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Abstract Nonoperative management has become the
surgical treatment of choice in the hemodynamically sta-
ble patient with blunt hepatic trauma. The increased use
and success of nonoperative management have been facili-
tated by the development of increasingly higher resolution
computed tomography imaging, improved management of
physiology and resuscitation (damage control), and routine
availability of interventional procedures such as angiogra-
phy and embolization, image-guided percutaneous drain-
age, and endoscopy. On the other hand, recognition of the
patient who should proceed to immediate laparotomy is
of utmost importance. A systematic and logical approach
to the control of hemorrhage is required in the operating
room. Thorough knowledge of the anatomy and surgical
techniques, such as perihepatic packing, effective Pringle
maneuver, hepatic mobilization, infrahepatic and supra-
hepatic control of the IVC, and stapled hepatectomy, is
essential.

Keywords Blunt hepatic injury - Nonoperative
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Introduction

The liver is the most commonly injured organ in patients

suffering blunt abdominal trauma [1]. Over the past three
decades, nonoperative management has become the primary
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treatment modality for the vast majority of patients, with
significant improvements in outcome [2—4]. Patients with
hepatic injury who are hemodynamically unstable at presen-
tation require immediate operative control of major bleed-
ing. Approximately a quarter of patients with blunt hepatic
injury managed nonoperatively will manifest complications
of major liver injury mandating intervention, infrequently
operative [5-7]. The focus of this paper is review of current
management of blunt hepatic injury, focusing on the past
10 years, as well as key references from earlier literature.

Initial assessment

As with any victim of blunt trauma, the patient with peri-
tonitis or hemodynamic instability and signs of abdominal
trauma should undergo prompt laparotomy. For hemo-
dynamically stable patients, computed tomography (CT)
of the abdomen and pelvis is the diagnostic test of choice
[8—12]. This is a critical decision point in the patient with
blunt hepatic injury. In general, any patient with blunt
hepatic injury stable enough for CT (assuming appropri-
ate patient selection) will have the liver injury managed
nonoperatively [13]. CT allows rapid evaluation of the
hepatic injury, assessment of the extent of injury, grading
of the injury, determination of the volume of hemoperito-
neum, and detection of active hemorrhage (Table 1). The
successful nonoperative management of blunt liver injury
is highly dependent upon this diagnostic modality [14—16].
CT is also useful to detect associated injuries. In patients
with liver injury, concurrent injuries affect the spleen in
21 % of patients, kidney in 9 %, and bowel in 4 % [17].
Additionally, in patients with blunt abdominal injury, the
incidence of hollow viscus injury increases as the number
of solid organ injuries increases [18]. Finally, the initial
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Table 1 American Association for the Surgery of Trauma Organ
Injury Scale, liver [14]

Grade Type of injury Description of injury

1 Hematoma Subcapsular, <10 % surface area
Laceration Capsular tear; <1 cm parenchymal depth
I Hematoma Subcapsular, 10-50 % surface area
Intraparenchymal, <10 cm diameter
Laceration Capsular tear, 1-3 cm parenchymal depth,
<10 cm length
11T Hematoma Subcapsular, >50 % surface area
Intraparenchymal, >10 cm diameter or
expanding
Ruptured subcapsular or intraparenchymal
hematoma
Laceration >3 cm parenchymal depth
v Laceration Parenchymal disruption involving 25-75 %
hepatic lobe
1-3 Couinaud’s segments within a single
lobe
\% Laceration Parenchymal disruption involving >75 % of
hepatic lobe
>3 Couinaud’s segments within a single lobe
Vascular Juxtahepatic venous injury
\' Vascular Hepatic avulsion

Advance one grade for multiple liver injuries, up to grade III

laboratory studies should include serum aminotransferases.
Elevated serum ALT, AST, LDH and GGT have each been
associated with liver injury, and the degree of elevation of
ALT, AST and LDH have been shown to be associated with
the grade of injury, and ALT as the best laboratory screen-
ing test [19-21]. While most patients with blunt abdominal
trauma will be evaluated with CT, serum aminotransferase
levels may be useful screening tests for those who do not
undergo immediate exploration or imaging.

