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Background: Septic pulmonary embolism (SPE) is an associated complication of Klebsiella pneumoniae liver abscess (KPLA).
However, previous studies have reported that its incidence varies widely. We conducted a systematic review and meta-analysis
to investigate the incidence of SPE in patients with KPLA. We further analyzed their clinical and computed tomography (CT)
features. Methods: Two researchers reviewed PubMed, EMBASE, Web of Science, and Cochrane Library databases to identify
the articles that reported SPE in patients with KPLA. The search was conducted from the date of establishment of each
database up to January 2021. After screening the articles and extracting the data, we used Review Manager 5.3 for analysis and
processing. Results: We selected six articles that included 1,158 patients with KPLA. Of these, 70 patients had SPE. The pooled
incidence of SPE was 6% (95% confidence interval, 3%–9%). Among patients with SPE, 85% were men, 72% had diabetes, and
52% displayed the feeding vessel sign on the chest CT. The mortality rate was 12%. Quality assessment revealed that half of the
included studies had a high quality. Conclusion: The pooled incidence of SPE in patients with KPLA was 6%. Men and patients
with diabetes were more prone to SPE. For patients with KPLA who had SPE as an associated complication, the mortality rate
was approximately 12%.

1. Introduction

Liver abscess is a common infectious disease caused by bac-
teria, fungi or parasites. Escherichia coli had always been the
most common causative agent implicated in liver abscess.
However, since the mid-1980s, an increasing number of
cases of Klebsiella pneumoniae liver abscess (KPLA) have
been reported, especially in Asia [1–4]. Patients with KPLA
are prone to migratory infections, such as septic pulmonary
embolism (SPE), endogenous endophthalmitis, and menin-
gitis, a condition known as invasive Klebsiella pneumoniae
liver abscess syndrome (IKPLAS) [5].

Septic pulmonary embolism (SPE) is a non-thrombotic,
pathogen-containing thrombus causing bacterial embolism
in the pulmonary vessels derived from a primary infection
site via the venous circulation [6]. The reported incidence
of SPE in patients with KPLA varies from 2.7% to 16.3%

[6–11]. However, its prevalence remains unclear due to the
paucity of large sample or population-based studies. Mean-
while, awareness about SPE among clinical staff is inade-
quate. In clinical practice, radiologists rarely diagnose SPE,
and some may mistake it for malignant lung metastases.
Respiratory physicians are often unable to distinguish SPE
from community-acquired pneumonia. Therefore, the diag-
nosis and treatment of SPE is often delayed [12, 13].

However, SPE induced by KPLA can rapidly progress
from light respiratory symptoms to respiratory failure and
septic shock. Further, it carries a higher mortality rate than
KPLA alone [6–8]. A thorough understanding of the clinical
and radiological characteristics of SPE will aid its diagnosis
and treatment. Therefore, this study was aimed at evaluating
the incidence of SPE in KPLA patients by reviewing previous
related studies. Further, we discuss the clinical and computed
tomography (CT) features of SPE associated with KPLA.
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2. Method

We conducted the systematic review in accordance with the
guidelines of the Cochrane Handbook for Systematic
Reviews of Intervention [14] and the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines [15].

2.1. Literature Search. Two researchers reviewed the
PubMed, EMBASE, Web of Science, and Cochrane Library
databases to identify articles regarding SPE in patients with
KPLA. We included articles from the time each database
was established up to January 2021, using combinations of
the following keywords: “septic pulmonary embolism,” “sep-
tic pulmonary emboli,” “liver abscess,” “hepatic abscess,”
“Klebsiella,” and “pyogenic liver abscess.”

Two authors independently reviewed the articles based
on the inclusion and exclusion criteria listed below. Any dif-
ferences in opinions regarding selection of the articles were
resolved by discussion with a third author, who made the
final decision. Finally, the references of the selected studies
were screened to identify any other potentially relevant stud-
ies for inclusion.

