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Background: Sepsis is strongly associated with an increased risk of postoperative mortality,

longer length of hospital stay, and elevated health care costs. Early clinical symptoms

overlap with those of systemic inflammatory response syndrome, a response that

commonly occurs after cardiac surgery with cardiopulmonary bypass. Since a combination

of biomarkers has been demonstrated to improve the prediction of postoperative infection,

the objective of the present study was to test whether the combination of C-reactive

protein (CRP), white blood cells (WBC), and procalcitonin (PCT) is able to predict post-

operative infection in a large cohort of cardiac surgery patients.

Material and methods: Case-control study involving 423 patients who underwent cardiac sur-

gery with cardiopulmonary bypass. Patients were retrospectively classified into two groups

basedonwhethertheydevelopedseveresepsisorsepticshockduringthepostoperativeperiod.

Bloodsamples for biologicalmeasurements (PCT,CRP, andWBC)weredrawnonthefirstday in

the intensive care unit, then once daily in the morning until the 10th postoperative day.

Results: CRP median values were similar in both groups. WBC and PCT median values were

significantly higher in patients with infection than without during the first 10 postoperative

days. With elevation cutoffs �3 times (OR: 4.058; 95% CI: 2.206-7.463; P ¼ 0.001) and �4

times (OR: 10.274, 95% CI: 3.690-28.604; P < 0.001), the median value for PCT (1.7 ng/mL)

and/or WBC (13,000 cells/mm3) on the second postoperative day was significantly associ-

ated with the development of infection.

Conclusions: The goal of this study was to use a large cohort of cardiac surgery patients to

ensure that the results were representative of this population. The combination of PCT and

WBC levels over the first three postoperative days was able to predict postoperative

infection within the 30 d following cardiac surgery.
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Introduction after surgery. The study was approved by the Institutional
Sepsis is one of the most frequent causes of admission to the

intensive care unit (ICU) worldwide.1 Sepsis has been defined

as a systemic inflammatory response caused by an infection;

however, bacteremia is only identified in approximately one-

third of patients with sepsis.2,3 Fever, leukocytosis, and

tachycardia are early clinical symptoms of sepsis that overlap

with symptoms of systemic inflammatory response syndrome

(SIRS) of noninfectious origin, a response that commonly oc-

curs after cardiac surgery with cardiopulmonary bypass

(CPB).4 Sepsis has been strongly associated with an increased

risk of postoperative mortality, longer length of hospital stay,

and elevated health care costs.5,6 Therefore, the identification

of a biomarker able to predict sepsis in surgery patients and to

differentiate infectious and noninfectious SIRS has become an

issue of great importance.

Procalcitonin (PCT) is one of the inflammatory mediators

involved in SIRS and is being evaluated as a biomarker for

sepsis and infection in postoperative patients.7,8 Although

most studies have demonstrated the usefulness of PCT as a

biomarker of infection,9e11 other studies have not.12,13

Elevated white blood cell (WBC) count has traditionally been

another predictor of infection in clinical practice, although it

has also been shown to increase after cardiac surgery with

CPB.14,15 Likewise, elevations in C-reactive protein (CRP) levels

have also been associated with postoperative infection and

sepsis.16 Several studies have established cutoff points for CRP

at 5-10 mg/dL.17 Despite the existence of a number of studies

evaluating the use of PCT as a marker of infection, these were

all conducted using small cohorts of cardiac surgery

patients.9e11 Since the combination of biomarkers has been

shown to improve the prediction of postoperative infection,

the objective of the present study was to test whether the

combination of CRP, WBC, and PCT is able to predict post-

operative infection ina large cohortof cardiac surgerypatients.
Material and methods

A case-control study was designed, including patients aged

�18 y who underwent a cardiac surgery with CPB at the Hos-

pital Clı́nico Universitario of Valladolid (Spain) between

January 2011 and 2015. A total of 2,198 patients were screened

since the beginning of the study. The case group consisted of

all patients who developed severe sepsis or septic shock

(n ¼ 122, infection rate: 5.5%; 94 with pneumonia and 28 with

surgical site infection); in the control group, patients from

2014 that did not develop these conditions were included

consecutively (n ¼ 301). The predicted ratio of patients with

and without infection was estimated at 1:3. All patients that

began receiving antibiotic treatment for suspected infection

whose germ culture results were negative were excluded from

the study. Exclusion criteria were as follows: having a clini-

cally detectable preoperative infection, use of corticosteroids

within 1 wk before surgery, and death within the first 48 h

after surgery. All patients received prophylactic antibiotic

treatment with cefazolin, 1 g every 8 h, during the first 24 h
Review Board and conducted in accordance with the guide-

lines established by the hospital’s Ethics Committee and the

Declaration of Helsinki.

