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Objectives: Pyogenic liver abscess (PLA) is a significant, though uncommon, cause of
morbidity in the United States. Recently, K/ebsiella has emerged as an important cause of PLA.
We analyzed the clinical course, microbiology, and treatment outcomes of patients discharged
with PLA. In addition, we sought to examine the incidence of and risk factors for Klebsiella
liver abscess (KLA).

Methods: We reviewed the charts of patients who discharged with PLA from two teaching
hospitals in West Texas between January 1, 2007 and December 31, 2011.

Results: We identified 49 cases of PLA. Abscess cultures were positive in 23 (48%) patients.
The mean age of the cohort was 56 years (range: 20-83 years). Sixty percent were male. The
most frequent conditions associated with PLA were intra-abdominal infections (ten cases; 20%),
diabetes mellitus (nine cases; 18%) and malignancy (nine cases; 18%). Klebsiella was the most
commonly isolated species from the abscess cultures (seven cases; 30% of all positive abscess
cultures). We used univariate and logistic regression analyses to identify the risk factors for
KLA. Controlling for age, only malignancy was identified in our cohort as a risk factor for a
Klebsiella liver abscess. The overall mortality was 2%.

Conclusion: Klebsiella is emerging as an important cause of liver abscesses. Malignancy may
be an important risk factor for Klebsiella liver abscess.
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Introduction

Pyogenic liver abscess (PLA), a suppurative infection of the hepatic parenchyma, can
develop as a complication of abdominal and biliary infections, or following hematog-
enous bacterial seeding of the liver. It is often polymicrobial, with Streptococci and
Escherichia coli being the most commonly reported pathogens.'? Klebsiella spp.
have emerged in recent years as important causes of monomicrobial liver abscesses,
initially reported in a case series in Asia, and subsequently in other countries.® The
full spectrum of Klebsiella liver abscesses (KLA), their pathogenesis, associated risk
factors, and typical outcomes are still under investigation.*

This retrospective study was designed to analyze the clinical features and treatment
outcomes of patients with PLA in two teaching hospitals in West Texas. The surprising
finding of several KLAs in our population allowed for further characterization of the
incidence and risk factors of this condition, which were previously reported primarily
among Asian patients.’
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Methods

The medical records of patients admitted to the Northwest
Texas Hospital and Baptist St Anthony’s Hospital between
January 1, 2007 and December 31, 2011 were queried for a
discharge diagnosis of PLA, as per the International Clas-
sification of Diseases, Ninth Revision, code 572.0.* The
facilities are the teaching hospitals for Texas Tech University
Health Sciences Center in Amarillo, TX, USA. The study
was approved by the Texas Tech University Health Sciences
Center’s Institutional Review Board in Amarillo, TX, USA
(Institutional Review Board number A12-3695).

Definitions

Cases were included if a patient with PLA was diagnosed
by aspirating purulent material from a liver lesion in the
presence of symptoms and signs consistent with the condi-
tion, laboratory findings, and compatible imaging studies
(computed tomography [CT], magnetic resonance imaging,
or ultrasonography). Acute respiratory failure was defined as
arterial oxygen partial pressure (PaO,) =55 mmHg, and/or
arterial carbon dioxide partial pressure (PaCO,) =50 mmHg,
requiring supplemental oxygen therapy or positive pressure
ventilation. Septic shock was defined as sepsis-induced
hypotension not responsive to adequate volume resuscitation
requiring vasopressor therapy.

Data collection

The charts of patients with PLA were reviewed and the fol-

lowing data were collected:

1. Demographics: age, sex and, if available, ethnicity.

2. Comorbid conditions already reported to be associated
with PLA: diabetes mellitus; malignancy; intra-abdominal
infection(s); and hepatobiliary pathology.

3. The presence of other comorbid conditions: congestive
heart failure; chronic kidney disease; and liver cirrhosis.

4. Presenting clinical features: fever; chills; abdominal pain;
nausea; vomiting; diarrhea; acute respiratory failure;
acute kidney injury; and septic shock.