Nonoperative management

Nonoperative management of hepatic injury is preferred for
hemodynamically stable patients without peritonitis (Fig. 1)
[22-24]. The reported success rates for nonoperative man-
agement of liver injury are generally greater than 85 % [22,
25-31]. Approximately 70-80 % of liver injuries can be
safely managed nonoperatively; even in most of the severe
injuries, the nonoperative management rate approaches 50 %
[32-34]. The corollary is that 80-85 % of blunt liver injuries
are grades I-III and only 15 % are high-grade injury (grade
IV-V). Furthermore, the patient requiring immediate lapa-
rotomy for hemodynamic generally has a grade IV or V liver
injury. Thus, trauma surgeons operate on blunt liver injury
infrequently, but in such cases, the operations are often tech-
nically challenging. A recent review of the National Trauma
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Databank (NTDB) found that only 13.7 % of liver injuries
are managed operatively [35]. Another review focused on
3627 grade IV and V blunt liver injuries from the NTDB and
found that 7 % failed nonoperative management, with higher
associated mortality. Predictors of failed nonoperative man-
agement of high-grade liver injury included age (OR 1.02),
male gender (OR 1.73), higher ISS (OR 1.02), lower GCS,
and hypotension (OR 2.07) [36]. Successful nonoperative
management requires careful patient selection based on the
hemodynamic status of the patient, absence of other signs of
visceral injury that require surgery, good-quality CT imag-
ing, and the availability of an effective multidisciplinary
team with intensive care physicians, experienced surgeons,
and interventional radiologists at the ready. While many fac-
tors help predict nonoperative management failure, it is now
generally accepted that the most important factor determin-
ing successful nonoperative management is the hemody-
namic stability of the patient, irrespective of the grade of
injury or the volume of hemoperitoneum [3, 8, 37]. Approxi-
mately one quarter of patients with hepatic injury managed
nonoperatively will require an intervention to manage a
complication [29, 38]. Patients with higher grade injuries are
at risk of complications, and higher grade injury alone has
been shown to independently predict the need for surgical
intervention [5, 22]. Isolated low-grade injuries will uncom-
monly require surgical intervention for the management of
the liver injury itself and may not require ICU admission.
Additional risk factors for nonoperative failure or the need
for surgical or other invasive interventions have been identi-
fied, including active extravasation of contrast on CT, intra-
peritoneal extravasation of contrast, hemoperitoneum in six
compartments, transfusion requirements, volume of resusci-
tation, and concomitant injuries [5, 30, 33, 39, 40]. As such,
patients with these risk factors should generally be observed
in the intensive care unit, and those with active extravasation
should undergo early hepatic angiography and embolization.
Additionally, while hepatic hemorrhage is the major concern
for nonoperative failure and need for intervention, surgical
intervention is infrequently needed. Indeed, for most patients
with liver injury, the most common indication for surgical
intervention is the presence of associated injury to the spleen
or kidney [34]. Furthermore, for most liver injuries requir-
ing surgery, the indication is related to the development of a
complication, such as abscess or bile peritonitis, rather than
bleeding [5, 33]. As bleeding complications generally pre-
sent early in the course, and inflammatory and biliary com-
plications present late, prolonged surveillance in the ICU for
hemorrhage is unnecessary [5, 28, 33]. Observation should
include physical examination, hemodynamic monitoring,
serial hemoglobin measurements, and serial liver function
tests. For patients who have evidence of ongoing bleeding
from the hepatic injury, either angiography or surgery is
warranted, depending on the patient’s hemodynamic status,
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Fig. 1 Algorithm for the nonoperative management of blunt abdominal injury (from [13], Figure 1). © Wolters Kluwer Health, Inc

magnitude of liver injury, and associated intra-abdominal
injuries. Those patients who develop delayed complications
may require multimodality therapy. With appropriate patient
selection, nonoperative management is shown to be associ-
ated with high success rates, reduction in blood transfusion
requirements, and reduced length of stay [34, 41].

Angiography

Angiography/embolization is a useful adjunct and enhances
the success of nonoperative management [37, 42]. Patients
who are hemodynamically stable and have active extrava-
sation of intravenous contrast on CT are appropriate can-
didates for angiography. While contrast extravasation into
the peritoneal cavity has been shown to be predictive of
nonoperative failure, early and aggressive use of angiogra-
phy/embolization may reduce the need for early operative
intervention in the hemodynamically stable patient [40,
43]. Active extravasation of contrast on CT predicts the
need for embolization, with embolization rates of 60-80 %
at angiography [44, 45]. In comparison with those without
extravasation undergoing hepatic angiography for other

