Article

Application of a Multidisciplinary
Collaboration Model-Supported
Structured Home Care in Reducing
Postoperative Complications in
Children with Hypospadias

Ann. Ital. Chir, 2026 97, 2: 288-299
https://doi.org/10.62713/aic.4438

Luyan He!, Qin Zhong?, Lifen Xiao!

LPediatric Department, Ganzhou People’s Hospital, 341000 Ganzhou, Jiangxi, China
2Department of Urinary Surgery, Ganzhou People’s Hospital, 341000 Ganzhou, Jiangxi, China

AIM: Hypospadias is a common congenital anomaly in males and often requires surgical intervention, usually with tubularized incised
plate (TIP) urethroplasty. However, postoperative complications such as urethrocutaneous fistula, stenosis, and wound dehiscence remain
persistent clinical challenges. Reducing these complications depends not only on surgical approach but also on optimized perioperative
and postoperative care pathways, supported by high-quality nursing and timely identification of early warning signs. Therefore, this
study aims to investigate the application of multidisciplinary team (MDT) care integrated with a structured home care model in paediatric
hypospadias management.

METHODS: This retrospective study compared postsurgical outcomes in children (aged 1-5 years) with distal hypospadias undergoing
primary TIP urethroplasty at Ganzhou People’s Hospital between June 2022 and August 2024. Study participants were divided into
two groups based on care pathway: MDT combined with a structured home care (intervention group) and a conventional nursing care
(control group). Key outcomes assessed were complication rates, urodynamic parameters, postoperative pain levels, caregiver anxiety,
and cosmetic outcomes (Hypospadias Objective Scoring Evaluation [HOSE] scores).

RESULTS: The intervention group showed significantly shorter surgery times, lower postoperative pain (Children’s and Infants’ Postop-
erative Pain Scale [CHIPPS]), reduced parental anxiety (Self-Rating Anxiety Scale [SAS]) (all p < 0.001). Compared with the control
group, the intervention group demonstrated significantly improved HOSE scores at 12 months postoperatively, indicating superior cos-
metic outcomes (p < 0.001). At 12 months, the intervention group demonstrated comparatively lower complication rates (14.95% vs.
24.37%), though not statistically significant (p > 0.05). Urodynamic parameters, such as corrected maximum and average flow rates
(maximum urinary flow rate corrected for voided volume[cQmax] and average urinary flow rate corrected for voided volume [cQave]),
showed gradual recovery but remained lower than baseline (p < 0.05). Multivariate analysis further confirmed that parental anxiety is
an independent predictor of postoperative complications (p < 0.001). Mediation analysis revealed that parental anxiety mediated the
relationship between care pathway and complication risk (p < 0.001).

CONCLUSIONS: The structured home-based nursing model supported by a MDT may be associated with a reduced risk of complications
in children after hypospadias repair. This association might be related to improved postoperative pain control and enhanced mental health
levels among parents. This model emphasizes collaborative perioperative care and structured support during the postoperative recovery
phase. Given that the difference in complication rates has not reached statistical significance, the above results should still be interpreted
with caution. Further multi-center studies with larger sample sizes and longer follow-up periods are needed to verify its clinical benefits
and elucidate the underlying mechanisms.
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tral penile curvature, which can impair urinary function and
aesthetic outcome and may lead to long-term psychosocial
distress [2]. Tubularized incised plate (TIP) urethroplasty is
widely used; however, complications such as urethrocuta-
neous fistula, urethral stenosis, and wound dehiscence per-
sist and are influenced by perioperative management and

Introduction

Hypospadias is a frequent congenital anomaly of the male
genitourinary tract, affecting approximately 8 per 1000

newborns [1]. Clinically, it is characterized by an ectopic
urethral meatus, abnormal foreskin development, and ven-
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postoperative care [3]. Overall complication rates range be-
tween 20% and 30% [4,5].

Prevention and early detection of postoperative complica-
tions rely not solely on the surgical technique, but also on
advanced nursing care and the use of accurate assessment
metrics. The Hypospadias Objective Scoring Evaluation
(HOSE) offers a structural evaluation of meatal position,
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penile curvature, scarring, and urinary stream quality [6].
In terms of urodynamics, the maximum urinary flow rate
(Qmax) is recognized by the International Children’s Con-
tinence Society (ICCS) as an objective, reproducible, and
non-invasive indicator, making it valuable for postopera-
tive monitoring of neourethral performance and potential
obstruction [7]. The nomogram-based adjustment proposed
by Mattsson and Spangberg helps mitigate volume-related
bias in Qmax estimation, which is particularly relevant in
young children whose sphincter coordination may still be
immature [8]. Additionally, parental knowledge gaps, pat-
terns of information-seeking, and the quality of communi-
cation with clinicians can influence decision-making and
adherence to follow-up in hypospadias care [9].

