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Abstract

Aim: This study aimed to provide baseline information on the potential role of salivary cortisol
in reflecting the stress response in children undergoing congenital heart surgery. Patients and
methods: Children underwent congenital cardiac surgery, aged between one and seventeen
years were included. Saliva samples were collected pre- and postoperatively by the health care-
giver immediately after the children woke up (07:00–09:00 am) and at 06:00 pm in the evening.
Salivary cortisol levels were compared with the reference index values from a large database.
Results: Median baseline preoperative morning salivary cortisol levels were significantly lower
than the reference values in both< 5-year-old females (p= 0.01) and males (p= 0.04) and in
males between 11 and 20 years of age (p = 0.01). Median baseline preoperative evening salivary
cortisol levels were significantly higher than the reference value in< 5-year-old females
(p= 0.01) and between 5 and 10 years of age (p= 0.04) and in between 11- and20-year-old
males (p= 0.01). Median postoperative morning salivary cortisol levels were significantly lower
than the reference value in both< 5-year-old females (p= 0.01) and males (p= 0.04) and
females between 5 and 10 year of age (p = 0.04). Median postoperative evening salivary cortisol
levels were significantly higher than the reference value in< 5-year-old females (p= 0.01) and
between 5- and 10-year-old females (p = 0.04). Conclusion: Diurnal variability of salivary
cortisol levels in children undergoing congenital heart surgery may be different from normal
reference values both in preoperative and postoperative periods that can be a predictive indi-
cator of anxiety on pre- and postoperative period for children that undergoing cardiac surgery.

Improvements in congenital heart surgery and advances in perfusion techniques have substan-
tially reduced the procedural mortality rates in children with complex cardiac defects.
Compared to the past, these children are more likely to survive after surgery, and this led to
focus on targeting lower morbidity levels.1 Although it is still unclear whether children under-
going complex cardiac surgeries can continue their lives with good functional and psychosocial
capacity, there have been studies to measure psychological stress aiming to form the basis for
future resources.2,3

Few studies on psychological status of children undergoing paediatric cardiac surgery dem-
onstrated how severe anxiety and depression these children experience with the help of self-
reported and parent-reported inventories.4–6 It has been reported that children with advanced
cardiac failure are psychologically affected to the extent that they need support during the treat-
ment process.7 However, perioperative dynamics and variability of stress markers in children
undergoing paediatric cardiac surgery have not sufficiently addressed.8

In the clinical setting, salivary hormone measurement has a reliable reflection of stress-
related serum cortisol levels in certain patient groups. Salivary cortisol may be more suggestive
than serum cortisol, as it reflects the free hormone level and does not emerge the stress response
induced by needle prick during blood sampling.9 The role of salivary cortisol in measuring the
stress response in children with CHD or undergoing congenital heart surgery has been under-
studied. This study aimed to provide baseline information on the potential role of salivary cor-
tisol in reflecting the stress response in children undergoing congenital heart surgery.

Patients and methods

This study was a prospective cohort study performed in a tertiary care hospital, and it was made
up of consecutive patients who underwent paediatric cardiac surgery between September 2020
and August 2021. Local ethical committee approval was obtained. Children undergoing paedi-
atric cardiac surgery aged between one and seventeen years were included. The indication for
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surgery was decided by the council with the participation of an
experienced paediatric cardiac surgeon, paediatric cardiologist,
paediatric anesthesiologist, and intensivist. Afterwards, the parents
were informed about this research, and their signed consent was
obtained if they volunteered, by ensuring that only laboratory
analysis would be performed and no intervention would be made
for the research. Preoperative diagnosis of the patients and the
operations performedwere recorded. Exclusion criteria were emer-
gency surgery, severely advanced heart failure, critical preoperative
state in the intensive care, systemic infection or sepsis, reoperation,
and patients with an endocrinological disease.