indications, such as grade of injury, patients with active
extravasation were 20 times more likely to have a positive
finding during hepatic angiography [45]. In addition, angi-
oembolization is a useful adjunct in the management of the
patient undergoing damage control for liver injury. On the
other hand, angioembolization has its own risks. Hepatic
necrosis, gallbladder necrosis, bile leak, and abscess can
occur after embolization, with complication rates ranging
from 29 to 80 % [44—46]. While nonoperative management
of isolated hepatic necrosis after embolization has been
described, 26 % of patients who develop complications
after embolization will require surgical intervention [44—
49]. Furthermore, hepatic lobectomy for the management
of hepatic necrosis after angioembolization may result in
reduced morbidity and fewer procedures when compared to
multimodality therapy (Fig. 2) [48].

Complications of nonoperative management
While nonoperative management has resulted in improved

mortality, complications of liver injury are increasingly rec-
ognized, with complication rates ranging from 12 to 24 %
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Fig. 2 a Angiogram following hepatic injury showing active extrava-
sation from the right hepatic artery. b Two days postinjury and embo-
lization with multiple coils, a recurrent bleed is seen. ¢ Right hepatic
lobectomy was performed for the recurrent bleeding. Hepatic necrosis
is apparent from the previous embolization

[5, 37, 38]. These include bleeding, bile leak, hepatic necro-
sis, gallbladder necrosis, abscess, fistula, or thrombosis
hepatic vasculature [5, 46]. The development of a compli-
cation can often be anticipated and recognized based upon
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changes in vital signs, physical examination, and laboratory
studies. Imaging is critical in the diagnosis given the multi-
ple therapeutic modalities available to aid in management.
CT is highly effective in identifying hepatic complications
and is indicated for patients who develop tachycardia, fever,
leukocytosis, or changes in liver function tests, while HIDA
is a useful adjunct for the diagnosis of bile leak [16, 50].
Higher grade injury and transfusion requirements have
been identified as risk factors for subsequent complications,
while others have shown that central injury to the liver and
the use of hepatic angioembolization to be independent risk
factors for bile leak in patients managed nonoperatively,
and angioembolization and high-grade injury are associ-
ated with hepatic necrosis [5, 50, 51]. A small biloma may
resolve without any intervention, while percutaneous drain-
age is often effective for a larger biloma, and endoscopic
retrograde cholangiopancreatography (ERCP) and stenting
is an effective primary management strategy or adjunct for
major bile leaks [33, 52, 53]. Surgical management is gener-
ally reserved for patients with bile peritonitis, those who fail
endoscopic therapy, or patients with bile leaks in the pres-
ence of other complications, such as persistent inflammation
or abscess [5, 33, 52]. Increasingly, laparoscopy is utilized
in the management of bile peritonitis [5, 54-56]. Drains may
be placed, and ERCP may be used as secondary therapy to
promote internal biliary decompression, while patients with
extensive injury and associated necrosis or abscess may
require resection. Hepatic necrosis may occur from devas-
cularizing injuries, as sequelae from angioembolization, or
as a result of large subcapsular hematoma. As previously
discussed, nonoperative management of hepatic necrosis has
been described; however, many patients will require multi-
ple procedures or surgical intervention, especially when the
necrosis is complicated by concomitant bile leak or abscess.
In the case of large subcapsular hematoma, laparoscopic
decompression may improve portal flow, reverse ischemia,
and avoid thrombotic complications [57]. Delayed bleeding
is a recognized but uncommon complication and can occur
as intra-abdominal or gastrointestinal hemorrhage (Fig. 3).
The former is often related to inflammatory or infectious
hepatic complications and the development of pseudoaneu-
rysm. Angioembolization may be useful to control delayed
or recurrent hemorrhage; however, definitive surgical inter-
vention may be required [5, 33]. With delayed presentation
of gastrointestinal hemorrhage after liver injury, hemo-
bilia should be suspected. Symptoms of hemobilia include
abdominal pain, melena or hematemesis, and jaundice.
However, the classic Quincke’s triad is present in fewer than
35 % of cases [58, 59]. While contrast-enhanced CT may be
useful, it is not always diagnostic. Angiography remains the
best diagnostic test, and super-selective angioembolization
is highly successful, with few patients requiring surgery for
embolization failure or hemodynamic instability [58, 60].



Management of blunt liver injury...

