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Abstract
Many pyogenic liver abscess (PLA) patients underwent abdominal surgery before. However, little is known about the impact of
previous abdominal surgery on the clinical characteristics and prognosis of PLA.
The clinical data of 392 adult PLA patients who received treatment at our hospital from January 1, 2007 to December 31, 2016

were collected. The demographic data, cause, comorbidities, surgery history, clinical features, laboratory results, imaging findings,
microbiological characteristics, choices of treatment, and clinical outcomes were analyzed.
In all, 177 PLA patients (45.2%) underwent abdominal surgery before. The median time for the occurrence of PLA after the most

recent abdominal surgery was 2.0 (interquartile range 0.25, 6.0) years. PLA patients with a previous abdominal surgery history were
more likely to have underlying diseases and presented with more abnormal laboratory values. Klebsiella pneumonia and Escherichia
coliwere the most common pathogens. Previous abdominal surgery appeared to increase the incidence of E coli. More PLA patients
without a previous abdominal surgery history required surgical drainage. However, there were no differences in PLA-related
complications, days required for temperature normalization, and length of hospital stay between the 2 groups.
Because a large number of PLA patients had a history of abdominal surgery, and proper screening should be performed for

patients with any suspicion of a liver abscess after abdominal surgery. Despite the differences in the coexisting conditions, clinical and
microbiological characteristics between PLA patients with and without a previous abdominal surgery history, the overall short-term
outcomes were comparable.

Abbreviations: ALP = alkaline phosphatase, ALT = alanine aminotransferase, APTT = activated partial thromboplastin time,
ARDS = acute respiratory distress syndrome, AST = aspartate transaminase, BUN = blood urea nitrogen, Cr = creatinine, CT =
computed tomography, DBIL= direct bilirubin, FIB = fibrinogen, GGT= gamma-glutamyl transferase, INR= international normalized
ratio, IQR = interquartile range, PLA = pyogenic liver abscess, PT= prothrombin time, SD= standard deviation, TBIL= total bilirubin.
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1. Introduction

Pyogenic liver abscess (PLA) is the most common type of visceral
abscess. Due to an increasing prevalence of diabetes mellitus,
more and more aggressive surgical management of hepatic,
biliary, and pancreatic disorders, aging population, and wide use
of immunosuppressive agents in transplant and cancer patients,
the incidence of PLA has increased steadily in recent years.[1–3] In
the meantime, the cause, diagnosis, management, and prognosis
of PLA underwent significant changes.[4] A few population-based
studies have shown that a history of abdominal surgery was
associated with an increased risk of PLA.[5–10] Also, many PLA
patients underwent abdominal surgery before.[11,12] However, it
remained unknown whether there are any differences in the
clinical characteristics and prognosis between PLA patients with
and without a previous surgery history. The purpose of this
study, therefore, was to investigate the impact of previous surgery
on the clinical characteristics and prognosis of PLA.

2. Patients and methods

2.1. Study population

In all, 438 liver abscess patients were admitted to the first
affiliated hospital of Xi’an Jiaotong University from January,
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Figure 1. Types of previous abdominal surgery in PLA patients. PLA=pyogenic liver abscess.
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2007 to December, 2016. Patients who had incomplete medical
records (n=39), amebic liver abscess (n=1), tuberculous liver
abscess (n=3), or under the age of 18 (n=3) were excluded from
this study. In the remaining 392 patients, 177 had previous
abdominal surgery history. The previous abdominal surgery was
defined as any abdominal surgery before the occurrence of PLA.
All the PLA patients were treated with a combination of a second
or third-generation cephalosporin and metronidazole empirically
or based on antimicrobial susceptibility testing if available.
Depending on the number and size of abscesses, degree of abscess
liquefaction, separation of abscess cavity, patient response to
antibiotics, and personal experience of the physicians, PLA
patients were treated with antibiotics alone or antibiotics plus
percutaneous drainage or surgical drainage. This study was
approved by the Ethics Committee of the First Affiliated Hospital
of Xi’an Jiaotong University (IRB No: XJTU1AF2015LSL-057).
The patients’ informed written consent was waived due to the
retrospective nature of this study.
2.2. Data collection

