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 Background: Infectious complications after solid organ transplantation can be fatal, and early diagnosis and intervention are 
important. To the best of our knowledge, no study has examined the diagnostic utility of presepsin, a known 
accurate biomarker, for infectious complications after liver transplantation. This study aimed to evaluate the 
utility of presepsin for detecting infection and perioperative kinetics of presepsin after liver transplantation.

 Material/Methods: This single-institutional prospective, observational study included 13 patients who underwent living-donor or de-
ceased-donor liver transplantation. Perioperative serum presepsin level was measured 6 times within a week to 
evaluate its association with infectious complications and compare it with procalcitonin and C-reactive protein 
levels and leukocyte count. Postoperatively, patients were followed up for 15 days for infectious complications.

 Results: Five of the 13 patients developed infectious complications after liver transplantation. The median time for in-
fection diagnosis was 9 postoperative days (25th-75th percentile, 7-10). Presepsin levels on 5 and 7 postopera-
tive days were significantly higher in patients with infection than in those without (P=0.019 and P=0.011, re-
spectively). In receiver operating characteristic analysis, area under the curve values of presepsin on 5 and 7 
postoperative days (0.881 and 0.905, respectively) were higher than those of other biomarkers. The optimal 
cut-off value of presepsin was 1361 pg/mL on postoperative day 5 and 1375 pg/mL on postoperative day 7.
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Background

Liver transplantation (LT) is a highly invasive type of abdom-
inal surgery, and infections after LT can be fatal and require 
urgent therapeutic intervention [1-3]. Infectious complications 
have been reported to occur within the first 1-3 months after 
transplantation in 30-60% of reported cases [1-5]. Patients who 
undergo LT are often immunocompromised preoperatively due 
to liver cirrhosis and long-term administration of immunosup-
pressants for the treatment of primary diseases. Furthermore, 
immunosuppressant therapy continues after transplantation, 
resulting in the delayed presentation of infectious clinical 
symptoms. Therefore, to promptly manage infectious com-
plications, early diagnosis and rapid treatment are essential.

LT triggers a strong inflammatory response due to a high 
degree of surgical stress, which frequently leads to non-in-
fectious systemic inflammatory response syndrome (SIRS). 
Given this severe inflammatory response, conventional clini-
cal symptoms, such as heart rate and body temperature, can 
mislead the diagnosis of postoperative infectious complica-
tions. Furthermore, corticosteroids, routinely administered as 
immunosuppressants postoperatively, suppress inflammatory 
cytokines and markers, resulting in further challenges in infec-
tion diagnosis. Several biomarkers, such as C-reactive protein 
(CRP), procalcitonin, and interleukin-6, are used to diagnose 
infections after LT [6-8]; however, even with these biomark-
ers, infections cannot be readily diagnosed, and differentia-
tion from acute cellular rejection requiring treatment with im-
munosuppressant often becomes challenging.

Presepsin (soluble CD14 subtype) is a 13-kDa protein, which 
is a receptor for lipopolysaccharide-binding protein complexes 
and is produced when monocytes phagocytose bacteria [9], but 
its level does not increase in viral or fungal infections [10,11]. 

Presepsin is specific to bacterial infections and useful for dis-
tinguishing sepsis from non-infectious SIRS [12-14]. Compared 
with procalcitonin and CRP, presepsin is a superior diagnos-
tic biomarker in terms of accuracy and detects infections in 
the earlier phase [12,13,15,16]. In patients with liver cirrho-
sis, presepsin level tends to increase with cirrhosis progres-
sion even without infection and is associated with survival 
rate [17]. Thus, the usefulness of presepsin for diagnosing in-
fection in patients with liver cirrhosis who require LT is con-
troversial [17,18]. Similarly, in patients with end-stage kidney 
disease, although presepsin level increases even without in-
fection with disease progression, it decreases to normal lev-
els after kidney transplantation [19]. However, in LT patients, 
the perioperative kinetics of presepsin level and its usefulness 
in the diagnosis of infections remain unknown.

