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ARTICLE INFO ABSTRACT

Background: Levels of the biomarkers presepsin and procalcitonin are affected by renal function. We evaluated
the accuracies of presepsin and procalcitonin levels for diagnosing sepsis in patients with and without acute
kidney injury (AKI).
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Acute kidney injury

Accuracy Methods: We evaluated patients with presepsin and procalcitonin data, and classified them into AKI and non-AKI
]S)?z;:osis groups based on the Kidney Disease Improving Global Outcomes criteria. Each group was then subdivided ac-

cording to sepsis status for each stage of AKI. Receiver operating characteristic curve analyses were used to
investigate the accuracies of biomarker levels for diagnosing sepsis.

Results: In the non-AKI group, the area under the curves (AUCs) for procalcitonin and presepsin levels were
0.897 and 0.880, respectively (p = .525) and optimal cut-off values were 0.10 ng/ml (sensitivity: 85.1%, spe-
cificity: 79.1%) and 240 pg/ml (sensitivity: 80.9%, specificity: 83.2%), respectively. In the stage 3 subgroup, the
AUC for procalcitonin (0.946) was significantly higher than that for presepsin (0.768, p < .001). The optimal
cut-off values for diagnosing sepsis were 4.07 ng/ml (sensitivity: 87.2%, specificity: 93.5%) for procalcitonin and
500 pg/ml (sensitivity: 89.7%, specificity: 59.7%) for presepsin.

Conclusions: In patients with severe AKI, the accuracy of the diagnosis of sepsis with procalcitonin was sig-

nificantly higher than with presepsin.

1. Introduction

Many studies have reported that early treatment of sepsis using
appropriate antibiotics improves patient's prognosis, and increases the
survival rates after severe sepsis or septic shock [1-4]. The definition of
sepsis was proposed in 1991 [5]. Since then, > 170 biomarkers have
been identified for evaluating sepsis [6]. Among them, procalcitonin
(PCT) is used in many parts of the world to assist in the diagnosis of
acute infection. Moreover, PCT is weakly recommended to support the
discontinuation of empiric antibiotics in the Surviving Sepsis Campaign
International Guidelines for Management of Sepsis and Septic Shock:
2016 [4]. Furthermore, the Food and Drug Administration approved
PCT assay in guiding the starting or stopping of antibiotic treatment in
suspected lower respiratory tract infection [7]. However, the con-
centrations of PCT can be elevated in various non-sepsis situations such
as the early stage of severe trauma, invasive surgical procedures, and
critical burn injuries. Therefore, physicians must be aware of the
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possibility of false-positive results [8]. In addition, renal function is a
major determinant of PCT concentrations [9]. The most common cause
of acute kidney injury (AKI) among critically ill patients is sepsis [10].
Thus, there is an urgent need for more effective biomarkers to diagnose
sepsis in patients with AKI.

Recently, several meta-analyses have reported that presepsin (P-
SEP) may be a helpful and valuable biomarker for the early diagnosis of
sepsis [11-13]. Interestingly, we have also recently reported that P-SEP
concentrations are elevated during sepsis; they are also elevated in non-
sepsis patients with severe AKI [14]. Again, we have reported that in
patients with severe AKI, the diagnostic accuracy of PCT concentration
is significantly lower than that in non-AKI patients [15]. However, only
a few other studies have also assessed the usefulness of P-SEP and PCT
as markers of sepsis in AKI [16].

Received 26 June 2018; Received in revised form 25 August 2018; Accepted 6 September 2018

Available online 08 September 2018
0009-8981/ © 2018 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/00098981
https://www.elsevier.com/locate/cca
https://doi.org/10.1016/j.cca.2018.09.013
https://doi.org/10.1016/j.cca.2018.09.013
mailto:pdmxy827@yahoo.co.jp
https://doi.org/10.1016/j.cca.2018.09.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cca.2018.09.013&domain=pdf

Y. Nakamura et al.

2. Materials and methods

This study was a single-center retrospective study. The study pro-
tocol was approved by the Institutional Review Board of Fukuoka
University Hospital. The need for informed consent was waived given
the retrospective and anonymous nature of the study.

2.1. Study population

We included patients aged =18y, without cardiopulmonary arrest
on arrival, who were admitted to our intensive care unit between July
2013 and June 2015. We excluded patients with cardiopulmonary ar-
rest on arrival, those in whom urine output was not evaluated, those for
whom P-SEP or PCT concentrations were not measured, as well as those
with end-stage kidney disease (ESKD) [17] and Sequential Organ
Failure Assessment (SOFA) scores [18] < 2. In this study, we divided
patients into non-AKI or AKI groups based on the Kidney Disease Im-
proving Global Outcomes (KDIGO) AKI definition [19]. Furthermore,
we classified the patients in each group as having or not having sepsis
based on the Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3) [20]. In other words, the definition of sepsis
included organ failure caused by an infection which resulted in a SOFA
score = 2. Furthermore, patients were basically managed and diag-
nosed with sepsis as per the Japanese guidelines for the management of
sepsis [21]. Based on these groups, we compared the patients' ages, sex,
white blood cell counts, hematocrit concentrations, platelet counts,
albumin concentrations, C-reactive protein (CRP) concentrations,
creatinine (Cr) concentrations, lactate concentrations, PCT concentra-
tions, P-SEP concentrations, Acute Physiology and Chronic Health
Evaluation (APACHE) II [22], and SOFA scores [18] at admission.