Definitions and laboratory methods

Diagnoses of SIRS, sepsis, and septic shock were established

according to guidelines from the American College of Chest

Physicians/Society of Critical Care Medicine consensus.18 It

was an indispensable condition that every patient with sepsis

and septic shock had germ-positive cultures. The diagnosis of

nosocomial pneumonia was considered with Clinical Pulmo-

nary Infection Score greater than 6 and microorganism

isolation.19 Definitions for nosocomial surgical site infections

(SSI) were in accordance with CDC guidelines.20 The final

diagnosis of infection (pneumonia, SSI), SIRS, sepsis, and

septic shockwas determined by two independent expertswho

were blinded to PCT levels, and in cases of disagreement,

consensus was reached by means of a third expert. Microor-

ganisms were isolated from the sputum and/or surgical

wounds of patients with infection on the day of infection

diagnosis and on each subsequent day until cultures were

negative or sepsis evolved. Blood samples for biological mea-

surements (PCT, CRP, andWBC) were drawn on the first day in

the ICU, then once daily in the morning until the 10th post-

operative day. PCT levels were measured using an immuno-

luminometric assay (LUMItest Procalcitonin; Brahms

Diagnostica, Berlin, Germany) adapted to the 6000 Cobas

analyzer (Roche Diagnostics, Roche Holding AG, Switzerland),

showing a concentration range of 0.2-100 ng/mL.

Statistical analysis

Categorical variables were expressed as absolute and relative

(%) frequencies, and continuous variables were expressed as

the median and standard deviation. Baseline comparisons

between the two groups were done using the chi-squared

test for categorical variables and Student t-test or the

Mann-Whitney U test for continuous variables. The devel-

opment of a postoperative infection was analyzed by per-

forming a logistic forward stepwise regression analysis (odds

ratio [OR] and 95% confidence interval [95% CI]), adjusting for

demographic and clinical factors. Variables introduced in the

models showed a tolerance value higher than 0.4 or variance

inflation less than 2.5, a condition number less than 10, and a

variance of �2 no greater than 0.5. Collinearity was evaluated

between the variables. The area under the curve (AUC) was

calculated from receiver-operating characteristics (ROC)

curves derived from regression models. The statistical sig-

nificance was established for P � 0.05. All calculations were

performed with SPSS 20.0 software.
Results

Demographic and clinical information are shown in

Table 1, grouped according to the development or
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Table 1 e Demographic and clinical information of
cardiac surgery patients regarding the development of a
postoperative infection.

No
infection
(n ¼ 301)

Infection
(n ¼ 122)

P-
value

Preoperative factors

Age, mean years � SD 65.9 � 11.2 71.1 � 9.5 <0.001

Sex male, n (%) 199 (66.1) 82 (67.2) 0.828

Hypertension, n (%) 168 (55.8) 79 (64.8) 0.091

Diabetes mellitus, n (%) 69 (22.9) 23 (18.9) 0.358

Obesity, n (%) 48 (15.9) 18 (14.8) 0.759

Alcohol drinking, n (%) 13 (4.3) 5 (4.1) 0.919

Hepatic disease, n (%) 8 (2.7) 4 (3.3) 0.728

Respiratory disease,

n (%)

37 (12.3) 18 (14.8) 0.495

Chronic renal

failure, n (%)

14 (4.7) 11 (9.0) 0.085

Intraoperative factors

Emergency

surgery, n (%)

17 (5.6) 38 (31.1) <0.001

Type of surgery, n (%)

Valve 96 (32.1) 26 (21.5) 0.03

CABG 152 (50.8) 60 (49.6) 0.81

Valve þ CABG 51 (17.1) 35 (28.9) 0.006

Total CPB time,

mean min � SD

113.8 � 46.1 142.7 � 51.7 <0.001

Ejection fraction, n (%) 57.8 � 11.1 51.8 � 12.2 <0.001

Risk score

SOFA score, mean

points � SD

5.7 � 1.1 7.1 � 2.2 <0.001

APACHE II score,

mean points � SD

10.5 � 2.8 15.1 � 3.8 <0.001

Postoperative factors

Time to extubation,

mean days � SD

1.5 � 5.6 21.7 � 64.8 <0.001

Polytransfusion, n (%) 1 (0.3) 12 (9.8) <0.001

Length of stay,

mean days � SD

Preoperative

hospitalization

9.52 � 9.6 8.9 � 10.3 0.591

Total in hospital 21.4 � 16.4 51.1 � 71.6 <0.001

In the ICU after

surgery

3.9 � 8.2 33.8 � 90.9 <0.001

30-d mortality, n (%) 5 (1.7) 20 (16.4) <0.001

Hospital mortality,

n (%)