This study aimed to determine an optimal indicator for de-
tecting infectious complications by comparing presepsin with 
other conventional inflammatory indicators and to determine 
the diagnostic accuracy of presepsin in predicting infectious 
complications.

Material and Methods

Patients

This prospective observational single-institution study in-
volved 13 consecutive patients who had undergone LT be-
tween October 2018 and July 2019 at Keio University Hospital 
(Tokyo, Japan). Fifteen patients aged ³20 years who had under-
gone living-donor LT (LDLT) or deceased-donor LT (DDLT) at our 
hospital were included in this study. Two patients with a pre-
operative active bacterial infection, apart from those with vi-
ral hepatitis, were excluded from this study. Similarly, patients 

 Conclusions: Although this study included a small number of patients, presepsin levels on postoperative days 5 and 7 may 
be useful indicators for infectious complications after liver transplantation.
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who declined to participate in this study were excluded. The 
study protocol was approved by the Human Experimentation 
Committee of our institution (No. 20180092) and was conduct-
ed in accordance with the Helsinki Declaration of 1975. Verbal 
informed consent was obtained from all patients.

Blood	Samples	and	Data	Collection

To measure serum presepsin and procalcitonin levels, blood 
samples were collected 1 day before surgery or induction of 
anesthesia (baseline), immediately postoperatively (known 
as postoperative day [POD] 0), and POD 1, 2, 3, 5, and 7. 
Postoperatively, patients were followed up for 15 days to eval-
uate any infectious complications and kidney function.

Two-milliliter blood samples were collected in Venoject II tubes 
(Terumo, Tokyo, Japan) and processed immediately. To sepa-
rate plasma from peripheral blood cells, blood samples were 
centrifuged at 1500×g at room temperature for 10 min with-
in 4 h of collection. All plasma samples were stored at -80°C 
and thawed at room temperature before presepsin and procal-
citonin analyses. Presepsin levels were measured using a ful-
ly automatic immunoassay analyzer (PATHFAST, LSI Medience, 
Tokyo, Japan) according to the manufacturer’s instructions, and 
the lower limit of detection was set to 20 pg/mL. Procalcitonin 
levels were measured using an electro-chemiluminescent im-
munoassay (LSI Medience, Tokyo, Japan), and the lower limit 
of detection was set to 0.02 ng/mL. CRP and leukocyte counts 
were measured at our hospital laboratory. CRP levels were mea-
sured using a latex agglutination immunoturbidimetry meth-
od, and the lower limit of detection was set to 0.02 mg/dL.

Definition	of	Complications

Infectious complications were defined according to the 
International Sepsis Forum Consensus Conference criteria [20]. 
Sepsis and septic shock were defined according to the Third 
International Consensus Definitions for Sepsis and Septic 
Shock [21]. Pneumonia was defined as the presence of both 
bacterial growth from sputum and abnormal radiographic in-
filtrate. Bloodstream infection was defined as bacterial growth 
from blood cultures caused by a microorganism not typically re-
garded as a common skin contaminant. Surgical-site infection 
was defined as the presence of clinical symptoms based on in-
fection emerging from the surgical intervention site (superfi-
cial incisional, deep incisional, or involving organ space) [22]. 
Additionally, an intra-abdominal abscess, diagnosed using ul-
trasonography or computed tomography, the presence of a 
positive aspirate culture, or both were considered as a sur-
gical-site infection [22]. Cholangitis was defined as the pres-
ence of either fever or elevated serum liver enzymes, as well 
as a positive bile culture and the absence of other infection 
markers, such as abscess formation, as determined using 

ultrasound or computed tomography. Acute kidney injury (AKI) 
was defined according to the Kidney Disease Improving Global 
Outcomes criteria [23].