Previous studies indicate that structured health education
and structured informational interventions can reduce care-
giver anxiety and enhance the efficacy of home care [10,11].
Moreover, using home-based audio or video recordings of
voiding, or conducting remote follow-up, may alleviate pa-
tient anxiety, shorten waiting times, and facilitate earlier
identification of abnormal voiding patterns [12]. These
findings suggest that a closed-loop “medical-nurse—patient
(family)” collaborative model, supported by seamless in-
formation exchange, could decrease complication rates and
improve functional and aesthetic outcomes.
Multidisciplinary team (MDT) approaches involving paedi-
atric urologists, anesthesia and pain specialists, specialized
nurses, psychologists, and wound-care therapists have im-
proved outcomes in other pediatric conditions [13]. There-
fore, establishing a paediatric urology MDT and integrating
it with a standardized, practical home care pathway, such
as pre-discharge education, post-discharge follow-up, an
early-warning mechanism, and a “green channel” for rapid
access, may improve postoperative care, reduce caregiver
anxiety, enhance adherence and pain management, and de-
crease the risk of complications [14,15].

Nevertheless, evidence remains limited regarding whether
an “MDT combined with structured home care” model
specifically helps prevent postoperative complications fol-
lowing paediatric hypospadias repair. Therefore, within a
setting using a single-procedure (TIP) and single-team, we
compared MDT-supported structured home care and con-
ventional nursing care in terms of postoperative outcomes.
The primary focus was the incidence of complications at 12
months post-surgery, while secondary endpoints included
uroflowmetry measures, HOSE scores, postoperative pain,
and caregiver anxiety, aiming to provide clinical evidence
to optimize postoperative home care models for children
undergoing hypospadias repair.

Methods
Study Design and Enrollment of Study Participants

This single-center, retrospective comparative study in-
cluded boys aged 1-5 years with distal hypospadias who

underwent primary TIP urethroplasty at Ganzhou People’s
Hospital between June 2022 and August 2024. After stan-
dardized preoperative counselling in which both postopera-
tive care pathways were explained in detail, parents or legal
guardians chose either the MDT-supported structured home
care program (intervention group) or conventional nursing
care (control group). Thus, group allocation was based on
family preference rather than randomization. To minimize
operator-related variability, all procedures were performed
by senior paediatric urologists within the same department.
Inclusion criteria for patient selection were as follows: (1)
clinically and intraoperatively confirmed distal hypospa-
dias; (2) age 1-5 years at the time of surgery; (3) primary
TIP urethroplasty; (4) completion of preoperative and 1-, 6-
and 12-month postoperative assessments; and (5) availabil-
ity of complete clinical and follow-up data in the electronic
medical record. Exclusion criteria included: (1) previous
hypospadias repair or planned reoperation; (2) systemic dis-
eases likely to affect wound healing or immune function;
and (3) inability to retrieve key follow-up data.

The study protocol complied with the Declaration of
Helsinki. Consistent with local regulations for retrospec-
tive chart reviews using anonymized data, the institutional
ethics committee (Ganzhou People’s Hospital) waived the
requirement for additional approval. Written informed con-
sent for surgery, participation in the MDT home care pro-
gram, and use of anonymized clinical and follow-up data for
research was obtained from the parents or legal guardians
of all children.

Surgical Technique and Perioperative Management

Under general anesthesia with the patient in lithotomy posi-
tion, a U-shaped incision was made extending to the corona.
Penile curvature was corrected by degloving, with dorsal
plication when needed. The urethral plate was then in-
cised longitudinally and tubularized using 6-0 absorbable
suture; the neourethra was covered with a preputial fas-
cial flap, followed by glansplasty. Perioperative measures
were standardized across patients, including antibiotic pro-
phylaxis, dressing with Vaseline gauze and an elastic ban-
dage, catheter removal on postoperative day 7-10, and a
unified multimodal analgesia regimen. Discharge criteria
required an afebrile status, unobstructed urinary flow, and
dry wounds demonstrating satisfactory healing.

The integrated care model is illustrated in Fig. 1. The MDT
comprised pediatric urologists (surgical decision-making
and complication management), anesthesia and pain spe-
cialists (development of multimodal analgesia and safety
monitoring), specialized urology/pediatric nurses (catheter
and wound care, caregiver education, adherence moni-
toring), wound/ostomy therapists (wound assessment and
early detection of infection), child psychology and behavior
specialists (Self-Rating Anxiety Scale [SAS] screening and
counseling), infection-control staff (antimicrobial strate-
gies), and a follow-up coordinator (remote/clinic schedul-
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MDT structure & communication
« Pediatric urologists, anesthesia/pain, specialist nurses, wound/ostomy, psychologist, infection control,
follow-up coordinator
* Weekly MDT discussion + secure messaging platform
* Coordinator as hub between family and MDT

J

Pre-op & in-| hospnal
* Nurse-led illustrated/video education Post-op days 1-7
* Baseline SAS (day before surgery) + Daily wound/catheter photo or video
>20 min counselling upload
« Standardized surgery, catheter & wound * Nurse review within 24 h + feedback
care * Two 10-15 min video calls (around days
 Discharge bedside teaching + home-care 3and7)

booklet

Weeks 24
* Weekly 10-15 min remote contact
(video/phone)
« Extra images on demand if concerns
arise

Months 2—-12
* Monthly remote contact
* Clinic visits at 1, 6, 12 months
* 24 h green channel for urgent issues

Adherence indicators (MDT group)
« Clinic-visit completion rate (1, 6, 12 months)
* Remote-contact completion rate
« Timely image submission (days 1-7)
* Response to MDT recommendations within 24 h

Fig. 1. Integrated MDT-based care model for the perioperative management of pediatric hypospadias. MDT, multidisciplinary

team; SAS, Self-Rating Anxiety Scale.

ing and clinic visits and maintenance of follow-up data in-
tegrity).

