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Abstract

Objective: This study was performed to compare the predictive performance of serum
procalcitonin (PCT), N-terminal brain natriuretic propeptide (NT-proBNP), interleukin-6 (IL-6),
prothrombin time (PT), thrombin time (TT), and Sequential Organ Failure Assessment (SOFA)
score in the intensive care unit (ICU).

Methods: This retrospective cohort study enrolled |50 patients with sepsis and septic shock and
30 control patients without sepsis. Each patient was followed until death or 28 days. Correlations
between variables were assessed with Spearman’s rho test. The Kruskal-Wallis and Mann-
Whitney U tests were used for between-group comparisons.

Results: Receiver operating characteristic curve analysis of the SOFA score, PCT, NT-proBNP,
IL-6, PT, and TT showed an area under the curve of 0.872, 0.732, 0.711, 0.706, 0.806, and 0.691,
respectively, for diagnosing sepsis. Binary logistic regression demonstrated that the SOFA score
was an independent predictor of 28-day mortality and septic shock. The correlation coefficient
(r) between SOFA and PCT, NT-proBNP and SOFA, IL-6 and SOFA, PT and SOFA, and TT and
SOFA was 0.79, 0.52, 0.57, 0.56, and 0.58, respectively.

Conclusion: While the SOFA score is the gold standard, analysis of multiple biomarkers could
increase the performance capacity for diagnosis and prognosis in patients with sepsis in the ICU.
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Introduction

Sepsis is a major cause of morbidity and
mortality in intensive care units (ICUs),
accounting for one-quarter of all ICU
deaths."* The incidence of sepsis has been
increasing annually by 8% to 13% during
the past decade, primarily because of the
increase in invasive procedures, immunosup-
pressive drugs, chemotherapy, and trans-
plantations, and partly because of the lack
of early identification of and prompt inter-
vention for sepsis in the emergency depart-
ment (ED).> The social and economic
impacts of sepsis are severely underesti-
mated, and this condition consumes a signif-
icant proportion of health care resources.>*

Several potential biomarkers and scores
for timely diagnosis, risk stratification, and
evaluation of the prognosis of sepsis in the
ED have come into focus in the last
decade.>'* Organ failure worsens the out-
come of sepsis, and the mortality rate
increases with increasing severity of organ
dysfunction and failure. The mortality rate
in patients without organ failure is approxi-
mately 15%, but it is 70% for those with
three or more dysfunctional organs. The
number of organs that fail within the first
48 hours of ICU admission is an accurate
predictor of mortality.®*'"'3 A recent system-
atic review identified 178 different biomarkers
of sepsis; since then, many new biomarkers
have been proposed.”'*'® However, the
quality of these studies is limited, and the
use of such biomarkers remains to be validat-
ed. Some of these studies were biased because
of small sample sizes and inappropriate sta-
tistical tests. Another reason for the compro-
mised quality is the inclusion of patients with
systemic inflammatory response syndrome,
making the study population extremely het-
erogeneous. The appropriate use of bio-
markers allows patients with sepsis to be
identified among the heterogeneous patients
admitted to the ED, to identify nosocomial
infection among groups of homogenous

patients (e.g., patients undergoing transplan-
tation and cardiopulmonary bypass surgery),
and to determine the occurrence of sepsis
among patients with systemic inflammatory
response syndrome who have different types
of disorders in the ICU. Moreover, age, sex,
medication, and the presence of various
underlying diseases can influence the diagnos-
tic or predictive accuracy of these bio-
markers. Consequently, the primary goal of
sepsis treatment is to prevent new or worsen-
ing organ dysfunction.”!"® Various clinical
scoring models have been developed to esti-
mate the level of organ dysfunction in
patients with sepsis. The Sequential Organ
Failure Assessment (SOFA) score was
designed to describe the sequential complica-
tions that occur during treatment in the ICU,
but not to predict outcomes. Outcome predic-
tion is important for the management of crit-
ically ill patients. Several biomarkers, such as
procalcitonin  (PCT), N-terminal brain
natriuretic propeptide (NT-proBNP),
interleukin-6 (IL-6), prothrombin time (PT),
and thrombin time (TT), have been indepen-
dently assessed for their association with the
diagnosis and prognosis of sepsis. However,
the diagnostic and prognostic value of these
markers has not been systematically assessed
in the same cohort. The goal of the present
study was to determine the relationship
between the inflammatory markers PCT,
NT-proBNP, and IL-6; the coagulation
markers PT and TT; and the SOFA score
in predicting the diagnosis and prognosis of
sepsis using a retrospective cohort of patients
with sepsis. We hypothesized that PCT, NT-
proBNP, IL-6, PT, and TT are correlated
with the SOFA score in patients with sepsis.

