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B MAIN POINTS B ABSTRACT

» Caudal block and local infiltration

produced comparable postop-
erative cortisol and prolactin
responses, as well as similar
CHEOPS pain scores.

Anesthesia and surgical durations
were significantly longer in the cau-
dal block group.

Local wound infiltration may serve
as a practical alternative due to its
shorter application time and ease of
use.

A significant positive correlation
was observed between preoperative
and postoperative prolactin levels,
independent of the analgesic tech-
nique.

Aim: This study aimed to compare the effects of caudal anesthesia and local wound infiltration
on postoperative stress hormone responses (cortisol and prolactin) and pain scores in pediatric
patients undergoing inguinal hernia repair.

Materials and Methods: A total of 64 children aged 1--4 years, classified as ASA |, scheduled for
elective unilateral inguinal hernia surgery were randomized into two groups: caudal anesthesia
(Group C) and local infiltration (Group I). All patients received general anesthesia. Group C re-
ceived 1 mL/kg of 0.25% bupivacaine via the caudal route, while Group | received 0.25 mL/kg of
5 mg/mL bupivacaine via 23-gauge needle infiltration. Postoperative pain was assessed using
the CHEOPS scale at 1%, 2", 3, and 4 hours by a blinded anesthesiologist. Blood samples
for cortisol and prolactin levels were collected before induction and 40 minutes after surgery
and analyzed by ECLIA.

Results: No significant differences were found between groups in postoperative cortisol and
prolactin levels. Pain scores were also similar at all time points (p>0.05). A significant posi-
tive correlation was observed between preoperative and postoperative prolactin levels (p<0.05).
Anesthesia and surgical durations were longer in the caudal group (p<0.05), while fentanyl re-
quirements were similar.

Conclusion: Both caudal block and wound infiltration provide comparable postoperative analge-
sia and hormonal stress response control in pediatric inguinal hernia surgeries. Given its shorter
application time, local infiltration may offer a practical alternative in suitable clinical settings.
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B INTRODUCTION

Pediatric inguinal hernia is among the common congenital
anomalies requiring surgical treatment, particularly during
the neonatal and infantile periods. It is observed 4—10 times
more frequently in boys compared to girls, with an incidence
ranging from 0.8% to 5% in the general pediatric population
[1]. In premature infants, this rate may rise to as high as 30%
[2]. These cases are typically indirect hernias, developing due

to delayed obliteration of the processus vaginalis. Diagnosis
is usually established through physical examination, and sur-
gical intervention is necessary to prevent potential complica-
tions such as incarcerated hernia, bowel ischemia, or perfora-
tion [1]. Early surgical repair is critical in reducing morbidity
and preventing such complications.

Due to the physiological and psychological differences in chil-
dren, postoperative pain management in these surgical inter-
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ventions is of great importance. Although pain assessment in
pediatric patients is inherently challenging, inadequate anal-
gesia can prolong recovery, extend hospital stay, and has been
linked to the development of anxiety, behavioral disorders,
and chronic pain in the long term [3]. Currently, multi-
modal approaches are preferred for postoperative pain man-
agement, including opioids, paracetamol, nonsteroidal anti-
inflammatory drugs (NSAIDs), regional nerve blocks, and lo-
cal anesthetic infiltration techniques [3]. However, due to the
adverse effects associated with opioids—such as nausea, vom-
iting, respiratory depression, and sedation—safer and mini-
mally invasive techniques are often favored in children [4].

In this context, caudal anesthesia and local wound infiltra-
tion are two commonly used techniques in pediatric surgical
procedures. Caudal block is a regional anesthesia technique
performed by administering local anesthetic into the epidural
space via the sacral hiatus and is widely used in surgeries under
the umbilicus [5]. When administered with long-acting local
anesthetics such as ropivacaine or levobupivacaine, it provides
effective and safe analgesia [5]. Moreover, caudal block has
been shown to significantly reduce stress hormone levels such
as plasma cortisol and prolactin in the postoperative period
[6]. On the other hand, local wound infiltration involves the
administration of local anesthetics around the surgical inci-
sion and is a non-invasive and easily applicable method. This
technique has also been reported to reduce cortisol levels and
to be effective in postoperative pain control in several studies
[7]. However, it remains unclear which of these two methods
is more effective in modulating the stress response, and the lit-
erature presents conflicting results on this topic [8].

This study aims to compare the effects of caudal anesthesia
and local wound infiltration on postoperative stress hormone
levels in pediatric patients undergoing inguinal hernia surgery.
The findings are expected to contribute to the identification
of the most appropriate analgesic method in this patient pop-
ulation.

