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Abstract
Background and Aim: A pyogenic liver abscess (PLA) is an infectious disease with
high in-hospital mortality. It has no specific symptoms and is difficult to be diagnosed
early in the emergency department. Ultrasound is commonly used to detect PLA
lesions of PLA, but its sensitivity can be affected by lesion size, location, and clini-
cian experience. Therefore, early diagnosis and prompt treatment (especially abscess
drainage) are crucial for better patient outcomes and should be prioritized by clinical
physicians.
Methods: We conducted a retrospective study to compare the effect of early and late
(i.e., receiving CT scanning within 48 h and >48 h after admission) adoption of non-
enhanced computed tomography (CT) scanning regarding the hospitalization days and
interval between admission and drainage of patients with PLA.
Results: This study included 76 hospitalized patients with PLA in the Department of
Digestive Disease of Xiamen Chang Gung Hospital in China who underwent CT
examinations from 2014 to 2021. We conducted CT scans on 56 patients within 48 h
of admission and on 20 patients more than 48 h after admission. The early CT group
had a significantly shorter hospitalization length compared with the late CT group
(15.0 days vs. 20.5 days; P = 0.035). Besides, the median time to initiate drainage
after admission was also significantly shorter in the early CT group than in the late
CT group (1.0 days vs. 4.5 days; P < 0.001).
Conclusion: Early CT scanning within 48 h of admission may aid in early PLA diag-
nosis and benefit disease recovery, as revealed by our findings.

Introduction
A pyogenic liver abscess (PLA) is a life-threatening disease cau-
sed by bacterial invasion, resulting in the liver being filled with
pus. It is associated with an in-hospital mortality rate of up to
2.2%–5.6%1–3 and has diverse incidence rates ranging from 1.0
to 17.6 cases per 100 000 between countries.3 Patients with PLA

often exhibit nonspecific symptoms (abdominal pain, fever, nau-
sea, vomiting, etc.), as well as laboratory findings (elevated white
blood cells, C-reactive protein, hepatic enzymes, etc.). As a
result, patients with suspected PLA are usually treated with
empirical antibiotics initially. Drainages are mostly applied for
the abscess ≥3 cm,4 and percutaneous drainages are the preferred
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method due to their lower morbidity and mortality rates com-
pared with surgical drainage.5 Although adequate antibiotics
combined with percutaneous drainages can effectively reduce
mortality, delayed diagnosis can lead to poor outcomes, with
rapid progression to sepsis.6–8 Early diagnosis of patients with
PLA remains a challenge for emergency clinicians.

Ultrasound and computed tomography (CT) imaging are
traditional tools to identify hepatic lesions. Ultrasound is pre-
ferred for the initial detection of liver abscesses due to its conve-
nience and availability in real-world settings, but some lesions
may not be diagnosed via ultrasound due to their small size or
location with poor visualization (e.g., segment 7/8 of the liver).
The sensitivity of ultrasound (85%) has been reported to be
lower than CT scan, which has a sensitivity of 97%.9,10 CT scans
are recommended for confirming PLA if ultrasound results are
inconclusive but not commonly utilized in the initial examina-
tion.11 A better tool used for early diagnosis with PLA is an
unmet clinical need.

In China, CT imaging is considered the gold standard for
assessing intra-abdominal infection.12 We conducted a retrospec-
tive study to evaluate the feasibility of early CT imaging for
examining patients with PLA and measuring its effects on dis-
ease status. This study retrospectively collected data from
patients with PLA who received nonenhanced CT examinations,
and compared disease characteristics, treatment strategy, and dis-
ease status between patients who received early CT scans (within
48 h after admission) and those who received late CT scans
(>48 h after admission).

Methods

Study design. This was a retrospective study aimed at
obtaining clinical data of 76 patients hospitalized at the Depart-
ment of Digestive Disease of Xiamen Chang Gung Hospital in
China, to analyze the disease status and management after early
examination using nonenhanced CT to diagnose PLA. Patients
with PLA who were hospitalized and received CT examination
from January 2014 to June 2021 were included, while patients
with amebic liver abscess, aged ≤14 years, or those who under-
went surgery for PLA were excluded. Enrolled patients were

divided into (1) the early CT group, comprising patients who
received a CT scan within 48 h after admission; and (2) the late
CT group, comprising patients who received a CT scan >48 h
after admission. The primary endpoint was the difference in the
length of hospitalization days between groups, while the second-
ary endpoint was to compare the interval between initiating per-
cutaneous drainage and admission.