The medical records of all patients were reviewed retrospectively.
Clinical data included patients’ age, sex, comorbidities, surgery
history, symptoms and body temperatures at admission, and
changes during hospitalization. Laboratory data included blood
routine test, liver function test, and renal function test, which
were documented at admission. Blood cultures were drawn from
all patients within the first 24hours after admission. Aspiration of
the abscess was performed under ultrasound or computed
tomography (CT) guidance, and aspirated pus was sent for gram
stain and culture. The number and size of abscesses were
determined based on ultrasound and/or CT images. Clinical
outcomes included spontaneous rupture of PLA, portal vein
thrombosis, sepsis, septic shock, acute kidney injury, pleural
effusion, acute respiratory distress syndrome (ARDS), and in-
hospital death.
2

2.3. Statistical analysis

Continuous variables were expressed as mean± standard devia-
tion (SD), and categorical variables as absolute numbers and
percent frequencies. Differences between continuous data were
analyzed using Student t test. Differences between categorical
data were analyzed with the chi-square test or Fisher exact test, as
appropriate. Univariate and multivariate analyses of risk factors
were performed using the Cox proportional-hazards model. All
statistical analyses were performed with SPSS version 22.0 (IBM,
Armonk, NY). A 2-tailed P value <.05 was considered
statistically significant.
3. Results

3.1. Prevalence of a previous surgery history in PLA
patients

There were 392 PLA patients in this retrospective study. Of the
177 patients (45.2%) with a previous abdominal surgery history,
38 (21.5%) had cholecystectomy, 18 (10.2%) had biliary tract
surgery, 13 (7.3%) had gastrointestinal surgery, 10 (5.6%) had
hepatectomy, 3 (1.7%) had pancreatic surgery, 3 (1.7%) had
gynecologic surgery, 19 (10.7%) had other surgery, and 73
(41.2%) had more than 1 surgery (Fig. 1). The median time for
the occurrence of PLA after the most recent abdominal surgery
was 2.0 (interquartile range [IQR] 0.25, 6.0) years.

3.2. Demographic data and coexisting conditions

As shown in Table 1, PLA patients without a previous abdominal
surgery history were more likely to be male (62.8% vs 49.7%;
P= .009), have a drinking history (20.0% vs 12.4%; P= .045),
and suffer diabetes mellitus (38.6% vs 23.2%; P= .001) (Table 1)
than those with a previous abdominal surgery history. On the
contrary, PLA patients with a previous abdominal surgery history
were more likely to have underlying hepatobiliary malignant



Table 1

Demographic data and coexisting conditions.

Univariate analysis Multivariate analysis

Variable (n=392) PLA without surgery history (n=215) PLA with surgery history (n=177) P OR (95% CI) P

Sex
Male (223, 56.9%) 135 (62.8%) 88 (49.7%) .010 0.660 (0.395, 1.104) .113
Female (169, 43.1%) 80 (37.2%) 89 (50.3%)

Age (y) 56.0±13.8 56.8±13.4 .195
Smoking
Yes (106, 27.0%) 60 (28.0%) 46 (26.0%) .671
No (286, 73.0%) 155 (72.0%) 131 (74.0%)

Drinking
Yes (65, 16.6%) 43 (20.0%) 22 (12.4%) .047 0.745 (0.364, 1.529) .423
No (327, 83.4%) 172 (80.0%) 155 (87.6%)

Hypertension
Yes (77, 19.6%) 47 (21.9%) 30 (16.9%) .224
No (315, 80.4%) 168 (78.1%) 147 (83.1%)

Diabetes mellitus
Yes (124, 31.6%) 83 (38.6%) 41 (23.2%) .001 0.558 (0.333, 0.936) .027
No (268, 68.4%) 132 (61.4%) 136 (76.8%)

Hepatobiliary malignant diseases
Yes (44, 11.2%) 2 (0.9%) 42 (23.7%) <.001 60.497 (13.452, 272.072) <.001
No (348, 88.8%) 213 (99.1%) 135 (76.3%)

