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Abstract

Purpose Bloodstream infection (BSI) is an important cause of adverse outcomes for recipients with liver transplantation
(LT). This meta-analysis aimed to identify risk factors associated with post-LT BSI.

Methods Relevant studies published up to June 2017 were searched from seven electronic databases. The studies were
reviewed according to the inclusion and exclusion criteria. The Z test was used to determine the pooled odds ratio (OR) or
standardized mean difference (SMD) of the risk factors. ORs and their corresponding 95% confidence intervals (CIs), or
SMDs and their corresponding 95% ClIs were used to identify the significant difference of risk factors.

Results Seventeen studies enrolling 4410 recipients were included. Eleven risk factors were identified to be associated with
BSI after LT: male recipient (OR =1.28), ascites (OR = 1.68), model for end-stage liver disease (MELD) score (SMD =0.20),
Child—Pugh class C (OR =1.69), operation time (SMD =0.18), incompatible blood type (OR =2.87), operative blood loss
(SMD =0.33), rejection (OR =1.72), biliary complications (OR =1.91), hemodialysis (OR =3.37), and retransplantation
(OR =2.86).

Conclusions Although some risk factors were identified as significant factors for BSI after LT, which may provide a basis

for clinical prevention, well-designed prospective studies should be done to overcome the limitations of this study.
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Introduction

Liver transplantation (LT) has made great progress over the
last 50 years, and it can be considered a true life-saving pro-
cedure for patients with end-stage liver disease (ESLD) [1].
LT is a complex surgery that is performed in the potentially
contaminated abdominal cavity, and liver transplant recipi-
ents often also show nutritional deficiency and metabolic
abnormalities. Although surgical techniques have improved
and prophylactic strategies have been enhanced substantially
over the last several years, infection, particularly blood-
stream infection (BSI), is still a main cause of morbidity
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and mortality for patients with LT [2]. A previous multi-
center study reported that BSIs were identified in 19-40% of
liver transplant recipients [3]. Moreover, reported mortality
associated with BSI ranges from 10 to 52% [4-6].

Due to the variations in regional pathogen epidemiology,
the causative organisms of BSI are different between medi-
cal centers. The most frequent isolates are Enterococcus,
Klebsiella, Pseudomonas and Staphylococcus aureus (S.
aureus). Fungal infection is also an increasing cause of BSI
after LT [7-9]. In addition, intra-abdominal sepsis or biliary
tract infections with duodenal ascending colonization and
hematogenous spread from the hepatic portal vein are the
main causes of BSI. Other sources, such as catheter-related
infections, urinary tract infections, pulmonary infections and
wound infections are also important causes of BSI [10-12].

The main risk factors of infections after LT have been
reported widely. These factors include recipient factors
such as model for end-stage liver disease (MELD) score,
age, malnutrition, and immunosuppression before sur-
gery; donor factors such as type of donor, long stay in
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the hospital and antibiotic therapy; and transplant factors
such as intra-operative blood transfusion, type of biliary
anastomosis, and longer ischemia time [13, 14]. However,
the reported risk factors for BSI after LT are controversial.
For example, two studies reported that hemodialysis was
arisk factor of BSI after LT [25, 26], whereas two others
reported hemodialysis was not related to BSI after LT [23,
30]. A well-designed meta-analysis measures the quantita-
tive combined effect and increases the power of statistical
analysis through integrating multiple independent studies
with the same objective. Therefore, to address these incon-
sistent results, we performed this meta-analysis involving
17 studies. Our findings provide more solid evidence for
the risk factors of BSI after LT.

Methods
Data source collection

A systematic search was performed in PubMed, the
Cochrane Library, Web of Science, Embase, China
National Knowledge Infrastructure, China Science and
Technology Journal Database, and Chinese Biological
Medical Database to identify articles related to risk factors
of BSI after LT that were published up to June 2017. The
search terms were “liver transplantation or liver grafting
or hepatic transplantation” and “bloodstream infection or
BSI or bacteremia or sepsis” and “risk factors”. All of the
identified works were entered into a reference management
software (EndNote, version X7).

