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Effect of hydromorphone combined
with ropivacaine caudal block on immune
function after hypospadias surgery in children

Yuzhu Cai', Mingwen Yang', Xinghui Liu', Lingli Zhang', Jun Wang' and Yingying Sun""

Abstract

Background This study aimed to evaluate the effects of caudal block anesthesia with hydromorphone-ropivacaine
compared to ropivacaine alone on postoperative immune function and pain management in children undergoing
hypospadias surgery.

Methods A total of 100 pediatric patients were randomly assigned to two groups: the Hydromorphone-Ropivacaine
(HR) group and the Ropivacaine (R) group for caudal block anesthesia, with 50 patients in each group. The R group
received 0.25% ropivacaine at a dose of 1 ml/kg, while the HR group received 0.25% ropivacaine (1 ml/kg) combined
with hydromorphone (10 pg/kg). The maximum dose for both groups was capped at 30 ml (1 ml/kg). Anesthesia
induction included intravenous administration of pentobarbital (0.01 mg/kg) and dexamethasone (0.15 mg/kg),
followed by sevoflurane inhalation. All patients underwent ultrasound-guided caudal block anesthesia administered
by the same anesthetist. Primary outcomes included the distribution of T lymphocyte subsets (CD3+, CD4+, CD8+,
and CD4+/CD8 +ratios) measured at five time points: pre-anesthesia (T0), end of surgery (T1), 24 h postoperatively
(T2), 48 h postoperatively (T3), and 72 h postoperatively (T4). Secondary outcomes included postoperative pain scores
assessed using the Modified Children’s Hospital of Eastern Ontario Pain Scale (M-CHEOPS) at 1,6, 12, 18,and 24 h
postoperatively, sedation levels evaluated using the Ramsay sedation scale at the same time points, and the incidence
of postoperative adverse events.

Results The HR group exhibited significant reductions in CD3, CD4*, and CD4"/CD8" ratios at T1,T2, and T3
compared to baseline (T0) (p <0.001). At all postoperative time points (T1,T2,T3,T4), the HR group demonstrated
significantly higher levels of CD3*, CD4", and CD4*/CD8* ratios compared to the R group (p<0.001). By T4 (72 h
postoperatively), immune markers in the HR group had largely normalized to baseline levels, whereas those in the

R group remained significantly lower (p <0.001). Postoperative pain, assessed using the Modified Children’s Hospital
of Eastern Ontario Pain Scale (M-CHEOPS), was significantly lower in the HR group at 6, 12, and 18 h postoperatively
compared to the R group (p<0.001). The HR group also exhibited a longer duration of analgesia and required

fewer doses of rescue analgesia within the first 24 h postoperatively (p=0.046). Sedation levels, evaluated using the
Ramsay sedation scale, showed significant differences between the groups at 1 h (p=0.0087) and 6 h (p <0.0001)
postoperatively, with higher sedation scores observed in the HR group. There were no significant differences in heart
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rate, systolic blood pressure, diastolic blood pressure, mean arterial pressure, or oxygen saturation between the
groups at any time point (p>0.05). No significant differences were observed between the two groups in terms of

postoperative adverse reactions (all p>0.05).

Conclusion Caudal block anesthesia with hydromorphone-ropivacaine offers enhanced postoperative pain relief
and a lesser impact on immune function compared to ropivacaine alone in children undergoing hypospadias surgery.
Further studies are warranted to explore the long-term effects on immune function.

Keywords Hydromorphone, Ropivacaine, Caudal block, Hypospadias surgery, Immune function, T lymphocyte

subsets, Anesthesia

Introduction

Hypospadias is a common congenital disorder in males,
characterized by abnormal urethral development and
affecting approximately 1 in every 125 newborns [1].
Unlike many other conditions, hypospadias not only
causes significant physical impairment but also leads to a
range of physical and psychological challenges, especially
in less developed regions [2]. Surgical repair remains the
only definitive treatment, though expectant management
may be considered for minor cases. Even after surgery,
patients may continue to face functional and psycho-
logical issues throughout their lives [3]. The primary
objective of surgical intervention is to restore both the
appearance and function of the penis, but outcomes vary
significantly. These are influenced by factors such as the
type and severity of the abnormality, patient condition,
specific surgical techniques, and surgeon skill. Common
complications include urethrocutaneous fistula, bleeding,
catheter blockage, urine leakage, wound infection, glans
dehiscence, penile shaft torsion, and meatal stenosis.
Achieving optimal outcomes with minimal complications
requires a comprehensive preoperative assessment, care-
ful selection of surgical approach, meticulous tissue han-
dling, and diligent postoperative follow-up [4]. Despite
advancements in surgical techniques, hypospadias repair
remains challenging, with a high complication rate even
among experienced surgeons [5, 6].