In-Hospital Structured Workflow

In-hospital patient care was performed as follows:

Preoperative Education and Psychological Support

Specialized nurses delivered illustrated and video-based in-
struction covering procedure steps, recognition of compli-
cations, catheter fixation and maintenance, double-diaper
technique, and wound monitoring. On the day before the
surgical procedure, a psychologist administered the base-
line Self-Rating Anxiety Scale (SAS) and provided a face-
to-face counseling session (>20 minutes), explaining cop-
ing strategies such as distraction and positive suggestion
[16].

Individualized Analgesia

The anesthesia team tailored plans using preventive anal-
gesia plus on-demand dosing guided by Children’s and In-
fants’ Postoperative Pain Scale (CHIPPS) [17].

Catheter and Wound Care

Catheter patency was examined daily. Vaseline gauze and
an elastic bandage were used, with the first dressing change
on postoperative day 1, followed by daily monitoring of
urine output and color and examination of the surrounding
skin.
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Discharge Preparation

A one-to-one bedside demonstration was performed on
catheter hygiene, diaper change, wound observation, and
recognition of warning signs. Families received a home
care booklet containing emergency contacts, a follow-up
schedule, complication infographics, and score sheets for
HOSE and SAS.

Post-Discharge Structured Home Care (Remote + Clinic)

Nurses conducted daily reviews of catheter and wound sta-
tus via photo or video during the first postoperative week.
Furthermore, clinic follow-up visits were scheduled for 1,
6, and 12 months. Remote support included weekly Ques-
tion and Answer (Q&A) during month 1, then monthly
thereafter. A 24-hour “green channel” enabled rapid ac-
cess for fever, abnormal urinary stream, bleeding, or pain.
The follow-up coordinator monitored adherence and en-
sured timely data entry.

In the intervention group, adherence was retrospectively
assessed based on four predefined indicators: (1) clinic-
visit completion rate (proportion of patients attending clinic
at 1, 6 and 12 months); (2) remote-contact completion
rate (completion of scheduled daily, weekly, and monthly
contacts actually); (3) timely image submission (propor-
tion of the postoperative days 1-7 with wound/catheter
photo or video uploaded within 24 hours); and (4) response
to MDT recommendations (proportion of alerts in which
parents/caregivers reported implementing advice within 24
hours).

The control group received conventional education and
routine discharge instructions without MDT consultation,
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Table 1. Baseline demographic and preoperative clinical characteristics of the study cohort.

Variable Total (n = 206) Control (n=119) Intervention (n = 87) Statistic P
Age (months), M (Q1, Q3) 29.35(19.52,44.15)  28.90(17.80,41.25)  30.30 (20.50, 46.10) =-1.21 0.226
Weight (kg), M (Q1, Q3) 13.95(12.20, 17.50)  13.90 (12.00, 17.00)  14.40 (12.45, 17.95) =-1.16 0.245
Preoperative cQmax, M (Q1, Q3) 1.34 (1.19, 1.46) 1.38 (1.12, 1.60) 1.31(1.24, 1.37) Z=-195 0.051
Preoperative cQave, M (Q1, Q3) 0.55(0.33, 0.76) 0.52 (0.34, 0.76) 0.60 (0.33, 0.80) Z=-0.75 0.453
Preoperative SAS, M (Q1, Q3) 51.00 (49.00, 55.00)  53.00 (51.00,57.00)  49.00 (47.00,51.00) Z=-723 <0.001
Type, n (%) x2=2.07 0355

Glanular 95 (46.12) 56 (47.06) 39 (44.83)

Coronal 54 (26.21) 27 (22.69) 27 (31.03)

Subcoronal 57 (27.67) 36 (30.25) 21 (24.14)
Preoperative curve, n (%) x2=3.50 0.320

1 58 (28.16) 35(29.41) 23 (26.44)

2 22 (10.68) 9(7.56) 13 (14.94)

3 103 (50.00) 63 (52.94) 40 (45.98)

4 23 (11.17) 12 (10.08) 11 (12.64)

Z, Mann-Whitney test; x2, Chi-square test; M, Median; Q1, 1st Quartile; Q3, 3st Quartile; cQmax, maximum urinary flow rate

corrected for voided volume; cQave, average urinary flow rate corrected for voided volume.

Curve types (International Children’s Continence Society [ICCS] classification): 1 = bell-shaped; 2 = staccato; 3 = plateau; 4 =

interrupted.

formal psychological intervention, or structured remote
follow-up. Surgical and anesthesia pathways were other-
wise identical.

Outcomes and Follow-Up

Assessments were performed preoperatively and at 1, 6,
and 12 months postoperatively. The primary outcome
included the occurrence of any complication within 12
months (stenosis, diverticulum, infection, fistula, or wound
dehiscence).

Secondary outcomes were as follows: uroflowmetry un-
der natural voiding, requiring voided volume (VV) >50
mL. ICCS flow-curve patterns were categorized as bell-
shaped, staccato, plateau, and interrupted [7]. To miti-
gate the effect of VV, corrected parameters were calculated
as cQmax = Qmaz/VVV, cQave = Qave/VV [8]
(Qmax, maximum urinary flow rate; Qave, average urinary
flow rate; cQmax, maximum urinary flow rate corrected for
voided volume; cQave, average urinary flow rate corrected
for voided volume; VV, voided volume); pain: CHIPPS
score (0-10), with scores >4 prompting intervention [17];
parental or caregiver anxiety: SAS (20-80), with scores
>50 indicating anxiety; baseline assessment was conducted
on the preoperatively [16]; cosmetic and functional out-
come: HOSE (0-15), with scores >12 considered satisfac-
tory; assessed at 12 months by both physician and parents

[6].