5. Admission laboratory values including: white blood cell
count; hemoglobin; platelet count; serum albumin; total
bilirubin; alanine aminotransferase; aspartate aminotrans-
ferase; alkaline phosphatase; prothrombin time; blood
urea nitrogen; serum creatinine; liver lesion aspirate and
blood culture results; and in vitro bacterial susceptibility
to antibiotics.

6. Radiological features of the abscess(es): size of the index
abscess; number and location of the abscesses, if present;
whether abscesses are unilocular or multilocular; the

presence of gas in the abscess cavity; rim enhancement by
contrast material; and the presence of the “cluster sign.”

7. Drainage method employed: needle aspiration; continuous
drainage using a percutancous 8.5 French or 10 French
pigtail catheter; or open surgical drainage.

8. Antimicrobial therapy and duration.

9. Outcome information: length of hospital stay; metastatic
suppurative complications; and vital status at hospital
discharge.

Statistical analysis

Continuous data were expressed as a mean with its associ-
ated standard deviation or range. Categorical data were
expressed as the number of subjects with a specified condi-
tion, or a clinical variable and its corresponding percentage.
Chi square, Student’s z-test and Fisher’s exact test were used
when necessary. Logistic regression analysis was used to ana-
lyze the risk factors associated with KLA. A P-value<<0.05
was considered statistically significant.

Results

Between January 1,2007 and December 31, 2011, 49 patients
were identified with PLA by the criteria listed in the Defini-
tions section. Because of missing medical records, one patient
was excluded. Twenty-nine patients (60%) were male. The
mean age of the cohort was 56 years (range: 2083 years).
Thirty-one (65%) patients were Caucasian, eleven (23%)
were Hispanic, five (10%) were Asian, and one (2%) was
African-American. The most frequently associated condi-
tions encountered were intra-abdominal infections in ten
patients (20%), diabetes mellitus in nine patients (18%), and
malignancy in nine patients (18%). Diabetes mellitus was the
only known risk factor for PLA in five patients. Seventeen
patients (35%) had no obvious cause or risk factor for PLA
and were classified as having a cryptogenic liver abscess.
The probable etiology of PLA in our cohort is illustrated
in Table 1. Other associated comorbidities in the cohort
included liver cirrhosis in three patients (6%), congestive
heart failure in two patients (4%), and chronic kidney disease
in one patient (2%). The clinical features and biochemical
parameters are summarized in Tables 2 and 3, respectively.
In all of the reviewed cases, PLA diagnosis was established
within 2 days of hospital admission. Furthermore, none of
our cohort patients reported overseas travel.

Radiological features
Computed tomography was the most commonly used imag-
ing modality for the diagnosis of PLA, as it was used in
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Table | Etiology of pyogenic liver abscess

Hepato—pancreatico-biliary; total of 20 cases (42%)
e Benign

0 Cholecystitis; four cases

0 Cholelithiasis; four cases

o Liver cirrhosis; three cases

0 Pancreatic abscess; one case
e Malignant

0 Pancreatic cancer; five cases

0 Hepatocellular carcinoma; one case

0 Cholangiocarcinoma; one case

0 Ampulla of Vater adenocarcinoma; one case
Extra-hepato—pancreatico-biliary; total of 6 cases (13%)
e Benign

0 Appendicitis; two cases

o Diverticulitis; one case

0 Pelvic abscess; one case

0 Infected omentum; one case
e Malignant

0 Esophageal cancer; one case
Diabetes mellitus alone; five cases (10%)
Cryptogenic liver abscess; 17 cases (35%)

47 patients, with a sensitivity of 98% (46/47). One patient
was diagnosed only by ultrasonography. Nineteen patients
initially underwent sonographic examination of the liver,
three of which did not detect the liver abscess (84% sensitiv-
ity). The radiological features are listed in Table 4.

Microbiology

Aerobic and anaerobic cultures of blood and abscesses were
obtained from all patients. Abscess cultures were positive in
23 (48%) patients; ten (44%) were monomicrobial and 13
(56%) were polymicrobial (=2 organisms isolated). Kleb-
siella spp. were the most commonly isolated bacteria (seven
cases; 30%); Klebsiella pneumoniae was found in five cases,
and Klebsiella oxytoca in two cases. Viridans streptococci
were the second most commonly isolated organisms, found
in six (26%) of the positive culture cases. Collectively, anaer-
obes (Fusobacterium sp., Bacteroid fragilis, Clostridium
sp., and Prevotella sp.) were isolated in ten cases (43%).

