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Purpose: This study aimed to determine the median effective dose (ED50) and effective dose 95% (ED95) of nalbuphine for 
alleviating moderate-severe catheter-related bladder discomfort (CRBD) after ureteroscopic lithotripsy (URL) in male patients using 
probit regression analysis.
Patients and Methods: This retrospective study analyzed anesthesia records of all male patients who underwent URL and received 
nalbuphine under general anesthesia at Jiaxing University Affiliated Hospital between August 2023 and August 2024. Patients were 
categorized into four groups based on nalbuphine dosage: 0.025, 0.05, 0.075, and 0.10 mg/kg. Data on patient demographics, CRBD 
scores, agitation scores, the Ramsay sedation scale, and urinary catheter-related pain (UCRP) scores were collected 5 min after 
laryngeal mask removal. Hemodynamic parameters, including mean blood pressure, heart rate (HR), and oxygen saturation (SPO2), 
were collected at various time points: post-operation (T0), and at immediately (T1), 5 (T2), 10 (T3), 20 (T4), and 30 min (T5) after 
laryngeal mask removal. The incidence of adverse events was documented. Probit regression analysis was employed to calculate the 
ED50 and ED95 of nalbuphine for alleviating moderate-severe CRBD.
Results: Data from 76 anesthesia records were retrieved. CRBD, agitation, and UCRP scores decreased with increasing nalbuphine 
doses, while the Ramsay sedation scores increased. No significant differences were observed in hemodynamic parameters across dose 
groups at any time point (P > 0.05). Similarly, the incidence of adverse effects did not differ significantly among the groups (P > 0.05). 
Probit regression analysis revealed that the ED50 of nalbuphine for alleviating moderate-severe CRBD following URL in male 
patients was 0.03 mg/kg (95% confidence interval [CI]: 0.013–0.046), while the ED95 was 0.108 mg/kg (95% CI: 0.085–0.188).
Conclusion: Nalbuphine is a safe and effective agent for mitigating CRBD, with an ED50 of 0.03 mg/kg and ED95 of 0.108 mg/kg.
Keywords: nalbuphine, ureteroscopic lithotripsy, catheter-related bladder discomfort, median effective dose, men

Introduction
Indwelling urinary catheters are essential in surgical care, preventing bladder injury, monitoring fluid balance, and managing 
urinary retention.1–3 With advancements in patient-centered medical care, surgeons increasingly prefer inserting catheters 
after general anesthesia, minimizing discomfort during the procedure. However, most patients experience catheter-related 
bladder discomfort (CRBD), characterized by suprapubic discomfort and an urge to void during the anesthesia recovery 
phase.4,5 These symptoms primarily manifest as urinary frequency and urgency.6

With advancements in minimally invasive techniques, ureteroscopic lithotripsy (URL) has become a preferred endoscopic 
procedure for managing urinary stones.7–9 Despite its benefits, routine indwelling urinary catheterization associated with URL 
significantly increases the incidence of CRBD. Severe cases may lead to postoperative complications, including agitation, 
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delusion, and catheter displacement.10 Studies indicate that male patients are at a higher risk of developing CRBD than 
females,11,12 which underscores the focus of this study on male patients undergoing URL under general anesthesia.

Nalbuphine is a semi-synthetic opioid analgesic with mixed agonist-antagonist properties. It demonstrates rapid onset, 
sustained efficacy, low addiction potential, and a favorable safety profile.13,14 Nalbuphine is widely used in anesthesia 
induction, postoperative analgesia, and chronic pain treatment.15–17 Recent clinical study confirm that combined nalbuphine 
significantly lowers the scores of CRBD and prolongs the duration of analgesia in patients after urological surgery,18 However, 
it is associated with dose-dependent adverse reactions, such as delayed extubation, nausea, vomiting, respiratory depression. 
Optimizing the nalbuphine dose is crucial for minimizing CRBD severity while reducing the likelihood of complications.19 

That is to say, there is no consensus on the optimal dose required to prevent moderate-severe CRBD in this population.
This dose-response study aimed to determine the median effective dose (ED50) and effective dose 95% (ED95) of 

nalbuphine for alleviating moderate-severe CRBD in male patients undergoing URL under general anesthesia.