Material and methods

Study population

A retrospective cohort study of critically ill
patients admitted to the ICU of the First
Affiliated Hospital of Dalian Medical
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University was performed. From 1 January
2014 to 30 April 2016, all admissions that
fulfilled the Sepsis-3 criteria established by
the Society of Critical Care Medicine/
European Society of Intensive Care
Medicine (SCCM/ESICM) task force were
identified in the ICU database.' Patients
diagnosed with sepsis or septic shock
grouped according to the SCCM/ESICM
criteria'® were enrolled in this study. Age-
matched non-critically ill patients hospital-
ized in general wards (non-acute care
setting) for <3 days for observation and
treatment were enrolled as the non-septic
(control) group.

The patients were longitudinally moni-
tored. The following exclusion criteria
were applied: age of <18 years, traumatic
brain injury, pre-existing impaired left ven-
tricular function (left ventricular ejection
fraction of <50%), terminal stage of disease
(end-stage liver disease, malignant cancer of
any type, chronic renal failure, acquired
immunodeficiency syndrome), dilated car-
diomyopathy, acute or chronic cor pulmo-
nale, valve disecase, and death within 8 days
of ICU admission. Non-survivors were
defined during a follow-up period of 28
days. This study was approved by the
Dalian Hospital Ethics Committee (YJ-
KY-FB-2017-17). All patients provided
written informed consent.

Data collection

The following data were collected from the
database: patient name, age, sex, medical
history, and vital signs. Within 24 hours
of ICU admission, venous blood samples
were collected in tubes containing heparin
or ethylenediaminetetraacetate; the samples
were then stored at —80°C and analyzed
within 24 hours. The whole blood leukocyte
count, blood gas analysis results, blood bio-
chemistry parameters, and radiographic
findings were recorded. SOFA scores were
calculated based on six variables

(respiratory, hepatic, cardiovascular, coag-
ulation, renal, and neurological) on ICU
admission and every 48 hours until dis-
charge. The SOFA score was not intended
to be used as a tool for patient management
but as a measure of organ dysfunction in
patients with sepsis. For each parameter,
the worst values within the first 24 hours
of ICU admission were used. Where
values were missing, the values obtained
immediately preceding the missing value
were used.'” The SOFA score at 48 hours
was recorded. The Glasgow coma scale
score was used to evaluate the neurological
status of unconscious patients. The Quick
SOFA (qSOFA) score (1 point each for a
respiratory rate of >22 breaths/minute,
altered state of consciousness, and systolic
blood pressure of <110 mmHg) was also
calculated to identify patients at high risk
of a poor outcome.

Patients with sepsis were classified into
the survivor and non-survivor groups
according to their 28-day mortality out-
come. Within the 28-day follow-up period,
patients who died from all causes were con-
sidered non-survivors.

Statistical analysis

Statistical analysis was performed using
SPSS Statistics for Windows, Version 17.0
(SPSS Inc., Chicago, IL, USA). The distri-
butions of the serum PCT, NT-proBNP,
IL-6, PT, TT, and SOFA score were
skewed and are thus expressed as median
(25th—75th  percentile). Kruskal-Wallis
one-way analysis of variance was applied
for multi-group comparisons, and the
Mann—Whitney U test was used for two-
group comparisons.”’ Receiver operating
characteristic (ROC) curves were con-
structed and the areas under the ROC
curves (AUCs) were calculated to compare
the predictive values of PCT, NT-proBNP,
IL-6, PT, TT, and SOFA score for sepsis,
septic shock, and 28-day mortality.
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The response variable was 28-day mortali-
ty. Logistic regression analysis was
employed to determine independent predic-
tors of sepsis, septic shock, and 28-day mor-
tality.?! All statistical tests were two-tailed,
and P<0.05 was considered statistical-
ly significant.

Correlation coefficients were calculated
to investigate the correlation between vari-
ables. In the case of normally distributed
data, Pearson’s correlation coefficient was
used. Spearman’s correlation coefficient
was employed if there was at least one
sample with a non-normal distribution.
A correlation was considered statistically
significant when the P-value was <0.05.

Results

Baseline data

In total, 150 patients admitted to the ICU
of the First Affiliated Hospital of Dalian
Medical University and 30 control patients
without sepsis admitted to the general ward
from 1 January 2014 to 30 April 2016 were
retrospectively analyzed in this study. The
patients’ characteristics, including diagno-
ses and associated infections, are shown in
Table 1.