This study was approved by the institutional review board
(IRB) of Xiamen Chang Gung Hospital (IRB number:
XMCGIRB2021037) and waived the informed consent. The
study was conducted in accordance with the applicable local reg-
ulations and the ethical principles outlined in the Declaration of
Helsinki.

Variables. Data collected from medical charts included demo-
graphics, disease characteristics, laboratory results, percutaneous
drainage, hospitalization records, and body temperature during
hospitalization. The severity of PLA was determined by using
quick sequential organ failure assessment (qSOFA) and systemic
inflammatory response syndrome (SIRS) at baseline. qSOFA is
an assessment for identifying the severity of intra-abdominal
infections; qSOFA ≥2 indicates patients with severe infection
(score range: 0–3 points).12,13 SIRS is used to determine the level
of inflammatory status, with patients having severe inflammatory
response if SIRS meets ≥2 criteria.

Statistical methods. Continuous variables were compared
using two sample t-tests or Wilcoxon rank-sum tests. Categorical
variables were analyzed using Chi-square tests or Fisher’s exact
tests. A significant difference was defined as a P value <0.05.
Data analyses were performed using Statistical Analysis Software
(SAS®) version 9.4 (SAS Institute, Cary, NC, USA).

Results
We analyzed data from 76 eligible patients diagnosed with PLA,
with 56 patients receiving a CT scan within 48 h after admission
(referred to as the early CT group) and 20 patients receiving a
CT scan more than 48 h after admission (referred to as the late
CT group) (Fig. 1). We compared demographic data,

Figure 1 Eligible patients who received a CT scan within 48 h after admission were referred to as the early CT group; those who received a CT
scan over 48 h after admission were referred to as the late CT group.
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comorbidities, disease characteristics, and severity of PLA
between the two groups, and found no significant differences
(Table 1). The median age was 55.6 years (range 24–78) in the
early CT group and 51.8 years (range 15–93) in the late CT
groups, with males accounting for a higher proportion in both
groups (62.5% vs. 7 5.0%). For the early CT group, 42.9% of
patients had diabetes mellitus, 17.9% had hypertension, and
10.7% had gallstones or bile duct stones; for the late CT group,
30.0% had hypertension, 25.0% had diabetes mellitus or gall-
stones, and 15.0% had cholangitis. Disease characteristics and
severity of PLA were also comparable between groups. Biliary

origin was the main cause of PLA in both groups (30.4% in early
CT; 40.0% in late CT). The number of lesions and their diameter
were similar in both groups, with lesions mostly located in the
right lobe of the liver. Both groups had low risks of developing
sepsis and low systemic inflammatory response (qSOFA ≤1 and
SIRS <2).

Laboratory data are also summarized in Table 1. Gener-
ally, the laboratory results were comparable between the two
groups, except for white blood cells (WBC), which were signifi-
cantly lower in the early CT group than the late CT group
(11.4 � 5.52 � 109/L vs. 15.4 � 5.26 � 109/L; P = 0.006).

Table 1 Comparison of clinical variables between early and late CT groups

Early CT, n = 56 Late CT, n = 20 P value

Baseline demographics and comorbidities
Age (years) 55.6 (24.0–78.0)a 51.8 (15.0–93.0)a 0.322b

