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BACKGROUND: This study examined parental stress indicators during outpatient pediatric surgery and whether intraoperative text
messaging could alleviate stress.

METHODS: This randomized trial assigned parents of children aged 6 months to 6 years undergoing minor outpatient surgery to an
intervention group, receiving standardized intraoperative text messages, or a control group without messages. Both groups
received a postoperative phone call. Stress was assessed using salivary cortisol, heart rate, heart rate variability, and subjective
ratings at multiple perioperative time points.

RESULTS: Fifty-one families participated, predominantly mothers (71%). Cortisol and heart rate variability peaked preoperatively,
while heart rate and subjective stress were elevated pre- and intraoperatively regardless of messaging. Fathers had lower cortisol at
the end of surgery, heart rate pre- and postoperative and subjective stress at pre-treatment consultation compared to mothers,
who exhibited lower heart rate variability the evening before surgery. Messaging reduced postoperative cortisol and intraoperative
subjective stress among fathers but increased subjective stress at surgery onset within mothers and had no significant effect on
stress indicators across the full cohort.

CONCLUSION: Intraoperative text messaging reduced stress in fathers but not in mothers or the full cohort. The preoperative
period remained the most stressful. Future research should explore gender-specific strategies to improve perioperative parental
support.

Pediatric Research; https://doi.org/10.1038/541390-026-04816-9

IMPACT:

® This study assessed parental stress during outpatient pediatric surgery and the impact of intraoperative text messaging as a
supportive intervention.

® Text messages reduced stress in fathers but showed minimal benefit and potential adverse effects in mothers, with increased
subjective stress at surgery onset; no overall stress reduction was observed in the full cohort. The preoperative phase was
identified as the most stressful for parents.

® These findings inform pediatric surgical teams that text-based interventions may support fathers’ perioperative coping and
postoperative compliance but may be ineffective or counterproductive for mothers, highlighting the need in future research for
gender-sensitive stress-reduction strategies.

INTRODUCTION characterized by feelings of nervousness, anxiety, and concern

Pediatric surgical procedures are not only challenging for the child
but also impose significant emotional and physical stress on
accompanying parents. The physical stress experienced by parents
can be measured using salivary cortisol levels, heart rate (HR), and
heart rate variability (HRV), which reflect the activation of the
hypothalamic-pituitary-adrenal (HPA) axis and the autonomic
nervous system, respectively.? Subjective stress is often

during their child’s surgery.® Factors such as inadequate prepara-
tion, uncertainty about postoperative management, and concerns
about complications amplify this stress.*

Efforts to reduce parental stress have included various
interventions, such as written materials, preoperative programs,
videos, and web-based tools, all of which have demonstrated
some success in reducing anxiety.*” More recently, text
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messaging (TM) has emerged as a promising strategy to enhance
communication and alleviate parental anxiety in the perioperative
setting. A non-randomized study of periodic intraoperative TM
during complex spinal surgeries in adolescents reported reduced
anxiety among parents, particularly as they received updates
during surgery.® However, the impact of TM on parental stress,
especially during shorter outpatient pediatric surgeries, remains
unexplored.

Existing research has primarily focused on the pre- and
postoperative periods, leaving a gap in understanding the
parental stress response during the intraoperative phase. Further-
more, studies have rarely assessed physical stress markers, such as
cortisol and HRV, alongside subjective stress measures. To address
these gaps, this study investigates the effects of standardized
intraoperative TM on parental physical and mental stress during
outpatient pediatric surgery, utilizing a randomized controlled trial
design.

This approach aims to provide a comprehensive evaluation of
the intervention’s effectiveness and explore its potential for
reducing parental burden during this critical period. The primary
objectives are to assess the impact of intraoperative TM on
parental physiological stress markers, including salivary cortisol,
HR, and HRV, as well as on parental subjective stress levels.
Additionally, the study seeks to explore potential gender
differences in stress responses in order to gain a deeper
understanding of gender-specific variations in parental anxiety
and to examine the progression of parental physiological and
subjective stress parameters throughout the perioperative period
as secondary objectives.