Median levels of PCT, NT-proBNP, IL-6, PT,
TT, and SOFA score

The median PCT, NT-proBNP, IL-6, PT,
TT, and SOFA score in each group are
shown in Table 1. The PCT, NT-proBNP,
1L-6, PT, TT, and SOFA score at ICU
admission differed significantly among the
groups. PCT, NT-proBNP, IL-6, PT, and
TT were significantly higher in patients
with sepsis and septic shock than in patients
without sepsis (P <0.001), and PCT, NT-
proBNP, IL-6, and SOFA score were signif-
icantly higher in patients with sepsis than
septic shock.

Clinical value of PCT, NT-proBNP, and IL-6
for diagnosing sepsis

ROC curves were constructed using raw lab-
oratory parameters. The ROC curves of
PCT, NT-proBNP, and IL-6 for diagnosing
sepsis among the three groups are shown in
Figure 1. The AUC was 0.732 for PCT,
0.711 for BNP, 0.706 for IL-6, 0.806 for
PT, and 0.872 for the SOFA score (Table 2).
Using a PCT cut-off value of 2.31 ng/mL,
the sensitivity was 77.65%, specificity was
73.17%, positive predictive value (PPV)
was 85.71%, negative predictive value
(NPV) was 61.22%, positive likelihood ratio
(LR+) was 2.89, and negative likelihood
ratio (LR—) was 0.31. Using a cut-off value
of 2800 pg/mL for NT-proBNP, the sensitiv-
ity was 73.53%, specificity was 51.72%, PPV
was 84.27%, NPV was 35.71%, LR+ was
1.52, and LR— was 0.51. Using a cut-off
value of 1200 pg/mL for IL-6, the sensitivity
was 73.89%, specificity was 51.72%, PPV
was 82.27%, NPV was 36.14%, LR+ was
1.53, and LR— was 0.50. Using a cut-off
value of 3 for the SOFA score, the sensitivity
was 93.17%, specificity was 85.71%, PPV
was 96.77%, NPV was 73.17%, LR+ was
6.52, and LR— was 0.08. Using a cut-off
value of 20.00 for PT, the sensitivity was
83.54%, specificity was 65.22%, PPV was
80.49%, NPV was 69.77%, LR+ was 2.40,
and LR— was 0.25. A binary logistic regres-
sion model was also built to analyze whether
PCT, NT-proBNP, IL-6, PT, TT, and the
SOFA score can be combined to improve
the predictive accuracy. The combined
model significantly improved the odds of
observing the sepsis category (P < 0.001).

Comparison of median levels of PCT,
NT-proBNP, IL-6, PT, TT, and SOFA
score at admission in non-survival
and survival groups

The median levels of PCT, NT-proBNP,
IL-6, PT, TT, and SOFA score were
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Figure |I. ROC curves of PCT, NT-proBNP, IL-6,
PT, TT, and SOFA score for diagnosing sepsis. Areas
under the ROC curve are as follows: SOFA score
(red line): 0.872 (95% confidence interval (Cl),
0.821-0.922), P < 0.0001; PCT (blue line): 0.732
(95% Cl, 0.656-0.808), P < 0.0001; NT-proBNP
(green line): 0.711 (95% Cl, 0.636—0.785),

P < 0.0001; IL-6 (gray line): 0.706 (95% ClI, 0.629—
0.782), P <0.0001; PT (purple line): 0.806 (95% ClI,
0.743-0.868), P < 0.0001; TT (yellow line): 0.691
(95% Cl, 0.614-0.769), P < 0.001. ROC, receiver
operating characteristic; PCT, procalcitonin; NT-
proBNP, N-terminal brain natriuretic propeptide;
IL-6, interleukin 6; PT, prothrombin time; TT,
thrombin time; SOFA, Sequential Organ Failure
Assessment score.

Table 2. Area under the curve for diagnosing sepsis.

significantly higher in the non-survival than
survival group, as shown in Table 3. The
median level of PCT was 5.38 ng/mL in
the non-survival group and 3.08 ng/mL in
the survival group (P <0.001). The median
level of NT-proBNP was higher in the non-
survival than survival group (13722.35 vs.
9009.68 pg/mL, respectively). The median
levels of IL-6 and PT were significantly
higher in non-survival than survival group
(IL-6: 17833599 and 74187.31 pg/mL,
respectively; P=0.05 and PT: 239 wvs.
20.95 s, respectively; P < 0.001). In contrast,
TT was lower in the non-survival than sur-
vival group (26.55 vs. 26.88 s, respectively;
P <0.001). Finally, the median SOFA score
was significantly higher in the non-survival
than survival group (P < 0.001).

