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Objectives. Procalcitonin level is generally undetectable from blood sample under normal physiological condition. However, its
production can be greatly stimulated by the presence of various infammatory responses, especially those caused by bacterial
infection. We aimed to determine if postoperative procalcitonin level could be used to predict bacterial infection more promptly
than bacterial culture results.Materials andMethods. We performed a retrospective case-control study by collecting postoperative
procalcitonin as well as white blood cell level of patients undergoing cardiac surgery using cardiopulmonary bypass from
electronic medical records of Ramathibodi Hospital between 1st January 2019 and 30th June 2023. Patients with pre-existing
infammatory syndromes or proven bacterial infection, who had been receiving preoperative treatment-dose antibiotics or
steroids, who underwent non-elective surgery, and whose medical record data were lost or insufciently recorded were excluded.
Demographic data and operative details were also collected and reviewed. Results. From a total of 146 patients in our study, 42
patients developed proven postoperative bacterial infection. Te level of procalcitonin with greatest association to postoperative
bacterial infection from our study was 4.13 ng/dl on postoperative day 7. White blood cell level, however, was less predictive of
bacterial infection. Conclusions. Procalcitonin level, when utilized alongside clinical presentation, proved to be useful as
a predictor of bacterial infection during postoperative day 7. A larger, prospective trial of our continuing series would further
strengthen our results.

1. Introduction

Procalcitonin is normally undetectable under normal
physiological condition. Its use as a predictor of bacterial
infection, especially postoperatively, has always been
a subject of debate. To further complicate the matter,
patients undergoing cardiac surgery using cardiopulmo-
nary bypass would have postoperative systemic in-
fammatory response syndrome (SIRS) as a result of both
non-cellular and cellular immune system stimulation
from blood contact with foreign materials. Tis could
greatly interfere with procalcitonin level as it is one of
several infammatory response proteins. Pediatric patients
are exceptionally vulnerable to bacterial infection.

Accurate prediction and prompt diagnosis of post-
operative bacterial infection are paramount to the im-
proved morbidity and mortality.

Some studies [1–7] found procalcitonin to be a useful
predictor of postoperative bacterial infection while others
[8, 9] did not. Due to the fact that procalcitonin was, as
mentioned earlier, a systemic infammatory response pro-
tein, any cause of infammation could potentially result in
rising of procalcitonin level. Terefore, those who did not
fnd an association emphasized the reason to be the systemic
infammatory responses from cardiopulmonary bypass.
From these conficting results, we intended to fnd out if
postoperative procalcitonin level could be used to accurately
predict bacterial infection [10].
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2. Materials and Methods

2.1. Data Collection. Te study protocol and ethical issues
were reviewed and approved by Human Research Ethics
Committee, Faculty of Medicine, Ramathibodi Hospital,
Mahidol University, Bangkok, Tailand (No. MURA2023/
776). We collected postoperative procalcitonin and white
blood cell level of patients undergoing cardiac surgery using
cardiopulmonary bypass from electronic medical records of
Ramathibodi Hospital between 1st January 2019 and 30th
June 2023. Te inclusion criterion was patients undergoing
cardiac surgery utilizing cardiopulmonary bypass. Te ex-
clusion criteria were patients with pre-existing infammatory
syndromes or proven bacterial infection before surgery,
patients who had been receiving preoperative treatment-
dose antibiotics due to any cause, patients who had been
using steroids preoperatively, those who underwent non-
elective surgery, and whose medical record data were lost or
insufciently recorded. Te total number of patients un-
dergoing cardiac surgery during the study period was 292.
After exclusion, the number came to a total of 146. De-
mographic data and operative details (including operative
time, cardiopulmonary bypass time, aortic cross-clamp time,
and circulatory arrest time) were also collected.

2.2. Diagnosis of Postoperative Bacterial Infection. For di-
agnosis of bacterial infection, we classifed types of infection
into 5 broad categories. Urinary tract infection was diagnosed
with fever of more than 38°C and positive urine bacterial
culture of more than 105 colony-forming units (CFUs)/ml.
Gastrointestinal tract infection, in our cases bacterial in-
fectious diarrhea, was diagnosed with positive stool bacterial
culture and pertinent clinical signs and symptoms of bacterial
diarrhea. A diagnosis of respiratory tract infection would be
made when sputum bacterial culture was positive combined
with clinical signs and symptoms of bacterial pneumonia.
Catheter-related blood stream infection (CRBSI) was di-
agnosed in patients with an indwelling catheter in place for
more than 48 hours using simultaneous collection of blood
samples from the catheter and 2 peripheral sites. If, combined
with fever of more than 38°C, bloodstream bacterial culture
from the indwelling catheter was positive within 2 hours of
the peripheral sites, or vice versa, and the organisms were
genetically identical, CRBSI would be considered the cause of
infection. Lastly, septicemia of unknown origin was di-
agnosed when bloodstream bacterial culture samples from 2
diferent peripheral sites were positive without any other
detectable source of infection.

