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Abstract

Background Colonoscopy is essential for diagnosing colon lesions but is often associated with discomfort. Painless
colonoscopy techniques are being increasingly used to improve the patient experience."However, in the case of pain-
less colonoscopy, anesthesia is performed outside the operating room, which requires more significant peri-examina-
tion of hemodynamic changes and adverse postoperative reactions. This requires a more careful selection of narcotic
analgesics, and there needs to be optimal analgesic drug guidance in clinical practice. This study compared the effi-
cacy and safety of nalbuphine and hydromorphone in improving patient comfort and maintaining hemodynamic
stability during elective colonoscopy.

Methods This prospective, randomized, double-blinded controlled trial included 72 adult patients (aged 18-65)
who underwent sedation colonoscopy. The 72 patients were randomly divided into two groups using a computer-
generated random sequence. Body mass index 18.5-28.0 kg/m2; American Society of Anesthesiologists (ASA) grade
I to II. Then, the nalbuphine group was given 0.13 mg/kg nalbuphine, the hydromorphone group was given 0.016
mg/kg hydromorphone, and during the operation, 10-20 mg/time propofol could be appropriately injected accord-
ing to the patient’s examination and cooperation. All patients were continuously monitored for oxygen saturation,
heart rate, and noninvasive mean arterial blood pressure. The colonoscopy time and anesthesia time were recorded.
Adverse reactions such as hypotension, decreased oxygen saturation, nausea, and vomiting were recorded. Anesthe-
siologist satisfaction, gastroenterologist (operator), and patient satisfaction were recorded.

Results Both nalbuphine and hydromorphone effectively maintained hemodynamic stability, with no significant
differences in vital signs observed between the groups (P >0.05). However, nalbuphine significantly reduced the inci-
dence of postoperative nausea, vomiting, dizziness, and headache compared to hydromorphone (P <0.05). The
reduced side effects of nalbuphine were marked, suggesting a better postoperative comfort profile.

Conclusions While nalbuphine and hydromorphone effectively maintain intraoperative vital signs, nalbuphine offers
superior postoperative comfort. This makes nalbuphine a preferable analgesic choice in outpatient colonoscopy
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settings. Further research is warranted to determine the optimal dosages for both drugs and to explore their mecha-

nisms of action in procedural pain management.
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Introduction

As colon lesions become more prevalent, colonoscopy
screening has become increasingly essential for early
diagnosis and intervention [1-4]. The colonoscopy pro-
cedure often leads to significant pain due to air insuffla-
tion and instrument insertion. [5-8]. Without sedation
and analgesia, patients often struggle to tolerate the dis-
comfort and stimulation associated with the procedure
[9, 10]. To address these challenges and improve patient
comfort, painless colonoscopy techniques, which utilize
both sedation and analgesia, have become more widely
adopted. These techniques aim to minimize discomfort,
improve the patient experience, and potentially increase
the uptake of screening.

However, performing anesthesia outside the operating
room, as is common in painless colonoscopy, introduces
additional considerations, such as the risks of respiratory
depression and hemodynamic instability associated with
analgesics [11-16]. These risks require careful selection
of analgesic agents that can effectively relieve pain while
minimizing adverse effects, especially in outpatient set-
tings where rapid recovery and discharge are desired
[17-22]

Nalbuphine, a synthetic opioid analgesic with a distinct
pharmacological profile, presents an attractive option
for pain management in painless colonoscopy [23-25].
As a mixed opioid agonist—antagonist, nalbuphine pro-
vides adequate analgesia similar to other opioids, such
as morphine and fentanyl, while carrying a lower risk
of respiratory depression due to its ceiling effect on this
adverse reaction. This makes nalbuphine especially suit-
able for settings where minimizing respiratory complica-
tions is a priority. Furthermore, nalbuphine’s potential
to cause less nausea, vomiting, and sedation compared
to full opioid agonists further supports its use in outpa-
tient procedures, where patient comfort and rapid recov-
ery post-procedure are critical. Hydromorphone was
selected as the comparator because it is a widely used
opioid for colonoscopy procedures and has a similar
pharmacological profile to nalbuphine. Previous studies
have demonstrated the effectiveness of hydromorphone
for managing procedural pain in gastrointestinal proce-
dures [26, 27].

