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ABSTRACT

Introduction: Nalbuphine, a synthetic kappa-
opioid receptor (KOR) agonist and a partial l-
opioid receptor (MOR) antagonist, has been

used for years as an effective analgesic. It has
been shown to have a better safety profile than
morphine. Considering the long history of use
of this drug, it is interesting that only a limited
amount of information exists on how gender
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differences influence nalbuphine responses. In
this randomized double-blind comparative trial
after major abdominal surgery, the analgesic
effects of two doses of continuous intravenous
infusion of nalbuphine were evaluated based on
gender.
Methods: Enrolled patients were divided into
four groups (two females and two males with 32
patients in each group). Two of them (groups A1
and A2), one male and one female, received
postoperative continuous intravenous infusions
of nalbuphine at 2 mg/h via patient-controlled
analgesia (PCA). Each patient had the potential
of receiving a rescue bolus of 1 mg of nal-
buphine with a lock out time of 15 min. The
other two groups (groups B1 and B2) received
half the infusion dose, 1 mg/h, and half the
nalbuphine rescue dose with the PCA pump,
0.5 mg maximum every 15 min as needed.
Patients’ vital signs, numerical pain rating
scores, rescue nalbuphine, and incidence of side
effects were assessed immediately after the
operation, and every 3 h during the first 12 h.
Results: Nalbuphine 2 mg/h dosing led to sig-
nificantly lower pain scores amongst females
compared to males at 6, 9, and 12 h; while the
1 mg/h infusion pain scores were only lower at
the 9-h time period. Females receiving the nal-
buphine 2 mg dose at 6 h, and the 1 mg dose at
6, 9, and 12-h measurements needed signifi-
cantly lower doses of rescue nalbuphine.
Females on the 1 mg dose experienced signifi-
cantly more nausea, vomiting, and sedation at
the 6-, 9-, and 12-h measurement times. In the
multivariate analysis, female gender was a neg-
ative predictor at all measurement times.
Conclusions: The current study supports the
hypothesis that although nalbuphine was
found to be an effective and well-tolerated
analgesic after major abdominal surgery,
females were statistically more responsive than
males.
Trial Registration: The study was registered at
the Pan African Clinical trials Registry
PACTR201304000486309, and approved for the
Ethical aspects.

Keywords: Opioids; Agonist-antagonist;
Nalbuphine; Gender effect

Key Summary Points

Nalbuphine is an opioid introduced in the
clinical use several years ago, which may
be used in postoperative pain
management.

There are few data on the responses to the
use of that medicine, comparing its
efficacy in the different genders.

This study is focused on the analysis of the
effects of nalbuphine on postoperative
pain management in the two different
genders, at two different dosages.

The results clearly show that females are
more sensitive than males to the effects of
nalbuphine, when administered for
postoperative pain treatment.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14686863.

INTRODUCTION

Opioids are routinely used to treat post-opera-
tive moderate to severe pain [1, 2]. Optimizing
the utilization of opioids to improve outcomes
and reduce side effects, would make a marked
improvement in the practice of acute pain
management. While evidence suggests that
gender is a factor that may influence the
assessment and management of pain, only a
limited amount of information exists on gender
difference and how those differences influence
the response to analgesic medications [3]. A
systematic review and meta-analysis of 50
studies using patient-controlled analgesia (PCA)
opioids suggests that these different responses
from women experiencing better pain relief
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compared to men are seen routinely [4]. How-
ever, this metanalysis did not differentiate l-
opioid receptors (MOR), j-opioid receptors
(KOR), or the mixed agonist/antagonist opioids,
such as nalbuphine [4].

Nalbuphine was patented in 1963 and
approved for use in the United States in 1979
and is a synthetic mixed agonist/antagonist
opioid [5]. Its analgesic action occurs predomi-
nantly through stimulation of KOR [5]. It has
been previously shown, in a study using a sin-
gle-dose injection, to have a greater analgesic
effect in females [6]. In this study’s conclusion,
it was suggested that ‘‘the antianalgesic effect of
nalbuphine suggests avoidance of its routine
use for postoperative analgesia in men’’
although the authors indicated more research
was needed [6].

