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Background: Procalcitonin (PCT) is a biomarker of bacterial infections with more sensitivity

and specificity than commonly used inflammatory markers. PCT can be particularly

helpful in the postsurgical population where the surgery itself often leads to noninfectious

inflammation. We aimed to examine the utility of perioperative profiles of PCT in pre-

dicting infection in two pediatric surgical populations.

Methods: We conducted a prospective observational study of perioperative PCT in children

undergoing cardiac or neurosurgery. Consenting patients with no preoperative infection or

immune deficiency were enrolled. We measured plasma PCT levels within 24 h pre-

procedure and 24-48 h postprocedure. Demographic, clinical, and laboratory data were

collected from the medical records including clinical suspicion and confirmed infections.

Perioperative PCT changes and their associations with these data are reported.

Results: We enrolled 26 neuro and 15 cardiac surgery patients. There was postoperative

clinical suspicion of infection in 3 neuro and 5 cardiac patients, and 1 neuro and 2 cardiac

patients had subsequently confirmed infections. Cardiac patients had higher overall

perioperative PCT increase than neuro cohort (P ¼ 0.006). Neuro patient with infection had

higher perioperative change in PCT (0.5 to 1.4 ng/mL) than noninfected neurosurgery pa-

tients. Cardiac patients with confirmed infections had higher postoperative levels which

exceeded the previously described infection threshold of 2 ng/mL.

Conclusions: PCT is a useful early biomarker of postoperative infection in pediatric patients

undergoing cardiac and neurosurgery. Patients who underwent cardiac surgery have signifi-

cantly higher perioperative PCT rise than patients who underwent neurosurgery, and all pa-

tients with subsequently confirmed infections had at least 2-fold perioperative PCT increase.
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Introduction Methods
Procalcitonin (PCT) is a small peptidewith a half-life of 25-35 h

that is produced by C-cells of the thyroid gland. In healthy

individuals, it is cleaved almost completely to calcitonin

within the thyroid gland, and typical serum concentrations of

PCT are negligible.1 Although procalcitonin levels can be

elevated in many inflammatory states (e.g., Kawasaki disease,

pre-eclampsia, intestinal ischemia, and postcardiac arrest),2-5

serum levels are significantly elevated during severe bacterial

and parasitic infections likely due to PCT production by

neuroendocrine cells in response to endotoxin and inflam-

matory cytokines.6 The utility of PCT as a biomarker of bac-

terial infection has been studied in numerous settings, and it

appears to be more sensitive and specific for detecting infec-

tion than other indicators of inflammation such as C-reactive

protein, white blood cell count, and interleukin 6 or inter-

leukin 8.7,8 It is generally accepted that PCT levels below

0.1 ng/mL are nonpathologic, levels less than 2 ng/mL are

indicative of noninfectious inflammation, and levels above

2 ng/mL indicate bacterial infection.7,9,10

A recent systematic review showed that PCT is useful in the

decisions to initiate, the timing of initiation, and duration of

antibiotic administration in acute respiratory tract infections,

and PCT trends also helped to decrease antibiotic usage with

no associated changes in mortality or treatment failure.11

Additional research into specific disease cohorts demon-

strated theutility of PCT in the evaluationof infection in febrile

neutropenia12 and neonatal sepsis.13 PCT levels are not

affected by renal functionor dialysis,1whichadds to its clinical

diagnostic and prognostic utility. The utility of PCT as a

biomarker of infection isnotalways straightforward, andsome

studies have found no association with PCT kinetics and bac-

terial infection.14 In addition, some report that PCT should be

used in conjunction with other biomarkers such as lactate.15

While PCT has an emerging role in the early identification

of likely infection in many acute settings, PCT levels may also

become elevated with inflammatory states that are not trig-

gered by infection which can present a challenge particularly

in the postoperative setting. The postsurgical population is a

unique cohort in whom accurate and timely diagnosis of

infection is of extreme importance but can be challenging

because surgery itself can trigger the inflammatory cascade

which in turn can elevate the traditional markers of inflam-

mation including white blood cell count, C-reactive protein,

and proinflammatory cytokines. Numerous studies have

investigated the perioperative profiles of PCT, and their diag-

nostic utility in general surgical,16,17 trauma,18,19 cardiovas-

cular surgical,7,10 and transplant20,21 populations. While these

studies primarily focus on adults, there have also been a few

studies investigating utility of PCT as a biomarker for infection

in children who have undergone cardiac surgery.9,22-24 In

contrast, there is no literature to date examining the post-

operative PCT profile in children undergoing neurosurgery

which also is typically an elective procedure. We hypothesize

that an increase in PCT levels in children after cardiac surgery

or neurosurgery would be useful in differentiating between

postoperative infection from the otherwise self-remitting

generalized postsurgical inflammatory state.
Study design

We conducted a prospective observational study of perioper-

ative PCT levels in two cohorts of children without known

preoperative infection and at low risk of early postoperative

infection, undergoing surgery at Texas Children’s Hospital.

