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Procalcitonin as a biomarker of bacterial infection in pediatric
patients after congenital heart surgery
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Bacterial infection (BI) after congenital heart surgery (CHS) is associated with increased
morbidity and is difficult to differentiate from systemic inflammatory response syndrome
caused by cardiopulmonary bypass (CPB). Procalcitonin (PCT) has emerged as a reliable

To determine the optimal PCT threshold to identify BI among children suspected of
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having infection following CPB.
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Medical records of all the patients admitted between January 2013 and April 2015 were
reviewed. Patients in the age range of 0-21 years of age who underwent CHS requiring
CPB in whom PCT was drawn between postoperative days 0-8 due to suspicion of

The Wilcoxon rank-sum test was used for nonparametric variables. The diagnostic
performance of PCT was evaluated using a receiver operating characteristic (ROC)

Ninety-eight patients were included. The median age was 2 months (25th and 75th
interquartile of 0.1-7.5 months). Eleven patients were included in the BI group. The
median PCT for the BI group (3.42 ng/mL, 25" and 75" interquartile of 2.34-5.67) was
significantly higher than the median PCT for the noninfected group (0.8 ng/mL, 25th and
75th interquartile 0.38-3.39), P = 0.028. The PCT level that yielded the best compromise
between the sensitivity (81.8%) and specificity (66.7%) was 2 ng/mL with an area under

A PCT less than 2 ng/mL makes Bl unlikely in children suspected of infection after CHS.
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INTRODUCTION

Despite improvements in outcomes of congenital heart
surgery (CHS), postoperative bacterial infections (BIs)
remain common and cause morbidity.[5) Prompt diagnosis
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is essential but Bl is difficult to differentiate from systemic
inflammatory response syndrome (SIRS) caused by
cardiopulmonary bypass (CPB).!®" Procalcitonin (PCT) has
emerged as a biomarker of BI.[51% Studies have examined
the kinetics of PCT following CHS.''4 Nonetheless, its
utility in differentiating between BI and SIRS in patients
suspected of having infection at various postoperative
time points remains unclear.l'51%1 We aim to determine
the optimal PCT level to distinguish between BI and SIRS
in children suspected of having infection following CHS.

MATERIALS AND METHODS

Patients

Approval to conduct a retrospective review of patient
information and health records was obtained from the
institutional review board. The electronic medical records
of all patients admitted to the congenital cardiovascular
care unit (CCVCU) between January 2013 and April 2015
were reviewed. Patients between 0 and 21 years of age
who underwent congenital cardiac surgery requiring CPB
in whom PCT was drawn between postoperative days
(PODs) 0-8 due to suspicion of infection were included.
Evaluation for infection was performed at the discretion
of the clinical staff in the CCVCU. Clinical indicators that
prompted the evaluation for infection are summarized
in Table 1.2% PCT levels drawn on PODs O through 2
were considered to be in the early postoperative period,
whereas the levels drawn on PODs 3 through 8 were
considered to be in the late postoperative period. Patients
with preoperative proven BI were excluded.

Perioperative management

Antibiotic prophylaxis was administered with 25 mg/kg
of cefazolin within 1 h of skin incision, every 4 h during
surgery, and every 8 h for the first 24 h after operation.
Perioperative vancomycin prophylaxis was used in
patients with known methicillin-resistant Staphylococcus

Table 1: Clinical indicators that prompted
evaluation for infection?”

Clinical indicator Threshold Number of
patients
Fever >38 36
Hypothermia <36 10
Leucopenia <6,000 15
Leukocytosis >18,000 19
Immature to total neutrophil ratio >0.2 3
Lactate >3 after prior 3
normalization
New-onset tachycardia* NA 2
Local Infectiont NA 10

*New-onset tachycardia greater than two standard deviations above the
normal for age and occurring more than 24 hours postoperatively, fLocal
infection included wound erythema and purulent drainage, an increase
in the amount of endotracheal secretions and the presence of purulent
sputum, and/or abnormal chest radiograph findings in the setting of
respiratory insufficiency
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aureus (MRSA) colonization and/or penicillin allergy.
Patients who required delayed sternal closure were
maintained on vancomycin and cefepime until 24 h after
the sternum was closed.