Given the critical role of colonoscopy in screening
for colon lesions and the need to enhance patient com-
fort and safety, this study aims to explore the impact of

nalbuphine on patient comfort and the overall safety
profile of painless colonoscopy. By focusing on nal-
buphine’s analgesic efficacy and its potential to reduce
anesthesia-related risks, this research seeks to provide
evidence-based support for its use in painless colonos-
copy procedures.

Methods

Study design

This prospective, randomized, double-blinded, controlled
clinical trial evaluates the effects of hydromorphone ver-
sus nalbuphine on efficacy and safety during painless
colonoscopy. The study adheres to the principles outlined
in the Declaration of Helsinki. It received approval from
the Institutional Review Board of Tianjin Jizhou District
People’s Hospital on October 23, 2023 (approval number
IRB2023 -18), and was registered in the Chinese Clinical
Trial Registry on November 9, 2023 (registration num-
ber ChiCTR2300077446). Written informed consent
was obtained from all participants prior to inclusion in
the trial. The study follows the Consolidated Standards of
Reporting Trials (CONSORT) guidelines for randomized
clinical trials, and the trial protocol is available in Sup-
plement 1. The study is scheduled to run from December
2023 to May 2024.

Inclusion and exclusion criteria
The trial includes 72 participants aged 18 to 65 who were
classified by the American Society of Anesthesiologists
(ASA) as class I to II and scheduled to undergo painless
colonoscopy under deep sedation (no tracheal intubation
required). Patients were required to be willing to partici-
pate in the study and available for telephone follow-up
within 4 h post-surgery. Exclusion criteria included: (1)
known allergy to hydromorphone or nalbuphine; (2) a
long history of opioid analgesia; (3) severe cardiovascu-
lar, liver, or kidney disease; and (4) inability to read, write,
or understand Chinese.The study would be terminated if
there was a significant increase in adverse events or if the
safety of the intervention could not be ensured. Termi-
nation criteria included: (1) excessive adverse events, (2)
failure to meet primary outcome measures after initial
data analysis, or (3) a higher than expected dropout rate
of more than 15%.

Criteria for discharge from recovery include: (1) a Pos-
tanesthesia Recovery Score (PARS) of 29, (2) stable vital
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signs, and (3) a minimum of 20 min without signs of sig-
nificant nausea or dizziness post-procedure.

Randomization and blinding

A computer-generated randomization sequence assigned
eligible patients to either the hydromorphone or nal-
buphine group in a 1:1 ratio (Fig. 1). To ensure the assign-
ments remained concealed, the results were sealed in
sequentially numbered envelopes and provided to a nurse
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not involved in the study. Participants, anesthesiologists,
and outcome evaluators were blinded to group assign-
ment. The experimental drug was placed in an opaque
bag to further maintain blinding.

Adverse events

Adverse events were defined as any untoward medical
occurrences that were observed during the study period.
These were reported by clinical staff immediately to the

The patient was treated with a painless ente
roscopy (fasting water for 6h+ enema treat
ment)

:

patients signed
informed consent:random numbers were
generated by computer generator

Start of anesthesia: blood pressure, blood o
Xygen monitoring, preparation of respirator
y circuits, opening of venous access

Nalbuphine group
0.13mg/kg

&

follow up 20min after

operation(n=36)

follow up 4h after

operation(n=36)

Hydromorphone group
0.016mg/kg

follow up 20min after

operation(n=36)

follow up 4h after
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( Figure 1 Study flow chart )

Fig. 1 Study flow chart
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principal investigator. Serious adverse events (SAEs),
including respiratory depression or cardiovascular insta-
bility, were reported within 24 h to the Ethics Committee,
who reviewed the event for potential protocol modifica-
tions or patient safety actions.