Patients and Methods
Patients
This retrospective study analyzed anesthesia records of all male patients who underwent ureteroscopic lithotripsy under 
general anesthesia at Jiaxing University Affiliated Hospital between August 2023 and August 2024.

All patient data were anonymized to ensure confidentiality, and the study adhered to relevant ethical guidelines and 
regulations.

Study Protocol
Anesthesia records of male patients who received nalbuphine during URL were reviewed for this analysis.

Inclusion criteria: (1) Male patients; (2) Aged from 18 to 85 years old; (3) Patients undergoing ureteroscopic 
lithotripsy and indwelling urinary catheter placement under general anesthesia; (4) Standardized anesthesia 
protocol, including induction with sufentanil 0.2 µg/kg, rocuronium 0.6 mg/kg, and propofol 2 mg/kg; placement 
of a laryngeal mask and ventilator-assisted ventilation; maintenance with remifentanil 0.1–0.2 µg/kg/mL by 
intravenous infusion and 2% sevoflurane inhalation; postoperative analgesia using 0.025–0.10 mg/kg nalbuphine 
administered 5 minutes before the end of the operation, along with ondansetron 4 mg for preventing postoperative 
nausea and vomiting (PONV); reversal of residual muscle relaxants with sugammadex sodium after the operation; 
uniform application of the above anesthesia protocol for all patients.

Exclusion criteria: (1) Patient refusal to participate in the study; (2) Preoperative diagnoses of neurogenic bladder, 
overactive bladder, or discomfort in the suprapubic area; (3) Preoperative cognitive dysfunction; (4) Postoperative 
admission to the intensive care unit (ICU); (5) Incomplete anesthesia records.

Patients were categorized into four groups based on the nalbuphine dose administered: 0.025, 0.05, 0.075, and 
0.10 mg/kg. A total of 80 anesthesia records were initially retrieved, and two were excluded due to incomplete data. 
Furthermore, one male patient from the 0.05 mg/kg group and another from the 0.075 mg/kg group were excluded due to 
a preoperative diagnosis of overactive bladder. Ultimately, 76 patients were included: 19 in the 0.025 mg/kg group, 18 in 
the 0.05 mg/kg group, 19 in the 0.075 mg/kg group, and 20 in the 0.10 mg/kg group.

Measurement
Data Collection

(1) General characteristics: age, body mass index (BMI), operation duration, anesthesia duration (from the start of 
anesthesia to the end of operation), time to laryngeal mask removal (time from the end of operation to laryngeal 
mask removal).

(2) Clinical indicators: Incidence and severity of CRBD, agitation score, Ramsay sedation scale score, and urinary 
catheter-related pain (UCRP) score, all measured 5 min after laryngeal mask removal.

(3) Physiological parameters: the mean blood pressure, HR, and SpO2 levels were recorded at the following time points: post- 
operation (T0), immediately after laryngeal mask removal (T1), and at 5 (T2), 10 (T3), 20 (T4), and 30 min after laryngeal 
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mask removal (T5). The occurrence of adverse events, including PONV, respiratory depression (SpO2 < 95%), vertigo, 
and headache was documented before leaving the postanesthesia care unit (PACU).

Evaluation Criteria
CRBD Score 
0 (none): no urethral or bladder discomfort when queried; 1 (mild): mild urethral discomfort upon questioning; 2 
(moderate): self-reported catheter discomfort without accompanying behavioral responses; 3 (severe): self-reported 
catheter discomfort with significant behavioral responses, such as verbal complaints, body movements, or attempts to 
remove the catheter.20

A trained observer assessed the occurrence and severity of CRBD at 5 minutes post-laryngeal mask removal. 
Moderate-severe CRBD (CRBD score ≥2) required clinical intervention.

Agitation Score 
0: cooperative patient with no agitation; 1: physical agitation upon stimulation, relieved by verbal reassurance; 2: agitation 
without stimulation, including attempts to remove the catheter or drainage tube; 3: severe agitation with intense physical 
struggle, requiring multiple staff to restrain the patient.21

Ramsay Sedation Scale Score 
1: the patient is anxious or restless; 2: the patient is awake, calm, cooperative, and oriented; 3: the patient is asleep but 
responsive to instructions and reacts promptly; 4: drowsy patient who responds quickly to loud verbal stimuli; 5: drowsy 
patient with a slow response to loud verbal stimuli; 6: unresponsive patient in deep sleep or anesthesia. Sedation was 
considered satisfactory with a score of 2–4 and excessive if the score was 5–6.22

Urinary Catheter-Related Pain (UCRP) Score 
Pain was measured using the numerical rating scale (NRS) ranging from 0 to 10, where 0 indicates no discomfort, and 10 
indicates intolerable pain.