Parental consent was obtained before inclusion of children in

the study.

We studied children aged less than 18 y undergoing either

cardiac surgery or neurosurgery. We excluded patients who

had known or suspected sepsis or septic shock at the time of

enrollment and also excluded those with known acquired or

inherited immunodeficiency states. The cardiac surgical

cohort included patients who underwent procedures with and

without cardiopulmonary bypass. The neurosurgical cohort

included patients undergoing cranial and spinal surgeries. All

patients who had surgeries during the study period who met

inclusion criteria and whose parents consented for partici-

pation were enrolled in the study.
Procalcitonin measurement

The plasma PCT levels were measured at two time points:

preoperatively within 24 h before the procedure and post-

operatively during the first 24 to 48 h after the procedure. PCT

levels were measured using an in vitro enzyme-linked immu-

nosorbent assay with a coefficient of variation <5% and

excellent correlation with the Abbott Architect PCT chemilu-

minescent assay.
Study variables

We collected demographic, clinical, and laboratory data from

the electronic medical records. The data collected included

age at the time of the procedure, diagnosis, history of prior

surgeries, and details of the cardiac or neurosurgical proced-

ures. Perioperative variables included any clinical suspicion of

infection (fever more than 100.5�F or signs of sepsis such as

tachycardia, hypoperfusion, or hypotension as documented

by clinicians) or laboratory indicators (cultures and abnormal

white blood count <4000 or >15,000) and the introduction of

systemic antibiotics. Clinical outcomes reviewed included

culture-proven infection, duration of ventilation, length of

stay (intensive care unit (ICU) and hospital), and mortality.
Statistics

Patient and clinical characteristics were summarized using

mean with standard deviation (SD), median with interquartile

range (IQR), and frequency with percentages. Independent

linear regression was used to assess the association between

baseline clinical characteristics with absolute perioperative

change in PCT. All analyses were performed using Stata v 15.1

(StataCorp LLC, College Station, TX, USA).

The study was approved by the Institutional Review Board

of Baylor College of Medicine.
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Results

Twenty-six patients who underwent neurosurgery and 15

patients who underwent cardiac surgery were enrolled in the

study. The median time in hours for postoperative PCT mea-

surements for all patients was 28 h (IQR: 24-33 h).
Patient characteristics and hospital outcomes

The clinical characteristics of the patients are given in Table 1.

Neuro patients
Nine (35%) neuro patients were already hospitalized before

surgery, and the majority (85%) received perioperative ste-

roids. There was no clinical concern for preoperative infection

in any neuro patients, but there was a suspicion of post-

operative infection in 3 patients. The mean (SD) durations of

ventilation, ICU stay, and hospitalization were 0.3 (1), 1.8 (1.4),

and 10.5 (1.4) days respectively. There was no hospital

mortality.

Cardiac patients
Seven (47%) were already hospitalized before surgery. Twelve

(86%) underwent cardiac surgery on cardiopulmonary bypass

(CPB). Seven patients (47%) received perioperative steroids.

There was clinical suspicion of postoperative infection in 5.
Table 1 e Clinical characteristics of patients.

Variable Neuro (n ¼ 26)

Median age at surgery, months (IQR) 86 (35-151)

Gender, males 13 (50%)

Diagnoses

Tumor/lesions 17 (65.4%)

Epilepsy surgeries 6 (23.1%)

Trauma 2 (7.7%)

Cranial vault surgery 1 (3.8%)

ASA, median 3

Median duration of surgery, min (IQR) 258 (187-443)

Perioperative steroids 22 (84.6%)

Variable Cardiac (n ¼ 15)

Median age at surgery, months (IQR) 4 (3-46)

Gender, males 11 (73.3%)

Diagnoses

Single ventricle 5 (33.3%)

Biventricular 10 (66.7%)

ASA, median 4

Median duration of surgery, min (IQR) 340 (281-418)

Perioperative steroids 7 (46.6%)

ASA ¼ American Society of Anesthesiology Classification (1:

healthy patient, 2: patient with mild systemic disease with no

functional limitations, 3: patient with severe systemic disease that

limits activity but is not incapacitating, 4: patient with an incapa-

citating disease i.e., a constant threat to life, and 5: patient not

expected to survive 24 h with or without an operation).
The mean (SD) duration of ventilation, ICU stay, and hospi-

talization were 1.1 (1.3), 6.3 (7.5), and 16.4 (19.2) days respec-

tively. There was no hospital mortality.

Laboratory parameters

Neuro patients
The total white blood cell and neutrophil counts increased

postoperatively but did not correlate with infection (Table 2).

