
Page 1/12

Usefulness of Presepsin for the Early Detection of
Infectious Complications after Elective Colorectal
Surgery, Compared with C-Reactive Protein and
Procalcitonin
Erika Amanai 

Hirosaki University Hospital
Kishiko Nakai  (  kishiko_sk1064@yahoo.co.jp )

https://orcid.org/0000-0002-6618-7803
Junichi Saito 

Hirosaki University Hospital
Eiji Hashiba 

Hirosaki University Hospital
Takuya Miura 

Hirosaki University Graduate School of Medicine
Hajime Morohashi 

Hirosaki University Graduate School of Medicine
Yoshiyuki Sakamoto 

Hirosaki University Graduate School of Medicine
Akio Mikami 

Hirosaki University Hospital
Kenichi Hakamada 

Hirosaki University Graduate School of Medicine
Kazuyoshi Hirota 

Hirosaki University Graduate School of Medicine

Research

Keywords: presepsin, infectious complications, colorectal surgery

DOI: https://doi.org/10.21203/rs.3.rs-812361/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-812361/v1
mailto:kishiko_sk1064@yahoo.co.jp
https://orcid.org/0000-0002-6618-7803
https://doi.org/10.21203/rs.3.rs-812361/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/12

Abstract
Background: Infectious complications remain a major clinical problem in colorectal surgery, contributing
to prolonged hospital stays, additional costs and signi�cant postoperative mortality. Presepsin has been
reported to be a useful marker to diagnose sepsis, similar or superior to procalcitonin (PCT) and C-
reactive protein (CRP), and plasma presepsin concentrations are associated with the severity of sepsis
and its outcome. The aim of this study was to assess the diagnostic value of presepsin in the early
detection of infectious complications after elective colorectal surgery, compared with CRP and PCT.

Methods: This study was a prospective observational study. Patients of age >18 who underwent elective
colon resections were enrolled and patients with end-stage kidney disease were excluded. Blood samples
were collected just before surgery and on postoperative day (POD) 1, 2, 3, 4, and 6. Infectious
complications were diagnosed by surgeons.

Results: A total of 114 patients were examined, and 27 patients (23.7%) developed infectious
complications: 11 anastomotic leaks, 13 intra-abdominal infections, and 3 wound infections. CRP and
PCT markedly increased from POD1 to POD3 and then gradually decreased toward POD6 in both groups,
but the trends of the decrease in the infected group were blunt, compared with those in the non-infected
group. On the other hand, presepsin did not show major changes just after surgery, but it increased on
POD4 and POD6, when the complications occurred. ROC analysis to predict infectious complications
revealed that the best accuracy was obtained on POD 6 for all biomarkers. CRP showed excellent
predictability and presepsin showed good predictability. However, the cut-off values of all biomarkers
were relatively lower than expected.

Conclusions: The trends of change in presepsin following colorectal surgeries were distinct from those of
CRP and PCT. Monitoring the presepsin trends after colorectal surgeries could be helpful to detect
postoperative infectious complications.

Trial registration: UMIN000025313. Registered on 17 December 2016. 

Background
Infectious complications of surgery are associated with increased morbidity, length of hospitalization,
and health care costs.1–2 They are a particular problem in colorectal surgery, a procedure with
disproportionately high rates of infectious complication.3–4 Early detection and optimal treatment of
infectious complications are crucial to improving mortality and morbidity.4–5 C-reactive protein (CRP) is
probably the most widely used in�ammatory biomarker in hospitals worldwide. CRP has been studied as
a useful predictor of infectious complications after colorectal resections. Platt et al. reported that CRP
measurement on postoperative day (POD) 3 was clinically useful in predicting infectious complications,
but its sensitivity and speci�city are not very high. 6 Procalcitonin (PCT), a 116-amino acid peptide, is an
in�ammatory biomarker with a shorter half-life than CRP. Unfortunately, PCT levels are elevated in
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numerous noninfectious conditions such as trauma, burns and surgical procedures themselves, making
accurate interpretation of PCT elevation di�cult. 7