Surgical Procedures and Perioperative Protocols

Surgical procedures used to perform LT have been previously 
described [24-27]. Splenectomy was simultaneously performed 
in ABO-incompatible patients or hepatitis C virus-positive pa-
tients. The regimen for immunosuppressants has been pre-
viously described [27]. For all patients, the regimen included 
administration of calcineurin inhibitor, steroids, and anti-me-
tabolites. For ABO-incompatible patients, treatment included 
preoperative administration of calcineurin inhibitor, steroids, 
and anti-metabolites. Rituximab was administered once or 
twice preoperatively to address B-cell depletion.

Antibiotics, including penicillin and cephem, were administered 
prophylactically to prevent bacterial infection [27]. Prophylactic 
treatments were usually discontinued the day following extu-
bation. We performed surveillance cultures twice a week for 
1 month after transplantation, even if there were no signs of 
infection. We also obtained cultures when clinical symptoms 
of suspected infection such as fever appeared. When a pa-
tient with a positive bacterial culture developed high fever, 
appropriate antibiotics were selected based on the results of 
a sensitivity test and were administered until infection con-
trol was achieved.

Statistical Analysis

Statistical analysis was conducted using IBM SPSS Statistics 
for Macintosh, version 25.0 (IBM Corp., Armonk, NY, USA). 
Continuous variables were compared using the Mann-Whitney 
U-test. The best indicator for predicting infectious complica-
tions was determined using the receiver operating character-
istic (ROC) curve and area under the curve (AUC). The optimal 
cut-off values for each biomarker predicting infectious compli-
cations were examined by analyzing the ROC curve. Continuous 
variables are summarized by medians (25th-75th percentiles), 
whereas categorical variables are summarized by frequency 
and proportion (%). All statistical tests were two-tailed, and a 
P value of <.05 was considered statistically significant.

Results

Patient	Characteristics

A total of 13 patients were included in this study (median 
age, 44 years [25th-75th percentiles, 38-55 years]; males, n=4). 
The primary diseases were alcohol-related liver disease (n=4 
patients), primary biliary cholangitis (n=3 patients), primary 
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sclerosing cholangitis (n=2 patients), autoimmune hepatitis 
(n=2 patients), hepatopulmonary syndrome (n=1 patient), and 
unknown (n=1 patient). LDLT and DDLT were performed in 7 
and 6 patients, respectively. Patient clinical and perioperative 
characteristics are shown in Table 1.

Complications

Among the 13 patients, infectious complications occurred in 5 
(38.5%) patients (infection group). The median duration for di-
agnosis of an infectious complication after LT was 9 days (25th-
75th percentiles, 7-10 days). In the infection group, 2 patients 
developed a bloodstream infection, 1 patient was diagnosed 

with intra-abdominal abscess, 1 patient was diagnosed with 
cholangitis, and 1 patient was diagnosed with pneumonia. One 
of the 2 patients who developed a bloodstream infection was 
diagnosed with sepsis. No patients were diagnosed with sep-
tic shock. All postoperative infectious complications and cul-
tured microorganisms are shown in Table 2.

Postoperative AKI occurred in 9 patients and required tem-
porary continuous renal replacement therapy (CRRT) in 4 pa-
tients (Table 1). All of the 5 patients who developed infectious 
complications had postoperative AKI, and 3 patients required 
temporary CRRT.

Variables,	(%) Total	(n=13)

Recipient age, years*  44 (38-55)

Body mass index, kg/m2*  20.3 (19.2-24.0)

Sex, Male/Female 4 (30.8) / 9 (69.2)

ASA-PS, 2 / 3 / 4 2 (15.4) / 7 (53.8) / 4 (30.8)

ECOG-PS, 0 / 1 / 2 / 3 1 (7.7) / 4 (30.8) / 5 (38.5) / 3 (23.1)

Primary disease

 Alcohol-related liver disease  4 (30.8)

 Primary biliary cholangitis  3 (23.1)

 Primary sclerosing cholangitis  2 (15.4)

 Autoimmune hepatitis  2 (15.4)

 Hepatopulmonary syndrome  1 (7.7)

 Unknown  1 (7.7)

Child-Pugh score*  12 (11-13)