PCT, NT-proBNP, IL-6, PT, TT, and SOFA
score as independent predictors of
mortality in patients with sepsis

and septic shock

Univariate logistic analysis of age, sex,
blood group, and SOFA score was per-
formed to assess the association of each
parameter with 28-day mortality. Linear
regression indicated that age, sex, and
blood group were not significantly associat-
ed with 28-day mortality (P=0.09, 0.574,

95% Confidence interval

Area under Standard Lower Upper
Variables the curve error P-value bound bound
PCT, ng/mL 0.732 0.039 0.00 0.656 0.808
NT-proBNP, pg/mL 0.711 0.038 0.00 0.636 0.785
IL-6, pg/mL 0.706 0.032 0.00 0.629 0.782
PT, s 0.806 0.040 0.00 0.743 0.868
TT, s 0.691 0.039 0.00 0.614 0.769
SOFA score 0.872 0.026 0.00 0.821 0.922

PCT, procalcitonin; NT-pro BNP, N-terminal brain natriuretic propeptide; IL-6, interleukin 6; PT, prothrombin time; TT,

thrombin time; SOFA, Sequential Organ Failure Assessment.
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Table 3. Comparison of median levels of PCT, NT-proBNP, IL-6, PT, and TT between the survival and non-

survival groups.

Survival Non-survival P-value

Patients, n 52 98

PCT 3.08 (1.52-7.35) 5.38 (1.29—40.20) 0.00
NT-pro BNP 9009.68 (190-32417.33) 13722.35 (12443.97-35000.0) 0.128
IL-6 74187.31 (250.10-379190.90) 178335.99 (260.32—449450.00) 0.05
PT 20.95 (12.22-36.20) 23.9 (13.50-100.00) 0.00
TT 26.55 (16.90—49.80) 26.83 (16.54-102.43) 0.00
SOFA score 4 (2-8) 5.5 (3-10) 0.00

Data are presented as median (25th—75th percentile)

PCT, procalcitonin; NT-pro BNP, N-terminal brain natriuretic propeptide; IL-6, interleukin 6; PT, prothrombin time; TT,

thrombin time; SOFA, Sequential Organ Failure Assessment.

and 0.293, respectively). However, the
SOFA score was significantly associated
with 28-day mortality (P < 0.001).

The chi-square test was also performed
to assess the association of age, sex, and
blood group with sepsis. Neither sex nor
blood group was significantly associated
with sepsis; however, age was associated
with sepsis (P < 0.001).

Univariate logistic analysis of PCT, NT-
proBNP, IL-6, PT, TT, and SOFA score
was performed within the sepsis and non-
sepsis groups. Binary logistic regression to
predict septic shock in patients with sepsis
showed that among PCT (B=-0.01,

odds ratio (OR)=0.99), NT-proBNP
(B=-0.00, OR=1), IL-6 (B=-0.00,
OR= 1.00), PT (B=-0.12, OR=0.88,

P<0.001), TT (B=0.00, OR =1.00), and
SOFA score (B= -0.76, OR=0.47,
P <0.001), the PT and SOFA score were
strong  predictors of septic  shock
(Table 4). The SOFA score was an indepen-
dent predictor of septic shock in patients
with sepsis (Table 5). The ROC curves of
PCT, NT-proBNP, IL-6, PT, TT, and
SOFA score for predicting septic shock in
patients with sepsis also confirmed these
results (Figure 2). The AUCs of PCT,
NT-proBNP, 1IL-6, PT, and SOFA
score for predicting sepsis were 0.636

(0.541-0.732), 0.607 (0.515-0.699), 0.60
(0.507-0.694), 0.736 (0.657-0.816), and
0.826 (0.760-0.892), respectively (Table 6).

Univariate logistic regression of the
SOFA score and 28-day mortality was per-
formed, and the resultant linear regression
model was statistically significant [F
(1,178)=151.27, P < 0.001, R?=0.46], indi-
cating that the SOFA score is an indepen-
dent predictor of 28-day mortality.

Binary logistic regression was conducted
to examine whether PCT, NT-proBNP, PT,
TT, IL-6, and SOFA score were significant-
ly associated with the odds of non-survival.
The overall model indicated that PCT
(7%(1)=42.58, P<0.001) and the SOFA
score (1*(1)=56.84, P <0.001) were signifi-
cant predictors of 28-day mortality
(P <0.001). However, PT (x*(1)=1.37),
NT-proBNP  (*(1)=1.94), and IL-6
(*(1) = 3.65) were not significant predictors
of 28-day mortality, while TT (*(1)=7.36,
P=0.007) was a significant predictor
(Table 5). These findings suggest that
PCT, the SOFA score, and TT have a sig-
nificant effect on the odds of non-survival.
ROC curve analysis of PCT, BNP, 1L-6,
PT, TT, and SOFA score also illustrated
that the SOFA score and PCT were
significant predictors of 28-day mortali-
ty (P <0.001).
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Table 4. Independent factors for predicting septic shock and 28-day mortality.

