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Hypothermia during robot-assisted radical prostatectomy (RARP) has been proposed to enhance 
functional recovery. This study aimed to assess the efficacy of BELLOCOOL-induced hypothermic RARP 
for improving urinary continence and erectile function. A total of 200 patients with cT1-T3aN0M0 
prostate cancer, eligible for bilateral nerve-sparing surgery, were enrolled across three tertiary centers 
and randomized 1:1. Stratification was based on International Index of Erectile Function (IIEF-5) 
scores (≥ 12). The primary endpoint was continence status at 6 months, defined by the use of < 1 pad 
versus ≥ 1 pads daily. Secondary endpoints included continence and erectile function recovery and 
safety assessment using the Clavien system. The primary outcome showed no significant difference 
between groups. However, among patients with IIEF-5 ≥ 12, those in the hypothermic group exhibited 
significantly better erectile function recovery than normothermic group at 12 months, with higher IIEF-
5 score (9.29 ± 7.25 vs. 6.33 ± 5.16, p = 0.02). In a hypothesis-generating post hoc analysis, non-diabetic 
patients with baseline IIEF-5 ≥ 12 had a significantly higher erectile function recovery (81% vs. 70%, 
p = 0.04) and continence recovery rates (89% vs. 67%, p = 0.02) in the hypothermic group, findings that 
warrant cautious interpretation.
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Prostate cancer (PCa) is the most common cancer in men;1 approximately 75% of patients diagnosed are with 
localized disease, making them candidates for surgical treatment2,3. The widespread adoption of robot-assisted 
radical prostatectomy (RARP) has improved postoperative functional outcomes, notably in mitigating urinary 
incontinence and erectile dysfunction4,5. However, a significant percentage of patients (10–46%) experience 
compromised postoperative functional outcomes, which underscores the necessity for further optimization of 
surgical techniques6.

Among the most prevalent approaches is the nerve-sparing technique, which aims to minimize damage to 
the delicate neurovascular bundles7. Another one involves real-time nerve monitoring during surgery, which 
helps surgeons identify and preserve nerves critical for erectile function8,9. Furthermore, efforts have been 
directed towards implementing intraoperative imaging techniques to aid in nerve identification, preservation, 
and minimizing adjacent tissue damage10,11. Finally, hypothermic techniques, inducing local hypothermia, have 
emerged as an approach to mitigate acute inflammatory damage arising from surgical incisions and thermal 
injuries12.

We had previously introduced an innovative endorectal cooling balloon device named BELLOCOOL 
(CEBIKA, Uiwang, South Korea), meticulously designed to induce and sustain lower pelvic temperatures13. 
The safety and effectiveness of this device were validated in a previous single-center study14. Therefore, in this 
study, we undertook a multicenter, randomized, single-blinded, controlled trial to evaluate whether regional 
hypothermia induced by the BELLOCOOL device can yield enhanced functional outcomes in patients who 
undergo RARP.
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Materials and methods
Trial design and participants
This multicenter, prospective, single-blinded randomized controlled trial (RCT) was conducted across three 
major tertiary centers in the Republic of Korea. Patients aged 19–79 years, who met the following criteria 
were eligible: (i) pathologically confirmed prostate cancer (PCa), (ii) being considered for RARP, (iii) clinical 
stage T1-T3aN0M0, (iv) Eastern Cooperative Oncology Group performance status of 0 or 1, and (v) ability to 
comprehend and provide the informed consent form. The exclusion criteria were prior PCa treatment, pelvic 
radiation therapy or surgery, history of urinary incontinence, neurogenic bladder, neurological disorders, and 
refusal to participate. Patient randomization was required within 12 weeks of diagnosis. ​The patient-reported 
measures were collected using paper-based surveys, including the EuroQol-5 Dimensions 5-Level (EQ-5D-5 L), 
the 5-item International Index of Erectile Function (IIEF-5), and the Expanded Prostate Cancer Index Composite 
for Clinical Practice (EPIC-CP).

The trial protocol was approved by the Institutional Review Board of Seoul National University Hospital 
(2101-062-1188). Written informed consent was obtained from all patients. The study adhered to the principles 
of the Declaration of Helsinki and the results are presented following the CONSORT guidelines. This trial was 
registered in the Clinical Research Information Service (CRiS) of the Republic of Korea (CRIS ID: KCT0006926) 
on 14/01/2022.