2.3. Cardiopulmonary Bypass Management Protocol.
Principles of cardiopulmonary bypass management were
generally the same in all patients. We utilized moderate
hypothermia (28°C) bypass and Custodiol® cardioplegic
solution was used in all cases with repeated doses as ap-
propriate. For acid-base management protocol in our in-
stitution, pH-stat strategy was chosen when patients were
less than 10 years old and vice versa for alpha-stat.

2.4. Statistical Analysis. Patient characteristics with con-
tinuous variables were compared using Wilcoxon rank-sum
(Mann–Whitney U) test while categorical variables were
compared with chi-squared test. A p value of less than 0.05
was considered statistically signifcant. Logistic regression
analysis was used to calculate odds of having infection based
on procalcitonin and white blood cell levels. We utilized
receiver operating characteristic (ROC) curves to determine
the best threshold for both procalcitonin and white blood
cell levels to predict postoperative bacterial infection. Te
statistical software used was Stata version 14.1.

3. Results

3.1. Patient Characteristics. A total of 146 patients were
enrolled in our study with 42 patients developing proven
bacterial infection postoperatively. Patients in the no in-
fection group were signifcantly older than those in the
infection group (41.5 vs 6months, p � 0.0003). Tey also
had signifcantly higher body weight (12.35 vs 6.03 kg,
p � 0.0014) and larger body surface area (0.57 vs 0.30 kg/m2,
p � 0.0004). Main diagnoses and comorbidities were gen-
erally similar. Operative and cardiopulmonary bypass time
were also statistically similar. However, aortic cross-clamp
time was signifcantly longer in infection group (78 vs
57.5minutes, p � 0.033) (Table 1).

3.2. Postoperative Results. Procalcitonin level on every
postoperative day was higher in infection group compared to
no infection group, although without statistical signifcance
(Table 2). White blood cell levels varied widely on most
postoperative days. Te most common type of infection
encountered was respiratory tract infection. We found area
under the curve (AUC) to be greatest on postoperative day 7
of both procalcitonin and white blood cell levels. ROC
analysis of procalcitonin level on postoperative day 7 dem-
onstrated that procalcitonin level of more than 4.13 ng/dl was
predictive of bacterial infection (88.89% specifcity and
26.09% sensitivity with AUC of 0.67) (Figure 1). White blood
cell level, also on postoperative day 7, of more than
19,870 cells/mm3 was also predictive of bacterial infection in
a similar manner (86.96% specifcity and 32.35% sensitivity
with AUC of 0.55) (Figure 2). From logistic regression
analysis, it was confrmed that procalcitonin level of more
than 4.13 ng/dl was a signifcant risk factor of bacterial in-
fection (OR 3.74 on univariate and 3.41 on multivariate
analysis, p � 0.002 and 0.004, respectively). However, white
blood cell level of more than 19,870 cells/mm3 has less sig-
nifcant odds of bacterial infection (OR 0.297 and p � 0.074
on univariate analysis and OR 1.614 and p � 0.216 on
multivariate analysis) (Table 3). Temporal distribution of
procalcitonin and white blood cell levels on each post-
operative day showed that median procalcitonin levels were
mostly elevated on postoperative day 2 to 3, although not
strongly predictive of infection.White blood cell levels, on the
other hand, were randomly scattered (Figure 3).
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4. Discussion

Under normal physiological condition, procalcitonin, a poly-
peptide consisting of 116 amino acids, is normally produced
and secreted from parafollicular cells (or C-cells) of the thyroid
gland. Due to its very low circulating concentration, it is almost
undetectable from blood examination. However, procalcitonin
production could also be stimulated by various infammatory

processes in the body such as non-infectious causes of SIRS.
Under these circumstances, various organs such as lungs, liver,
or intestines serve as new sources of procalcitonin production.
Tis causes its level to rise enough to be detectable. It is be-
lieved that infammatory responses caused by bacterial in-
fections would greatly stimulate the production of
procalcitonin far more than infammatory responses from
other causes such as viral or noninfectious ones [11].