2.2. Selection of Studies. The inclusion criteria for the studies
were as follows: (1) Patients with liver lesions on CT, (2)

patients for whom pus was extracted during drainage or
diagnostic aspiration and the pus or blood culture indicated
the presence of Klebsiella pneumoniae, (3) studies that
included fifty or more patients with KPLA, and (4) the stud-
ies for which the number of cases of SPE in patients with
KPLA was stated. We used the following exclusion criteria:
(1) Studies wherein SPE was only investigated in a particular
subgroup of patients with KPLA, or (2) studies wherein the
concept of SPE was not clearly described.

2.3. Characteristics of Included Studies. We included six
studies [6–11] (Figure 1), which comprised of 1,158 patients
with KPLA, 70 of whom developed SPE. The studies were
conducted in four different geographic locations: China, Tai-
wan [6, 7, 10]; China, mainland [8]; Singapore [9]; and
South Korea [11]. All the studies were published from
2008 to 2015. The number of patients with KPLA in each
study ranged from 92 [9] to 355 [7]. All studies were retro-
spective in their methodology (Table 1).

2.4. Extraction of Data. Two authors independently
extracted and entered the data from each included study in
standardized Microsoft Excel sheets. The same authors
examined the data, and consensus was reached for any dis-
crepancy by reviewing the study. The following information
was extracted from each article: characteristics of the study

PUBMED: 19
EMBASE: 19
Web of science: 27
Cochrane: 0

Articles combined and
duplicates removed

38 articles screened for title and/or abstracts

61 studies excluded, with reason
60 studies lacked sufficient
information on septic pulmonary
embolism
1 study primarily on Klebsiella
pneumoniae bacteremia

47 additional studies added
a�er review of references

6 studies included for final review

67 studies undergoing assessment of eligibility
for ‘inclusion’ and ‘exclusion’ criteria

No additional records from
other sources

Figure 1: A schematic flowchart of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Six
studies were finally selected.
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(year, authors, place, type of study, and time period) and
assessment of SPE (number of SPE cases and clinical and
radiological features).

2.5. Assessment of the Quality of the Included Studies. Two
authors independently assessed each included study for the
methodological quality. A predefined scale that included
the following eight items was used for assessment, with
“yes” and “no” as options for the answers: (1) KPLA repre-
sented the entire population and not a sample thereof, (2)
unbiased sampling frame, (3) adequate sampling, (4) the
criteria for diagnosing KPLA were described, (5) SPE was
detected using standard protocols, (6) SPE was assessed by
unbiased personnel, (7) the criteria for diagnosing SPE were
described, and (8) outcomes were reported for 70% or
more of the patients with KPLA. Each positive answer
was assigned one point. We defined the following ranges
to qualitatively classify the overall quality of the research:
0 – 4 = poor quality; 5 – 6 = fair quality; and 7 – 8 = high
quality [16].

2.6. Statistical Analysis. Considering the expected heteroge-
neity in effect sizes [17], a pooled estimate of the incidence
of SPE in patients with KPLA was performed using a
random-effects model based on the method described by
Der Simonian and Laird [18]. We assessed the heterogeneity
among the included studies using forest plots, which graph-
ically represented the effect size with the 95% confidence
interval (CI). Further, a two-tailed (p < 0:05) was considered
statistically significant [19]. We used the Cochran Q test to
assess the statistical heterogeneity and quantified it using
the I2 index.

3. Results

3.1. Incidence of SPE in KPLA. Seventy patients had SPE
in the six selected studies. The lowest incidence was
2.7% (9 of 335 patients) and the highest was 7.9% (15 of
92 patients). Using the random-effects model, the pooled
incidence rate of SPE in patients with KPLA was 6% (95%
CI, 3%–9%) (Figure 2). The studies had high (I2 = 76%)
and significant (p < 0:001) heterogeneity of incidence.

3.2. Clinical and Radiological Features of SPE. Three studies
included data on the sex of patients and the occurrence of
SPE. A consolidation analysis revealed that male patients
constituted 85% of the patients who developed SPE (95%
CI, 69%–101%) (Figure 3(a)).