13 (4.3) 45 (36.9) <0.001

SD ¼ standard deviation; CABG ¼ coronary artery bypass graft;

SOFA ¼ Sequential Organ Failure Assessment; APACHE II ¼ Acute

Physiology and Chronic Health Evaluation II.

Table 2 e Description of pathogens isolated from patients
with infection (n [ 122).

Microorganism Number of isolations from different
locations

Lung
(sputum)

Surgical
site

Total

Acinetobacter spp. 11 4 15

Escherichia coli 1 8 9

Haemophilus influenzae 14 d 14

Klebsiella spp. 9 2 11

Pseudomonas

aeruginosa

13 5 18

Enterobacter spp. 2 1 3

Other 10 5 15

Total of Gram-

negative

60 25 85

Staphylococcus aureus 15 12 27

Methicillin-resistant 11 7 18

Methicillin-

susceptible

4 5 9

Streptococcus

pneumoniae

1 1 2

Staphylococcus

epidermidis

13 13 26

Other staphylococcus 2 7 9

Enterococcus spp. 1 1 2

Others 2 3 5

Total of Gram-positive 34 37 71

Total pathogens 94 62 156
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avoidance of a postoperative infection. Patients were

mainly male (67.2% versus 66.1%; P ¼ 0.828), and the main

comorbidity was hypertension (64.8% versus 55.8%). Emer-

gency surgery was performed in more patients with infec-

tion (31.1%) than those without infection (5.6%; P < 0.001).
Sequential Organ Failure Assessment and Acute Physiology

and Chronic Health Evaluation II scores were higher in

patients with infection (7.1 � 2.2 points and 15.1 � 3.8

points, respectively) than those without infection (5.7 � 1.1

points and 10.5 � 2.8 points; P � 0.001 for both). Hospital

mortality was higher in patients with infection (36.9%) than

in those without infection (4.3%; P < 0.001). A total of 156

microorganisms were isolated from patients with infection

(Table 2). In 32 of the 94 patients with pneumonia, micro-

organisms were isolated from the surgical site, in addition

to the lungs.
WBC, CRP, and PCT levels

MedianWBC counts were significantly higher in patients with

infection than in patients without infection, peaking on the

third postoperative day in those with infection (Fig. 1). By

contrast, the CRP median values were similar in both groups

until approximately the seventh postoperative day. The PCT

median values showed differences between patients with

infection and those without infection during the first 4 d, with

values being significantly (P < 0.05) higher in patients with

infection. The WBC and PCT median values in patients with

infection showed a steep increase within the first 3 post-

operative days.
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Fig. 1 e Evolution of white blood cell count (WBC, A), C-reactive protein (CRP, B), and procalcitonin (C) in patients with

infection (dashed line) and those without infection (solid line) during the first 10 postoperative days. An asterisk represents

the statistical differences between groups (P < 0.05).
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Table 3 e Regression model for identifying factors
associated with the development of an infection within
30 postoperative days.

Odds ratio 95% CI P-value

Elevations �3 times 4.058 2.206-7.463 <0.001

Elevations �4 times 10.274 3.690-28.604 <0.001

Age 1.051 1.022-1.080 0.001

Ejection fraction 0.965 0.942-0.988 0.003

Cardiopulmonary

bypass time

1.009 1.003-1.015 0.003

Emergency surgery 4.434 2.014-9.759 <0.001

Fig. 2 e ROC curve representing the sensitivity and

specificity of the model for predicting postoperative

infection. AUC indicates the area under the curve. (Color

version of figure is available online.)
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Formulating the hypothesis