Cholelithiasis
Yes (150, 38.3%) 57 (26.5%) 93 (52.5%) <.001 5.596 (3.444, 9.094) <.001
No (242, 61.7%) 158 (73.5%) 84 (47.5%)

Cirrhosis
Yes (16, 4.1%) 4 (1.9%) 12 (6.8%) .022 0.472 (0.094, 2.380) .363
No (376, 95.9%) 211 (98.1%) 165 (93.2%)

Viral hepatitis
Yes (29, 7.4%) 8 (3.7%) 21 (11.9%) .004 2.947 (0.916, 9.484) .070
No (363, 92.6%) 117 (96.3%) 156 (88.1%)

CI= confidence interval, OR=odds ratio, PLA=pyogenic liver abscess.
Italic indicates P value is less than 0.05.
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diseases (23.7% vs 0.9%; P< .001), cholelithiasis (52.5% vs
26.5%; P< .001), cirrhosis (6.8% vs 1.9%; P= .014), and viral
hepatitis (11.9% vs 3.7%; P= .002) than those without a
previous abdominal surgery history (Table 1). Multivariate
analysis showed that diabetes mellitus (odds ratio [OR] 0.558,
95% confidence interval [CI] 0.333–0.936, P= .027), hepato-
biliary malignant diseases (OR 60.497, 95% CI 13.452–
272.072, P< .001), and cholelithiasis (OR 5.596, 95% CI
3.444–9.094, P< .001) were independent factors associated with
previous abdominal surgery history in PLA patients (Table 1).
3.3. Clinical features, laboratory results, and imaging
findings

Other than more patients in the PLA without a previous
abdominal surgery group presented with fatigue at admission
than those with a previous abdominal surgery history, most of the
symptoms and signs were similar between the 2 groups (Table 2).
However, patients with a previous abdominal surgery had
significantly higher levels of alkaline phosphatase (ALP), total
and direct bilirubin, prothrombin time (PT), international
normalized ratio (INR), and fibrinogen (FIB) than those without
a previous abdominal surgery history (P< .05 for all; Table 2). In
terms of the imaging findings, there were no significant
differences in the size and location of the liver abscesses between
the 2 groups (Table 2). However, PLA patients with a previous
surgery history were more likely to have gas-forming abscesses
than those without a previous surgery history (23.2% vs 11.6%;
P= .002, Table 2).
3

3.4. Microbiological characteristics

The pus culture result was available in 231 (58.9%) patients in
this cohort (Table 3). Among them, 154 (66.7%) patients had an
identifiable organism. Patients with a previous abdominal
surgery had a significantly higher positive rate on pus culture
than those without a previous abdominal surgery history (74.6%
vs 59.0%; P= .012). Although Klebsiella pneumonia and
Escherichia coli were the 2 most common pathogens on pus
culture in both groups, the K pneumonia-positive rate was lower
and the E coli-positive rate was higher in patients with a previous
abdominal surgery than those without a previous abdominal
surgery (P= .027 and .002, respectively; Table 3). Among pus
culture-positive patients, 13.0% were polymicrobial. Patients
with a previous abdominal surgery history were more likely to be
polymicrobial than those without a previous abdominal surgery
(18.8% vs 5.8%; P= .017). The blood culture result was
available in 163 (41.6%) patients (Table 3). Among them, 44
(27.0%) showed positive bacterial culture. K pneumonia
remained the most common pathogen in patients without
previous abdominal surgery, whereas E coli were the most
common pathogen in patients with previous abdominal surgery
on blood culture.
3.5. Treatment and outcomes

As shown in Table 4, in patients with previous abdominal
surgery, 32.2% were managed with conservative treatment
alone, 54.8% required percutaneous drainage, and 13.0%
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Table 2

Clinical features, laboratory results and imaging findings, and abscess location.