Patients with diabetes are at high risk for KPLA. We
conducted a consolidated analysis to analyze the association
between diabetes and SPE, which revealed that 72% of
patients with SPE had diabetes (95% CI, 51%–93%). This
indicates a close association between diabetes and SPE
(Figure 3(b)).

Mortality is a crucial prognostic indicator, and our anal-
ysis revealed a mortality rate of 12% in patients with KPLA
complicated by SPE (95% CI, 1%–25%) (Figure 3(c)).

Previous studies have indicated that the feeding vessel
sign (FVS) is a typical radiological finding in SPE. In this
meta-analysis, 52% of patients with SPE displayed FVS
(95% CI, 22%–82%) (Figure 3(d)).

3.3. Assessment of the Quality of each Study. Three studies
were assigned as high quality [6–8], three as fair quality
[9–11], and no studies as poor quality (Table 2).

4. Discussion

To the best of our knowledge, this is the first systematic
review and meta-analysis that evaluated the incidence of
SPE in patients with KPLA. For the six studies included in
our study, the incidence of SPE in 1,158 patients with KPLA
was 6% (95% CI, 3%–9%). Although few studies reported
multiple neutrophils and foam tissue cells as the pathologic
findings of SPE [20], percutaneous needle aspiration biopsy
is difficult in clinical practice. The diagnosis of SPE is pri-
marily based on assessment of the clinical and radiological
features. It is difficult to distinguish SPE from other pulmo-
nary diseases. Therefore, we summarized the clinical and
radiological manifestations of SPE to determine and treat it
in a timely and accurate manner.

Our analysis revealed that 85% of KPLA patients with
SPE was men and 72% had diabetes. Several studies on bacte-
rial pathogenesis have documented that the capsular polysac-
charide serotypes K1 and K2 of Klebsiella pneumoniae are

Total (95% CI)

Study or subgroup Risk difference SE Weight IV. Random. 95% CI
Risk difference

IV. Random. 95% CI
Risk difference

100.0% 0.06 [0.03, 0.09]

Alsaif et al
Chang et al
Chou et al
Lee et al
Yang et al
Yoon et al

0.087866
0.063348
0.026866
0.045455
0.037267
0.163044

Heterogeneity: Tau2 = 0.00; Chi2 = 20.61, df = 5 (P = 0.0010); I2 = 76%
Test for overall effect: Z = 4.33 (P < 0.0001)

0.018312
0.016386
0.008834
0.019861
0.014928
0.038513

16.9% 0.09 [0.05, 0.12]
0.06 [0.03, 0.10]
0.03 [0.01, 0.04]
0.05 [0.01, 0.08]
0.04 [0.01, 0.07]
0.16 [0.09, 0.24]

–1 –0.5 0
Favours [experimental] Favours [control]]

0.5 1

18.0%
21.8%
16.1%
18.8%

8.4%

Figure 2: The incidence of septic pulmonary embolism (SPE) in patients with Klebsiella pneumoniae liver abscess (KPLA). A pooled
estimate of the incidence of SPE in patients with KPLA revealed that the overall incidence was 6% (95% CI, 3%–9%). There was
considerable and significant heterogeneity (p < 0:01, I2 = 76%).
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the key microorganism virulence factors that contribute to
the development of septic metastatic infection [21, 22]. Lin
et al. further identified that neutrophil-mediated phagocy-
tosis of Klebsiella pneumoniae is impaired in diabetic
patients with poor glycemic control, which contributes to
the development of metastatic infection in liver abscesses
[23]. Therefore, diabetes is an important risk factor for

cases of KPLA that are complicated by SPE. The two most
common symptoms of SPE are fever and shortness of
breath, which are not particularly different from those of
other respiratory infections. Therefore, clinicians should
be alert about the possibility of SPE when KPLA patients
with diabetes or those who are male present with respira-
tory symptoms.