Data Quality and Missing Data

Data were extracted from the electronic medical record and,
when needed, verified through telephone follow-up. For
missing data in longitudinal continuous variables assessed
at four prespecified time points, we applied the last ob-

servation carried forward (LOCF) method as appropriate.
LOCF was applied only to functional and scale-based mea-
surements, while outcome variables were not imputed. All
assessors underwent calibration training before data col-
lection. Each record was entered independently by two
research nurses, and discrepancies were reviewed and re-
solved by a senior pediatric urologist who was not involved
in the original data extraction, thereby ensuring data con-
sistency and accuracy.

Sample Size Considerations

As this is a retrospective cohort study, the sample size was
determined by the number of eligible patients enrolled dur-
ing the study period.” Based on previously reported rates
of postoperative complications following hypospadias re-
pair (23.7%-30.8%) [4,5], we assessed whether the exist-
ing sample size was sufficient to accurately evaluate dif-
ferences in complication rates between groups. The final
cohort included 87 patients in the multidisciplinary team
(MDT) group and 119 patients in the conventional treat-
ment group. This enabled us to compare complication rates
between groups with sufficient statistical power to detect
clinically meaningful differences.

Statistical Analysis

Statistical analyses were conducted in R version 4.3.0
(R Foundation for Statistical Computing, Vienna, Aus-
tria), with statistical significance defined at a two-tailed
p-value of <0.05. Data normality was assessed using the
Kolmogorov—Smirnov test. As most repeated-measures
outcomes (cQmax, cQave, SAS and HOSE) showed non-
normal, skewed distribution and several scales were ordinal
with ceiling effects, parametric repeated-measures Anal-
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Friedman Test (Intervention): P < 0.001

Friedman Test (Control): P < 0.001

Group
— Intervention
— Control

cQmax

cQmax

2.0

time

I Pre-op
Post-op 1 mo
Post-op 6 mo
Post-op 12 mo

Pre-op Post-op 1 mo Post-op 6 mo Post-op 12 mo

time

Control Intervention

Group

Fig. 2. Maximum urinary flow rate corrected for voided volume (cQmax) over time. (A) Trajectories of 95% confidence interval
bands at preoperative, 1-month, 6-month and 12-month follow-up for the control and intervention groups. Global within-group changes
over time were tested using Friedman tests. (B) Within-group comparisons between time points using Wilcoxon signed-rank tests with

Holm-adjusted p-values. mo, month(s).

ysis of Variance (ANOVA) was considered inappropriate.
Furthermore, continuous variables were presented as me-
dian [Interquartile Range (IQR)] and categorical variables
as n (%). Between-group comparisons at each time point
were performed using the Wilcoxon rank-sum test for con-
tinuous variables and x? or Fisher’s exact tests for categori-
cal variables, with Holm adjustment to account for multiple
time-point comparisons. However, within-group changes
over time were analyzed using Friedman tests, while sig-
nificant post hoc pairwise Wilcoxon signed-rank tests were
applied with Holm correction.

To identify factors associated with the occurrence of any
complication at 12 months (yes/no), we established multi-
variable logistic regression models. Parental SAS score was
selected as the primary independent variable of interest be-
cause caregiver anxiety is a modifiable factor and was hy-
pothesized to influence treatment adherence and the quality
of home-based recovery. Models were adjusted in a step-
wise manner for age, weight, hypospadias type, preopera-
tive curvature type, preoperative cQmax/cQave, operative
time, and postoperative pain (CHIPPS). Variance inflation
factors were <5 across all models, indicating no meaning-
ful multicollinearity. Mediation analyses were performed
using the R package mediation with Bayesian estimation to
assess whether SAS mediated the association between care
pathway (group) and complications, reporting total, direct
and indirect effects with 95% credible intervals.

Results

Cohort and Baseline Characteristics

This study enrolled 206 children, including 119 in the
control group (57.77%) and 87 in the intervention group
(42.23%). Overall adherence was 79.5% in the control
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group and 90.3% in the intervention group. Although the
grouping in this study was not randomised, but rather de-
termined by the families of the paediatric patients them-
selves, who selected the care pathway after receiving full
and informed consent, baseline characteristics such as age,
weight, hypospadias type distribution, preoperative cQ-
max/cQave, and preoperative curve types were comparable
between groups (all p > 0.05; Table 1). Conversely, preop-
erative parental SAS scores were substantially higher in the
control group than in the intervention group (p < 0.001), in-
dicating that families opting for MDT-supported structured
home care pathway had lower baseline anxiety entering the
perioperative period.

