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Introduction
Arginine vasopressin (AVP) is a 9-amino acid peptide syn-

thesized by magnocellular neurons of the hypothalamus [1]. The 
released VAP is then stored in posterior pituitary gland [2] to be 
released following different stimuli especially change in plasma 
osmolality and hypovolemia [3] and various stressors such as hy-
poxia, acidosis, severe infections and different types of shock [4]. 
Reliable measurement of AVP is hindered by several factors; its 
short half-life in serum, its instability in withdrawn blood samples 
and over 90% of AVP is tightly bound to platelets [5]. Copeptin 
(Cp), a 39-aminoacid glycopeptide, is the COOH-terminal portion 
of the precursor pre-pro-vasopressin termed CTproAVP [6]. Acti-
vation of the AVP system stimulates Cp secretion into the circula-
tion from the posterior pituitary gland in equimolar amounts with 
AVP [7]. Therefore, Cp directly reflects AVP concentration and can 
be used as a surrogate biomarker of AVP secretion [8]. 

The prevalence of sepsis continues to increase, and the sepsis 
total mortality is growing due to increased morbidity, so sepsis  

 
should be considered as an emergency [9]. The Third Internation-
al Consensus Definitions Task Force defined sepsis as a life-threat-
ening organ dysfunction due to dysregulated host response to 
infection [10], so its early recognition remains a fundamental 
challenge in clinical practice [11]. However, the performance of 
sepsis clinical criteria and scores is unknown [10]. 

These data indicated the need for an early marker for effects 
of sepsis that may endanger patient’s life. Thus, this study tried to 
evaluate the predictability of at ICU-admission levels of C-reactive 
protein (CRP), procalcitonin (PCT) and interleukin (IL)-6 as pri-
mary phase reactant and Cp for outcome of patients underwent 
major surgical resections, admitted to ICU for cardiopulmonary 
support and developed infectious complications during ICU stay.

Hypothesis
The current study supposed that early changes in serum lev-

els of primary phase reactants and copeptin could predict the out-
come of patients developed sepsis after admission to ICU.

Abstract

Objectives: To evaluate predictability of at ICU-admission levels of C-reactive protein (CRP), procalcitonin (PCT), interleukin (IL)-6 and co-
peptin (Cp) for outcome of patients underwent major surgical resections, admitted to surgical ICU and developed sepsis during ICU stay.

Patients & Methods: 192 patients developed mild-moderate and 63 patients developed severe sepsis 24-hr after ICU admission. On 
appearance of early clinical sepsis manifestations, blood samples were obtained for ELISA estimation of studied parameters. Study outcome was 
defined as the 28-day mortality rate (28-MR) and the best predictor for it.

Results: 28-MR was 22% and was significantly higher among severe sepsis patients. Severe sepsis patients and non-survivors were 
significantly older, had higher APACHE II and SOFA scores and serum levels of Cp, IL-6, PCT and CRP than patients had mild-moderate sepsis and 
survivors, respectively. High serum Cp level was the highly significant independent predictor for both sepsis severity and mortality, while serum 
PCT was significant predictor for sepsis severity. Serum Cp levels at cutoff points of ≥55.2ng/ml and ≥94.6ng/ml could predict progressively 
increasing hazard of development of severe sepsis and mortality, respectively. 

Conclusion: Elevated serum Cp could fulfill the requirements for ideal early biomarker for diagnosis and prognosis of sepsis patients 
especially at the assumed cutoff points. Estimation of serum Cp and PCT in conjunction with clinical scoring could complementary act to 
approach highest diagnostic and prognostic yield.
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Design
Prospective comparative multi-center observational study

Setting 
ICU centers in University Hospitals, and multiple private hos-

pitals in Benha and Tanta in conjunction with Benha Faculty of 
Medicine, Egypt 

Patients & Methods
The study protocol was approved by the Local Ethical Com-

mittees and the nearest relative of patients signed written fully 
informed consents according to the declaration of Helsinki. All 
patients developed sepsis within the 1st 24-hr of ICU admission 
are eligible for evaluation. Exclusion criteria included develop-
ment of sepsis prior to ICU admission, maintenance on immune 
depressant therapy for any indication, severe hemorrhagic shock, 
tissue hypoperfusion diagnosed if Systolic Blood Pressure (SBP) 
was ≤90mmHg, Urinary Output (UOP) <0.5ml/kg/min for >2h, 
increased Heart Rate (HR) by ≥10% from baseline, skin mottling 
and/or hyperlactatemia (>2mmol/L) [12], pregnancy, children 
and adulthoods younger than 18 years and patients who were not 
expected to survive were also excluded from the study. 