Sex, males 35 (62.5)a 15 (75.0)a 0.312b

Comorbidity, n
Diabetes mellitus 24 (42.9)a 5 (25.0)a 0.158b

Hypertension 10 (17.9)a 6 (30.0)a 0.253b

Biliary disease 0.164b

Gallstones 6 (10.7)a 5 (25.0)a

Bile duct stone 6 (10.7)a 0 (0.0)a

Cholangitis 3 (5.4)a 3 (15.0)a

Cholecystitis 2 (3.6)a 1 (5.0)a

Baseline disease characteristics and severity
Pathophysiology 0.68b

Unknown 36 (64.3)a 12 (60.0)a

Biliary origin 17 (30.4)a 8 (40.0)a

Hematogenous spread 2 (3.6)a 0 (0.0)a

Hepatocellular carcinoma 1 (1.8)a 0 (0.0)a

Number of lesions 1.6 � 1.5a 1.2 � 0.5a 0.40b

Location of lesions
Right lobe 42 (75.0)a 14 (70.0)a

Left lobe 7 (12.5)a 5 (25.0)a

Bilateral 7 (12.5)a 1 (5.0)a

Diameter of lesion (cm) 5.9 � 3.0a 6.5 � 2.7a 0.42b

SIRS 1.6 � 1.2a 1.9 � 1.3a 0.30b

qSOFA 0.3 � 0.6a 0.2 � 0.4a 0.535b

Baseline laboratory data
WBCs (�109/L) 11.4 � 5.5a 15.4 � 5.3a 0.01b

Hemoglobin (g/L) 126.7 � 18.6a 122.5 � 17.2a 0.38b

Platelet (�109/L) 232.5 � 146.2a 239.2 � 94.6a 0.30b

Hs-CRP (mg/L) 187.6 � 109.6a 196.4 � 128.4a 0.88b

AST (U/L) 100.3 � 130.8a 82.1 � 68.5a 0.71b

ALT (U/L) 90.5 � 103.5a 94.2 � 84.5a 0.78b

Total bilirubin 34.7 � 52.7a 28.1 � 21.3a 0.61b

Albumin (g/L) 32.7 � 7.1a 32.6 � 5.8a 0.93b

Creatinine (μmol/L) 87.2 � 49.7a 81.1 � 16.8a 0.62b

BUN (mmol/L) 6.5 � 7.1a 5.4 � 2.5a 0.86b

ALK (U/L) 184.8 � 152.2a 206.9 � 167.9a 0.26b

GGT (U/L) 164.4 � 155.3a 170.5 � 173.0a 0.82b

aData are summarized as median (interquartile range), or n (%).
bTo compare differences between groups, two sample t-tests or Wilcoxon rank-sum tests were used for continual variables; Chi-square tests or
Fisher’s exact tests were applied for categorical variables.
ALK, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CT, computed tomography;
GGT, gamma-glutamyl transferase; Hs-CRP, high-sensitivity C-reactive protein; PLA, pyogenic liver abscess; qSOFA, quick sequential organ failure
assessment; SIRS, systemic inflammatory response syndrome; WBCs, White blood cells.
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The early CT group had significantly shorter hospital stays
(early CT vs. late CT = 15.0 days vs. 20.5 days; P = 0.035) and
a significantly shorter interval to initiate drainages than the late
CT group (1.0 day vs. 4.5 days; P < 0.001) (Table 2). However,
the duration of fever and body temperature during hospitalization
were not significantly different between the groups (data not
shown).

Discussion
An intra-abdominal infection such as PLA can lead to a high
mortality rate caused by sepsis if not recognized early and man-
aged promptly. Prompt and accurate diagnosis and treatment are
crucial. With the routine clinical practice of using CT imaging
for identifying intra-abdominal infection in China, this two-arm,
retrospective study collected clinical data to evaluate the effects
of early adoption of nonenhanced CT imaging (i.e., within 48 h
after admission) on the disease status and recovery in patients
with PLA. Patients receiving early or late CT scans had compara-
ble disease severity, except for a lower WBC level in the early
CT group. The study found that patients receiving an early CT
scan had a shorter hospital stay and received drainages earlier.