Area under ROC curve = 0.6667
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Figure 1: Receiver operating characteristic (ROC) curve showing the relation between sensitivity (true positive) and 1-specifcity (true
negative) in determining the predictive value of procalcitonin level on postoperative day 7.
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Figure 2: Receiver operating characteristic (ROC) curve showing the relation between sensitivity (true positive) and 1-specifcity (true
negative) in determining the predictive value of white blood cell level on postoperative day 7.

Table 3: Logistic regression analyses demonstrating procalcitonin and white blood cell levels as risk factors of bacterial infection.

Variables All (N� 146) N (%) Infection
(N� 42) N (%) p value

Univariate
analysis 95% CI

Multivariate
analysis 95% CI

OR p value OR p value
PCT level at POD 7 (ng/dl)
≥4.13 113 (77.40) 25 (59.52) 0.001 3.74 0.002 1.66–8.45 3.410 0.004 1.49–7.81
<4.13 33 (22.60) 17 (40.48)

WBC level at POD 7 (cells/mm3)
≥19,870 83 (56.85) 19 (45.24) 0.096 0.297 0.074 0.94–4.00 1.614 0.216 0.76–3.44
<19,870 63 (43.15) 23 (54.76)

Note. PCT, procalcitonin; POD, postoperative day; WBC, white blood cell; CI, confdence interval.
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Te unique characteristic of procalcitonin is its delayed
peak concentration and early reduction of concentration. It
takes no less than 24 hours to reach its peak level and no
more than a total of 72 hours to return to baseline. In
contrast, C-reactive protein (CRP) level rises more rapidly
and stays at high level for a longer period of time. Tis
characteristic suggests that if procalcitonin level is to rise
more rapidly or to be persistently elevated for an extended
period, there could be another cause of its rising other than
normal physiological condition, for instance, bacterial in-
fection. Tis fact has been demonstrated by our study in
which procalcitonin level on as late as postoperative day 7
would be most predictive of bacterial infection, signifcantly
longer than the usual physiological procalcitonin level not
caused by bacterial infection.

Tere have been many works [1–7] on using procalci-
tonin as a predictor of postoperative bacterial infection.Tey
have found that the higher the procalcitonin level, the
greater the chance of having bacterial infection. Tese
studies, therefore, suggested that using procalcitonin level to
predict the probability of bacterial infection seemed to be
justifed as waiting for the bacterial cultures results would
have taken a considerably longer time. Even though we did
not include cost-efectiveness analysis in our study, we could
still confdently state that the total cost of a few procalcitonin
laboratory studies (around 19.58 USD each) would be sig-
nifcantly less than the cost of treatment in case there was
proven bacterial infection with its possible complications.
From this perspective, we could also say that by utilizing
procalcitonin as a marker of early bacterial infection, we
could greatly reduce the use of empirical antibiotic treatment
which we were all aware that this came at a high cost. All in
all, we were determined to include cost-efectiveness analysis
in our further study. Some studies [8, 9] did not fnd pro-
calcitonin to be a useful predictor of postoperative bacterial
infection. Tey found no association between procalcitonin
level and the incidence of proven bacterial infection by
cultures. Te reason, presumably, was the fact that all their
patients underwent surgery using cardiopulmonary bypass
(CPB). As we are all aware, CPB causes activation of both
non-cellular and cellular immune responses via contact of
blood to non-biological surfaces. Tis results in the body

responding with high grade of systemic infammation. As
a consequence, procalcitonin production will be greatly
stimulated despite without any source of infection. Tere-
fore, they have concluded that this was the one important
limitation of using procalcitonin as a predictor of post-
operative infection, including bacterial. We included only
patients undergoing cardiac surgery using cardiopulmonary
bypass in our study. Our results demonstrated that pro-
calcitonin levels in the infection group were higher than
those in the no infection group on all postoperative days.
However, the diferences were not statistically signifcant.
We believed that the limited number of patients in our study
was the main contributing factor and that our ongoing
prospective trial on this matter might show more promising
results.

