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T his is a recommended evaluation and management algo-
rithm from the Western Trauma Association (WTA) Algo-

rithms Committee addressing the management of adult patients
with blunt hepatic injury. Because there is a paucity of published
prospective randomized clinical trials that have generated class I
data, these recommendations are based primarily on published
prospective and retrospective cohort studies, as well as expert
opinion of the WTA members. The final algorithm is the result
of an iterative process including an initial internal review and re-
vision by theWTAAlgorithmCommitteemembers, followed by
final revisions based on input during and after presentation of
the algorithm to the full WTA membership.

The liver continues to be one of the most frequently injured
solid organs in blunt abdominal trauma.1 The WTA Algorithms
Committee's last published guidelines were on the nonoperative
management of adult blunt hepatic trauma in 20092 and operative
management in 2011.3 With emphasis on selective operative and
nonoperativemanagement of blunt hepatic injuries, recent literature
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has sought to reexamine the outcomes of nonoperative interven-
tions and improve techniques and adjuncts for operative man-
agement.4 The intent of this article is to provide an updated
WTA practice management guideline for the diagnosis and man-
agement of adult blunt hepatic injuries, with additional guidance
on the subsequent inpatient management decisions such as admis-
sion location, initiation of diet and ambulation, and other com-
mon issues.

The algorithm (Fig. 1), management guidelines (Table 1),
and accompanying comments represent a safe and sensible ap-
proach to the evaluation of the adult patient with blunt hepatic
injury. We recognize that there will be multiple factors that
may warrant or require deviation from any single recommended
algorithm and that no algorithm can completely replace expert
bedside clinical judgment. We encourage institutions to use this
as a general framework in the approach to these patients and to
customize and adapt the algorithm to better suit their specific re-
sources and requirements.

ALGORITHM

The following lettered sections correspond to the letters
identifying specific sections of the algorithm shown in Figure 1.
In each section, we have provided a summary of the important
aspects and options that should be considered at that point in
the evaluation and management process. Table 2 references the
lettered sections in the algorithm in Figure 1 and summarizes
the gaps identified in current literature.

A. Initial Assessment
Initial evaluation of all adult patients with blunt abdominal

injury should follow the principles outlined in Advanced Trauma
Life Support.5 If there is peritonitis or evisceration on physical ex-
amination, the patient should be taken emergently to the operating
room for an exploratory laparotomy. Unstable patients should
undergo continued resuscitation and rapid evaluation to deter-
mine the source of hemodynamic instability. In the unstable pa-
tient, with signs on physical examination of intra-abdominal
hemorrhage or a positive Focused Assessment with Sonography
in Trauma (FAST) examination, immediate laparotomy is war-
ranted. An equivocal or negative FAST examination should
prompt ongoing evaluation for hemorrhage with either a repeat
FAST examination or a diagnostic peritoneal aspiration (DPA),
which has utility in unstable blunt trauma patients with no other
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Figure 1. Western Trauma Association algorithm for the diagnosis and management of blunt hepatic injury in adults. Circled letters
correspond to lettered sections in the article's text. OR, operating room; IR, interventional radiology.
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obvious sources of instability.6 Patients who have a positive
FASTexamination or DPA and who remain unstable despite ag-
gressive blood product resuscitation should also go emergently
to the operating room. If a repeat FAST examination or DPA is
negative, workup for other sources of hemodynamic instability
should continue. Computed tomography (CT) imaging after an
TABLE 1. Blunt Hepatic Injury Guideline for Nonoperative and Postin

Low Grade

AAST Grade I and II

ICU No

Laboratories (CBC) Every 12 h until stable � 2

Monitoring Vital signs every 4 h

Diet Diet ad lib as tolerated
Clear liquid diet for 12 h

VTE prophylaxis Start within 24 h of stable Hgb

Follow-up contrast CT scan Clinical change (sepsis, abdominal pain, jaundice)
Laboratory change (elevated transaminases or

decrease in Hgb)

Biloma/bile leak ERCP/IR

Abscess Drain/IR
Surgical management if recurrent, failure of
nonoperative management

Discharge criteria (minimum
admission time)

Stable Hgb
24 h from injury
Tolerating oral intake

Return to normal activity Grade + 2 = weeks to return

*Select high-grade injuries without evidence of hemorrhage may not require ICU admission.
AVF, arteriovenous fistula; BP, Blood Pressure, CBC, Complete Blood Count; ERCP, Endosc

