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OBJECTIVE. We evaluated the efficacy of transcatheter arterial embolization (TAE) for
patients with blunt hepatic injury.

SUBJECTS AND METHODS. Of 372 patients with trauma. 60 had evidence on CT of
hepatic injury (Mirvis classification). Six of the 60 patients required emergency laparotomy
and were excluded. Of the 54 remaining patients, 28 were classified as having high-grade he-
patic injury (Mirvis classification of 3 or 4). All 28 underwent arteriography. and TAE was
performed in single or multiple hepatic arterial branches when extravasation was seen. An-
giography was repeated and cholescintigraphy was performed on patients with continued
bleeding or biloma.

RESULTS. Injuries detected were grade 1 (n = 13), grade 2 (n = 13), grade 3 (n = 20). and
grade 4 (n = 8). The injury was correlated with the degree of hemoperitoneum seen on CT.
Patients with low-grade injuries (Mirvis classification of 1 or 2) were treated conservatively.
and no deaths or liver-related morbidity occurred. Of the 28 patients with high-grade injury.
15 also had angiographic evidence of extravasation and underwent TAE. The average fluid
resuscitation volume was significantly larger in this group than in the other 13 patients with
high-grade injuries who did not undergo TAE. Embolization was successful in all 15 patients,
and the shock index was significantly reduced after TAE. All patients survived, with follow-
up at 1-8 months (2.5 + 1.8 months, mean * SD).

CONCLUSION. TAE is an effective alternative to surgery for patients with high-grade

liver injury.

onsurgical management has been
N shown to be effective for patients
with mild hepatic injury (hepatic
injury of abbreviated injury scale 1 or 2 [1},
with hemodynamic stability) [2-7]. However,
this therapy has not been as effective for pa-
tients with severe hepatic injury in whom sur-
gery is often required. A major problem for
management of the latter patients is that CT
imaging fails to provide information about vas-
cular injuries of the liver that may be responsi-
ble for hemorrhage and is critical for achieving
early hemostasis. Recently, transcatheter arte-
rial embolization (TAE) has been shown to be
effective for patients with blunt hepatic trauma
and subacute hepatic rupture [8, 9], and one
study has shown that emergency TAE may be
effective for unstable patients with severe blunt
hepatic injury [10]. We studied patients with
blunt hepatic injury and investigated the use of
angiography and TAE in patients with high-
grade injuries.

Subjects and Methods

A prospective clinical study was performed at
our institution from January 1992 to May 1996. Af-
ter initial examination and resuscitation. all patients
with blunt abdominal injury who were hemodynam-
ically stable. with or without fluid resuscitation, un-
derwent CT imaging of the abdomen and pelvis. A
solution of 62% iopamidol (lopamiron 300: Nihon
Schering. Osaka. Japan) was administered as an IV
bolus injection of 15-50 ml at a rate of 1 ml/sec. un-
less contraindicated by a history of allergy to con-
trast material or serum creatinine concentration of
greater than 2.5 mg/dl. The scanning was performed
in 1-cm-thick sections from the diaphragmatic dome
to the pelvis using a CT 9200 scanner (General Elec-
tric Yokogawa Medical Systems. Tokyo. Japan). CT
findings of hepatic injury were evaluated according
to the classification of Mirvis et al. [6] (Table 1). All
patients with CT evidence of hepatic injury were
considered for the protocol: however. the following
were excluded: patients who required emergency
surgery for reasons other than hepatic injury (e.g..
intestinal perforation or pancreatic injury). patients
who were hemodynamically unstable and did not

1151



Downloaded from www.ajronline.org by 2a01:4f9:3b:1ae9:: on 03/12/22 from | P address 2a01:4f9:3b:1ae9::. Copyright ARRS. For personal use only; all rights reserved

Hagiwara et al.

CT-Based Injury Severity Grades for Blunt Hepatic Trauma

Grade Criteria

1 Capsular avulsion, superficial laceration(s) <1 cm deep, subcapsular hematoma <1 cm
maximal thickness, periportal blood tracking only

2 Laceration(s) 1-3 cm deep, central or subcapsular hematoma(s) 1-3 cm in diameter

3 Laceration(s) >3 cm deep, central or subcapsular hematoma(s) >3 cm in diameter

4 Massive central or subcapsular hematoma >10 cm, lobar tissue destruction (maceration)
or devascularization

5 Bilobar tissue destruction (maceration) or devascularization

Note.—Data taken from [6].

improve with fluid resuscitation, and patients who
had other severe visceral injury (e.g., splenic injury,
renal injury, or mesenteric injury) and in whom
massive bleeding was suspected. Patients with he-
patic injury classified on CT as grade 3 or greater
were referred for angiography.