Table 3 Abnormal laboratory findings in pyogenic liver abscess
patients

Laboratory test Frequency (%)

45/46 (98%)
39/43 (91%)
38/48 (79%)
36/48 (75%)
32/46 (70%)
27/46 (59%)
24/46 (52%)
16/48 (33%)
13/48 (27%)
11748 (23%)
7145 (16%)
Notes: *Serum albumin; normal range: 3.7-5.I gm/dL; ®prothrombin time;
normal range: 10.7-13.5 seconds; peripheral white blood cell count; normal
range: 4,000-10,600 cells/mm’ <normal hemoglobin 12-16 gm/dL;
‘normal range: 38-126 UJL; fserum aspartate aminotransferase; normal range:
1541 U/L; sserum alanine aminotransferase; normal range: 14-54 U/L; "normal

range: 150,000-400,000 cells/mm?; blood urea nitrogen; normal range: 7020 mg/dL;
Inormal range: 0.5—1.4 mg/dL; “total bilirubin; normal range: 0.4-2.0 mg/dL.

Hypoalbuminemia®

Prolonged prothrombin time®
Leukocytosis®

Anemia?

Elevated alkaline phosphatase®

Elevated serum aspartate aminotransferase’
Elevated serum alanine aminotransferase®
Thrombocytosis"

Elevated blood urea nitrogen’

Elevated creatininel

Hyperbilirubinemia*

range:

cultures; the first showed Gram-positive cocci in pairs, and
the second showed Gram-positive cocci in pairs and Gram-
positive rods. Only five patients had confirmed bacteremia;
three had concordant blood and abscess culture results, and
two had bacteremia with negative cultures in the abscess.
The organisms isolated from PLA patients are demonstrated
in Figure 1.

Among the 14 isolated Gram-negative bacteria, four were
third-generation cephalosporin-resistant microbes, among
which three were extended spectrum beta-lactamase-producing
bacteria. The same three bacteria were fluoroquinolone-resis-
tant; there were no carbapenem-resistant isolates.

Patients with monomicrobial PLA were compared to
patients with polymicrobial PLA in regards to age, sex,
diabetes, chronic liver disease or cirrhosis, malignancy,

Table 4 Characteristics of liver abscesses on computed
tomography

Number of
patients (%)

Computed tomography findings

Number of abscess(es)

Two specimens had Gram-positive staining but negative Single 26/48 (54%)

Two or more 22/48 (46%)
Location

Table 2 Clinical features of 48 patients with pyogenic liver abscess Right lobe 26/48 (54%)
Left lobe 12/48 (25%)

Symptom/sign Number (%) Bilobar 10/48 (21%)

Fever 39 (81%) Unilocular:multilocular 31:13

Abdominal pain 35 (73%) Average size of the abscess (or of the largest 6.3+2.7 cm in

Chills 23 (48%) abscess if there are multiple abscesses) diameter

Gastrointestinal symptoms (nausea, vomiting, diarrhea) 15 (31%) Rim enhancement 20

Septic shock 3 (6%) Gas in abscess cavity 3

Respiratory failure 1 (2%) Cluster sign
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Figure | The number of organisms isolated from all positive liver abscess cultures (n=23).

presentation including fever and white blood cell counts, and
hospital length of stay. The difference between both groups
was not statistically significant for any of these variables
(data not shown).

Klebsiella liver abscess

All patients with KLA were Caucasian (n=7) and five of them
were male. The average age of this group was 66 years (range:
47-80 years). Three patients had pancreatic cancer, one patient
had liver cirrhosis, and another patient was diabetic. Four patients
had multiple abscesses, and the majority of cases had right hepatic
lobe involvement (71%). In the K. pneumoniae liver abscess
group, two cases were monomicrobial and three cases were
polymicrobial. Viridans streptococcal species were the additional
bacterial species most frequently isolated in the polymicrobial
KLA group, as it was isolated in three cases. The Klebsiella spp.
isolated from the abscesses were resistant to ampicillin in all
cases, but they were susceptible to all other tested antibiotics. All
patients underwent successful percutaneous drainage. None of
the patients had Klebsiella bacteremia or developed metastatic
suppurative complications, although one patient had a positive
blood culture for a viridans streptococcal species.