Collection of samples

As per unit protocol, a blood sample was collected for PCT
level, complete blood count with differential, C-reactive
protein, and blood culture as soon as infection was
clinically suspected. In addition, urine culture obtained
by straight catheterization or indwelling catheter,
respiratory viral panel by polymerase chain reaction, and
chest x-ray were routinely obtained. Sputum culture was
sent in all intubated patients via sterile endotracheal tube
suction. Furthermore, the surgical wound was evaluated
and culture was obtained if the wound infection seemed
to be present. PCT, CRP, and cultures were not procured in
patients where the infection was not clinically suspected.

Serum analysis

After collection, all blood samples were delivered to the
laboratory within 30 min. A plasma sample was obtained.
A two-step enzyme immunoassay sandwich method with
a final fluorescent detection was used to obtain PCT levels
(immunoluminometric assay, LUM test PCT; Brahms
Diagnostic, Berlin, Germany).

Definition of infection

Patients were considered infected and therefore, included
in the BI group if they met certain microbiological and
clinical criteria. Patients were included in the infected
group if they had a positive blood culture, a positive urine
culture with greater than 10° colony forming units/mL,
a positive sputum culture, along with white blood cells
present on gram stain and/or consolidation on chest
radiograph, and/or a positive wound culture. In addition,
patients with clinical sepsis were included in the BI group
despite the absence of positive cultures if certain criteria
were met. Criteria for diagnosis of clinical sepsis were the
presence of three or more clinical indicators of infection
in the late postoperative period (PODs 3 through 8), which
were not present in the early postoperative period (PODs O
through 2) as well resolution of all indicators of infection
with initiation of antibiotics and in the absence of other
interventions. Prior to inclusion within the BI group, each
case of suspected clinical sepsis was reviewed by two of
the authors, and consensus was obtained in all cases.

Statistical analysis

Variables distribution was analyzed by the Kolmogorov-
Smirnov test. For variables with normal distribution, we
reported mean and standard deviation. Variables without
a normal distribution were expressed as median and
ranges. Univariate analysis was performed to identify
factors significantly linked to outcome. Normally
distributed continuous variables were analyzed using
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the Student’s t-test. The Fisher’s exact test was used
for binary variables, and the Wilcoxon rank-sum test
was used for nonparametric variables. The diagnostic
performance of PCT was evaluated using a receiver
operating characteristic (ROC) curve. Data analysis was
performed using Statistical Package for the Social Sciences
(SPSS) software (SPSS version 22, Inc., Chicago, IL, USA).
A value of P < 0.05 was used to determine significance.

RESULTS

Four hundred and one patients of 0-21 years of age were
admitted to the CCVCU during the study period. Of these,
98 patients met the inclusion criteria. Notably, there
was no evaluation for infection initiated in the first 24 h
after surgery, as the presence of the clinical indicators of
infection during this time period was attributed to SIRS
caused by CPB by the clinicians. Table 1 lists the number of
patients who had an evaluation for infection initiated for
each of the clinical indicators.?”! Table 2 shows the clinical
characteristics of the population. Forty-two patients were
females. Seventy-three percent were 6 months of age and
younger. There was no significant difference between the
Bl and noninfected groups with regard to age, weight, CPB
time, or deep hypothermic circulatory arrest (DHCA) time.
Operative procedures are shown in Table 3. There was no
mortality in the study group.

Eleven patients met the criteria for inclusion into the infected
group. Eight had positive cultures including four tracheal
aspirates, one urine, one blood, and one deep sternal wound.
One patient had both positive urine and sputum cultures.
Three patients met the criteria for clinical sepsis.

The median PCT of the BI group (3.42 ng/mL, 25th and
75th interquartile of 2.34 to 5.67) was significantly
higher than the median PCT of the noninfected group
(0.8 ng/mL, 25th and 75th interquartile of 0.38-3.39),
P =0.028 [Table 2].

Overall, the PCT level that yielded the best compromise
between the sensitivity and specificity was 2 ng/mL
(sensitivity 81.8%, specificity 66.7%) with an area under
the ROC curve of 0.742 [Figure 1]. For this PCT threshold
level of 2 ng/mL, the negative predictive value was 96.7%
with a positive predictive value of 23.7%.