Total (n=392) PLA without surgery history (n=215) PLA with surgery history (n=177) P

Symptoms and signs (n, %)
Fever 340 (87.2%) 184 (85.6%) 156 (88.1%) .458
Chills 197 (50.3%) 108 (50.2%) 89 (50.3%) .992
Abdominal pain 172 (43.9%) 93 (43.3%) 79 (44.6%) .785
Nausea 91 (23.2%) 56 (26.0%) 35 (19.8%) .143
Vomit 60 (16.3%) 36 (16.7%) 24 (13.6%) .383
Fatigue 69 (17.6%) 47 (21.9%) 22 (12.4%) .015
High temperature at admission >37°C 195 (49.7%) 115 (53.5%) 80 (45.2%) .102

Laboratory results (n, % or mean±SD)
Leucocytes >10�109/L 189 (48.2%) 104 (48.4%) 85 (48.0%) .945
Neutrophils (�109/L) 9.1±5.5 8.7±5.0 9.6±6.0 .127
Lymphocytes (�109/L) 1.3±0.9 1.3±0.7 1.3±1.1 .836
Hemoglobin <120g/L 246 (62.8%) 128 (59.5%) 118 (66.7%) .146
Platelet count <100�109/L 57 (14.5%) 30 (14.0%) 27 (15.3%) .716
ALT >40U/L 186 (47.4%) 110 (51.2%) 76 (42.9%) .105
AST >40U/L 131 (33.4%) 78 (36.3%) 53 (29.9%) .467
ALP >130U/L 236 (60.2%) 114 (53.0%) 122 (68.9%) .001
GGT >50U/L 331 (84.4%) 179 (83.3%) 152 (85.9%) .476
TBIL >17mmol/L 151 (38.5%) 66 (30.7%) 85 (48.0%) <.001
DBIL >7mmol/L 171 (43.6%) 75 (34.9%) 96 (54.2%) <.001
ALB <35g/L 298 (76.0%) 165 (76.7%) 133 (75.1%) .711
Cr (mmol/L) 67.1±47.4 71.6±55.1 61.7±35.3 .041
BUN (mmol/L) 5.2±3.1 5.3±3.2 5.1±2.9 .443
PT (s) 14.5±1.8 14.2±2.0 14.8±1.6 .004
APTT (s) 39.0±5.9 38.5±5.8 39.5±6.1 .08
INR >1.2 111 (28.3%) 50 (23.3%) 61 (34.5%) .014
FIB (g/L) 5.9±1.9 6.1±1.9 5.6±1.8 .006

Imaging findings (n, % or mean±SD)
Single lesion 291 (74.2%) 161 (74.9%) 130 (73.4%) .746
Multiple lesions 101 (25.8%) 54 (25.1%) 47 (26.6%)
Maximal diameter of abscess (cm) 6.7±2.8 6.9±2.9 6.4±2.7 .063
Gas formation 66 (16.8%) 25 (11.6%) 41 (23.2%) .002

Abscess location (n, %) N=345 N=196 N=149
Left lobe 46 (13.3%) 29 (14.8%) 17 (11.4%) .121
Right lobe 255 (73.9%) 148 (75.5%) 107 (71.8%)
Both lobes 44 (12.8%) 19 (9.7%) 25 (16.8%)

ALB = albumin, ALP = alkaline phosphatase, ALT = alanine transaminase, APTT = activated partial thromboplastin time, AST = aspartate transaminase, BUN = blood urea nitrogen, Cr = creatinine, DBIL =
direct bilirubin, FIB = fibrinogen, GGT = gamma-glutamyl transpeptidase, INR = international normalized ratio, PT = prothrombin time, TBIL = total bilirubin.
Italic indicates P value is less than 0.05.
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required surgical drainage. In patients without previous
abdominal surgery, on the contrary, 23.3% were managed with
conservative treatment alone, 49.8% required percutaneous
drainage, and 27% required surgical drainage. No patients
required surgical resection for PLA in this cohort. The differences
in the treatment methods were statistically significant (P= .002;
Table 4). However, there were no differences in PLA-related
complications, days required for temperature normalization, and
length of inhospital stay between the 2 groups. In this cohort, no
patients died during their stay in the hospital (Table 4).
4. Discussion