Sample size calculation

Based on preliminary study results, we anticipated that
34.5% of the participants in the hydromorphone group
and 2.7% of those in the nalbuphine group would experi-
ence postoperative nausea and vomiting. The sample size
was calculated with a power of 90% and an alpha of 0.05.
Using PASS software (V.20.0.6, NCSS, Kaysville, USA),
the calculation yielded 32 participants per group, con-
sidering 1:1 randomization. To account for a 15% drop-
out rate, a total of 36 patients per group were included,
bringing the total number of participants to 72.

Painless colonoscopy implementation

The study allowed for the use of propofol if opioid-based
sedation alone was insufficient. However, the primary
goal was to assess the efficacy of nalbuphine in managing
abdominal pain, which often requires stronger analge-
sia, particularly in gastrointestinal procedures. Supple-
mental propofol was administered to 12% of patients in
the Hydromorphone group and 15% of patients in the
Nalbuphine group. The average dose of propofol admin-
istered was 0.05 mg/kg, depending on the patient’s
response to opioid sedation.

All patients fasted and were prepared with an enema
prior to the examination. Vital signs were recorded
immediately upon entry into the procedure room. Venous
access was established, and patients received nasal cathe-
ter oxygen (5 L/min) while being continuously monitored
for heart rate (via three-lead ECG), SpO,, and blood pres-
sure (recorded before induction, 2 min after induction, at
admission, after reaching the splenic and hepatic flexure,
upon arrival at the ileocecal area, and during endoscopic
withdrawal).During the procedure, patients were contin-
uously monitored for vital signs (heart rate, SpO,, MAP),
respiratory rate, and level of sedation. Any abnormal
readings were immediately addressed by the anesthesia
team following protocol. For example, hypoxia was man-
aged by increasing supplemental oxygen and initiating
manual ventilation if SpO, dropped below 90%.

First aid medications, simple respiratory balloons and
masks, endotracheal intubation equipment, anesthe-
sia machines, and other necessary rescue equipment
were prepared. Five minutes before the colonoscopy, all
patients were administered 0.05 mg/kg of propofol. Par-
ticipants were then randomly assigned to one of two
groups. In the nalbuphine group, patients received 0.13
mg/kg of nalbuphine intravenously 4 min before the

Page 4 of 10

colonoscopy. In the hydromorphone group, patients were
administered 0.016 mg/kg of hydromorphone intrave-
nously 4 min before the procedure.

In the event of severe adverse reactions (e.g., respira-
tory distress, bradycardia), emergency equipment was
available, including endotracheal intubation tools, a ven-
tilator, and medications such as atropine for bradycardia
and ephedrine for hypotension. A trained emergency
response team was on standby.

If patients were unable to cooperate during the exami-
nation after receiving the analgesic drug, an additional
10-30 mg of propofol was administered. Mild hypoxia
was defined as SpO, lower than 94% and lasting for less
than 30 s. The airway was opened, and mandibular sup-
port was applied. If SpO, decreased to 90% and lasted
longer than 30 s, severe hypoxia was defined. In cases
of respiratory distress or when SpO, reached 90% with
a respiratory rate below six breaths per minute, airway
operations (e.g., mandibular push forward to open the
airway) were performed immediately, and manual venti-
lation with a mask and breathing balloon was initiated.
Bradycardia was defined as a heart rate below 60 beats
per minute, and atropine (0.3/0.5 mg) was administered
when heart rate dropped below 50 beats per minute. For
hypotension, defined as mean arterial pressure (MAP)
below 60 mmHg or a 30% decrease from baseline, 3-5 mg
of ephedrine was used. The Ramsay sedation score was
recorded by an independent researcher unaware of the
group assignment, with ratings as follows: 1—anxiety or
irritability; 2—cooperation and sedation; 3—drowsiness
but responsive to commands; 4—sleeping but responsive
to tactile stimuli; 5—sleeping and unresponsive.