Compared with other Western studies, outcomes of
patients receiving CT scan within 48 h after admission in the cur-
rent study were also more favorable, with a shorter length of stay
(15.0 days) than other Western real-world studies (Italy: 24 days;
United Kingdom: 22 days)6,14 and a lower mortality rate of 0%
versus other studies (Italy: 11 patients [10.1%]; United Kingdom:
8 patients [12.3%]).6,14 In the comparison with Asian studies, the
length of hospital stay and in-hospital mortality in our study were
also better than a Taiwanese study (19.6 days; 6.3%),15 and simi-
lar to another Chinese study (14.5 days; 1.5%).8 Differences in
patient and disease characteristics (lesion size, pathogenesis, and
comorbidity) between studies and races are inevitable; CT scan-
ning conducted in the early 48 h may be a potential first-line
diagnostic tool for identifying liver abscess. Early diagnosis
allows physicians to plan treatment strategies, which may con-
tribute to improving disease status and faster recovery. These
suggest that an early CT scan within 48 h after admission may
enable early diagnosis of PLA for effective and prompt
treatment.

Furthermore, 51.7% of eligible patients (n = 29; data not
shown) in the current study had the lesion located in segment 7/8
of the liver. This study also presented that first-line CT scanning
in the emergency department enabled detection of the lesion in
the liver segment earlier where ultrasound examination may fail
to detect the lesion thoroughly.

However, there are some limitations in this study. First,
our findings may not be generalizable as it was a single-center
study conducted in China. Second, there was a selection bias in
the patients. The enrolled individuals were from different
departments, including gastroenterology and nongastroenterology
of emergency, chest, and endocrinology. Those non-
gastroenterological physicians preferred to choose abdominal
echo as the initial screening tool, considering the cost and radia-
tion exposure and CT as the later method. Thus, we hope the
findings in the result may raise the alertness of PLA, especially
for physicians other than gastroenterologists. Third, the number
of enrolled patients per group was imbalanced, despite their base-
line data being generally homogeneous. Forth, we observed that
the WBC level was significantly lower in the early CT group
than the late CT group, and such difference may bias the compar-
ison of disease status and management between groups. Results
should be interpreted with caution due to the imbalance in the
patient pool, and a randomized-controlled study is required to
validate our findings. Fifth, 56.5% of patients (n = 43) were
infected by Klebsiella pneumoniae (data not shown), and diverse
pathogens causing PLA may influence the therapeutic decision
and strategy; therefore, results need to be interpreted with
care.2,16 To our best knowledge, this study is the first research to
evaluate the impact of adopting early CT imaging on PLA
patients in comparison with late CT imaging. And the result sug-
gests that early adoption of nonenhanced CT imaging within
48 h after admission may enable earlier definite diagnosis of liver
abscess for effective and prompt treatment, leading to a shorter
hospital stay. However, further studies on large scale are needed
to validate these findings.

Conclusion
The retrospective study showed that early adoption of non-
enhanced CT scanning for patients with suspected pyogenic liver
abscesses led to a decrease in the length of hospital stay and ear-
lier drainages for patients after admission. Moreover, we hope
the findings in this study might remind clinicians, especially
those other than gastroenterologists, remain vigilant for liver
abscesses and arrange earlier CT examinations to achieve a defi-
nite diagnosis.
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Table 2 Comparison of clinical outcomes and treatments between early and late CT groups

Early CT, n = 56 Late CT, n = 20 P value

Length of hospitalization (days) 15.0 (3.0–68.0)a 20.5 (6.0–37.0)a 0.035b

Interval between admission and initial drainage (days) 1.0 (1.0–9.0)a 4.5 (2.0–30.0)a <0.001b

aData are summarized as median (interquartile range).
bTo compare differences between groups, two sample t-tests or Wilcoxon rank-sum tests were used for continual variables; Chi-square tests or
Fisher’s exact tests were applied for categorical variables.
Significant P values are marked in bold.
CT, computed tomography.

A beneficial clue for nongastroenterologists T-Y Chiang et al.

422 JGH Open: An open access journal of gastroenterology and hepatology 7 (2023) 419–423

© 2023 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



Ethics statement
The study protocol was reviewed and approved by the Institu-
tional Review Board of Xiamen Chang Gung Hospital (approval
number: XMCGIRB2021037). Because of the retrospective
nature of the study, written patient consent was waived by the
Institutional Review Board of Xiamen Chang Gung Hospital. All
methods were conducted in accordance with the guidelines of the
Declaration of Helsinki.