This was the first study to systemically investigate the impact of
previous abdominal surgery on the clinical characteristics and
prognosis of PLA. Here, we found that there were significant
differences in the coexisting conditions, and clinical and
microbiological characteristics between PLA patients with and
without a previous abdominal surgery history. However, likely
due to improvements in the diagnosis and management of PLA
patients, there were no major differences in the overall short-term
outcomes between the 2 groups.
4

Various abdominal surgical procedures including splenectomy,
appendectomy, pancreaticoduodenectomy, and gastrectomy
have been shown to increase the risk of PLA.[5–8] Consistent
with these findings, almost half of PLA patients in our current
study have undergone abdominal surgery before. Although our
data were incomplete to identify previous abdominal surgery as
an independent risk factor for PLA, such a high percentage of
PLA patients had abdominal surgery history suggests that
abdominal surgery history may be a major risk factor for PLA.
Most of the patients undergoing abdominal surgery suffer from
malnutrition during the perioperative period and their immune
function could be compromised.[13] In addition, patients who
underwent abdominal surgery for underlying malignant diseases
might also receive chemotherapy, which would further suppress
their immune function.[14] All these factors contribute to their
increased susceptibility to PLA after abdominal surgery.
However, future studies will be needed to explore the detailed
mechanisms responsible for the increased risk of developing PLA
in patients who underwent abdominal surgery. Because PLA is a
serious postoperative complication, proper screening should be
performed for those who present with any signs of PLA after
abdominal surgery.



Table 3

Microbiological characteristics.

Total PLA without surgery history PLA with surgery history P

Pus culture (n, %) n=231 n=117 n=114
Klebsiella spp. 79 (34.2%) 48 (41.0%) 31 (27.2%) .027
Escherichia coli 24 (10.4%) 5 (4.3%) 19 (16.7%) .002
Enterococcus 7 (3.0%) 2 (1.7%) 5 (4.4%) .276
Streptococcus 8 (3.5%) 3 (2.6%) 5 (4.4%) .495
Staphylococcus 4 (1.7%) 2 (1.7%) 2 (1.8%) 1
Clostridium perfringens 1 (0.4%) 1 (0.9%) 0 (0) 1
Other 11 (4.8%) 4 (3.4%) 7 (6.1%) .332
Multiple bacteria 20 (8.7%) 4 (3.4%) 16 (14.0%) .004
No growth 77 (33.3%) 48 (41.0%) 29 (25.4%) .012

Blood culture (n, %) n=163 n=89 n=74
Klebsiella spp. 14 (8.6%) 12 (13.5%) 2 (2.7%) .014
Escherichia coli 8 (4.9%) 3 (3.4%) 5 (6.8%) .470
Enterococcus 2 (1.2%) 0 (0) 2 (2.7%) .205
Streptococcus 4 (2.5%) 2 (2.2%) 2 (2.7%) 1
Staphylococcus 4 (2.5%) 2 (2.2%) 2 (2.7%) 1
Clostridium perfringens 1 (0.6%) 0 (0) 1 (1.4%) .454
Other 5 (3.1%) 3 (3.4%) 2 (2.7%) 1
Multiple bacteria 6 (3.7%) 1 (1.1%) 5 (6.8%) .06
No growth 119 (73.0%) 66 (74.2%) 53 (71.6%) .717

PLA=pyogenic liver abscess.
Italic indicates P value is less than 0.05.
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It is well-known that diabetic patients are more vulnerable to
PLA.[15–17] In the current cohort, we also found that 31.6% of all
PLA patients had underlying diabetes mellitus. An interesting
finding of this study was that less patients in the PLA with
previous surgery group suffered from diabetes mellitus than those
in the PLA without previous surgery group. Because it is unlikely
that a previous abdominal surgery history would reduce the
chance of developing PLA in diabetic patients, the possible
explanation for this result is that the combined effect of
abdominal surgery and diabetes mellitus overshadowed the
effect of diabetes mellitus on the development of PLA in these
patients. However, a large population-based study is required to
either confirm or deny this finding. As to other comorbidities,
more patients in the PLA with previous surgery group suffered
from various underlying diseases than those in the PLA without
surgery group. This is not surprising as the previous abdominal
Table 4

Treatment, complications, and outcomes.

