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ABSTRACT

Background: Analgesia represents a cornerstone for the perioperative management of patients undergoing open abdominal surgery. Epi-
dural analgesia (EPA) is a standard method for pain control in 50%-60% of major abdominal surgeries. Nalbuphine -a synthetic opioid agonist/
antagonist- has equianalgesic properties to morphine but without the undesirable side effects of the pure agonists. Objective: We compared
the perioperative analgesic efficacy of subcutaneous nalbuphine and epidural analgesia in abdominal surgeries. Methods: 130 adult patients of
both sexes with American Society of Anesthesiologists physical status class | or Il aged 20-60 years were randomized into two equal groups. After
induction of general anesthesia, the epidural was activated with 18 ml of bupivacaine 0.25% + 2 ml fentanyl (100 Mcg) in group (I), while in a
group (II) subcutaneous nalbuphine (0.15 mg/kg) was injected. The time for the first postoperative analgesic request was recorded as the pri-
mary endpoint. The cumulative analgesics consumption within the first 24 postoperative hours and drug-related side effects were the secondary
outcomes. Results: The time for the first postoperative analgesia request was significantly longer in group Il than in group |1 (10.8 + 1.34 vs 3.29
+ 0.72 hours) (p < 0.05). There was a significant reduction in postoperative analgesic requirements in group Il compared with group I. Group |l
patients had significantly more sedation levels than group | (p < 0.05). Conclusion: Under the conditions of this study, subcutaneous nalbuphine
showed a superior analgesic profile than epidural analgesia for open abdominal surgeries.
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RESUMEN

Antecedentes: La analgesia representa un pilar en el manejo perioperatorio de los pacientes sometidos a cirugia abdominal abierta. La anal-
gesia epidural (EPA) es un método reconocido para controlar el dolor en el 50%-60% de las cirugfas abdominales mayores. La nalbufina -un ago-
nista/antagonista opioide sintético- tiene propiedades equianalgésicas a la morfina pero sin los efectos secundarios indeseables de los agonistas
puros. Objetivo: Comparamos las propiedades analgésicas perioperatorias de la nalbufina subcutanea y la analgesia epidural en cirugfas abdomi-
nales. Métodos: 130 pacientes adultos de ambos sexos ASA | o Il, entre 20 a 60 afios de edad fueron aleatorizados en dos grupos. Después de
la induccion de la anestesia general y antes de la incision en la piel, se activé la epidural con 18 ml de bupivacaina al 0,25% + 2 ml de fentanilo
(100 Mcg) en el grupo (), mientras que en el grupo (Il) se inyectd nalbufina subcutdnea (0,15 mg/kg). El momento de la primera solicitud de
analgésicos posoperatorios se registré como el objetivo primario. Los resultados secundarios fueron el consumo acumulado de analgésicos dentro
de las primeras 24 h posoperatorias y los efectos secundarios relacionados con los farmacos. Resultados: El tiempo para la primera solicitud de
analgesia posoperatoria fue significativamente mayor en el grupo Il que en el grupo 1 (10,8 + 1,34 vs 3,29 + 0,72 h) (p < 0,05). Hubo una reduc-
cién significativa en los requerimientos analgésicos posoperatorios en el grupo Il en comparacion con el grupo |. Los pacientes del grupo Il tenfan
significativamente mas niveles de sedacion que el grupo | (p < 0,05). Conclusion: En las condiciones de este estudio, la nalbufina subcutanea
mostrd un perfil analgésico superior a la analgesia epidural para cirugias abdominales abiertas.
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Introduction

management of patients undergoing open abdominal

surgery[1]. Epidural analgesia (EPA) is an effective pain
control modality that is used in approximately 50%-60% of
major abdominal surgeries[2].

Epidural analgesic modality has become limited to special
conditions, in which pain management is difficult. So other an-
algesic methods should be available[3].

Nalbuphine is a derivative of 14-hydroxy morphine with
kappa receptor agonistic and partial mu receptor antagonis-
tic effects. It can safely and effectively provide equianalgesic
effects to morphine in visceral pain modulation with a ceiling
effect on respiratory depression and less nausea, vomiting, and
pruritus[4]. It is used effectively to treat moderate to severe pain
for a slightly longer duration than morphine. Subcutaneous
drug administration has many significant advantages; it allows
efficient drug absorption and stable blood serum drug concen-
tration in addition to using small volumes for a long time[5].