Inclusion criteria

The initial screening of titles and abstracts was indepen-
dently carried out by two reviewers (Q.H. and P.L.). A
second screening was performed through a full-text review
by the same reviewers. The two reviewers’ lists of final
included studies were compared by cross-checking. Incon-
sistencies were discussed and handled by a third reviewer
(J.Q.) when necessary.

A study included in the meta-analysis had to satisfy
the following criteria: (1) the study was related to the risk
factors of BSI in recipients after LT. (2) BSI was defined
as the isolates of a laboratory-confirmed pathogen from a
single blood sample along with clinical symptoms, or the
isolates of a pathogen of common skin bacteria from more
than 1 set of blood cultures along with clinical symptoms
[15]. (3) The study was designed as a case—control study
or a cohort study. (4) The study was published in English
or Chinese.
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Exclusion criteria

Studies were excluded according to the following criteria:
(1) duplicate articles describing the same study or publica-
tions from different databases. (2) No definition or no diag-
nostic criteria for BSI. (3) Studies were related to the risk
factors of BSI after organ transplantation but did not provide
information on the LT subgroup. (4) Did not provide suf-
ficient data to calculate the pooled odds ratio (OR) and its
95% confidence interval (CI). (5) Case reports or reviews.

Data extraction

Relevant data were extracted by three reviewers (Q.H., D.P.
and Z.Z.) independently, and the results were evaluated by
other reviewers (P.L. and X.L.). The extracted data included
the first author, year of publication, study time and country,
study design, number of cases and controls and initial data
of risk factors.

Quality assessment

The quality of each included article was evaluated by three
reviewers (Y.L., K.S. and W.X.) according to the Newcas-
tle—Ottawa Scale (NOS), which was designed especially for
observational case—control and cohort studies. The NOS
includes three separate categories and a total of nine points,
consisting of 4 points for selection, 2 points for comparabil-
ity, and 3 points for outcome and exposure. Studies with
scores of 0—4 points were identified as low quality and
5-9 points as high quality [16]. Low-quality studies were
excluded from the meta-analysis.

Statistical analysis

Statistical analysis of the data was carried out using Review
Manager 5.0 (The Cochrane Collaboration, Copenhagen).
Heterogeneity among the trials was assessed with the y?
test and the I? statistic. The pooled OR and standardized
mean difference (SMD) were calculated to evaluate the risk
factors of BSI in recipients after liver transplantation for
dichotomous and continuous variables, respectively, and sig-
nificance was determined by the Z test. The 95% CI of SMD
was greater than O (upper and lower limits were both greater
than 0), which is equivalent to the 95% CI of OR when it
was greater than 1, and it indicated that the variables were
significant risk factors. The fixed-effects model was used
for calculating the pooled effect size and its 95% CI for the
homogeneous data (I?<50% or P> 0.05). Otherwise, the
random-effects model was used. A sensitivity analysis was
also conducted by omitting individual studies one by one
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and exchanging the effects model. The results were iden-
tified reliably when the corresponding P value of pooled-
effects size was not significantly different. Publication bias
was examined using Egger’s test in Stata 12.0 (StataCorp,
College Station, TX). A P value < 0.05 suggested that there
was publication bias in the study. The population-attrib-
utable risk proportion (PARP) was calculated as follows:
PARP=P, (OR-1)/[P, (OR —1) + 1], where P, refers to
the pooled exposure rate of controls, which substitutes as
the overall population exposure rate.

