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Background. 'e increased serum procalcitonin (PCT) level in cardiac patients is known as a sign of postoperative complications.
Objective. Considering the importance of predicting the incidence of both complications and mortality caused by coronary artery
bypass graft (CABG) surgery, this study was conducted to determine the serum PCT level and its relationship with one-year
morbidity and mortality among CABG patients. Methods. 'is descriptive-analytical study was performed on 100 patients who
underwent CABG surgery in Vali-e-Asr Hospital of Birjand, Iran. 'ey were selected by a census sampling method from March
2014 to March 2015. 'e Elecsys BRAHMS PCT kit (Roche Company) was then used to measure the patients’ serum PCT level.
'e required data were collected using the patients’ medical records and telephone interviews with the patient or his/her relatives
by passing one year from their discharge. 'e outcomes of this study comprised of mortality and morbidity causes (e.g.,
dysrhythmia, infection, and stroke). 'e data were then analyzed in SPSS version 16 by Mann–Whitney, chi-squared, and Fisher
exact tests. Results. 'e postoperative serum PCT level is significantly correlated with sternum wound infection (p � 0.001),
packed cells (PC) transfusion (p � 0.003), and death (p � 0.003). In addition, a significant relationship was found between
dyslipidemia and hypertension and early mortality rate in patients with high levels of PCT. Of note, risk-adjusted death did not
differ significantly between the serum PCT levels after one year (RR, 0.068; 95% CI 0.008–0.566). Conclusion. Higher PCT serum
levels in CABG patients are associated with the increased early mortality rate, sternum wound infection, and PC transfusion.
Additionally, the other factors associated with mortality in the patients under study included dyslipidemia and hypertension.

1. Introduction

High levels of procalcitonin (PCT) are associated with
various conditions causing systemic inflammation and their
severity, including severe burns, trauma, extensive surgeries,
especially cardiac surgery with cardiopulmonary bypass,
postresuscitation syndrome, acute pancreatitis, stroke, acute
graft rejection, and subarachnoid hemorrhage [1, 2].

'e peak level of PCT was observed to be related to
various types of surgery such as thoracic, orthopedic, and
oncological surgeries [3–6]. Moreover, it is currently well
known that the increased serum PCT is an independent
predictor of all causes of in-hospital mortality in patients
intensive care units (ICU) and is also correlated with poor
outcomes after cardiac surgery. PCT is a recognized
marker occurring after elective cardiac surgery. 'e
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increased serum PCT level in cardiac patients is known as
a sign of postoperative complication [5]. Previous studies
in this regard have shown a correlation among high levels
of postoperative PCT and mortality, infection, and other
severe postcardiac surgery complications [7]. Corre-
spondingly, the results of a prospective cohort study
conducted by Klingele et al. [5] on patients with cardiac
surgery showed that the increased PCT levels after surgery
could be regarded as a prognostic indicator for both in-
fection and postoperative complications. As well, single
measurements of postoperative PCT levels could predict
the delayed complications among elective cardiac surgery
patients, despite a postoperative period without any
significant event. Identifying such people at risk before
being discharged from the ICU can prevent readmission
and also ensure appropriate monitoring and rapid
treatment of emerging complications.

'e PCT algorithm, which is examined to decide on the
antibiotic treatment of adult patients admitted to primary
care, emergency care, and ICU, suggests that performing the
treatment guided by PCT may consequently reduce the
exposure to antibiotics without increasing the mortality rate
[8].

'erefore, given the importance of predicting the inci-
dence of both complications and mortality caused by CABG
surgery, this study was conducted to determine the serum
PCT level and its relationship with early morbidity and
mortality among CABG patients.

2. Materials and Methods

'is descriptive-analytical study was conducted on 100
patients who were hospitalized in the Heart Department of
the Vali-e-Asr Hospital in Birjand, Iran. A census sampling
method was utilized for including the cases. 'e inclusion
criteria of this study were patients aged between 30 and 80
years old who underwent CABG surgery and admitted to the
cardiac department. In addition, the exclusion criteria in-
cluded concurrent coronary and valve operation, aortic
dissection, and pulmonary embolism. 'e required data
were collected using the patient’s medical records and
telephone interviews with the patient or his/her relatives by
passing one year from his/her discharge. 'e outcomes
under scrutiny involved mortality (annual death rate) and
morbidity (e.g., dysrhythmia, infection, and CVA). For the
purpose of the study, the Elecsys BRAHMS PCT kit (Roche
Company) was used tomeasure the serum PCT level. During
the study period, a nurse working in the Cardiac Department
collected the blood samples from the included patients
before intubation, one hour later in the intensive care unit,
and 48 h postoperatively. For examining the serum PCT
levels, the obtained samples were stored in due observance of
the preservation of the cold chain and then transferred in
special kits to Shafa Laboratory of Birjand. 'e serum PCT
level was considered within the normal range of less than or
equal to 0.8 ng/ml.