The aim of this randomized controlled study was to com-
pare the effect of subcutaneous nalbuphine and epidural an-
algesia on postoperative first call for analgesics and opioid
consumption. We hypothesized that subcutaneous nalbuphine
may be a good alternative to epidural analgesia when epidural
is contraindicated or failed to be inserted in patients undergo-
ing open abdominal surgeries.

Q nalgesia represents a cornerstone for the perioperative

Methods

This prospective single-blinded RCT was conducted at
Menoufia University hospitals between December 2019 and
March 2020. The trial was registered at www.pactr.org (PAC-
TR2020001875909224). The approval of the local ethics and
research committee of the faculty of medicine of Menoufia Uni-
versity was obtained in December 2019 (IRB approval number
12-2019 ANET 52A). Written informed consent was collected
from all eligible patients. The present report of this RCT runs
in concordance with the Consolidated Standards of Reporting
Trials (CONSORT) guidelines.

We studied 130 adult patients (20-60 years of age) of both
sexes with American Society of Anesthesiologists physical sta-
tus class | or Il undergoing elective open abdominal surgeries
(expected not to exceed three hours) under general anesthesia.

Patients on opioid therapy, central nervous system depres-
sants or with physical dependence on opioids, hepatic or renal
disease, pregnancy or lactation, diabetes mellitus, bronchial
asthma, cardiac disease, and/or bleeding disorder were not
included. We also excluded patients refusing or having a con-
traindication for neuraxial blocks, neurological dysfunction, es-
tablished respiratory depression; a history of hypersensitivity to
any of the study drugs, inability to understand the visual analog
scale (VAS).

All patients meeting the inclusion criteria without exclusion
criteria were randomized 1:1 using a computerized software
program. The allocation was masked for the trial investigators
and the trial statistician who conducted the analyses. Before
the surgery, the visual analog scale (VAS) was taught to the
included patients to express and quantify their pain.
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All patients were premedicated with bromazepam (1.5 mg)
the night before surgery and 2 hours before the call to the
operative theatre. When the patients arrived at the operat-
ing room, continuous electrocardiography, non-invasive blood
pressure, pulse oximetry, train of four (TOF) guard, and bispec-
tral index (BIS) monitors were applied. An 18-gauge cannula
was inserted in a peripheral vein, and infusion of (7 ml/kg/h) of
lactated ringer was started. Preanesthetic medications included
intravenous (IV) glycopyrrolate (0.04 mg/kg) and midazolam
(0.03 mgrkg).

In group (I): in a sitting position, an epidural catheter was
inserted before anesthetic induction under the complete asep-
tic condition at the vertebral level expected to be the central
dermatome of the planned surgical site. A local anesthetic was
injected into the skin, then an 18 G Tuohy needle was intro-
duced. The epidural space was identified using the loss of resis-
tance to air technique, and a multi-orifice 20 G epidural cathe-
ter (Perifix® complete set; B. Braun Melsungen AG, Melsungen,
Germany) was placed 3-4cm within the epidural space. After
the removal of the needle, A test dose was injected, and the
proper epidural position was confirmed.

Anesthesia was induced with propofol (2 mg/kg), fentanyl
(2 pg/kg), and atracurium (0.5 mg/kg). After oral endotracheal
intubation, anesthesia was maintained with isoflurane (1%-
2%) on an O, /air mixture (FiO, 0.5) and atracurium (0.25 mg/
kg) guided by the TOF guard. The patients were mechanically
ventilated targeting ETCO, of 35-40 mmHg. Isoflurane MAC
was adapted to keep BIS 40-50.

After induction, the epidural was activated with bupiva-
caine 0.25% (18 ml) + fentanyl (100 Mcg) (2 ml) in group (1),
while in group (I) nalbuphine (0.15 mg/kg) (maximally 20 mg)
was injected SC in the outer aspect of the upper arm using 25
gauge needle. Dexamethasone (8 mg) and granisetron (1 mg)
were given IV immediately after induction as prophylactic anti-
emetics.