Results
Study selection and characteristics

A total of 2525 potentially relevant citations were systemati-
cally identified through an electronic database search, 803
of which were excluded due to duplication. A further 1420
were excluded after screening of the titles and abstracts
because they were reviews or case reports or were not rel-
evant to the risk factors of BSI after LT. Then 285 were
excluded after reviewing the full articles, mainly because
they did not match the inclusion criteria. Finally, 17 stud-
ies enrolling a total of 4410 recipients (745 cases and 3665
controls) were included in the meta-analysis [17-33]. The
process used for article selection is presented in Fig. 1.
These studies were published from 2004 to 2016. They
were carried out in China [17, 30], Japan [21-24, 31-33],
Korea [25, 26, 29], the USA [27], Italy [18], France [19], the
UK [20], and Germany [28]. Eleven studies were case—con-
trol designs [17-19, 21, 22, 25-27, 29, 32, 33], while six

studies were cohort study designs [20, 23, 24, 28, 30, 31].
The results of four case—control studies [17-19, 27] and
three cohort studies [24, 28, 30] did not adjust for any poten-
tial confounders, whereas the remaining studies adjusted for
one or more fundamental risk factors, such as encephalopa-
thy, diabetes, Child—Pugh class C, operation time, incom-
patible blood type, rejection, biliary complications, hemo-
dialysis and retransplantation. All of the included studies
were assessed with 6-8 points (high quality) by NOS. The
detailed characteristics of the 17 included articles are listed
in Table 1.

Risk factors of BSI

The risk factors of BSI after LT are shown in Table 2. Sev-
eral risk factors, including recipient age, donor age, MELD
score, blood albumin concentration, operation time, graft
volume/standard liver volume (GV/SLV) ratio, opera-
tive blood loss, graft recipient weight ratio (GRWR), cold
ischemia time and warm ischemia time, were continuous
variables, and the rest were count variables. Risk factors
with a significant relationship with BSI after LT were as fol-
lows: male recipient (OR =1.28, 95% CI 1.07-1.55), ascites
(OR=1.68, 95% CI 1.02-2.79), MELD score (SMD =0.20,
95% C10.02-0.38), Child—Pugh class C (OR=1.69, 95% CI
1.22-2.34), operation time (SMD =0.18, 95% CI 0.07-0.30),
incompatible blood type (OR=2.87, 95% CI 2.00-4.11),
operative blood loss (SMD =0.33, 95% CI 0.15-0.50), rejec-
tion (OR=1.72, 95% CI 1.18-2.52), biliary complications
(OR=1.91, 95% CI 1.40-2.62), hemodialysis (OR =3.37,
95% CI 2.21-5.13), retransplantation (OR =2.86, 95% CI

Fig. 1 Flowchart of the selec-
tion process. BSI bloodstream

infection, LT liver transplanta- -PubMed (560)
tion ' P -The Cochrane Library (25)
-Web of Science (869)

-Embase (1061)

2525 records identified by database research

-China National Knowledge Infrastructure (5)
-China Science and Technology Journal Database (1)
-Chinese Biological Medical Database (4)

2223 articles excluded
-Duplicate Publications (803)

Y

Y

-Titles and abstracts reviewed (1420)

302 full-text articles reviewed

285 articles excluded
- Not related to the risk factors of BSI in
recipients after LT (162)

Y

™| - No useful data (107)
- No definition for BSI (14)
- Case reports (2)

17 studies included
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Table 1 Characteristics of studies included in the meta-analysis