233

' 5

Fig. 3 a 18 days after a major blunt right lobe injury and initially
negative arteriogram, the patient develops acute abdominal pain and
hypotension. A large hematoma is seen within the liver injury. b
Despite the initially normal hepatic angiogram, a large pseudoaneu-
rysm is now seen. Cultures from this grew fungus. ¢ Right hepatic
lobectomy was performed. The large infected pseudoaneurysm is evi-
dent

Operative management

While nonoperative management of liver injury offers bene-
fits of low mortality, reduced transfusion requirement, and
reduced length of stay, and the vast majority of patients with
liver injury can be managed nonoperatively, up to 35 % of
patients with complex liver injury will require early opera-
tion [5, 32, 33]. Operative management of hepatic injury is
utilized as primary therapy in patients who present with
peritonitis or hemodynamic instability and signs of abdomi-
nal trauma or hemoperitoneum. In these patients, the liver
injury is often diagnosed intraoperatively. Minor hepatic
injuries will often require little, if any, surgical intervention.
Should bleeding from these injuries be present, control the
hemorrhage with perihepatic packing and allow exploration
to continue. The technique of packing is critically impor-
tant. Initially compress both lobes of the liver back to nor-
mal anatomy and push the liver posteriorly to tamponade
any hepatic vein bleeding. This maneuver will generally
slow bleeding enough that anesthesia can catch up with
resuscitation. If packing controls bleeding in the unstable
patient, truncate the procedure and complete damage con-
trol. Do not place packs into the liver injury as this will
widen the injury and worsen the bleeding. Packs (dry, folded
laparotomy pads) should be placed over the anterior surface
of the liver, posterior—inferior surface of the liver, and the
lateral side of the liver. Although debatable, we always take
down falciform ligament but generally do not divide coro-
nary or triangular ligaments to pack the liver. The concern is
that tamponade may be lost with retrohepatic injury. Avoid
packing so tightly that the inferior vena cava is compressed
and venous return is impaired. In those patients managed
with damage control surgery, perihepatic packing should be
left in place and removed at the subsequent surgery. For
hemorrhage from the exposed parenchyma or in patients for
whom a definitive operation is pursued, electrocautery,
argon beam coagulation, and bipolar hemostatic sealers are
useful adjuncts to control minor bleeding. In practice, bipo-
lar hemostatic sealers have replaced the use of argon beam
coagulation in hepatic surgery and are more effective in the
emergency setting as well. Major bleeding and complex
hepatic injury identified at laparotomy presents a significant
surgical challenge. A logical thought process, thorough
understanding of anatomy, and experienced assistance are
paramount. The liver consists of a right and left hemiliver,
subdivided into the eight segments of the liver. The portal
triad, which includes hepatic artery, portal vein, and bile
duct branches, is enclosed within an extension of Glissen’s
capsule which is resistant to injury. The portal triad branches
course within the segments of the liver. The major hepatic
veins run between the segments of the liver, are not covered
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by Glissen’s capsule, and are therefore more vulnerable to
injury. In addition, the three major hepatic veins have long
intrahepatic segments and short (1-2 cm) extrahepatic seg-
ments. Injury to the intrahepatic branches of the major
hepatic veins is more common than extrahepatic vein injury
[61]. Furthermore, 7-11 short hepatic veins drain the liver
and may be a source of blood loss. Massive transfusion pro-
tocol activation should be considered to allow hemostatic
resuscitation. Additionally, a highly trained anesthesia team,
cell saver, and rapid transfuser are needed for a successful
operation. The primary goal is control of hemorrhage. As
such, the first maneuver should again be manual compres-
sion and perihepatic packing. This will stop bleeding and
allow resuscitation of the patient. The proper technique
requires approximation of hepatic parenchyma and restora-
tion of anatomy, with inward and posterior pressure. Perihe-
patic packing will control most sources of bleeding. When
this is the case, additional maneuvers to mobilize the liver
are not warranted and may, in fact, increase hemorrhage. At
this point, a damage control laparotomy can be completed
and temporary abdominal closure applied. Postoperative
hepatic angiography may be useful after damage control
surgery for liver injury, and as many as half of these patients
will have angiographic findings consistent with bleeding
and require therapeutic embolization [45]. When bleeding is
not controlled by compression, the next step is a Pringle
maneuver, which is both therapeutic and diagnostic. Control
of hemorrhage with the Pringle maneuver indicates injury to
branches of the portal vein and/or hepatic artery and at the
same time will temporarily arrest hemorrhage. This maneu-
ver requires occlusion of the portal vein and hepatic artery
