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Abstract

Objectives Liver abscesses are approximately 50 % of all
visceral abscesses, and trauma presents as a rare cause of
the liver abscess. Otherwise, hepatic abscess is an
uncommon complication of gunshot wound (GSW) to the
liver among all trauma cases. Here we reviewed their
experience in detail.

Method From January 1, 2004 to September 30, 2013,
there were 2143 patients admitted to Ryder Trauma Center
at Jackson Memorial Hospital/University of Miami with
severe abdominal trauma: 1227 penetrating and 866 blunt.
Among the patients who had penetrating trauma, 637 had
GSWs and 551 had stab wounds. Thirty-nine patients had
other kinds of penetrating traumas. Eleven patients were
identified as having liver abscess, with 8 of them belonging
to the GSW group, and 3 to the blunt injury group. The
diagnosis and management of the 8 patients with a hepatic
abscess after GSW to the liver were demonstrated.

Result There were seven males and one female with a
mean age of 29 + 10 years. There were one grade 2, four
grade 3, two grade 4 and one grade 5 injuries. The mean
abscess size was 10 £ 2 cm. The abscesses were usually
caused by infection from mixed organisms. These absces-
ses were treated with antibiotics and drainage. No mortality
and long-term morbidity were seen.
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Conclusion Hepatic abscess after GSW to the liver is a
rare condition, with an incidence of 1.2 %. It is usually
seen in severe liver injury (grade 3 and above), but our
patients were all treated successfully, with no mortality.
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Introduction

Pyogenic liver abscess is a rare and lethal illness with the
incidence of 2,3/100,000 population per year [1]. In Wes-
tern countries, pyogenic liver abscess is seen in 80 % of the
patients with liver abscess. The other reasons are parasitic,
mixed (bacterial superinfection of parasitic abscess) and
uncommonly fungal infections [2]. Three scenarios are
mentioned for liver abscess formation: agents may invade
the liver by way of biliary tract and blood system or by
direct extension, especially by way of gallbladder bed [2,
3]. They can occur most frequently in the presence of
biliary tract infections. Also hepatobiliary surgery, radio-
logical hepatobiliary procedures, non-biliary intraabdomi-
nal infections (appendicitis or sigmoiditis), diabetes,
malignancy, denutrition and immunosuppression are the
other risk factors. However, liver abscess uncommonly
develops after trauma [1, 2, 4, 5]. In recent years, new
advanced diagnostic and treatment options have provided
management of liver abscess.

In general, liver abscesses are located in the right lobe
and are solitary. Right upper abdominal pain, chills and
fever are the most frequently occurring symptoms. Kleb-
siella and Escherichia coli are the most common bacterial
agents. Enterococcus and streptococcus are the other agents
[6-10]. The mortality of pyogenic liver abscess usually
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depends on comorbidities and although the rate gradually
reduces, it varies between 2.5 and 12.3, 6 % [3, 6, 11].

Although liver abscesses due to trauma were presented
in prior studies [12, 13], these series include few cases and
detailed clinical presentation of liver abscess after gunshot
wound (GSW) was not described.

Materials and methods

This was a retrospective chart review with IRB approval.
From January 1, 2004 to September 30, 2013, 637 patients
with GSWs to the abdomen were identified from a registry
of all patients admitted to the Ryder Trauma Center at
Jackson Memorial Hospital/University of Miami Miller
School of Medicine. A total of 8 patients was identified
with a liver abscess after sustaining a GSW to the liver.

Fever was defined as a temperature higher than 37.5 °C.
Tachycardia was defined as a heart rate >100 beats per
minute. All other vital signs and laboratory values, which
were obtained on the same day of diagnosis showed sig-
nificant deviation from the patient’s baseline values.

The diagnosis of liver abscess was based on evidence
from imaging studies [ultrasound or computed tomography
(CT)] and microbiology (blood or aspirate culture results).
Liver injuries were graded according to the system pro-
posed by Moore et al. (Table 1) [14].