2.2. P-SEP measurement

P-SEP concentrations were measured using a compact automated
immunoanalyzer (Pathfast®; LSI Medience Corp.) based on a chemilu-
minescent enzyme immunoassay [23,24].

2.3. PCT measurement

PCT concentrations were measured using the Elecsys Brahms PCT
assay (Roche Diagnostics).

2.4. Classification of AKI severity

AKI severity was determined based on the KDIGO AKI definition
[19], and involved measuring blood Cr concentrations and evaluating
the patient's urine output during the first 24 h of admission. The pa-
tients' baseline Cr concentrations were extracted from their admission
records, or were defined as the lowest Cr concentrations during their
stay in the intensive care unit if there was no admission record. Each
patient's AKI status was evaluated using both their Cr concentrations
and urine output, and the more severe AKI classification was selected if
we observed any discrepancy between the 2 measures.

2.5. Accuracy of detecting sepsis according to AKI severity

We evaluated the accuracy of detecting sepsis by using receiver
operating characteristic curves (ROCs). Furthermore, we calculated the
area under the curves (AUCs) to compare the accuracy of P-SEP and
PCT concentrations for diagnosing sepsis according to AKI severity.

2.6. Relationships between severity of illness or AKI and concentrations of
P-SEP or PCT

We also evaluated the relationships between concentrations of P-
SEP or PCT and the severity of illness (organ dysfunction) or AKI, as P-
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SEP and PCT concentrations are positively correlated with the severity
of sepsis [15,25-29] and AKI [14,15].

2.7. Statistical analysis

Continuous variables were reported as medians and interquartile
ranges (IQRs), and the two groups were compared using the Wilcoxon
signed rank test. Moreover, various groups were compared using the
Steel-Dwass test. The Youden index was used to identify the cut-off
values for P-SEP and PCT concentrations that might have diagnostic
value. To investigate the effect of AKI severity on P-SEP concentrations,
we performed analyses of variance (ANOVA) that included AKI se-
verity, sepsis (yes/no), and SOFA score as covariates. These analyses
were performed using JMP software (ver 12; SAS Institute) and
MedCalc software (ver 14; MedCalc Software bvba). Furthermore, a
post-hoc power calculation was performed for the difference in AUCs
between P-SEP and PCT based on data from stage 1 and 3 using SAS ver
9.4. Differences with p < .05 were considered statistically significant.

3. Results
3.1. The number of patients and patients' characteristics

We included 366 patients in the AKI group and 440 in the non-AKI
group. Based on the KDIGO criteria, the patients in the AKI group were
categorized as 226 patients in stage 1, 39 patients in stage 2, and 101
patients in stage 3 (Fig. 1). The patients' clinical diagnoses are listed in
Table 1. Among the patients with sepsis, the commonest clinical diag-
nosis was pneumonia, followed by bacteremia and peritonitis. The re-
sults of the bacteriological examinations are shown in Table 2. The
characteristics of the patients with and without sepsis at admission are
shown in Table 3. Patients with sepsis exhibited significantly higher
age, CRP, Cr, PCT, P-SEP concentrations, SOFA, and APACHE II scores.
Patients without sepsis exhibited significantly higher hematocrit con-
centrations, platelet counts, and albumin concentrations, in contrast to
significantly lower hematocrit concentrations and platelet counts in
those with sepsis.

3.2. Comparing P-SEP and PCT concentrations in each AKI classification

The P-SEP and PCT concentrations were significantly higher in the
sepsis group compared with the non-sepsis group (Table 4). The P-SEP
and PCT concentrations were significantly higher in the stage 3 sub-
group compared to those in the non-AKI group, regardless of their
sepsis status (Table 5).

3.3. Accuracy for diagnosing sepsis

In the non-AKI group, the AUC for P-SEP was 0.880 (95% con-
fidence interval [CI]: 0.814-0.925). In the AKI group, the AUC values
were 0.806 (95% CI: 0.724-0.866) in the stage 1 subgroup, 0.704 (95%
CI: 0.491-0.854) in the stage 2 subgroup, and 0.768 (95% CI:
0.666-0.847) in the stage 3 subgroup (Table 6).

In the non-AKI group, the AUC for PCT was 0.897 (95% CIL
0.842-0.934). In the AKI group, the AUC values were 0.910 (95% CI:
0.841-0.950) in the stage 1 subgroup, 0.867 (95% CI: 0.680-0.953) in
the stage 2 subgroup, and 0.946 (95% CI: 0.881-0.976) in the stage 3
subgroup (Table 6). Thus, PCT concentrations were accurate in diag-
nosing sepsis, regardless of the presence or severity of AKI. The ROCs
are shown in Fig. 2.