Risk factors for Klebsiella liver

abscess in the Caucasian group

Caucasians with positive but non-KLA cultures (non-KLA;
n=12) and those with negative abscess cultures (n=12) were
grouped together for the statistical analysis. Comparisons
were then made with Caucasians with KLA (n=7), and the
results are found in Table 5. There was no mortality in either
group. Age and the presence of malignancy were tested
separately in a logistic regression model as risk factors for
KLA. Neither of the independent variables reached statistical

significance (age: P=0.06; malignancy: P=0.06; R*>=0.082).
However, when age and the presence of malignancy were
tested together in the same model (controlling for age), the
model’s R? value significantly improved (R?=0.19; odds
ratio: 6.2; P=0.02).

Treatment and outcomes
The best approach to drain a particular liver abscess was
determined by the attending radiologist. When percutaneous
aspiration was felt to be appropriate, typically a 20-gauge,
fine aspiration needle was used to drain the abscess cavity
under radiological guidance. When continuous drainage was
deemed necessary, a percutaneous 8.5 French or 10 French
pigtail catheter was inserted. A follow up CT scan of the liver
was typically performed 1-2 weeks later, and every 2 weeks
thereafter if the abscess did not resolve on the first follow-up
scan. Removal of the percutaneous drain was decided based
on the patient’s clinical and laboratory response.
Thirty-nine patients (81%) underwent percutaneous
drainage with an indwelling pigtail catheter. Six patients
(13%) underwent abscess aspiration via needle aspira-

Table 5 Clinical features of Caucasians with Klebsiella versus
non-Klebsiella liver abscess

Clinical feature Klebsiella Non-Klebsiella P-value

liver abscess liver abscess plus

(n=7) negative abscess

cultures (n=24)

Age; mean + SD 6612 years 62+11 years 0.4
Male:female (male %)  5:2 (71%) 14:10 (58%) 0.5
Diabetes; n (%) I (14%) 7 (29%) 0.4
Cirrhosis; n (%) I (14%) 3 (13%) 0.4
Cancer; n (%) 3 (43%) 5(21%) 0.2

Abbreviation: SD, standard deviation.
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tion only. The three remaining patients (6%) were treated
medically with intravenous antibiotics alone. One patient
underwent open surgical drainage following a failed percu-
taneous drainage attempt.

All patients were started on antibiotics prior to abscess
drainage. The time interval between antibiotic administration
and drainage was less than 36 hours in all cases. Beta-lactam
antibiotics were the most commonly used class, including
19 patients on imipenem, 14 on piperacillin/tazobactam, and
three on meropenem. Six patients (12.2%) received beta-
lactam antibiotics alone; 33 patients (67.3%) were treated with
beta-lactam antibiotics plus some combination of vancomycin,
metronidazole, and/or the antifungal agent fluconazole.

Fifteen patients (30.6%) were discharged on the same
empiric intravenous antibiotic regimen initiated on admis-
sion, including seven out of the 23 patients with positive cul-
ture results. Beta-lactam antibiotics continued to be the most
commonly used medications at discharge, with meropenem,
imipenem, and piperacillin/tazobactam being prescribed in
23 out of 33 patients.

The average duration of percutaneous drainage was
22420 days (range: 4-56 days). The mean length of hospital
stay was 20122 days (range: 1-82 days). One patient in the
study (2%) died.