Opioid receptors are widely expressed in the
entire body, and especially in the central ner-
vous system where they mediate analgesic
action and modulate numerous endogenous
functions [5]. These receptors are classic G-pro-
tein coupled receptors and can form dimers
with other G-protein coupled receptors. These
dimers provide ‘‘another layer of complexity’’ in
signaling and modulation [7]. MOR and KOR
heterodimers form in both humans, and in
animal models, and may relate to the differ-
ences seen between males and females, espe-
cially when agonist/antagonist agents are used,
e.g., nalbuphine. Studies in animal models have
found MOR-KOR heterodimers in the spinal
cord of females to be almost five times more
than those of males [8]. However, as with all
pain, visceral pain is extremely complex, both
in acute, postsurgical, and chronic forms [9, 10].
Multiple receptors systems are involved, but the
finding of increased MOR/KOR heterodimers in
female animal models and the clinical findings
of improved pain relief using the agonist/an-
tagonist nalbuphine is intriguing. Pain from
major abdominal surgery is mostly a nocicep-
tive somatic and visceral pain, and KOR are
associated with visceral pain [11]. If it is true
that human females have higher MOR/KOR
heterodimer density in the spinal cord and that
these heterodimers play a significant role in the
development of visceral pain, this could suggest

that the visceral pain model would be a better
model to evaluate gender differences.

Therefore, this randomized double-blind
comparative clinical trial was designed to com-
pare the effects of two doses of nalbuphine
using a continuous intravenous infusion for
postoperative pain control after major abdomi-
nal surgery to evaluate the differences between
male and female patients.

METHODS

This multi-center clinical trial was carried out in
two centers in Egypt, and in accordance with
the Declaration of Helsinki [https://www.wma.
net/policies-post/wma-declaration-of-helsinki-
ethical-principles-for-medical-research-involving-
human-subjects/]. Prior to patients’ enrollment,
the study was registered at the Pan African Clin-
ical trials Registry with the number PAC
TR201304000486309, and the study protocol,
amendments, and informed consent forms
were reviewed and approved by the institu-
tional review boards of both centers [https://
www.who.int/clinical-trials-registry-platform/net
work/primary-registries/pan-african-clinical-trials-
registry-pactr] (Ethical Committee/Medical
council of Dar Al Fouad Hospital, and Ethical
Committee of Quena University Hospitals/ South
Valley University ID; 5433-03). The trial design
was a randomized double-blinded prospective
study. All patients provided signed informed
consent prior to being included in the study. The
informed consent included the use of anon-
ymized patient information and data for
publication.

Sample size

The sample size was calculated to detect the
difference between the mean change in the
numerical pain rating score between women
and men during the measurement periods
(women X1 = 1 ± 1.2, men X2 = 0.1 ± 1.2)
according to Gear et al. [12], with a 95% level of
confidence (a error = 5%), and a study power of
80% (b error = 20%). Using the equation for the
difference between two means [13], the esti-
mated sample size was 28 subjects per group.
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After adjustment for a dropout rate of 10%, the
sample size was estimated as 32 patients per
group.

Criteria for participation in this clinical
trial

Sixty-four male and sixty-four female patients,
aged 18–65 years old, were enrolled in this
study. Their ASA status was I–III and patients
had been scheduled for elective major abdomi-
nal surgery.

Patients with a definite diagnosis of chronic
pain syndrome, psychiatric disorders, or sub-
stance use disorder, patients who used seda-
tives, antiemetics, or anti-pruritic agents within
24 h before operation, patients with a definite
diagnosis of esophageal reflux syndrome, and
patients with known allergies to opioids were
excluded from the study. Intraoperative fen-
tanyl use[3 lg/kg, surgery that lasted[4 h
or\2 h, laparoscopic surgery, and gender-re-
lated major abdominal operations, e.g., prosta-
tectomy and hysterectomy, were excluded.
Patients with a limited understanding of the
procedure or the use of PCA were also excluded.

During the preoperative visit, patients were
taught how to use the Numerical Rating Scale
(NRS) to express their pain [14]. The night
before the operation, the use of PCA pump was
explained to patients, telling them to use it
whenever they felt pain over 3 (moderate or
severe pain) based on the NRS. Another goal of
this training was to help patients overcome
societal beliefs that it is more admirable to bare
pain without complaint or treatment (especially
with patients coming from rural areas such as
Qena).