For P-SEP, the AUC values for the stages 1 and 3 subgroups were
significantly lower than those for the PCT AKI group (p = .002 in stage
1 and p < .001 in stage 3). In stage 1, the difference in AUCs and its
standard error were estimated to be 0.103 and 0.033, respectively.
From these estimates, the power was calculated to be 88.0%. Moreover,
in stage 3, the difference in AUCs and its standard error were estimated
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1,172
Inclusion criteria
Age>18
Without cardiopulmonary arrest on arrival

366 excluded
46 Urine output not measured
22 PCT not measured on arrival
18 P-SEP not measured on arrival
40 End-stage kidney disease
36 SOFA score not evaluated on admission
204 SOFA score <2

440 366
non-AKI AKI
226 39 101
Stage 1 Stage 2 Stage 3
393 47 178 48 27 12 62 39
non- . non- . non- . non- .
. sepsis . sepsis . sepsis . sepsis
sepsis sepsis sepsis sepsis
Fig. 1. Patient enrollment, exclusion, and classification.
PCT, procalcitonin; P-SEP, presepsin; SOFA, Sequential Organ Failure Assessment; AKI, acute kidney injury.
Table 1 Table 3
The number of clinical diagnoses. Characteristics of the patients with or without sepsis at admission.
Sepsis or non-sepsis Diagnosis n Total non-sepsis sepsis (n = 146) P-value
(n = 660)
Sepsis Pneumonia 46 146
Bacteremia 37 Age, years 65 (50-77) 73 (63-79) < 0.001
Peritonitis 23 Sex, % female 38.9 (257) 36.3 (53) NS
Skin, bone, and soft tissue infection 14 WBC count, % 10%/mm? 10.4 (7.6-13.9) 11.6 (6.6-18.2) NS
Biliary tract infection 5 Hematocrit, % 38.0 (32.2-42.5) 33.6 (27.7-37.0) < 0.001
Urinary tract infection 5 Platelet counts, 20.2 (15.2-25.7) 15.7 (9.6-23.2) < 0.001
Bacterial translocation 3 x10*/mm?
Enteritis 3 Albumin, g/dl 3.9 (3.3-44) 2.6 (2.2-3.1) < 0.001
Meningitis 3 C-reactive protein, mg/dl 0.2 (0.1-1.0) 11.6 (4.2-19.3) < 0.001
Other 7 Creatinine, mg/dl 0.9 (0.7-1.1) 1.2 (0.7-2.3) < 0.001
Non-sepsis Stroke 188 660 Lactate, mg/dl 21 (13-37) 21 (13-42) NS
Trauma 181 P-SEP, pg/ml 141 (92-288) 603 (355-1219) < 0.001
Aortic disease 43 PCT, ng/ml 0.05 (0.03-0.12) 4.28 (0.51-28.84) < 0.001
Heart failure 38 SOFA score 4 (3-6) 7 (5-10) < 0.001
Gastrointestinal bleeding 26 APACHE II score 17 (13-22) 20 (16-27) < 0.001
Poisoning 26
Epilepsy 24 Data are expressed as median (interquartile range) or % (number).
Acute coronary syndrome 21 WBC, white blood cell; P-SEP, presepsin; PCT, procalcitonin; SOFA, Sequential
Burn 9 Organ Failure Assessment; APACHE, Acute Physiology and Chronic Health
Heat stroke 7 .
o Evaluation.
Pancreatitis 7
Allergic disease 6
Other 84 Table 4

Comparison of levels of P-SEP and PCT between patients with or without sepsis
according to AKI severity.

Table 2 A ] i ]
. . . . . A . KI severity = non-sepsis sepsis p value
Results of the bacteriological examinations of patients with sepsis.
Infectious agent® n P-SEP (pg/ non-AKI 115 (84-190) 473 (258-743) < 0.001
ml) Stage 1 206 (111-367) 587 (345-987) < 0.001
Gram-negative rods 44 Stage 2 176 (108-805) 744 (277-2501) 0.046
Gram-positive cocei 39 Stage 3 365 (214-1096) 1181 (654-2603) < 0.001
Not detected 39 PCT (ng/ml)  non-AKI 0.04 0.47 (0.14-2.00) < 0.001
Gram-positive coccus and Gram-negative bacillus 19 (0.02-0.09)
F Stage 1 0.05 6.95 (0.95-20.68) < 0.001
ungus 2
Gram-positive coccus, Gram-negative bacillus, and fungus 2 (0.03-0.14)
Mycobacterium avium complex 1 Stage 2 0.06 3.36 (0.25-42.00) 0.001
Total 146 (0.03-0.32)
Stage 3 0.27 31.17 < 0.001
(0.06-1.01) (9.43-100.00)

2 The microbiological test results were obtained using samples that were
taken from the presumed site of infection or via blood culture.