Total (n=392) PLA without s

Treatment (n, %)
Conservative treatment 107 (27.3%)
Percutaneous drainage 204 (52.0%) 1
Surgical drainage 81 (20.7%)

Complications (n, %)
Sepsis 44 (11.2%)
Septic shock 3 (0.8%)
ARDS 4 (1.0%)
Acute kidney injury 1 (0.3%)
Spontaneous rupture of abscess 3 (0.8%)
Pleural effusion 138 (35.2%)
Portal venous thrombosis 3 (0.8%)

Outcomes (% or mean±SD)
Time for temperature normalization (d) 7.4±6.3
Length of hospital stay (d) 16.8±9.4
In-hospital mortality 0

ARDS= acute respiratory distress syndrome, PLA=pyogenic liver abscess.
Italic indicates P value is less than 0.05.

5

surgery was most likely the treatment for the underlying diseases
of these patients.
The most common pathogens identified in the current study

wereK pneumonia and E coli. Previous studies in Asian countries
also demonstrated the predominance of these 2 microorgan-
isms.[12,18–20] However, this is in contrast to studies in the United
States, Canada, Australia, and European countries, which have
consistently reported a high prevalence of Gram-positive
organisms such as Streptococcus species in PLA patients.[2,21–
23] In the current study, we also found that previous abdominal
surgery appeared to increase the incidence of E coli. And on
blood culture, E coli surpassed K pneumonia as the most
predominant organism in PLA patients with a previous
abdominal surgery history. In addition, PLA patients with a
previous abdominal surgery history were more likely to be
involvedwithmultiple types of bacteria, emphasizing the need for
urgery history (n=215) PLA with surgery history (n=177) P

50 (23.3%) 57 (32.2%) .002
07 (49.8%) 97 (54.8%)
58 (27.0%) 23 (13.0%)

23 (10.7%) 21 (11.7%) .716
1 (0.5%) 2 (1.1%) .591
1 (0.5%) 3 (1.7%) .332
1 (0.5%) 0 (0) 1
1 (0.5%) 2 (1.1%) .591
71 (33.0%) 67 (37.9%) .319
1 (0.5%) 2 (1.1%) .591

7.4±5.9 7.3±6.7 .886
16.6±8.4 17.1±10.5 .569

0 0
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either a broad-spectrum antibiotic or combination antibiotic
therapy in the initial management of these patients.
There were no major differences in the clinical symptoms,

signs, and also the size and location of the liver abscesses between
the 2 groups. PLA patients with a previous abdominal surgery
history appeared to have more abnormal laboratory values than
those without a previous abdominal surgery history. However,
this does not necessarily mean patients with a previous
abdominal surgery history had more serious PLA than other
PLA patients, as the differences can be explained by the
underlying diseases. Furthermore, PLA patients without previous
abdominal surgery are more likely to require surgical drainage
than those with previous abdominal surgery. In terms of the
outcome of PLA, we did not observe any significant differences
between the 2 groups, suggesting that the prognosis of PLA is
more closely related to the management than cause of PLA.
These findings, however, should be interpreted with caution, as

there are several limitationsof this study.First, this is a retrospective
study.The results, therefore, are subject to a selectionbias and some
residual confounding. Second, only a single center’s data were
included in the analysis. Most of the patients in this cohort came
from Shaanxi Province of China. Recent studies from different
regions of theworld have demonstrated considerable differences in
cause and treatment of PLA.[24–26] Therefore, our findings need to
be validated by multicenter studies. Lastly, we only focused on the
short-term outcomes of PLA in this study. This is due to the
consideration that the underlying disease would significantly
influence the long-term outcomes of patients with previous
abdominal surgery. To evaluate the impact of previous abdominal
surgery on the long-term outcomes of PLA, a prospective
propensity score-matched study is warranted in the future.

5. Conclusions

In conclusion, since a large number of PLA patients had a history
of abdominal surgery, proper screening should be performed for
patients who present with any signs of PLA after abdominal
surgery. Despite the differences in the coexisting conditions, and
clinical and microbiological characteristics between PLA patients
with and without a previous abdominal surgery history, the
overall short-term outcomes were comparable.
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