Although an association between level of procalcitonin
and bacterial infection had been found, the exact level of
greatest association still could not be agreed between studies.
One study suggested a cutof level of as low as 2 ng/dl [12] to
be a reliable predictor of postoperative bacterial infection
while others found the level to be signifcantly higher. Other
than the ability to predict a broad spectrum of bacterial
infection, a few studies found an association between pro-
calcitonin level and a specifc disease or factor such as higher
incidence of ventilator-associated pneumonia (VAP) [13],
increased patient’s early morbidity and mortality [14], and
also septicemia [15]. Terefore, utilizing procalcitonin level
as a predictor of the aforementioned events might theo-
retically improve patient’s outcomes. Probably due to the
limited number of our patients, AUCs of ROC curves of both
procalcitonin and white blood cell levels were less than 0.7.
Despite that, we could still obtain acceptable specifcity of
predictive values of both procalcitonin and white blood cell
levels at 88.89 and 86.96%, respectively. Moreover, we
confrmed from logistic regression analysis that procalci-
tonin level at 4.13 ng/dl was in fact a signifcant risk factor of
bacterial infection. From this fact, we strongly believed that
procalcitonin level, if utilized alongside clinical presentation
or more specifcally, Acute Physiology and Chronic Health
Evaluation-II (APACHE-II) score [16], could be a useful
predictor of postoperative bacterial infection and patients’
morbidity and mortality.
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Figure 3: Median procalcitonin and white blood cell levels on postoperative days 0 to 7.
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Procalcitonin level alone might prove to be inadequate to
be an accurate predictor of postoperative bacterial infection as
proposed by some studies [17–20]. Tey suggested using
other factors alongside procalcitonin to increase the accuracy,
such as white blood cell count or interleukin-6 cytokine level.
Tey found that their levels would increase in conjunction
with procalcitonin level if bacterial infection were to be
present. In our study, we also collected and analyzed post-
operative white blood cell level to compare with procalcitonin
level as predictors of bacterial infection. However, we found
minimal if not no association between procalcitonin and
white blood cell levels in both infection and no infection
groups. Te reason behind this might be the fact that we had
a heterogeneous cohort and white blood cell level could have
been interfered by diferent factors such as patient’s
comorbidities and other postoperative care measures.

As stated earlier, timing of procalcitonin level mea-
surement is crucial. Because procalcitonin level rises slowly
and decreases rapidly, it is important to determine the most
appropriate time for measurement for greatest accuracy of
predicting bacterial infection. One study [21] suggested that
a one-time postoperative measurement was adequate while
another study [22] encouraged using trends of rising and
falling of procalcitonin level for greater accuracy. We sup-
ported the idea of a one cut-point measurement of greater
ease of utility.

Due to the fact that procalcitonin level is unafected by
renal function [23], its use has become more popular among
patients undergoing surgery involving CPB. As CPB proves
to cause damaging efects on renal function, likely con-
tributing to non-pulsatile blood fow and high embolic load,
some patients may develop transient kidney injury post-
operatively. Unafected by renal function, procalcitonin
theoretically proves to be a reliable predictor of post-
operative bacterial infection after surgery utilizing CPB.
Tere have also been studies focusing only on patients
without postoperative bacterial infection [24] and their
corresponding postoperative procalcitonin level, patients
undergoing non-CPB surgery [25], and also the use of in-
travenous immunoglobulin (IVIG) in patients with high
postoperative procalcitonin level to reduce the incidence of
bacterial infection [26]. Tese topics are of our interest and
are being currently explored in our ongoing prospective
study. Because many unfavorable events could potentially
occur during cardiac surgery utilizing cardiopulmonary
bypass [27, 28], resulting in increased incidence of post-
operative bacterial infection, thorough studies involving
using procalcitonin level as a prompt predictor of infection
might prove to further reduce patients’ morbidity and
mortality.

4.1. Limitations. As this was a retrospective case-control
study, bias could not be fully eliminated. Te number of
patients enrolled was limited and some of the data on
postoperative procalcitonin level were either not recorded or
missing. Furthermore, there were no standardized protocols
in our institution on regular postoperative blood sampling
for procalcitonin level.

5. Conclusions

When appropriately used alongside clinical examination,
procalcitonin would be a useful predictor of postoperative
bacterial infection. Earlier detection of bacterial infection
associated with high APACHE-II score would greatly
contribute to morbidity and mortality after cardiac surgery.
Procalcitonin level at 4.13 ng/dl on postoperative day 7 was
greatly associated with postoperative bacterial infection in
which prompt treatment with antibiotics should be strongly
considered. A prospective study of our series is ongoing and
would further validate our current results.
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