Randomization
Central randomization was performed by the Medical Research Collaborating Center team at Seoul National 
University Hospital using a web-based system. Stratification was based on pre-trial International Index of 
Erectile Function (IIEF-5) scores, categorized as < 12 and ≥ 12 points. Equal-sized strata were formed, and 
within each stratum, the subjects were randomly assigned in a 1:1 ratio to either the hypothermic (treatment) 
or normothermic (control) groups. The random sequence was generated using uniform random numbers from 
SAS RANUNI function with a specified seed value. A randomly permuted block design with block sizes of 4 and 
6 was employed to develop a random allocation list for each stratum, with separate lists for each participating 
institution. Randomization was implemented by an independent person using a web-based system when a 
subject was enrolled. The research participants and their guardians were blinded to the random allocation. This 
blinding was rigorously maintained throughout the study by restricting access to allocation data and managing 
patient interactions carefully to prevent inadvertent disclosure. Additionally, both groups received identical 
postoperative care protocols, minimizing the risk of unintentional unblinding through treatment differences. 
These measures were implemented to preserve the integrity of the blinding throughout the 12-month follow-up, 
thereby reducing potential bias and enhancing the validity of our findings.

Intervention
All enrolled patients underwent RARP within 12 weeks of randomization. Pelvic hypothermia was induced using 
the BELLOCOOL system (CEBIKA, Uiwang, South Korea), which is approved by the Korean Ministry of Food 
and Drug Safety. A lubricated rectal balloon was introduced into the anus before robot docking and subsequently 
expanded using cold saline (4 °C). The saline temperature was dynamically adjusted in real time based on intra-
rectal pressure measurements. Following prostate resection, the balloon was deflated and removed before the 
anastomosis procedure (Supplementary Fig. 1). All patients underwent conventional six-port transperitoneal 
RARP using an anterograde approach. Nerve-sparing was preoperatively planned based on multiparametric 
MRI findings, biopsy Gleason grade, and the predicted risk of extracapsular extension (ECE). The surgical plan 
was individualized according to each patient’s oncologic risk and anatomical characteristics. Nerve-sparing 
was preoperatively planned according to clinical circumstances, Dissection was generally performed at the 
intrafascial or interfascial level, while extrafascial dissection was permitted when oncologic concerns existed. 
Hemostasis around the NVB was primarily achieved using clips or Hem-o-Lok to minimize thermal energy 
application. To minimize differences between institutions and researchers, the following surgical techniques were 
standardized: (1) Bladder neck sparing technique, (2) posterior reconstruction, (3) anterior reconstruction, and 
(4) maximization of urethral length. Furthermore, postoperative PDE5 inhibitor prescription was standardized 
with Tadalafil 5 mg daily therapy.

Primary and secondary study endpoints
The primary outcome was continence status at 6 months after surgery, defined by the use of < 1 pad versus ≥ 
1 pads daily. Secondary outcomes included continence status (patients using 0 pad versus any pad per day), 
potency status (patients with IIEF ≥ 12) at 3, 6, 9, and 12 months post-surgery, and results of the EuroQol-5 
dimensions (EQ-5D-5 L), IIEF-5, and Expanded Prostate Cancer Index Composite for Clinical Practice (EPIC-
CP) at 6, and 12 months postoperatively. In the context of IIEF-5 scores, a treatment response was defined as a 
2-point increase in the total IIEF-5 score, consistent with the threshold adopted in previous randomized studies 
evaluating postoperative erectile function recovery15. Safety assessment was performed using the Clavien-Dindo 
classification system.

Statistical analyses
The sample size was calculated with the assumption that the treatment (hypothermic group) and control groups 
will have a continence rate of 73% and 53%, respectively, at 6 months (based on our feasibility trial)14. With 
a statistical power of 80% and a two-sided significance level of 5%, to detect a difference between the group 
proportions of 20%, each group (treatment and control) required 90 patients (a total of 180 patients) with an 
assumed dropout rate of 10%, resulting in a final sample size of 200 patients (100 per group). The study used 
PASS 2020 v20.0.2 to calculate the required number of participants.
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Descriptive statistics of the baseline characteristics of the patients according to surgical groups (hypothermic 
vs. normothermic) are presented and compared using the chi-squared test or student’s t-test. These included age, 
hypertension (HTN), diabetes (DM), pre-operative PSA, prostate volume, period between prostate biopsy and 
operation, MRI T stage, ISUP GG, total IIEF score, EPIC-CP score EQ-5D-5 L VAS and utility score. To compare 
the primary outcome between the surgical groups with respect to the post-operative period, we used chi-squared 
test. Furthermore, student’s t-test was utilized to assess differences in the secondary outcome between the 
surgical groups with respect to the post-operative period.