Pre-operatively, an intravenous line was
placed in a peripheral vein and fluids were
applied in a ‘‘to keep open rate’’, or 10 ml/h.
Ondansetron 4 mg was given intravenously as
per standard protocol. Patients were transferred
to the operating room, where fentanyl 1 lg/kg
was administered 5–10 min before tracheal
intubation. Anesthesia was induced with
propofol and atracurium and maintained with
isoflurane in an oxygen/air mixture according
to our standard anesthesia protocol. During

surgery, analgesia was assured by giving addi-
tional intravenous fentanyl increments titrated
to ensure adequate analgesia of a total dose of
no more than 3 lg/kg. In the Post Anesthesia
Care Unit (PACU), after the return of full con-
sciousness, patients were questioned about the
presence of pain and asked to rate their pain
intensity using the NRS. Then patients received
a continuous infusion of nalbuphine (20 mg,
ampoules by Amoun Pharmaceuticals, Egypt)
diluted in normal saline, using a silicone bal-
loon pump infuser (Accufuser Plus (Woo Young
Medical Co., Ltd, China) and a PCA single-use
disposable pump. The infuser provided both
continuous and bolus infusions and held a
volume of 100 ml with a potential maximal
basal rate of 2 ml/h and a bolus rate of 1 ml with
a lockout time of 15 min. The drug concentra-
tions of both continuous and bolus doses were
adjusted by group depending on the study
protocol. Male and female patients were ran-
domized within each group to receive one of
the two study analgesic regimens. A web-based
computer-generated randomization process,
automatically recording number and assign-
ments, was used for the randomization. A
researcher, separate and blinded from the main
investigator, was responsible for the process of
randomizing patients. This researcher initiated
the order to the clinical pharmacist who pre-
pared the study drug dose in the Accufuser
pump and labeled a tag indicating ‘‘Nalbuphine
Research’’, the patient’s name and medical
number, and no further data.

Group A: 2 mg/h PCA basal rate
This group included the first and second sub-

groups (male and female). They received a
continuous infusion of 2 mg/h intravenous
nalbuphine.

Group A1, nalbuphine 2 mg (32 male patients)
Patients received a continuous background
intravenous infusion of nalbuphine at 2 mg/h.
If the pain score was higher than 3/10, patients
pressed the PCA button to receive the PCA bolus
of 1 mg of nalbuphine, with a lockout time of
15 min.

Group A2, nalbuphine 2 mg (32 female patients)
Patients received the same identical treatment
as Group A1.

Group B: 1 mg/h PCA basal rate
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Group B1, nalbuphine 1 mg (32 male patients)
Patients received a continuous background
intravenous infusion of nalbuphine at 1 mg/h.
If the pain score was higher than 3/10, patients
pressed the PCA button to receive the PCA
bolus, as previously taught of 0.5 mg of nal-
buphine, with a lockout time 15 min.

Group B2, nalbuphine 1 mg (32 female patients)
Patients received the same identical treatment
as group B1.

Collected data

1. Baseline NRS scores/ratings We monitored
baseline pain NRS scores in the PACU
immediately after surgery, and then at 3
hourly intervals for the first 12 h for a total
of five pain measurements.

2. Analgesia The cumulative nalbuphine con-
sumption in milligrams and the total num-
ber of rescue nalbuphine doses used was
recorded.

3. Vital signs Hemodynamic variables were
monitored, i.e., pulse rate and blood pres-
sure, in the PACU immediately after sur-
gery, and then at 3-h intervals for the first
12 h. Hypotension (defined as a drop in the
systolic/diastolic blood pressure more than
20% from baseline), bradycardia (defined as
a drop in heart rate of more than 20% from
baseline) were recorded. Respiratory depres-
sion was defined as a respiratory rate of less
than 8 breaths/min.

4. Adverse events We recorded the incidence of
any adverse event at 3-h intervals for the
first 12 h, e.g., nausea/vomiting, dizziness,
sedation, dysphoria, itching, and urine
retention. All adverse events or side effects
were managed as per our standard
protocols.

STATISTICAL ANALYSIS

Data entry and statistical analysis was done
using SPSS 20.0 statistical software package.
Quantitative continuous data were compared
using Student’s t test comparisons between two
independent groups or the non-parametric

Mann–Whitney test as appropriate. Categorical
variables were compared using Chi-square test
or Fisher’s exact test as suitable. In order to
identify independent predictors impacting pain
scores, multiple linear regression analysis was
used after testing for normality and
homoscedasticity, and analysis of variance for
the full regression models were done. Statistical
significance was considered at p value\0.05.

RESULTS

All enrolled patients completed the study
except for one 19-year-old female patient in
group B who declined after giving her written
consent. Figure 1 is a Consort flow diagram
representing the progress of patients through
the trial [15].

At the admission to the study, there were no
relevant differences between male and female
patients as demographics (Table 1). There were
no significant differences between group A and
B, regarding their BMI, co-morbidities, or med-
ication intake. Table 2 shows the type of surgery
received by the patients and the ASA status.