The size of the abscess was defined by its greatest
diameter. Clinical findings included abdominal pain, fever

Table 1 Liver injury scale

Grade Injury Injury description

type
1 Hematoma Subcapsular, <10 % surface area
Laceration Capsular tear, <l cm parenchymal depth
11 Hematoma Subcapsular, 10-50 % surface area,
Intraparenchymal, <10 cm diameter
Laceration 1-3 cm parenchymal depth, <10 cm length
I Hematoma Subcapsular, >50 % surface area or expanding.
Ruptured subcapsular or parenchymal
haematoma. Intraparenchymal haematoma
>10 cm or expanding
Laceration >3 cm parenchymal depth
10Y Laceration Parenchymal disruption involving 25-75 % of
hepatic lobe or 1-3 Coinaud’s segments in a
single lobe
v Laceration Parenchymal disruption involving >75 % of
hepatic lobe or >3 Coinaud’s segments within
a single lobe
Vascular Juxtahepatic venous injuries, i.e., retrohepatic

vena cava/central major hepatic veins

VI Vascular Hepatic avulsion
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with chills, nausea/vomiting, malnutrition, respiratory
symptoms, hypotension and diarrhea.

Basic demographics, physical exam findings, mecha-
nisms and severity of injury, and the extent of liver and
associated injuries were all recorded. The development,
diagnosis, location of the hepatic abscess, management and
complications were reviewed on a standardised data sheet.
Age, gender, body mass index, laboratory values, injury
severity score (ISS), grade of liver injury, size of abscess,
time from injury to abscess formation, length of hospital
stay, length of drainage, and transfusion amount, were also
collected, calculated and expressed as mean =+ standard
deviation.

Results

From January 1, 2004 to September 30, 2013, there were
2093 patients admitted with severe abdominal trauma:
1227 with penetrating and 866 with blunt. In the pene-
trating group, there were 637 GSW, and 590 stab/other, of
which 769 were operative. There was a total of 866
patients with blunt abdominal trauma, of which 172
required an operation. A total of 11 developed liver
abscess. Eight patients had liver abscess after GSW and
three patients had a liver abscess after blunt trauma. Only
2 patients of these 11 were managed non-operatively after
their injury; one in the GSW group, and one in the blunt
group. The incidence of liver abscess after GSW was
1.2 %. No liver abscess has developed after the other
penetrating injuries including stab wounds. Liver abscess
occured in 0.7 and 0.3 % of penetrating and blunt trauma
patients, respectively (Table 2).

Demographic characteristics, presentation
and initial procedure

Eight patients (seven males, one female) were identified,
with a mean age of 29 &£ 10 years. BMI was 27 £ 3, ISS
was 27 + 12, and an average of 17 £ 24 units of PRBCs
was transfused. There was one grade 2 liver injury, four
grade 3 injuries, two grade 4 injuries, and one grade 5
injury. The primary liver injury was managed operatively
in seven patients and non-operatively in one remaining
patient. Hepatorrhaphy was performed in seven patients,
packing in two, hepatic resection in one patient, and finally,
hepatic artery angiogram with embolization was performed
in one patient (Table 3).

Symptoms and exam findings

Abdominal pain and fever with chills were the most
commonly encountered findings at presentation of the
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hepatic abscess. Physical examination demonstrated ten-
derness and tachycardia most commonly followed by
hepatomegaly, pallor and guarding/rigidity (Table 4).

Laboratory findings

Seven patients had elevated white cell counts and all had
decreased serum albumin, haemoglobin, and hematocrit
levels. Also serum prealbumin levels were decreased in
five patients; however, these data were not available for the
remaining three patients. Liver enzymes were elevated in
five patients. Alkaline phosphatase levels were elevated in
two patients. Only one had elevated serum urea and crea-
tinine levels secondary to acute renal failure. Two patients
were found to have elevated serum total bilirubin levels.
Platelet counts were elevated in four patients. Prothrombin
time was the only coagulation value was found to be ele-
vated which occured in six of the patients. Finally, serum
fasting glucose levels were elevated in six patients
(Table 5).