 Collected at enrollment data included demographic charac-
teristics, including age, sex, Body Mass Index (BMI) data, acute 
physiology and chronic health evaluation II score (APACHE II) 
[13], global hemodynamic parameters, arterial and central venous 
blood gas analysis and pH were obtained simultaneously. Impact 
of disease on body organs was evaluated using the Sequential Or-
gan Failure Assessment (SOFA) scores [14] at time of insertion of 
the central venous catheter.

Sepsis was diagnosed depending on the presence of at least 
two of the four Systemic Inflammatory Response Syndrome (SIRS) 
criteria’s and fulfilled the requirements for either severe sepsis or 
septic shock as documented by Yussof et al. [15]. Patients were 
managed according to the Surviving Sepsis Campaign guidelines 
[16] with hemodynamic support aiming to achieve the following: 
Central Venous Pressure (CVP) of 8-12mmHg; Mean Arterial Pres-
sure (MAP) >65mmHg and UOP >0.5ml/kg of body weight.

Blood sampling
At time of appearance of early clinical manifestations of sep-

sis, 5ml blood sample was withdrawn under complete aseptic 
conditions, allowed to clot and then centrifuged at 3000rpm for 
10 minutes to separate serum that was collected in sterile Eppin-
dorff tube and stores at -80oC till be assayed. Blood samples were 
collected and numbered by an assistant who was blinded about 
diagnosis.

Laboratory investigations
Serum levels of CRP, PCT, IL-6 and Cp were measured using 

enzyme linked immunosorbent assay (ELISA) kits according to 
the manufacturer’s instructions and were read using a 96 well mi-
croplate ELISA reader (Dynatech. MR 7000)

a. Human CRP was measured with the Enzyme Linked Im-
munoassay (ELISA) kit () by quantitative sandwich enzyme 
immunoassay technique [17].

b. Human PCT was measured with the Enzyme Linked Im-
munoassay (ELISA) kit () by quantitative sandwich enzyme 
immunoassay technique [18].

c. Human IL-6 was measured with the Enzyme Linked Im-
munoassay (ELISA) kit (catalogue no. IL631-k01, Eagle Bio-
sciences, Inc., USA) by quantitative sandwich enzyme immu-
noassay technique [19].

d. Human Cp was measured with the Enzyme Linked Im-
muno Assay (ELISA) kit () by quantitative sandwich enzyme 
immunoassay technique [20].

Study outcome
Study outcome is defined as the mortality rate throughout 28 

days (28-MR) of management and follow-up after development of 
sepsis and the best predictor for it.

Study power calculation
Review of literature showed that the overall MR of surgical 

patients not requiring ICU admission is 18.2% [21] and among 
those admitted to ICU is 28.7 [22] to defined the predictability of 
estimated parameters for MR among surgical patients admitted to 
ICU and developed sepsis and to get study power of 80% with α 
value of 0.05 and β value of 0.2, sample size was calculated to be 
254 patients. 

Statistical analysis 
Obtained data were presented as mean±SD, numbers and 

percentages. Data were analyzed using One-way ANOVA Test. 
Possible relationships were investigated using Pearson linear re-
gression analysis. Sensitivity & specificity of estimated parame-
ters as predictors for 28-MR were evaluated using the Receiver 
Operating Characteristic (ROC) curve analysis judged by the Area 
Under Curve (AUC) that was compared versus null hypothesis 
that AUC=0.5. Kaplan-Meier regression analysis was used to de-
termine a cutoff point for serum Cp above which 28-MR increases. 
Statistical analysis was conducted using the IBM SPSS (Version 23, 
2015) for Windows statistical package. P value <0.05 was consid-
ered statistically significant.