Presepsin is a soluble N-terminal fragment of the cluster of the differentiation marker protein CD14
(sCD14-ST), which is released into the circulation during monocyte activation upon the recognition of
lipopolysaccharide from infectious agents. 8 Several studies have con�rmed the usefulness of presepsin
as a marker for the diagnosis of sepsis. 9–10 In studies, plasma presepsin concentrations have been
linked the severity of sepsis8, 11 and its outcome. 12 Moreover, it has been reported that presepsin levels
are not susceptible to severe trauma, burn or invasive surgical procedures, and that, as an early marker of
mortality for critically ill patients, it showed better prognostic performance than other biomarkers. 13–14

However, it remains unknown whether presepsin is useful for the early detection of infectious
complications after elective colorectal surgery.

The aim of this study was to assess the diagnostic value of presepsin levels in the early detection of
infectious complications after elective colorectal surgery. We compared presepsin in this role with CRP
and PCT.

Methods

Study design
This study was performed as a prospective, single-center, observational study. The study protocol was
approved by our university ethical committee and registered in a publicly accessible database, the UMIN
clinical Trial Registry (UMIN000025313).

Patients were enrolled from January 9, to December 31, 2017. Patients 18 years or older who had
undergone elective colorectal surgery were enrolled. Patients were excluded if they had obvious signs of
infection before surgery or end-stage kidney disease (de�ned by the Risk-Injury-Failure-Loss-Endstage
renal disease classi�cation criteria), as the latter is known to affect presepsin concentrations. 15–17

Anesthesia was induced and maintained with propofol, remifentanil, ketamine, and rocuronium. The
antibiotic prophylaxis consisted of cefotiam hydrochloride 1g just before the surgery and every 3 hours
after surgery for 24 hours.

Data Collection And De�nition Of Complications
Clinical data were obtained during an initial patient interview and subsequent review of medical
documentation. Patient demographic and perioperative data were entered into an electronic databank.

Postoperative infectious complications were classi�ed as surgical site infections (SSIs) and remote
infections. SSIs included wound infection, intra-abdominal infection, and anastomotic leakage. Remote
infections such as pneumonia, urinary tract infections and central line infections were often exogenous
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and occurred at sites not directly associated with the surgical procedure. 18–19 Infectious complications
were diagnosed by surgeons. Patients underwent postoperative diagnostic tests or treatments only in
case of symptoms or signs of infectious complications. Anastomotic leakage was de�ned as leakage at
the site of surgical anastomosis veri�ed either radiologically or upon relaparotomy. Intra-abdominal
infection was veri�ed by surgical drainage, imaging study, or by relaparotomy. Wound infection was
de�ned as the presence of pus, either discharged spontaneously or requiring drainage. Pneumonia was
diagnosed by the presence of new pulmonary in�ltration on chest radiography, accompanied by clinical
symptoms and signs. Urinary tract infection was diagnosed by clinical symptoms with a positive urine
sediment analysis. Central line infection was diagnosed by clinical symptoms with positive blood
cultures and cultures from the catheter tip. 20–21

Circulating Biomarker Measurement
Blood samples were collected through an arterial line just before surgery and on POD 1, 2, 3, 4, and 6 to
measure plasma levels of presepsin, CRP, and PCT.

Presepsin concentrations were determined by a chemiluminescent enzyme immunoassay. The lower limit
of detection was 20 pg/mL. PCT concentrations were determined by an electrochemiluminescent
immunoassay, according to the manufacturer’s instructions. The lower limit of detection was 0.02 ng/mL.
CRP concentrations were measured by a latex coagulation detection method with a nephelometer. The
lower limit of detection was 0.02 mg/dL.

Outcomes And Statistical Analysis
We evaluated the association between circulating biomarkers and infections. More speci�cally, we
assessed the diagnostic value of postoperative presepsin levels in the early detection of infectious
complications after elective colorectal surgery, compared with PCT and CRP levels.