Patients included in the protocol underwent an-
giography (cut-film or digital subtraction) within 3 hr
of the initial CT scan. An abdominal aortogram or
celiac arteriogram was obtained after administration
of 76% iopamidol (Iopamiron 370; Nihon Schering)
at a rate of 5-20 ml/sec (for a total of 20-40 ml).
Next, a hepatic arteriogram was obtained after ad-
ministration of 76% iopamidol at a rate of 2-5 ml/sec
(for a total of 10-20 ml). The time allotted for an-
giography was limited to 1 hr. The maximum con-
trast material load was limited to 150 ml.

Patients were divided into four groups on the ba-
sis of angiographic findings: group A, variable avas-
cularity and irregularity in the accumulation of
contrast medium in the hepatic parenchyma or dis-
placement of the hepatic artery branches; group B.
hepatic artery—portal vein fistula or disruption of he-
patic artery branches; group C, extravasation of con-
trast medium extending within the hepatic
parenchyma; and group D, extravasation of contrast
medium extending beyond the hepatic parenchyma.
Transcatheter embolization was performed for all
patients with group C or D findings.

Our technique for TAE was as follows. For extra-
vasation of a single hepatic artery, we tried to insert a
standard 5-French catheter into the injured artery us-
ing a standard guidewire technique. If this technique
failed, we used a 3-French microcatheter (Tracker-18
Unibody infusion catheter; Target Therapeutics, Fre-
mont, CA) through a standard 5-French guiding cath-

eter. Gelatin sponge particles were used as the
embolic material. For extravasation from more than
one hepatic artery, gelatin sponge particles were first
dispersed through a catheter positioned distal to the
cystic artery; when extravasation persisted after use of
more than one gelatin sheet, stainless-steel coils (em-
bolization coil MWCE-354-3, MWCE-35-5-5, or
MWCE-35-5-8 [Cook, Bloomington, IN] or MWCE
embolization microcoil MWCE-18S-244-A or
MWCE-18S-5-B [Cook, Bjaeverskov, Denmark])
were deployed in a proximal position in the extrava-
sating arteries (e.g., segmental artery, right, middle,
and left artery). Stasis of contrast material in the prox-
imal hepatic artery was used as the end point for the
termination of coil delivery. Finally, celiac or hepatic
arteriography was repeated to confirm that no residual
extravasation of the hepatic artery was evident.

All patients with hepatic injury were admitted to
the surgical intensive care unit for clinical observa-
tion. Physical examination and monitoring of vital
signs were repeated at short intervals. Angiography
was performed immediately when patients had find-
ings of ongoing hemorrhage or rehemorrhage from
the injured liver (i.e., increasing intraabdominal hem-
orrhage or intrahepatic hematoma revealed on sonog-
raphy or CT). A provision for suspension of the
protocol was made for any patient who showed signs
of peritonitis and required an emergency laparotomy.

Contrast-enhanced CT was repeated on days 7.
14, and 21 after admission and at monthly intervals
until the hematoma disappeared. ™Tc-Pyridoxyl-5-
methyl-tryptophan cholescintigraphy was performed
in patients who were suspected of having biloma
(i.e., patients with a persistent or increasing localized
low-density area in the injured liver [11] on CT at
day 7). Angiography was repeated in patients who

CT Hepatic Injury Severity Grades and Degree of Hemoperitoneum in 54
Patients with Blunt Abdominal Trauma

CT Grade®
Hemo. -
1(13) | 2(13) 3(20) 4(8) 5(0)
0 13 [ 10 5 0 0
1+ 0 3 5 0 0
I 2+ 0 6 5 0
| 3+ 0 0 4 3 | 0
Note.—Hemo. = hemoperi H i is quantified as 0 = none detected; 1+ = confined to a single anatomic

area such as Morison’s pouch (hepatorenal space), perihepatic space, or perisplenic space; 2+ = in two or more anatomic

spaces such as the pericolic gutter and lateral perivesicle space; 3+ = in entire pelvis.