95% Confidence interval

Standard Degree of Odds Lower Upper
Variables B error Wald freedom P-value ratio limit limit
Septic shock PCT —-0.01 0.0 0.105 | 0.746 0.99 0.920 1.062
NT-proBNP —0.00 0.00 3.382 | 0.06 1.00 1.00 1.00
IL-6 —0.00 0.0l 1.319 | 0.25 1.00 1.00 1.00
PT —0.01 0.03 2024 | 0.00 0.99 0.967 1.007
SOFA —0.76 0.13 31.905 | 0.00 0.47 0.360 0.609
TT —0.06 0.02 399 | 0.00 095 0.992 1.015
Constant 0.241 0.164 215 1 0.143 1.273
28-Day PCT —0.76 0.146 27.115 | 0.00 047 1.606 2.846
mortality NT-proBNP —0.00 0.000 1.90 | 0.164 1.00 1.00 1.00
IL-6 0.00 0.00 352 | 0.061 1.02 1.00 1.00
PT 0.0l 0.0l 0.279 | 0.242 1.02 0.995 1.038
SOFA —1.12 021 29.79 | <0.001 0.33 2211 4.710
TT 0.0l 0.02 399 | 0.007 1.04 1.001 1.024
Constant 0.634 0.172 13.644 | 0.00 1.885

PCT, procalcitonin; NT-proBNP, N-terminal brain natriuretic propeptide; IL-6, interleukin 6; PT, prothrombin time; TT,

thrombin time; SOFA, Sequential Organ Failure Assessment score.

Table 5. Performance of multivariable models for predicting septic shock and 28-day mortality in patients

with sepsis.
Sensitivity, Specificity, PPV, NPV, Disease
Variables Cut-off % % % % prevalence, % LR+ LR—
Septic shock PCT 422 68.85 71.74 76.36 63.46 57.01 244 043
NT-proBNP 1648591 81.55 66.00 71.19 77.65 50.74 240 0.28
IL-6 89418.75 80.00 70.97 75.68 75.86 53.03 276 0.28
PT 22.32 84.00 61.68 6720 80.49 4831 2.19 0.26
SOFA 5 85.71 74.16 78.50 82.50 524l 3.32 0.19
TT 29.70 68.85 71.74 7636 6346 57.01 248 0.42
28-Day PCT 470 85.22 72.22 83.05 75.36 61.50 3.07 0.20
mortality NT-proBNP  4106.46 71.02 38.8 75.38 96.30 54.35 .16 0.75
IL-6 16331.18 72.06 66.67 79.03 57.78 63.55 2.16 042
PT 19.80 52.13 65.82 7840 36.62 7041 1.53 0.73
SOFA 4 90.74 73.24 83.76 83.87 60.34 3.39 031
TT 26.80 50.00 51.49 66.67 34.67 65.99 1.03 0.97

PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR—, negative likelihood ratio;
PCT, procalcitonin; NT-proBNP, N-terminal brain natriuretic propeptide; IL-6, interleukin 6; PT, prothrombin time; TT,

thrombin time; SOFA, Sequential Organ Failure Assessment score.

For further confirmation, we also ana-
lyzed the capacity of the SOFA score at
48 hours after ICU admission to predict
28-day mortality. The AUC was 0.821

(0.753-0.888), indicating that the SOFA
score was a significant predictor of 28-day
mortality. The AUCs of the SOFA score,
PCT, NT-proBNP, IL-6, PT, and TT were
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Figure 2. ROC curves of PCT, NT-proBNP, IL-6,
PT, TT, and SOFA score for predicting septic shock.
Areas under the ROC curve are as follows: SOFA
score (red line): 0.826 (95% confidence interval
(Cl), 0.760-0.892), P < 0.0001; PCT (blue line):
0.636 (95% Cl, 0.541-0.732), P=0.004; NT-
proBNP (green line): 0.607 (95% Cl, 0.515-0.699),
P =0.025; IL-6 (yellow line): 0.600 (95% ClI, 0.507—
0.694), P=0.035; SOFA48h (sky blue line): 0.848
(95% Cl, 0.786-0.910), P < 0.001; PT (gray line):
0.738 (95% ClI, 0.657-0.816), P < 0.001; TT (yellow
line): 0.600 (95% ClI, 0.526-0.711), P=0.13. ROC,
receiver operating characteristic; PCT, procalcito-
nin; NT-proBNP, N-terminal brain natriuretic pro-
peptide; IL-6, interleukin 6; PT, prothrombin time;
TT, thrombin time; SOFA, Sequential Organ Failure
Assessment score; SOFA48h, Sequential Organ
Failure Assessment score at 48 hours.