CRPwas not included because it was not different between the

two groups. Taking into account the differential WBC and PCT

values during the first postoperative days, we chose the me-

dian values for PCT (1.7 ng/mL) andWBC (13,000 cells/mm3) on

the second postoperative day as representative cutoff points

for predicting infection. We then proposed the following hy-

pothesis to be tested: “The total number of times that PCT

and/or WBC elevate from their representative cutoff points

during the first 3 postoperative days could act as an adequate

parameter for predicting postoperative infection”. Assuming

this hypothesis, there were six possible scenarios: (1) Either

PCT or WBC elevates from its cutoff point on 1 d while the

other did not (total number of times of elevations ¼ 1); (2) both

PCT and WBC elevate from their cutoff points on only 1 d or

one of them exceeded its cutoff point on 2 d while the other

did not (total number¼ 2); (3) either PCT orWBC elevates from

its cutoff point on 2 d while the other elevates from its cutoff

point on 1 d, or one of them elevates from its cutoff point on

3 d while the other did not (total number¼ 3); (4) both PCT and

WBC exceeded their cutoff points on 2 d, or one of them ele-

vates from its cutoff point on 3 d and the other on 1 d (total

number ¼ 4); (5) either PCT or WBC exceeded its cutoff point

on 3 d while the other elevates from its cutoff point on 2 d

(total number ¼ 5); and (6) both PCT and WBC elevate from

their cutoff points on 3 d (total number ¼ 6).

Predicting postoperative infection

The total number of times that PCT and WBC elevate from

their cutoff values (from 1 to 6, with 0 as reference) was

initially evaluated in the regression model. The model,

adjusted for age, ejection fraction, emergency surgery, and

total CPB time, revealed that the number of elevations above

the respective cutoff values within the first 3 postoperative

days was significantly associated with the development of

postoperative infection: [1 time (OR: 3.453), 2 times (OR: 3.649),

3 times (OR: 6.171), 4 times (OR: 9.696), and 5 times (OR: 13.431)].

The ROC curve showed an AUC of 0.845 (95% CI: 0.801-

0.888). After performing the initial regression model and with

the aim of facilitating the analysis, the total number of times

was reduced to only two groups: elevation cutoffs �3 times

and �4 times, i.e. the �4 group required that both PCT and

WBC were “significantly elevated” (with respect to the repre-

sentative cutoff points) for at least 2 d. When reduced to two

groups, the independent factors associated with the devel-

opment of an infection were elevation cutoffs �3 times (OR:

4.058; 95%CI: 2.206-7.463; P¼ 0.001), elevation cutoffs�4 times

(OR: 10.274, 95% CI: 3.690-28.604; P< 0.001), age (OR: 1.051, 95%

CI: 1.022-1.080; P ¼ 0.001), ejection fraction (OR: 0.965, 95% CI:

0.942-0.988; P¼ 0.003), CPB time (OR: 1.009, 95% CI: 1.003-1.015;

P ¼ 0.003), and emergency surgery (OR: 4.434, 95% CI: 2.014-

9.759; P < 0.001; Table 3). The ROC curve indicated an AUC for

this model of 0.842 (95% CI: 0.798-0.886; Fig. 2).

Predicting 30-d mortality

Keeping the simplified model of only two groups (elevation

cutoffs �3 times and �4 times), the independent factors
associated with the development of 30-d mortality were

elevation cutoffs �3 times (OR: 4.808; 95% CI: 1.378-16.780;

P ¼ 0.014), elevation cutoffs �4 times (OR: 5.879, 95% CI: 1.296-

26.664; P ¼ 0.022), CPB time (OR: 1.011, 95% CI: 1.003-1.018;

P ¼ 0.007), and emergency surgery (OR: 3.446, 95% CI: 1.132-

10.494; P ¼ 0.029; Table 4). The ROC curve indicated an AUC for

this model of 0.835 (95% CI: 0.763-0.906; Fig. 3).
Discussion

The most relevant findings of this study are: (1) the combi-

nation of PCT and WBC has been found to be a useful

parameter for predicting postoperative infection, (2) the pre-

dictive factor is stronger when both PCT and WBC levels were

significantly elevated for at least 2 d, and (3) elevation cutoffs

�3 times and elevation cutoffs �4 times are considered good

predictors of mortality. In our study, patients with no infec-

tion showed high CRP values during the first 5 postoperative

http://dx.doi.org/10.1016/j.jss.2017.01.021
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Table 4 e Regression model for identifying factors
associated with the 30-d mortality.