Various factors—such as surgery duration, repair
type, patient age, and postoperative inflammation—sig-
nificantly impact surgical outcomes and may exacerbate
immune impairment, an issue with critical clinical impli-
cations [7-10]. A compromised immune system during
the perioperative period is linked to an increased risk of
postoperative infections and sepsis [11]. Cellular immu-
nity, primarily mediated by T lymphocytes, is crucial for
the body’s defense against infections. CD3" serves as a
marker for total T cells [12], CD4" T-helper cells activate
both cellular and humoral immunity [13], while CD8* T
cells primarily function as cytotoxic lymphocytes, play-
ing a crucial role in targeting and eliminating infected or
malignant cells [14]. A reduced CD4*/CD8" ratio is typi-
cally associated with disease severity and poor progno-
sis [15]. As well as a decrease in T lymphocyte numbers

surgery also causes a shift in the balance between the
immune-suppressive regulatory T lymphocytes and the
immune promoting helper T and cytotoxic T cells. This
shift results in a predominance of T regulatory cells in
the post-operative period [16].

Anesthetic agents also play a significant role in modu-
lating immune function, potentially affecting periopera-
tive infection rates and surgical outcomes. The immune
system comprises innate and adaptive components;
the former provides immediate, non-specific pathogen
defense, while the latter recognizes specific antigens and
establishes immune memory. Various anesthetic agents
and perioperative drugs can influence both innate and
adaptive immunity, potentially affecting the interplay
between these immune components. Compared to gen-
eral anesthesia alone, combining caudal block with gen-
eral anesthesia has been shown to reduce postoperative
pain and complications in pediatric hypospadias surger-
ies [17]. Regional anesthesia, such as caudal block, has
been associated with immune benefits, including reduced
anesthetic consumption, surgical stress, enhanced pain
management, and decreased opioid use [18]. Effective
postoperative analgesia helps preserve immune function
in surgical patients [19]. Compared to general anesthe-
sia alone, epidural anesthesia reduces neuroendocrine
responses, aiding in immune homeostasis [20-22]. Cau-
dal block anesthesia, a form of epidural block, is com-
monly used in pediatric surgeries. While traditional
single-shot caudal blocks with local anesthetics are effec-
tive for acute and chronic pain management, their limita-
tions include short action duration and dose-dependent
side effects on cardiovascular and central nervous sys-
tems. To prolong sensory and motor blocks and reduce
cumulative anesthetic doses, adjuvants or additives are
often used. A wide range of adjuvants have been explored,
from classical opioids to other agents with varying mech-
anisms of action. Numerous opioids, such as morphine,
fentanyl, sufentanil, buprenorphine, and tramadol, have
been used with variable success [23, 24]. Hydromor-
phone, a semi-synthetic morphine derivative, has a
balanced solubility and lipophilicity profile, making it
particularly suitable for this purpose. Compared to mor-
phine, hydromorphone has a faster onset and a longer
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duration of action than fentanyl, without causing delayed
respiratory depression. Current evidence supports the
safe use of hydromorphone in pediatric neuraxial anes-
thesia [25]. Hydromorphone-ropivacaine combinations
have demonstrated superior analgesia compared to ropi-
vacaine alone, reducing the need for systemic opioids
and minimizing opioid-related adverse effects. Studies in
pediatric populations undergoing urological, abdominal,
and orthopedic procedures have shown that this combi-
nation enhances postoperative analgesia, facilitates early
mobilization [26], and may improve surgical outcomes
by reducing opioid-induced side effects such as nausea,
vomiting, and pruritus [27, 28]. The current study builds
upon this foundation by evaluating its immunomodula-
tory effects in addition to its analgesic efficacy.

Despite the improvements in appearance and func-
tion achieved through hypospadias surgery, the impact
of surgical stress and anesthesia on the immune system
remains a major concern. Studies have shown that surgi-
cal stress can trigger the release of stress hormones and
inflammatory mediators, inducing systemic inflamma-
tory response syndrome (SIRS) and suppressing immune
function. This immune suppression is particularly pro-
nounced in children, whose immune systems are still
developing, increasing their susceptibility to infections
and other complications. This study aims to explore the
effects of combining hydromorphone and ropivacaine in
caudal block anesthesia on postoperative immunosup-
pression. It seeks to provide new anesthetic strategies for
hypospadias repair, with the goal of reducing postopera-
tive immunosuppression and promoting recovery.