In designing the study we calculated the necessary sample size of at least 95 patients to achieve 95%
statistical power at a type  error probability of 0.05% to detect an AUC of 0.8, and a rate of SSI or
13%.2,22−24 Anticipating a 20% loss to follow-up, this number was increased to 114 patients. All statistical
calculations were performed using GraphPad Prism version 6.0 (GraphPad Software, La Jolla, CA).
Student’s t-test was used for the comparison of two groups of parameters that were normally distributed.
The Mann-Whitney U test was used to compare differences between two independent groups not
normally distributed. Changes of biomarker concentrations over time in both groups were compared
using two-way analysis of variance (ANOVA) with repeated measures followed by Bonferroni’s multiple
comparison test on log-transformed data when appropriate. Predictive performance was assessed by the
area under the receiver operating characteristic (ROC) curves. A p value < 0.05 was accepted as
signi�cant.
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Results

The demographic data of the patients (Table 1)
A total of 114 patients were included in this study, and 27 patients (23.7%) developed infectious
complications. The clinical characteristics of the 114 patients are shown in Table 1. The complications
included 11 anastomotic leakages, 13 intra-abdominal infections and 3 wound infections. Among those
27 patient with complications, one coincidentally had a urinary tract infection. The median interval
between surgery and the diagnosis of infection was 5 days (Min-Max days: 3–9 days). Six patients
required additional operations: 4 ileo-colostomies, 1 Hartmann resection and 1 re-suturing of the anal
region.

The patients who underwent rectal resections had signi�cantly more complications than the patients who
did not undergo rectal surgery (74.0% vs 49.4%, p = 0.024). The length of hospital stay was signi�cantly
longer in patients with complications than in patients without complications (24.5 ± 29.6 vs. 12.6 ± 7.1, p 
< 0.001), implying higher costs of medical treatment for patients with complications. There was no
readmission due to morbidities within the �rst 30 days after surgery.

Time course of presepsin, CRP and procalcitonin levels during the study period

Changes in the three biomarkers are shown in Figure. There were signi�cant differences in presepsin, CRP
and PCT concentrations between the infected and non-infected groups (each P value for time-infected
interaction was less than 0.0001). CRP and PCT signi�cantly and markedly increased from POD1 to
POD3 and then gradually decreased toward POD6, but the decreases in the infected group were more
gradual than those in the non-infected group. On the other hand, presepsin did not increase in either
group within the �rst 3 days after the surgery, but the infected group showed a signi�cant increase on
POD4 and POD6, compared with the non-infected group. The shapes of the trend of presepsin were
clearly different from those of the other two markers, CRP and PCT.

Prognostic Accuracy Of Presepsin, Crp And Pct
The results of ROC analysis de�ning the area under the curve (AUC) of the three biomarkers for infectious
complications are shown in Table 2. ROC analysis to predict infectious complications revealed that the
best accuracy was obtained on POD 6 for all biomarkers. The cut-off values, sensitivities, speci�cities
and AUCs are also shown in Table 2. The AUC values of CRP, presepsin and PCT on POD 6 were 0.91,
0.82 and 0.75, respectively.

Discussion
This study showed the unique behaviors of presepsin in colorectal surgery patients with and without
infectious complications, compared with CRP and PCT. CRP and PCT signi�cantly increased immediately
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after the surgery and gradually decreased several days after the surgery. While the elevations of CRP and
PCT were relatively prolonged in infected groups, compared with non-infected groups.