Twenty-six patients had sepsis evaluations initiated in

Table 2: Clinical characteristics*
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the early postoperative period (POD 1 or 2). Of these,
two patients (7.7%) met the criteria for inclusion into
the BI group. Seventy-two patients had sepsis evaluations
initiated in the late postoperative period, with nine
patients (12.5%) included in the BI group. When the
data from the early and late postoperative groups were
analyzed separately, there was no significant difference
in the medians for the infected (median 4.57 ng/mL, 25th
and 75th interquartile of 3.47-5.67) and noninfected
groups (median 2.12 ng/mL, 25th and 75th interquartile
of 1.40-5.86) in the early postoperative period (P =
0.554). In contrast, there was a significant difference in
medians between the infected (median 3.29 ng/mL, 25th
and 75th interquartile of 1.47-5.68) and noninfected
groups (median 0.64 ng/mL, 25th and 75th interquartile
of 0.33-1.80) in the late postoperative period.

In the late postoperative period, a PCT threshold of 2 ng/mL
was once again the level that delivered the best compromise
between sensitivity (77.8%) and specificity (76.2%) with an
area under the ROC curve of 0.639. During this time period,
a PCT level of 2 ng/mL had a negative predictive value of
96% and a positive predictive value of 31.8%.

DISCUSSION

The primary aim of this study was to determine if
PCT could be utilized to distinguish between patients
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Figure 1: Receiver operating characteristic curve for the diagnosis
of bacterial infection in children suspected of having infection after
congenital heart surgery using a procalcitonin threshold value of 2
ng/mL. Area under the curve is 0.74 with 95% confidence intervals
from 0.60 to 0.90

Clinical characteristics All patients (n = 98) Infected (n=11) Noninfected (n = 87) P value
Age (months) 2(0.1-7.5) 2 (0.1-6.0) 2(0.1-14) 0.58
Weight (kilograms) 4.1 (3.2-7.6) 5 (3.0-6.1) 4.1 (3.2-8.8) 0.53
Female (% of Total) 42 (43%) 6 (55%) 36 (41%)

CPBT* Time (minutes) 100 (71-139) 126 (111-148) 98 (68-133) 0.06
DHCA? Time$ (minutes) 0 (0-48) 43 (0-50) 0 (0-45) 0.38
Median PCT (ng/mL) 3.42 (2.34-5.67) 0.8 (0.38-3.39) 0.028

*Values are median and 25" to 75" interquartile ranges, TCPB = Cardiopulmonary bypass, *DHCA = Deep hypothermic circulatory arrest, SForty-five

patients underwent DHCA
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Table 3: Surgical procedures
Surgical procedure

Number of
patients

Repair of tetralogy of Fallot 13
Blalock-Taussig shunt and pulmonary artery plasty 13
VSD* repair and aortic arch reconstruction
Norwood procedure

VSD repair

Arterial switch operation

Repair of TAPVC?

Total cavopulmonary anastomosis

Rastelli procedure

BTS* and unifocalization of MAPCAS

Repair of TOF with CAVCI

Superior cavopulmonary anastomosis

ASOT, VSD repair, aortic arch reconstruction
ASO, VSD repair

Repair of CAVC

Subaortic membrane resection

Konno procedure

Pulmonary valve replacement

Other** 14

*VSD = Ventricular septal defect, fTAPVC = Total anomalous pulmonary
venous connection, *BTS = Blalock-Taussig shunt, SMAPCA = Major
aortopulmonary collateral arteries, ICAVC = Complete Atrioventricular
canal defect, TASO = Arterial switch operation, **Other includes one of
each of the following: Aortic arch reconstruction, aortic valve repair, aortic
valve replacement, aortic valve replacement with mitral valve repair,
aortopulmonary window repair, atrial septal defect repair, BTS* and
TAPVC' repairs, coronary artery reimplantation, repair of bidirectional
Glenn and aortic arch, resection of supramitral ring, repair of supravalvar
pulmonary stenosis, Ross-Konno procedure, Starnes procedure, modified
Yasui procedure