in the hepatoduodenal ligament and can be accomplished
with digital compression, an atraumatic clamp, or with a
doubled large vessel loop [6]. At this point, the injured ves-
sels within the liver parenchyma must be identified and
sutured. This should be done with the simplest maneuvers.
When the injury is readily identified through the injured
parenchyma, it should be sutured. If the source of bleeding
cannot be readily exposed, it may be necessary to quickly
enlarge the defect in the liver for adequate access. As the
operation proceeds proximally into the parenchyma of the
liver, the vessels are progressively larger. Often stapled
hepatotomy or hepatectomy is the simplest means to expose
and surgically control the bleeding, and resectional debride-
ment in an anatomic or nonanatomic fashion may be useful,
especially when significantly devitalized liver is present.
While the need for hepatic resection is uncommon at the
time of initial operation, it has been shown to be safe in the
management of complex liver injuries [7, 62]. It is critically
important to recognize early in the operation that simple
maneuvers will not control the bleeding and a bigger opera-
tion is required, generally resectional debridement, hepator-
rhaphy, or nonanatomic resection. If this decision and the
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procedure are not completed expeditiously, the patient has
greater risk of hemorrhage and transfusion requirement with
resultant coagulopathy, hypothermia, and acidosis. When
the Pringle maneuver does not subdue the bleeding, a juxta-
hepatic venous injury should be suspected. Again, a thor-
ough understanding of anatomy and technique is required
[6, 25, 61]. Control of the infrahepatic and suprahepatic
IVC may be required to prevent exsanguination as the injury
exposed and rapid mobilization of the liver may be neces-
sary. Venovenous bypass may also be useful to maintain
venous return, limit the volume given for resuscitation,
allow rapid transfusion, and prevent the development of
bowel edema [63]. Rarely, selective ligation of the hepatic
artery may be required. Postoperative angioembolization is
generally a better option. Definitive management of the liver
injury involves not only control of bleeding, but also
removal of devitalized or necrotic liver, control of bile leak,
and drainage. This may best be accomplished with resec-
tion. For the definitive operation, drains are not necessary
for low-grade liver injury, but closed suction drains should
be placed when bile is encountered at laparotomy or when
operating for high-grade injury given the risk of bile leak
[52, 64-67]. However, when damage control laparotomy is
employed, definitive management beyond arrest of hemor-
rhage should be delayed until subsequent operation. Identi-
fication and treatment of bile duct leak/injury should be a
routine component of the definitive re-exploration of the
patient with major liver injury. This involves a cholangio-
gram and seeking, and oversewing bile leaks within the
liver. This can be performed as a cholecystectomy and trans-
cystic cholangiography. Alternatively, saline is injected
through the catheter with simultaneous gentle manual com-
pression of the distal common bile duct. Injured bile ducts
(what will be a postoperative bile leak) are localized by
leakage of saline from the liver parenchymal, oversew this.
The ideal time to identify a bile duct leak is in the operating
room at the final operation for the liver injury, not by con-
trast study postoperatively. The complications of nonopera-
tive management—necrosis, abscess, and bile leak—also
occur after surgical management of liver injury. Necrosis
has been shown to be associated with the use of angioembo-
lization after damage control laparotomy and, as is the case
in nonoperative management, often requires surgical man-
agement [45, 68]. Similarly, bile leak after operative or non-
operative management of liver injury can often be managed
effectively with ERCP and percutaneous drainage, when
surgical drains were not previously placed [69].

Summary

Nonoperative management has become the surgical treat-
ment of choice in the hemodynamically stable patient with
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blunt hepatic trauma. This treatment is now utilized in the
vast majority of liver injuries and has resulted in reduced
mortality. The increased use and success of nonoperative
management have been facilitated by the development of
increasingly higher resolution CT imaging, improved man-
agement of physiology and resuscitation (damage control),
and routine availability of interventional procedures such
as angiography and embolization, image-guided percutane-
ous drainage, and endoscopy. On the other hand, recogni-
tion of the patient who should proceed to immediate lapa-
rotomy is of utmost importance. A systematic and logical
approach to the control of hemorrhage is required in the
operating room. Furthermore, surgeons should have a thor-
ough knowledge of the anatomy and surgical techniques,
such as perihepatic packing, effective Pringle maneuver,
hepatic mobilization, infrahepatic and suprahepatic control
of the IVC, and stapled hepatectomy.
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