Morning saliva samples were collected by the same health care-
giver immediately after the children woke up (07:00–09:00 am) and
06:00 pm in the evening after 30 seconds of chewing a cotton
swab on pre- and postoperative day. It was instructed that the chil-
dren should not eat, drink, or brush their teeth for at least
30 minutes before salivary collection. Salivary cortisol level was
analysed by competitive enzyme immunoassay (ELISA,
DiaMetra®, Perugia, Italy). This kit measures salivary cortisol levels
in the 0.5–100 ng/dl range. Blood samples for serum cortisol were
also collected at the same time as saliva samples. Blood was
separated and serum cortisol was measured using electrochemilu-
minescence immunoassay (Elecsys® Cortisol II assay, Roche
Diagnostics GmbH, Mannheim, Germany).

Statistical analysis

All statistical analyses were performed using SPSS (Statistical
Package for Social Sciences) version 19.0. Categorical variables
were presented as number and percentages. Continuous variables
were tested for normality using visual histograms and Shapiro–
Wilk test and presented as median and interquartile range. Chi-
square test was used to compare categorical variables between
acyanotic and cyanotic patients, and independent samples
Mann–Whitney U test was used to compare continuous variables.
The related samples Wilcoxon Signed-Rank test was used to deter-
mine whether there was a significant difference in serum and
salivary cortisol levels in the postoperative period compared to
the baseline. One-sample Wilcoxon Signed-Rank test was used
to test whether there was a significant difference in salivary cortisol
levels from the reference index values provided by The CIRCORT
database10 for different age and gender groups. A p value of less
than 0.05 was considered as statistically significant.

Results

Thirty patients between 1 and 17 years were included in the study.
Preoperative diagnosis of the patients and operative procedures are
presented in Table 1. Twenty-two (73.3%) patients had acyanotic
CHD, whereas the remaining had cyanosis at presentation. There
were 12 patients (40%) who underwent surgery for a combined
heart defect. Twenty-four patients (80%) underwent total correc-
tive surgery, whereas a palliative operation was performed in the
remaining (Fontan procedure in two patients, Glenn shunt in
two patients, pulmonary banding in one patient, and intracardiac
defibrillator implantation in one patient).

Baseline characteristics and clinical data are presented in
Table 2. Median age was 5.5 (interquartile range, 3.00 to 11.00)
years and there were 16 males (53.3%). Age, gender, and weight
distribution were not significantly different between acyanotic
and cyanotic patients (p= 0.32, p= 0.15 and p= 0.36, respec-
tively). Cardiopulmonary bypass and cross clamping the aorta

were used in 27 patients (90%). There were no significant
differences between acyanotic and cyanotic patients regarding
median cross clamp duration (p = 0.26) and cardiopulmonary
bypass duration (p= 0.37). Median postoperative intensive care
unit stay was 3 days (interquartile range, 2 to 4 days), and median
postoperative hospital stay was 9.5 days (interquartile range,
9 to 12 days).

In the postoperative period, three patients received haemody-
namic assist with extracorporeal life support due to cardiopulmo-
nary failure, and two patients eventually died from the same cause.

Serum cortisol and salivary cortisol levels showed no correla-
tion (r= 0.34, p= 0.06 for preoperative morning measurement,
r= 0.31, p= 0.08 for postoperative morning measurement, and
r= 0.04, p= 0.83 for postoperative evening measurement) except
for preoperative evening measurement (r= 0.46, p= 0.01).
Median baseline serum cortisol of the entire group was 12.75
(interquartile range, 8.67 to 17.05) mcg/dl in the morning and
8.10 (interquartile range, 5.85 to 9.33) mcg/dl in the evening.
There were no significant differences between acyanotic and cya-
notic patients regardingmedian baseline serum cortisol levels, both
in the morning and in the evening (p= 0.50 and p= 0.12). In the
entire group, there was a significant increase in postoperative
serum cortisol levels both in the morning measurements (increase
up to median 15.85 [interquartile range, 13.70–19.87] mcg/dl,
p= 0.002) and in the evening measurements (increase up to
8.50 [8.10 to 10.08] mcg/dl, p= 0.02). The postoperative increase
in median serum cortisol was significant in the acyanotic patients
(12.25 [interquartile range, 8.25 to 17.05] to 14.85 [13.65 to 17.83]
mcg/dl in the morning, p= 0.009 and 7.45 [5.38 to 9.15] to 8.55
[interquartile range, 8.10–9.63] mcg/dl in the evening, p= 0.01),
but the difference was not significant in the cyanotic patients
(p= 0.88) (Table 3).