0.841 (0.776-0.905), 0.805 (0.754-0.876),
0.576 (0.477-0.675), 0.542 (0.446-0.638),
0.589 (0.498-0.682), and 0.597 (0.502—
0.692), respectively (Figure 3, Table 7).
ROC curve analysis of the SOFA score
upon admission to the ICU and the
qSOFA score also indicated that the initial
SOFA score was an independent predictor
of 28-day mortality (Figure 2). The AUCs
of the SOFA score and gSOFA score were
0.841 and 0.698, respectively, indicating
that the SOFA score was a significant pre-
dictor of 28-day mortality.

Correlation of PCT, NT-proBNP, IL-6, PT,
TT, and SOFA score in patients with sepsis

PCT was significantly and positively corre-
lated with the SOFA score (r=0.79,
P <0.001). The correlation coefficient of
PCT and the SOFA score was 0.79, indicat-
ing a large effect size. As shown in Figure 4
(a)—~(c), NT-proBNP and IL-6 were signifi-
cantly and positively correlated with
the SOFA score (r=0.52, P<0.001,
Figure 4(b) and r=0.57, P<0.001,
Figure 4(c)). PT was also significantly and
positively correlated with the SOFA score
(r=0.56, P <0.001). Figure 4(d) shows the
correlation coefficient between TT and the
SOFA score (r=0.58, P <0.001), indicating
a moderate effect size (Figure 4(e)).

Discussion

In this study, we observed that the use of
individual biomarkers (PCT, NT-proBNP,
1L-6, PT, and TT) with the SOFA score
could facilitate diagnosis and aid prognos-
tication of patients with sepsis and
septic shock.

We found several biomarkers (PCT, NT-
proBNP, IL-6, PT, and TT) to be signifi-
cantly associated with the SOFA score,
indicating that these biomarkers may facil-
itate the evaluation of sepsis progression
and effective risk stratification.
Furthermore, the use of these novel bio-
markers can inform prompt diagnosis,
which will improve the accuracy of the eval-
uation of patients with sepsis in the ICU.

Previous studies have shown that PCT
and NT-proBNP are strongly correlated
with various scoring systems, including the
Acute Physiology and Chronic Health
Evaluation II score, SOFA score,>*?
Simplified Acute Physiology Score II, and
Mortality in Emergency Department Sepsis
score.”>?> The present study further
showed that the PCT and NT-proBNP
levels are correlated with the SOFA score



Zhang et al.

53

Table 6. Area under the curve for predicting septic shock.

95% Confidence interval

Area under Standard Lower Upper
Variables the curve error P-value bound bound
PCT 0.636 0.049 0.004 0.541 0.732
NT-proBNP 0.607 0.047 0.025 0.515 0.699
PT 0.736 0.041 0.000 0.657 0.8l6
IL-6 0.600 0.048 0.035 0.507 0.694
TT 0618 0.047 0.013 0.526 0.711
SOFA 0.826 0.034 0.000 0.760 0.892
SOFA48h 0.848 0.032 0.000 0.786 0910

PCT, procalcitonin; NT-proBNP, N-terminal brain natriuretic propeptide; IL-6, interleukin 6; PT, prothrombin time; TT, thrombin
time; SOFA, Sequential Organ Failure Assessment score; SOFA48h, Sequential Organ Failure Assessment score at 48 hours.

ROC Curve
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Sensitivity

1 - Specificity
Diagonal segments are produced by ties.