Results
Throughout 5-year case collection period 287 cases of those 

admitted to surgical ICU were eligible for evaluation. Unfortu-
nately, 15 patients required emergency 2nd look surgery for causes 
other than sepsis and were excluded from the study and 17 pa-
tients were excluded for not fulfilling the study inclusion criteria; 
thus 255 patients were enrolled in the study. During ICU stay, 63 
patients developed severe sepsis (24.7%); twenty of them were 
progressed to septic shock, while 192 patients had mild-moderate 
sepsis (Figure 1). 
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Figure 1: Folw chart of the study.

Patients who developed severe sepsis were significantly old-
er and obese and had higher APACHE II and SOFA scores. Also, 
at ICU admission MAP, CVP and UOP were significantly lower in 

severe sepsis patients. Laboratory variables estimated at time of 
development of sepsis were significantly higher in severe sepsis 
patients than patients developed mild-moderate sepsis (Table 1).

Table 1: Clinical and laboratory data of studied patients categorized according to severity of sepsis.

Mild-Moderate Sepsis (n=192) Severe Sepsis (n=63) P Value

Age (years) 53.2±4.3 56±4.8 <0.001

Sex; M:F 125:67 35:28 0.224

Body mass index (kg/m2) 29.5±2.3 31±2.6 <0.001

APACHE II score 22.1±2.9 24±4 <0.001

SOFA score 9.6±1.9 10.9±2.4 <0.001

MAP (mmHg) 64.3±4.4 63±4.3 0.041

CVP (mmHg) 8.2±0.95 7.9±0.9 0.022

UOP (ml/hr) 0.56±0.16 0.48±0.13 <0.001

Laboratory data

CRP (ng/ml) 110.3±32.2 119.9±42.5 <0.001

IL-6 (ng/ml) 91.4±35.1 134.1±62.7 <0.001

PCT (ng/ml) 2.21±1.65 4.1±2.2 <0.001

Cp (ng/ml) 43.14±23.8 75.5±22 <0.001

During 28-days after appearance of sepsis manifestations, 56 
patients died for sepsis-related mortality rate of 22%. Non-survi-
vors were 20 severe sepsis patients (31.7%) and 36 patients had 
mild-moderate sepsis (18.8%) with significantly (p=0.031) higher 
mortality rate among patients had severe sepsis. Non-survivors 

were significantly older and had significantly higher APACHE II 
and SOFA scores, significantly lower MAP, but significantly higher 
serum levels of CRP, IL-6, PCT and CP than survivors. However, 
non-survivors were non-significantly obese and had non-signifi-
cantly lower CVP and UOP than survivors (Table 2).
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Table 2: Clinical and laboratory data of studied patients categorized according to survival outcome.

Survivors (n=174) Non-Survivors (n=56) P Value

Age (years) 53.1±4 55±5.1 0.011

Sex; M:F 128:71 33:23 0.506

Body mass index (kg/m2) 29.6±2.2 30±2.5 0.411

APACHE II score 22±2.9 23.5±4 0.005

SOFA score 9.6±1.8 10.5±2.2 0.005

MAP (mmHg) 64.4±4.3 62.4±5.2 0.006

CVP (mmHg) 8.2±1 8±0.9 0.351

UOP (ml/hr) 0.55±0.16 0.54±0.15 0.885

Laboratory data

CRP (mg/ml) 102.6±34.5 114.2±39.9 0.044

IL-6 (mg/ml) 97.3±43.9 118.3±54.6 0.006

PCT (mg/ml) 2.48±1.76 3.36±2.5 0.005

Cp (mg/ml) 47.55±25.9 63.84±28.2 0.0002

Regression analysis for at ICU admission patients’ data and 
laboratory finding defined old age, high APACHE II score and high 
serum levels of CRP, IL-6, PCT and Cp as the significant predic-
tors for possibility of development of severe sepsis. Verification of 
these predictors using ROC curve analysis defined high serum Cp 

level at time of appearance of sepsis manifestations as the highly 
significant sensitive predictor for possibility of progress of sepsis 
to severe sepsis, followed by high serum PCT, IL-6, old age, high 
APACHE II score and high serum CRP, in descending order of sig-
nificance (Table 3, Figure 2).

Figure 2: ROC curve analysis for evaluated variables as predictors for possibility of development of severe sepsis.

Table 3: Regression and ROC curve analyses for predictors of severe sepsis and mortality among ICU patients who developed sepsis.