–1 –0.5 0

Favours [experimental] Favours [control]]

0.5 1

Study or subgroup Risk difference SE Weight IV. Random. 95% CI
Risk difference

IV. Random. 95% CI
Risk difference

Chang et al
Chou et al
Yang et al

0.046471
0.120736

0.13858

50.7% 0.95 [0.86, 1.04]
0.71 [0.86, 1.04]
0.78 [0.51, 1.05]

26.7%
22.7%

Total (95% CI) 0.85 [0.69, 1.01]100.0%

0.952381
0.714286
0.777778

Heterogeneity: Tau2 = 0.01; Chi2 = 4.37, df = 2 (P = 0.11); I2 = 54%
Test for overall effect: Z = 10.16 (P < 0.00001)

(a)

–1 –0.5 0

Favours [experimental] Favours [control]]

0.5 1

Study or subgroup Risk difference SE Weight IV. Random. 95% CI
Risk difference

IV. Random. 95% CI
Risk difference

Chang et al
Chou et al
Yang et al

0.108985
0.093522

0.13858

34.2% 0.52 [0.31 0.74]
0.86 [0.67, 1.04]
0.78 [0.51, 1.05]

37.7%
28.2%

Total (95% CI) 0.72 [0.51, 0.93]100.0%

0.52381
0.857143
0.777778

Heterogeneity: Tau2 = 0.02; Chi2 = 5.55, df = 2 (P = 0.06); I2 = 64%
Test for overall effect: Z = 6.67 (P < 0.00001)

(b)

–1 –0.5 0

Favours [experimental] Favours [control]]

0.5 1

Study or subgroup Risk difference SE Weight IV. Random. 95% CI
Risk difference

IV. Random. 95% CI
Risk difference

Chang et al
Chou et al
Yang et al

0.046471
0.093522
0.157135

54.7% 0.05 [–0.04, 0.14]
0.14 [–0.04, 0.33]

0.33 [0.03, 0.64]
30.5%
14.8%

Total (95% CI) 0.12 [–0.01, 0.25]100.0%

0.047619
0.142857

0.33333

Heterogeneity: Tau2 = 0.01; Chi2 = 3.53, df = 2 (P = 0.17); I2 = 43%
Test for overall effect: Z = 1.76 (P = 0.08)

(c)

–1 –0.5 0

Favours [experimental] Favours [control]]

0.5 1

Study or subgroup Risk difference SE Weight IV. Random. 95% CI
Risk difference

IV. Random. 95% CI
Risk difference

Chang et al
Chou et al
Yang et al

0.108985
0.109664

0.13858

34.5% 0.52 [0.31, 0.74]
0.79 [0.57, 1.00]

0.22 [–0.05, 0.49]
34.4%
31.2%

Total (95% CI) 0.52 [0.22, 0.82]100.0%

0.52381
0.785714
0.222222

Heterogeneity: Tau2 = 0.06; Chi2 = 10.27, df = 2 (P = 0.006); I2 = 81%
Test for overall effect: Z = 3.36 (P = 0.08)

(d)