MELD score*  25 (18-32)

Creatinine clearance*  68.1 (40.8-98.5)

Donor type

 Living / deceased 7 (53.8) / 6 (46.2)

Donor age, years*  44 (31-52)

ABO blood type

 Identical / Compatible / Incompatible 9 (69.2) / 2 (15.4) / 2 (15.4)

Donor Liver

 Left lobe / Right lobe / Whole liver 7 (53.8) / 1 (7.7) / 5 (38.5)

Intraoperative bleeding, ml*  2760 (1415-5583)

Operation time, min*  774 (708-913)

Bile duct reconstruction

Hepaticocholedochostomy / Hepaticojejunostomy 11 (84.6) / 2 (15.4)

Postoperative acute kidney injury  9 (69.2)

Postoperative continuous renal replacement therapy  4 (30.8)

Table 1. Patient characteristics.

* Median (25th-75th percentiles). ASA – American Society of Anesthesiologists; PS – performance status; ECOG – Eastern Cooperative 
Oncology Group; MELD – model for end-stage liver disease.
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Variables,	(%) Total	(n=13) Cultured	microorganisms	(collection	site)

All infectious complications 5/13 (38.5)

 Bloodstream infection 2/13 (15.4)
Enterococcus species (blood),
Methicillin-resistant coagulase-negative 
Staphylococcus (blood)

 Intra-abdominal abscess 1/13 (7.7) Enterococcus species (aspiration)

 Cholangitis 1/13 (7.7)
Escherichia coli (bile),
Enterococcus species (bile)

 Pneumonia 1/13 (7.7) Pseudomonas aeruginosa (sputum)

Median number of days to diagnose a complication 
postoperatively, (25th-75th percentiles)

9 (7-10)

Infectious severity

 Sepsis 1/13 (7.7)

 Septic shock 0/13 (0)

Table 2. Types of infectious complications.
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Figure 1.  Perioperative change of 4 biomarkers in patients undergoing liver transplantation. (A) Presepsin; (B) Procalcitonin; 
(C) C-reactive protein (CRP); (D) Leukocyte counts. Lines indicate median values. The box plot indicates 25th-75th percentiles. 
The left side indicates patients with non-infectious complications, and the right side indicates patients with infectious 
complications within 15 days postoperatively. (Microsoft Excel for Macintosh, version 16.16.27, Microsoft).
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 Presepsin	(pg/mL) Procalcitonin	(ng/mL)

Non-infection	group Infection group
p

Non-infection	group Infection group
p

(n=8) (n=5) (n=8) (n=5)

Baseline  668 (396−2559)  624 (289−2144) 0.833  0.16 (0.11−0.27)  0.31 (0.12−0.42) 0.435

POD 0  1755 (619−2899)  1613 (1134−3425) 0.435  1.16 (0.55−2.66)  1.20 (1.11−3.96) 0.622

POD 1  1594 (546−2968)  1420 (930−3179) 0.622  1.95 (0.97−4.73)  3.94 (2.13−4.11) 0.435

POD 2  1144 (449−2896)  1896 (1736−2961) 0.284  2.28 (1.14−5.06)  8.56 (4.31−8.90) 0.222

POD 3  960 (400−1942)  2406 (2262−2469) 0.127  1.26 (0.81−3.46)  5.33 (3.75−7.37) 0.171

POD 5  903 (431−1300)  2188 (1970−2474) 0.019  0.83 (0.62−1.39)  2.27 (1.37−4.72) 0.354

POD 7  888 (682−1335)  2659 (1788−4767) 0.011  0.75 (0.56−1.52)  1.64 (0.84−2.46) 0.524

 C-reactive	protein	(mg/L) Leukocytes	(103/μL)

Non-infection	group Infection group
p

Non-infection	group Infection group
p

(n=8) (n=5) (n=8) (n=5)

Baseline  0.63 (0.20−1.00)  0.73 (0.31−3.06) 0.435  3.7 (2.7−5.8)  5.3 (4.5−5.5) 0.284