NPO, Nothing by mouth; MD, Medical Doctor; PSA, pseudoaneurysm; VTE, Venous Thromboe
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emergent operative intervention could help identify additional in-
juries, even if they might not warrant subsequent interventions.7,8

Patients with a positive FAST examination who are responding
to blood transfusion resuscitation using contemporary hemody-
namic monitoring and end points of resuscitation9 should un-
dergo contrast-enhanced CT imaging.
tervention Management

High Grade

III, IV, and V

Yes— 24 h minimum*

Every 6 h until stable � 2

Vital signs every 1 h
Continuous heart rate with every 2-h BP check

NPO � 12 h

Start within 24–48 h of stable Hgb

Clinical change (sepsis, abdominal pain, jaundice)
Laboratory change (elevated transaminases or decrease in Hgb)
Consider screening CT at 3–5 d before discharge to evaluate for PSA,

AVF, biliary issues

ERCP/IR
Surgical management if recurrent, failure of nonoperative management

Drain/IR
Surgical management if recurrent, failure of nonoperative management

Stable Hgb
72 h from injury
Tolerating oral intake

6 wk and clinical clearance by MD

opic Retrograde Cholangiopancreatography; Hb, Hemoglobin; IR, Interventional Radiology;
mbolism.
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TABLE 2. Identified Research Gaps in Hepatic Trauma

Subject/Knowledge Deficit
Algorithm
Section

1. No established consensus on how much blood loss or
transfusion requirement mandates the decision to intervene
operatively or angiographically

A

2. No consensus guidelines on appropriate patient selection
criteria for those who would benefit
from angioembolization

C

3. Limited availability of high-quality randomized controlled
trials on failure of nonoperative management

D

4. Identification of risk factors that lead to hepatic
complications post angioembolization

D

5. Follow-up screening protocol with contrast CT for
pseudoaneurysm diagnosis

E

6. No standard monitoring protocols and follow-up care
for nonoperative and post intervention management

E
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B. Management of Low-Grade Liver Injuries
(AAST Grades I and II)

In hemodynamically normal patients with low-grade liver
injuries and no other injuries requiring operative intervention,
observation and nonoperative management are the treatment of
choice. Patients with low-grade injuries generally do not require
intensive care unit (ICU) admission and should undergo serial
clinical evaluation and scheduled or on-demand hematocrit test-
ing for at least 24 hours (Table 1).

C. Management of High-Grade Liver Injuries
(AAST Grades III, IV, and V)

The revised Organ Injury Scale for liver injury in 2018 in-
corporated CT-diagnosed vascular injury (contrast blush, pseudo-
aneurysm, or arteriovenous fistula) to the existing imaging
criteria. Any injury, in the presence of a liver vascular injury
or active bleeding in the liver parenchyma, is defined as at least
an American Association for the Surgery of Trauma Grade III
injury.10 An injury with active bleeding extending beyond the
liver parenchyma into the peritoneum is considered a Grade
IV injury. Patients who are severely injured with a high-grade
liver injury and have hemodynamic instability after initial resus-
citation (transient responders) would benefit from being in a hy-
brid operating suite with bothmajor operative and interventional
radiology capabilities.11

A detailed description of operative management of he-
patic injuries is beyond the scope of this article; however, key
principles are addressed. Simple maneuvers to control bleeding
should first be used, such as perihepatic packing and manual
compression.12 If packing fails to control the bleeding, the next
step is the Pringle maneuver, which can help identify the ana-
tomic injury. Bleeding that is controlled with the clamping of
the porta hepatis is likely coming from the parenchyma, and
hemorrhage can be controlled with electrocautery or argon beam
coagulator, or vessel ligation with sutures or staplers.1,12 If bleed-
ing continues despite portal triad clamping, it is likely arising
from the hepatic veins, which need to be ligated, or from the
retrohepatic inferior vena cava.12 At any point, the surgeon should
consider calling an experienced colleague for intraoperative as-
sistance and/or intraoperative consultation with a hepatobiliary
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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specialist surgeon. Injury to the hilar structures, severe fractures,
or total hepatic avulsion may require liver resection, portocaval
shunt, or, in rare extreme circumstances, a liver transplant.1,12

Transfer to a transplant center should be considered if there
are no available resources in the face of a devastating liver injury.