Tables 3 and 4 report the baseline pain, at the
end of surgery, in the four groups of patients.
More female patients had severe pain at base-
line, but the difference was not statistically
significant. While group B2 showed a signifi-
cantly higher pain score for patients having
mild pain, when compared to group B1.

The only major difference was the intake of
postoperative nalbuphine, which was signifi-
cantly higher in both male groups when com-
pared to female (Table 5). Comparison of pain
scores by gender and nalbuphine cumulative
dosage demonstrates decreasing trends over
time (Fig. 2). In group A, the pain scores were
significantly lower among female patients
(group A2) at 6, 9, and 12-h measurement times.
Group B2 had a significantly lower pain score
only at the 9-h measurement.

There was a decreasing trend in the use of
rescue nalbuphine over time in all the four
groups (Fig. 3). Group A2 patients needed lower
doses of rescue nalbuphine, but the difference
was statistically significant only at the 6-h
measurement time. Group B2 patients needed
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significantly lower total doses at 6, 9, and 12-h
measurement times. Group A2 patients utilized
26.50 mg ± 1.30, versus 27.59 mg ± 1.93 in

group A1 (p = 0.010). In group B, females (group
B2) utilized 16.45 ± 1.65 mg versus
18.44 ± 4.13 mg in group B1 (p = 0.016).

Fig. 1 Consort flow diagram representing patients flow during the trial
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Table 1 Characteristics and medical history of male and female patients in both groups

Group A
Nalbuphine 2 mg/h

Group B
Nalbuphine 1 mg/h

Male (A1) (n = 32) Female (A2) (n = 32) Male (B1) (n = 32) Female (B2) (n = 31)

No % No % No % No %

Age

Range (years) 24–64 18–65 18–64 25–54

Mean ± SD 47.5 ± 13.6 39.6 ± 14.0 41.9 ± 12.2 37.6 ± 8.2

Median 49.0 38.0 44.0 35.0

Weight (kg)

Range (years) 50–100 45–120 65–118 50–120

Mean ± SD 75.6 ± 10.6 67.6 ± 16.6* 82.5 ± 14.3 75.7 ± 18.9

Median 75.0 64.5 80.0 70.0

BMI

Normal (\ 25) 16 50.0 17 53.1 12 37.5 9 29.9

Overweight (25–\ 30) 12 37.5 12 37.5 12 37.5 13 41.9

Obese (30?) 4 12.5 3 9.4 8 25.0 9 29.0

Co-morbidity

Diabetes 0 0.0 4 12.5 3 9.4 4 12.9

Hypertension 10 31.3 8 25.0 10 31.3 4 12.9

CVD 5 15.6 1 3.1 1 3.1 0 0.0

Other 3 9.4 1 3.1 1 3.1 0 0.0

No. of co-morbidities 0 0.0 1 3.2

Range 0–2 0–3 0–2 0–1

Mean ± SD 0.6 ± 0.8 0.4 ± 0.8 0.5 ± 0.7 0.3 ± 0.5

Median 0.0 0.0 0.0 0.0

Medication intake

Analgesics 15 46.9 13 40.6 9 28.1 17 54.8*

Hypnotics 7 21.9 1 3.1 1 3.1 0 0.0

Other pain killer 1 3.1 0 0.0 0 0.0 0 0.0

No. of medications

Range 0–2 0–1 0–1 0.0–1

Mean ± SD 0.7 ± 0.7 0.4 ± 0.5 0.3 ± 0.5 0.5 ± 0.5

Pain Ther



Adverse events (AEs) associated with the
nalbuphine 2 mg administration are shown in
Table 6 and 7. There were no statistical gender
differences. The most commonly encountered
AEs for both genders were sedation, nausea, and
vomiting. The most common AEs associated
with the nalbuphine 1 mg administration, were
sedation, nausea, and vomiting, in addition to
dysphoria at 3-h measurement. Female patients
experienced significantly more nausea and
vomiting as well as sedation at the 6, 9, and
12-h measurement times.

In the multivariate analysis, the higher dose
of nalbuphine was a negative predictor for NRS
pain scores at the 3- and 6-h measurement
times, while the baseline pain score was a pos-
itive predictor (Tables 6, 7). Female gender in
both groups was a negative predictor of the pain
score at all four measurement times. Other
variables, i.e., age, baseline pain score, and BMI,
were nonpredictive.