If analgesia was required, indicated by hemodynamic val-
ues rising above the targeted figures (20% above the baseline
value) in presence of accepted BIS, ETCO,, SpO,, and muscle
relaxation, 6 ml of the epidural solution was given in group |
and 0.05 mg/kg SC nalbuphine was injected in group Il. Rescue
analgesia was given intraoperatively as acetaminophen (15 mg/
kg) IV over 10 minutes if the top-up dose was deemed insuf-
ficient. Hypotension (mean arterial blood pressure less than 60
mmHg or < 80% of the baseline value) was managed by incre-
mental doses of ephedrine (5 mg).

After surgery completion, residual neuromuscular blockade
was antagonized with neostigmine (0.05 mg/kg) and glycopyr-
rolate (0.01 mg/kg). All patients were extubated and trans-
ferred to the post-anesthesia care unit. Acetaminophen (1 gm)
was infused every 6 hours on the first postoperative day.

Postoperatively, the pain was assessed using the VAS (0-10,
with 0 as no pain and 10 as the maximum possible pain). VAS
was assessed 30 min after extubation (0), then at 3,6, 9, 12, 18,
and 24 hours. If VAS was > four, ketorolac 30 mg was slowly
infused. After 10 minutes, if VAS remained > four, nalbuphine
(0.15mg /kg) was given IV.

Efficacy measures:

The primary outcome was the time for the first postopera-
tive analgesic request after recovery. The secondary outcome
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measures were the VAS, the cumulative analgesics consump-
tion in the first 24 postoperative hours, the intraoperative an-
algesics needs, complications (nausea and vomiting, respiratory
depression, pruritus), and patient satisfaction using satisfaction
score (nil = 0; mild = 1; good = 2; excellent = 3).

Postoperative sedation was assessed at times 0, 10, 20, and
30 min after extubation using the Ramsay sedation scale (RSS)
(1, anxious or restless or both. 2, cooperative, orientated and
tranquil. 3, responding to commands. 4, brisk response to a
stimulus. 5, sluggish response to stimulus. 6, no response to
stimulus)[6].

Postoperative nausea and vomiting (1: no nausea, 2: mild
nausea, 3: severe nausea, 4: vomiting), respiratory depression
(respiratory rate < 8/min or SpO,< 90%), hypotension (systolic
blood pressure < 60 mmHg) and bradycardia (pulse rate < 60/
min) were recorded.

Sample analysis and statistical analysis

The sample size was calculated by the Epi info program
based on a previous study[7], in which there was a significant
difference between the thoracic epidural analgesia and rectus
sheath analgesia in the first request for morphine (p = 0.031).
To achieve a power of 80% to detect this difference with a sig-
nificance level of 5% and a confidence interval of 95%, it was
estimated that 130 subjects were required in the study divided
into two equal groups.

After data collection and tabulation, it statistically analyzed
using an IBM personal computer with Statistical Package of So-
cial Science (SPSS) version 22 (SPSS, Inc, Chicago, lllinois, USA).

Data were presented as descriptive statistics in which
guantitative data were presented in the form of the mean (X),
standard deviation (SD), range, and qualitative data were pre-
sented in the form of numbers and percentages and analytical
statistics in which the used tests of significance included Chi-
square test (yx?) for two qualitative variables and Student t-test
for two quantitative variables. We used the Mann-Whitney test
for comparison between two groups not normally distributed
having quantitative variables.

Results

One hundred thirty patients were included in the study
without dropouts (Figure 1). There were no significant differ-
ences between the study groups regarding demographic char-
acteristics and/or surgery type and duration (Table 1).

Group Il had a significantly longer time for first postopera-
tive analgesia than group 1(10.8 + 1.34 and 3.29 + 0.72 hours)
respectively (p < 0.001). The cumulative postoperative analgesic
requirements were significantly lower in group Il in comparison
to the group | (p < 0.001). The intraoperative analgesic con-
sumption was statistically comparable between both groups (p
= 0.143). Intraoperative rescue analgesia was needed in four
patients in group Il in comparison to nine patients in group | (p
=0.143) (Table 2).