Outcome Variables
Regression Analysis ROC Curve Analysis

β Sig. AUC (±SE) Sig. 95% CI

Severe sepsis

Age 0.110 0.033 0.312 (±0.045) <0.001 0.224-0.400

APACHE II score 0.186 <0.001 0.326 (±0.041) <0.001 0.245-0.407

Serum CRP 0.168 0.001 0.363 (±0.049) 0.002 0.268-0.459

Serum IL-6 0.317 <0.001 0.291 (±0.044) <0.001 0.205-0.376

Serum PCT 0.205 <0.001 0.256 (±0.041) <0.001 0.176-0.336

Serum Cp 0.336 <0.001 0.162 (±0.032) <0.001 0.100-0.224
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Mortality

Age -0.187 0.009 0.604 (±0.049) 0.026 0.508-0.700

SOFA score -0.137 0.028 0.596 (±0.046) 0.039 0.506-0.687

Serum CRP -0.161 0.015 0.589 (±0.049) 0.058 0.492-0.685

Serum IL-6 -0.269 <0.001 0.621 (±0.043) 0.009 0.537-0.706

Serum PCT -0.158 0.012 0.581 (±0.050) 0.084 0.482-0.679

Serum Cp -0.243 <0.001 0.674 (±0.045) <0.001 0.586-0.763

For prediction of mortality among patients developed sepsis, 
Regression analysis defined old age, high SOFA score and high 
serum levels of CRP, IL-6, PCT and Cp as the significant negative 
predictors for survival. Verification of these predictors using ROC 

curve analysis defined high serum Cp level at time of appearance 
of sepsis manifestations as the highly significant specific predictor 
for mortality, followed by high serum IL-6, old age and high SOFA 
score, in descending order of significance (Table 3, Figure 3).

Figure 3: ROC curve analysis for evaluated variables as predictors for mortality.

Kaplan-Meier regression analysis for serum Cp levels of stud-
ied patients defined median value at 55.2±4.33ng/ml (95% CI: 
46.7-63.7) as cutoff point above which the hazard of develop-

ment of severe sepsis increased progressively (Figure 4) and at 
94.6±1.07ng/ml (95% CI: 92.5-96.7) as cutoff point above which 
the hazard of death increased progressively (Figure 5).

Figure 4: Kaplan-Meier Regression curve showed progressive increase of cumulative hazard for development of severe sepsis at cutoff 
point of ≥55.2ng/ml.
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Figure 5: Kaplan-Meier Regression curve showed progressive increase of cumulative hazard for development of severe sepsis at cutoff 
point of ≥94.6ng/ml.

Discussion
Throughout 5-year duration of study, 255 of patients admit-

ted to surgical ICU for varied indications developed sepsis 24-hr 
after ICU admission; such observation goes in hand with Sakr et 
al. [23] who reported an incidence of sepsis during the ICU stay of 
11.4% and found sepsis was observed within 48 hours after ICU 
admission in 50.9% while 49.1% developed ICU-acquired sepsis. 
Out of the currently studied patients, 63 patients had severe sep-
sis (24.7%), a figure which is better that that reported by Zhou et 
al. [22] who found 37.3/100 ICU admissions were diagnosed with 
severe sepsis or septic shock.

The current study reported a 28-day mortality rate (28-MR) 
of 22% among these patients who developed sepsis during ICU 
stay; in line with this figure Yoo et al. [24] and Badia et al. [25] 
reported a 28-MR of 19 and 19.6%, respectively. However, the re-
ported 28-MR was lower than the rates of 41.3%, 28.7% and 29% 
which had been reported by Zhou et al. [22], Sakr et al. [23] & 
Yokota et al., [26], respectively.

The currently reported percentage of non-survivors was sig-
nificantly higher among patients who had severe sepsis and septic 
shock than patients who developed mild-moderate sepsis (31.7% 
vs. 18.8%). Similarly, Heldens et al. [27] reported MR of 17% and 
37% in patients diagnosed with sepsis and septic shock, respec-
tively.

Severe sepsis patients and non-survivors were significantly 
older and had higher APACHE II and SOFA scores with significant-
ly lower MAP, CVP and UOP at time of ICU admission. Moreover, 
statistical analyses defined high at admission APACHE II and SOFA 
scores as predictors for possibility of developing severe sepsis 

and/or mortality, respectively. Multiple recent studies assured 
that among variables registered on day 1, APACHE II and SOFA 
scores were independently associated with sepsis severity and 
28-MR [28-30].