Patients who have sustained a high-grade liver injury and
have responded to initial resuscitation may be considered for
nonoperative management in select settings with availability of
resources such as angiography.1,13 The role of angioemboli-
zation in the management of blunt hepatic injury continues to
be controversial and nuanced. Recent literature suggests that
the use of angioembolization in severe hepatic injuries is associ-
ated with decreased mortality, especially for patients who also
undergo an exploratory laparotomy.14 Complications after angio-
embolization are not insignificant, and there is still no consensus
on whether all injuries with a “contrast blush” (free extravasa-
tion of contrast suggesting active hemorrhage) need immediate
angiographic embolization.4,13 Most experts agree that angioem-
bolization is indicated for hepatic trauma as an adjunct to nonop-
erative management in hemodynamically stable patients with
evidence of ongoing hemorrhage.1,13,15 Patients with high-
grade liver injuries should be admitted to the ICU for continued
observation.

D. Nonoperative Management
Most patients, including those with a high-grade blunt he-

patic injury and hemodynamic stability can be managed suc-
cessfully with nonoperative management. 1,13,16 A recent sys-
tematic review reports failure rates of nonoperative management
up to 9.5%.17 Hemodynamic instability, missed associated
intra-abdominal injuries, and presence of peritoneal signs have
been found to be significant risk factors for failure of nonopera-
tive management.1,13,17Many studies have reported a higher risk
for failure of nonoperative management in high grade injuries,
but to date, data are lacking to support grade of injury as an in-
dependent risk factor.17 Despite an improvement in mortality
with modern management, morbidity rates of more than 50%
have been reported with high-grade liver injuries.16 Potential
complications of nonoperative management include delayed
hemorrhage, bile leaks, hemobilia, bile peritonitis, bilious ascites,
hemoperitoneum, hepatic abscess, and hepatic necrosis.13,16,17

Hepatic bleeding tends to occur early, and although the inci-
dence of delayed hemorrhage is low, it continues to be the most
common complication and cause of mortality in nonoperative
management.13,16

Complications After Nonoperative Management
Angioembolization has become the mainstay of hemor-

rhage control in patients who are hemodynamically stablewith re-
ported efficacy rates of 83%.13 Rebleeding after initial successful
embolization has been reported to occur in 5% to 12% of
cases.15,18 The majority of these rebleeding episodes occur within
the first 24 to 48 hours postangioembolization, and thus, careful
observation and monitoring during this timeframe are essential.

The incidence of hepatic complications after angioembo-
lization is 40% to 70%.19 One of the more common complica-
tions is hepatic necrosis, with risk up to 43%.15,16,18,19 One
study has found major hepatic necrosis in up to 63% of patients
who underwent embolization, which correlated with grade of
125
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liver injury. Several other studies have also demonstrated hepatic
necrosis rates increasing with higher grades of injury.19–21

Biliary complications can occur in up to 22% of patients
after angioembolization. However, such complications are not
always specific to angioembolization and can occur in up to
30% in patients with hepatic trauma managed without emboli-
zation, either operative or nonoperative.1,16,18,19 Biliary com-
plications develop later (mean of 12 days post injury) and can
generally be managed nonoperatively with endoscopic retro-
grade cholangiopancreatography, percutaneous drainage, and
endobiliary stents.1,16 Bile peritonitis may require operative
washout and drainage, which can be achieved laparoscopically
or via laparotomy.1

Development of a hepatic abscess in the setting of nonop-
erative management is rarewith reported rates of up to 7%; how-
ever, significantly higher rates up to 22% have been reported af-
ter angioembolization.1,16,19 Perihepatic abscesses are usually
successfully managed by image-guided percutaneous drainage.1

Risk factors contributing to hepatic complications after angioem-
bolization are multifactorial and difficult to define given the lack
of a randomized control study.15,19
E. Post Admission Management
There is a paucity in the literature regarding the specific

details of postinjury management including the duration of ob-
servation, need for serial abdominal examinations, frequency
of laboratory measurements, timing to initiate feeding, required
period of bed rest, and use of chemical VTE prophylaxis (Fig. 1
and Table 1).1,13,15 As a result, recommendations listed in
Table 1 represent current literature and the expert consensus of
the WTA committee members.