Figure 3: The clinical and imaging features of SPE. (a) 85% patients with SPE were male (95% CI, 69%–101%). There was fair and moderate
heterogeneity (p = 0:11, I2 = 54%). (b) 72% patients with SPE had diabetes mellitus (95% CI, 51%–93%). There was considerable and
substantial heterogeneity (p < 0:10, I2 = 64%). (c) The pooled mortality rate of Klebsiella pneumoniae liver abscess (KPLA) with SPE was
12% (95% CI, –1%–25%). There was considerable and moderate heterogeneity (p < 0:10, I2 = 43%). (d) 52% patients with SPE had the
feeding vessel sign (95% CI, 22%–82%). There was considerable and significant heterogeneity (p < 0:10, I2 = 81%).
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SPE is suspected in other lung infections or tumors;
hence, it is necessary to clarify the CT features of SPE. The
most common CT features of SPE include FVS, multiple
nodules, peripheral wedge-shaped shadows, halo sign, and
pleural effusion [6, 8, 11]. These features are complex and
may coexist. In this study, we found FVS in approximately
52% of the KPLA patients with SPE. In a previous study with
168 cases of KPLA patients with SPE, the cause of SPE
included drug addiction, infective endocarditis, intravascular
indwelling catheters, and liver abscess. Herein, 37 patients
(27.6%) displayed FVS signs on the CT [24]. However, in
the current study, we observed 52% incidence of FVS, which
possibly indicates that the incidence of FVS is higher in
patients with KPLA-induced SPE. Although the pulmonary
nodules or wedge-shaped lesions caused by septic emboli
are due to the embolization of the small branches of the pul-
monary arteries, the conventional CT techniques followed
presently cannot detect these arteries. Reports have shown
that pulmonary veins, and not pulmonary arteries, are
involved in FVS. The most likely transfer route of SPE is that
Klebsiella pneumoniae invades the adjacent hepatic veins,
resulting in thrombophlebitis. It then enters the inferior
vena cava, subsequently invading the lung parenchyma via
the pulmonary artery, and finally forms SPE [8].

The pooled mortality rate of KPLA with SPE was 12% in
the current study, and the reported mortality rate of KPLA
ranged from 5.4% to 6.1% [7, 10]. Six patients with SPE died
in the three included studies. The main causes of death were
respiratory failure and septic shock. Three patients had
extrapulmonary metastases, of which two had septic metas-
tatic meningitis and one had septic metastatic pericarditis. If
SPE is not controlled in time, it might cause respiratory fail-
ure and endanger the life of the patient. In addition, KPLA
patients with SPE are more likely to develop extrahepatic
disseminated infections and septic shock [8], which cause
high mortality in SPE patients.

Many studies have reported the incidence of “pulmonary
abscess” and “pulmonary infection” in patients with KPLA
without using the term “SPE” [25, 26]. This may result in
the underestimation of the true incidence of SPE in patients
with KPLA. In addition, some nodules are too small to
appear on chest X-rays, and they can only be identified on
chest CT scans—this constitutes another reason for the
underestimation of the incidence of SPE in patients with
KPLA. Therefore, we recommend routine chest CT scans
instead of chest X-rays for patients with liver abscesses to
facilitate earlier identification of SPE.

Our study had several limitations. First, the available lit-
erature and the sample size were limited and only three of
the six included studies were of high quality. Second, all
the studies included had a retrospective design and thus
had inherent biases and limitations. In addition, these stud-
ies led to considerable heterogeneity in the incidence of SPE
in KPLA in different periods and populations.

In summary, this meta-analysis estimated the incidence
of SPE in patients with KPLA at 6%. SPE mostly occurred
in patients with KPLA who had diabetes or were male. The
most relevant CT feature of SPE was FVS. KPLA accompa-
nied by SPE has a poor prognosis. However, considering that

only half of the articles included in this study were of high
quality, our conclusions should be interpreted with caution.
Future studies with larger samples are needed to provide
further evidence.

Data Availability

All data generated or analyzed during this study are included
in this published article and its supplementary information
files.

Ethical Approval

The authors are accountable for all aspects of this work. All
authors declare that the accuracy and integrity of this work
were duly maintained.

Conflicts of Interest

All authors declare that they have no competing interests.

Authors’ Contributions

Yunan Wang contributed to the conception and design, lit-
erature search, statistical analysis, interpretation of data,
and drafting of the article. Hairui Wang contributed to the
conception and design, collection of data, appraisal of qual-
ity of the studies, statistical analysis, and interpretation of
results. Zhaoyu Liu contributed to the collection of data
and synthesis, appraisal of quality of the studies, and critical
revision of the article. Zhihui Chang contributed to the crit-
ical revision of the article for important intellectual content,
final approval of the article, and supervision of the study.

Acknowledgments

The study was supported by the National Natural Science
Foundation of China (Grant No. 81901856) and the 345 Tal-
ent Project in Shengjing hospital of China Medical
University.

