-67}, and the mean hos-
pital length of stay was 9 days (range 1-45).

X1~-RECENT ADVANCES

Asensic and colleagues in a multi-institutional study
conducted in the United States involving 34 trauma centers
over a period of 10 years looked at the American experience
with the management of superior mesenteric artery injuries,
These infuries are rare, often lethal and incur very high mor-
bidity and mortality. The purposes of this study were to
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review a multi-institutional experience with these injuries;
to analyze Fullen's classification based on anatomic zone
and ischemia grade for its predicted value; to correlate the
American Association for the Surgery of Trauma-Organ Injury
Scale [AAST-0I8) for abdominal vascular injury with mortal-
ity; and to identify independent risk factors predictive of
mortality, describing current trends for the management of
this injury. Cutcome variables were analyzed by univariate
analysis. The data was also submitted to multivariate analy-
sis, stepwise logistic regression was used to identify a set of
risk factors significantly associated with mortality.

There were 250 patient enrolled, with & mean Revised
Trauma Score (RTS) of 6.44 and a mean Injury Severity Score
(ISS) of 25. Surgical management consisted of ligation in 175
of 244 patients (72%), primary repair in 53 of 244 patients
{22%), autocgencus grafts were used in 10 of 244 (4%), and
prosthetic grafts consisting of PTFE in 6 of 244 patients {(2%).
The overall mortality of this injury remains high. Ninety-
seven of 250 patients (39%) died from this injury.

Mortality was then correlated versus Fullen's zones:
zone [, 39 of 51 patients died for a 76.5% mortality; zone IJ,
15 of 34 patients, accounting for 44.1% mortality rate; zone
I, 11 of 40 patients succumbed for a mortality of 27.5% and
25 of 108 patients sustaining injuries in zone IV died for a
mortality rate of 23.1%. Similarly, mortality versus Fullen's
ischemia grade was correlated, 22 of 34 patients incurred
this type of ischemia grade and incurred mortality of 64.7%,

Mortality versus AAST-0IS for abdominal vascular injury
revealed grade | injuries to have a mortality of 16.4%, grade
Il 25.5%, grade 11 40%, grade IV 53.6%, and grade V 89.5%.
Logistic regression analysis identified as independent risk
factors for mortality the following: transfusion of greater than
10 units of packed RBCs, intraoperative acidosis, dysrhyth-
mias, injury to Fullen’s zone 1 or il and multisystem organ
failure.

From this study the authors concluded that Fullen's
anatomic zones, ischemia grade, and AAST-OIS abdominal

Table I: American Association for the Surgery of Trauma-Organ Injury Scale for Abdominal Vascular Injury.

Grade 1: | Unnamed supericr mesenteric artery or superior mesenteric vein branches. Unnamed inferior mesenteric artery
ot inferior mesenteric vein branches. Phrenic artery/vein. Lumbar artery/vein. Gonadal artery/vein. Ovarian
artery/vein. Other nonramed small arterial or venous structures requiring ligation.

Grade I | Right, left or common hepatic artery. Splenic artery/vein. Right or left gastric arteries. Gastroduodenal artery.

Inferior mesenteric artery, trunk, or inferior mesenteric veir, trunk. Primary named branches of the mesenteric
artery ( such as, ileocolic artery) or mesenteric vein. Other named abdominal vessels requiring ligation/repair.

infrarenal.

Grade HlI: | Superior mesenteric vein, trunk. Renal artery/vein. lliac artery/vein. Hypogastric artery/vein. Vena cava,

Grade IV: | Superior mesenteric artery, trunk. Celiac axis proper. Vena cava, suprarenal and infrahepatic. Aorta, infrarenal.

Grade V:

aphragmatic.

Portal vein, Extraparenchymal hepatic vein. Vena cava, retrohepatic or suprahepatic, aorta, suprarenal, subdi-

This classification system is applicable for extraparenchymal vascular injuries. If the vessel injury is within 2 ¢m of the organ
parenchyma, refer to the specific organ injury scale. Increase one grade for multiple grade Il or IV injuries involving > 50% ves-

sel circumference laceration for grades 1V or V.
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Table II; Fullen’s Anatomic Classification of Superior Mesenteric Artery Injury by Zone and by Grade

Pancreaticoducdenal and middle colic

Segment of Ischemic | Bowel Segments
Zone | Superior Mesenteric Artery Grade | Category | Affected
i Trunk proximal te first major branch I Maximal | Jejunum, ileum, right colon
(inferior pancreaticoduodenal)
il Trunk between inferior I Moderate | Major segment, small bowel and/

or right colon

il Trunk distal to middle colic

HI Minimal | Minorsegment or segments, small

bowel or right colon

% Segmental branches, jejunal, ileal or colic

v None No ischemic bowel

vascular injury grade correlate well with mortality.
Furthermore, injuries to Fullen's zones [ and i, Fullen's max-
imal ischemia grade, and AAST-OIS injury grades IV and V,
along with high intraoperative transfusion requirements, the
presence of acidosis and dysrhythmias are significant pre-
dictors of mortality for patients incurring these injuries. All
of these predictive factors for mortality should be taken into
account in the surgical management of these injuries and
early institution of damage control/bail out should be enter-
tained, along with a planned "second look” procedure.
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