Statistical Analyses
The sample size was calculated using Power Analysis and Sample Size (PASS) 15 software (National Software 
Computing Corporation [NSCC], Lunar Computing Corporation [LCC], Kaysville, Utah) based on the Cochran– 
Armitage test for proportion trends. The incidence of moderate-severe CRBD was estimated to be 52%, 30%, 21%, 
and 3% for nalbuphine doses of 0.025, 0.05, 0.075, and 0.1 mg/kg, respectively. Calculations indicated that a sample size 
of 16 patients per group would achieve 90% power to detect a linear trend using a two-tailed Z test with an α level of 
0.05. The total required sample size was set at 80 patients, with 20 patients assigned to each group, to account for 
a potential 20% attrition rate.

Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) statistical software 
(version 26.0; International Business Machines Corporation, New York, USA). Data normality was assessed using the 
Shapiro–Wilk test and visual inspection of histograms. Continuous variables with normal distribution are presented as 
mean ± standard deviation (SD), while non-normally distributed variables are presented as medians with interquartile 
ranges (IQRs). Categorical variables are summarized as frequencies and percentages. Comparisons of two normally 
distributed continuous variables were conducted using independent t-tests, while variance analysis with post-hoc Least 
Significant Difference (LSD) t-tests was applied for group comparisons. Non-normally distributed variables were 
compared using the Mann–Whitney U-test for two groups and the Kruskal–Wallis H-test for multiple groups. 
Categorical variables were analyzed using the chi-squared test. Probit regression analysis was employed to calculate 
the ED50, ED95, and their corresponding 95% confidence intervals for nalbuphine in alleviating moderate-severe CRBD 
in male patients undergoing URL. GraphPad Prism 8 (GraphPad Software, LLC, San Diego, California, USA) was used 
for data visualization. Statistical significance was set at P < 0.05.
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Results
A total of 80 anesthesia records were retrieved, with two incomplete records excluded from the analysis. In the 0.05 mg/ 
kg and 0.075mg/kg dose groups, one male patient from each group was excluded due to a preoperative diagnosis of 
overactive bladder. After data screening, 76 patients were included in the final analysis, distributed as follows: 19 in the 
0.025 mg/kg group, 18 in the 0.05 mg/kg group, 19 in the 0.075 mg/kg group, and 20 in the 0.10 mg/kg group. 
A flowchart of the patient selection process is shown in Figure 1.

Comparison of the General Characteristics Across Dose Groups
No significant differences were observed among the dose groups regarding age, BMI, operation duration, anesthesia 
duration, or laryngeal mask removal time (P > 0.05). These findings are summarized in Table 1.

Figure 1 A flowchart of the patient selection process.
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Comparison of the General Characteristics by CRBD Severity
Patients were categorized into two groups based on their CRBD scores: the moderate-severe group (CRBD score ≥ 2) and 
the non-moderate-severe group (CRBD score < 2). No substantial differences were noted in age, BMI, operation 
duration, anesthesia duration, and laryngeal mask removal time (P > 0.05). Details are presented in Table 2.

Comparison of Scores Across Dose Groups
The CRBD and agitation scores decreased with increasing nalbuphine dosage. Patients in the 0.10mg/kg group had 
significantly lower scores than those in the 0.025 mg/kg group (F=9.809, P=0.003; F=7.144, P=0.011). Similarly, NRS 
scores decreased with higher doses, with the 0.10 mg/kg group having substantially lower scores than the 0.025 mg/kg 
and 0.05 mg/kg groups (F=14.253, P=0.001; F=6.389, P=0.016). Ramsay sedation scores increased with higher doses. 
The 0.075 mg/kg and 0.10 mg/kg groups had significantly higher scores than the 0.025 mg/kg group (F=11.102, P=0.002; 
F=13.368, P=0.001). Most Ramsay sedation scale score in the 0.075 mg/kg and 0.10 mg/kg groups were concentrated at 
2 points, indicating satisfactory sedation. The results are detailed in Table 3.