Additionally, subgroup analyses were performed in a post hoc (a posteriori) manner, which were not 
predefined in the original study protocol. In exploratory post-hoc analyses, patients were stratified by the 
presence or absence of diabetes mellitus (DM), given that diabetes is associated with microvascular dysfunction 
and peripheral neuropathy, which may alter the neuroprotective impact of pelvic hypothermia on nerve recovery. 
These exploratory analyses were conducted to identify potentially meaningful findings that may warrant further 
investigation. We determined all P-values using a two-sided approach, with a type I error rate set below 0.05, 
which we considered to indicate statistical significance. All statistical analysis was performed using SPSS version 
26 software.

Results
Patients characteristics
200 eligible patients were enrolled across three tertiary centers. During the trial period, seven patients dropped 
out for various reasons: four patients underwent non-nerve-saving RARP due to suspicion of advanced disease, 
two were lost to follow-up, and one patient encountered combined urethral stricture. The final analysis included 
193 patients altogether (Fig. 1). The clinical characteristics were well balanced between the treatment and control 
groups (Table 1). The positive surgical margin (PSM) rate was higher in the treatment group than in the control 
group (Supplementary Table 1). However, no statistically significant differences were observed in other surgery-
related factors between the two groups. Furthermore, both groups had similar tumor staging (pathological stage) 
and degrees of nerve-sparing during surgery.

Endpoints
Functional outcome
Entire cohort  The primary outcome of the study was the proportion of patients using < 1 pad per day at the 
6-month follow-up; 71% (69/98) of the patients in the control group and 78% (74/95) in the treatment group 
met this criterion (Table 2). However, there were no statistically significant differences between the two groups. 
Erectile function recovery was analyzed at four timepoints: 3, 6, 9, and 12 months. At the 12-month follow-up, 
erectile function recovery was observed in 48% (47/98) of patients in the control group and 60% (57/95) in the 
treatment group; however, this difference was not statistically significant.

Sub-cohort (IIEF ≥ 12)  Among these 193 patients, 97 exhibited an IIEF score ≥ 12; among them, the propor-
tion of patients using < 1 pad per day at the 6-month follow-up was 71% (32/49 patients) and 77% (37/48 pa-
tients) in the control and treatment groups, respectively (Table 3). However, this difference was not significant, 
nor were significant differences observed at other timepoints.

Fig. 1.  CONSORT flow diagram and randomization.
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Post-operative period
Normothermic group
(n = 98)

Hypothermic group
(n = 95) p-value

3 months (n)

Potency recovery (n, %) 35 (36) 40 (42) 0.36

Continence (< 1 pad) (n, %) 56 (57) 60 (63) 0.39

Continence (0 pad) (n, %) 55 (56) 53 (56) 0.96

6 months (n)

Potency recovery (n, %) 38 (39) 47 (50) 0.13

Continence (< 1 pad) (n, %) 69 (71) 74 (78) 0.28

Continence (0 pad) (n, %) 67 (68) 71 (75) 0.33

9 months (n)

Potency recovery (n, %) 43 (44) 53 (56) 0.17

Continence (< 1 pad) (n, %) 78 (82) 79 (83) 0.85

Continence (0 pad) (n, %) 76 (78) 78 (82) 0.43

12 months (n)

Potency recovery (n, %) 47 (48) 57 (60) 0.09

Continence (< 1 pad) (n, %) 90 (92) 81 (85) 0.15

Continence (0 pad) (n, %) 87 (89) 80 (84) 0.35

Table 2.  Comparison of functional outcome between hypothermic surgery group and normothermic surgery 
group.