Patients and methods

Patients

This prospective, randomized, controlled trial was con-
ducted in the Department of Anesthesiology and Periop-
erative Medicine at Anhui Provincial Children’s Hospital
(Anhui, China) from June 2023 to August 2024. The study
protocol was approved by the Ethics Committee of Anhui
Children’s Hospital (Approval Number: ETYY-2022-
025). Written informed consent was obtained from the
guardians of all participants in accordance with the prin-
ciples of the Declaration of Helsinki. Inclusion criteria
consisted of: (1) Children diagnosed with hypospadias
requiring urethroplasty at Anhui Children’s Hospital.
(2) Ages 1 to 3 years. (3) ASA classification I or II. (4)
Complete medical records without prior treatment at
other facilities. Exclusion criteria included: (1) Children
with severe hypovolemia and shock. (2) Children with
thrombocytopenia or coagulopathy. (3) Children with
infections at the puncture site. (4) Patients with central
nervous system disorders, particularly those with spinal
cord or nerve root abnormalities.(5) Patients exhibiting
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signs of intracranial hypertension preoperatively. (6)
Children with acute or severe bronchial asthma.

Methods

Patients were randomly assigned to two groups: the Rop-
ivacaine group (R group), which received sacral block
anesthesia with ropivacaine (0.25% ropivacaine at 1 ml/
kg) combined with general anesthesia, and the Hydro-
morphone group (HR group), which received hydro-
morphone plus ropivacaine (hydromorphone at 10 pg/
kg combined with 0.25% ropivacaine at 1 ml/kg ) [29].
The attending physician independently assessed patient
eligibility based on medical history. Randomization was
performed using a computer-generated randomization
table (n=>50 per group). The attending physician was also
responsible for drug preparation to ensure consistency
throughout the study.

Preoperative requirements included fasting: clear lig-
uids for 2 h, formula milk for 6 h, and solid food for 8 h.
Patients received a topical application of lidocaine oint-
ment (a 1:1 soluble mixture of 2.5% lidocaine and 2.5%
prilocaine) the night before surgery and had a peripheral
intravenous catheter placed. All patients were accom-
panied by a parent into the operating room, where they
were connected to monitors (Philips Medizin System
Boeblingen GmbH) to assess blood pressure (BP), heart
rate (HR), and pulse oximetry (SpO,).

Anesthesia induction

Induction agents included 0.01 mg/kg of pentobarbi-
tal (Jinzhou Aohong Pharmaceutical Co., Ltd., National
Drug Code H20020606) and 0.15 mg/kg of dexametha-
sone (Hainan Betters Pharmaceutical Co., Ltd., National
Drug Approval Code H32021561) (maximum dose
5 mg). Sevoflurane (Maruishi Pharmaceutical Co., Ltd.,
H20150020) was initiated at 8% and then reduced to 5%.
Once the child exhibited no spontaneous movement,
regular breathing, and centered gaze, a laryngeal mask
was placed. For patients with airway hyperreactivity, an
orotracheal tube was inserted. Patients requiring intuba-
tion received cisatracurium (Jiangsu Hengrui Medicine
Co., Ltd., National Drug Approval Code H20183042)
(0.1 mg/kg) four minutes prior. Following mechani-
cal ventilation, respiratory parameters were adjusted
to maintain end-tidal carbon dioxide levels at 30-35
mmHg. All patients underwent sacral block anesthe-
sia administered by the same anesthetist, while another
monitored vital signs.

The child was positioned on their left side, with knees
drawn toward the abdomen. Midpoints of the sacral
angles were marked, and the injection site and surround-
ing area were sterilized after handwashing. Using an
ultrasound diagnostic system (Mindray Resona 7EXP,
Shenzhen Mindray Bio-Medical Electronics Co., Ltd.,
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China) with a sterile sheath, the sacral canal was visu-
alized. The ultrasound transducer was positioned per-
pendicular to the midline to obtain transverse views,
scanning from the coccyx to the head. Once a cross-sec-
tional image of the sacral angle was obtained, the trans-
ducer was rotated 90° for a longitudinal view. The probe
was then moved toward the coccyx and head to observe
the S5-S1 junction. Using the spinous process as a guide,
the echogenic sacral ligament was visualized, allowing for
clear identification of the needle’s trajectory.

After confirming no blood or cerebrospinal fluid upon
aspiration, anesthetic was slowly injected into the sacral
canal in a stepwise manner. In the R group, 0.25% ropi-
vacaine (Shijiazhuang Fourth Pharmaceutical Co., Ltd.,
National Drug Approval Code H20203107) (1 ml/kg) was
administered; in the HR group, 0.25% ropivacaine (1 ml/
kg) combined with hydromorphone (Yichang Renfu
Pharmaceutical Co., Ltd., National Drug Approval Code
H20120100) (10 pg/kg) was used. The maximum dose for
both groups was capped at 30 ml (1 ml/kg) [30]. The delay
for sacral block was set to 60 s. Post-injection, subcuta-
neous swelling was examined. General anesthesia was
maintained with sevoflurane, adjusting the inhalation
concentration to ensure hemodynamic stability (changes
in mean arterial pressure [MAP] and heart rate [HR] not
exceeding 20% of baseline). After the return of sponta-
neous breathing and full consciousness, the laryngeal
mask or endotracheal tube was removed, and the patient
was transferred to the recovery room for observation.
Patients met discharge criteria (Aldrete score>9) before
being transferred to the surgical ward [31]. If MAP and/
or HR increased more than 20% from baseline or if the
child exhibited movement during the procedure, sacral
block anesthesia was deemed unsuccessful. If intrave-
nous sufentanil (Yichang Renfu Pharmaceutical Co., Ltd.,
National Drug Approval Code H20054171)>0.1 pg/kg
was required 20 min post-sacral puncture, the patient
was excluded from the study. All patients received
0.1 mg/kg of Tropisetron (Hangzhou Minsheng Phar-
maceutical Co., Ltd., National Drug Approval Code
H20052664) intravenously after surgery.