®Number of patients is given in parentheses.
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were suspected of rebleeding from the injured liver
during hospitalization (e.g., increasing intrahepatic
hematoma or intraabdominal hemorrhage visualized
on sonography or CT) and patients in whom the
cholescintigram showed a biloma.

This study was approved by the Human Subjects
Committee at our institution. Informed consent was
obtained from each patient (or guardian).

Data are expressed as mean * SD. Differences
between groups were analyzed using the Student’s
t test. The CT injury grade was correlated with the
degree of hemoperitoneum seen on CT, using the
Kruskal-Wallis test. A p value of less than .05 was
considered significant.

Results

Of the 372 patients admitted with blunt ab-
dominal trauma, 60 (16%) showed CT evidence
of hepatic injury. They included 18 women and
42 men who were 3-75 years old (28.7 £ 16.9
years). The injury severity score [12] ranged
from 4 to 41 (16.9 £ 9.2). The injuries were
caused by motor vehicle accidents (n = 32), pe-
destrian—automobile accidents (n = 9), falls
(n=7), and assault (n = 12).

Six of the 60 patients underwent emergency
laparotomy and were excluded from this study.
Four of these six patients had severe associated
injuries. Two other patients became suddenly
hypotensive after CT and required emergency
laparotomy. One of these two had a CT grade 3
injury accompanied by disruption of the right
major hepatic vein; this patient underwent a
right hepatic lobectomy but died because of on-
going coagulopathy after laparotomy. The other
patient had a CT grade 4 injury and underwent a
right hepatic segmentectomy; he recovered un-
eventfully after laparotomy and was discharged
in good condition after 69 days. The remaining
54 patients were enrolled in the protocol.

The CT grade and degree of hemoperito-
neum for 54 patients enrolled in the protocol
are shown in Table 2. CT grade 3 injuries
were the most frequent. No patients had CT
grade S injuries. The CT grade was corre-
lated with the degree of hemoperitoneum.

Angiography was performed in 28 patients
with hepatic injury equal to or greater than CT
grade 3. The angiographic findings for patients
with various CT grades are summarized in Ta-
ble 3. In all eight patients with CT grade 4 inju-
ries, extravasation of contrast medium was
seen. TAE was performed in all 15 patients
with group C or D angiographic findings
(Figs. 1 and 2). TAE was successful in all 15
patients, and no extravasation was seen on ce-
liac or hepatic arteriograms obtained after embo-
lization. All 15 patients were hemodynamically
stable after TAE. One patient underwent explor-

AJR:169, October 1997



Downloaded from www.ajronline.org by 2a01:4f9:3b:1ae9:: on 03/12/22 from | P address 2a01:4f9:3b:1ae9::. Copyright ARRS. For personal use only; all rights reserved

Nonsurgical Management of Patients with Blunt Hepatic Injury

atory laparotomy after TAE to evaluate a soft-
tissue density in the left upper abdominal quad-
rant seen on CT images (Fig. 2B), which was
found to be a large hematoma in the omentum.
At surgery. the liver initially showed no bleed-
ing. Almost immediately. however, an uncon-
trollable massive hemorrhage from the liver
occurred. and the patient became severely hy-
potensive. Large amounts of gauze were packed
around the injured liver, and angiography was
repeated immediately after closure (Figs. 2E
and 2F). Extravasation of contrast medium was
seen from multiple hepatic artery branches, and
TAE was performed again. The patient became
hemodynamically stable after embolization, and
the gauze was removed 3 days later. Within 3-6
months, all patients with hepatic injury of CT
grade 3 or greater showed resolution of the low-
density areas in the liver on CT scans.

Patients with CT grade 1 or 2 injuries did not
undergo angiography and were treated with
conservative management; they recovered un-
eventfully without liver-related complications.
CT scans of all such patients on day 7 (after ad-
mission) showed decreasing localized low-den-
sity areas within the hepatic parenchyma. These
low-density arcas were no longer evident on CT
images obtained 1 month after injury.

The shock index and average volume of
fluid resuscitation for patients who underwent

Fig. 1.—Hepatic injury in 17-year-old man injured in motorcycle accident.

A, CT scan obtained at admission shows grade 4 hepatic injury with massive central hematoma
(arrows). Mild hemoperitoneum is noted around liver (arrowhead).

B, Selective right hepatic arteriogram obtained at admission shows extravasation extending within

hepatic parenchyma (arrow).