Perioperative and Follow-Up Outcomes

Group-specific perioperative and 12-month outcomes are
presented in Table 2. Compared with the control group, the
intervention group had shorter operative times (median 1.20
vs. 1.59 h; p < 0.001) and lower immediate postoperative
pain (CHIPPS 3.00 [2.00—4.00] vs. 5.00 [3.50-6.00]; p <
0.001). Furthermore, parental SAS scores were consistently
lower in the intervention group at each postoperative time
point (1, 6 and 12 months; all p < 0.001). Urodynamic
parameters (cQmax and cQave) showed an initial decline
at 1 month followed by gradual recovery in both groups,
with no significant between-group differences at individual
time points. Additionally, the distributions of ICCS uroflow
curve types also changed over time in a comparable manner
between groups. At 12 months, there was no significant
difference in the distribution of postoperative complications
between the intervention group and the control group (p =
0.249).
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1.24 Friedman Test (Intervention): P < 0.001

Friedman Test (Control): P < 0.001

Group

Qave

— Control

0.4

0.8 — Intervention 0.9

0.3

time

I Pre-op
Post-op 1 mo
Post-op 6 mo
Post-op 12 mo

Pre-op Post-op 1 mo Post-op 6 mo Post-op 12 mo

time

Control Intervention

Group

Fig. 3. Average urinary flow rate corrected for voided volume (cQave) over time. (A) Trajectories of 95% confidence interval
bands at each time point for both groups. Global within-group changes were analyzed using Friedman tests. (B) Within-group pairwise

comparisons between time points based on Wilcoxon signed-rank tests with Holm-adjusted p-values.

Repeated-Measures Summaries

Fig. 2A illustrates longitudinal trends in cQmax in both
groups from preoperative baseline through 1-month, 6-
month, and 12-month postoperative intervals (p < 0.001
in each group). cQmax was reduced significantly during
the 1-month postoperative assessment and then improved
over time gradually. However, cQmax levels at both 6- and
12-months remained substantially below preoperative base-
line.

As illustrated in the bar graph in Fig. 2B, within-group com-
parisons showed statistically significant differences (p <
0.05) between the preoperative baseline and each postop-
erative time point. Furthermore, significant differences (p
< 0.05) were also observed among postoperative assess-
ments, supporting a pattern of early postoperative decline
succeeded by slow, partial or incomplete recovery of cQ-
max.

The trajectory of cQave in both groups is presented in
Fig. 3A. A significant decrease in cQave was observed at
1 month after surgery, and then increased progressively,
approaching preoperative levels by 12 months (p < 0.001
in each group). As shown in Fig. 3B, within-group pair-
wise comparisons demonstrated that, in the control group,
postoperative cQave values did not differ significantly from
the preoperative value (p > 0.05). However, the value
in 12 months was significantly higher than the values at
1 and 6 months (p < 0.05). In the intervention group,
cQave at 1 and 6 months after surgery remained signifi-
cantly lower than the baseline levels (p < 0.05). In con-
trast, the 12-month value showed no significant difference
from the preoperative baseline (p > 0.05). Significant dif-
ferences were found when comparing the 12-month value
with the 1-month and 6-month assessments (p < 0.001).

Results for the SAS score are shown in Fig. 4A. Across all
assessment points, the intervention group exhibited consis-
tently lower SAS scores than the control group. In both
groups, the SAS score declined at 1 month postoperatively,
followed by a significant increase at the 6 and 12-month
assessments. Friedman tests indicated significant within-
group changes over time (both p < 0.001).

As presented in Fig. 4B, pairwise comparisons in the con-
trol group revealed that each postoperative SAS score dif-
fered significantly from the preoperative baseline score (p
< 0.05). The score at 1 month was significantly different
from those at 6 and 12 months (p < 0.001), whereas no
significant difference was observed between the 6 and 12-
month scores (p = 0.339). In the intervention group, SAS
scores at 1 and 12 months were significantly different from
the preoperative baseline score (p < 0.05), but the score at
6 months did not differ (p = 0.821). The 1-month score dif-
fered significantly from both 6- and 12-month scores (p <
0.001). The difference between the 6- and 12-month scores
approached but did not reach statistical significance (p =
0.052).

The distribution of uroflow curve types is presented in
Fig. 5A. The Friedman test assessing global within-group
changes yielded p =0.104 in the control group and p = 0.022
in the intervention group. Preoperatively, Type 3 was the
predominant pattern in both groups. At 1 month postoper-
atively, the proportion of Type 3 increased further in both
groups. By 6 months, Type 3 accounted for 51.3% in the
control group and 58.6% in the intervention group. At the
12-month follow-up, a notable rebound in Type 1 patterns
was observed in both groups (Control: 36.1%; Intervention:
35.6%), exceeding the preoperative levels. Overall, distri-
bution trends of curve types were comparable between the
two groups.
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Table 2. Perioperative and 12-month outcomes by care pathway (conventional care vs. MDT-supported structured home care).