METHODS

Study design and subjects

The study was conducted at our tertiary pediatric surgery center and
approved by the Ethics Committee of the University of Leipzig (reference
number 482/17-ek) in February 2018. It was registered in the German
Clinical Trials Register (ID: DRKS00037953). Reporting followed the
CONSORT checklist (Supplementary Table S5), and the study flow is
illustrated in the CONSORT diagram (Supplementary Fig. S5). The full trial
protocol, statistical analysis plan, and additional supplementary materials
are available from the corresponding author upon request.

Parents of healthy children aged six months to six years that were
scheduled for elective outpatient pediatric surgical interventions, were
invited to participate in the study. Parents were recruited on the day their
child was examined preoperatively in our outpatient department, which
generally took place two days before surgery. The decision on which
parent would accompany the child on the day of surgery and therefore
would participate in the study, was made by the parents themselves.
Surgical informed consent was completed by one of three senior surgeons
as well as an anesthesiologist and written informed consent for study
participation was always conducted by the study assistant (R.L.).

Eligible interventions were minor procedures such as excisions of dermal
lesions or epi-/dermoid cysts, orchidopexy, inguinal herniorrhaphy,
umbilical hernia repair, and circumcision. Children were excluded if they
had already undergone any previous surgery or general anesthesia, had
relevant diseases, or intraoperative complications. Parents were ineligible if
suffering from affected cortisol levels due to renal failure, cirrhosis, obesity,
psychiatric disorders, or use of exogenous synthetic corticosteroids, or
were pregnant.

On the day of surgery, families arrived at the hospital two to three hours
before the procedure and were randomized using simple randomization in
one of two study groups: Parents of group one (intervention group)
received three intraoperative TM. Just before surgery started, they received
a mobile phone that was used exclusively for this study to ensure that
messages were not sent to strangers. Prior to the beginning of the surgery
a TM was sent to ensure that the mobile phone was working properly.
Standardized intraoperative TM were sent at the beginning, halfway, and
at the end of the surgery by RL, timed by the operating surgeon (Table 1).
Parents of group two (control group) did neither get a mobile phone nor
any intraoperative TM. Both groups received a phone call at the end of the
surgery and were subsequently seen in the recovery room by their
surgeon. The surgical and anesthetic protocols were the same for all
participating families.

The sample size was determined based on previously published studies.
Kwan et al. included 96 accompanying parents in their study and
calculated a power of 0.95.% To detect smaller effects between groups in
the present study, we assumed a moderate effect size of 0.55. Based on an
alpha level of 0.05, this resulted in a target sample size of n = 48 per group.
To ensure robustness, the target sample size was rounded up to n =50 per
group, leading to a total of n =100 study participants.

Study protocol and sample recruitment

The study protocol is summarized in Fig. 1. Salivary cortisol and subjective
stress levels were assessed as such: (TO) two days before surgery at the
outpatient department after informed consent to the study had been
given; (T2) arrival to the hospital in the morning of surgery; (T3) start of
surgery (equivalent to TM 1); (T4) halfway during surgery (TM 2); (T5)
immediately after reception of the phone call by the surgeon, that the
operation has been finished successfully; and (T6) one hour after reunion
with the child at the recovery ward. Parents’ long-term electrocardiogram
(ECG) was started the evening before surgery (T1). HR and HRV were
analyzed between (T1) and (T6).

Cortisol.  Salivary cortisol was obtained using the Salivette™ Cortisol tube
from Sarstedt (Nuembrecht, Germany). All parents were instructed by the
same staff member (RL) how to utilize the Salivette™ correctly and
collected the samples under supervision. As all surgeries were scheduled in
the morning, samples were harvested at similar time periods. They were
stored at 6 °C until surgery was completed; samples were then retained at
-80°C for further analysis at the University of Leipzig Medical Center's
central laboratory by liquid chromatography tandem mass spectrometry.