C, Common hepatic arteriogram obtained after embolization with gelatin sponge particles shows
complete occlusion of anterior segmental branches (arrow) and no residual extravasation.
D, CT scan obtained day 162 after injury shows almost complete resolution of injury.

AJR:169, October 1997

TAE and those who did not are shown in Ta-
ble 4. The shock index was significantly lower
after TAE (p < .001). The average volume of
fluid resuscitation required during the 3 hr af-
ter admission was significantly lower for pa-
tients who did not undergo TAE than for those
who did undergo treatment (p < .001).
Cholescintigraphy was performed in 16 of
the 54 patients during days 9-19 after admis-
sion. Four patients showed evidence of a
biloma. One patient was treated by percutane-
ous drainage. and the remaining three patients
were treated successfully with conservative
management. In all 16 patients, the localized
low-density areas in the injured liver were not
evident on CT images obtained at 3—-6 months.
Angiography was repeated in six patients
during days 7-21 after admission. Four of
these patients had a biloma revealed by
cholescintigraphy. In three of these four pa-
tients, extravasation of contrast medium ex-
tending within the hepatic parenchyma
(pseudoaneurysms) was seen on celiac angio-
grams, and the three patients underwent a
second TAE. Two of these three patients de-
veloped severe hypotension caused by re-
hemorrhage from the injured liver (on day 15
[Figs. 2G- 2I] and on day 21 [13] after ad-
mission). They immediately underwent a sec-
ond TAE, which resulted in return of

Angiographic Findings and
LY.\: 1R CT Hepatic Injury Severity
Grade in 28 Patients
. g 4 CT Grade
Angiographic Findings
3 4
A 5 0
B 8 0
C 4 3
D 3 5

Note.—Angiographic findings: A = a variable degree of avas-
cularity and irregularity in the accumulation of contrast medium in
the hepatic p hy or displ of hepatic arterial
branches, B = hepatic artery—portal vein fistula or disruption of
hepatic artery branches, C = extravasation of contrast medium
extending within the hepatic parenchyma, D = extravasation of
contrast medium beyond the hepatic parenchyma.

hemodynamic stability. In the remaining two
of six patients, a second angiogram showed
no extravasation of contrast medium (group
A or B). All six patients recovered unevent-
fully and were discharged in good condition
between days 26 and 97 after admission.
Nonsurgical management of hepatic injury
was successful in 100% of 54 patients enrolled
in the protocol, and the mortality rate was 0%.
The follow-up time for the patients in this
study was 1-8 months (2.51 + 1.81 months).
The length of stay for all patients enrolled in the
protocol was 2-129 days (22.4 * 26.0 days).
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Fig. 2—Hepatic injury in 20-year-old man injured in motorcycle accident.

A, CT scan obtained at admission shows grade 4 hepatic injury with right lobe destruction (straight
arrows). Massive hemoperitoneum is noted around liver and spleen (arrowheads). Area of high-density
extravasation (curved arrows), which is isodense relative to aorta, is seen within hepatic parenchyma.

B, CT scan obtained caudal to A reveals soft-tissue density in left upper abdomen (white and black arrows).
Massive hemoperitoneum is noted around liver (arrowheads).

C, Common hepatic arteriogram obtained at admission shows extravasation from right hepatic branch
(arrow).

D, Common hepatic arteriogram obtained after embolization shows complete occlusion of right hepatic ar-
tery (arrow).

E, Celiac arteriogram obtained after laparotomy shows multiple areas of extravasation (arrows). Hepatic
parenchyma is markedly displaced to right side by packed gauze around injured liver.

F, Celiac arteriogram obtained after embolization with gelatin sponge particles in distal proper hepatic
artery shows complete occlusion of proper hepatic artery (arrow). Note gauze (arrowheads) around in-
jured liver.

)

G, Cholescintigram obtained day 9 after injury shows biloma (arrow) in lateral side of right lobe.

H, Superior mesenteric arteriogram obtained day 15 after injury shows extravasation extending within hepatic parenchyma from right hepatic branch (arrow), which cor-
responds to area of biloma seen on cholescintigraphy.

I, Superior mesenteric arteriogram obtained after embolization shows complete occlusion of right hepatic branch (arrow). Because of occlusion of celiac trunk, micro-
catheter is inserted to right hepatic branch from inferior pancreaticoduodenal artery, posterior pancreaticoduodenal artery, and gastroduodenal artery. Stainless-steel
microcoils were deployed in right hepatic branch through microcatheter.