Study Year Type of study Country Study period Cases/controls Quality assessment” Adjusted variables
Tai et al. [17] 2011 Case—control China January 1993-May 7/688 6 points NA
2010
Bedini et al. [18] 2007 Case—control Italy October 2000-Sep- 28/177 6 points NA
tember 2006
Bertetal. [19] 2010 Case—control France January 1997-Decem- 205/499 6 points NA
ber 2007
Karvellas et al. [20] 2011 Cohort UK January 2003-July 15/203 6 points Retransplantation
2005
Hashimoto et al. [21] 2008 Case—control Japan January 1996-Novem- 21/221 8 points Diabetes
ber 2004
Iida et al. [22] 2010 Case—control Japan April 2006-November 62/119 6 points Child—Pugh class C,
2009 incompatible blood
type
linuma et al. [23] 2004 Cohort Japan April 2001-March 19/94 6 points Operation time, incom-
2002 patible blood type
Ikegami et al. [24] 2012 Cohort Japan May 1997-July 2011  46/300 7 points NA
Kim HK et al. [25] 2013 Case—control Korea February 2005-May  64/158 8 points Biliary complications
2011
Kim SI et al. [26] 2009 Case—control Korea January 2005-Sep- 34/110 6 points Hemodialysis
tember 2007
Munoz-Price et al. 2004 Case—control USA January 1994-Decem- 29/163 8 points NA
[27] ber 1999
Oweira et al. [28] 2016 Cohort Germany January 2008—Febru-  45/117 6 points NA
ary 2011
Rhee KW et al. [29] 2012 Case—control Korea 1994-1998 32/117 7 points Encephalopathy,
incompatible blood
type, rejection
Shi SH et al. [30] 2010 Cohort China January 2003-Decem- 39/436 7 points NA
ber 2006
Shimizu et al. [31] 2016 Cohort Japan January 2006-Decem- 17/72 7 points Incompatible blood
ber 2012 type
Shoji et al. [32] 2015 Case—control Japan November 2005-Feb-  53/157 7 points Incompatible blood
ruary 2013 type
Takeda et al. [33] 2016 Case—control Japan 19922015 29/34 7 points Incompatible blood
type

NA not available
*Low-quality research, 0—4 points; high-quality research, 5-9 points

1.89-4.34). A forest plot describing the relationship between
Child-Pugh class C and BSI after LT is provided in Fig. 2.

PARP of risk factors

PARP was used to estimate the percentage of cases in
a population that is attributable to one kind of exposed
factor. The PARP of risk factors such as male recipient,
ascites, Child—Pugh class C, incompatible blood type,
rejection, biliary complications, hemodialysis and retrans-
plantation are shown in Table 3. The PARP ranged from
10.28 to 28.86%. Child—Pugh class C had the highest
PARP, whereas retransplantation had the lowest PARP.
The PARP of three other risk factors, MELD score,

@ Springer

operation time and operative blood loss, are not listed in
Table 3 because they are continuous variables and could
not be used to calculate P,.

Sensitivity analysis

Sensitivity analysis was conducted by eliminating indi-
vidual studies one by one. Although most of the results
did not change, some did. Ascites became statistically
non-significant if we removed the study of Hashimoto or
[ida. Similarly, male recipient or MELD score also became
statistically non-significant if the study of Bert or Ikegami
was removed, respectively.
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lida 2010 50 62 70 118

linuma 2004 14 19 70 94 105%
Ikegami 2012 27 46 154 300 288%
Oweira 2016 16 45 39 117 238%
Shi 8H 2010 32 39 295 436 148%
Shimizu 2016 13 17 41 72 63%
Total {95% CI) 228 1138 100.0%
Total events 152 669

Heterogenelty. Ch= 5.70, df= 5 (P = 0.34), = 12%
Test for overall effect Z= 3.18 (P = 0.001)

Fig.2 Forest plot for the association between BSI after LT and
Child—Pugh class C. The individual block squares denote the OR
for each study of Child—Pugh class C, with an area proportional to
the amount of statistical information in each study. The horizontal

Table 3 Population-attributable risk proportion of risk factors of
bloodstream infections in recipients after liver transplantation

Risk factors OR (95% CI) P.(%) PARP (%)
Child-Pugh class C 1.69 (1.22,2.34) 58.79 28.86
Ascites 1.68 (1.02,2.79) 45.24 23.53
Hemodialysis 3.37 (2.21,5.13) 12.16 22.37
Male recipient 1.28 (1.07, 1.55) 68.80 16.15
Incompatible blood type ~ 2.87 (2.00, 4.11) 8.47 13.67
Rejection 1.72 (1.18,2.52) 21.17 13.23
Biliary complications 1.91 (1.40,2.62) 13.75 11.12
Retransplantation 2.94(1.97,4.39) 6.16 10.28

OR odds ratio, CI confidence interval, P, pool exposure rate, PARP
population-attributable risk proportion

Publication bias

We assessed the publication bias for the included studies
with Egger’s test, which is often used to assess the evidence
of publication bias (Table 2). There were no obvious asym-
metries of the risk factors, except rejection (P=0.028), in
this meta-analysis.