Figure 3. ROC curves of PCT, NT-proBNP, IL-6,
PT, TT, and SOFA score for predicting 28-day
mortality in patients with sepsis. Areas under the
ROC curve are as follows: SOFA score (red line):
0.841 (95% confidence interval (Cl), 0.776-0.905),
P <0.0001; PCT (blue line): 0.805 (95% Cl, 0.734—
0.876), P < 0.001; NT-proBNP (green line): 0.576
(95% Cl, 0.477-0.675), P < 0.128; IL-6 (purple line):
0.597 (95% Cl, 0.502-0.602), P =0.05; PT (gray
line): 0.542 (95% ClI, 0.446-0.638), P=0.401; TT
(yellow line): 0.589 (95% ClI, 0.496-0.682),

P =0.074; SOFA score at 48 h (sky blue line): 0.886
(95% Cl, 0.839-0.933), P < 0.0001; qgSOFA score:
0.698 (95% ClI, 0.616-0.781), P < 0.001. ROC,
receiver operating characteristic; PCT, procalcito-
nin; NT-proBNP, N-terminal brain natriuretic pro-
peptide; IL-6, interleukin 6; PT, prothrombin time;
TT, thrombin time; SOFA, Sequential Organ Failure
Assessment score; SOFA48h, Sequential Organ
Failure Assessment score at 48 hours

and that IL-6, PT, and TT are significantly
correlated with the SOFA score. Various
studies have suggested that the IL-6 level
is proportional to the intensity of the path-
ogen insult; thus the IL-6 level is correlated
with the length of fever, severity of organ
dysfunction, length of hospital stay, clinical
severity scores (Simplified Acute Physiology
Score II and SOFA scores), and organ
dysfunction.”®

In this study, we found PT and TT to be
significantly correlated with the SOFA
score. PT is the most widely used test in
clinical practice, but its relationship with
the SOFA score was unknown. We herein
successfully identified a significant correla-
tion between PT and the SOFA score. TT in
patients with sepsis has rarely been studied,
probably because in these patients, coagu-
lation function and thrombin generation
are more impaired than fibrinolysis.
However, we included PT in the present
study and found it to be significantly corre-
lated with the SOFA score. We thought
that this correlation may be associated
with microcirculatory hypoxia and resul-
tant  microcirculation  thrombosis in
patients with septic shock.

PCT is the prohormone of calcitonin,
which is normally produced in the C cells of
the thyroid glands. PCT is cleaved to
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Table 7. Area under the curve for predicting 28-day mortality.

95% Confidence interval

Area under Standard Lower Upper
Variables the curve error P-value bound bound
SOFA score 0.841 0.033 0.000 0.776 0.905
PCT 0.805 0.036 0.000 0.734 0.876
NT-proBNP 0.576 0.051 0.128 0.477 0.675
PT 0.542 0.049 0.401 0.446 0.638
TT 0.589 0.047 0.074 0.496 0.682
IL-6 0.597 0.048 0.051 0.502 0.692
SOFA48h 0.821 0.034 0.000 0.753 0.888

PCT, procalcitonin; NT-proBNP, N-terminal brain natriuretic propeptide; IL-6, interleukin 6; PT, prothrombin time; TT,
thrombin time; SOFA, Sequential Organ Failure Assessment score; SOFA48h, Sequential Organ Failure Assessment score

at 48 hours.

calcitonin, and only <0.1 ng/mL is measured
in the blood of healthy humans. PCT regula-
tion evidently changes during infection. In
sepsis, PCT is released into the bloodstream
for the first 4 to 12 hours of infection depend-
ing on severity.'” In the present study, the
optimal PCT level for diagnosing sepsis was
2.3 ng/mL, which is higher than the level of
1.1 ng/mL cited previously.'> Two possible
reasons for these different values are as fol-
lows. First, patients were transferred to the
ICU when their disease severity deteriorated;
thus, acutely ill patients were included in the
sepsis group and critically ill patients were
included in the septic shock group. Second,
the PCT levels were obtained at ICU admis-
sion for patients with sepsis, not from various
floor wards.

The ROC analysis of PCT for predicting
septic shock showed an AUC of 0.636,
which was significantly higher than of NT-
proBNP, IL-6, and PT (P<0.01). The
AUC of PCT was 0.636 for the septic
shock group, which was lower than the
AUC of 0.732 for the sepsis group.
Several meta-analyses have shown that
PCT guidance is associated with reduced
antibiotic exposure in all patients, with no
adverse effect on either outcomes or treat-
ment failure.?” 2 However, no difference in

short-term  mortality was  observed.
Meanwhile, although PCT was not found
to be an independent predictor of septic
shock, it was an independent predictor of
28-day mortality (P < 0.001) in the logistic
regression models.

Various studies have shown that NT-
proBNP is a useful predictor of the clinical
outcomes of sepsis and septic shock.** In
the present study, NT-proBNP showed pre-
dictive value for diagnosing sepsis.
Meanwhile, the logistic regression model
showed that NT-proBNP was not indepen-
dently associated with septic shock. This
lack of association might have occurred
because the NT-proBNP values were signif-
icantly decreased in patients after receiving
treatment, and an increase was observed in
patients without clinical improvement.
Additionally, this study included a substan-
tial number of patients with obesity, acute
renal failure, acute coronary syndrome, and
type 2 diabetes. These factors may be asso-
ciated with subclinical left ventricular
abnormalities, affecting the circulating
levels of NT-proBNP.