POD 0  0.20 (0.12−1.77)  2.18 (0.33−3.32) 0.171  4.3 (3.6−5.2)  6.8 (4.0−10.3) 0.222

POD 1  1.05 (0.59−4.75)  4.48 (1.07−6.48) 0.435  4.1 (2.8−6.2)  4.8 (4.3−7.3) 0.222

POD 2  3.07 (1.14−4.11)  3.60 (3.29−3.74) 0.622  9.4 (5.4−12.9)  5.9 (5.8−9.0) 0.833

POD 3  1.43 (0.84−2.13)  1.79 (1.71−2.06) 0.354  8.8 (7.4−10.6)  5.1 (4.6−10.5) 0.435

POD 5  0.37 (0.15−0.54)  0.50 (0.42−0.97) 0.354  7.2 (5.3−7.8)  4.9 (3.3−7.6) 0.622

POD 7  0.24 (0.19−0.56)  0.46 (0.39−0.53) 0.354  7.8 (4.8−10.7)  5.2 (4.3−9.5) 0.524

Table 3.  Comparison of changes in presepsin, procalcitonin, and C-reactive protein levels and leukocyte count between the infection 
and non-infection groups.

Perioperative Variables

Biomarker levels at each time point were compared between the 
2 groups (Figure 1, Table 3). Presepsin levels had a postoperative 
peak from immediately after surgery to POD 1, which decreased 
after POD 2 in the non-infection group but tended to increase af-
ter POD 2 in the infection group (Figure 1A). Presepsin levels on 
POD 5 and 7 were significantly higher in the infection group than 
in the non-infection group (P=0.019 and P=0.011, respectively) 
(Figure 1A, Table 3). Presepsin levels after the peak were higher 
in patients with AKI than in those without AKI (Supplementary 
Figure 1A). In patients with AKI, presepsin levels on POD 5 and 
POD 7 were higher in the infection group than in the non-infec-
tion group (P=0.190 and P=0.111, respectively). Procalcitonin lev-
els peaked on POD 2, and the peak value was higher in the infec-
tion group than in the non-infection group (Figure 1B, Table 3). 
Procalcitonin levels after the peak were higher in patients with 
AKI than in those without AKI (Supplementary Figure 1B); how-
ever, in patients with AKI, there were no differences between the 
infected and the non-infected groups. CRP levels peaked from 
POD 1 to 2, and the peak value was higher in the infection group 
than in the non-infection group (Figure 1C, Table 3). Leukocytes 
tended to peak between POD 2 and 3, but no significant differ-
ence was noted between the groups (Figure 1D).

The perioperative kinetics of each marker in all 13 patients were 
obtained for the infection and non-infection groups (Figure 2). 
In 1 patient who developed bloodstream infection on POD 2, 
presepsin level increased from POD 1 to 2 and subsequent-
ly decreased by POD 7 (Figure 2A). Meanwhile, procalcitonin 
and CRP levels peaked at POD 2 as in the other patients in 
whom it was difficult to distinguish infection from non-infec-
tious SIRS (Figure 2B, 2C). Leukocytes did not increase at each 
time point (Figure 2D). In 1 patient with infection on POD 7, 
only presepsin level was elevated on POD 7 (Figure 2A), but the 
other 3 marker levels remained unchanged (Figure 2B-2D). In 
patients without infectious complications, presepsin level did 
not increase significantly after surgery (Figure 2A); however, 
procalcitonin and CRP levels peaked around POD 2, which was 
similar to those with infectious complications (Figure 2B, 2C).