Imaging and treatment

All of the liver abscesses were primarily diagnosed by CT.
The abscesses were all solitary and located in the right lobe
of the liver in all eight patients, with one demonstrating
subhepatic extension. The mean abscess size was

10 &= 2 cm. The liver abscesses were formed and diag-
nosed within a median of 16 £ 18 days after injury.
Depending on their size and location each abscess was
managed by a combination of CT-guided percutaneous
drainage, antibiotics, and laparotomy. Intravenous antibi-
otic therapy was administered to all patients. The most
commonly used antibiotic was piperacillin-tazobactam.
The other antibiotics used included vancomycin, car-
bepenems, and fluoroquinolones in combination with
metronidazole (Table 6).

Microbiology

Liver abscess aspirate culture studies were performed in six
patients of whom only five reports identified a bacterial
species. One abscess was caused by Staphylococcus aureus
and the others were attributed to mixed organisms,
including Enterococcus faecium, Enterobacter cloacae,
Escherichia coli, Streptococus viridans, Enterococcus
faecalis, Morganella morganii, Enterococcus cloacea, and
Acinetobacter Iwoffii. Table 6 summarizes the bacterial
composition of the abscesses.

Complications and outcomes

There were several other injuries associated with the liver
GSWs, including 7 lung contusions, 6 pneumothoraces, 5

Table 2 Number of liver

abscesses after abdominal Operative Non-operative Total Rate (%)
trauma Blunt abdominal trauma 172 (2) 694 (1) 866 (3) 0.3
Penetrating abdominal trauma 769 458 1227 (8) 0.7
GSW 473 (7) 164 (1) 637 (8) 1.2
Stab wounds 277 274 551 (0) 0.0
Other 19 20 39 0.0
Total abdominal trauma 941 1152 2093 (11) 0.5
() number of patients with liver abscess
'Ijable 3 .Charac.terlstlcs of Patient Gender Age BMI ISS Management of Transfusion Grade of
eight patients with liver abscess . . . . ..
L primary liver injury amount liver injury
as a complication of the gunshot .
. (unit)
hepatic trauma
1 F 40 2535 25  Operative (hepatorrhaphy) 11 3
2 M 46  28.29 43  Operative (hepatorrhaphy + packing) 67 3
3 M 16 28.1 13  Operative (hepatorrhaphy) 1 2
4 M 30 25.1 26  Operative (hepatorrhaphy) 4 4
5 M 26 328 9  Operative (hepatorrhaphy) 3
6 M 24 28.29 43  Operative (hepatorrhaphy) 3 3
7 M 33 2935 29  Operative (hepatorrhaphy 39 5
+resection + packing)
8 M 18 2535 25 Non-operative (hepatic artery 6 4

angiogram with embolization)

BMI body mass index, 1SS injury severity score

@ Springer
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Table 4 Summary of symptomatology, physical examination findings and associated injuries