Odds ratio 95% CI P-value

Emergency surgery 3.446 1.132-10.494 0.029

Cardiopulmonary

bypass time

1.011 1.003-1.018 0.007

Elevations �3 times 4.808 1.378-16.780 0.014

Elevations �4 times 5.879 1.296-26.664 0.022
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days. This observation is supported by the literature, which

states that CRP is involved in the acute phase reaction after

surgery.21 The median CRP value was significantly higher in

patients with infection on the third postoperative day. A CRP

peak above the 75th percentile on the third day has been

shown to be associated with infection.22 The significantly

higher WBC and PCT levels in patients with infection found in

our study are also supported by previous studies in cardiac

surgery patients.23,24 Despite the existence of a number of

studies evaluating the use of PCT as a marker of infection,

these were all conducted using a small cohort of cardiac sur-

gery patients.9e11

One goal of our study was to evaluate the predictive use of

PCT in combination with other biomarkers in a large cohort of

these patients. A previous study conducted in cardiac surgery

patients showed a moderate AUC value for PCT at 0.72 as a

predictor of infection.25 Two different studies have demon-

strated that the AUC for the correlation of PCT with confirmed

pneumonia in ICU patients was 0.51.12,26 The only studies in

adult patients showing PCT as a goodmarker of infection with

high AUC values (0.92 and 0.87) were studies with very low

numbers of patients with infection (20-38 patients).10,11,27

Most previous studies have indicated that PCT alone does
Fig. 3 e ROC curve representing the sensitivity and

specificity of the model for predicting 30-d mortality. AUC

indicates the area under the curve.
not aid in predicting the development of infection.11,25,26,28

The cutoff value for PCT as a biomarker of infection ranges

from 0.5-1.5 ng/mL.9,29 Jebali et al. took the maximum value of

each biomarker on the third postoperative day or later, using

the ROC curve to identify the best cutoff value for each

biomarker to diagnose infection. With a cutoff of 1.5 ng/mL,

the AUC was 0.88, and the sensitivity and specificity were 0.93

and 0.80, respectively.9 In our study, we chose the median

value on the second postoperative day as the cutoff value for

both variables. At 1.7 ng/mL, our PCT cutoff value was similar

to the one used by Jebali et al.; however, our WBC cutoff value

of 13,000 cells/mm3 was higher (as compared to 12,000 cells/

mm3). In our study, we propose a prediction model based on

the number of times that both WBC and PCT exceed a repre-

sentative cutoff point during the first 3 postoperative days. In

other words, we proposed that the combination of elevated

levels of WBC and PCT may be useful for predicting post-

operative infection. Indeed, our results indicated that

exceeding the representative cutoff points for PCT and WBC

>3 times, i.e. both PCT and WBC levels being significantly

elevated for at least 2 d, resulted in 10 times higher risk for

developing an infection within the 30 d following cardiac

surgery compared to levels that did not exceed the cutoff

points. This marker may be useful in the early differentiation

of postoperative cardiac surgery patients at increased risk of

developing an infection to start proper management early in

the postoperative period and to differentiate between patients

with sepsis and those with noninfectious SIRS.

In our study, the duration of hospital and ICU stays were,

as expected, significantly higher in patients with infection.

These results are in agreementwith previous studies.10,29 Both

30-d and hospital mortality rates were significantly higher in

patients with infection because sepsis is an important mor-

tality risk factor.30,31 Risk factors associated with 30-d mor-

tality were emergency surgery, CPB time, elevations �3 times,

and elevations �4 times. In our model, we have found that

elevations �3 times and elevations �4 times are significant

predictors of mortality.

The main limitation of the study was that data were ob-

tained from a single institution; and therefore, may not be

extrapolated to other settings. Although we agree that a

multicentre study would reduce potential center-specific bias,

we think that limiting data to a single center nevertheless

presents several advantages, such as the inclusion of a ho-

mogeneous population of patients, adherence to consistent

clinical routines, consistent quality of data, and consistent

surgical quality over a period of time. Other limitations of the

study were the prospective observational nature of the study,

which did not allow us to select patients based on their de-

mographic and clinical characteristics; therefore, running the

risk of losing a considerable number of them and that a

certain percentage of patients who developed “pneumonia”

may have had community acquired pneumonia that was

misclassified as nosocomial if symptoms began before 48 h.

In conclusion, we conducted a large prospective, single

center, observational case-control study to identify a combina-

tion of PCT, CRP, andWBC that was predictive of postoperative

pneumonia or SSI in cardiac surgery patients. By dichotomizing

daily postoperative PCT and WBC biomarkers into groups with

�3 and� 4 elevations, we determined that four elevations over
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the first 3 postoperative days was strongly associated with

postoperative pneumonia or SSI within the 30 d following car-

diac surgery, besides being good predictors of mortality.
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