 

Normothermic group
(n = 98)

Hypothermic group
(n = 95)

Age (years) † 66.3 ± 6.2 64.7 ± 7.6

HTN (n, %) 41 (42) 43 (45)

DM (n, %) 16 (16) 17 (18)

BMI (kg/m2) † 24.5 ± 3.0 24.6 ± 2.7

Charlson Comorbidity Index (CCI) (n, %)

 CCI 0 61 (62.2) 60 (63.2)

 CCI 1 27 (27.6) 27 (28.4)

 CCI 2–3 10 (10.2) 8 (8.4)

Pre-operative PSA (ng/dL) † 7.2 ± 4.7 7.5 ± 3.2

Prostate volume (mL) † 38.0 ± 13.1 34.7 ± 14.6

Period between prostate biopsy and operation (days) † 61.1 ± 39.5 59.7 ± 53.5

MRI T stage (n, %)

  T0-T2 83 (95) 90 (96)

  T3 5 (5) 4 (4)

ISUP GG (n, %)

ISUP GG 1–2 68 (69) 75 (79)

ISUP GG 3–5 30 (31) 20 (21)

Total IIEF score† 11.2 ± 7.6 11.6 ± 7.4

EPIC-CP score†

 Urinary incontinence 1.35 ± 1.48 1.14 ± 1.43

 Urinary subscale 2.42 ± 2.88 2.60 ± 2.84

 Bowel subscale 1.18 ± 2.45 1.39 ± 2.73

 Sexual subscale 4.87 ± 2.28 4.73 ± 2.49

 Hormonal subscale 0.86 ± 1.90 1.29 ± 2.62

 Total score 10.7 ± 7.35 11.2 ± 8.20

EQ-5D-5 L VAS score† 82.0 ± 12.8 80.2 ± 13.3

EQ-5D-5 L utility score† 0.93 ± 0.09 0.93 ± 0.09

Table 1.  Comparison of baseline characteristics between hypothermic and normothermic surgery group. PSA: 
prostate-specific antigen, ISUP: international society of urological pathologists, GG: grade group, VAS: visual 
analoque scale †Values are mean ± SD.
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Concerning erectile function recovery, 47% (23/49) and 65% (31/48) of patients in the control and treatment 
groups, respectively, had recovered erectile function (p = 0.08) at the 6-month follow-up. At the 12-month 
follow-up, 59% (29 /49) and 77% (37/48) of patients in the control and treatment groups, respectively, had 
recovered erectile function (p = 0.06) (Table 3).

Sub-cohort (IIEF ≥ 12 without DM) –post hoc analysis  We performed additional functional outcome analysis 
on the subgroup of patients with an IIEF score ≥ 12 and without diabetes as a post hoc analysis. At the 12-month 
follow-up, the treatment group had a significantly higher erectile function recovery rate with a difference of ap-
proximately 21% compared to that exhibited by the control group (60% (25/42 patients) vs. 81% (30/37 patients), 
p = 0.04) (Table 4). Regarding urinary incontinence, the treatment group had a higher continence recovery rate 
at 9-months (67% vs. 89%, p = 0.02).

Patient-reported quality of life
Entire cohort  We compared IIEF-5 scores at 6 and 12 months, and the treatment group demonstrated signif-
icantly better erectile function than the control group. At 6 months, the mean IIEF-5 scores were 4.46 ± 4.14 in 

Post-operative period
Normothermic group
(n = 42)

Hypothermic group
(n = 37) p-value

3 months (n)

Potency recovery (n, %) 20 (48) 16 (43) 0.70

Continence (< 1 pad) (n, %) 25 (60) 27 (73) 0.21

Continence (0 pad) (n, %) 25 (60) 25 (68) 0.50

6 months (n)

Potency recovery (n, %) 21 (50) 25 (68) 0.11

Continence (< 1 pad) (n, %) 29 (71) 31 (84) 0.17

Continence (0 pad) (n, %) 27 (64) 31 (84) 0.05

9 months (n)

Potency recovery (n, %) 23 (55) 28 (76) 0.05

Continence (< 1 pad) (n, %) 30 (75) 33 (89) 0.11

Continence (0 pad) (n, %) 28 (67) 33 (89) 0.02

12 months (n)

Potency recovery (n, %) 25 (60) 30 (81) 0.04

Continence (< 1 pad) (n, %) 36 (86) 33 (89) 0.64

Continence (0 pad) (n, %) 34 (81) 33 (89) 0.31

Table 4.  Comparison of functional outcome between hypothermic surgery group and normothermic surgery 
group in IIEF ≥ 12 without diabetes Mellitus.