Median baseline salivary cortisol of the entire group was 4.79
(interquartile range, 4.07 to 7.04) ng/dl in the morning and 4.84
(interquartile range, 3.57 to 8.62) ng/dl in the evening preopera-
tively that there were no significant differences between acyanotic
and cyanotic patients (p= 0.11 and p= 0.11, respectively). There
was no significant postoperative change in median salivary cortisol
levels in the entire group (Table 3). Postoperative salivary cortisol
levels showed no correlation between cross clamp duration
(r= -0.78, p= 0.70 in the morning and r= 0.17, p= 0.37 in the
evening) and cardiopulmonary bypass duration (r= 0.004,
p= 0.98 in the morning, r= 0.19, p= 0.32 in the evening).

When compared to the 95th percentile index reference value,
preoperative median baseline morning salivary cortisol levels were
significantly lower in both females (p= 0.01) and males (p= 0.04)
under the age of five. Median baseline morning salivary cortisol
level was also significantly lower in males between the ages of
11 and 20 (p= 0.01). Median baseline preoperative evening sali-
vary cortisol levels were significantly higher than the reference
value in under five years old females (p = 0.01), between 5 and
10 year-old females (p= 0.04), and between 11- and 20-year-old
males (p= 0.01). Median postoperative morning salivary cortisol
levels were significantly lower than the reference value in both
females (p= 0.01) and males (p= 0.04) under five years of age
and females between 5 and 10 years of age (p = 0.04). Median post-
operative evening salivary cortisol levels were significantly higher
than the reference value in females under 5 years of age (p= 0.01)
and females between 5 and 10 years of age (p= 0.04) (Table 4).

Baseline preoperative salivary cortisol level was above the refer-
ence index value in morning measurements in three patients
(10%), in evening measurements in 28 patients (93.3%), and
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postoperative salivary cortisol levels in three patients (10%) in
morning measurements and in 26 patients (86.7%) in evening
measurements, and the frequencies were not significantly different
between acyanotic and cyanotic patients (Table 5).

Discussion

We hypothesised that salivary cortisol may be more consistent and
suggestive in the perioperative period than serum cortisol in chil-
dren with CHD, in terms of reflecting the level of psychological
stress experienced by children scheduled for surgery, as well as
the pathophysiological stress arising from the mechanism of

cardiac disease. We considered both the diurnal variability of sali-
vary cortisol levels and their distance from reference values. Since
the hypoxic state in CHD may alter the regulation of the hypotha-
lamic–pituitary–adrenal axis, we compared salivary cortisol levels
between cyanotic and acyanotic patients.

We found that salivary cortisol levels were significantly lower
than the index reference values reported by CIRCORT database,10

which is a very large series derived from 15 field studies, in morning
measurements and significantly higher in almost all age and gender
groups in evening measurements preoperatively. However, salivary
cortisol levels do not show a positive correlation with serum cortisol
levels either in the preoperative or postoperative period and the

Table 1. Preoperative diagnosis of the patients before congenital cardiac surgery and the operations performed

Acyanotic (n= 22)