Data availability statement. The data of this study are
available from the corresponding author, upon reasonable request.
Tung-Ying Chiang and Yang-Bor Lu have full access to all the data
in the study and take responsibility for the integrity of the data, the
accuracy of the data analysis, and the conduct of the research.

References

1 Akhondi H, Sabih DE. StatPearls. StatPearls Publishing Copyright
2021, StatPearls Publishing LLC., 2021.

2 Meddings L, Myers RP, Hubbard J et al. A population-based study of
pyogenic liver abscesses in the United States: incidence, mortality,
and temporal trends. Am. J. Gastroenterol. 2010; 105: 117–24.

3 Cho H, Lee ES, Lee YS et al. Predictors of septic shock in initially
stable patients with pyogenic liver abscess. Scand. J. Gastroenterol.
2017; 52: 589–94.

4 Su Y-J, Lai Y-C, Lin Y-C, Yeh Y-H. Treatment and prognosis of
pyogenic liver abscess. Int. J. Emerg. Med. 2010; 3: 381–4.

5 Satiani B, Davidson ED. Hepatic abscesses: improvement in mortality
with early diagnosis and treatment. Am. J. Surg. 1978; 135: 647–50.

6 Serraino C, Elia C, Bracco C et al. Characteristics and management
of pyogenic liver abscess: A European experience. Medicine
(Baltimore). 2018; 97: e0628–8.

7 Chen SC, Huang CC, Tsai SJ et al. Severity of disease as main predic-
tor for mortality in patients with pyogenic liver abscess. Am. J. Surg.
2009; 198: 164–72.

8 Li S, Yu S, Peng M et al. Clinical features and development of Sepsis
in Klebsiella pneumoniae infected liver abscess patients: a retrospec-
tive analysis of 135 cases. BMC Infect. Dis. 2021; 21: 597.

9 Bächler P, Baladron MJ, Menias C et al. Multimodality Imaging of
Liver Infections: Differential Diagnosis and Potential Pitfalls. Radio-
graphics. 2016; 36: 1001–23.

10 Lin AC, Yeh DY, Hsu Y-H et al. Diagnosis of pyogenic liver
abscess by abdominal ultrasonography in the emergency depart-
ment. Emerg. Med. J. 2009; 26: 273–5.

11 Halvorsen RA Jr, Foster WL Jr, Wilkinson RH Jr, Silverman PM,
Thompson WM. Hepatic abscess: sensitivity of imaging tests and
clinical findings. Gastrointest. Radiol. 1988; 13: 135–41.

12 Expert consensus on multidisciplinary management of intra-
abdominal infections. Zhonghua wai ke za zhi [Chin. J. Surg.].
2021; 59: 161–78.

13 Kong T, Park YS, Lee HS et al. The Delta Neutrophil Index Predicts
the Development of In-hospital Hypotension in Initially Stable
Patients with Pyogenic Liver Abscess. Sci. Rep. 2019; 9: 12105.

14 Mohsen AH, Green ST, Read RC, McKendrick MW. Liver abscess
in adults: ten years experience in a UK centre. QJM Int. J. Med.
2002; 95: 797–802.

15 Liu KT, Lin TJ, Lee CW, Chen HC, Chang YY. Characteristics of
undiagnosed liver abscesses on initial presentation at an emergency
department. Kaohsiung J. Med. Sci. 2010; 26: 408–14.

16 Cerwenka H. Pyogenic liver abscess: differences in etiology and treat-
ment in Southeast Asia and Central Europe. World J. Gastroenterol.
2010; 16: 2458–62.

T-Y Chiang et al. A beneficial clue for nongastroenterologists

JGH Open: An open access journal of gastroenterology and hepatology 7 (2023) 419–423

© 2023 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.

423


	 The influence of early adoption of nonenhanced computed tomography on management of patients with pyogenic liver abscess
	Introduction
	Methods
	Study design
	Variables
	Statistical methods

	Results
	Discussion
	Conclusion
	Acknowledgments
	Ethics statement
	Data availability statement

	References