Comparison of Hemodynamic Parameters Across Dose Groups
No considerable differences were found among the dose groups in mean blood pressure, heart rate, or SpO2 levels (P > 0.05). 
The data are presented in Tables 4–6.

Table 1 Comparison of the General Characteristics Across Dose Groups

0.025mg/kg  
(n=19)

0.05mg/kg  
(n=18)

0.075mg/kg  
(n=19)

0.10mg/kg  
(n=20)

F P

Age (years) 54.11±8.25 55.61±9.68 49.05±11.92 52.30±9.90 1.479 0.227

BMI 20.70±1.86 21.23±1.89 21.07±1.94 20.91±1.98 0.252 0.860

OD (min) 40.32±20.24 38.39±18.42 33.16±11.80 34.55±12.66 0.808 0.494
AD (min) 45.05±21.48 44.33±17.96 36.42±11.98 40.10±12.19 1.142 0.338

LMRT (min) 11.26±2.66 11.28±1.93 11.37±2.52 12.00±2.88 0.376 0.770

Abbreviations: BMI, body mass index; OD, operation duration; AD, anesthesia duration; LMRT, Laryngeal mask 
removal time.

Table 2 Comparison of the General Characteristics by CRBD Severity

Moderate-Severe  
Group (n=21)

Non-Moderate-Severe  
Group (n=55)

t P

Age (years) 52.62±12.53 52.76±9.17 −0.484 0.634

BMI 20.48±1.84 21.16±1.89 −1.231 0.232
OD (min) 40.00±21.79 35.24±13.25 0.280 0.783

AD (min) 45.38±22.55 39.91±13.25 0.375 0.712

LMRT (min) 12.24±2.45 11.20±2.49 1.734 0.098

Abbreviations: BMI, body mass index; OD, operation duration; AD, anesthesia duration; LMRT, 
Laryngeal mask removal time.

Table 3 Comparison of Scores Across Dose Groups

0.025mg/kg  
(n=19)

0.05mg/kg  
(n=18)

0.075mg/kg  
(n=19)

0.10mg/kg  
(n=20)

F P

CRBD 2(0,3) 1(0,2) 1(0,1) 1(0,1)* 3.425 0.022

Agitation 1(0,2) 1(0,1) 0(0,1) 0(0,0.75)* 2.278 0.087
Ramsay 1(1,2) 1.5(1,2.25) 2(2,2)* 2(2,2)* 4.730 0.005

UCRP 5(2,6) 2(1.75,5.25) 2(2,3) 2(1,2)*# 4.210 0.008

Notes: Compared with 0.025mg/kg, *P<0.05; Compared with 0.05mg/kg, #P<0.05.
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Postoperative Complications
No significant differences were observed in the incidence of PONV, respiratory depression, vertigo, or headache among 
the different dose groups (P > 0.05), as shown in Table 7.

Table 4 Comparison of Mean Blood Pressure Across Dose Groups

0.025mg/kg  
(n=19)

0.05mg/kg  
(n=18)

0.075mg/kg  
(n=19)

0.10mg/kg  
(n=20)

F P

T0 91.58±14.50 89.17±13.05 87.16±11.44 92.35±14.12 0.604 0.614

T1 94.37±12.09 90.33±8.78 89.11±12.42 94.10±11.07 1.071 0.367

T2 95.21±10.27 89.28±14.89 87.74±10.63 91.75±10.24 1.495 0.223
T3 94.11±9.37 89.28±13.31 86.47±9.35 92.35±8.61 2.059 0.113

T4 93.84±9.29 90.44±12.44 85.79±8.67 90.30±9.84 2.023 0.118

T5 93.26±8.26 89.94±9.43 85.58±7.68 89.75±9.84 2.402 0.075

Notes: T0: post-operation; T1: immediately after laryngeal mask removal; T2: 5 min after laryngeal mask 
removal; T3: 10 min after laryngeal mask removal, T4: 20 min after laryngeal mask removal; T5: 30 min 
after laryngeal mask removal.