Heart rate and heart rate variability. A long-term ECG device (Cardio-
Mem™ CM 3000, Getemed, Teltow, Germany) was explained and handed
out together with a written manual to the parents during recruitment.
They were asked to start continuous recording at home the evening before
surgery and proceed it for 24 h. For analysis, five minute intervals were
defined at each time point T1 to T6 (Fig. 1) and HR as well as time and
frequency dependent HRV were assessed using the software CardioDay™
(Getemed, Teltow, Germany; Supplement Table 52).° Sex dependent
normal values are summarized in Supplement Table S1.

Subjective stress assessment. Parents were asked to rate their subjective
stress levels on a numeric rating scale (NRS) from zero (“no stress”) to ten
(“highest imaginable stress”) to objectify their actual burden/stress at TO
and T2-T6. Subjective stress assessment by NRS had been shown to
correlate well with the detailed State-Trait-Anxiety Inventory score that had
been validated in preoperative children (correlation r=0.42-0.64)"° and
post-partum females (correlation r=0.78-0.81).""

“The operation room is ready.”
“(Name of the child) is now asleep and the operation starts.”
“Surgery is going as planned. The main steps have been completed.”

Table 1. Standardized time points and text messages (TM) sent to parents of group one.

™ Time Point Message
Test Just before the child is brought to the OR.

1 T3 Beginning of surgery (“cut”)

2 T4 Halfway through surgery (“halfway”)

3 T5 End of surgery (“suture”)

OR operation room.
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“The operation is done. Anesthesia will be finished now.”

Pediatric Research



R. Linke et al.

-2 Days -1 Day

Day of Surgery

Intervention

TestHTM1 }—-{TMZ}—.{TMS‘
I

o] gy [ o
Control ]
(] (] [r] [ [
24-hour ECG ‘
X X X X X X
HRV X X X X X X
X X X X X X

Fig.1 Study protocol and sample recruitment. Parameters were measured at ‘X’ (TO-T6). TM text message, RM randomization, HR heart rate,
HRV heart rate variability, Stress subjective stress level, ECG electrocardiogram.

Table 2. Demographic data of parents
Intervention group Control group
Total number 25 26
Mothers 18 (72%) 18 (69%)
Age [years]; Mean (SD) 334 (7.6) 33.7 (4.9)
High education 9 (36%) 10 (39%)
Working full- or part- 14 (56%) 15 (58%)
time
Native German 22 (88%) 23 (89%)

Statistical analysis

Data were analyzed using SPSS version 29 (IBM, Armonk, United States of
America). Nominal variables are expressed as absolute numbers and
percentages. Dichotomous data were compared using Fisher’s exact test or
chi-square test. Continuous data are presented as mean + standard
deviation. Normal distribution was graphically confirmed by histograms.
Continuous data between groups for each time point were analyzed using
Student’s t test or Mann-Whitney U-test, respectively. Logarithmic
transformation was applied to achieve normal distribution and to minimize
variance and outliers for salivary cortisol levels and HRV. An analysis of
variance (ANOVA) with repeated measures was used to evaluate changes
over time for the overall cohort. An ANOVA with repeated measures was
conducted to assess time-dependent differences between groups. When a
significant main effect was observed, a post-hoc Welch's t test was
employed to examine intergroup differences at each time point. The level
of significance for two-tailed testing was set at p <0.05. As this study
followed an exploratory design, adjustments for multiple testing were not
undertaken.

RESULTS
Study population
Sixty-two families, consisting of 44 boys and 18 girls accompanied
by 45 mothers and 17 fathers, were recruited to participate in the
study between May 2018 and February 2020. Of those, 11 families
were excluded during the study period due to secondary
withdrawal of consent (n=7) or transition from outpatient to
inpatient setting (n = 4). Consequently, 51 families were included
in the final analysis, with 25 assigned to the intervention group
and 26 to the control group.