T lymphocyte subset analysis

Five milliliters of venous blood were collected at the fol-
lowing time points: pre-anesthesia (T0), end of surgery
(T1), 24 h postoperatively (T2), 48 h postoperatively (T3),
and 72 h postoperatively (T4), mixed with anticoagulant
tubes. After centrifugation at 3000 rpm for 5 min at room
temperature, plasma was stored at -40 °C for analysis.
Flow cytometry (FACS Calibur, BD Company) was used
to analyze the anticoagulated blood samples, counting T
lymphocyte subsets (CD3", CD4*, and CD8).
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Postoperative pain management

Pain was assessed at 1, 6, 12, 18, and 24 h postopera-
tively using the Modified Children’s Hospital of East-
ern Ontario Pain Scale (M-CHEOPS) [32], with scores
exceeding 6 indicating inadequate analgesia [33]. Acet-
aminophen (Shanghai Johnson Pharmaceutical Co., Ltd.,
National Drug Approval Code H19990007) (20 mg/kg)
was administered orally as needed. Pain assessments and
duration of analgesia were recorded during the first 24 h
post-surgery, defined as the time from surgery comple-
tion to the first dose of acetaminophen. If pain per-
sisted, doses were repeated every 4 h until alleviation was
achieved. Total acetaminophen dosage, intervals, and
consumption were documented.

Observation indicators

Basic information and Surgery/Anesthesia-Related data
Basic demographic and anesthesia-related data collected
included patient gender, age, weight, height, duration of
surgery (from incision to dressing completion), duration
of anesthesia (from induction to extubation), recovery of
spontaneous breathing (from cessation of sevoflurane to
resumption of breathing), eye-opening time (from cessa-
tion of sevoflurane to eye-opening), extubation time, and
PACU stay duration.

Primary outcome measures
Distribution of T cell subsets (CD3*, CD4*, CD8", and
CD4*/CD8" ratios) at TO, T1, T2, T3, and T4.

Secondary outcome measures

Postoperative pain scores were assessed using the modi-
fied M-CHEOPS at 1, 6, 12, 18, and 24 h. Postoperative
sedation levels were evaluated using the Ramsay sedation
scale at the same time points [34]. Blood pressure, MAP,
heart rate, and pulse oximetry were recorded at multiple
points: pre-anesthesia, post-induction, post-sacral block,
before transfer to recovery, and immediately after extuba-
tion. The occurrence, timing, and dosage of rescue anal-
gesia during the perioperative period were documented,
along with any postoperative adverse events. The use of
airway devices (endotracheal tube/laryngeal mask) dur-
ing general anesthesia was recorded for each patient.

Statistical analysis

The sample size calculation for this study was based on
detecting significant differences in postoperative immune
function and pain management between the Hydromor-
phone-Ropivacaine (HR) group and the Ropivacaine
(R) group. Based on previous studies assessing similar
outcomes, a medium effect size (Cohen’s d~0.5) was
assumed for differences in T lymphocyte subsets (CD3",
CD4*, CD8*, and CD4*/CD8" ratios) and pain scores
(M-CHEOPS) between the two groups. A two-sided
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significance level of 0.05 was used for statistical testing.
The power was set at 80% to ensure the study had suffi-
cient sensitivity to detect meaningful differences between
groups. To account for potential loss to follow-up, we
estimated a dropout rate of 10%. Using these parameters,
the sample size was calculated using standard sample size
estimation formulas for comparing means between two
independent groups. The final estimated sample size was
a minimum of 50 patients per group, for a total of 100
patients.