Symptoms n (%) Sign on examination n (%) Associated injuries n (%)
Fever with chills (>37.5 °C) 8 (100) Tachycardia 8 (100) Lung contusion 7 (87.5)
Abdominal pain 5(62.5) Tenderness 6 (75) Pneumothorax 6 (75)
Respiratory symptoms 4 (50) Guarding/rigidity 2 (25) Diaphragm injury and hemothorax 5 (62.5)
Nausea/vomiting, hypotension, 1 (12.5) Sign of toxemia, hepatomegaly, 1 (12.5) Rib fractures 3 (37.5)
diarrhea, malnutrition pallor
Spinal cord, small bowel and 2 (25)
gallbladder injury
Pneumomediastinum; kidney, 1 (12.5)
stomach, pancreas, colon and
vascular injury; femur, pelvis
and upper extremity fractures
Table 5 Summary of laboratory findings
Reference range No. of patients Mean +SD % of the patients outside
reference range
White cell count (x 103/pL) 3.8-10.8 18.6 +6.5 87.5
Haemoglobin (g/dL) Male: 13.8-17.2 9.2 +1.5 100
Female: 12-15.6
Hematocrit (%) Male: 41-50 8 27.6 +3.7 100
Female: 3546
Platelet (x 10°/L) 150-450 8 455 +116 50
Urea (mg/dL) 7-30 8 21.7 +35.9 12.5
Creatinine (mg/dl) 0.7-1.4 (<1.2) 8 1.9 +2.2 12.5
Albumin (g/dL) 3.5-5 8 2.2 +0.7 100
AST (U/L) Males: 0-37 8 258 +258.6 62.5
Females: 0-31
ALT (U/L) Males 0-35 8 278 +284 62.5
Females 0-20
ALP (U/L) 40-120 8 118 +94 25
Total bilirubin (mg/dL) <1.3 (0.1-1.3) 8 1.2 +1.5 25
INR <1.5 8 1.1 +0.16 0
PT (seconds) 9-12.5 8 13.7 +2.1 75
Glucose (mg/dL) 70-99 8 123 +40 75
Prealbumin (mg/dL) 18-45 5 13.6 +4.6 100

hemothoraces, 5 diaphragmatic injuries and 3 rib fractures.
Eight patients developed complications that were directly
related to sepsis, liver abscess or their associated injur-
ies (Table 4). Acute renal failure due to sepsis was
demonstrated in one patient, liver abscess recurrence was
seen in three patients. Liver necrosis was seen in one and
intraabdominal abscess (not associated with the liver
abscess) in four patients. Persistent bile fistulas were
investigated by endoscopic retrograde cholangiopancre-
atography in two with one of those noted to have an
infected hematoma, frank pus and devitalized liver par-
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enchyma. Sphincterotomy and endoscopic biliary stenting
were performed in both of these patients. The other com-
plications were pyothorax, respiratory failure, open abdo-
men, diabetes mellitus, malnutrition, abdominal
compartment syndrome and acidosis. Of note, one patient
had bullet fragments in the liver and another had bullet plus
bone fragments in the site of abscess.

The mean length of drainage was 69 £ 98 days. The
mean length of hospital stay was 51 &+ 44 days. With a
mean follow-up period of 73 months, there was no long-
term morbidity or mortality (Table 6).
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Table 6 Characteristics of liver abscess

Mortality

Length of

Length of
drainage

(days)
62

Abscess culture

Amount of  Treatment of abscess

Site of abscess

Days from injury to
abscess formation

Patient

hospital stay

(days)

abscess (cc)

No

16

CT-guided percutaneous

400

Right lobe of liver

drainage + antibiotic

No

Enterococcus faecuem, 150

CT-guided percutaneous

1000

Right lobe of liver

44

Enterobacter cloacae

drainage + antibiotic

18 No

25

CT guided percutaneous drainage S. aureus

125

Right lobe of liver

(two times)

30 No

21

CT guided percutaneous

200

Right lobe of liver

drainage + antibiotic

44 No

43

Escherichia coli, Streptococcus

Laparotomy + antibiotic

200

Right lobe and all

10

viridians, Enterococcus faecalis

Subhepatic region
Right lobe of liver

49 No

No growth 33

CT guided percutaneous

200

drainage + antibiotic

68 No

CT guided percutaneous drainage (two Escherichia coli, Morganella 307

500

Right lobe of liver

47

morganii

times) + laparotomy -+ antibiotic

32 No

53

S. aureus, Enterococcus cloacae,

Acinetobacter lwoffii

Laparotomy + antibiotic

600

Right lobe of liver

Discussion

In last 10 years, 11 patients who had liver abscess after
liver trauma (penetrating and blunt) at our trauma center
were identified. Eight of them were following GSW and
three of them were after blunt abdominal trauma. This
series focuses hepatic abscess following GSW to the liver.
Liver abscess after gunshot injury management has been
discussed in detail infrequently, mostly in sporadic reports.
A summary of several studies, including case reports on
liver abscess after GSWs is listed in Table 7 [15-20].
According to this summary, the incidence of liver abscess
after GSW was 3 %, with a mortality of 22 %. In our study
the incidence of liver abscess after GSW was 1.2 %, with
no mortality.

