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INTRODUCTION

Incidence

Trauma remains a significant healthcare burden, causing over five million yearly fatalities. Notably,
the liver is a frequently injured solid organ in abdominal trauma, especially in patients under 40
years. It becomes even more critical given that uncontrolled hemorrhage linked to liver trauma can
have mortality rates ranging from 10% to 50%. Liver injuries, mainly resulting from blunt trauma
such as motor vehicle accidents, are traditionally classified using the American Association for the
Surgery of Trauma grading scale. However, recent developments have introduced the World Society
of Emergency Surgery classification, which considers the patient’s physiological status. The diagnos-
tic approach often involves multiphase computed tomography (CT). Still, newer methods like
split-bolus single-pass CT and contrast-enhanced ultrasound (CEUS) aim to reduce radiation expo-
sure. Concerning management, nonoperative strategies have emerged as the gold standard, especial-
ly for hemodynamically stable patients. Incorporating angiography with embolization has also been
beneficial, with success rates reported between 80% and 97%. However, it is essential to identify the
specific source of bleeding for effective embolization. Given the severity of liver trauma and its po-
tential complications, innovations in diagnostic and therapeutic approaches have been pivotal.
While CT remains a primary diagnostic tool, methods like CEUS offer safer alternatives. Moreover,
nonoperative management, especially when combined with angiography and embolization, has
demonstrated notable success. Still, the healthcare community must remain vigilant to complica-

tions and continuously seek improvements in trauma care.
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penetrating abdominal trauma [2,3], with an increased preva-
lence in recent decades [1,4-7]. Since uncontrolled bleeding can
cause significant morbidity and has a mortality rate of 10% to

Trauma is a major burden on the healthcare system, with over
five million fatalities per year worldwide [1]. A significant per-
centage of the patients involved in trauma are under the age of 40
years. The liver is a commonly injured solid organ in blunt and

50% [8,9], it is important to control the hemorrhaging associated
with liver trauma.

A database analysis of trauma centers in the United States
showed that patients with liver injuries had a mean age of 31.3

© 2023 The Korean Society of Traumatology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://doi.org/10.20408/jti.2023.0040

www.jtraumainj.org 165


http://orcid.org/0000-0003-0530-6634
http://crossmark.crossref.org/dialog/?doi=10.20408/jti.2023.0040&domain=pdf&date_stamp=2023-09-27

JTI

years and a mean Injury Severity Score of 23, and that 64% were
male and 79% had sustained blunt injuries [2]. A retrospective
analysis at a Norwegian trauma center showed that the median
age of patients presenting with abdominal trauma was 31 years
and that 70.4% were male. Adult patients comprised 83.3% of the
patient population with 91.1% of the injuries due to blunt trauma

[6].

Causative factors

Most liver injuries in the setting of trauma are due to blunt inju-
ries. Blunt trauma most frequently results from motor vehicle
crashes, followed by falls from a height and pedestrian versus au-
tomobile accidents [7,10].

Classification
Liver injuries have traditionally been classified according to the
American Association for the Surgery of Trauma (AAST) organ

Table 1. AAST liver injury scale (2018 revision)
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injury grading scale (Table 1) [11]. A criticism of the AAST grad-
ing scale is the lack of correlation to the patient’s physiological
status. A more recently devised classification system presented by
the World Society of Emergency Surgery (WSES) does consider
the patient’s physiological status (Table 2) [12].

The WSES classifies liver injury according to three levels of se-
verity. WSES grade I and AAST grades I-II include minor inju-
ries, WSES grade Il and AAST grade III include moderate inju-
ries, and WSES grades ITI-IV and AAST grades IV-V include se-
vere injuries. All AAST grades with hemodynamic instability are
classified as severe [12].

CLINICAL EVALUATION

Patients presenting to the trauma bay are evaluated for clinical
stability by monitoring vital signs, assessing laboratory values,
and performing a physical examination, after which a determina-