The accompanying parent was predominantly female (71%),
well educated (37%), and native Germans (88%), with a mean age
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Table 3. Demographic and perioperative data of children

Intervention group Control
group

Total number 25 26

Males 18 (72%) 18 (69%)

Age [months]; Mean (SD) 31.8 (22.2) 24.4 (17.8)

Childcare at home 10 (40%) 13 (50%)

Siblings: yes 14 (56%) 18 (69%)

Duration of surgery [min]; 41.6 (22.0) 41.1 (25.0)

Mean (SD)

Separation from parents 93.0 (31.8) 96.3 (36.1)

[min]; Mean (SD)

of 33.5 years and a standard deviation of 6.2 years. Demographic
characteristics of the parents showed only negligibly differences
between study groups (Table 2). The participating children, with a
mean age of 28.1 months and a standard deviation of 20.0 months,
were primarily male (71%). No substantial differences in demo-
graphic characteristics, surgery duration (M =41.4 min, SD = 23.1
min), or separation duration from parents (M =94.7 min, SD =
33.3 min) were observed between groups (Table 3).

Impact of TM on physical and mental stress of parents

In the overall cohort, physical (salivary cortisol, HR, and HRV) and
subjective psychological stress levels did not significantly differ
between the intervention and control groups at any time point (TO-
T6; Supplementary Table S3). An ANOVA with repeated measures
also showed no significant changes over time and groups.

As a result, data were reanalyzed to assess changes in measured
stress parameters over time across the entire cohort, irrespective
of group assignment. Additionally, differences between mothers
and fathers were examined within the overall cohort, regardless of
group classification (Supplementary Table S4), as well as
separately within mothers and fathers to compare intervention
and control group.

Physical stress

Salivary cortisol. Parental salivary cortisol peaked significantly
preoperatively (T2), upon families’ arrival at the hospital, and
declined steadily until one hour after reuniting with the child (T6;

SPRINGER NATURE
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Fig. 2 Physical stress of overall parents and sex differences. a Salivary cortisol levels in parents showed a significant peak preoperatively
upon the families’ arrival at the hospital (T2, p < 0.001), followed by a continuous decline until the postoperative time point (T6). Both mothers
and fathers demonstrated this overall trend over time. However, fathers exhibited a greater decrease in salivary cortisol levels after the peak at
T2, with a significant difference observed at T5 (p = 0.049; °) compared to mothers. b Parental HR were significantly elevated on the day of
surgery (T2-T5; p < 0.001, T6 p = 0.031, peaking at the beginning of surgery (T3) compared to the baseline values measured the evening prior
(T1). Fathers exhibited a smaller increase in heart rate on the day of surgery (T2-T6), with significant differences compared to mothers’ HR
preoperatively (T2, p =0.009; *) and postoperatively (T6, p = 0.026; #).
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Fig. 3 Physical stress compared by groups. a No significant differences in salivary cortisol levels were found between the intervention and
control group. Mothers also showed no significant differences between groups. However, fathers in the intervention group had insignificantly
lower salivary cortisol levels intraoperatively (T3-T5) and significantly lower cortisol levels postoperatively (T6, p = 0.032; *) compared to those
in the control group. b HR showed no significant differences between the two groups for the overall cohort, as well as between groups for
mothers or fathers.

Fig. 2). This overall trend was comparable in mothers and fathers. salivary cortisol levels both intraoperatively (T3-T5) and a
However, fathers exhibited a steeper decline of salivary cortisol significant drop postoperatively (T6) compared to those in the
from the preoperative peak (T2) until the end of surgery (T5) as control group (Fig. 3).