References

[1] Y. C. Chen, C. H. Lin, S. N. Chang, and Z. Y. Shi, “Epidemiol-
ogy and clinical outcome of pyogenic liver abscess: an analysis
from the National Health Insurance Research Database of Tai-
wan, 2000-2011,” Journal of Microbiology, Immunology, and
Infection, vol. 49, no. 5, pp. 646–653, 2016.

[2] D. R. Chung, S. S. Lee, H. R. Lee et al., “Emerging invasive liver
abscess caused by K1 serotype Klebsiella pneumoniae in
Korea,” The Journal of Infection, vol. 54, no. 6, pp. 578–583,
2007.

[3] T. Fazili, C. Sharngoe, T. Endy, D. Kiska, W. Javaid, and
M. Polhemus, “Klebsiella pneumoniae liver abscess: an emerg-
ing disease,” The American Journal of the Medical Sciences,
vol. 351, no. 3, pp. 297–304, 2016.

[4] Y. Qian, C. C. Wong, S. Lai et al., “A retrospective study of
pyogenic liver abscess focusing on Klebsiella pneumoniae as a
primary pathogen in China from 1994 to 2015,” Scientific
Reports, vol. 6, no. 1, article 38587, 2016.

7Gastroenterology Research and Practice



[5] S. U. Shin, C. M. Park, Y. Lee, E. C. Kim, S. J. Kim, and J. M.
Goo, “Clinical and radiological features of invasive Klebsiella
pneumoniae liver abscess syndrome,” Acta Radiologica,
vol. 54, no. 5, pp. 557–563, 2013.

[6] D. W. Chou, S. L. Wu, K. M. Chung, and S. C. Han, “Septic
pulmonary embolism caused by a Klebsiella pneumoniae liver
abscess: clinical characteristics, imaging findings, and clinical
courses,” Clinics, vol. 70, no. 6, pp. 400–407, 2015.

[7] P.W. Yang, H. D. Lin, and L. M.Wang, “Pyogenic liver abscess
associated with septic pulmonary embolism,” Journal of the
Chinese Medical Association, vol. 71, no. 9, pp. 442–447, 2008.

[8] Z. Chang, Z. Gong, J. Zheng, Y. Ma, and Z. Liu, “Computed
tomography features of septic pulmonary embolism caused
by Klebsiella pneumoniae liver abscess associated with extra-
pulmonary metastatic infection,” Journal of Computer Assisted
Tomography, vol. 40, no. 3, pp. 364–369, 2016.

[9] H. S. Alsaif, S. K. Venkatesh, D. S. G. Chan, and S. Archuleta,
“CT appearance of pyogenic liver abscesses caused by Klebsi-
ella pneumoniae,” Radiology, vol. 260, no. 1, pp. 129–138,
2011.

[10] S. S. Lee, Y. S. Chen, H. C. Tsai et al., “Predictors of septic
metastatic infection and mortality among patients with Klebsi-
ella pneumoniae liver abscess,” Clinical Infectious Diseases,
vol. 47, no. 5, pp. 642–650, 2008.

[11] J. H. Yoon, Y. J. Kim, Y. H. Jun et al., “Liver abscess due to
Klebsiella pneumoniae: risk factors for metastatic infection,”
Scandinavian Journal of Infectious Diseases, vol. 46, no. 1,
pp. 21–26, 2014.

[12] X. Zhang, Q. Yang, B. Gao et al., “Klebsiella pneumoniae infec-
tion associated septic pulmonary embolism in an emergency
department from east China,” Annals of Palliative Medicine,
vol. 10, no. 2, pp. 1521–1529, 2021.

[13] R. J. Cook, R. W. Ashton, G. L. Aughenbaugh, and J. H. Ryu,
“Septic pulmonary embolism: presenting features and clinical
course of 14 patients,” Chest, vol. 128, no. 1, pp. 162–166, 2005.