DISCUSSION

Gender differences have been reported to
influence the perception of pain [16–18], and
the efficacy of opioid analgesia [19–22]. In
general, women tend to demonstrate lower pain
thresholds, less pain tolerance, and higher
evoked pain intensity [23–25] as well as report-
ing higher pain score than men for a given pain
condition [20]. However, there are discrepancies
between and within previous studies, and gen-
der difference effects only exist for certain types
of pain measures [26, 27]. In addition, some
evidence has suggested that gender treatment
differences depend on the type of opioid, the

characteristics of the studied pain condition,
and the treatment modalities, e.g., PCA [28].

KOR agonists have antinociceptive proper-
ties [28–30] but with a much lower abuse
potential than MOR agonists [31], making them
an attractive choice for clinical use, especially in
view of the rising alerts concerning opioid
abuse.

Mixed KOR/MOR partial agonists, including
nalbuphine, pentazocine, and butorphanol,
have been shown to produce greater analgesia
in women than men in the post-operative
dental surgery model [6, 32]. In a further study,
pentazocine provided better analgesia in
females for ischemic and thermal pain [33]. In
contrast, Fillingim et al. [16] did not report sex
differences in the analgesic effects of penta-
zocine in models of heat, ischemic, and pressure
pain. Interestingly, butorphanol produced
higher analgesic efficacy in men in the cold-
water stimulus pain model [18]. Importantly,
clearance of butorphanol has been shown to be
lower in women compared to men, raising the
possibility that pharmacokinetic differences
may play a role [34, 35]. Finally, studies on
gender difference with the use of nalbuphine
have been previously scanty and were done
with single doses in somatic pain models [6].
Taken together, it is almost impossible to reach
a general conclusion about how gender affects
pain and analgesia. Therefore, there is a need for
more research in this area.

This study has demonstrated that nal-
buphine is an efficacious and safe drug in the
management of postoperative pain in a human
major abdominal surgery model. In the current
study, gender effects in the response to nal-
buphine for postoperative pain management

Table 1 continued

Group ANalbuphine 2 mg/h Group BNalbuphine 1 mg/h

Male (A1) (n = 32) Female (A2) (n = 32) Male (B1) (n = 32) Female (B2) (n = 31)

No % No % No % No %

Median 1.0 0.0 0.0 1.0

BMI body mass index, CVD cardiovascular disease
*Statistically significant at p\ 0.05
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Table 2 Admission data and type of surgery among male and female patients in both groups

Group A
Nalbuphine 2 mg/h

Group B
Nalbuphine 1 mg/h

(A1)
Male (n = 32)

(A2) Female (n = 32) (B1)
Male (n = 32)

(B2)
Female (n = 31)

No % No % No % No %

Type of surgery

Hernia repair 15 46.9 6 18.8 13 40.6 10 32.3

Urosurgery 8 25.0 8 25.0 6 18.8 5 16.1

Gastric 2 6.3 0 0.0 2 6.3 3 9.7

Colorectal 4 12.5 10 31.3 6 18.8 0 0.0

Hepatobiliary/pancreatic 1 3.1 4 12.5 1 3.1 10 32.3

Small bowel 0 0.0 2 6.3 3 9.4 1 3.2

Other (splenectomy/omental, etc.) 2 6.3 2 6.3 1 3.1 2 6.5

ASA

I 19 59.4 23 71.9 21 65.6 23 74.2

II 13 40.6 9 28.1 11 34.4 8 25.8

Table 3 Baseline pain (time 0) among male and female
patients of group A (nalbuphine 2 mg/h)

Gender X2

test
p value

A1
Male
(n = 32)

A2
Female
(n = 32)

No % No %

Pain (time 0)

Mild (1–4) 12 37.5 6 18.8

Moderate

(5–7)

2 6.3 2 6.3 2.86 0.24

Severe (8–10) 18 56.3 24 75.0

Pain score

Range 2.0–10.0 2.0–10.0

Mean ± SD 6.3 ± 3.1 7.6 ± 2.6 2.77 0.10

Median

(IQR)

8.0 (6.0) 8.0 (2.0)

Table 4 Baseline pain (time 0) among male and female
patients of group B (nalbuphine 1 mg/h)

Gender X2

test
p
valueB1

Male
(n = 32)

B2
Female
(n = 31)

No % No %

Pain

Mild (1–4) 11 34.4 1 3.2

Moderate

(5–7)

3 9.4 6 19.4 10.18 0.006*

Severe (8–10) 18 56.3 24 77.4

Pain score

Range 2–10 3–10

Mean ± SD 6.4 ± 3.1 8.1 ± 1.3 2.36 0.12

Median (IQR) 8.0 (6.0) 8.0 (1.0)

*Statistically significant at p\ 0.05
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after major abdominal surgery was investigated.
We chose the model of major abdominal surg-
eries based on basic research that suggests KOR/
MOR heterodimers may play a role in the

modulation of the pain experienced in abdom-
inal surgeries.