Moreover, severe sepsis patients and non-survivors showed 
significantly higher serum levels of Cp, IL-6, PCT and CRP than 
patients had mild-moderate sepsis and survivors, respectively. 
Statistical analyses defined high serum Cp levels as the most the 
highly significant independent predictor for both sepsis severity 
and mortality, followed by high serum IL-6, while serum PCT was 
significant predictor for severity of sepsis. All of the three markers 
showed superior diagnostic validity than clinical data and scores.

In line with these data, Jiang et al. [31] found plasma Cp, CRP 
and PCT concentrations were positively correlated with APACHE 
II score in patients with sepsis, and reflected disease severity, 
while Ameen et al. [32] reported that at admission serum Cp and 
blood lactate levels are significant predictors for mortality of sep-
tic patients. Also, Huang et al. [33] documented that APACHE II 
scores and the levels of serum calprotectin and PCT on postoper-
ative day-1 were the variables significantly associated with sepsis 
and its severity. Thereafter, Ríos-Toro et al. [34] found the absence 
of risk factors for infection and decrease of PCT and IL-6 levels 
from baseline to day-5 were variables associated to survival in the 
univariate analysis. Recently, Qiu et al. [35] reported that serum 
Hepcidin, PCT, IL-6, TNF-α, APACHE II, SOFA score and 28-MR all 
showed an increasing trend with the increase in infection severity 
in ICU patients. Also, Barre et al. [36] found both IL-6 and mono-
cyte chemotactic protein 1 levels had valuable prognostic discrim-
ination of 30-day and 6-months all-cause mortality compared to 
PCT, CRP, SOFA and APACHE II score. 
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Regarding serum Cp, the obtained results go in hand with 
Zhang et al. [37], who reported that high baseline Cp levels may 
provide crucial information for risk stratification in a variety of 
septic states and were independent predictors of septic shock and 
28-MR with AUC of 0.856 and 0.826, respectively. Also, Battista et 
al. [38] documented that Cp can distinguish cases of sepsis from 
controls and between sepsis and septic shock patients, while PCT 
could distinguish severe sepsis from septic shock patients. 

Regression analysis showed that serum Cp levels at cutoff 
points of ≥55.2ng/ml and ≥94.6ng/ml could predict progressively 
increasing hazard of development of severe sepsis and mortality, 
respectively. These findings point to the feasibility of reliance on 
estimated serum Cp level at time of appearance of early manifes-
tations of sepsis to predict patients’ outcome. Similarly, Dabla et 
al. [39] reported that Cp levels are altered in various physiological 
and pathological conditions indicating its possible diagnostic and 
prognostic roles in various clinical settings especially in critically 
ill patients. In line with the validity of Cp cutoff point for diagnosis 
and prediction of outcome of septic patients Battista et al. [38] 
found patients with Cp concentrations higher >23.2pmol/L at-ad-
mission presented higher 30-day mortality. 

Recently, in 2018, Koch et al. [40] reported significantly ele-
vated plasma Cp levels in critically ill patients at ICU admission 
than control levels, and were closely associated with disease se-
verity judged by APACHE-II score, correlated with biomarkers of 
inflammation and tissue perfusion and could predict short-term 
and long-term mortality, so concluded that Cp could be a prom-
ising tool for prognostication and management of critically ill pa-
tients.

Conclusion 
Development of sepsis after admission to surgical ICU is still 

a problematic dilemma. Despite of the diagnostic validity of clin-
ical scores, it could not fulfill the best prognostic target for sepsis 
patients. Early systemic release of primary-phase reactants could 
be a diagnostic and prognostic tool for sepsis patients even pri-
or to establishment of diagnosis. Elevated serum co-peptin could 
fulfill the requirements for ideal early biomarker for diagnosis 
and prognosis of sepsis patients especially at the assumed cutoff 
points. Combined estimation of serum co-peptin and procalci-
tonin in conjunction with clinical scoring could complementary 
act to approach highest diagnostic and prognostic yield. However, 
wider scale studies are mandatory to assure the validity of the as-
sumed cutoff points for co-peptin.
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