When the AUC values of presepsin, procalcitonin, and CRP lev-
els and leukocyte count on POD 5 and 7 were compared, the 
values of presepsin on POD 5 and POD 7 were higher than 
those of the other 3 biomarkers (Figure 3A, 3B). In particular, 
the AUC value of presepsin on POD 5 was 0.881 and on POD 
7 it was 0.905. The optimal cut-off values for each biomarker 
predicting infectious complications are shown in Table 4. The 
cut-off value of presepsin was 1361 pg/mL (100% sensitivity, 
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Figure 2.  The perioperative kinetics of each marker in all 13 patients. (A) Presepsin; (B) Procalcitonin; (C) C-reactive protein (CRP); 
(D) Leukocyte counts. Left side indicates infection group. Infection occurring after POD 8 (n=3), on POD 2 (n=1), and on POD 
7 (n=1) are reported separately. Right side indicates non-infection group. (Microsoft Excel for Macintosh, version 16.16.27, 
Microsoft).
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 POD AUC
Cut-off	
value

p-value
Sensitivity at 
cut-off,	%

Specificity at 
cut-off,	%

Positive 
predictive 
value,	%

Negative 
predictive 
value,	%

Presepsin
POD 5 0.881 1361 0.022 100.0 85.7 85.7 100.0

POD 7 0.905 1375 0.015 100.0 85.7 85.7 100.0

Procalcitonin
POD 5 0.667 1.12 0.317 83.3 71.4 71.4 88.3

POD 7 0.595 0.75 0.568 83.3 57.1 62.5 80.0

CRP
POD 5 0.810 0.40 0.063 83.3 71.4 71.4 88.3

POD 7 0.789 0.32 0.074 83.3 71.4 71.4 88.3

Leukocyte count
POD 5 0.512 7.5 0.943 50.0 71.4 50.0 57.1

POD 7 0.500 8.8 1.000 50.0 71.4 50.0 57.1

Table 4.  Diagnostic accuracy of presepsin, procalcitonin, and CRP levels and leukocyte counts in terms of infectious complications on 
POD 5 and 7.

POD – post-operative day; AUC – area under the curve; CRP – C-reactive protein.

86% specificity) on POD 5 and 1375 pg/mL (100% sensitivity, 
86% specificity) on POD 7. In patients with AKI, the AUC val-
ues of presepsin on POD 5 and POD 7 (0.800 and 0.850, re-
spectively) were higher than procalcitonin values (0.600 and 
0.500, respectively).

Comparison	of	Presepsin	Level	at	Baseline

In 5 (38.5%) of the patients, presepsin level at baseline was 
higher than the cut-off value in severe sepsis (1000 pg/mL) [28], 
even though patients with preoperative bacterial infections 
were excluded. Therefore, we included these 5 patients in the 
preoperative high group and the remaining 8 patients in the 
preoperative low group. Patient characteristics of the 2 groups 
were compared (Table 5). Model for end-stage liver disease 
(MELD) score and Eastern Cooperative Oncology Group per-
formance status (ECOG-PS) were significantly higher in the 
preoperative high group than in the preoperative low group 
(P=0.011 and P=0.024, respectively).

Presepsin levels at each time point were compared between 
patients with and without infection in both groups (Figure 4). 
Among the 5 patients in the preoperative high group, infec-
tious complications occurred in 2 (40.0%) patients. In the pre-
operative high group, presepsin level remained high after LT in 
the infection group but tended to decrease in the non-infec-
tion group (Figure 4A). In the preoperative low group, presep-
sin level decreased after it peaked at POD 0 in the non-infec-
tion group, but increased after POD 2 in the infection group, 
and was significantly higher at POD 3, 5, and 7 (P=0.036, 
P=0.036, and P=0.036, respectively) than those in the non-in-
fected group (Figure 4B).

Discussion

This study found that serum presepsin levels on POD 5 and 7 
may be more useful indicators compared to procalcitonin and 
CRP levels and leukocyte count in detecting infectious com-
plications after LT. Although some patients with liver cirrhosis 
who needed LT had high preoperative presepsin levels, the lev-
els generally decrease postoperatively in patients without in-
fections. In addition, if preoperative presepsin levels are low, 
it will be significantly higher from POD 3 to 7 in patients with 
postoperative infectious complications than in those without.