Data were analyzed using SPSS software (version 20.0).
Descriptive statistics were applied to summarize demo-
graphic data and surgical/anesthetic-related variables.
Continuous variables, such as patient age, weight, sur-
gery duration, and anesthesia duration, were expressed
as mean t standard deviation (SD) and compared using
independent samples t-tests for normally distributed
data, or Mann-Whitney U tests for non-normally distrib-
uted data. Categorical variables, including gender and
airway management tools, were presented as frequencies
(n) and percentages (%) and analyzed using chi-square
tests or Fisher’s exact tests, as appropriate. Repeated
measures analysis of variance (ANOVA) was used to
evaluate changes in T lymphocyte subsets (CD3*, CD4",
CD8", and the CD4"/CD8" ratio), pain scores (M-CHE-
OPS), and sedation scores (Ramsay) over time (TO,
T1, T2, T3, T4 for lymphocyte subsets; 1, 6, 12, 18, and
24 h post-surgery for pain and sedation scores). In cases
where the ANOVA results showed significant differ-
ences, post hoc analyses were conducted using the least
significant difference (LSD) test to identify specific time
points with differences. Vital signs (blood pressure, mean
arterial pressure, heart rate, and oxygen saturation) were
compared between groups at various time points using
repeated measures ANOVA. The need for rescue analge-
sia and the incidence of postoperative adverse reactions
were analyzed using chi-square or Fisher’s exact tests. A
p-value of <0.05 was considered statistically significant
for all comparisons.

Results

Study population and baseline characteristics

A total of 111 patients were assessed for eligibility to par-
ticipate in this study. Six patients were excluded due to
the intraoperative administration of opioid analgesics for
hemodynamic instability, and five patients declined to
participate. Ultimately, 100 patients completed the study
and were included in the statistical analysis, with 50
patients in each group (Fig. 1). No significant differences
were found between the two groups regarding demo-
graphic factors (age, gender, height, weight) or clinical
characteristics (diagnosis) (p>0.05; Table 1). Addition-
ally, there were no significant differences between the
groups in terms of surgery duration, anesthesia duration,
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time to return of spontaneous respiration, time to eye
opening, extubation time, PACU stay, or length of hospi-
tal stay (all p >0.05; Table 1).

Immune function

At baseline (T0), no significant differences were observed
between the two groups in terms of T lymphocyte subsets
(CD3*, CD4*, CD8*, and CD4*/CD8" ratios) (p>0.05).
However, compared to T0, the HR group showed signifi-
cant reductions in CD3", CD4", and CD4"/CD8" ratios
at T1, T2, and T3 (p<0.001). Similarly, the R group dem-
onstrated significant decreases in these subsets at T1, T2,
T3, and T4 (Except for the TO VS T4 p=0.01, all other
p<0.001). At T1, T2, T3, and T4, the HR group had sig-
nificantly higher levels of CD3*, CD4", and CD4*/CD8*
ratios compared to the R group (p <0.001). By T4, the lev-
els of CD3*, CD4", and the CD4*/CD8" ratio in the HR
group had essentially normalized to baseline levels (T0)
(CD3*: p=0.184; CD4"*: p=0.090; CD8": p=0.932; CD4*/
CD8*: p=0.236).the HR group still exhibited elevated
levels of CD3*, CD4*, and CD4*/CD8" ratios relative to
the R group (p<0.001). Importantly, there were no signif-
icant changes in CD8" levels at any of the five time points
for either group (Table 2). These findings suggest that the
HR treatment has a lesser impact on cellular immune
function compared to the R treatment.

Postoperative pain and analgesia

Postoperative pain, assessed using M-CHEOPS scores,
was significantly lower in the HR group at 6, 12, and
18 h postoperatively compared to the R group (p <0.001;
Table 3). Additionally, 38 children (38%) did not require
rescue analgesia within the first 24 h postoperatively.
Of these, 24 (48%) were in the HR group and 14 (28%)
were in the R group, with an analgesia duration exceed-
ing 24 h in all cases. Among the children who required
rescue analgesia (n=62), those in the HR group required
less postoperative rescue analgesia (p=0.046) and had a
longer duration of analgesia ( p<0.001) compared to the
R group (Table 4).

Postoperative sedation levels

The comparison of Ramsay Sedation Scores between the
two groups after surgery revealed that the HR group had
significantly higher sedation scores than the R group at
1h (p=0.0087) and 6 h (p <0.0001) postoperatively. How-
ever, no significant differences in sedation scores were
observed between the two groups at 12 h (p=0.435), 18 h
(p=1),and 24 h (p=1) postoperatively (Table 5).