Variable Total (n = 206) Control (n=119)  Intervention (n =87)  Statistic P
Surgery time (H), M (Q1, Q3) 1.40 (1.04, 1.67) 1.59(1.32, 1.83) 1.20(0.97, 1.36) =-6.30 <0.001
postoperative CHIPPS, M (Q1, Q3) 4.00 (2.00, 5.00) 5.00 (3.50, 6.00) 3.00 (2.00, 4.00) Z=-622 <0.001
Postoperative 12-month HOSEdoc, M (Q1, Q3) 14.00 (14.00, 15.00) 15.00 (14.00, 15.00) 14.00 (13.00, 14.00) =-9.39 <0.001
Postoperative 12-month HOSEpar, M (Q1, Q3) 13.00 (13.00, 14.00) 13.00 (13.00, 14.00) 13.00 (12.00, 13.00) Z=-3.41 <0.001
Postoperative 1-month cQmax, M (Q1, Q3) 0.73 (0.58, 0.96) 0.77 (0.55, 0.97) 0.72 (0.63, 0.85) Z=-095 0.340
Postoperative 6-month cQmax, M (Q1, Q3) 1.04 (0.71, 1.23) 0.99 (0.67, 1.27) 1.10 (0.93, 1.18) Z=-139 0.165
Postoperative 12-month cQmax, M (Q1, Q3) 1.18 (0.86, 1.37) 1.17 (0.90, 1.38) 1.19 (0.86, 1.33) Z2=-0.72 0472
Postoperative 1-month cQave, M (Q1, Q3) 0.48 (0.38, 0.56) 0.49 (0.38, 0.56) 0.48 (0.39, 0.55) =-0.17 0.863
Postoperative 6-month cQave, M (Q1, Q3) 0.47 (0.27, 0.68) 0.49 (0.31, 0.68) 0.46 (0.24, 0.64) Z=-113 0.259
Postoperative 12-month cQave, M (Q1, Q3) 0.64 (0.49, 0.76) 0.62 (0.46, 0.78) 0.66 (0.53, 0.72) Z=-0.62 0.536
Postoperative 1-month SAS, M (Q1, Q3) 44.00 (27.00, 52.75)  51.00 (43.00, 57.50) 31.00 (16.00, 40.50) =-8.50 <0.001
Postoperative 6-month SAS, M (Q1, Q3) 55.00 (42.00, 70.00) 60.00 (48.00, 70.00) 51.00 (37.00, 62.50) Z=-4.08 <0.001
Postoperative 12-month SAS, M (Q1, Q3) 53.00 (37.00, 61.00) 61.00 (47.00, 66.00) 43.00 (34.00, 55.50) Z=-4.72 <0.001
Postoperative 1-month curve, n (%) x2=3.87 0275

1 50 (24.27) 25 (21.01) 25 (28.74)

2 31 (15.05) 15 (12.61) 16 (18.39)

3 111 (53.88) 70 (58.82) 41 (47.13)

4 14 (6.80) 9 (7.56) 5(5.75)
Postoperative 6-month curve, n (%) x2=3.04 0386

1 49 (23.79) 31 (26.05) 18 (20.69)

2 18 (8.74) 13 (10.92) 5(5.75)

3 112 (54.37) 61 (51.26) 51(58.62)

4 27 (13.11) 14 (11.76) 13 (14.94)
Postoperative 12-month curve, n (%) x2=474 0192

1 74 (35.92) 43 (36.13) 31 (35.63)

2 13 (6.31) 11(9.24) 2(2.30)

3 110 (53.40) 61 (51.26) 49 (56.32)

4 9(4.37) 4 (3.36) 5(5.75)
Complication, n (%) - 0.249

0 164 (79.61) 90 (75.63) 74 (85.06)

1 4(1.94) 4 (3.36) 0(0.00)

2 3(1.46) 3(2.52) 0(0.00)

3 11 (5.34) 6(5.04) 5(5.75)

4 23 (11.17) 15 (12.61) 8 (9.20)

5 1(0.49) 1(0.84) 0 (0.00)

Z, Mann-Whitney test; x 2, Chi-square test; -, Fisher exact; M, Median; Q1, Ist Quartile; Q3, 3st Quartile; CHIPPS, Children’s and Infants’
Postoperative Pain Scale; HOSE, Hypospadias Objective Scoring Evaluation; doc, Doctor; par, Parents.

Curve types (ICCS classification): 1 = bell-shaped; 2 = staccato; 3 = plateau; 4 = interrupted; Complication: 0 = none; 1 = stenosis; 2 =

diverticulum; 3 = infection; 4 = fistula; 5 = dehiscence.

As presented in Fig. 5B, pairwise analysis in the control
group demonstrated no significant differences between pre-
operative and postoperative distribution at any time point
(p > 0.05). In the intervention group, a significant differ-
ence was observed only between the 1-month and 6-month
postoperative assessments (p < 0.05), with no other pair-
wise comparison achieving statistical significance (all p >
0.05).

Multivariable Analysis

After multivariable adjustment, parental anxiety assessed
through SAS remained an independent predictor of post-
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operative complications (Model 3). Specifically, each 1-
point increase in the parental SAS score was associated with
82% higher odds of experiencing a postoperative complica-
tion (Odds Ratio [OR] 1.82; 95% Confidence Interval [CI]
1.48-2.24; p < 0.001), suggesting a strong positive associ-
ation between higher caregiver anxiety and adverse surgical
outcomes (Table 3).

Mediation Analysis

Mediation analysis revealed that SAS significantly medi-
ated the association between care group and postoperative
complications. The estimated indirect effect was —0.15
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Friedman Test (Intervention): P < 0.001

Friedman Test (Control): P <0.001

e
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Fig. 4. Parental SAS trajectories over time. (A) Trajectories of 95% confidence interval bands for the control and intervention groups
at preoperative, 1-, 6- and 12-month postoperative assessments. Global within-group changes were analyzed using Friedman tests. (B)
Within-group pairwise comparisons using Wilcoxon signed-rank tests with Holm correction.
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Fig. 5. ICCS flow-curve type distributions over time. (A) Stacked bar plots showing the proportion of each ICCS flow-curve type
at preoperative, 1-, 6- and 12-month postoperative assessments in the control and intervention groups. Colors represent curve types
as follows: Type 1 (bell-shaped), Type 2 (staccato), Type 3 (plateau), and Type 4 (interrupted). Global within-group changes in the
distribution of curve types were examined with Friedman tests. (B) Within-group pairwise comparisons using Wilcoxon signed-rank

tests with Holm correction.