Patient no Age (Years) Diagnosis Operation

1 1.5 Atrioventricular septal defect Total correction

2 2 Ventricular septal defect VSD closure

3 2 Ventricular septal defect VSD closure

4 2 Ventricular septal defect VSD closure

5 2 Ventricular septal defect Total correction

6 2 Ventricular septal defect Pulmonary banding

7 3 Atrioventricular septal defect Total correction

8 3 Ventricular septal defect VSD closure

9 3 Ventricular septal defect, pulmonary stenosis VSD closure

10 4 Ventricular septal defect VSD closure

11 4 Ventricular septal defect, pulmonary stenosis VSD closure

12 5 Atrial septal defect ASD closure

13 5 Aortic coarctation, subaortic stenosis, Total correction

14 6 Subaortic stenosis Total correction

15 6 Atrial septal defect ASD closure

16 8 Aortic stenosis, ventricular septal defect VSD closure, aortic valve replacement

17 10 Pulmonary stenosis Pulmonary valve replacement

18 14 Pulmonary valve regurgitation Pulmonary valve replacement

19 15 Pulmonary valve regurgitation Pulmonary valve replacement

20 16 Pulmonary valve regurgitation Pulmonary valve replacement

21 16 Pulmonary valve regurgitation Pulmonary valve replacement

22 15 Hypertrophic cardiomyopathy ICD implantation

Cyanotic (n= 8)

Patient no Age (Years) Diagnosis Operation

1 1.5 Tetrology of Fallot Total correction

2 4 Tetrology of Fallot Total correction

3 5 Double inlet left ventricle Fontan procedure

4 7 Right ventricle hypoplasia Fontan procedure

5 9 Tetrology of Fallot Total correction

6 11 Transposition of great arteries Glenn shunt

7 12 Right ventricular hypotrophy Glenn shunt

8 17 Tetrology of Fallot Total correction

VSD: ventricular septal defect, ASD: atrial septal defect, ICD: implantable cardioverter defibrillator.
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significant increase in serum cortisol levels in the postoperative
period was not observed in salivary cortisol levels. That means sali-
vary cortisol is an alternative marker against serum cortisol.

There have been several studies reporting normal ranges of sali-
vary cortisol levels in healthy children and rarely in patient series.
The mean values or reference ranges reported for children are
equivocal across studies, due to the use of different kits and devices
and the noncompliant behaviour of children and parents during
the saliva collection protocol.11–17 Kaitz et al.11 investigated the
effect of noncompliance on measurement levels during saliva

collection in 181 preschool children around the age of 4 years.
They reported that 12% of the children acted non-compliant in
at least one collection trial, and the salivary cortisol levels of those
who were noncompliant but did not refuse to give samples were
higher than the compliant children. In this study, the average sali-
vary cortisol level reported in compliant children by taking the
average of four samplings was 2.10 ng/dl.11

The “cortisol awakening response,” which is called the cortisol
rise that occurs within 1 hour after waking up in the morning,
has recently aroused interest as an important marker of

Table 2. Baseline characteristics and clinical data

Variable All patients (n= 30) Acyanotic CHD (n= 22) Cyanotic CHD (n= 8) p

Age (years) 5.50 (3.00–11.00) 4.75 (2.50–10.5) 8.50 (5.00–11.50) 0.32

Male gender, n (%) 16 (53.3) 10 (45.5) 6 (75.0) 0.15

Weight (kg) 17.00 (13.00 – 26.00) 15.50 (12.00 – 26.00) 20.00 (15.00–25.00) 0.36

Cross clamp duration (min) (n= 27) 65.00 (40.50–84.50) 57.00 (40.00–75) 84.50 (56.00–103.00) 0.26

CPB duration (min) (n= 27) 92.00 (55.50–126.00) 87.00 (55.00–112) 111.00 (74.00–132) 0.37

Hypothermia (°C) 32.00 (32.00–33.00) 32.00 (32.00–33.00) 32.50 (32.00–33.00) 0.88

Intensive care unit stay (days) 3.00 (2.00–4.00) 3.00 (2.00–4.00) 3.50 (3.00–6.00) 0.23

Hospital stay (days) 9.50 (9.00–12.00) 10.50 (9.00–12.00) 9.00 (8.50–13.00) 0.90

Note: Data presented as median (interquartile range) or n (%). Abbreviations: CPB = cardiopulmonary bypass. Independent samples Mann–Whitney U Test was used for comparison.