Vital signs and airway devices

There were no significant differences between the groups
in terms of heart rate, systolic blood pressure, dia-
stolic blood pressure, mean arterial pressure, or oxygen
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Inclusion

Assessed for
eligibility (n=111)

Excluded (n=11)
[ % Intraoperative administration of

Randomized
(n=100)

A 4

“|opioid analgesics for hemodynamic
instability (n=6)
% Declined to participate (n=5)

A4

Group HR
Allocated for intervention (n=50)
Received allocation for intervention

Group R
Allocated for intervention (n=50)
Received allocation for intervention

(n=50) (n=50)
}
Follow up
Analyzed and Analysis
(n=50)
Excluded
(n=0)

Fig. 1 Flowchart for selection of study participants

Table 1 Comparison of baseline characteristics of patients
between the HR and R groups (Mean +SD)

Variable HR R p
Age (years) 1.75+0.81 1.82+0.76 0.657
Height (cm) 86.52+6.85 87.01+£7.03 0.725
Body Mass Index (kg/m?) 16.84+1.92 17.22+181 0.311
Time of Surgery (min) 1412945266 13842+48.14 0.777
Time of Anesthesia (min) 17527 +61.15 17995+67.11 0.716
Time of Spontaneous Breath-  5.64+3.15 5.99+299 0.570
ing Recovery (min)

Time of Eyes Opening (min) 1735+4.17 17.97+5.59 0.531
Time of Extubation (min) 12.07+5.10 12.72+6.23 0.569
PACU Stay Time (min) 3148+7.36 3267+8.15 0.445
Length of Hospital Stay (days) 10.1+£14 106+1.7 0.112

HR (n=50), Hydromorphone-Ropivacaine Composite Group; R (n=50),
Ropivacaine Group

saturation at any of the following time points: pre-anes-
thesia, immediately after intubation, post-sacro-coc-
cygeal block, immediately before surgery, immediately
after surgery, or immediately after extubation (all p > 0.05;
Fig. 2). The use of laryngeal masks and endotracheal
intubation was also comparable between the groups:

|
Analyzed
(n=50)
Excluded
(n=0)

HR group (LMA=48; ETT=2) and R group (LMA =47;
ETT=3) (p=0.617).

Complications

No significant differences were observed between the
two groups in terms of postoperative adverse reactions
(all p>0.05; Table 6).

Discussion

This study reveals that both groups experienced a
decrease in CD3*, CD4*, CD8", and CD4"/CD8" ratios
at T1, T2, and T3 compared to TO, indicating post-
surgical immunosuppression. However, the HR group
(hydromorphone combined with ropivacaine) dem-
onstrated a more robust recovery in immune markers
than the R group (ropivacaine alone). By T4, immune
markers in the HR group had largely returned to preop-
erative levels, whereas markers in the R group remained
lower, suggesting an immunoprotective advantage of
the HR approach. The observed T-cell subset changes
imply that the HR group may better mitigate postopera-
tive immunosuppression, a particularly relevant effect
in pediatric postoperative recovery, where the underde-
veloped immune system in children makes them more
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Table 2 Comparison of T lymphocyte subsets in patients with hypospadias before and after receiving hydromorphone-ropivacaine
caudal block anesthesia and ropivacaine caudal block anesthesia treatment (Mean +SD)

Time point Group CD3* CD4* cD8* CD4*/CD8*
T0 HR 68.73+2.00 3886+ 184 26.56+1.74 147+0.14

R 67.67+558 3896+ 144 2681+094 147+0.09
T HR 62.22+3.94 35.55+2.08° 26.26+1.09 135+0.08°

R 56.27 +4.51%P 29.59+421%° 2652+098 1.12+0.18%°
™ HR 53.73+198° 26.84+190° 2623+0.79 1.02+0.15°

R 50.09+4.89%° 23124259 26.50+0.70 087+0.10%°
T3 HR 61.88+421° 34.93+4.60° 26.18+2.80 133+0.18°

R 5427 +451%P 27.29+421%° 26.50+2.66 1.03+020%°
T4 HR 68.20+196 3823+1.84 26.53+1.73 144+0.11

R 6367 +558*P 3486+6.19%° 2661+133 131+024%°

2p<0.05 vs. TO in the same group; 5p<0.05 vs. the CGEA group at the same time point. TO, before anesthesia; T1, at the end of surgery; T2, 24 h after surgery; T3,48 h
after surgery; T4, 72 h after surgery. HR (n=50), Hydromorphone-Ropivacaine Composite Group; R (n=50), Ropivacaine Group; CD, cluster of differentiation

Table 3 Comparison of M-CHEOPS score for postoperative
analgesia time between the two groups of children (Mean+SD)

Time Point HR R p

1h 4.72+0.55 4.83+0.71 0448
6h 5694062 6.51+0.70 0.00006
12h 649+0.52 742+0.69 0.00002
18 h 6.97+0.67 8.60+0.63 0.00001
24h 6.23+0.56 645+0.71 0315

HR (n=50), Hydromorphone-Ropivacaine Composite Group; R (n=50),
Ropivacaine Group

Table 4 Comparison of the number of acetaminophen doses
received by children, the dosage of acetaminophen used, and
postoperative analgesia duration under two different caudal
administration regimens

HR (n=50) R (n=50) p
n (%) 26 (52%) 36 (72%) 0.039
Dose? 35 (22-46) 45 (22-65) 0.046
Time® 732 (425-860) 390 (182-468) 0.001