Data are expressed as median (interquartile range).
P-SEP, presepsin; PCT, procalcitonin; AKI, acute kidney injury.
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Table 5
Comparison of presepsin and procalcitonin levels according to AKI severity.

Clinica Chimica Acta 490 (2019) 200-206

A. Non-sepsis

n 393 178

27 62

non-AKI
115 (84-190)
0.04 (0.02-0.09)

AKI severity
P-SEP (pg/ml)
PCT (ng/ml)

Stage 1

206 (111-367)"
0.05 (0.03-0.14)""

Stage 2
176 (108-805)"""
0.06 (0.03-0.32)

Stage 3
365 (214-1096)""
0.27 (0.06-1.01)""*

B. Sepsis
n 47 48 12 39
AKI severity non-AKI Stage 1 Stage 2 Stage 3

473 (258-743)
0.47 (0.14-2.00)

P-SEP (pg/ml)
PCT (ng/ml)

587 (345-987)
6.95 (0.95-20.68)"

1188 (654-2603)""
31.17 (9.43-100.00)"

744 (277-2501)
3.36 (0.25-42.00)

Data are expressed as median (interquartile range), and the groups were compared using Steel-Dwass test.

P-SEP, presepsin; PCT; procalcitonin, AKI; acute kidney injury.
T p < .001, vs. non-AKI.
™ p < .01, vs. non-AKIL

p < .05, vs. non-AKI.

# p < .001, vs. stage 1.

## p < .01, vs. stage 1.

* p < .01, vs. stage 2.

Tt

to be 0.177 and 0.047, respectively. From these estimates, the power
was calculated to be 96.8%. Thus, our study had sufficient power to
detect the AUC difference in stages 1 and 3. Thus, P-SEP concentrations
had low accuracy for diagnosing sepsis in the AKI subgroup, especially
in stage 3 (AUC: 0.768). Furthermore, the AUC value for the stage 3
subgroup was significantly lower than that in the non-AKI group
(p = .038) for P-SEP. Therefore, P-SEP concentrations had low accuracy
for diagnosing sepsis in the stage 3 subgroup. In the comparison of AUC
values, that of the stage 2 subgroup was low and was excluded from the
statistical analysis due to the small number of patients (Table 6).

In the non-AKI patients, optimal cut-off values were 240 pg/ml
(sensitivity: 80.9%, specificity: 83.2%) for P-SEP, and 0.10ng/ml
(sensitivity: 85.1%, specificity: 79.1%) for PCT. In the stage 3 subgroup,
the optimal cut-off values were 500 pg/ml (sensitivity: 89.7%, specifi-
city: 59.7%) in the concentrations of P-SEP, and 4.07 ng/ml (sensitivity:
87.2%, specificity: 93.5%) in the concentrations of PCT. Thus, P-SEP
and PCT optimal cut-off values were relatively high in the stage 3
subgroup (Table 6).

3.4. Relationship between the severity of illness or AKI and concentrations
of P-SEP and PCT

The results of the ANOVA are shown in Table 7. The severity of AKI

was significantly associated with increasing concentrations of P-SEP
and PCT. Moreover, the adjusted means of P-SEP and PCT concentra-
tions increased with AKI severity.

4. Discussion

This retrospective study indicated that the PCT was significantly
more accurate in diagnosing sepsis than P-SEP in patients with severe
AKI. We have previously reported that P-SEP may not be a reliable
indicator of sepsis in patients with more advanced forms of AKI [14].
Our previous study [14] evaluated the accuracy of diagnosis of sepsis
only among the non-AKI vs. AKI groups because of the small sample
size. However, the present study included a larger sample size com-
pared to our previous report. Therefore, we could compare the accuracy
of diagnosis of sepsis in each AKI classification. Even in patients
without sepsis, the concentrations of P-SEP increased with AKI severity.
Especially in the stage 3 KDIGO criteria subgroup, the AUC value was
significantly lower than that in the non-AKI group with P-SEP (Table 6).
Moreover, the optimal cut-off value (Table 6) and value of adjusted
mean in the ANOVA (Table 7A) were higher in the stage 3 subgroup
than that in the non-AKI group. Saito et al. [30] have reported that
patients with ESKD exhibited pre-living kidney transplantation (LKT) P-
SEP concentrations that were markedly above the upper limit of normal

Table 6
Accuracy of diagnosing sepsis according to acute kidney injury severity.
AKI severity AUC 95% CI Optimal cut-off value Se (%) Sp (%) PPV (%) NPV (%)
Non-AKI P-SEP 0.880 0.814-0.925 240 pg/ml 80.9 83.2 36.5 97.3
PCT 0.897 0.842-0.934 0.10 ng/ml 85.1 79.1 32.8 97.8
Stage 1 P-SEP 0.806.. 0.724-0.866 323 pg/ml 83.3 69.1 42.1 93.9
PCT 0.910 0.841-0.950 0.74 ng/ml 83.3 91.6 72.7 95.3
Stage 2" P-SEP 0.704 0.491-0.854 253 pg/ml 83.3 55.6 45.5 88.2
PCT 0.867 0.680-0.953 0.59 ng/ml 75.0 88.9 75.0 88.9
Stage 3 P-SEP 0.768..° 0.666-0.847 500 pg/ml 89.7 59.7 58.3 90.2
PCT 0.946 0.881-0.976 4.07 ng/ml 87.2 93.5 89.5 92.1