Table 3. Comparison of serum and salivary cortisol levels between baseline and postoperative measurements

Variable Baseline Median (IQR) Postoperative Median (IQR) p value

All patients

Serum cortisol (mcg/dl)

Morning (08.00) 12.75 (8.67–17.05) 15.85 (13.70–19.87) 0.002

Evening (18.00) 8.10 (5.85–9.33) 8.50 (8.10–10.08) 0.02

Salivary cortisol (ng/dl)

Morning (08.00) 4.79 (4.07–7.04) 4.73 (3.31–13.78) 0.91

Evening (18.00) 4.84 (3.57–8.62) 4.53 (2.99–7.02) 0.45

Acyanotic patients (n= 22)

Serum cortisol (mcg/dl)

Morning (08.00) 12.25 (8.25–17.05) 14.85 (13.65–17.83) 0.009

Evening (18.00) 7.45 (5.38–9.15) 8.55 (8.10–9.63) 0.01

Salivary cortisol (ng/dl)

Morning (08.00) 4.59 (3.97–6.08) 4.73 (2.96–12.89) 0.98

Evening (18.00) 4.32 (3.00–8.36) 4.43 (2.91–7.02) 0.91

Cyanotic patients (n= 8)

Serum cortisol (mcg/dl)

Morning (08.00) 13.30 (10.95–26.53) 17.85 (16.35–28.85) 0.12

Evening (18.00) 8.80 (7.85–13.85) 8.50 (7.50–14.43) 0.88

Salivary cortisol (ng/dl)

Morning (08.00) 6.84 (4.58–9.20) 5.04 (4.03–33.73) 0.88

Evening (18.00) 6.13 (4.62–8.92) 6.13 (4.16–35.37) 0.20

Note: Data presented as median (interquartile range). Related samples Wilcoxon Signed-Rank test was used for comparison.
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psychobiological stress in humans. Compared to serum cortisol, sali-
vary cortisol measurement is thought to better quantify the cortisol
awakening response in children, since it does not cause fear of needle
sticks. However, since this response is unique to the individual, the
morning increase in salivary and cortisol levels will not occur at the
same time in every child.12 Michels et al.13 reported that morning
median salivary cortisol levels were around 8 to 12 ng/dl in 444 chil-
dren aged between 5 and 11 years. In the study, it was emphasised
that all eight samples to be taken from each child could be completed
only in 78.8% of the children because the time points did not cor-
respond to the waking time of the children (time non-compliance).
In this study, it was determined that there was no morning peak in
almost half of the children.13 When we compared the morning sali-
vary cortisol levels of our patients with the recently published
CIRCORT database data, which is a very large series derived from
15 field studies, we found that only 10% of the children hadmorning
salivary cortisol levels above the index reference value.10When com-
pared by grouping according to age and gender, we found that our
patients’ morning salivary cortisol levels were well below the refer-
ence values. In the evening measurements, the decrease in reference
values did not occur in the values of our patients, on the contrary, we
found that our patients’ salivary cortisol levels were statistically sig-
nificantly higher. Our finding that the morning rise and evening
decrease in salivary cortisol levels were not observed in childrenwith
CHDmay be due to sampling non-compliance as well as the loss of

diurnal regulation of the hypothalamic–pituitary–adrenal (HPA)
axis due to the underlying disease in these children.