Outcome measures

Primary outcomes

Postoperative nausea and vomiting (PONV) were evalu-
ated using the PONV Intensity Scale. The scale is calcu-
lated as: PONV intensity =severity of nausea (1 =mild,
2= moderate, 3= severe) X pattern of nausea (1 =vary-
ing, 2= constant) X duration of nausea (in hours). Dizzi-
ness, headache, and colic were assessed using a numerical
rating scale (0-10). The Visual Analog Scale (VAS) was
used to evaluate patients’pain, where a 100 mm line
is used, and patients mark the intensity of their pain.
Patient satisfaction with anesthesia care (PSAC) was also
measured.

Secondary outcomes

Intraoperative vital signs, including mean arterial pres-
sure, SpO,, and heart rate, were continuously monitored
and recorded at predefined time points: before induction,
2 min after induction, at admission, after reaching the
splenic and hepatic flexure, upon arrival at the ileocecal
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area, and during endoscopic withdrawal. If heart rate
slowed, blood pressure dropped, or the somatogenetic
reaction was >2 points, these parameters were recorded
at various time intervals.

Patients were assessed using the Postanesthesia Recov-
ery Score (PARS) at 20 min and 4 h post-awakening. The
PARS assesses five criteria: respiration, circulation, con-
sciousness, skin color, and activity level. Each parameter
is rated on a scale from 0 to 2, and the total score is used
to determine the patient’s readiness for discharge from
the recovery unit.

Statistical methods

Data analysis will be conducted on an intention-to-treat
basis. Continuous variables, such as mean arterial pres-
sure (MAP), heart rate (HR), and SpO,, will be com-
pared between groups using either Student’s t-test or the
Mann-Whitney U test, depending on the distribution of
the data. Normally distributed data will be analyzed using
Student’s t-test, while non-normally distributed data will
be evaluated using the Mann—Whitney U test. Categori-
cal variables, such as the incidence of nausea or vomiting,
will be analyzed using the appropriate chi-square test or
Fisher’s exact test. Ranked data will be compared using
the Mann—-Whitney U test. Differences will be consid-
ered statistically significant at a p-value of <0.05.

Results

A total of 72 patients were selected from December
2023 to April 2024 at Tianjin Jizhou People’s Hospital.
No patients were lost to follow-up within 4 h. See Fig. 1
for details. Multiple participants were included in each
analysis, with assignments based on the initial group
allocation.

There were no significant differences in general demo-
graphic data, such as sex, age, BMI, or ASA grade,
between the two groups. Basic vital signs, including
blood pressure, pulse oxygen saturation (SpO,), and
heart rate, showed no significant differences between the
groups (see Table 1). Additionally, no significant differ-
ences in SpO,, MAD, or heart rate were found between
the groups at the T1-T7 time points (p >0.05). However,
both groups showed a significant decrease in heart rate
at the T4 time point, when the colonoscope passed the
splenic flexure, as demonstrated in Table 2 and Figs. 2, 3,
and 4.

The incidence of bradycardia, hypotension, and severe
hypoxia did not differ significantly between the two
groups (p >0.05). See Table 3.

However, the incidence of nausea and dizziness in
the nalbuphine group was significantly lower than
in the hydromorphone group (p <0.05). See Table 4.
Gastroenterologists'main concerns were the influence of
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Table 1 Demographic characteristics

Variables Hydromorphone  Nalbuphine P
group (n=36) group (n=36)

Age, 4947 +£11.85 5097 £10.12 0.093

Mean +SD(yr)

Male, no 20 15 0.646

BMI, 2484 +2.56 2510+327 0.076

Mean +SD (kg/m2)

Total use of propofol, 56.67 £29.01 53.89+32.54 0.549

Mean +SD (mg)

Duration of anesthesia, ~ 25.53 +22.85 20.56 +11.60 0.542

Mean +SD (min)

Colonoscopy time, 2044 £22.27 16.64 £11.06 0414

Mean +SD (min)

MAP at baseline, 9336+17.18 85251171 0059

Mean +SD (mmHg)

SpO, at baseline, 98.31+1.35 98.67 £0.99 0.181

Mean £5SD (%)

Heart rate at baseline, 83.56 £18.04 7658 £11.37 0.297

Mean £SD (r/min)

hypoxic treatment on colonoscopy procedures, the diffi-
culty of patient position changes, and patient body move-
ment during the procedure. Anesthesiologists'dissatisfact
ion primarily stemmed from severe hypoxia, nausea, and
vomiting. Patient satisfaction was significantly higher in
the nalbuphine group compared to the hydromorphone
group (p >0.05). See Table 5.