AAST grade Imaging criteria Operative criteria
I Subcapsular hematoma <10% surface area Subcapsular hematoma <10% surface area
Parenchymal laceration <1 cm in depth Parenchymal laceration <1 cm in depth
Capsular tear
1I Subcapsular hematoma 10%-50% surface area; intraparenchy- ~ Subcapsular hematoma 10%-50% surface area; intraparenchy-
mal hematoma <10 cm in diameter mal hematoma <10 cm in diameter
Laceration 1-3 cm in depth and <10 cm in length Laceration 1-3 cm in depth and <10 cm in length
I Subcapsular hematoma >50% surface area; ruptured subcapsular Subcapsular hematoma >50% surface area or expanding; rup-
or parenchymal hematoma tured subcapsular or parenchymal hematoma
Intraparenchymal hematoma >10 cm Intraparenchymal hematoma >10 cm
Laceration >3 cm in depth Laceration >3 cm in depth
Any injury in the presence of a liver vascular injury or active
bleeding contained within liver parenchyma
v Parenchymal disruption involving 25%-75% of a hepaticlobe ~ Parenchymal disruption involving 25%-75% of a hepatic lobe
Active bleeding extending beyond the liver parenchyma into the
peritoneum
\% Parenchymal disruption >75% of a hepatic lobe Parenchymal disruption >75% of a hepatic lobe

Juxtahepatic venous injury to include retrohepatic vena cava and Juxtahepatic venous injury to include retrohepatic vena cava and

central major hepatic veins

central major hepatic veins

AAST, American Association for the Surgery of Trauma.

Adapted from Kozar et al. [11], with permission from Wolters Kluwer Health Inc.

Table 2. WSES liver trauma classification

Classification WSES grade AAST grade Hemodynamics First-line treatment
Minor I I-1I Stable Nonoperative
Moderate I 111 Stable Nonoperative

Severe 111 Iv-v Stable Nonoperative

Severe v I-v Unstable Operative management

WSES, World Society of Emergency Surgery; AAST, American Association for the Surgery of Trauma.
Adapted from Coccolini et al. [12], available under the Creative Commons License.
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tion of hemodynamic stability can be made. The frequency of lab
draws for hemoglobin assessment, the frequency of abdominal
examinations, and the duration of monitoring vary depending
on institutional protocols, and there are no official recommenda-
tions in terms of frequency and duration of monitoring [13]. Fac-
tors such as hemodynamic stability, the amount of acute blood
loss, and the level of injury severity help determine whether pa-
tients can be managed nonoperatively [14].

DIAGNOSTIC EVALUATION

Patients typically undergo multiphase computed tomography
(CT) during the initial evaluation for liver injury as it can clearly
show complications resulting from the trauma [15]. A significant
number of traumatic injuries occur in young patients, and efforts
to decrease radiation exposure during CT are important. Per-
forming split-bolus single-pass CT during the evaluation for
trauma has been shown to decrease radiation exposure for pa-
tients while maintaining or increasing image quality as compared
to traditional multiphase CT [16]. Split-bolus single-pass CT also
has the potential to decrease the turnaround time for CT report-
ing given the decreased number of images compared to multi-
phase CT.

Contrast-enhanced ultrasound (CEUS) can also be useful in
the evaluation of patients with liver injuries. CEUS has a higher
sensitivity for detecting liver parenchymal lacerations than stan-
dard ultrasound [17]. The lack of ionizing radiation in CEUS ex-
ams also helps minimize patient exposure to radiation.

In a comparison of patients with intraperitoneal and retroperi-
toneal hemorrhage, patients with retroperitoneal hemorrhage
had greater injury severity. Liver injury was more common
among patients with intraperitoneal hemorrhage than those with
retroperitoneal bleeding [18].

NONOPERATIVE MANAGEMENT

Nonoperative management of liver trauma has become the gold
standard [2,19] when treating patients who are hemodynamically
stable, show low-grade liver injuries on imaging, have an absence
of peritoneal signs, and require transfusion of less than 2 units of
blood [20,21]. Temporary endovascular occlusion of the aorta for
the control of severe intra-abdominal bleeding in trauma settings
has been reported. Although no reports have described its use
specifically in liver trauma [22], the traumatologist can consider
its use in carefully selected cases.

According to the algorithm proposed by WSES, hemodynami-
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cally stable patients with grades I-III liver injuries can be man-
aged nonoperatively. Patients that are hemodynamically unstable
(WSES grade IV) or with imaging evidence of intraperitoneal
free air and peritonitis are not candidates for nonoperative man-
agement. Patients that are treated nonoperatively and have imag-
ing that shows signs of active contrast extravasation are candi-
dates for angiography with embolization. Patients who undergo
successful embolization can continue to be monitored nonopera-
tively, while those who do not need operative management
[12,23].

As stated in the WSES liver trauma management guidelines
[23], there is growing evidence that nonoperative management is
an option for patients with more severe liver injuries including
AAST grades IV-V [21]. Inukai et al. [24] reported successful
nonoperative management of patients with severe liver injuries
(AAST grades IV-V) and found no significant difference in the
development of biliary complications or abdominal compart-
ment syndrome between hemodynamically stable and unstable
patients.