HR, Hydromorphone-Ropivacaine Composite Group; R, Ropivacaine Group.
Dose and time presented as median M (P,5~P;s). *Acetaminophen dose in
mg.kg—1in 24 h.°Analgesia time in minutes

susceptible to infection. Previous studies have established
a link between postoperative immunosuppression and
an increased risk of complications such as infection and
delayed healing [15]. Additionally, the HR group’s faster
recovery in immune function could be associated with
hydromorphone’s immunomodulatory properties, align-
ing with research that suggests hydromorphone reduces
postoperative inflammation [35]. Hydromorphone has
been shown to lessen postoperative immunosuppres-
sion by inhibiting the release of inflammatory cytokines,
enabling a more rapid immune recovery following surgi-
cal stress. This effect may not only enhance postoperative
infection resistance in children but also reduce the inci-
dence of postoperative complications [36]. Interestingly,
no significant changes in CD8" levels were observed
between the groups at any postoperative time point.
One possible explanation is that the groups of patients

Table 5 Frequency of patients with different intensities of
sedation assessed using Ramsay scale in the postoperative
period in the two groups of children undergoing caudal epidural
anesthesia with different anesthetic solutions

Time point Group Mild Moderate Deep
Th HR 30 16 4
R 36 12 2
6h HR 38 12 0
R 47 3 0
12h HR 46 4 0
R 47 3 0
18h HR 50 0 0
R 50 0 0
24h HR 50 0 0
R 50 0 0

HR (n=50), Hydromorphone-Ropivacaine Composite Group; R (n=50),
Ropivacaine Group. Sedation intensity was classified as mild (0-2 points on
Ramsay scale), moderate (3-4 points on Ramsay scale) or deep (5-6 points on
Ramsay scale)

were treated with the same surgical procedures and the
degrees of injury of the two groups were not significantly
different from each other. Therefore, the direct cell killing
effect of CD8" T cells on target cells was not obviously
affected [37]. Additionally, the duration of immune mon-
itoring (up to 72 h postoperatively) may not have been
sufficient to capture delayed changes in CD8" levels. Fur-
ther studies measuring longer-term immune responses
and additional immune markers could provide deeper
insights into these mechanisms.

From an analgesic perspective, the HR group demon-
strated superior postoperative pain control, as evidenced
by lower M-CHEOPS scores at 6, 12, and 18 h post-sur-
gery compared to the R group. Patients in the HR group
also exhibited longer pain-free intervals and required
fewer doses of rescue analgesia. When administered via
caudal block, hydromorphone has shown to be a safe
and effective method for managing perioperative pain
in pediatric patients [25]. Research by Hong et al. cor-
roborates these findings, showing that hydromorphone
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Fig.2 Comparison of perioperative basic vital signs in children under general anesthesia combined with caudal block using two different caudal admin-
istration regimens. HR (n=50), Hydromorphone-Ropivacaine Composite Group; R (n=>50), Ropivacaine Group, all p>0.05

Table 6 Comparison of the incidence of postoperative adverse complicaitons between the two groups of children

Group Nausea and Vomiting Hypoxemia Respiratory Depression/Apnea Pruritus Bronchospasm Laryngeal Spasm
HR 5(10%) 5(10%) 4 (8%) 0 0 0

R 7 (14%) 5(10%) 5(10%) 3 (6%) 0 0

p 0.538 1 1 0.242

HR (n=50), Hydromorphone-Ropivacaine Composite Group; R (n=>50), Ropivacaine Group; The data in the table are example, example (%)

provides comparable pain relief to intravenous PCA in
pediatric spinal surgeries, with fewer adverse effects [38].
Other studies, such as Yang et al., have shown that hydro-
morphone combined with local anesthetics provides
extended analgesia across various surgeries, likely due to
hydromorphone’s opioid receptor-mediated reduction of
pain signal transmission [39]. In our study, the HR group
did not require additional analgesia postoperatively, fur-
ther supporting the efficacy of this combination for pro-
longed analgesia. This effect is particularly beneficial in
pediatric patients, as it reduces the need for higher opi-
oid doses, lowering the risk of adverse effects, including
excessive sedation and respiratory depression, consistent
with findings from other studies [40].

Sedation levels, measured via the Ramsay scale,
revealed statistically significant differences between the
two groups at 1 h and 6 h post-surgery (p <0.05), though
no significant differences were observed at later time
points. This suggests that hydromorphone may cause

a slight increase in sedation levels early on, with the
effect diminishing over time. Early sedation in the peri-
operative period can alleviate patient anxiety and stress
responses, thereby enhancing surgical safety and patient
comfort. Importantly, none of the patients experienced
excessive sedation or related complications, nor were
there significant hemodynamic changes. These results
highlight the safety of the hydromorphone dose used in
caudal anesthesia in this study. Related studies indicate
that hydromorphone has relatively few side effects, and
its pharmacologic properties support an effective balance
between analgesia and side effect management, making it
an attractive choice in pediatric anesthesia [41].