Discussion
In this retrospective study, the risk factors, microbiology,
treatment, clinical course, and outcomes of 48 patients with
PLA are reviewed and reported. In our series, we have been
able to identify an underlying, predisposing disease process
associated with the abscess formation in two-thirds of the
cases including hepato—pancreatico—biliary system problems
and cancer. Cancer was present in 29% of the patients with an
identified problem, which supports recent reports suggesting
that this is an emerging risk factor for PLA .3 Although it has
been suggested that cryptogenic liver abscess is a sign of occult
gastrointestinal malignancy,® none of the patients with cryp-
togenic abscesses in this retrospective study had a screening
colonoscopy performed during their index hospitalization.
Consistent with other studies, CT was more sensitive than
ultrasonography in the detection of liver abscesses, with 98%
being clearly identified by CT.”? The single false-negative CT
examination in our series demonstrated diffuse mottled areas of
low attenuation without a focal mass. A subsequent magnetic
resonance imaging conducted in that patient showed a round-
shaped mass in the liver. This abscess may have been missed by
CT due to the lack of contrast enhancement,® or perhaps due to
an underlying diffuse liver abnormality that obscured it.°

An important finding in this study is that the incidence of
KLA (30% of all positive abscess cultures) was higher than
expected, suggesting the possible emergence of Klebsiella
spp. as an important cause of liver abscess in the United
States. High rates of KL A have been seen in recent years in
Asia,*!* and they have also been reported in two studies in
the United States.'-'* Malignancy was very common in the
group with KLA in our study, indicating that cancer may be
an important risk factor. Other than this, it is unclear why
the incidence of KLA is increasing, although the expansion
of the at-risk population could, at least partially, explain this
phenomenon.?

In Asia, diabetes has been found to be an important risk
factor for KLA; up to 75% of patients with KLA in Asia have
diabetes.* While malignancy is known to impair the immune
system, it has been rarely associated with KL A in the Asian
population. In a retrospective Taiwanese study,'* malignancy
was found in only 4% of KLA patients, and similar rates
have been reported elsewhere.*'* We and others in the United
States have found a lower incidence of diabetes amongst KLA
patients in particular, ranging between 15%-33%.!12 Despite
literature reports from Asia where suppurative complications at
distal sites have been seen in 12%—15% of KLA cases,*'* we
and others in the United States have not seen this.!!!?

Overall, the mortality in our cohort is among the lowest
reported; only one patient died from multiorgan system fail-
ure due to severe sepsis. The low mortality rate observed more
specifically in the KLA patient subgroup of our cohort is in
keeping with that of other recent reports from Asia® and the
United States.'"'> Our findings confirm that the percutaneous
approach for liver abscess drainage is safe and effective when
combined with appropriate antimicrobial therapy.'>'¢ It has
been previously reported that the presence of malignancy is
a poor prognostic factor in PLA patients.!” Although 19% of
PLA patients in our cohort had cancer, all of them were dis-
charged alive. We speculate that the low mortality observed
in our cohort reflects the increasing awareness of the disease,
early detection, and prompt initiation of appropriate drainage,
along with the use of antimicrobial therapy.

The present study has some important limitations. First, it
is a retrospective study, and some important and relevant infor-
mation may not have been documented in the patient’s medical
chart by the staff members who cared for the patients. Second,
strong conclusions cannot be made due to the small sample size.
Third, patients were followed for a very short period of time
after discharge; hence, long-term outcomes are not available.
Fourth, culture samples of Klebsiella spp. were destroyed by
the clinical microbiology laboratory a few days after the results
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were reported, according to usual policies and procedures. This
precluded the reporting of detailed microbiological data on K.
pneumoniae serotypes (K1 and K2) and virulence factors like,
rmpA and ma A.'" These data, admittedly, are considered a
central tenet in the study of PLA due to K. pneumoniae.

In conclusion, PLAs continue to be an important, though
uncommon, cause of morbidity among hospitalized patients.
KLA in particular appears to be emerging as a cause of
PLA in the United States. Although our patient sample size
is small, it suggests that malignancy may be an important
risk factor for KLA specifically, and this requires further
investigation. Clinicians should maintain PLA in their dif-
ferential diagnosis of patients who present with the risk
factors and clinical scenarios of fever, abdominal pain, and
liver lesions, since prompt diagnosis, percutaneous drainage
of the abscess, and administration of intravenous antibiotics
can shorten hospital stays and save lives.
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