Discussion

The success of LT can be limited by infectious complica-
tions, and BSI is known to be a major factor for recipient
morbidity and mortality after LT. To prevent BSI after LT,
the identification of risk factors is necessary. A number
of articles have reported the risk factors for BSI after LT.
However, controversy about the risk factors persists, per-
haps because individual studies have few subjects or because
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Odds Ratio
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0.96 [0.31, 2.95]
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1++{.F

1.69 [1.22, 2.34) ®
I + + t {
001 01 1 10 100

Favours[No-BSI) Favours(BSl)

line denotes a 95% CI. The pooled estimate and its 95% CI are rep-
resented by a diamond. Diamonds plotted in the right half indicate
increased BSI risk. BSI bloodstream infections, LT liver transplanta-
tion, OR odds ratio, CI confidence interval

different studies use different selection criteria or study
designs. Until now, no meta-analysis has been published on
this issue. The aim of the present study was to determine
the risk factors for BSI after LT using a meta-analysis to
increase the sample size and to improve the power of the
statistical analysis and provide the best evidence for clinical
treatment.

According to the inclusion and exclusion criteria, a total
of 17 studies including 4410 patients were brought into the
present meta-analysis. Most eligible studies clearly defined
the criteria for inclusion and exclusion of study subjects and
the outcome indicators. Further, all of the included studies
were rated as high quality by NOS. Thus, we conclude that
the results based on the present evidence are convincing.
Among these studies, three studies only focused on BSI
caused by methicillin-resistant S. aureus, Gram-positive bac-
teria and multi-drug-resistant Gram-positive cocci, respec-
tively [17, 18, 30]. The rest of the studies included recipients
with BSI caused by various pathogenic microorganisms.

The results show that incompatible blood type and post-
operative rejection are both important risk factors for BSI
after LT. Rejection is one of the most usual causes of graft
dysfunction, and it has been reported to increase the infec-
tion rate [17, 34]. Stronger immunosuppressive therapy is
necessary to inhibit antibody-mediated rejection in ABO-
incompatible LT patients compared with ABO-compatible
LT patients. However, overuse of immunosuppressors could
lead to cellular immune dysfunction, which is associated
with a wide variety of infections [35]. Therefore, a good
balance of immunosuppression is essential, and the choice
of immune strategy must be cautious. In addition, incompat-
ible blood type could be avoided by choosing donors with
matched blood type before LT. It is noteworthy that a pub-
lication bias for rejection was observed using Egger’s test.
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This may have occurred because all of the articles in the
study were published articles, and studies with statistically
significant results are more likely to be published. Hence,
further studies are needed to investigate the correlation
between BSI after LT and rejection.

At present, LT is the only curative therapy with excel-
lent long-term results in patients with ESLD [36]. The
Child-Pugh class and the MELD score are two widely used
prognostic models for ESLD [37]. We observed a signifi-
cantly higher MELD score and a larger Child—Pugh class C
ratio in the patients with postoperative BSI than those with-
out BSI after LT. In addition, this meta-analysis showed that
ascites was associated with postoperative BSI. Ascites is an
index of Child—Pugh classification [38]. High MELD score,
Child-Pugh class C and ascites reflect the severity of the
underlying liver disease and its associated immune dysfunc-
tion, which contribute to the appearance of BSI. As these
risk factors are part of the underlying disease and only limit-
edly modifiable, infectiological surveillance and prophylaxis
should be intensified in LT recipients with higher MELD,
Child-Pugh class C or ascites. Moreover, male recipients
had a higher risk of BSI than female recipients. This result
can be thought of as a consequence of differences in physi-
cal structure, immune response and lifestyle between the
genders.