Despite the HR group’s better outcomes in immune
function and analgesia, there were no significant differ-
ences between the two groups in terms of surgical time,
anesthesia time, or recovery time. This suggests that the
combination of hydromorphone and ropivacaine did
not impact the overall duration of surgery or anesthesia
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nor the recovery times. Additionally, there were no sig-
nificant differences in physiological parameters such as
heart rate, blood pressure, and oxygen saturation, indi-
cating that both anesthetic approaches were equally
safe and effective in maintaining intraoperative and
postoperative stability. Hydromorphone, while effective
for analgesia, carries potential risks such as respiratory
depression, pruritus, nausea, vomiting, urinary retention,
and prolonged sedation. In our study, adverse effects
were minimal, likely due to careful dosing and adjunc-
tive administration of dexamethasone and antiemetics,
which are known to reduce the incidence of nausea and
vomiting [42]. However, hydromorphone’s opioid nature
necessitates caution, as pediatric patients are particu-
larly vulnerable to opioid-induced respiratory depression,
which may require close postoperative monitoring. Addi-
tionally, prolonged sedation can impact early mobiliza-
tion and recovery, potentially delaying discharge. Some
studies have also linked opioids to immunosuppressive
effects through modulation of cytokine release and T-cell
function, which warrants further investigation. Clinicians
should carefully weigh the benefits of enhanced analgesia
against these potential risks, ensuring individualized dos-
ing strategies and proper monitoring protocols.

The findings from this study suggest several clinical
implications. First, adding hydromorphone to a ropi-
vacaine caudal block may effectively balance analgesia
with immunoprotection, potentially reducing the risk of
postoperative infections and other immune-related com-
plications in children. This strategy could be particularly
advantageous for high-risk pediatric patients, such as
those with immunodeficiencies. Secondly, this method
effectively prolongs analgesia, reduces the need for post-
operative opioids, and further enhances pediatric surgical
safety [43]. Furthermore, the immunomodulatory effects
observed in this study may have broader implications
beyond hypospadias repair. Given that postoperative
immunosuppression is a concern in many pediatric sur-
geries, the ability of the combination of hydromorphone
and ropivacaine caudal block to preserve immune func-
tion may reduce the incidence of postoperative infec-
tions and enhance overall recovery. The observed impact
of this combination on maintaining T-cell homeostasis
suggests its potential for improving surgical outcomes
in a broader range of pediatric surgeries, such as ingui-
nal hernia repair, orchiopexy, and lower limb orthopedic
procedures.

In conclusion, this study demonstrates that the com-
bination of hydromorphone and ropivacaine for caudal
block in hypospadias repair surgery holds considerable
potential for success. Compared with ropivacaine alone,
the HR group exhibited significantly enhanced recov-
ery of immune function and superior postoperative pain
control, with immune markers returning more rapidly to
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preoperative levels and lower postoperative pain scores,
as well as prolonged analgesia, and higher sedation scores
in the early postoperative period. Additionally, the HR
group showed no significant differences in surgical time,
anesthesia time, or recovery time compared with the R
group, indicating that the combination did not increase
the complexity of surgery or anesthesia. These findings
suggest that the combination of hydromorphone and
ropivacaine not only optimizes perioperative manage-
ment but also potentially reduces postoperative com-
plications, thereby further enhancing surgical success
rates, especially in pediatric patients with underdevel-
oped immune systems. Although our results suggest
potential clinical benefits of combining hydromorphone
with ropivacaine, further large-scale, multicenter ran-
domized controlled trials are required to validate its
applicability across different surgery types and pedi-
atric populations. Additionally, variations in surgical
techniques and surgeon expertise must be considered,
as these factors may influence immune responses and
overall outcomes. Future studies should also examine
the long-term effects on immune function and analgesia
to more comprehensively evaluate the clinical feasibility
and safety of this anesthetic approach. This study pri-
marily focused on T lymphocyte subsets as markers of
immune function. However, incorporating inflammatory
cytokines such as IL-6, IL-2, cortisol, and C-reactive pro-
tein (CRP) could have provided a more comprehensive
assessment of perioperative immune modulation. Future
studies should consider measuring these biomarkers to
elucidate the full spectrum of immune changes induced
by hydromorphone.

Conclusion

In summary, this study demonstrates that hydromor-
phone combined with ropivacaine for caudal block more
effectively alleviates postoperative cellular immune sup-
pression following hypospadias surgery compared to
ropivacaine alone. Additionally, it provided superior
postoperative analgesia and early sedation without caus-
ing any additional clinical complications.
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