compared to mothers (Fig. 2). Parents in the intervention group

showed slightly lower salivary cortisol levels at T2-T6 (Fig. 3). Heart rate. Parental HR was significantly higher at the day of
Fathers in the intervention group experienced a decrease in surgery (T2-T6) as compared to baseline levels recorded the
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Fig. 4 Subjective stress of overall parents and sex differences. Parental subjective stress levels increased significantly during the
perioperative period (T2-T5), reaching a peak at the start of surgery (T3) compared to the recruitment (TO, p < 0.005) and the postoperative
phase (T6, p < 0.001). Fathers had significantly lower subjective stress levels at recruitment than mothers (TO, p =0.019; *) and tended to
report lower subjective stress levels pre- and intraoperatively, although this difference did not reach statistical significance.
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Fig. 5 Subjective stress compared by groups. In the overall cohort, parents showed no significant differences between the two groups at
any time point. However, mothers in the intervention group exhibited slightly higher subjective stress levels intraoperatively, particularly at
the start of the surgery (T3, p =0.016; *). In contrast, fathers in the intervention group reported lower intraoperative subjective stress levels
(T3-T5) than those in the control group, with a significant difference at the end of the surgery (T5, p = 0.006;#).

evening before (T1), with a peak at the start of surgery (T3;
Fig. 2). Although fathers’ HR was significantly lower than
mothers’ HR at the day of surgery pre- (T2) and postoperatively
(T6), particularly at T2, with a mean HR difference exceeding 10
bpm (Fig. 2). Additionally, fathers exhibited a smaller increase in
HR perioperatively compared to baseline the evening before (T1;
Fig. 2). There were no significant differences in HR between the
intervention and the control groups for either mothers or fathers
(Fig. 3).

Heart rate variability. Frequency-based (LF nu, HF nu, LF/HF ratio;
Supplementary Table S2) and time-based (SDNN, RMSSD, pNN50;
Supplementary Table S2) HRV parameters suggested sympathetic
activation and parasympathetic inhibition on the day of surgery,
regardless of parents’ sex and intervention (Supplementary
Figs. S1-S4). LF nu and LF/HF-ratio peaked significantly preopera-
tively (T2) relative to baseline (T1) and then declined significantly
to a steady state from T3 to T6. In contrast, HF nu was significantly
lowest preoperatively (T2) compared to baseline (T1) and
increased significantly, reaching a steady state from T3 to T6
(Supplementary Fig. S2). RMSSD (T2, T5) and pNN50 (T3)
decreased significantly pre- or intraoperatively compared to
baseline (T1, Supplementary Fig. S1). At baseline (T1), mothers
had significantly lower LF nu and LF/HF-ratio and significantly
higher HF nu compared to fathers (Supplementary Fig. S2). Fathers
tended to have slightly lower pNN50 values at the beginning of
surgery (T3) and lower RMSSD intraoperatively (T3-T5) than
mothers (Supplementary Fig. S1).

The LF/HF-ratio values for fathers in the intervention group
were marginally higher intra- and postoperatively (T3-T6) than
those for fathers in the control group (Supplementary Fig. S4).
Fathers in the intervention group exhibited lower pNN50 values
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throughout the day of surgery and lower RMSSD preoperatively
and at the beginning of surgery (T2-T3) compared to fathers in
the control group. In contrast, mothers in the intervention group
showed slightly higher RMSSD values intra- and postoperative
(T3-T6) compared to mothers in the control group (Supplemen-
tary Fig. S3). However, these differences between the intervention
and control groups, within mothers or fathers, were not
statistically significant.

Subjective stress

Parental mental stress levels increased perioperatively (T2-T5),
with significant increases at T2-T4, peaking at the beginning of
surgery (T3) compared to recruitment (T0) and postoperatively (T6,
Fig. 4). Fathers had a significantly lower subjective stress level than
mothers at TO and showed a tendency toward lower subjective
stress pre- and intraoperatively, yet without reaching statistical
significance (Fig. 4). The intervention did not alter subjective stress
levels significantly (Fig. 5). However, mothers in the intervention
group had significantly higher subjective stress compared to those
in the control group at the start of surgery (T3, Fig. 5). In contrast,
fathers in the intervention group reported significantly lower
subjective stress at the end of surgery (T5) compared to fathers in
the control group.