Long operation time was another risk factor for BSI. In
general, tissue injury at the surgical site is aggravated as the
operation time grows longer, which is bad for postoperative
recovery. Moreover, the long-time operation is performed
in the potentially contaminated abdominal cavity, increas-
ing the chance of BSI. This risk factor could be modified by
enhancing surgeon’s surgical performance skill. The opera-
tive blood loss was significantly different between BSI and
non-BSI cases. The reason for this effect is that massive
blood loss results in massive transfusion and causes transfu-
sion-related immune dysfunction. At the same time, patients
undergoing LT are at risk of blood loss due to preexisting
liver dysfunction and major intraoperative and postoperative
coagulopathy [39]. To prevent massive operative blood loss,
the key is a careful surgical technique during the hepatec-
tomy and correction of coagulation abnormalities through-
out the procedure [40]. In this meta-analysis, biliary com-
plications, principally including biliary leakage and biliary
stricture after LT, increased the incidence of BSIs. Kochhar
et al. have reported that biliary complications were related
to the type of biliary reconstruction performed at the time
of LT. The choledochocholedochostomy with T tube and the
choledochojejunostomy were the potential risk factors of bil-
iary complications. However, the T tube and the choledocho-
jejunostomy were unavoidable sometimes [41]. Therefore,
the surgeon’s choice is crucial when they perform a biliary
reconstruction at the time of LT. Renal dysfunction is a com-
mon complication in patients with ESLD and is widespread

in LT patients. Hemodialysis is a traditional treatment for
patients with renal dysfunction requiring renal replacement
therapy [42]. However, blood is drained into the dialyzer
during hemodialysis, so the pollution of dialysis machines
and the dialysate could increase the risk of BSI. Further-
more, a markedly different incidence of retransplantation
was observed between the case group and the control group.

We found that Child—Pugh class C and ascites had the
top two PARP. In our study, PARP was used to estimate
the percentage of BSIs in LT recipients that is attributed to
one kind of risk factor. From this, we infer that these risk
factors were most important for BSI after LT.

In the present meta-analysis, strong evidence for male
recipient, MELD score and ascites as risk factors for BSI
was shown, but some of the results were unstable if we
removed individual studies. The SMD and corresponding
95% CI for MELD score changed to SMD =0.08 and 95%
CI —0.14-0.29, while the OR and 95% CI of male recipient
changed to OR=1.14 and 95% CI 0.92-1.42. Similarly, the
OR and 95% CI of ascites changed to OR=1.46 and 95% CI
0.80-2.67 or OR =1.54 and 95% CI 0.78-3.07 upon removal
of individual studies. It indicated that if we removed one
of the included studies, male recipient, MELD and ascites
would be no more statistically significant risk factors. The
unstable results may have been caused by the small sample
sizes of the included studies, so the pooled effect size was
overstated and led to an inverse conclusion.

Some limitations that may have effects on the results
of this meta-analysis should be considered. First, we just
included English- and Chinese-language studies from seven
databases. Thus, relevant articles published in other lan-
guages or databases or unpublished studies may have been
missed. Second, significant heterogeneity was found in some
risk factors. Although we used strict inclusion criteria, the
basic conditions and accepted medical treatment levels of
enrolled patients from different areas may have significantly
varied. Finally, some studies were excluded from the meta-
analysis because they lacked a definition and diagnostic
criteria for BSI. Thus, we may have missed some relevant
information, and the statistical power was limited.

In conclusion, this meta-analysis identified some periop-
erative risk factors for BSI after LT and may provide a basis
for clinical prevention. However, well-designed prospective
cohort studies should be done to further confirm our findings
and take effective measures for hospital infection control.
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