Foreign bodies and blast effect must be considered as
the reasons of infection occurrence following GSW [21,
22]. The velocity is the most important factor determining
the severity of GSW. Properties of involved organ must
also be examined. The extent of the damage varies
depending on the quantity of collagen and elastin in
the tissue. The common affected organs from blast effect
are brain, liver, kidney, and spleen. However, the least
affected organs are lungs, vascular structures and muscle
[23-27].

Unfortunately, in our cases, the caliber and velocity of
the bullet projectiles were unknown. Therefore, we cannot
make any particular conclusions regarding development of
liver abscess in the frame of a certain bullet caliber/ve-
locity combination.

Intermediate targets (IT) (bone, clothing, and metals,
etc.) can determine the morphology of a wound entrance
and exit site with route of the bullet. Also the trajectory of
the bullet can be contaminated with pieces from the IT.
Textile fibers from the patient’s clothes are the most fre-
quent contaminants and they are strong infection sources
[28]. This phenomenon was observed in one patient from
our review in which both bullet and bone fragments were
demonstrated within the liver on CT imaging. Bacterial
contamination from a bullet itself has also been reported
[29].

In their study, Noyes et al. demonstrated more than two
intraabdominal organ injuries or high injury scores
increase the risk of developing intraabdominal abscess
[30]. This was observed in our review as well. All patients
had several other injures as well as a high ISS. There is a
relationship between severity of liver injury and the
increased abscess rate. In recent series, it was shown that
while the patients with minor blunt hepatic trauma (grades
1 and 2) had no liver abscess following non-operative
management, liver abscess developed in patients with at
least grade 3 liver injury [5, 12]. Noyes et al. also showed

@ Springer
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Mortality

Culture

Management of abscess

Diagnosis modality
for liver abscess

Management of
primary liver injury

No. of
abscesses

Liver injury

patients  grade

No. of

Year

Table 7 Literature review of liver abscess after hepatic gunshot injury

Author

@ Springer

E. coli [1]

US-guided percutaneous

CT

Non-operative

63

2009

Navsaria [20]

drain [1], antibiotics [2]

P. aeruginosa

CT-guided percutaneous drain

CT

Non-operative

1
1
1

Losanoff [15] 2007
238

Dunham [16]
Mays [17]

C. perfringens

Laparotomy

Laparotomy

Non-operative

1996
1971

T tube reopened

Radioactive gold scintiscan

Operative

Laparotomy

Laparotomy

CT

Operative

1943
1995

Elkin [18]

0

S. aureus [1], Group D

Laparotomy

Operative

1

Lin [19]

Enterococcus [1]

in their study that for developing an intraabdominal
abscess compared to patients with grades 1,2, or 3 liver
injury, a sixfold increased risk was found in the patients
with grade 4 or 5 injury [30]. Our review corroborates
these results as only one patient suffered liver injury that
was less than grade 3.

Generally, the symptoms of pyogenic liver abscesses are
nonspecific and the diagnosis needs an extremely clinical
suspicion. In this current study the most significant clinical
signs of liver abscess were high fever with chills, upper
abdominal pain, respiratory symptoms, tachycardia and
localized right upper quadrant tenderness (Table 4).

Liver enzymes were abnormal in five of the patients and
two patients had mild hyperbilirubinemia. There was no
clinically significant hyperbilirubinemia. These results are
consistent with a recent large case series. These case series
also presented that the reason of hypoalbuminemia was
commonly underlying septic process. This condition causes
unsuccessful initial treatment and infections in critically
injured patients. Nonetheless, all patients had decreased
albumin and prealbumin levels [31].