Table 5 Comparison of Heart Rate Across Dose Groups

0.025mg/kg  
(n=19)

0.05mg/kg  
(n=18)

0.075mg/kg  
(n=19)

0.10mg/kg  
(n=20)

F P

T0 69.74±10.49 70.94±12.83 65.58±9.36 67.40±9.23 0.968 0.413
T1 74.95±11.93 74.50±15.38 70.63±10.76 71.20±7.04 0.700 0.555

T2 76.53±14.82 75.94±15.20 71.84±10.68 74.80±10.86 0.486 0.693

T3 73.05±14.03 74.39±13.53 72.21±8.48 69.70±8.11 0.586 0.626
T4 73.47±12.33 75.11±11.60 70.47±7.93 70.15±6.88 1.102 0.354

T5 71.89±11.34 75.78±9.64 68.32±9.15 69.45±6.30 2.360 0.079

Notes: T0: post-operation; T1: immediately after laryngeal mask removal; T2: 5 min after laryngeal 
mask removal; T3: 10 min after laryngeal mask removal, T4: 20 min after laryngeal mask removal; T5: 
30 min after laryngeal mask removal.

Table 6 Comparison of SpO2 Across Dose Groups

0.025mg/kg  
(n=19)

0.05mg/kg  
(n=18)

0.075mg/kg  
(n=19)

0.10mg/kg  
(n=20)

F P

T0 99.11±0.81 99.61±0.70 99.74±0.56 99.45±1.23 1.863 0.144
T1 99.05±0.97 99.39±0.78 99.32±0.75 99.65±0.59 1.929 0.132

T2 98.63±1.42 99.17±0.92 99.00±0.82 99.20±0.89 1.192 0.319

T3 98.21±1.55 98.44±1.46 98.37±0.60 98.65±0.67 0.496 0.686
T4 98.26±1.45 97.89±1.13 98.05±0.85 98.50±0.69 1.183 0.322

T5 97.58±1.46 97.39±1.46 97.47±0.77 98.05±0.76 1.264 0.293

Notes: T0: post-operation; T1: immediately after laryngeal mask removal; T2: 5 min after laryngeal 
mask removal; T3: 10 min after laryngeal mask removal, T4: 20 min after laryngeal mask removal; T5: 
30 min after laryngeal mask removal.

Table 7 Comparison of Postoperative Complications Across Dose Groups

0.025mg/kg  
(n=19)

0.05mg/kg  
(n=18)

0.075mg/kg  
(n=19)

0.10mg/kg  
(n=20)

x2 P

PONV 1(5.26%) 3(16.67%) 2(10.53%) 1(5.00%) 1.821 0.610

RD 0(0) 1(5.56%) 0(0) 1(5.00%) 2.065 0.559
Vertigo 2(10.53%) 2(11.11%) 3(15.79%) 2(10.00%) 0.389 0.942

Headache 0(0) 1(5.56%) 0(0) 0(0) 3.265 0.353

Abbreviations: PONV, postoperative nausea and vomiting; RD, Respiratory depression.
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ED50 and ED95 of Nalbuphine
The ED50 for nalbuphine in alleviating moderate-severe CRBD following URL in male patients was 0.03 mg/kg (95% 
CI: 0.013–0.046), while the ED95 was 0.108 mg/kg (95% CI: 0.085–0.188). The dose-response curves for nalbuphine’s 
inhibition of moderate-severe CRBD are shown in Figure 2.

Discussion
Catheter-related bladder discomfort (CRBD) is characterized by a sensation of urgency and discomfort in the suprapubic 
region during postoperative anesthesia.10,11 It is commonly observed in the post-anesthesia care unit (PACU), where 
patients undergo early recovery from surgical anesthesia. Despite efforts by anesthesiologists and nurses to comfort 
patients, those with moderate-severe CRBD often remain agitated and unable to adapt, resulting in significant rest
lessness. The incidence of CRBD ranges from 47% to 90%, leading to prolonged PACU recovery times, extended 
hospital stays, and increased safety risks such as surgical wound bleeding, wound dehiscence, and displacement of 
drainage tubes. These complications further contribute to the patient’s hospitalization burden.11 Therefore, proactive 
measures are needed to alleviate patient discomfort and reduce associated risks.