CRP is an in�ammatory biomarker that increases in response not only to infection but also to
in�ammation caused by non-infectious stimuli. It is widely used as a predictor of infectious
complications after surgery. Platt et al. reported that CRP measurement on POD3 is clinically useful for
predicting infectious complications.6 PCT has been also reported to be useful as a septic biomarker25,
but PCT levels are also known to be elevated in non-infectious conditions such as trauma, burn and even
surgical procedures.7, 26 In this study the levels of median PCT concentrations in both infected and non-
infected groups were higher than 1 ng/ml, which was more than the reported cutoff values of 0.5 ng/ml
for suspecting bacterial infections.25,27 Overall, PCT may not be very useful for detecting infectious
complications in colorectal surgery because PCT is so easily increased, the levels of increase vary from
patient to patient, and the AUC of PCT on POD 6 was 0.75, indicating less than desired predictability. In
contrast to CRP and PCT, presepsin markedly increased only in response to the infectious insults after
surgery, with good predictability shown by an AUC of 0.82 on POD 6. Presepsin has been shown to be
released into the blood circulation during monocyte activation upon the recognition of
lipopolysaccharides from infectious agents. 8 Several studies have con�rmed the usefulness of presepsin
as a biomarker for the diagnosis of sepsis. 9–10 Our study showed the usefulness of presepsin to detect
infectious complications in colorectal surgery in line with those previously reported studies.

The cutoff value of presepsin to detect infection on POD 6 was 299 pg/ml, less than previously reported
values. Popv and colleague28 reported that the cutoff value of presepsin to identify infection after cardiac
surgery was 702 pg/ml, with a sensitivity of 72% and a speci�city of 66%. Endo and colleagues10

reported that the cutoff value of presepsin to discriminate bacterial from nonbacterial infectious disease
was 600 ng/l, with a sensitivity of 87.8% and speci�city of 81.4%. On the other hand, Liu and
colleagues14 reported that the cutoff value of presepsin for diagnosing sepsis was 317 pg/ml, with a
sensitivity of 70.8% and speci�city of 85.8%, and that the median [25th to 75th percentiles] presepsin
concentration in healthy individuals was 130 [104, 179] pg/ml. Tsuchida and colleagues29 reported the
cutoff values of presepsin for detecting bacterial infection and bacteremia in non-severe outpatients were
226 pg/ml (sensitivity 67%, speci�city 66%) and 256 pg/ml (sensitivity 84%, speci�city 70%). The latter
two studies, as well as our own, suggest that the optimal cutoff value of presepsin to detect an infectious
complication may not be as large as expected.

In our study, CRP had the highest sensitivity of 81.5% and speci�city of 88.4% on POD6, with an AUC of
0.91, which was higher than that of presepsin, suggesting that CRP might be better at detecting
postoperative infections in colorectal surgery. However, the cutoff value of CRP was 7.39 mg/dl, which
was not extraordinary high and much lower than the peak CRP level after surgery even in the non-infected
group. In order to use the cutoff value of CRP in POD6, it’s important to know its entire post-surgical
trajectory.
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Our study has several limitations, including its single-center design. First, we did not examine the
correlation between postoperative renal function and biomarker concentrations. We simply excluded
patients with diagnosed end-stage kidney disease, knowing that renal function can affect presepsin
concentrations. Even though there were no patients in this study who required renal replacement therapy
during our observation, it was known that presepsin and PCT concentrations are signi�cantly correlated
with the serum creatinine concentration after cardiac surgery. 30 Thus, the postoperative course of renal
function might have affected biomarker concentrations in this study. Second, we need to consider the
effects of reoperation. Six patients required additional operations for postoperative infectious
complications in this study. Second invasive surgical procedures might have affected changes in
biomarker concentrations during the observation period.

Conclusion
The trend of change in presepsin levels following colorectal surgery was distinct from those of CRP and
PCT. Our data suggest that monitoring presepsin concentrations after colorectal surgery is helpful for
detecting early postoperative infectious complications.
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Table 2 ROC curve predictions of presepsin, CRP and procalcitonin (PCT) values based on the presence or
absence of infectious complications
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Figures

Figure 1

Time course of plasma concentrations of presepsin, CRP and procalcitonin Plasma concentrations of
presepsin, CRP and procalcitonin before surgery and on postoperative day 1, 2, 3, 4, and 6. Data are
shown as median and SEM. Two-way analysis of variance (ANOVA) with repeated measures was done
on log-transformed data. There were signi�cant differences between groups for presepsin, CRP, and
procalcitonin concentrations. * p< 0.05 between groups † p < 0.05 versus preoperative 