Table 3 compares the preoperative to postoperative changes

in laboratory parameters between the patients with and

without perioperative steroid use.

Figure 1 depicts the change in PCT based on the diagnoses.

Patients with an underlying diagnosis of trauma had higher

perioperative change in absolute PCT levels than those with

tumor resections or epilepsy surgery (P < 0.001 and P ¼ 0.012,

respectively). Overall, neuro patients with suspected post-

operative infection had 0.33 higher absolute value change in

PCT than those without infection (P ¼ 0.019). Three patients

had postoperative clinical suspicion of infection, but only one

patient had culture-proven bacterial infection with Strepto-

coccus intermedius identified on the fifth postoperative day

froma surgical specimen swab obtained during the procedure.

For this patient, the absolute PCT level rose 2.8-fold after

surgery. All three of these patients received antibiotics from

the day of surgery. The infected patient was on antibiotics for

6 wk (broad spectrum initially and later targeted as per the

sensitivities of Streptococcus), one noninfected patient received

broad-spectrum antibiotics for 5 d, and the other received

cefazolin for 3 d.

Cardiac patients
The postoperative neutrophil counts rose significantly but

with no correlation with infection (Table 2).

Among the 12 cardiac patients who underwent CPB, PCT

rise was 0.8 units higher than those without CPB, however,

this was not statistically significant (P¼ 0.343) (Fig. 2). The PCT

change among single ventricle patients from preoperative

(Mean 0.4, SD 0.2) to postoperative levels (Mean 0.9, SD 0.6)

was not significantly different than biventricular physiology

patients (preoperative: Mean 0.6, SD 0.4 and postoperative:

Mean 1.3, SD 0.8) Therewas clinical suspicion of postoperative

infection in five patients, and of these, two had confirmed

infections: one with human metapneumovirus pneumonia

(respiratory cultures sentwithin 24 h postoperatively returned

positive on postoperative day 2) and the other had entero-

coccus bacteremia (blood cultures sent within 24 h post-

operatively returned positive on postoperative day 3). All five

of these patients received antibiotics: the bacteremic patient

for 10 d and the other four patients ranged from 3 d of cefa-

zolin to 7 d of cefotaxime and vancomycin.

Overall perioperative steroid use was not associated with

any specific trend in PCT values (Table 3).

Figure 3 represents perioperative change in PCT in neuro

and cardiac patients. The overall perioperative PCT rise was

significantly higher in cardiac population than neuro cohort

(P ¼ 0.006). The patients with confirmed infections in both

cohorts (marked with arrows) showed significantly higher

postoperative PCT levels. The preoperative to postoperative

rise of PCT was more than 2-fold, and for the cardiac patients

https://doi.org/10.1016/j.jss.2020.09.028
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Table 2 e Laboratory parameters.

Variable mean (SD) Neuro Cardiac

Pre Post P value Pre Post P value

WBC 10.9 (6) 15.2 (6.4) 0.0001 9.2 (3.8) 11.1 (4.3) 0.1381

Differential count

Neutrophils 56.7 (21.3) 78.2 (10.4) <0.001 33 (18.5) 62.8 (23.6) 0.0002

Lymphocytes 28 (20.1) 11.8 (7.4) 0.0002 48.5 (21.7) 11.6 (8.5) <0.001

Band count 1.8 (6.7) 2.9 (6.8) 0.5617 7.3 (11) 9.2 (16.9) 0.4964

PCT 0.1 (0.1) 0.2 (0.3) 0.1003 0.5 (0.8) 1.2 (1.2) 0.0185

WBC ¼ white blood cell count; Pre ¼ preoperative within 24 h period; Post ¼ postoperative around 24 h.

Significant P values are depicted in bold.
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with confirmed infections, the absolute postoperative level

was over 2 ng/mL.
Discussion

To the best of our knowledge, this is the first study to describe

the perioperative trends of PCT in the pediatric neurosurgical

population. We also describe the use of our PCT assay in

cardiac patients to provide broad comparisonwith historically

described PCT trends in cardiac surgical patients. We delib-

erately selected surgical populations typically at low risk of

infection, particularly related to the surgical site and local

contamination.