Numerous clinical drugs are available for CRBD management, including tramadol, dezocine, and oxycodone.23–25 

However, these medications are often associated with adverse effects, such as excessive sedation, respiratory depression, 
nausea, and vomiting. Traditional opioid receptors are categorized into κ,μ, and δ.26 When activated, κ-receptors, 
primarily located in the cerebral cortex, produce mild analgesia, pupil constriction, and disorientation. These effects 
are typically accompanied by minimal inhibition of the respiratory and circulatory systems. The μ-receptors are primarily 
located in the brainstem, and their activation by morphine produces analgesia, frequently accompanied by euphoria. This 
effect can alleviate discomfort caused by foreign objects, such as catheters. However, because the brainstem regulates 
both respiratory and cardiovascular functions, activation of μ-receptors can suppress these systems, leading to adverse 
reactions such as respiratory depression and hypotension. Moreover, stimulation of μ-receptors may cause nausea, 
vomiting, and decreased gastrointestinal motility. An ideal agent for preventing or treating CBRD should substantially 

Figure 2 The dose-response curves for nalbuphine’s inhibition of moderate-severe CRBD.
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reduce bladder spasms, minimize adverse nerve stimulation, and alleviate discomfort associated with urinary catheters 
during recovery from general anesthesia without causing significant adverse reactions.

Nalbuphine interacts with μ, κ, and δ opioid receptors,27 producing analgesic effects by activating κ receptors at the 
spinal level, which are particularly effective for managing visceral pain; its partial antagonism of μ receptors reduces the 
likelihood of adverse effects such as respiratory depression and addiction; its weak δ receptor activity minimizes 
irritability and anxiety.

Recent clinical studies have demonstrated that administration of nalbuphine during general anesthesia induction is 
more helpful in reducing the incidence and severity of CRBD during postoperative recovery.28 However, in clinical 
practice, it is associated with dose-dependent adverse reactions,29,30 such as delayed extubation, nausea, vomiting, 
respiratory depression, dizziness, and headaches. Optimizing the nalbuphine dose is crucial for minimizing CRBD 
severity while reducing the likelihood of complications. This study’s comparisons across four dose groups revealed that 
CRBD, agitation, and UCRP scores decreased with increasing doses, while the Ramsay sedation scores increased and 
stabilized at 2 points. This finding suggests that higher nalbuphine doses more effectively reduce CRBD severity, and 
improve sedation, analgesia, and agitation prevention. No considerable differences in mean blood pressure, HR, or SPO2 

were observed across the dose groups, suggesting that nalbuphine does not disrupt hemodynamic stability. Moreover, the 
incidence of nausea, vomiting, respiratory depression, vertigo, and headache did not vary significantly with dose, 
suggesting that increasing the nalbuphine dose does not exacerbate these adverse effects. These findings indicate that 
nalbuphine is a safe and effective treatment for reducing CRBD severity, preventing its onset, and improving patient 
outcomes.

Previous studies frequently employed the Dixon sequential method to determine drug ED50.31,32 While this method 
requires a smaller sample size, its primary limitation is reduced accuracy, as inadequate representation at extreme doses 
can result in significant bias. Conversely, this study included 76 male patients, ensuring a larger sample size, reduced 
bias, and more reliable results. The results revealed that the ED50 of nalbuphine for alleviating moderate-severe CRBD 
following URL in male patients was 0.03 mg/kg (95% CI: 0.013–0.046), and the ED95 was 0.108 mg/kg (95% CI: 
0.085–0.188). Using probit regression analysis, the calculated ED50 and ED95 effectively reduced CRBD severity 
without increasing dose-related adverse effects.

Despite its strengths, this study has some limitations. First, its retrospective nature precluded the direct involvement 
of researchers in preoperative patient education and anxiety management, which are key factors contributing to CRBD. 
Second, the retrospective design limited the collection of extended follow-up on CRBD, agitation, sedation and UCRP 
score, which could have provided a more comprehensive evaluation of nalbuphine’s efficacy. Finally, the study is limited 
to male patients undergoing a single surgical procedure at one center. Thus, the findings may not yet be generalizable to 
female patients with other types of surgeries in other medical centers. In future studies, we will include larger, more 
diverse populations and multicenter cohorts to draw more robust conclusions.

Conclusion
Nalbuphine is a safe and effective option for reducing CRBD severity. The ED50 for alleviating moderate-severe CRBD 
after URL in male patients was 0.03 mg/kg (95% CI: 0.013–0.046), and the ED95 was 0.108 mg/kg (95% CI: 
0.085–0.188).
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