In our case series, liver abscess recurrence was seen in
three patients. Our management had a 38 % failure rate (3/
8). Hsieh [32] described 14.3 % (3/21) recurrence rate in
21 patients with liver abscess after 674 blunt hepatic
injuries. In another study [33] the overall rate of recurrent
pyogenic liver abscess found 8.6 % (45/525). Both blunt
and penetrating traumas increase the rate of recurrence.

Misselbeck et al. [34] found that the complications due
to hepatic angioembolization (HAE) (bile leak, liver
abscess, necrosis, liver failure, gallbladder necrosis) in
trauma patients were frequent but the mortality was rare. In
our review, one case had HAE. This patient had hepatic
necrosis and an intrahepatic hematoma, however, despite
this, the patient did survive.

An increased risk of liver-related complications (bil-
iomas, bile fistulas, hepatic or subphrenic abscess, etc.) are
also seen due to perihepatic packing. However, removal of
the packing within 32 to 72 h after placement, reduction in
recurrence of bleeding without increased complication
rates mentioned above was noted by Caruso et al. [35]. We
had two patients managed with perihepatic packing.
Although the packs were removed in 72 h, liver abscesses
still formed.

According to a recent prospective series, multiple liver
abscesses are associated with arterial circulation or biliary
system. They are frequently subdiaphragmatic and located
in the right lobe. Otherwise, solitary abscesses mostly
involve the portal circulation and they are usually idio-
pathic and traumatic [36]. Each of the abscesses in our
review was solitary compatible with the results of this
prospective case series. Moreover, they were all in the right
side of the liver.
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To provide resolution, drainage is required for large
abscesses (>5 cm in size). Percutaneous drainage is the
first option in most cases. However, under conditions of
multiloculation, rupture, related intraabdominal or biliary
pathology, open surgical drainage is preferred [36]. Each
abscess encountered in our review was greater than 5 cm.
Percutaneous drainage was used when possible, however,
there were two cases where percutaneous drainage seemed
ineffective and thus, open surgical drainage was per-
formed. These cases were complicated by either biliary
injuries or collections that were inaccessible by percuta-
neous methods.

Abscesses, less than 5 cm in diameter, can be treated with
4-6 weeks of antibiotic therapy referring to the sensitivity of
the microorganism [37]. Also prophylactic antibiotics should
be used in patients who have at least a grade 3 liver injury
[5]. Otherwise, targeted antibiotic therapy is advised in
addition to percutaneous drainage [36, 38, 39]. These prin-
ciples were not applied in our review secondary to the
complicated presentations of each abscess; however, they
can serve as guidelines when encountering future hepatic
abscesses status after liver GSW. Although many have made
recommendations, there is no prospective evidence to sug-
gest that the antibiotic treatment of these intraabdominal
abscesses should be different from any other abscesses. A
recent STOP-IT clinical trial demonstrated that approxi-
mately 4 days’ antibiotic therapy was similar to approxi-
mately 8 days’ therapy (longer course of antibiotics) for
obtaining enough source control of complicated intraab-
dominal infection [40].

Escherichia coli is one of the most frequent microor-
ganisms causing liver abscess [6, 36, 41]. Also, E. coli was
only isolated in two of our patients. Interestingly, Acine-
tobacter Iwoffi was found in one patient and there have
been reports citing Acinetobacter lwoffi [42] as a pre-
dominant bacterium in the formation of liver abscess sec-
ondary to foreign bodies. Additionally, in another case
report, Morganella morganii was isolated as a rare cause of
liver abscess [43]. The prognosis of the patients can be
effected by multidrug-resistant organisms [44]. Addition-
ally, gas containing liver abscess caused by Clostridium
perfringens can be severe and lethal [45].

Conclusion

This is the largest series of liver abscesses following hep-
atic GSW. In our review of 8 patients with this pathology,
several modalities were used in the treatment of the injury
itself and its resultant complications. Although there is no
gold standard for treatment, our review demonstrates that
antibiotics, percutaneous drainage, and open surgical

drainage can all play a role in achieving successful
outcomes.
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