'e protocol of the study was approved by the Insti-
tutional Ethics Committee with the ID
IR.BUMS.REC.1395.236.

Data analysis was performed by SPSS 16 software (IBM
Incorporation, Chicago, IL). 'e normality of quantitative
variables was determined using the Kolmogorov–Smirnov
test. Besides, categorical variables were analyzed using the
chi-square and Fisher exact tests. 'e Mann–Whitney test
was also used for comparing continuous variables. We
calculated the relative risk (RR) with 95% confidence in-
tervals (CI) to compare the death between serum PCT levels.
'e significance level was considered less than 0.05.

3. Results

'e mean age of the patients included in this study was
63.0± 10.53 years old, and the majority of them
(n� 67(67%)) were men. 'e demographic and medical
characteristics of these 100 patients are given in Table 1. 'e
mean score ±standard deviation of the serum PCT levels of
the patients before, immediately after, and 48 hours after
surgery were obtained as 0.05± 0.06, 0.08± 0.11, and
1.44± 3.06, respectively. 'e results of the present study
show a significant relationship among postoperative serum
PCT level and sternum wound infection (p � 0.001), PC
transfusion (p � 0.003), and death (p � 0.003). However, no
significant association was found between the serum PCT
level and the incidence of both dysrhythmia and EF
(p> 0.05) (Table 2). 'e results also show that a significant
relationship exists among dyslipidemia, hypertension, and
early mortality rate in patients with high levels of PCT
(Table 3).

After the one-year follow-up, of the nine deaths in this
study, one case of death occurred during surgery and seven
cases occurred in the hospital ward. By passing 30 days from
their discharge, one case of death was reported as well.
'erefore, mortality is considered as “Early mortality.”
'ese deaths were resulted from all causes of mortality,
consisting of three patients (33.33%) due to cardiac causes,
one case (11.11%) from brain causes, two cases (22.22%)
from renal causes, one case (11.11%) from heart attack, and
eventually two cases (22.22%) due to unknown reasons.

During this one-year follow-up, except for those listed as
early morbidity, no other case was reported. Hence, mor-
bidity is considered as early morbidity.

Risk-adjusted death showed a significant relationship
with the serum PCT levels after one year (RR, 0.068; 95% CI
0.008–0.566).

4. Discussion

'is study aimed to determine how the serum PCT level is
associated with both early morbidity and mortality among
CABG patients. 'e results show that serum PCT levels in
the patients before, after, and 48 hours after surgery were
0.05± 0.06, 0.08± 0.11, and 1.44± 3.06, respectively, indi-
cating an increase in this inflammatory marker rate after
performing the surgery. A study by Arkader et al. [9] on
patients who underwent cardiopulmonary bypass (CPB)
showed that the PCT baseline level increased after CPB and
peaked at 24 hours, which was consistent with the results of
the present study.
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'e results of the present study reveal that those re-
ceiving over two units of PC during the treatment and
surgery had a significantly higher PCT level compared to
those receiving smaller PC quantities. 'e results of several
previous studies have demonstrated that the increased PC
transfused during surgery is associated with postoperative
complications and higher rates of mortality and morbidity
after surgery [10–12]. Additionally, some studies have
previously shown that the rise in the PCT level among
patients undergoing CABG is associated with the increased
consequent complications [5, 13, 14]. 'erefore, the results
obtained in the present study are in line with those of
previous studies where the increased transfused PC along

with higher levels of PCT can be considered as useful
markers for a higher number of complications after surgery.

Based on the results of the present study, there was a
significant relationship between the PCT level and some
factors such as wound infection. Previously, the results of
various studies have shown that inflammation is an ar-
rhythmic stimulant, and the increased PCT levels are as-
sociated with the increased inflammation and postoperative
complications [13–17]. For example, the results of a study by
Klingele et al. [5] have shown that the increased postop-
erative PCT level is a prognostic marker for both infection
and complications, which were consistent with the results of
the present study.

Table 2: Postoperative data and adverse events.

Variable PCT levels ≤0.8 ng/ml (n� 59) PCT levels >0.8 ng/ml (n� 41) P value
Death

0.003Present 1 (1.7) 8 (19.5)
Not present 58 (98.3) 33 (80.5)

Type of dysrhythmia

0.342Not present 53 (89.8) 33 (80.5)
VT 2 (3.4) 4 (9.8)
AF 4 (6.8) 4 (9.8)

PC
0.003≤2 37 (63.3) 13 (32.5)

>2 22 (36.7) 27 (67.5)
Sternum wound infection

0.001Present 3 (5.1) 13 (31.7)
Not present 56 (94.9) 28 (68.3)

EF (mean± SD) 45.0 ± 9.74 45.2± 9.80 0.98
PC, packed cells; EF, ejection fraction.