AKI, acute kidney injury; P-SEP, presepsin; PCT, procalcitonin; AUC, area under the curve; CI, confidence interval; Se, sensitivity; Sp, specificity; PPV, positive

predictive value; NPV, negative predictive value.
* p =.002, vs. PCT Stage 1.
* p < .001, vs. PCT Stage 3.
* Excluded from the statistical analysis due to the small number of patients.
$ p = .038 vs. non-AKI P-SEP.
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Fig. 2. Receiver operating characteristic curves in the non-AKI and AKI groups. AKI, acute kidney injury; P-SEP, presepsin; PCT, procalcitonin.

1-Specificity

Table 7

Analysis of variance regarding the effect of acute kidney injury severity.
A. P-SEP

Adjusted mean (pg/ml) P-value
Sepsis (yes or no) < 0.001
KDIGO criteria < 0.001
non-AKI 470
Stage 1 649
Stage 2 873
Stage 3 1123
SOFA score < 0.001
B. PCT
Adjusted mean (ng/ml) P-value

Sepsis (yes or no) < 0.001
KDIGO criteria 0.005
non-AKI 8.4
Stage 1 10.43
Stage 2 9.79
Stage 3 19.17
SOFA score < 0.001

P-SEP, presepsin; PCT, procalcitonin; KDIGO, The Kidney Disease Improving Global Outcomes; AKI,
acute kidney injury; SOFA, Sequential Organ Failure Assessment.

The criterion valuables were P-SEP or PCT, and the explanatory valuables were sepsis (yes or no),
KDIGO criteria, SOFA score.
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(1252 = 451 pg/ml), and that their P-SEP concentrations consistently
decreased after the LKT. These results suggest that the metabolism of P-
SEP might involve a renal component. Therefore, the accuracy of P-SEP
concentrations for diagnosing sepsis might be significantly lower for
patients in the stage 3 subgroup, compared to the non-AKI group. From
these results, we need to consider different cut-off points for the diag-
nosis of sepsis and carefully evaluate the diagnosis of sepsis using P-SEP
concentrations in patients with severe AKI. In contrast, the optimal cut-
off value of P-SEP for discriminating between bacterial and non-
bacterial infectious diseases was determined to be 600 pg/ml [31].
However, our study indicated that the optimal cut-off value of P-SEP for
diagnosing sepsis in non-AKI patients is 240 pg/ml (Table 6). This result
suggests that we need to consider lower concentrations of P-SEP for the
diagnosis of sepsis in non-AKI patients.

Recently, Takahashi et al. [16] reported that the accuracy of P-SEP
for the diagnosis of sepsis was significantly higher than that of PCT
concentrations in AKI patients. These results differ from those of the
present study. Takahashi et al. defined AKI by using plasma neutrophil
gelatinase-associated lipocalin, plasma cystatin C and/or estimated
glomerular filtration rate. In contrast, we defined AKI according to the
KDIGO criteria. KDIGO is the latest international criteria for defining
AKI and is more predictive of in-hospital mortality compared to the
RIFLE (the Risk, Injury, Failure, Loss of Kidney Function, and End-stage
Kidney Disease) criteria [32]. Therefore, we considered the KDIGO
criteria as the most appropriate definition of AKI. Moreover, our study
of the clinical diagnosis at admission was different from the study by
Takahashi et al. Furthermore, they analyzed P-SEP and PCT con-
centrations not only on admission but also on days 1, 3, 5, and 7.
However, the concentrations of P-SEP and PCT may have varied with
the initial therapy. These differences in study design may be responsible
for the differences in the outcomes between our study and that of Ta-
kahashi et al.

In our previous study, we reported that the diagnostic accuracy of
PCT concentration was significantly lower in AKI patients in the
“Failure” subgroup (AUC: 0.857, 95% CI: 0.730-0.930) according to the
RIFLE criteria than that in non-AKI patients (AUC: 0.958, 95% CL:
0.923-0.978, p < .05) [15]. However, the present study showed that
even in severe forms of AKI, the accuracy of the diagnosis of sepsis was
acceptable with PCT. In contrast, the present study demonstrated that
the optimal cut-off value was relatively high in the stage 3 subgroup
than in the non-AKI, and stages 1 and 2 subgroups of AKI (Table 6).
Moreover, ANOVA showed that the adjusted mean value of PCT in the
stage 3 subgroup of AKI was higher than that in the non-AKI, and stages
2 and 3 subgroups of AKI (Table 7B). These results suggest that we need
to consider different cut-off values for the diagnosis of sepsis using PCT
in patients with severe AKI.