In this study, in agreement with previous
studies [16, 18], the baseline pain scores were

Table 5 Total nalbuphine consumption (in mg) throughout the study between male and female patients

Nalbuphine Gender Student’s t test p value

Male Female

Group A (2 mg/h)

Mean ± SD 30.91 ± 3.76 29.03 ± 2.40 2.384 0.020*

Group B (1 mg/h)

Mean ± SD 25.03 ± 8.26 20.84 ± 3.38# 2.650 0.011*

*Statistically significant at p\ 0.05

Fig. 2 Numerical pain rating (NPR) scores for all the study groups throughout the study
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higher in females than males, even if the dif-
ference was not statistically significant. There
were significant differences in pain scores
between genders based on the analgesic
response to the two cohorts of nalbuphine
infusion (Figs. 2, 3). This response was a dose
response with the higher dosing cohort having
better analgesia than the lower dosing cohort.
Group A2 needed significantly lower doses of
rescue nalbuphine compared to males at the 6-h
measurement time. However, in the lower dose
(1 mg/h infusion) treatment group, female
patients (group B2) needed significantly lower
total doses at the 6-, 9-, and 12-h measurements
compared to males (Fig. 3). Therefore, it appears
that gender differences were magnified in the
lower infusion dose regimen where patients
generally needed more rescue nalbuphine. Fur-
ther, the total nalbuphine consumption by
females in our study was significantly lower
compared to males in both groups.

The study was carried out in two centers in
Egypt, representing a wide variety of the Egyp-
tian population. Dar Al Fouad patients are bet-
ter educated with a higher average
socioeconomic status. The South Valley
University Hospital in Qena serves people from
villages and rural areas. These subjects tend to
have lower average socioeconomic and educa-
tional backgrounds. Since pain is subjective and
happens within the context of the patients’
psychological, social, and intellectual structure,
[24] having this diversity of patients was
intended to add a broader application to the
results.

Even if this study was not powered to
quantitatively assess any single AEs, there was a
significant higher incidence in females, mostly
sedation, nausea, and vomiting (Tab. 3), despite
the lower overall nalbuphine consumption,
lower number of nalbuphine rescue doses, and
lower pain scores. This suggests that the higher

Fig. 3 Total doses of rescue medications by nalbuphine dose (mg) throughout the study
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Table 6 Complications among male and female patients in group A (nalbuphine 2 mg/h) throughout the follow-up

Complications Gender X2 test p value

A1
Male (n = 32)

A2
Female (n = 32)

No % No %

3-h

Nausea/vomiting 7 21.9 11 34.4 1.24 0.27

Dizziness 5 15.6 7 21.9 0.41 0.52

Sedation 7 21.9 11 34.4 1.24 0.27

Dysphoria 6 18.8 9 28.1 0.78 0.38

Hypotension 1 3.1 3 9.4 Fisher 0.61

Bradycardia 1 3.1 0 0.0 Fisher 1.00

No. of complications

Range 0–3 0–4

Mean ± SD 0.8 ± 0.9 1.3 ± 1.1 2.43 0.12

Median 1.0 1.0

6-h

Nausea/vomiting 10 31.3 10 31.3 0.00 1.00

Dizziness 6 18.8 7 21.9 0.10 0.76

Sedation 20 62.5 26 81.3 2.78 0.10

Dysphoria 0 0.00 0 0.00 0.00 1.00

Hypotension 1 3.1 1 3.1 Fisher 1.00

Bradycardia 2 6.3 0 0.0 Fisher 0.49

No. of complications

Range 0–3 0–3

Mean ± SD 1.2 ± 1.0 1.4 ± 0.8 0.39 0.53

Median 1.0 1.0

9-h

Nausea/vomiting 9 28.1 13 40.6 1.11 0.29

Dizziness 6 18.8 7 21.9 0.10 0.76

Sedation 20 62.5 26 81.3 2.78 0.10

Dysphoria 2 6.3 4 12.5 Fisher 0.67

Bradycardia 0 0.0 2 6.3 Fisher 0.49

No. of complications

Range 0–3 0–4
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response to nalbuphine and AEs could be
attributed to a higher number of KOR/MOR
heterodimers in spinal tissue may be affected by
the drug. However, until histopathological
studies confirm this higher concentration of
heterodimers in human spinal tissue, we cannot
confirm this hypothesis.