B MATERIALS AND METHODS

This study was approved by the Ethics Committee of Sigli Et-
fal Training and Research Hospital on 23.06.2009, with pro-
tocol number 73, and was conducted between July 2009 and
July 2010 in the Departments of Pediatric Surgery and Anes-
thesiology at $isli Etfal Training and Research Hospital Hos-
pital. All procedures adhered to the ethical standards outlined
in the Declaration of Helsinki (2008) and were reported in
accordance with the CONSORT (Consolidated Standards of
Reporting Trials) guidelines.

Patient selection

Children aged 1-4 years scheduled for elective unilateral in-
guinal hernia repair and classified as ASA T according to the
American Society of Anesthesiologists Physical Status Clas-
sification were included. Exclusion criteria were: history
of prematurity, neurological disorders, chronic medication
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use, known allergy to local anesthetics, previous abdominal
surgery, bleeding disorders, bilateral hernia, or recurrent her-
nia.

Sample size

Sample size was calculated based on expected variations in cor-
tisol levels and effect sizes reported in similar studies [9]. As-
suming o = 0.05, 3 = 0.20 (power = 80%), and a between-
group difference of 1 standard deviation (effect size d ~ 1.0),
a minimum of 32 patients per group was required. Accord-
ingly, 64 patients were enrolled (Group C = 32, Group I =
32), achieving the targeted statistical power.

Anesthesia and monitoring

No premedication was administered. Age, sex, and body
weight were recorded preoperatively. Standard monitoring
included noninvasive arterial blood pressure, ECG, periph-
eral oxygen saturation (SpO,), and end-tidal CO,. Anesthe-
sia was delivered using a Julian® anesthesia machine (Driger,
Libeck, Germany). Induction was achieved with intravenous
propofol (1 mg/kg), followed by insertion of a laryngeal mask
airway. Fentanyl (1 mcg/kg IV) was administered, and anes-
thesia was maintained with 2% sevoflurane in 50% air/oxygen.

Fluid management involved 5% dextrose in 0.2% sodium chlo-
ride solution (Isolyte® P). If heart rate or blood pressure in-
creased more than 20% above baseline, an additional dose of
fentanyl (0.5 mcg/kg IV) was administered and recorded as
part of total fentanyl consumption. All surgical procedures
were performed by the same pediatric surgical team, with
hemodynamic stability maintained throughout.

Randomization and analgesia protocol

Patients were randomized using a computer-generated block
randomization method, ensuring equal allocation between
groups. Group C (caudal group) received caudal anesthe-
sia with 0.25% bupivacaine (Chirocaine®, 5 mg/mL; Abbott
S.p.A, Latina, Italy) at a dose of 1 mL/kg. The required vol-
ume was prepared by diluting the commercially available 0.5%
(5 mg/mL) solution 1:1 with sterile 0.9% sodium chloride to
achieve a final concentration 0f 0.25%. This solution was then
drawn into a sterile syringe and administered via a 22-gauge
short-beveled needle through the sacral hiatus, with the pa-
tient placed in the lateral decubitus position, under strict ster-
ile conditions and after confirming negative aspiration.

Group I (infiltration group) received local wound infiltration
using the same 0.25% bupivacaine solution. A volume of 0.25
mL/kg was infiltrated into the planned surgical site by the pe-
diatric surgeon prior to skin incision, using a 23-gauge needle.
The preparation of the infiltration solution followed the same
dilution protocol as in Group C to ensure consistency in drug
concentration across groups.

All procedures were performed by the same pediatric surgi-
cal team. Analgesia was administered after randomization and
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prior to surgical incision by either an anesthesiologist (Group
C) or the surgeon (Group I). No crossover occurred between
groups, and the integrity of the intervention allocation was
maintained throughout the study.

Postoperutive management

After the procedure, anesthesia was discontinued, and pa-
tients were extubated once spontaneous breathing resumed,
and adequate respiratory parameters were achieved. DPa-
tients were then transferred to the Post-Anesthesia Care Unit
(PACU) in stable condition. Anesthesia duration was defined
as the time from induction to extubation, and surgical dura-
tion was defined as the time from induction to final suture
placement—Dboth recorded by the attending anesthesiologist.

In the PACU, noninvasive blood pressure, heart rate, respi-
ratory rate, SpO3, and consciousness were monitored. Post-
operative pain was assessed using the Children’s Hospital of
Eastern Ontario Pain Scale (CHEOPS) by a blinded anesthe-
siologist at the 1*, ond 3rd 5 d 4t postoperative hours. Pa-
tients were transferred to the ward after stabilization.