Some studies have reported that P-SEP [25-27] and PCT [15,28,29]
concentrations increase with increasing severity of sepsis. The present
study's ANOVA findings indicate that P-SEP and PCT concentrations
increased with increasing AKI severity, regardless of sepsis status, and
that elevated concentrations of P-SEP and PCT were independently
predicted by the severity of illness and/or organ dysfunction (SOFA
score), as well as AKI severity. These results suggested that not only the
severity of sepsis but also AKI severity are indicators for increasing P-
SEP and PCT concentrations. Thus, even for non-sepsis patients, we
need to carefully evaluate the relationship of P-SEP, PCT concentrations
and renal function.

This study has several limitations that warrant consideration. First,
we used a retrospective single-center design with a small sample size,
especially in the stage 2 subgroup of AKI. Second, we did not consider
the effect of the patients' cellular immunity status (e.g., receiving che-
motherapy or steroids) and/or antibiotic use before ICU admission on
their P-SEP and PCT concentrations since this was a retrospective study.
Third, we could not examine the etiologies of AKI. Fourth, P-SEP and
PCT were not standardized in in vitro diagnostic industries. Therefore,
cut-off values may need to be adjusted according to each measuring
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reagent and/or equipment.
5. Conclusions

This study indicates that the diagnostic accuracy of PCT was sig-
nificantly higher than that of P-SEP in AKI patients, especially in severe
forms of AKI such as stage 3 according to the KDIGO criteria. There is
the need to consider different thresholds when using P-SEP and PCT
concentrations to diagnose sepsis in patients with severe AKI.

Acknowledgments

We thank Ms. Kanae Misumi (Department of Emergency and Critical
Care Medicine, Faculty of Medicine, Fukuoka University) for her help in
the data coding. We would also like to thank Editage (www.editage.jp)
for English language editing.

References

[1] A. Kumar, D. Roberts, K.E. Wood, B. Light, J.E. Parrillo, S. Sharma, R. Suppes,

D. Feinstein, S. Zanotti, L. Taiberg, D. Gurka, A. Kumar, M. Cheang, Duration of
hypotension before initiation of effective antimicrobial therapy is the critical de-
terminant of survival in human septic shock, Crit. Care Med. 34 (2006) 1589-1596.
E. Rivers, B. Nguyen, S. Havstad, J. Ressler, A. Muzzin, B. Knoblich, E. Peterson,
M. TomlanovichG. Early Goal-Directed Therapy Collaborative, Early goal-directed
therapy in the treatment of severe sepsis and septic shock, N. Engl. J. Med. 345
(2001) 1368-1377.

D.S. Battleman, M. Callahan, H.T. Thaler, Rapid antibiotic delivery and appropriate
antibiotic selection reduce length of hospital stay of patients with community-ac-
quired pneumonia: link between quality of care and resource utilization, Arch.
Intern. Med. 162 (2002) 682-688.

A. Rhodes, L.E. Evans, W. Alhazzani, M.M. Levy, M. Antonelli, R. Ferrer, A. Kumar,
J.E. Sevransky, C.L. Sprung, M.E. Nunnally, B. Rochwerg, G.D. Rubenfeld,

D.C. Angus, D. Annane, R.J. Beale, G.J. Bellinghan, G.R. Bernard, J.D. Chiche,

C. Coopersmith, D.P. De Backer, C.J. French, S. Fujishima, H. Gerlach, J.L. Hidalgo,
S.M. Hollenberg, A.E. Jones, D.R. Karnad, R.M. Kleinpell, Y. Koh, T.C. Lisboa,
F.R. Machado, J.J. Marini, J.C. Marshall, J.E. Mazuski, L.A. McIntyre, A.S. McLean,
S. Mehta, R.P. Moreno, J. Myburgh, P. Navalesi, O. Nishida, T.M. Osborn, A. Perner,
C.M. Plunkett, M. Ranieri, C.A. Schorr, M.A. Seckel, C.W. Seymour, L. Shieh,

K.A. Shukri, S.Q. Simpson, M. Singer, B.T. Thompson, S.R. Townsend, T. Van der
Poll, J.L. Vincent, W.J. Wiersinga, J.L. Zimmerman, R.P. Dellinger, Surviving sepsis
campaign: International guidelines for management of sepsis and septic shock:
2016, Intensive Care Med. 43 (2017) 304-377.

R.C. Bone, R.A. Balk, F.B. Cerra, R.P. Dellinger, A.M. Fein, W.A. Knaus, R.M. Schein,
W.J. Sibbald, Definitions for sepsis and organ failure and guidelines for the use of
innovative therapies in sepsis, The ACCP/SCCM Consensus Conference Committee.
American College of Chest Physicians/Society of Critical Care Medicine, Chest, 101
1992, pp. 1644-1655.