To date, several studies have shown an association between 
presepsin levels and postoperative infectious complications in 
various types of surgeries [29-32], including heart transplan-
tation [33] and allogeneic hematopoietic cell transplantation 
[10]. However, to the best of our knowledge, this is the first 
preliminary study demonstrating the usefulness of presepsin 
in detecting infectious complications after LT.

In this study, each biomarker level was measured 7 times pre-
operatively and until POD 7, and presepsin levels were com-
pared with 3 other biomarkers (procalcitonin, CRP, and leuko-
cyte counts) that have conventionally been used as diagnostic 
markers for infection. Our study showed that presepsin levels 
on POD 5 and 7 were significantly associated with infectious 
complications. This finding supports those of previous stud-
ies that reported that gastrointestinal anastomotic leakage or 
surgical-site infection could be detected through upregulation 
of presepsin levels on POD 5 or POD 7 [29,31,32]. In our study, 
infectious complications occurred after a median of 9 days. 
This outcome was in accordance with a previous study that 
found that bacteremia after LT occurred within a median of 
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Variables,	(%) Preoperative	high	(n=5) Preoperative	low	(n=8) p

Recipient age, years*  42 (38-55)  46 (41-51) 0.833

Body mass index, kg/m2*  19.8 (18.3-26.8)  21.2 (19.4-22.9) 0.943

Sex, Male / Female 1 (20.0) / 4 (80.0) 3 (37.5) / 5 (62.5) 0.506

ASA-PS, 2 / 3 / 4 0 / 2 (40.0) / 3 (60.0) 2 (25.0) / 5 (62.5) / 1 (12.5) 0.150

ECOG-PS, 0-1 / 2-3 0 / 5 (100) 5 (62.5) / 3 (37.5) 0.024

Primary disease

 Alcohol-related liver disease  0  4 (50.0)

 Primary biliary cholangitis  3 (60.0)  0

 Primary sclerosing cholangitis6  2 (40.0)  0

 Autoimmune hepatitis  0  2 (25.0)

 Hepatopulmonary syndrome  0  1 (12.5)

 Unknown  0  1 (12.5)

Child-Pugh score*  12 (11-13)  12 (10-13) 0.622

MELD score*  33 (32-36)  21 (16-26) 0.011

Creatinine clearance*  35.7 (32.1-98.5)  74.6 (64.7-96.0) 0.284

Donor type

 Living / Deceased 1 (20.0) / 4 (80.0) 6 (75.0) / 2 (25.0) 0.053

Donor Age, years*  44 (42-52)  44 (29-49) 0.833

ABO blood type

 Identical / Compatible / Incompatible 3 (60.0) / 2 (40.0) / 0 6 (75.0) / 0 / 2 (25.0) 0.224

Intraoperative bleeding, ml * 5390 (3295-5583) 2273 (984-3467) 0.284

Operation time, min*  708 (600-774)  876 (737-917) 0.354

Bile duct reconstruction

Hepaticocholedochostomy / Hepaticojejunostomy 3 (60.0) / 2 (40.0) 8 (100.0) / 0 0.052

Postoperative acute kidney injury  4 (80.0)  5 (62.5) 0.506

Postoperative continuous renal replacement 
therapy

 2 (40.0)  2 (25.0) 0.569

Table 5. Comparison of patient characteristics between high and low preoperative levels of presepsin.

* Median (25th-75th percentiles). ASA – American Society of Anesthesiologists; PS – performance status; ECOG – Eastern Cooperative 
Oncology Group; MELD – model for end-stage liver disease.

12 days [2] and that most infectious complications after ab-
dominal surgery occur within 4-30 days postoperatively [34].