(95% credible interval —0.26 to —0.09; p < 0.001). How-
ever, the direct impact of the group assignment was not sta-
tistically significant (Table 4).

Discussion

Within a single-center setting using a uniform surgical tech-
nique (TIP urethroplasty), this study compared an MDT-
supported structured home care model with conventional
nursing for children undergoing distal hypospadias re-
pair. Baseline indicators, including age, weight, urody-
namic indices, and uroflowmetry curve types, were com-
parable between groups. However, the intervention group
demonstrated better perioperative performance, including
shorter operative duration, lower postoperative pain scores
(CHIPPS), and consistently reduced parental anxiety (SAS)
both before and after surgery. These improvements may
be attributed to the more standardized perioperative prepa-
ration and enhanced intraoperative coordination facilitated

by the MDT model. HOSE scores, assessed by both physi-
cians and parents, were slightly lower but remained within
the satisfactory range, suggesting potential benefits of MDT
care in perioperative optimization. Although the 12-month
complication rate was lower in the intervention group com-
pared to the control group (14.95% vs. 24.37%, p = 0.249),
the difference did not achieve statistical significance. How-
ever, logistic regression analysis confirmed parental anx-
iety as an independent predictor of complications (OR =
1.82, 95% CI: 1.48-2.24), and mediation analysis revealed
a substantial indirect effect of SAS on the association be-
tween care pathway and complication risk (indirect effect
—0.15, p < 0.001). These findings indicate that structured
care pathways may mitigate psychological burden, enhance
adherence, and thereby indirectly reduce the risk of postop-
erative complications.

Dynamic changes in urodynamic parameters formed a key
secondary outcome. Both the cQmax and cQave declined

295 Ann. Ital. Chir, 97,2, 2026
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Table 3. Multivariable logistic regression for any complication at 12 months (Models 1-3).

. Model 1 Model 2 Model 3
Variable
OR (95% CI) P OR (95% CI) P OR (95% CI) P
SAS 1.52(1.34-1.73)  <0.001  1.54(1.35-1.75) <0.001  1.82(1.48-2.24) <0.001
OR, Odds Ratio; CI, Confidence Interval.
Model 1: Crude.

Model 2: Adjust: Age (months), Weight (kg).
Model 3: Adjust: Group, Type, Preoperative_Curve, Age (months), Weight (kg), Preoperative cQmax,
Preoperative_cQave, surgery_time (h), CHIPPS.

Table 4. Mediation analysis (Bayesian) of SAS in the pathway from group to complications.

Effect Estimate  Lower  Upper B (95% CI) p Mediation
Total —-0.08 -0.17 0.06 —0.08 (—0.17~0.06) 0.200 100.00
Direct 0.07 -0.05 0.17 0.07 (-0.05~0.17) 0.360 —-56.63
Indirect —0.15 -026  —-0.09 —0.15(-0.26~-0.09) <0.001 156.63
Group — SAS -4.57 -1.37 297(4.57--137) <0.001 -
Group — Complication -0.72 2.47 0.87 (—0.72~2.47) 0.284 -
SAS — Complication 0.39 0.81 0.60 (0.39~0.81) <0.001 -

SE, Standard Error.

Adjusted: Type, Preoperative_Curve, Age (months), Weight (kg), Preoperative_cQmax, Preoperative _cQave,

surgery time, CHIPPS.

significantly after surgery and then gradually improved
over time, but remained below baseline at 12 months. This
pattern aligns with findings by Wolffenbuttel et al. [18],
who reported persistently reduced flow rates at 3—6 months
after TIP repair. Early postoperative flow restriction may
reflect urethral edema, scar formation, or transient sphinc-
ter dysfunction associated with surgical manipulation [19].
In the present cohort, a rapid improvement in cQave was
observed in the intervention group, which may be attributed
to more standardized incision and wound management and
targeted antimicrobial guidance delivered by MDT wound-
care specialists, potentially minimizing inflammatory inter-
ference with urethral patency.

Flow-curve analysis indicated that Type 3 (plateau) was
the dominant postoperative pattern in both groups, whereas
Type 1 (bell-shaped) increased significantly by 12 months.
This shift reflects progressive structural remodeling and
functional adaptation of the reconstructed urethra. Consis-
tent with previous findings [20,21], uroflow curve patterns
can serve as early indicators of obstruction and may be clini-
cally useful for follow-up. Nonetheless, the persistently re-
duced cQmax suggests incomplete functional recovery of
peak flow, potentially due to residual sphincter discoordi-
nation after urethral plate incision. Future studies should as-
sess adjunctive interventions, including bioengineered scaf-
folds, to promote faster urethral regeneration and improve
long-term flow dynamics [22].