J, CT scan obtained on day 182 after injury shows almost complete resolution of injury. Small high-density area (arrow) represents deployed microcoils.

1154 AJR:169, October 1997



Downloaded from www.ajronline.org by 2a01:4f9:3b:1ae9:: on 03/12/22 from | P address 2a01:4f9:3b:1ae9::. Copyright ARRS. For personal use only; all rights reserved

Nonsurgical Management of Patients with Blunt Hepatic Injury

Twelve patients remained in the hospital for
more than 40 days. Five of these 12 patients re-
quired treatment for associated injuries, most of-
ten in rehabilitation units (cerebral contusion
with unconsciousness [n = 1], severe pelvic frac-
ture [n = 3]. or cervical spine fracture [n = 1]).
For the remaining 49 patients, the length of stay
was 2-97 days (18.0 = 16.0 days).

Discussion

Nonsurgical management of blunt hepatic
injuries in pediatric patients who are hemody-
namically stable and who have been resusci-
tated rapidly has been extensively documented
[2-4. 7]. CT of the abdomen and pelvis has
been shown to be a useful means of guiding
nonsurgical management in these patients [3, 6].
Strict adherence to the CT criteria has resulted in
a success rate of 80-100%. However. nonsurgi-
cal management of blunt hepatic injury in adult
patients, especially those with severe complex
hepatic injury. remains controversial. Many
trauma surgeons who deal with adult hepatic in-
juries advocate the time-tested approach of
early operative intervention to keep blood
transfusion to a minimum and to avoid the
possibility of overlooking associated intraab-
dominal injuries [14. 15]. However, several
researchers have reported that bleeding from
50-86% of all hepatic injuries has already
stopped at the time of laparotomy (16, 17]; this
finding has resulted in a trend toward the use of
CT imaging and nonsurgical management of
blunt hepatic injuries in hemodynamically sta-
ble patients. Since 1988. this treatment ap-
proach at several level I trauma centers has
resulted in a success rate of more than 84%
[2—4. 7]. However. the percentage of patients
with blunt hepatic injuries who could be man-
aged nonoperatively varied widely, ranging
from 16% to 72% [16]. Other studies have
shown that at least 2045% of all patients with
blunt hepatic injuries could be treated nonoper-
atively [2, 6. 14. 15]. confirming this wide vari-
ability. CT appears to reliably predict the
outcome of mild hepatic injury (grade 1 or 2),
and patients with such injuries can generally be
managed nonoperatively. However. patients
with severe complex hepatic injury (grade 3-5)
will generally require surgery. We favor the
view that CT does not provide sufficient vascu-
lar information to be useful for evaluating he-
modynamics in these latter patients.

TAE of blunt hepatic injury was first recog-
nized as a safe and effective treatment for the
control of recurrent postoperative hemorrhage.
hemobilia. and hepatic artery—portal vein fistu-
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YT Z i Shock Index and Average Yolume of Fluid Resuscitation in Patients with
High-Grade (23) Blunt Hepatic Injury

Average Volume of Fluid Resuscitation

TAE Shock Index (beats per min/mm of Hg)® (mifkg per hr)
None (n=13) | 3 hr after admiss. 12 hr after admiss. i 3 hr after admiss. 24 hr after admiss.
0.77 £0.16 0.73+0.17 | 6.84 +4.83" 2.95+1.36
TAE(n=15) | Immediately before | 1 hr after TAE " Admiss. until TAE 24 hrafter TAE |
1.25+0.23° 0.76 +0.12° | 19.93+10.91°¢ 2.78 +0.87°

Note—TAE = transcatheter arterial embolization, Admiss.

admission. Data are expressed as meant SD

2Shock index = heart rate (beats per min)/systolic blood pressure (mm of Hg).

5-dp <001 for paired Student’s ¢ tests.

las in the late 1970s [18-22]. Hashimoto et al.
[10] also showed the efficacy of emergency
TAE in four patients with severe complex he-
patic injury and suggested that this method
may be useful in nonsurgical management of
unstable patients with severe hepatic injury.

We proposed that detailed examination of
the vasculature in patients with severe complex
hepatic injury using angiography and appropri-
ate angiographic intervention could have thera-
peutic potential. To achieve these objectives,
we reorganized the staff and facilities of our
trauma and critical care center so that both sur-
geons and radiologists are available at all times
to examine and treat trauma victims. This reor-
ganization also required the construction of
new CT. angiography. and surgery suites close
to the emergency department.