In the present study, patients with preoperative bacterial infec-
tions were excluded; however, 38% of patients had elevated 
preoperative presepsin levels with significantly poorer ECOG-
PS and higher MELD scores. Presepsin level in the liver may 
have been elevated without infection due to inflammation 
and fibrosis from underlying diseases [35,36]. Furthermore, 

presepsin level tends to increase with cirrhosis progression 
and renal dysfunction, even without infections [17,18,37]. 
Therefore, the reason for the increased level may be cirrhosis 
progression, hepatorenal syndrome, or potential inflammation. 
However, as shown in our study, presepsin levels generally de-
crease after POD 2 in patients without infection despite high 
preoperative levels. This study result will provide meaningful 
suggestions for patient selection and target number of cases 
when conducting similar studies on a larger scale in the future.
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Figure 3.  Receiver operating characteristic curve of presepsin, procalcitonin, and C-reactive protein (CRP) levels and leukocyte 
count used to determine infectious complications. (A) Postoperative day 5; (B) Postoperative day 7. (IBM SPSS Statistics for 
Macintosh, version 25.0 IBM Corp.).
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Figure 4.  The perioperative kinetics of presepsin levels compared between patients with and without infection in the preoperative 
high and low groups. (A) Preoperative high presepsin level group (n=5); (B) Preoperative low presepsin level group (n=8). 
The dotted line indicates patients without infectious complications, and the solid line indicates patients with infectious 
complications within 15 days postoperatively. An error bar shows the standard error of the mean. (Microsoft Excel for 
Macintosh, version 16.16.27, Microsoft).

AKI occurs frequently after liver transplantation due to insta-
bility of fluid balance, and the use of many drugs that cause 
renal damage [3,25]. In a study conducted on patients in the 
intensive care unit, although presepsin and procalcitonin were 
affected by renal function, both were useful biomarkers in de-
tecting sepsis, even in patients with AKI [37]. In our study, al-
though postoperative AKI occurred in 69% of patients, prese-
psin levels of POD 5 and POD 7 were higher in the infection 
group than in the non-infection group, even in patients with 
AKI. There was no association between CRRT and levels of pre-
sepsin (data not shown). In our study, although presepsin was 
affected by renal function, presepsin may help in the diagnosis 
of infectious complications after liver transplantation, which 

frequently leads to AKI; however, that of prognostic utility of 
procalcitonin was unclear.

In this study, infection occurred mostly from POD 7 to 10. As 
previously reported, presepsin level increases from an earli-
er time point of infection, but procalcitonin and CRP levels in-
crease after a couple of days after onset [12,15,16], which may 
have caused differences in AUC on POD 5 and 7. In addition, 
presepsin may be useful for the early detection of infectious 
complications, as its level increases from POD 0 to POD 1 and 
peaks earlier than other biomarkers. According to Surviving 
Sepsis Campaign recommendations, initial fluid loading and 
administration of antimicrobials immediately are extremely 
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Supplementary Figure 1.  Perioperative change of presepsin and procalcitonin in patients with or without acute kidney injury. 
(A) Presepsin; (B) Procalcitonin. Lines indicate median values. The box plot indicates 25th-75th percentiles. 
The left side indicates patients without AKI, the center side indicates patients who developed AKI without 
infection, and the right side indicates patients who developed AKI with infectious complications within 15 
days postoperatively. (Microsoft Excel for Macintosh, version 16.16.27, Microsoft).

important in helping patients survive sepsis [38]. Measurement 
of presepsin levels can lead to an earlier diagnosis of infection 
and more effective treatment.

This study had several limitations. First, it had a small sample 
size and the results are very preliminary; thus, future studies 
with a larger number of cases at multiple centers are needed. 
Second, this single-institution, prospective consecutive reg-
istration study was undertaken in Japan and exclusively tar-
geted the Japanese population, which may have resulted in 
potential selection bias. Finally, the relationship between the 
severity of infectious complications and presepsin was unclear 
due to the small number of cases of sepsis or septic shock; 
hence, further studies are needed to clarify this relationship.

Conclusions

Presepsin levels on POD 5 and 7 may be useful indicators for 
detecting infectious complications after LT compared with pro-
calcitonin and CRP level and leukocyte count. Although some 
patients with liver cirrhosis showed increased presepsin lev-
els without infection, serum presepsin levels decrease after 
LT and may help divide patients precisely into those with in-
fection and without.
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