The trajectory of parental or caregiver anxiety differed be-
tween groups over the follow-up period. The intervention
group consistently exhibited lower SAS scores than the con-
trol group at all postoperative time points, with the most
pronounced between-group difference observed at 1 month
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postoperatively (31.00 vs. 51.00, p < 0.001). While this
disparity partly reflects the lower baseline anxiety in the
intervention group, structured pre-discharge education and
psychological support may have contributed to this pattern.
However, we acknowledge that the non-randomized de-
sign precludes definitive causal attribution. Karaburun et
al. [11] reported similar reductions in anxiety following
audiovisual education, with parental preoperative anxiety
decreasing from 57.65 to 44.82.

Although the SAS score increased modestly at 6—12
months, possibly in response to secondary concerns such as
infection or fistula, the intervention group maintained lower
anxiety levels than controls. In contrast, SAS scores in the
control group increased significantly from 1 to 6 months
(60.00 vs. 51.00, p < 0.001). Components of the inter-
vention, such as post-discharge teleconsultation, remote re-
view of wound and catheter images, and a 24-hour “green
channel” for urgent access, likely improved reassurance and
continuity of care [23].

The observation that SAS independently predicted compli-
cations (adjusted OR = 1.82) reinforces caregiver anxiety
as a key modifiable risk factor, potentially through reduced
vigilance or delayed reporting of early warning signs. Me-
diation analysis further confirmed the indirect role of SAS
(B_indirect = —0.15), consistent with Everhart et al. [24],
who demonstrated that anxiety can reduce treatment adher-
ence by decreasing self-efficacy and increasing perceived
barriers. Parental psychological status can also influence
the child’s mental well-being. Mechanistically, anxiety
may impair wound healing through neuroendocrine and im-
mune dysregulation, including altered cortisol secretion and
delayed resolution of inflammation [25]. Increased anxi-
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ety may also reduce adherence to wound-care recommen-
dations and delay clinical consultation when early signs of
complications arise [26].

Notably, preoperative SAS scores were already lower in the
MDT group than in the control group. This likely reflects
self-selection of families who were more receptive to in-
tensive counselling and the immediate effect of structured
preoperative psychological support provided by the MDT.
Although multivariable models adjusted for key baseline
variables, residual confounding and selection bias cannot
be completely excluded. Therefore, the observed media-
tion pathway linking the care pathway, SAS, and complica-
tions should be interpreted as associative rather than strictly
causal.

At the 12-month post-operative assessment, the median
HOSE score assessed by clinicians was 14.00, and the me-
dian HOSE score assessed by parents was 13.00, consis-
tent with previous findings reported by Borkar et al. [27].
Although both groups achieved acceptable cosmetic and
functional outcomes, the intervention group’s slightly lower
scores may be partially related to their shorter surgical du-
ration (1.20 vs. 1.59 hours, p < 0.001), which could re-
duce tissue trauma and subsequent scarring risk. This in-
terpretation is supported by Adler et al. [28], who reported
that longer operative time is associated with a higher risk
of postoperative complications. Parental-assessed HOSE
scores were slightly lower than physician ratings, echoing
the psychosocial perceptions reported by Haid ez al. [29],
where hypospadias repair itself imposed a substantial emo-
tional burden on caregivers. Moreover, improved postoper-
ative pain control in the intervention group (lower CHIPPS
3.00 vs. 5.00, p < 0.001) highlights the advantage of indi-
vidualized multimodal analgesia combined with behavioral
interventions such as positive suggestion.

Clinically, these findings provide evidence that integrat-
ing MDT coordination with a structured home care can en-
hance postoperative management after TIP repair in chil-
dren. This model not only optimizes clinical resource uti-
lization but also leverages remote communication and care-
giver education, thereby reducing anxiety and improving
adherence, which ultimately influence recovery and surgi-
cal outcomes.

Despite encouraging findings, several limitations to the
study should be acknowledged before interpreting these ob-
servations. First, the retrospective, preference-based group
allocation inherently carries selection bias, as evidenced
by significant baseline differences in parental anxiety lev-
els (SAS scores) despite the comparability of other clini-
cal variables. Consequently, any causal interpretation of
the role of caregiver anxiety in study outcomes should be
approached with caution. Second, the single-center design
and moderate sample size (n = 2006) restrict external gener-
alizability. Third, although current guidelines recommend
hypospadias repair between 6—18 months of age [30], our
cohort included children aged 1-5 years to ensure reliable

uroflow assessment, potentially limiting extrapolation to
infants. Fourth, the 12-month follow-up may not capture
late-presenting complications; Lucas et al. [31] reported
that only 47% of complications occur within the first post-
operative year. Additionally, because allocation was non-
randomized, the mediation findings should be interpreted as
associative rather than causal. Finally, the observed com-
plication rate was lower than projected, which may have
reduced statistical power to detect a significant between-
group difference.

Conclusions

In this single-center cohort of boys undergoing distal TIP
urethroplasty, MDT-supported structured home care was
linked to shorter operative time, reduced postoperative
pain, and consistently lower parental anxiety compared
with conventional nursing care. Although the overall 12-
month complication rate did not differ significantly be-
tween groups, parental anxiety emerged as an independent
predictor of complications and showed a substantial indirect
mediating effect in the relationship between care pathway
and complication risk. These results support integrating
MDT-based structured home care into pediatric hypospa-
dias management and underscore caregiver psychological
state as a potential target for complication prevention. Fur-
ther prospective, multicenter studies with extended follow-
up are needed to validate these findings and optimize home-
based postoperative management strategies.
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