Although debate continues over which patients with liver inju-
ry should undergo angiography with embolization, Xu et al. [10]
concluded that selective angiography in patients with AAST
grades ITI-IV hepatic trauma resulted in a significant decrease in
the failure of nonoperative management. Boonsinsukh and Ma-
roongroge [25] demonstrated that patients with shock and he-
modynamic instability following abdominopelvic trauma were
successfully managed with arterial embolization. Tamura et al.
[26] reported that patients with AAST grades III-V liver injuries
and hemodynamic instability that responded to initial resuscita-
tive efforts could be managed with embolotherapy without a sig-
nificant difference in mortality or clinical failure compared to op-
erative management. CT showing active contrast extravasation
was shown to be an indication for hepatic arteriography with em-
bolization regardless of the grade of liver injury [5]. Because the
incorporation of angioembolization in the management of he-
patic trauma patients varies, it is the traumatologist who must
identify which patients will benefit from endovascular therapy.

A study by Hwang et al. [27] found that, while most patients
treated with embolization were treated nonoperatively, patients
that underwent surgical management for trauma and developed
persistent bleeding following surgery also had good outcomes
with embolization. Hemodynamically unstable patients who re-
spond to an initial fluid bolus are favorable candidates for nonop-
erative management or angiography with embolization [5,28].
Nonoperative management has shown a >90% success rate with
decreased overall mortality, complications, and transfusion re-

www.jtraumainj.org 167



JTI

quirements compared to operative management [5]. A flow chart
for the management of patients with liver trauma is presented in
Fig. 1.

HYBRID ROOM

With the increased involvement of interventional radiology in
the management of patients with liver trauma, more hybrid
rooms are being incorporated that combine an interventional ra-
diology (IR) suite with a traditional operating room (OR) or
emergency room (ER). One goal of a hybrid room is to facilitate
interventions in patients requiring angiography for hepatic
bleeding. The benefits of the hybrid room include reduced trans-
port times and reduced mortality due to blood loss in patients
with liver hemorrhage [29]. A hybrid room consisting of an
emergency trauma bay and an IR suite was described by Ahn et
al. [30] in the successful treatment of two renal trauma patients
with severe injuries. This concept can also be applied to liver
trauma settings without significant modification. A study show-

Clinical assessment of
liver trauma patient

Hemodynamically Hemodynamically

stable unstable

CT or CEUS to assess Trial of nonoperative

for extent of liver injury \ management
Failure of
AAST grades I-11I AAST grades IV-V nonoperative
management

Hepatic
angiography with
embolization

Conservative

management Operating room

Inadequate
hemostasis

Operating room

Fig. 1. Proposed management of liver trauma patients. CT, computed
tomography; CEUS, contrast-enhanced ultrasound; AAST, American
Association for the Surgery of Trauma.
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ing the benefits of a hybrid OR demonstrated the ability to effec-
tively control severe hemorrhage by combining the skillsets of IR
and surgery [31]. Although that study also identified a prolonged
time for transporting patients from the ER to the hybrid OR, the
delay may have been partly due to the lack of a well-developed
protocol for use of the hybrid OR.

EMBOLIZATION TECHNIQUES

Selection of embolic material

A wide variety of embolic materials exist for use in hepatic arte-
riography for trauma [32]. Embolic agents can be broadly classi-
fied into three categories: mechanical occlusion devices, particu-
lates, and liquids and gels. Particulates can be further subclassi-
fied as permanent or temporary, and calibrated or noncalibrated.
Liquids and gels can be further subclassified as sclerosing agents
or gels, based on their properties (physical vs. chemical crosslink-
ing) [32,33].

Coils are the most widely used agents in hepatic trauma embo-
lization [34]. Coils are composed of stainless steel, platinum, or
nitinol and can be coated with fibers, proteins, or other bioactive
materials to facilitate thrombus formation at the site of deploy-
ment. Coils can be deployed through catheters in a pushed, in-
jected, or detached fashion, with the latter offering increased
control at the site of embolization [35].

Gelfoam is another embolic agent commonly utilized in hepat-
ic trauma [34]. It is a temporary occlusive embolic agent com-
posed of absorbable gelatin powder and falls into the category of
noncalibrated particles [36]. The temporary nature aids in occlu-
sion of hepatic arteries in the acute phase and allows recanaliza-
tion of the occluded arteries once the patient has stabilized and
no further bleeding is expected. Gelfoam has been associated
with an increased risk for infection, which may hinder patient re-
covery postembolization [37].