Congenital heart surgery operations are essential for survival of
children with CHDs and to achieve a functional capacity close to
their peers, but it is almost inevitable that patients in such early
childhood will be exposed to psychological and physiological
trauma during the treatment process.18 We also tried to shed some
light on whether salivary cortisol can be used as a marker of stress
response in children following congenital heart surgery. As we
mentioned above, evening salivary cortisol levels were above the
reference values in most patients both preoperatively and postop-
eratively. However, we found no significant changes in morning or
evening salivary cortisol levels in the postoperative period, neither
in cyanotic patients nor in acyanotic patients. Moreover, salivary
cortisol levels were not correlated with cross-clamp and cardiopul-
monary bypass times as parameters indicating the complexity of
the surgery. We interpret these findings as surgical stress may
not have caused a further increase in cortisol levels in the postop-
erative period, as HPA axis regulation was already lost due to
underlying CHD.

Our study had several limitations. Small sample size, age and
diagnosis heterogenity, and lack of a normal healthy control group
aremajor limitations. In a narrower age group, salivary cortisol val-
ues obtained from children with a specific type of CHD could pro-
duce a more reliable and consistent data output. Comparison with

Table 4. Comparison of patients’ median salivary cortisol levels with 95th percentile index reference values (concentrations are given in ng/dl)

Age

Morning (08.00 am) Evening (20.00 pm)

Patients Reference p Patients Reference p

Baseline

Median (IQR) Median (IQR)

<5 years

M (n= 5) 4.61 (4.46–4.91) 17.2 0.04 3.83 (3.01–5.34) 1.9 0.08

F (n= 8) 4.33 (3.83–4.57) 16.7 0.01 4.02 (2.55–4.84) 1.9 0.01

5–10 years

M (n= 4) 6.82 (4.06–38.61) 14.0 0.71 6.57 (3.72 – 37.97) 1.6 0.06

F (n= 5) 7.06 (4.67–14.40) 16.8 0.08 6.92 (5.59–14.21) 1.9 0.04

11–20 years

M (n= 7) 5.97 (4.09–9.03) 22.8 0.01 5.21 (4.20–8.61) 2.6 0.01

F (n= 1) 81.46 25.8 NA 65.82 2.9 NA

Postoperative

<5 years

M (n= 5) 4.65 (4.53–4.82) 17.2 0.04 3.85 (2.94–4.79) 1.9 0.08

F (n= 8) 4.37 (3.12–6.17) 16.7 0.01 4.40 (3.50–5.95) 1.9 0.01

5–10 years

M (n= 4) 8.29 (2.01–41.72) 14.0 0.71 7.17 (2.32–38.11) 1.6 0.14

F (n= 5) 6.12 (5.45–15.02) 16.8 0.04 4.79 (4.55–5.12) 1.9 0.04

11–20 years

M (n= 7) 5.14 (1.82–15.87) 22.8 0.06 4.05 (2.58–6.97) 2.6 0.06

F (n= 1) 55.64 25.8 NA 63.82 2.9 NA

Note: All values are presented in ng/ml. Data presented asmedian (interquartile range). One-sample Wilcoxon Signed-Rank test used for comparison. Abbreviations in the age columnM=male,
F= female.
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a control group of healthy volunteers matched for age and physical
trait could clarify the quality of salivary cortisol as a stress marker
in children undergoing congenital heart surgery.

There are two major limitations in our study design. First,
although there are cyanotic and acyanotic patients in the study
group preoperatively, due to the palliative procedures, right-to-left
shunt is persistent postoperatively in patients who underwent pal-
liative procedures. Second, all of the patients were not operated on
utilising cardiopulmonary bypass. These two limitationsmay affect
the postoperative salivary cortisol levels.

In conclusion, diurnal variability of salivary cortisol levels in
children undergoing congenital heart surgery may be different
from normal reference values. Variability of salivary cortisol levels
on both pre- and postoperative period may be a useful indicator of
stress and anxiety status of children who undergoing paediatric
cardiac surgery. Stress response to cardiac surgery is an unvalued
but important parameter especially in children.We believe that our
results are important in that they show that salivary cortisol is a
useful stress indicator. With these findings, it will be possible to
make suggestions especially on postoperative stress management
in children. Further study is needed to determine reference values
and to assess whether salivary cortisol reliably reflects the stress
response in these children.
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