Table 1: 'e demographic and medical characteristics of the 100 patients participated in the study.

Characteristic All patients (n� 100)
Age, mean± SD 63.0± 10.53

Gender Male 67 (67)
Female 33 (33)

Smoker Yes 13 (13)
No 87 (87)

No. of grafts, mean± SD 3.9± 0.65

Type of dysrhythmia
No 86 (86)
VT 6 (6)
AF 8 (8)

Ejection fraction, %

20–29 12 (12)
30–39 16 (16)
40–49 26 (26)
≥50 46 (46)

DM Yes 36 (36)
No 64 (64)

DLP Yes 46 (46)
No 54 (54)

HTN Yes 57 (57)
No 43 (43)

CVA Yes 4 (4.0)
No 96 (96.0)

VT, ventricular tachycardia; AF, atrial fibrillation; DM, diabetes mellitus; DLP, dislipidemia; HTN, hypertension; CVA, cerebrovascular accident.
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'e results of the present study show that the in-
creased PCT level is significantly associated with an in-
crease in the early mortality rate. Moreover, Dorge et al.
[14] in their studies have shown that the survival rate is
lower in patients with high levels of serum PCT in the first
24-hour postoperatively. Another study have also re-
ported that the PCT level >2.5 ng·l (−1) can be regarded as
a predictor for mortality within the first 28-day of CABG
surgery [18].

Besides, the results indicate a significant relationship
between early mortality rate and dyslipidemia in the patients
with high PCT levels. However, some ambiguities still exist
regarding the role of low blood lipids in the outcome of
cardiovascular surgery. In the study by Hosseini and
Mehrpooya [19], the mean TG, LDL, and HDL levels were
not significantly correlated with mortality rate. However,
there was a significant difference in terms of the in-hospital
mortality between patients with the controlled and non-
controlled LDL, HDL, and TG levels. A meta-analysis has
also shown that preoperative statin therapy could reduce the
mortality rate in patients after cardiac surgery [20]. Nev-
ertheless, Powell et al. [21] in their research have reported
that performing lipid-lowering therapy before CABG sur-
gery could not lead to the reduced in-hospital mortality or
morbidity (including postoperative atrial fibrillation and
hemorrhage). Given the increased risk factors for coronary
heart disease along with increased therapeutic costs, it would
be a crucial priority to identify and treat risky individuals.
'erefore, performing further studies in this area seems to
be necessary.

'e results of the present study show that a significant
relationship exists between hypertension and early mortality
rate in patients with high levels of PCT. A prospective
population-based study has previously reported a positive
association between plasma PCT levels and cardiovascular
risk factors such as hypertension, in subjects with no history
of acute cardiovascular events [22].

According to the results of the present study, the rela-
tionship between diabetes and the incidence of outcomes
such as CVA, infection, death, and dysrhythmia for different
PCT levels was not statistically significant. 'e results of the
study by Santos et al. [23] showed that although diabetic
patients are at high risks of developing complications, di-
abetes alone cannot be considered as a factor in deteriorating
prognosis. Furthermore, the results of the study by Whang
and Bigger [24] indicated that diabetes is associated with the
increased postoperative complications and rehospitaliza-
tion, but it is not associated with long-term mortality after
CABG surgery among patients with severe left ventricular
dysfunction. 'ese results were consistent with the results of
the present study. However, the results of Mao’s study [25]
showed that several factors such as the history of cardio-
vascular disease, longer duration of operation, postoperative
cardiac arrhythmias, and previous carotid artery stenosis in
the patients undergoing surgery could increase the risk of
postoperative stroke. Accordingly, the difference between
the results of the present study and those of previous studies
may possibly be due to the number and type of the grafts
utilized [26].

Among the limitations of this study were the small sample
size and the one-centered setting of the study. Among the
other constraints of this research, types of grafts utilized that
were not addressed in this study can be named, which limited
the generalizability of the results. 'erefore, it is recom-
mended that a similar study be performed with a larger
sample size in several therapeutic centers, and by focusing on
further variables (such as number and type of grafts).

5. Conclusion

'e increased serum PCT levels in patients underwent
CABG surgery are associated with the increased early
mortality rate, sternum wound infection, and PC transfu-
sion. Moreover, in our patients, the other factors associated
with mortality included dyslipidemia and hypertension.
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