Discussion

This randomized controlled trial compared the effects of
nalbuphine and hydromorphone on hemodynamic stabil-
ity and postoperative side effects in colonoscopy patients.

Adverse reactions

The observed high incidence of adverse reactions, par-
ticularly dizziness (50%) and nausea (44%) in the hydro-
morphone group, is a notable finding. A review of
existing literature reveals that adverse event rates for
hydromorphone in similar procedural settings vary
widely. For example, a study by Liu et al. (2022) reported
a lower incidence of nausea (approximately 30%) in
patients undergoing gastrointestinal procedures with
hydromorphone sedation [26]. Similarly, another study
by Ma et al.(2020) and Chen et al.(2024) observed the
dizziness rate of around 35% and 20% in a comparable
patient population [27, 28].

The raw data, which is presented later in the manu-
script, shows that the rate of adverse events was higher
than anticipated. However, we do not view this as a major
issue, as it actually reinforces our hypothesis that the
initial 1:1 dosing ratio for nalbuphine may have under-
estimated its analgesic efficacy, particularly in managing
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Table 2 Summary of the two sets of vital signs

Vital signs Group T1 T2 T3 T4 T5 T6 T7
SpO, hydromorphone  9828+024 98314026 97664028 9694055 97224040  9694+043 97504029
(%) nalbuphine 9868+016  9838+023  9773+033  9776+027 97924026  9797+024  98.19+020
F 0.009 0.006 092 257 2.56 048 303
p 0926 0.938 0342 0.113 0114 0493 0.086
HR hydromorphone 83344334 82194200  8188+202  7800+222  7913+211  7853+189 7684 +203
(beats/min)  paibuphine 7654+184 73274178 75704166  7324+148 7154172 71304155 73844160
F 041 113 0.00 078 0,002 001 1.21
p 0.524 0.291 1.00 038 0.966 092 0.276
MAP hydromorphone  9125+284  8269+259 75194248  7075+215 72504207 72634205  7378+198
(mmHg) nalbuphine 8508+191 75304174 7103181  6997+189  7203+182  7262+148  7322+156
F 049 036 0.86 020 0.24 246 173
p 0.487 0.549 0.356 0,660 0626 0.121 0.193

T1, before induction; T2, 2 min after induction; T3, at admission; T4, after reaching the splenic flexure; T5, after reaching the hepatic flexure; T6, upon arrival at the
ileocecal area; T7, during endoscopic withdrawal

100+
<@ Hydromorphone
- Nalbuphine
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=)
I
£
E 804
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T T2 T3 T4 T5 T6 T7
Fig. 2 The MAP change in two groups. (p > 0.05) (Note: T1, before induction; T2,2 min after induction; T3, at admission; T4, after reaching the splenic
flexure; T5, after reaching the hepatic flexure; T6, upon arrival at the ileocecal area; T7, during endoscopic withdrawal.)
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Fig. 3 the SpO, change in two groups. (p> 0.05) (Note: T1, before induction; T2,2 min after induction; T3, at admission; T4, after reaching the splenic
flexure; T5, after reaching the hepatic flexure; T6, upon arrival at the ileocecal area; T7, during endoscopic withdrawal.)
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Heart rate
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-® Hydromorphone
- Nalbuphine
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Fig. 4 The heart rate change in two groups. (p > 0.05) (Note: T1, before induction; T2,2 min after induction; T3, at admission; T4, after reaching
the splenic flexure; T5, after reaching the hepatic flexure; T6, upon arrival at the ileocecal area; T7, during endoscopic withdrawal.)