S.Y. Cho, J.H. Choi, Biomarkers of sepsis, Infect Chemother. 46 (2014) 1-12.
FDA Clears Test to Help Manage Antibiotic Treatment for Lower Respiratory Tract
Infections and Sepsis, News release of the Food and Drug Administration, Silver
Spring, MD, 2017 February 23 https://www.fda.gov/NewsEvents/Newsroom/
PressAnnouncements/ucm543160.htm.

M. Christ-Crain, B. Muller, Procalcitonin in bacterial infections—hype, hope, more
or less? Swiss Med. Wkly. 135 (2005) 451-460.

J. Amour, A. Birenbaum, O. Langeron, Y. Le Manach, M. Bertrand, P. Coriat,

B. Riou, M. Bernard, P. Hausfater, Influence of renal dysfunction on the accuracy of
procalcitonin for the diagnosis of postoperative infection after vascular surgery,
Crit. Care Med. 36 (2008) 1147-1154.

R. Murugan, J.A. Kellum, Acute kidney injury: what's the prognosis? Nat. Rev.
Nephrol. 7 (2011) 209-217.

J. Wu, L. Hu, G. Zhang, F. Wu, T. He, Accuracy of presepsin in sepsis diagnosis: a
systematic review and meta-analysis, PLoS One 10 (2015) e0133057.

X. Zhang, D. Liu, Y.N. Liu, R. Wang, L.X. Xie, The accuracy of presepsin (sCD14-ST)
for the diagnosis of sepsis in adults: a meta-analysis, Crit. Care 19 (2015) 323.

J. Zhang, Z.D. Hu, J. Song, J. Shao, Diagnostic value of presepsin for sepsis: a
systematic review and meta-analysis, Medicine (Baltimore) 94 (2015) e2158.

Y. Nakamura, H. Ishikura, T. Nishida, Y. Kawano, R. Yuge, R. Ichiki, A. Murai,
Usefulness of presepsin in the diagnosis of sepsis in patients with or without acute
kidney injury, BMC Anesthesiol. 14 (2014) 88.

Y. Nakamura, A. Murai, M. Mizunuma, D. Ohta, Y. Kawano, N. Matsumoto,

T. Nishida, H. Ishikura, Potential use of procalcitonin as biomarker for bacterial
sepsis in patients with or without acute kidney injury, J. Infect. Chemother. 21
(2015) 257-263.

G. Takahashi, S. Shibata, Y. Fukui, Y. Okamura, Y. Inoue, Diagnostic accuracy of
procalcitonin and presepsin for infectious disease in patients with acute kidney
injury, Diagn. Microbiol. Infect. Dis. 86 (2016) 205-210.

R. Bellomo, C. Ronco, J.A. Kellum, R.L. Mehta, P. Palevsky, Acute renal failure -
definition, outcome measures, animal models, fluid therapy and information tech-
nology needs: the Second International Consensus Conference of the Acute Dialysis

[2]

[3

[4]

[5]

[6]
[71

[8]

[91

[10]
[11]
[12]
[13]

[14]

[15]

[16]

[17]


http://www.editage.jp
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0005
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0005
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0005
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0005
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0010
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0010
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0010
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0010
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0015
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0015
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0015
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0015
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0020
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0025
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0025
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0025
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0025
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0025
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0030
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm543160.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm543160.htm
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0040
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0040
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0045
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0045
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0045
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0045
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0050
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0050
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0055
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0055
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0060
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0060
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0065
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0065
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0070
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0070
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0070
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0075
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0075
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0075
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0075
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0080
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0080
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0080
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0085
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0085
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0085

Y. Nakamura et al.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Quality Initiative (ADQI) Group, Crit. Care 8 (2004) R204-R212.

J.L. Vincent, R. Moreno, J. Takala, S. Willatts, A. De Mendonca, H. Bruining,

C.K. Reinhart, P.M. Suter, L.G. Thijs, The SOFA (Sepsis-related Organ Failure
Assessment) score to describe organ dysfunction/failure. On behalf of the Working
Group on Sepsis-Related Problems of the European Society of Intensive Care
Medicine, Intensive Care Med. 22 (1996) 707-710.

J.A. Kellum, N. Lameire, Diagnosis, evaluation, and management of acute kidney
injury: a KDIGO summary (part 1), Crit. Care 17 (2013) 204.

M. Singer, C.S. Deutschman, C.W. Seymour, M. Shankar-Hari, D. Annane, M. Bauer,
R. Bellomo, G.R. Bernard, J.D. Chiche, C.M. Coopersmith, R.S. Hotchkiss,

M.M. Levy, J.C. Marshall, G.S. Martin, S.M. Opal, G.D. Rubenfeld, T. van der Poll,
J.L. Vincent, D.C. Angus, The third international consensus definitions for sepsis
and septic shock (Sepsis-3), JAMA 315 (2016) 801-810.