[14] M. Cumpston, T. Li, M. J. Page et al., “Updated guidance for
trusted systematic reviews: a new edition of the Cochrane
Handbook for Systematic Reviews of Interventions,” Cochrane
Database Syst Rev, vol. 10, article Ed000142, 2019.

[15] D. Moher, A. Liberati, J. Tetzlaff, D. G. Altman, and for the
PRISMA Group, “Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement,” BMJ,
vol. 339, article b2535, 2009.

[16] P. L. Loney, L. W. Chambers, K. J. Bennett, J. G. Roberts, and
P. W. Stratford, “Critical appraisal of the health research liter-
ature: prevalence or incidence of a health problem,” Chronic
Diseases in Canada, vol. 19, no. 4, pp. 170–176, 1998.

[17] R. D. Riley, J. P. Higgins, and J. J. Deeks, “Interpretation of ran-
dom effects meta-analyses,” BMJ, vol. 342, article d549, 2011.

[18] R. DerSimonian and N. Laird, “Meta-analysis in clinical trials,”
Controlled Clinical Trials, vol. 7, no. 3, pp. 177–188, 1986.

[19] J. P. Higgins, S. G. Thompson, J. J. Deeks, and D. G. Altman,
“Measuring inconsistency in meta-analyses,” BMJ, vol. 327,
no. 7414, pp. 557–560, 2003.

[20] S. J. Lee, Y. C. Weon, H. J. Cha et al., “A case of atypical skull
base osteomyelitis with septic pulmonary embolism,” Journal
of Korean Medical Science, vol. 26, no. 7, pp. 962–965, 2011.

[21] J. C. Lin, F. Chang, C. Fung et al., “High prevalence of
phagocytic-resistant capsular serotypes of Klebsiella pneumo-
niae in liver abscess,” Microbes and Infection, vol. 6, no. 13,
pp. 1191–1198, 2004.

[22] K. M. Yeh, A. Kurup, L. K. Siu et al., “Capsular serotype K1 or
K2, rather than magA and rmpA, is a major virulence determi-
nant for Klebsiella pneumoniae liver abscess in Singapore and
Taiwan,” Journal of Clinical Microbiology, vol. 45, no. 2,
pp. 466–471, 2007.

[23] J. C. Lin, L. K. Siu, C. P. Fung et al., “Impaired phagocytosis of
capsular serotypes K1 or K2 Klebsiella pneumoniae in type 2
diabetes mellitus patients with poor glycemic control,” The
Journal of Clinical Endocrinology and Metabolism, vol. 91,
no. 8, pp. 3084–3087, 2006.

[24] R. Ye, L. Zhao, C. Wang, X. Wu, and H. Yan, “Clinical charac-
teristics of septic pulmonary embolism in adults: a systematic
review,” Respiratory Medicine, vol. 108, no. 1, pp. 1–8, 2014.

[25] D. Yin, C. Ji, S. Zhang et al., “Clinical characteristics and man-
agement of 1572 patients with pyogenic liver abscess: a 12-year
retrospective study,” Liver International, vol. 41, no. 4,
pp. 810–818, 2021.

[26] S. T. Law and M. K. Kong Li, “Is there any difference in pyo-
genic liver abscess caused by Streptococcus milleri and Klebsi-
ella spp?: Retrospective analysis over a 10-year period in a
regional hospital,” Journal of Microbiology, Immunology, and
Infection, vol. 46, no. 1, pp. 11–18, 2013.

8 Gastroenterology Research and Practice


	The Incidence of Septic Pulmonary Embolism in Patients with Klebsiella pneumoniae Liver Abscess: A Systematic Review and Meta-analysis
	1. Introduction
	2. Method
	2.1. Literature Search
	2.2. Selection of Studies
	2.3. Characteristics of Included Studies
	2.4. Extraction of Data
	2.5. Assessment of the Quality of the Included Studies
	2.6. Statistical Analysis

	3. Results
	3.1. Incidence of SPE in KPLA
	3.2. Clinical and Radiological Features of SPE
	3.3. Assessment of the Quality of each Study

	4. Discussion
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