Table 3 Summary of intraoperative vital sign changes

Hydromorphone Nalbuphine P
group group
(n=36) (n=36)
Mild hypoxia 6 5 1
Normal SpO, 31 30
Hypotension 8 8 1
Normal MAP 28 28
Bradycardia 0 1 -
Normal HR 36 35

T1, before induction; T2, 2 min after induction; T3, at admission; T4, after
reaching the splenic flexure; T5, after reaching the hepatic flexure; T6, upon
arrival at the ileocecal area; T7, during endoscopic withdrawal

Table 4 Summary of adverse reactions in the two groups (20
min after examination)

Hydromorphone Nalbuphine P
group group
(n=36) (n=36)
Dizziness 18 5 0.002
No dizziness 18 31
Nausea 16 1 < 0.001
No nausea 20 35
Abdominal pain 26 32 0.135
No abdominal pain 10 4

T1, before induction; T2, 2 min after induction; T3, at admission; T4, after
reaching the splenic flexure; T5, after reaching the hepatic flexure; T6, upon
arrival at the ileocecal area; T7, during endoscopic withdrawal

visceral pain. This finding suggests that the current dose
conversion for hydromorphone may need to be adjusted.
Our results indicate that the analgesic potential of nal-
buphine has likely been significantly underestimated in
previous studies.

Given the high rates of adverse events observed, it is
worth considering whether the study protocol should
have been modified when these high rates became

Table 5 Summary of the degree of satisfaction between the two
groups of patients

Satisfaction Hydromorphone Nalbuphine P 4

degree group(n=36) group(n=
36)
3, highly satisfied 11 34 <001 -5387
2, moderately 16 1
satisfied
1, somewhat 6 1
satisfied
0, not satisfied 3 0

apparent. Although the study was designed to closely
monitor adverse events and report them promptly, the
initial protocol did not include a predefined threshold for
modifying the dosing regimen based on interim results.
In hindsight, a more flexible approach to dose adjust-
ment, perhaps incorporating interim analyses to assess
safety profiles, could have been considered. This would
allow for real-time adjustments to minimize patient dis-
comfort while maintaining the study’s integrity.

The dosing of hydromorphone in our study was based
on existing reference data and clinical guidelines, which
suggested a dose of 0.016 mg/kg for effective procedural
sedation. However, it is important to note that dosing
recommendations for hydromorphone can vary sig-
nificantly in clinical practice. For instance, some studies
have used lower doses (e.g., 0.01 mg/kg) for similar pro-
cedures, with comparable efficacy but potentially fewer
adverse events. The reason why we used this dose was
that the dose was determined after converting the equiv-
alent dose of nalbuphine, morphine and hydromorphone.
The test results also showed that the hydromorphone
group caused more adverse reactions after achieving the
expected analgesic effect, which was exactly the reverse
confirmation of 1. The safety range of nalbuphine is
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wider, 2. The dose conversion of Nalbuphine may not be
the 1:1 conversion ratio that we are familiar with.

Hemodynamic stability

A key finding of this study is that both nalbuphine and
hydromorphone effectively maintain hemodynamic sta-
bility during colonoscopy. This suggests that both drugs
can be safely used from a cardiovascular perspective,
which is crucial for a broad range of patients undergoing
colonoscopy, including those with underlying cardiovas-
cular conditions.

Given the efficacy of nalbuphine and hydromorphone
in maintaining intraoperative vital signs, the choice
between these analgesics may be influenced by their post-
operative side effect profiles. The findings from this study
support the selection of nalbuphine over hydromorphone
in colonoscopy procedures, particularly for patients who
are more prone to or concerned about postoperative nau-
sea and vomiting. This choice could lead to improved
patient experiences and better overall outcomes.