In our multivariate analysis (Table 5), a
higher nalbuphine dose was found to be a
negative predictor of the pain score at 3- and
6-h measurement times, indicating more drug
efficacy that increased by dose. Meanwhile,
female gender was a negative predictor of the
NRS pain scores at all measurement times,
indicating that clinically female gender does
respond more efficaciously to this drug
(Table 5). In fact, female patients needed sig-
nificantly less rescue nalbuphine (Fig. 3) and
had significantly lower pain scores (Fig. 2).
Interestingly, animal studies examining gender
differences in pain or analgesic sensitivity have
revealed that the presence of gender difference
is dependent on the animal model strain chosen

for the study [3, 19, 36–40], although this is not
true for every strain [22]. The interactions
between gender and genetics on the response to
pain and analgesics are still relatively unex-
plored (especially in humans), but the identifi-
cation of relevant genes should facilitate
development of more effective analgesics for
both men and women (Table 8).

In another interesting article, it was postu-
lated that there is a gender dimorphism, at very
low doses of nalbuphine, causing a profound
anti-analgesic effect due to kappa opioids in
males that was managed by increasing the dose
up to 10 mg or by combining small doses of a
non-selective opioid receptor antagonist nalox-
one [41]. In our study, we had two infusion
rates to test a range of doses given in relation to
gender. The multivariate analysis showed that
dose is a negative predictor for pain, which
means the bigger the dose the better the anal-
gesic effect at 3- and 6-h measurements. How-
ever, we did not notice a remarkable change in
pain score differences between the very low

Table 6 continued

Complications Gender X2 test p value

A1Male (n = 32) A2Female (n = 32)

No % No %

Mean ± SD 1.2 ± 1.0 1.6 ± 1.1 2.87 0.09

Median 1.0 2.0

12-h

Nausea/vomiting 7 21.9 10 31.3 0.72 0.40

Dizziness 8 25.0 6 18.8 0.37 0.55

Sedation 20 62.5 26 81.3 2.78 0.10

Urine retention 2 6.3 0 0.0 Fisher 0.49

Hypotension 2 6.3 4 12.5 Fisher 0.67

Bradycardia 0 0.0 1 3.1 Fisher 1.00

No. of complications

Range 0–4 0–4

Mean ± SD 1.2 ± 1.1 1.5 ± 1.1 0.65 0.42

Median 1.0 1.0
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Table 7 Complications among male and female patients of group B (nalbuphine 1 mg/h) throughout the follow-up

Complications Gender X2 test p value

B1
Male (n = 32)

B2
Female (n = 31)

No % No %

3-h

Nausea/vomiting 3 9.4 3 9.7 Fisher 1.00

Dizziness 2 6.3 0 0.0 Fisher 0.49

Sedation 2 6.3 5 16.1 Fisher 0.26

Dysphoria 13 40.6 10 32.3 0.48 0.49

Hypotension 0 0.0 1 3.2 Fisher 0.49

Bradycardia 0 0.0 0 0.0 0.00 1.00

No. of complications

Range 0–2 0–2

Mean ± SD 0.6 ± 0.6 0.6 ± 0.6 0.01 0.92

Median 1.0 1.0

6-h

Nausea/vomiting 3 9.4 9 29.0 3.95 0.047*

Dizziness 3 9.4 1 3.2 Fisher 0.61

Sedation 13 40.6 30 96.8 22.91 \ 0.001*

Dysphoria 5 15.6 0 0.0 Fisher 0.053

Hypotension 1 3.1 2 6.5 Fisher 0.61

Bradycardia 0 0.0 1 3.2 Fisher 0.49

No. of complications

Range 0–2 0–3

Mean ± SD 0.8 ± 0.7 1.4 ± 0.6 10.76 0.001*

Median 1.0 1.0

9-h

Nausea/vomiting 3 9.4 11 35.5 6.21 0.01*

Dizziness 4 12.5 2 6.5 Fisher 0.67

Sedation 21 65.6 30 96.8 9.91 0.002*

Dysphoria 1 3.1 2 6.5 Fisher 0.61

Bradycardia 1 3.1 0 0.0 Fisher 1.00

No. of complications

Range 0–3 0–3
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dose (in the first couple of measurements) and
the higher doses in relation to gender.