 

Post-operative period
Normothermic group
(n = 49)

Hypothermic group
(n = 48) p-value

3 months (n)

Potency recovery (n, %) 23 (47) 22 (46) 0.91

Continence (< 1 pad) (n, %) 29 (59) 33 (69) 0.33

Continence (0 pad) (n, %) 29 (59) 30 (63) 0.74

6 months (n)

Potency recovery (n, %) 23 (47) 31 (65) 0.08

Continence (< 1 pad) (n, %) 34 (71) 37 (77) 0.49

Continence (0 pad) (n, %) 32 (65) 37 (77) 0.20

9 months (n)

Potency recovery (n, %) 26 (53) 35 (73) 0.07

Continence (< 1 pad) (n, %) 36 (77) 41 (85) 0.27

Continence (0 pad) (n, %) 34 (69) 40 (83) 0.11

12 months (n)

Potency recovery (n, %) 29 (59) 37 (77) 0.06

Continence (< 1 pad) (n, %) 43 (88) 41 (85) 0.74

Continence (0 pad) (n, %) 41 (84) 40 (83) 0.96

Table 3.  Comparison of functional outcome between hypothermic surgery group and normothermic surgery 
group in IIEF ≥ 12.
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the control group and 6.16 ± 5.72 in the treatment group (p = 0.02). At 12 months, the respective scores were 
4.95 ± 4.79 and 6.92 ± 6.17 (p = 0.01). However, no significant differences were observed in patient-reported qual-
ity of life scores, including the EuroQol-5 Dimensions 5-Level (EQ-5D-5 L) and the Expanded Prostate Cancer 
Index Composite for Clinical Practice (EPIC-CP). (Supplementary Table 2).

Sub-cohort (IIEF ≥ 12)  We performed additional functional outcome analysis for the group of patients with an 
IIEF score ≥ 12. We compared the scores at two timepoints, 6 and 12 months; the treatment group showed signif-
icantly superior erectile function results compared to those of the control group. At 6 months, the mean IIEF-5 
scores were 5.43 ± 4.55 in the control group and 8.10 ± 6.88 in the treatment group (p = 0.03). At 12 months, the 
control and treatment groups had average IIEF-5 scores of 9.29 ± 7.25 and 6.33 ± 5.16, respectively (p = 0.02) 
(Supplementary Table 3). We compared the EQ-5D-5 L VAS, EQ-5D-5 L utility, EPIC-CP total, and EPIC-CP 
sexual subscale scores between the treatment and control groups at 6 and 12 months. However, the two groups 
did not differ significantly in terms of any outcome measure (Supplementary Table 3).

Adverse event
Four participants in the control group experienced Grade III or higher adverse events, while two in the treatment 
group experienced adverse events. No device-related adverse events were observed (Supplementary Table 4).

Discussion
In this multicenter randomized trial, regional hypothermia using the BELLOCOOL device did not improve 
the primary endpoint of urinary continence recovery at 6 months. Several clinical and procedural factors likely 
contributed to this negative outcome.

First, the enrolled population was heterogeneous, with variable preoperative erectile function, diabetes status, 
and age—all known predictors of postoperative functional recovery independent of surgical technique. These 
confounding factors may have mitigated the impact of hypothermia. Second, inter-surgeon variability across 
centers, including differences in experience with the device and the amount and duration of energy use in nerve-
sparing, may have reduced the potential benefit of hypothermia. Third, continence recovery often continues 
beyond 6 months; therefore, the predefined endpoint may have been too early to capture delayed functional 
benefits. These factors together suggest that the lack of superiority reflects biological and procedural limitations 
rather than device failure.