The cost-effectiveness of nalbuphine was also consid-
ered. Although nalbuphine may have a slightly higher
initial cost than hydromorphone, its lower incidence of
postoperative complications could reduce overall health-
care costs by decreasing the need for extended recovery
times and emergency interventions.

This preference may be related to the fact that nal-
buphine is a mixed opioid agonist—antagonist, primarily
acting on the k— 2b receptor, which provides effective
analgesia in smooth muscle organs. This action may
better inhibit visceral pain while also exerting a specific
sedative effect through « receptors. Studies indicate that
visceral analgesia mediated by «k receptor agonists is par-
ticularly effective in procedural settings like colonoscopy.

In conclusion, this randomized controlled trial com-
prehensively assessed the effects of nalbuphine and
hydromorphone on hemodynamic parameters and
postoperative side effects in colonoscopy patients. Both
analgesics effectively maintain patient vital signs within
acceptable ranges, and nalbuphine demonstrated a signif-
icant advantage in reducing the incidence of postopera-
tive nausea, vomiting, dizziness, and headache compared
to hydromorphone. While nalbuphine appears to offer
several advantages over hydromorphone in terms of
reducing postoperative side effects, further studies with
larger sample sizes are necessary before making defini-
tive recommendations for its widespread use in painless
colonoscopy.

Future research should focus on optimizing dosing reg-
imens for both nalbuphine and hydromorphone, explor-
ing patient-specific factors that influence drug response,
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and investigating the mechanisms behind the observed
differences in postoperative side effects to better inform
clinical practice.

Limitations and future research

The conclusions of this study are based on its design,
which specifically targeted a demographic of adults aged
18-65 years undergoing elective colonoscopy. As is typi-
cal with clinical research, the generalizability of these
findings to other populations, procedural types, or set-
tings should be viewed with caution. Future research
could expand upon these results by including a broader
range of patient demographics, investigating different
types of endoscopic procedures, and examining the long-
term effects of analgesic choices on patient recovery and
satisfaction. Further studies are needed to explore the
mechanisms behind the observed differences in postop-
erative side effects between nalbuphine and hydromor-
phone. Such investigations could provide deeper insights
into opioid pharmacodynamics and help develop more
tailored analgesic regimens for procedural medicine.
The study included patients classified as ASA I and II
to minimize confounding factors and isolate the effects
of nalbuphine on abdominal pain management during
colonoscopy. Future research will include patients with
ASA III or higher to improve the generalizability of the
findings.

Moreover, this study’s dosing of hydromorphone, based
on existing reference data, may present a limitation. The
variability in dosing recommendations found in the lit-
erature suggests that the hydromorphone dosage used in
this study might have been relatively high, which could
help explain the increased incidence of adverse reactions
observed. Consequently, future research should aim to
determine the optimal hydromorphone dosage for pain-
less colonoscopy, balancing efficacy and safety more
effectively.

Future studies should aim to better optimize dos-
ing for hydromorphone in painless colonoscopy. This
could involve conducting dose-finding studies to deter-
mine the minimal effective dose that provides adequate
analgesia while minimizing adverse effects. Addition-
ally, exploring patient-specific factors, such as age, body
mass index, and comorbidities, could help tailor dosing
regimens more effectively. For example, elderly patients
or those with a history of opioid sensitivity may benefit
from lower doses. Furthermore, incorporating pharma-
cokinetic and pharmacodynamic modeling could provide
more precise dosing recommendations, ensuring both
efficacy and safety.
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Conclusion

This randomized controlled trial comprehensively
assessed the effects of nalbuphine and hydromor-
phone on hemodynamic parameters and postoperative
side effects in colonoscopy patients. Both analgesics
effectively maintain patient vital signs within accept-
able ranges and nalbuphine demonstrated a significant
advantage in reducing the incidence of postoperative
nausea, vomiting, dizziness, and headache compared
to hydromorphone. While nalbuphine appears to offer
several advantages over hydromorphone in terms of
reducing postoperative side effects, further studies with
larger sample sizes are necessary before making defini-
tive recommendations for its widespread use in pain-
less colonoscopy.
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