ICUAdmission
Multiple studies have shown that nonoperative manage-

ment of liver injuries, regardless of grade, is safe and successful
in >85% of patients.13,22 Patients who sustain a high-grade liver
injury warrant a period of observation in the ICU, as delayed
hemorrhage tends to occur within the first 3 days, with a major-
ity in <24 hours.16 The ideal setting for this monitoring will vary
between centers, but we recommend ICU admission in high-
grade injuries and particularly in those who have undergone
angioembolization for active hemorrhage. Low-grade injuries
do not require routine ICU admission unless there are other pa-
tient factors or associated injuries that require ICU admission.
Select high-grade liver injuries with no evidence of active hem-
orrhage may not require ICU admission, although bleeding risk
tends to increasewith higher grades.16 The decision for ICU admis-
sion will also depend on the specifics of each institution includ-
ing the nurse staffing levels, trauma team size and composition,
ability to perform careful serial examinations, and local experi-
ence with major blunt solid organ injuries.

Monitoring/Laboratories
Hemodynamic instability has been identified as a signifi-

cant risk factor for failure of nonoperative management.23 Pa-
tients who sustain a liver injury warrant monitoring of vital
signs, every 4 hours for low-grade injuries and every hour for
high-grade injuries, for at least 24 hours. Although there have
126
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not been high quality data to support the link of lower hemoglo-
bin levels and failure of nonoperative management, obtaining
serial hematocrit levels until stable is recommended.1,13,22,24

Diet
There is a plethora of literature in support of early enteral

feeding in the absence of shock. Several studies have looked at
the benefits of improved clinical outcomes with early enteral nu-
trition after abdominal trauma.25 Recommendations are to initi-
ate a diet early for patients who have a low-grade liver injury and
after 12 hours in patients with a high-grade liver who do not ex-
hibit signs of shock or postinjury complications.

Mobility
Prolonged bedrest in patients with blunt solid organ injury

has been challenged in the pediatric trauma literature. Despite
the concern for delayed hemorrhage, early mobilization in pa-
tients undergoing nonoperative management is safe and does
not increase the complication rate in patients who are hemody-
namically stable, regardless of grade of injury.1,26

Venous Thromboembolism Prophylaxis
Patients with a traumatic injury are at an increased risk for

venous thromboembolism and likely benefit from early chemo-
prophylaxis. Given the risk of delayed hemorrhage in patients
who sustain a blunt hepatic injury, there has been some contro-
versy surrounding timing and initiation of chemical thrombo-
prophylaxis. Literature has supported safe initiation of pharma-
cologic prophylaxis within 48 hours among nonoperatively
managed liver injuries in the absence of contraindications, re-
gardless of injury grade,1,15,27 although high-grade injuries are
understudied.

Follow-up CT Scan
Multiple studies have shown that routine repeat CT imag-

ing without clinical indication is not indicated in patients with he-
patic injury.16,28,29 Contrast CT imaging to screen for pseudo-
aneurysms following a high-grade solid organ injury has been
slightly more controversial. Hepatic artery pseudoaneurysm is a
rare complication after hepatic trauma; however, risk of rupture
and life-threatening hemorrhage has prompted many to advocate
for routine follow-up screening with contrast CT.30 Despite the
associated high morbidity, there has not been routine adoption
of a screening protocol to evaluate for delayed pseudoaneurysm
diagnosis. Recent literature has shown benefit of delayed contrast
imaging in detecting vascular lesions in patients with high-grade
blunt hepatic injuries, prompting intervention in up to 17%.31,32

Return to Normal Activity
Recommendations in adults for return to normal activity

after blunt solid organ injury has been extrapolated from pediat-
ric literature. The American Pediatric Surgical Association de-
veloped recent activity restriction guidelines that recommend in-
jury grade +2 weeks.33 Adherence to the guideline did not show
any difference in rebleeding events but did show a higher risk of
readmissions in patients who were nonadherent.33 We recom-
mend utilization of the American Pediatric Surgical Association
activity restriction guidelines as a minimum standard, with
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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increased duration of restrictions tailored to the individual pa-
tient based on their age, comorbidities, type of liver injury, and
the risk of their activities or occupation for incurring additional
trauma to the abdomen.

OTHER AREAS OF CONTROVERSY

There are several areas of controversies in the manage-
ment of blunt hepatic injury that lack high-quality evidentiary
support and where further focused research is required. Table 2
summarizes the existing research deficits related to this topic
that were identified by the authors during algorithm preparation.

SUMMARY

Nonoperative management of blunt hepatic injuries has
become the standard of care for patients who are hemodynami-
cally stable. Angioembolization has become a useful adjunct in
the success rates of nonoperative management; however, there is
much interest in determining its benefit and effectiveness for all
identified vascular injuries on imaging. There are still patients
who require operative intervention, and careful clinical and lab-
oratory follow-up is paramount in detecting early complications
and failure of nonoperative management.
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