Hormone measurement

Blood samples for cortisol and prolactin measurements were
obtained twice: immediately before induction and 40 min-
utes after the end of surgery. Samples were collected in EDTA
tubes, centrifuged, and stored at —20°C until analysis. Plasma
cortisol (normal ranges: 1-39 pg/dL in the morning, 3-18
ug/dL in the afternoon) and prolactin levels (girls: 3.2-25.3
ng/mL; boys: 2.9-17.1 ng/mL) were measured using electro-
chemiluminescence immunoassay (ECLIA) on an Elecsys E-
170 analyzer (Roche Diagnostics, Basel, Switzerland).

Statistical analysis

Descriptive statistics were presented as mean * standard devi-
ation (SD) or frequency (%). Categorical variables were com-
pared using the chi-square test. Continuous variables were
compared using independent samples t-test under equal vari-
ance assumptions. Distribution of the data was assessed with
the Shapiro-Wilk test. Postoperative parameters were ana-
lyzed with Repeated Measures ANOVA with Bonferroni cor-
rection. Repeated measures were analyzed using linear mixed-
effects models with random intercepts per patient. Postoper-
ative biomarkers were analyzed using linear regression, with
baseline values and group interaction terms as covariates. A
two-tailed p-value < 0.05 was considered statistically signifi-
cant. All analyses were performed using R software version
4.4.1 (R Foundation for Statistical Computing, Vienna, Aus-
tria).

B RESULTS

A total of 64 pediatric patients were included in the study
(Figure 1). There were no statistically significant differences
between the two groups in terms of sex distribution, age, or
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body weight (p>0.05). Baseline demographic characteristics
of the participants are summarized in Table 1.

In the caudal block group, both mean anesthesia duration and
surgical time were significantly longer compared to the infil-

Table 1. Baseline characteristics by treatment.

. Caudal Infiltration )
Variable N = 321 N = 321 p-value
Sex 0.4

F 7 (22%) 11 (34%)

M 25 (78%) 21 (66%)
Age (months) 30 (19) 33 (26) 0.5
Body Weight (kg) 12.7 (3.4) 13.7 (5.3) 0.4

' n (%); Mean (SD), * Pearson’s Chi-squared test; Two Sample t-test

Table 2. Fentanyl dose, anesthesia and operation durations by group.

Variable Caudal’ Infiltration”  p-value?
Mean Anesthesia Duration (mins) 71 (36) 50 (23) 0.007
Mean Operation Duration (mins) 60 (33) 46 (18) 0.047
Mean Fentanyl Dose (mcg) 13.2(4.1)  13.3(7.7) >0.9

! Mean (SD); > Two Sample t-test

Table 3. CHEOPS by hour and groups.

Hours After Operation Caudal’ Infiltration’ p-value?
1 8.16 (2.50) 7.81(1.99) 0.5
2 7.66 (2.24) 7.59 (2.00) >0.9
3 7.78 (2.15) 7.84 (2.32) >0.9
4 7.66 (2.06) 7.78 (2.04) 0.8

Cheops: Mean (SD); > Two-way ANOVA with Bonferroni correction.

Table 4. Results of linear regression analysis of variables affecting post-
operative cortisol levels.

Characteristic Beta 95% CI' p-value
Preoperative Cortisol Level 0.31 -0.23,0.84 0.3
Group

Caudal

Infiltration -4.6 -15,6.0 0.4
Preoperative Cortisol Level * Group

Preoperative Cortisol Level * Infiltration ~ 0.28  -0.44,1.0 0.4

! CI = Confidence Interval.

Table 5. Results of linear regression analysis of variables affecting post-
operative prolactin levels.

Characteristic Beta 95% CI' p-value
Preoperative Prolactin Level 042 0.22,0.62 <0.001
Group

Caudal

Infiltration 9.6 -4.6, 24 0.2
Preoperative Prolactin Level * Group

Preoperative Prolactin Level * Infiltration  -0.35  -0.93,0.24 0.2

' CI = Confidence Interval.
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Figure 1. CONSORT flow diagram of the study.

Analysed (n=32)

tration group. The difference in anesthesia duration was -21
minutes (95% CI: -36 to -6, p = 0.007), while the difterence
in surgical duration was —14 minutes (95% CI: =26 to 0, p =
0.047) (Table 2). The mean fentanyl dose was similar between
the groups (difference: 0.1 mcg, 95% CI: -3 to +3, p>0.9).

Postoperative CHEOPS pain scores did not differ signifi-
cantly between the two groups. The mean difference in scores
was —0.4, which was not statistically significant (95% CI: -1.7
t0 0.8, p=0.5). Additionally, time had no significant effect on
CHEOPS scores (hour effect: —0.14, 95% CI: -0.5 to +0.2, p
= 0.4) (Table 3).