Polyvinyl alcohol (PVA) has also been used in liver trauma
embolization [5]. PVA is categorized as a permanent particulate
embolic agent. Although noncalibrated PVA exists, most PVA
particles are used in the calibrated form with sizes varying from
100-300 wm to 900-1,200 pm [36]. PVA causes a mechanical oc-
clusion of vessels and stimulates blood clot formation. Recanali-
zation of the blood clot as well as particle migration may occur
months after embolization [32].

While liquid, gel, and particulate embolic agents are not typi-
cally used in the management of hepatic trauma embolization,
N-butyl cyanoacrylate has been used in the management of trau-
ma patients with arterioportal shunting or coagulopathy [26].

https://doi.org/10.20408/jti.2023.0040
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Liquid embolic agents can cause inadvertent distal embolization
if reflux occurs. Particulate embolic agents can be considered in
small distal arteries where there is minimal chance for reflux
[38].

Hepatic arterial selection

Various types of base catheters can be used in selecting the celiac
axis, including Sos, Cobra, or shepherd hook type catheters, de-
pending on operator preference and the angle of celiac axis take-
off in relation to the aorta [39]. A review of preoperative CT
scans may help to identify variant hepatic arterial branching
anatomy. Microcatheters are advanced through the base catheter
and used to selectively cannulate the right or left hepatic arteries,
or further distally if needed. Virtual fluoroscopy combined with

preoperative CT can aid in the selection of vessels [40].

Selectivity of embolization

Selective embolization of the hepatic arteries is important to
minimize nontarget embolization and the consequences that can
result from infarction of normal liver tissue [41]. Intraprocedural
cone beam CT, which is frequently utilized in interventional on-
cology, may prove to be a useful tool in selecting hepatic arteries
that may not be clearly visualized on standard digital subtraction
angiography [42]. It is important to be as selective as possible in
hepatic arterial embolization to minimize complications and to
increase success rates for nonoperative management [5].

Once the proper hepatic artery has been identified, expedited
embolization of the artery is paramount in preventing blood loss.
In coil embolization, oversizing of the coil by 20% to 30% is rec-
ommended to prevent migration [43]. The scaffold and anchor-
ing techniques are also important to prevent migration and to
provide efficient packing of the coils. The scaffold technique in-
volves the initial placement of an oversized high radial force coil
followed by a softer coil to maximize packing of the coils. The
anchoring technique involves placing the initial coil into a branch
vessel, which increases the stability of the initially placed coil, fol-
lowed by an additional coil placement for complete embolization
of the vessel [35].

POSTEMBOLIZATION OUTCOMES

Success rates

Embolization of hepatic injuries has been reported to be 80% to
97% successful [26]. The hepatic artery, portal vein, and hepatic
vein are potential sources of bleeding in liver trauma. Identifying
the exact source of bleeding can be difficult, especially when

https://doi.org/10.20408/ti.2023.0040
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multiple vessels are injured, and can result in incomplete emboli-
zation with the need for further nonoperative or operative inter-
vention [37]. Despite the potential limitations of embolization in
patients with high-grade liver injuries (both operative and non-
operative), patients who underwent embolization had higher
survival rates than those that did not [44].

Complications

Major complications arising after embolization for liver trauma
included hepatic necrosis, hepatic ischemia, abscess, biloma, bile
leak, gallbladder necrosis, pseudoaneurysm formation, and cho-
lecystitis [5,9,10,26,28,45,46]. Sivrikoz et al. [44] reported a high-
er incidence of systemic complications following embolization
including acute respiratory distress syndrome, sepsis, pneumo-
nia, and renal failure.

The liver receives its blood supply from the hepatic artery and
portal vein. Disruption of both hepatic arterial and portal venous
vasculature will result in hepatic ischemia and necrosis. Hepatic
necrosis occurring after arterial embolization likely means there
was concurrent portal vein disruption. Although one study
showed hepatic necrosis rates up to 44% [46], most studies did
not show rates nearly as high [9]. The low rates of hepatic necro-
sis after severe liver injury may be due to a compensatory in-
crease in microcirculation that maintains liver perfusion despite
the reduction in arterial and portal venous perfusion [47].

CONCLUSIONS

Routine use of CT during the follow-up of liver trauma patients
is not recommended, given the low rate of complications, espe-
cially in low-grade liver injuries [45]. CEUS may be useful in the
follow-up of hemodynamically stable patients and also minimiz-
es the use of ionizing radiation and iodinated intravenous con-
trast [17,48].
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