A few studies have shown that NT-
proBNP is correlated with age, but
not with sex.’’* The ROC analysis of
NT-proBNP  for  predicting 28-day
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Figure 4. Correlation of PCT, NT-proBNP, IL-6, PT, TT, and SOFA score in patients with sepsis. (a) There
was a significant positive correlation between PCT and SOFA score (r=0.79, P <.001). (b) The correlation
coefficient was a significant positive correlation between NT-pro BNP and SOFA score (r=0.52, P < 001).
(c) The correlation coefficient was a significant positive correlation between IL-6 and SOFA score (r=0.57,
P <001). (d) There was a significant positive correlation between PT and SOFA (r =0.56, P <.001). (e) The
correlation coefficient between TT and SOFA was r=0.58, P <001) indicating a moderate effect size.
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mortality and the logistic regression showed
that the NT-proBNP level was significantly
associated with 28-day mortality, indicating
that NT-proBNP can be a helpful factor for
diagnosis and prediction of 28-day mortal-
ity in patients with sepsis.

ROC curve analysis showed that IL-6
was of limited value in differentiating
septic shock from sepsis or predicting
28-day mortality. In the logistic regression
model, IL-6 was not significantly associated
with septic shock or 28-day mortality.
These results indicated that IL-6 can be
helpful in early diagnosis of sepsis but not
in predicting 28-day mortality in patients
with sepsis in the ICU.

Many inflammatory mediators are
involved in the activation of coagulation.
However, few studies have reported the
value of coagulopathy in determining the
severity of sepsis.**** In this study, we
showed that the median PT and TT did
not differ significantly between the two
groups. PT and TT were useful in differen-
tiating sepsis and septic shock (P <0.001)
but not in predicting 28-day mortality in
patients with sepsis.

Finally, in this study, we found that the
SOFA score had an AUC of 0.841 for pre-
dicting sepsis and an AUC of 0.826 for pre-
dicting septic shock; these AUCs were
significantly higher than those for PCT,
NT-proBNP, 1L-6, PT, and TT
(P<0.001). However, the qSOFA score
(assessed at the time of admission to the
ICU) showed an AUC of 0.698.
Meanwhile, the logistic regression analysis
indicated that the SOFA score was signifi-
cantly associated with septic shock
(P <0.001) and 28-day mortality
(P <0.001). This result is consistent with
previous studies indicating that the SOFA
score is associated with clinical outcomes
for patients with sepsis.” The SOFA score
was developed to assess the severity of ill-
ness for patients with sepsis and has been

included for the definition of sepsis in the
latest Sepsis-3 definition.”*”

Limitations

This single-center study included a small
number of patients and did not compare
the performance of the proposed bio-
markers with other novel biomarkers.
Moreover, the study cohort was retrospec-
tive and employed an existing database in
which patients were categorized into those
with sepsis, severe sepsis, and septic shock
according to the American College of Chest
Physicians/SCCM  criteria.’®  However,
these patients were re-categorized into two
groups: those with sepsis and those with
septic shock following the SCCM/ESICM
criteria (Sepsis-3),'* which may have intro-
duced some biases. The criteria of sepsis
were updated in a recent report, and the
old criteria (SCCM/ESICM criteria) were
found to be less accurate.'*

Conclusion

This study demonstrated a strong relation-
ship between PCT, NT-proBNP, 1L-6, PT,
TT, and the SOFA score. These biomarkers
(PCT, NT-proBNP, IL-6, PT, TT) may have
a supporting role in diagnosing early sepsis.
While there is no single specific biomarker
capable of predicting multiple organ dys-
function, selected biomarkers were associat-
ed with 28-day mortality and may therefore
be beneficial in predicting clinical outcomes
in ICU patients with sepsis.

Abbreviations

AUC, area under the receiver operating
characteristic curve; ED, emergency depart-
ment; ESICM, European Society of
Intensive Care Medicine; IL-6, interleukin-
6; ICU, intensive care unit; LR—, negative
likelihood ratio; LR+, positive likelihood
ratio; NT-proBNP, N-terminal brain
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dictive value; PCT, procalcitonin; PT, pro-
thrombin time; PPV, positive predictive
value; qSOFA, Quick Sequential (Sepsis-
Related) Organ Failure Assessment; ROC,
receiver operating characteristic, SCCM,
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Sequential Organ Failure Assessment; TT,
thrombin time.
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