Neither the type of analgesia nor preoperative cortisol levels
had a significant effect on postoperative cortisol concentra-
tions (Figure 2, Table 4). Similarly, the type of analgesia did
not influence postoperative prolactin levels. However, pre-
operative prolactin levels showed a positive correlation with
postoperative levels (Figure 3, Table 5).

B DISCUSSION

This study aimed to compare the effects of caudal block and
local wound infiltration on postoperative stress hormone re-
sponse (cortisol and prolactin) and analgesic efficacy in chil-
dren aged 1-4 years undergoing inguinal hernia repair. Our
findings demonstrate that both techniques provided similar
postoperative pain control and did not produce significant
differences in cortisol and prolactin levels. Notably, anesthe-
sia and surgical durations were longer in the caudal group.

Caudal anesthesia is a widely used technique in pediatric
patients, particularly in subumbilical surgeries, and has been
shown in several studies to improve postoperative analgesia
and reduce pain scores. For instance, Ingelmo et al. reported
that caudal administration of ropivacaine significantly re-
duced plasma prolactin and cortisol levels [6]. However, that
study did not emphasize pain scores and was not conducted
under general anesthesia, limiting direct comparison
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with our results.

In our study, both groups received general anesthesia, allow-
ing for a more isolated assessment of the analgesic technique’s
effect. This likely explains the similar pain scores between
groups. Cinar et al. reported a significant decrease in corti-
sol levels in children receiving levobupivacaine via wound in-
filtration [7]. While a similar hormonal suppression was ob-
served in our study, no statistically significant difference was
found between the two techniques.

Another study by Sakellaris et al. reported a significant reduc-
tion in postoperative prolactin levels in children who received
ropivacaine wound infiltration [8]. Our findings align with
this in the infiltration group; however, we also observed a pos-
itive correlation between preoperative and postoperative pro-
lactin levels, suggesting that individual hormonal responses

may be partially predictable.

In arandomized controlled trial by Gavrilovska-Brzanov et al.
caudal block and local infiltration were compared, revealing
that although caudal block provided longer analgesia, both
techniques similarly reduced cortisol levels [9]. These find-
ings support our results, indicating that both methods, when
appropriately applied, can effectively modulate postoperative
stress responses.

Park and Lee also found that wound infiltration shortened
overall procedure time and was easier to administer [10]. In
our study, the longer time required for positioning and per-
forming the caudal block led to prolonged anesthesia and sur-
gical durations, highlighting an important practical consider-
ation.

There are several limitations to our study. It was not blinded,
and the sample size was relatively small. However, the use of
a consistent surgical team and blinded pain assessment by an
independent anesthesiologist mitigate some of these limita-
tions. Additionally, hormonal levels were measured only at
two time points (preoperative and 40 minutes postoperative);
longer-term follow-up could provide further insight into hor-
monal adaptation dynamics.

In conclusion, our findings show that both caudal block and
local wound infiltration are similarly effective in managing
postoperative pain and stress hormone responses in pediatric
patients undergoing inguinal hernia repair. In clinical prac-
tice, the choice of analgesic technique should be guided by pa-
tient characteristics, ease of application, and procedural dura-
tion. Although caudal block may offer longer-lasting analge-
sia, wound infiltration remains a technically simpler and time-
efficient alternative. Both techniques can be safely utilized in
appropriate clinical settings.

E CONCLUSION

This study demonstrated that caudal anesthesia and local
wound infiltration provide comparable efficacy in postopera-
tive pain control and hormonal stress response in pediatric in-
guinal hernia surgeries. While no significant differences were
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observed in cortisol or prolactin levels, or in pain scores and
fentanyl consumption, our findings offer several clinically rel-
evant insights.

Notably, caudal anesthesia required significantly longer anes-
thesia and surgical time, likely due to positioning and proce-
dural complexity, which may affect workflow and resource al-
location in busy clinical settings. In contrast, local wound in-
filtration is technically simpler, more time-efficient, and can
be performed directly by the surgeon—factors that may con-
tribute to lower costs and increased procedural autonomy.

Moreover, caudal block necessitates lateral positioning of the
child, potentially introducing a confounding variable in hor-
monal stress response due to physical manipulation or pro-
cedural anxiety. Additionally, the circadian rhythm of stress
hormones—particularly cortisol—raises the possibility that
timing of sample collection may influence results. Future
studies should account for these factors, including economic
analysis, timing-related hormonal fluctuations, and role dif-
ferentiation between anesthesia and surgical teams, to opti-
mize analgesic strategies in pediatric practice.
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