DISCUSSION

This randomized controlled trial evaluated the physical and
mental stress levels of parents accompanying their children for
elective outpatient pediatric surgery and examined the effective-
ness of regular intraoperative text messages as a simple, cost-
effective method for providing real-time updates to parents in the
intervention group.

SPRINGER NATURE
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Preoperative stress responses: cortisol peaks and sympathetic
activation

Parental salivary cortisol levels peaked upon arriving at the
hospital on the day of surgery (T2), typically in the morning, before
gradually declining (mean sample times: T2 8:38 a.m., T3 10:11
a.m., T4 10:37 a.m., T5 10:59 a.m. and T6 12:06 p.m.). This indicates
that the preoperative period, particularly the time leading up to
the separation from their child, is the most stressful for parents.
However, this cortisol peak might also partially reflect the natural
circadian rhythm, which reaches its maximum after awakening
and decreases throughout the day.” Supporting this, we also
observed a preoperative (T2) increase in frequency-based HRV
parameters (LF nu, HF nu, and LF/HF-ratio), indicative of
sympathetic activation. These findings align with previous studies,
such as Arai et al., who noted elevated LF/HF-ratios in mothers
after arousal on the day of surgery.'? Similarly, Angelhoff et al.
found that parents staying overnight in the hospital exhibited
reduced morning cortisol levels the following day, likely due to
stress experienced during admission, coupled with feelings of
powerlessness and uncertainty.' These observations highlight the
strong connection between the HPA axis and emotional states.
The stress parents experience may stem from managing their own
emotions, responding to their child’s reactions, and navigating the
unfamiliar preoperative environment—all contributing to this
heightened physical stress.

Parental mental stress: risk factors and the impact of
perioperative anxiety
Parents reported heightened mental stress levels both preopera-
tively (T2) and intraoperatively (T3-T5), with the peak occurring at
the start of surgery (T3). This aligns with previous studies
documenting significant increases in preoperative anxiety among
parents.'® Pediatric surgical procedures are inherently stressful for
both children and their parents. Key risk factors for heightened
parental anxiety include younger children, first-time surgeries,
more severe procedures, younger parental age, maternal status,
socioeconomic challenges, higher trait anxiety, and language
barriers.'*"'® Additionally, preoperative fasting requirements for
the child can exacerbate parental distress.®

The elevated mental stress levels observed in this cohort may
be attributed to uncertainties about surgical outcomes, the
expected duration of the procedure, feelings of powerlessness,
and the transfer of responsibility for their child to medical
professionals. These concerns are especially pronounced during
the perioperative waiting period and may explain the reduction in
physical stress without a corresponding decrease in subjective
stress levels. Although the intraoperative TM in this study aimed to
address concerns about surgery duration and complications, they
were insufficient to significantly alleviate parental mental stress.

Importantly, higher parental anxiety has been linked to lower
compliance with postoperative care instructions.' This is critical in
the outpatient pediatric surgery setting, where parents must
manage postoperative pain and potential complications at home.
Enhancing parental confidence and well-being during the
perioperative period is, therefore, essential for improving out-
comes for both children and their parents.

Gender differences in stress responses and coping strategies
Fathers exhibited significantly lower HR responses upon arrival at
the hospital (T2) and postoperatively (T6), as well as lower salivary
cortisol levels at the end of surgery (T5) and reduced mental stress
at recruitment (TO) compared to mothers. Conversely, fathers
demonstrated higher frequency-based HRV values (LF nu and LF/
HF-ratio) and lower HF nu at baseline (T1), reflecting greater
sympathetic activation and lower parasympathetic tone. These
findings align with previous research showing that men generally
have higher HRV parameters, while women exhibit greater vagal
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modulation.'”'® No other significant differences in HR or HRV
between fathers and mothers were observed.