When compared with previous multicenter studies using the UroCool device developed by Ahlering et 
al.,16,17 similar limitations were encountered. The UroCool trial also failed to demonstrate a functional benefit 
from hypothermia, underscoring the challenge of translating experimental neuroprotection into consistent 
clinical improvement. The BELLOCOOL system was developed to address some of these technical constraints 
by optimizing the rectal balloon design for improved anatomical contact and incorporating automated coolant 
flow and pressure control to maintain a stable target temperature of 26 °C.14 Nonetheless, differences in study 
populations may have further influenced outcomes. In our cohort, patients were older (mean 64.7 years vs. 62.5 
years), had lower preoperative IIEF-5 scores (11.6 vs. 19.4), and included a higher prevalence of DM (18% vs. 
7%) compared with the prior UroCool trial. In addition, Asian men have been reported to experience slower and 
less complete potency recovery after RARP, which may also contribute to the modest functional effects observed 
in the present study18. These contextual and demographic differences highlight the complexity of achieving 
measurable benefits from intraoperative hypothermia, even with technical refinements in device design.

Although exploratory subgroup analyses indicated trends favoring the hypothermic group in non-diabetic 
patients with baseline IIEF-5 ≥ 12, these findings were post hoc, based on small samples, and not adjusted 
for multiple comparisons. They should therefore be interpreted cautiously and regarded only as hypothesis-
generating observations. From a physiological standpoint, diabetes19 and preoperative erectile20 function are 
closely related to neurovascular health; impaired microcirculation and neuropathy in diabetic patients may 
attenuate any neuroprotective effects of hypothermia. Nevertheless, these exploratory signals require prospective 
validation in more homogeneous populations.

Importantly, while the BELLOCOOL device demonstrated an acceptable safety profile, this study has several 
limitations that should be acknowledged. First, inter-surgeon learning curves and procedural variability may 
have influenced the results. Two of the five surgeons had no prior experience with the BELLOCOOL device, 
and intraoperative findings such as tissue edema, condensation, or changes in visibility of the dissection plane 
were not systematically documented, precluding further procedural correlation analyses. Second, the absence 
of double blinding could have introduced potential bias among surgeons, potentially affecting the degree of 
meticulousness during nerve-sparing. This is reflected in the variability of PSM rates between the two groups, 
although no statistically significant difference was observed (control vs. hypothermic group: 5% vs. 11%, p = 
0.3). Within the primary sub-cohort (IIEF ≥ 12 and without diabetes mellitus), the hypothermic group achieved 
better functional outcomes without an increase in PSM rates. Analysis by individual surgeons also revealed 
mixed results—two surgeons had higher PSM rates in the control group, while three had higher rates in the 
treatment group—suggesting that surgeon variability rather than device-related limitations likely contributed to 
these discrepancies. Third, the assessment of continence and sexual function relied on patient-reported measures 
rather than objective tests. Continence was evaluated by pad use instead of a 24-hour pad-weight test, which 
may introduce subjectivity. Similarly, although IIEF-5 scores improved modestly in the hypothermic group, 
the mean difference (approximately 2–3 points) was below the minimal clinically important difference for the 
IIEF as established by Rosen et al.21, suggesting limited clinical relevance. Fourth, quality-of-life improvements 
were not observed on EPIC-CP and EQ-5D-5 L scales. Cultural factors22, as well as the relatively short follow-
up duration of 12 months, may have limited the detection of meaningful QoL recovery, which often becomes 
evident only after one-year post-surgery23,24. Fifth, the randomization process was permitted up to 12 weeks 
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prior to surgery, which may have increased the risk of compromising patient blinding. Although most of the 
randomizations were conducted after the patients were under anesthesia, the multicenter nature of the study 
may have led to randomization occurring at varying time points within the protocol, potentially affecting the 
integrity of blinding. Finally, this study did not assess long-term functional or oncologic outcomes beyond one 
year. Future trials with standardized surgical protocols, objective endpoint definitions, and extended follow-up 
are warranted to confirm these preliminary findings.

Despite these limitations, the present study demonstrates the feasibility and safety of applying regional 
hypothermia during RARP. Future research should include more standardized operative protocols, objective 
intraoperative temperature mapping, and longer follow-up to assess delayed recovery. Trials focusing on non-
diabetic patients with preserved neurovascular function may better clarify whether pelvic hypothermia provides 
tangible functional benefits.

Conclusions
In this multicenter RCT, hypothermic RARP using the BELLOCOOL device did not improve urinary continence 
recovery, the pre-specified primary endpoint. While the device was safe and feasible, its efficacy in enhancing 
postoperative functional recovery remains unproven. Exploratory subgroup findings suggesting potential 
benefits in selected non-diabetic patients require prospective validation through future, adequately powered 
studies.

Data availability
The data sets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.
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