In our series, nonsurgical management of se-
vere complex hepatic injury (grade 3 or 4) us-
ing angiography and TAE was successful in all
28 patients. Furthermore, 90% (54/60) of all
patients with blunt hepatic injury were treated
nonoperatively. We believe that this high suc-
cess rate is the result of detailed angiographic
examination and appropriate use of TAE.

In our study, patients who underwent TAE
required a significantly larger volume of fluid
for resuscitation than did those who did not un-
dergo this procedure. The shock index and the
volume of fluid required for resuscitation be-
fore TAE were higher than the values noted af-
ter this procedure. TAE reduced these values to
levels similar to those of the group that did not
undergo this procedure (Table 4), indicating
that our patients who required TAE had a
greater degree of hemodynamic instability than
did those not requiring this procedure. There-
fore, TAE also appears to be an appropriate
therapy for patients who have hepatic injury
and in whom a massive volume of fluid resus-
citation is required to maintain hemodynamics.

We did not perform angiography for patients
with mild hepatic injury (grade 1 or 2). Many
researchers have reported that these patients

could be treated using conservative manage-
ment alone and that these mild injuries are not
accompanied by major vascular injury. so that
the associated bleeding would halt spontane-
ously [2-7]. In our series, patients with grade |
or 2 injuries were hemodynamically stable ini-
tially or after modest fluid resuscitation, and
CT scans showed stable or improving injuries.
Our results confirm that patients with grade 1
or 2 hepatic injuries can be treated sufticiently
with conservative management and do not re-
quire vascular examination by angiography.

TAE in patients with blunt hepatic injury
has not been proven to be eftective for venous
or bile duct injury. Bleeding caused by portal
vein or hepatic vein injury will continue after
TAE. However, bleeding from these veins will
often halt spontaneously because of intraab-
dominal tamponade. In our patient (Fig. 2),
TAE was successful, and the arterial bleeding
stopped. However, the subsequent laparotomy
caused additional blood loss by releasing the
intraabdominal pressure. Furthermore, the re-
moval of clots on the injured liver caused cata-
strophic shock from uncontrollable bleeding.
TAE was repeated immediately after laparot-
omy. which again halted the arterial bleeding
and improved the patient's hemodynamic state.
This case indicates that release of intraab-
dominal pressure by laparotomy causes addi-
tional blood loss from the injured artery and
vein and illustrates an important advantage of
TAE over surgery.

Bilomas developed in four of the 54 patients
in our series. This incidence is similar to that
reported by others [23]. However. in three of
these four patients. pseudoaneurysms. which
were identical to the areas of biloma seen on
cholescintigraphy. were identified on the sec-
ond angiogram. We proposed the following
mechanism for this finding: the presence of bile
delays healing of a liver wound [24]. inflam-
matory reaction to extravasated bile injures
nearby vessels. and. ultimately. this process
could lead to rupture of blood vessels. In two of
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these three patients, delayed hemorrhage was
caused by pseudoaneurysms that were pre-
sumed to have been induced by bile leakage.
Delayed hemorrhage is a life-threatening com-
plication of hepatic injury that demands rapid
treatment. Therefore, an assessment of bile
duct injury should be performed after TAE in
patients with severe complex hepatic injury. If
a biloma is detected, angiography should be
performed to assess vascular injury that may
result in delayed hemorrhage. Furthermore,
TAE for delayed hemorrhage seems to be an
effective therapy.

The length of stay in the hospital for our pa-
tients was not excessive. The mean number of
days spent in the hospital was similar to that of
patients who underwent nonsurgical treatment
in multiinstitution studies [4, 7). Several au-
thors have reported that the mean length of
hospitalization for patients managed opera-
tively was either comparable or exceeded that
of patients managed nonoperatively [2, 16].

The treatment protocol used in this study
defined a framework for the use of TAE. In
addition, the protocol included criteria for
emergency management. Two of our patients
required emergency surgery. We believe that
some patients will always require emergency
laparotomy. However, hepatic trauma in pa-
tients without associated injuries or cata-
strophic shock or both can usually be managed
without surgery by this protocol. Our results
should encourage more extensive evaluation
of angiography and embolization for patients
with hepatic injury as an alternative to surgery.
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