While cortisol levels did not differ between fathers and mothers
at baseline (TO) or during the preoperative peak (T2), fathers
showed a steeper decrease from peak cortisol levels (T2) to the
end of surgery (T5). This is consistent with studies suggesting no
baseline sex differences in cortisol responses to physical
stressors,’”?! though stronger responses to psychosocial stressors
have been reported in men.?> Other previous studies have also
shown that men exhibit a more pronounced cortisol response to
acute psychological stressors, whereas women’s cortisol levels
may fluctuate due to influences of the menstrual cycle and the
intake of estrogen or oral contraceptives.*** Mothers’ higher
reported anxiety and concern scores pre- and postoperatively®>2°
may reflect greater baseline trait anxiety and their primary
caregiving role, which often leads to deeper emotional
involvement.'®

These findings highlight the importance of considering gender-
specific coping strategies when analyzing and addressing parental
stress during pediatric surgery.

Effectiveness of intraoperative text messages: insights and
contextual factors

In our study, intraoperative TM had no significant effect on
physical and mental stress levels in the overall cohort but did
show a notable impact on fathers when comparing both groups.
Fathers who received TM exhibited significantly lower salivary
cortisol levels postoperatively (T6) and reduced mental stress at
the end of surgery (T5) compared to those who did not receive
TM. Conversely, mothers receiving TM reported higher subjective
stress intraoperatively (T3) than mothers without TM.

At first glance, these findings may seem to contradict those of
Kwan et al,, who reported that intraoperative TM reduced anxiety
in both mothers and fathers.2 However, their study involved more
frequent TMs (10 vs. 3) during longer surgeries (188.7 vs.
414 minutes) and included both parents, who could support
one another. Additionally, their cohort focused on adolescents
undergoing major idiopathic scoliosis surgery, whereas our study
involved younger children (6 months to 6 years) undergoing
minor procedures. Parents of younger children tend to experience
greater anxiety,"*?” and the severity of surgery further influences
stress levels.'® Factors such as the presence of siblings, prior
surgical experiences, and family dynamics may also contribute to
individual stress responses.

These findings suggest that intraoperative TM may be more
effective in reducing parental stress during major surgeries, where
heightened anticipation and anxiety related to surgical complexity
play a greater role than general parental worry.

Limitations

An interim analysis conducted after the inclusion of 50
participants indicated that reaching the target sample size of
100 would not yield a significantly greater effect on the results.
Consequently, the recruitment phase was terminated. Detecting
smaller effects would likely require a substantially larger
sample size.

This study was exploratory and included a small sample size,
limiting generalizability and precluding statistical adjustments for
multiple comparisons. Fathers were underrepresented (29%),
which may have inflated the observed gender-specific effects,
though this reflects the common tendency for mothers to
accompany children to the hospital.®

Salivary cortisol, used to measure stress, is a non-invasive and
well-established method, but results are influenced by the natural
circadian rhythm, which peaks in the morning.> HRV was assessed
over a 24-hour period without controlled rest or standardized stress
conditions, which could have provided more precise insights.
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The intervention (TM) was initiated after parents arrived at the
hospital, missing the preoperative period, which showed the
highest stress levels. Earlier interventions may have been more
effective in reducing parental stress. These limitations highlight
areas for refinement in future studies.

CONCLUSION

This study highlights the significant physical and mental stress
experienced by parents during outpatient pediatric surgery,
particularly in the preoperative and intraoperative periods. While
intraoperative TM showed no overall impact on the cohort, they
effectively reduced stress in fathers, demonstrating the potential
for targeted interventions. Nevertheless, considering the lower
proportion of fathers accompanying their children and the
partially elevated subjective stress levels reported by mothers
receiving intraoperative TM, it is plausible that such interventions
may induce adverse stress responses. The limited beneficial effect
observed among mothers underscores the necessity for more
comprehensive, gender-sensitive approaches to mitigating par-
ental stress during pediatric surgical procedures. The preoperative
period, identified as the most stressful, presents an opportunity for
earlier interventions to better support parents and improve
outcomes for both families and patients. Future research should
explore tailored, multidimensional approaches to parental stress
reduction, particularly in diverse and larger populations.
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