S. Oda, M. Aibiki, T. Ikeda, H. Imaizumi, S. Endo, R. Ochiai, J. Kotani, N. Shime,
O. Nishida, T. Noguchi, N. Matsuda, H. Hirasawa, Sepsis Registry Committee of The
Japanese Society of Intensive Care Medicine, The Japanese guidelines for the
management of sepsis, J. Intensive Care 2 (2014) 55.

W.A. Knaus, E.A. Draper, D.P. Wagner, J.E. Zimmerman, APACHE II: a severity of
disease classification system, Crit. Care Med. 13 (1985) 818-829.

T. Kurihara, A. Yanagida, H. Yokoi, A. Koyata, T. Matsuya, J. Ogawa, Y. Okamura,
D. Miyamoto, Evaluation of cardiac assays on a benchtop chemiluminescent enzyme
immunoassay analyzer, PATHFAST, Anal. Biochem. 375 (2008) 144-146.

Y. Okamura, H. Yokoi, Development of a point-of-care assay system for measure-
ment of presepsin (sCD14-ST), Clin. Chim. Acta 412 (2011) 2157-2161.

T. Shozushima, G. Takahashi, N. Matsumoto, M. Kojika, Y. Okamura, S. Endo,
Usefulness of presepsin (sCD14-ST) measurements as a marker for the diagnosis and

206

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Clinica Chimica Acta 490 (2019) 200-206

severity of sepsis that satisfied diagnostic criteria of systemic inflammatory re-
sponse syndrome, J. Infect. Chemother. 17 (2011) 764-769.

B. Liu, Y.X. Chen, Q. Yin, Y.Z. Zhao, C.S. Li, Diagnostic value and prognostic eva-
luation of Presepsin for sepsis in an emergency department, Crit. Care 17 (2013)
R244.

M. Behnes, T. Bertsch, D. Lepiorz, S. Lang, F. Trinkmann, M. Brueckmann,

M. Borggrefe, U. Hoffmann, Diagnostic and prognostic utility of soluble CD 14
subtype (presepsin) for severe sepsis and septic shock during the first week of in-
tensive care treatment, Crit. Care 18 (2014) 507.

S. Endo, N. Aikawa, S. Fujishima, I. Sekine, K. Kogawa, Y. Yamamoto, S. Kushimoto,
H. Yukioka, N. Kato, K. Totsuka, K. Kikuchi, T. Ikeda, K. Tkeda, H. Yamada,

K. Harada, S. Satomura, Usefulness of procalcitonin serum level for the dis-
crimination of severe sepsis from sepsis: a multicenter prospective study, J. Infect.
Chemother. 14 (2008) 244-249.

M. Meisner, K. Tschaikowsky, T. Palmaers, J. Schmidt, Comparison of procalcitonin
(PCT) and C-reactive protein (CRP) plasma concentrations at different SOFA scores
during the course of sepsis and MODS, Crit. Care 3 (1999) 45-50.

J. Saito, E. Hashiba, T. Kushikata, A. Mikami, K. Hirota, Changes in presepsin
concentrations in surgical patients with end-stage kidney disease undergoing living
kidney transplantation: a pilot study, J. Anesth. 30 (2016) 174-177.

S. Endo, Y. Suzuki, G. Takahashi, T. Shozushima, H. Ishikura, A. Murai, T. Nishida,
Y. Irie, M. Miura, H. Iguchi, Y. Fukui, K. Tanaka, T. Nojima, Y. Okamura, Usefulness
of presepsin in the diagnosis of sepsis in a multicenter prospective study, J. Infect.
Chemother. 18 (2012) 891-897.

X. Luo, L. Jiang, B. Du, Y. Wen, M. Wang, X. Xi, A comparison of different diagnostic
criteria of acute kidney injury in critically ill patients, Crit. Care 18 (2014) R144.


http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0085
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0090
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0090
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0090
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0090
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0090
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0095
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0095
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0100
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0100
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0100
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0100
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0100
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0105
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0105
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0105
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0105
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0110
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0110
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0115
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0115
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0115
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0120
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0120
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0125
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0125
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0125
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0125
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0130
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0130
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0130
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0135
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0135
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0135
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0135
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0140
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0140
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0140
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0140
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0140
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0145
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0145
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0145
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0150
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0150
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0150
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0155
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0155
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0155
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0155
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0160
http://refhub.elsevier.com/S0009-8981(18)30490-X/rf0160

	Comparison of accuracy of presepsin and procalcitonin concentrations in diagnosing sepsis in patients with and without acute kidney injury
	Introduction
	Materials and methods
	Study population
	P-SEP measurement
	PCT measurement
	Classification of AKI severity
	Accuracy of detecting sepsis according to AKI severity
	Relationships between severity of illness or AKI and concentrations of P-SEP or PCT
	Statistical analysis

	Results
	The number of patients and patients' characteristics
	Comparing P-SEP and PCT concentrations in each AKI classification
	Accuracy for diagnosing sepsis
	Relationship between the severity of illness or AKI and concentrations of P-SEP and PCT

	Discussion
	Conclusions
	Acknowledgments
	References