NMNONNONDNNDNWWWRADMOOIO O ®

with and without BI among children suspected to have
infection after CHS. We found that in this patient
population, PCT levels were higher in patients with Bl as
compared to those without infection. These findings were
in accordance with those of several prior studies. Garcia
et al. monitored the PCT levels in infants and children
with systemic inflammatory response syndrome on POD
1-3 following CHS. Significant differences were detected
in the PCT values of the BI group versus the non-BI group
in the tests performed on POD 2 and POD 3. PCT values
on POD 1 were higher in the BI group than in the non-BI
group without a statistically significant difference.l'”!
Similarly, McMaster et al. compared the median PCT on
PODs 1-5 of patients with known infection to patients
without fever or suspicion of infection after CHS. Median
PCT levels were significantly higher in the sepsis and
local infection groups as compared to the noninfected
group.l'7 A limitation of both the prior studies was that
the PCT levels were compared between patients with
known BIs to those not suspected of having infection.
In contrast, all patients in our study were suspected
of having infection based on their clinical status.
Among this subset of patients who were suspected of
having infection, PCT levels were higher in the group
confirmed to have BI. This is important because PCT is
clinically useful only if it helps to distinguish BI from the
absence of Bl in patients in whom infection is clinically
suspected.
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The secondary objective of this study was to determine
if the utility of PCT varied in the early and late
postoperative periods. Multiple studies have examined
the kinetics of PCT in children following CHS. There
is an increase in PCT postoperatively with a peak at
24-48 h with a return toward the baseline level by 72-
96 h.nt1321.221 These findings are were similar to those
reported in adults after cardiac surgery.['223! For this
reason, it has been hypothesized that the utility of PCT
in distinguishing BI from SIRS may be decreased in the
early postoperative period."? The findings of the current
study support this hypothesis. We found that when early
and late postoperative time periods were analyzed
separately, the median PCT levels were statistically
significantly different in the BI and noninfected groups
only during the late postoperative period. In contrast,
in a study by Seguela et al. among children suspected
of having infection after CHS, median PCT level was
significantly higher in the infected group before POD 3
but on or after POD 3, there was no significant difference
between the infected and noninfected groups.l'® The
authors report that the diagnostic value of PCT in the
late postoperative period was improved by a second
value obtained 24 h after the initial sample.

We also sought to identify a threshold PCT value, which
could be utilized to reliably differentiate between BI
and noninfected patients. The data from prior reports
are inconsistent. Arkader et al. described the kinetics
of PCT in children after CHS and reported that no
patient had a PCT level greater than 2 ng/mL in the
early postoperative period. This study was limited
by the older age of participants, low complexity of
surgery, and small sample size."'Y In contrast, other
studies have shown that a subset of patients without
BI will have a PCT level above 2 ng/mL even after
POD 3.01314 Consequently, proposed threshold levels
for the identification of BI in prior studies have varied
widely, from 0.38 ng/mL to 13 ng/mlL, and several
authors have suggested using different threshold values
for different days or time periods.['¢191 In the current
study, a PCT level of 2 ng/mL was found to be the
optimal threshold value for discrimination of infection.
Even at this threshold value, PCT is not highly sensitive
or specific for infection. The negative predictive value,
however, is high.

Based on these data, we deduce that in pediatric patients
suspected of having infection after CHS requiring CPB,
the presence of a PCT level less than 2 ng/mL makes BI
unlikely. Furthermore, we found that although there
was a trend toward a higher PCT value in the BI group
in the early postoperative period, this did not reach
statistical significance. Therefore, we conclude that PCT
is useful as a biomarker for infection primarily in the
late postoperative period, specifically PODs 3 through
8. We speculate that these findings may allow clinicians
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to decrease antibiotic administration to this subset of
patients.

The limitations of this study include its retrospective and
observational nature. In addition, the number of infected
patients included was small. This was particularly
relevant in the early postoperative time period, which
may have confounded the findings.

CONCLUSION

Among children who have undergone CHS requiring
CPB and are suspected of having infection in the late
postoperative period (PODs 3-8), a PCT level less than
2 ng/mL makes BI unlikely. Further studies are required
to determine if utilization of this threshold value can
lead to decreased antibiotic utilization while maintaining
patient safety in this population.
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