Overall, our results suggest that for these “low infection

risk” surgical patients, the PCT rise occurs significantly earlier

than positive cultures are obtained. Thus, the combination of

a suspicion for infection and a change in PCT could prove to be
Table 3 e Perioperative steroids utilization and laboratory para

Variable Mean
(SD)

Neuro

Periop steroids
(n ¼ 22)

No steroids
(n ¼ 4)

WBC pre 11.1 (6.3) 9.5 (4.4)

WBC post 15.3 (6.5) 14.5 (6.9)

Differential count

pre

Neutrophils 55.8 (20.9) 61.5 (26)

Lymphocytes 27.8 (19.9) 29.4 (24.5)

Band count 2.2 (7.2) 0 (0)

Differential count

post

Neutrophils 78.1 (10) 79.3 (15)

Lymphocytes 12.4 (7.7) 7.5 (2.2)

Band count 2 (4.5) 9.3 (16.2)

PCT pre 0.2 (0.1) 0.1 (0)

PCT post 0.2 (0.3) 0.2 (0.2)

WBC ¼ white blood cell count; PCT ¼ procalcitonin (ng/mL); Periop ¼ pe

within 24 h period; Post ¼ postoperative around 24 h.
a useful tool to guide the initiation of early antibiotic therapy

for these cohorts while cultures are awaited. PCT rise might

predict either viral or bacterial infections, and clinical judg-

ment is still needed to decide antimicrobial utilization.

We noted that traditional infection markers such as white

cell count and neutrophil count did rise in the early post-

operative period, and lymphocyte counts decreased. These

changes in white cell parameters were noted in both neuro

and cardiac cohorts for patients with and without periopera-

tive steroid utilization and were not useful at differentiating

between the infected and noninfected patients.

Our findings in cardiac patients are similar to those pre-

viously reported, specifically the absolute levels of PCT rose

postoperatively after cardiac procedures, and the magnitude

of rise is comparable with previous studies. For the cardiac

patients with confirmed infection, the postoperative values

were higher than 2 ng/mL, which have been reported to be a

cutoff level that is specific for detection of infection. Our
meters.

Cardiac

P
value

Periop steroids
(n ¼ 7)

No steroids
(n ¼ 8)

P
value

0.624 8.8 (5.1) 9.7 (2.8) 0.687

0.848 11.2 (3.9) 11.1 (5.2) 0.988

0.634 37.6 (21.3) 29.3 (17.3) 0.438

0.886 49.3 (23.5) 47.5 (23.4) 0.889

0.559 3.4 (4.4) 11.3 (15.2) 0.210

0.851 67.6 (12) 56.2 (32.4) 0.398

0.297 13.7 (10.5) 9.6 (7.1) 0.401

0.083 10 (12.8) 9.6 (22) 0.970

0.459 0.3 (0.6) 0.6 (1.1) 0.642

0.759 1 (1.5) 1.2 (0.8) 0.791

rioperatively from 0 to 3 d postoperative period; Pre ¼ preoperative

https://doi.org/10.1016/j.jss.2020.09.028
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Fig. 1 e Change in procalcitonin: neurosurgery patients by diagnoses. (Color version of figure is available online.)
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sample size for non-CPB cohort is small and may have

affected the ability to detect differences between PCT changes

among CPB versus non-CPB patients.

For the neuro cohort, the increase in postoperative PCT

levels was less than the patients who underwent cardiac

surgery. The magnitude of rise was higher in the three neuro

patients with suspicion of infection, but no patient showed an

absolute value of more than 2 ng/mL. The single neuro patient

who had culture-proven infection had more than a two-fold

rise in PCT level postoperatively, but the absolute value

remained less than 2 ng/mL.
Fig. 2 e Change in procalcitonin: cardiac surgery patients with an

is available online.)
Some limitations of our study include a single center

assessment, small sample size, and most importantly a low

rate of confirmed postoperative infections. Further bigger

studies are needed to verify our results and more impor-

tantly to develop receiver operating characteristic curves for

specificity and sensitivity of cutoff PCT values that can be

used for predicting infection. Despite these limitations, we

bring forth the finding that PCT levels rise perioperatively in

pediatric neurosurgical and cardiac patients especially

when there is clinical suspicion and/or confirmation of

infection. Once further investigated, this finding may allow
d without cardiopulmonary bypass. (Color version of figure

https://doi.org/10.1016/j.jss.2020.09.028
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Fig. 3 e Perioperative change in procalcitonin. (Color version of figure is available online.)
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clinicians to optimize antibiotic usage during the post-

operative periodeincluding limiting the use of prophylactic

antibiotics while cultures are pending. Specifically, for the

neurosurgical patients, this is the first study suggesting that

PCT could be a useful early marker of postsurgical infection

and may have better utility than traditional inflammatory

markers.
Conclusion

PCT is a useful biomarker to assess for perioperative infection.

The postoperative PCT serum concentration trends in pedi-

atric patients undergoing neurosurgery were not as elevated

as in children who underwent cardiac surgery. Interestingly,

in the infected neurosurgical patient in our cohort, the PCT

rise did not exceed the 2 ng/mL cutoff generally seen with

infection, but there was a higher absolute change in PCT level

in infected patient who underwent neurosurgery than

noninfected patients. Magnitude of perioperative change in

PCT levels appeared to be more relevant finding than indi-

vidual absolute values in pediatric patients who underwent

neurosurgery.
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