Finally, some authors have postulated that
reproductive hormones such as testosterone
and estradiol may modulate the sensitivity to
opioid analgesic effects under many—but not
all—conditions [40]. Further, the gender differ-
ence in the antinociceptive effects of the KOR
agonists, have been suggested to be primarily
spinal related rather than being supraspinally
dependent [42]. All of the above gives a special
importance to this current study, since it is the
first such study, to our knowledge, investigating
the influence of gender in our region and one of
the few investigating intravenous use and gen-
der differences.

There are, as with all such studies, limita-
tions that need to be considered. We have not
tested the correlation between hormonal chan-
ges and drug efficiency nor done any hormonal
measurement. This could be considered in fur-
ther studies. Also, the infused nalbuphine dose

was not corrected ideally to body weight. We
preferred to follow a simpler protocol of fixed
infusion rates plus PCA boluses, as analgesic
demands were satisfied via the PCA. We inclu-
ded a variety of abdominal operations, which
could also be a confounder. However, all these
surgeries contained two elements of pain,
somatic and visceral. Theoretically, focusing on
just one type of surgical intervention might
have been a better model and eliminate some
potential bias. In reality, research suggests that
patients respond variably to the same surgical
stimulus; therefore our goal was to get a variety
of surgical trauma carrying the same character,
a mixed somato-visceral pain.

CONCLUSIONS

This study suggests that, while nalbuphine was
found to be an effective and well-tolerated
analgesic after major abdominal surgery,

Table 7 continued

Complications Gender X2 test p value

B1Male (n = 32) B2Female (n = 31)

No % No %

Mean ± SD 0.9 ± 0.9 1.5 ± 0.7 6.73 0.01*

Median 1.0 1.0

12-h

Nausea/vomiting 4 12.5 13 41.9 6.92 0.01*

Dizziness 6 18.8 2 6.5 Fisher 0.26

Sedation 21 65.6 30 96.8 9.91 0.002*

Urine retention 0 0.0 0 0.0 0.00 1.00

Hypotension 3 9.4 2 6.5 Fisher 1.00

Bradycardia 2 6.3 4 12.9 Fisher 0.43

No. of complications

Range 0–3 0–3

Mean ± SD 1.1 ± 0.9 1.6 ± 0.8 4.69 0.03*

Median 1.0 2.0

*Statistically significant at p\ 0.05
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females were more responsive than males. The
difference is more obvious at higher doses and
accumulates over time. Further work is needed
to confirm if there is a real anatomical differ-
ence in the KOR/MOR heterodimer complex in
humans as it was shown in animal models. In

any case, the knowledge of the presence of a
gender difference in response to an opioid drug
helps us in optimizing the opioid drug utiliza-
tion, rendering it particularly appealing for
clinical use.

Table 8 Best-fitting multiple linear regression model for the pain score throughout follow-up

Unstandardized coefficients Standardized
coefficients

t test p value 95% confidence interval for B

B Std. error Lower Upper

3-h

Constant 3.45 0.53 6.536 \ 0.001 2.40 4.49

Nalbuphine dose - 0.65 0.22 - 0.19 - 2.967 0.004 - 1.09 - 0.22

Female gender - 0.47 0.23 - 0.14 - 2.068 0.041 - 0.92 - 0.02

Baseline pain score 0.43 0.04 0.68 10.165 \ 0.001 0.35 0.51

r-square = 0.49 Model ANOVA: F = 38.89, p\ 0.001

Variables entered and excluded: age, BMI

6-h

Constant 3.85 0.49 7.793 \ 0.001 2.87 4.82

Nalbuphine dose - 0.54 0.21 - 0.22 - 2.619 0.010 - 0.95 - 0.13

Female gender - 0.62 0.21 - 0.25 - 2.900 0.004 - 1.04 - 0.20

Baseline pain score 0.14 0.04 0.29 3.417 0.001 0.06 0.21

r-square = 0.16 Model ANOVA: F = 7.99, p\ 0.001

Variables entered and excluded: age, BMI

9-h

Constant 2.67 0.27 9.907 \ 0.001 2.14 3.21

Female gender - 0.41 0.17 - 0.21 - 2.387 0.018 - 0.75 - 0.07

r-square = 0.04 Model ANOVA: F = 5.70, p = 0.018

Variables entered and excluded: age, BMI, dose, baseline pain score

12-h

Constant 2.06 0.23 9.023 \ 0.001 1.61 2.51

Female gender - 0.39 0.14 - 0.23 - 2.671 0.009 - 0.67 - 0.10

r-square = 0.05 Model ANOVA: F = 7.13, p = 0.009

Variables entered and excluded: age, BMI, dose, baseline pain score

Pain Ther
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