During the first 4 postoperative hours, the VAS was signifi-
cantly lower in group Il (p < 0.001). However, during the 8-12th
postoperative hours, the VAS was significantly lower in group |
(p <0.001). Both groups had comparable VAS at the remaining
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time points (Figure 2).

The postoperative sedation score was significantly lower
in group | for 30 min (p < 0.001) and no other complications
could be detected in both group. As regards patient satisfac-
tion, excellent, good, and mild satisfaction scores were record-
ed at (80% vs 0%, 20% vs 83%, and 0% vs 17%) (p < 0.001)
in groups Il and | respectively (Table 3).

Discussion

This study showed that subcutaneous nalbuphine showed a
superior postoperative analgesic profile than epidural analgesia
for open abdominal surgeries. Both analgesia modalities were
associated with a comparable intraoperative analgesia profile.

Nalbuphine is known to provide a reasonably potent anal-
gesia which is comparable to that of morphine in visceral noci-
ception as it has both agonistic action at kappa and antagonist
activity at p opioid receptors. It improves the quality of postop-
erative analgesia with fewer side effects[8]. It also maintains or
even enhances p-opioid-based analgesia and blocks the central
sensitization caused by surgical trauma or nociceptive stimula-
tion[9],[10]. Finally, its analgesic and sedative effects are im-
proved by increasing opioid receptor density and activity[11].
Nalbuphine was studied in detail as an intramuscular or IV an-
algesic or as an adjuvant to local anesthetics in epidural and
intrathecal anesthesia for abdominal surgeries[12]-[14].

The SC opioid injection is an established and as effective as
IV injection also, it is a safe and inexpensive analgesic method
with minimal side effects. The efficacy of SC opioid delivery for
controlling pain was studied in a range of patient populations,
including postsurgical and cancer patients[15],[16].

In our study, SC nalbuphine significantly prolonged the time
for the first postoperative analgesic request and reduced the
postoperative analgesic requirements within the first 24 hours
than did the epidural analgesia.

These results are consistent with other studies that investi-
gated the analgesic efficacy of nalbuphine. Solanki and his col-
leagues[17], injected the same dose we used IV in patients un-
dergoing orthopedic surgeries. They reported that nalbuphine
did not only effectively alleviates moderate to severe postopera-
tive pain, but also provided good sedation and hemodynamic
stability with a lower incidence of nausea and vomiting in com-
parison to tramadol. In comparison with tramadol[18], fen-
tanyl[19], or pentazocine[20], nalbuphine was associated with
a better relief of postoperative pain in conjunction with more
favorable sedation, hemodynamic stability, and lower incidence
of PONV in short surgical procedures.

In their meta-analysis of 15 trials (820 patients) to com-
pare nalbuphine with morphine regarding the safety profile
and quality of analgesia, Zeng and his colleagues[4] reported a
comparable analgesic potency with a superior safety profile for
nalbuphine due to the absence of respiratory depressant effects
and lower incidence of other side effects, which were observed
with morphine.

Epidural analgesia may provide satisfactory analgesia that
allows early mobilization. However, it may be difficult to mobi-
lize the patient with the epidural pump or in presence of even a
mild degree of motor block, which may consequently delay be-
ing out of the bed. Furthermore, the epidural route may not be
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Figure 1. Study flowchart.

of choice for those undergoing laparoscopic procedures with a
short hospital stay. Moreover, epidural analgesia did not add
clinical benefits after laparoscopic colorectal surgery[21]. Fur-
thermore, it was not protective against prolonged opioid use
after abdominal surgery[22]. Unlike epidural analgesia, SC nal-
buphine injection does not need a skilled anesthetist or neces-
sitate close monitoring for side effects e.g, hypotension, and
motor block[23]. Reducing the need for supplementary anal-
gesics in the immediate postoperative period may result in cost

savings that have financial implications for developing countries
and low-resource settings.

In presence of a catheter, the epidural route may be a very
effective analgesia modality for post-laparotomy pain during
both rest and ambulation. However, based on this study’s find-
ings, SC nalbuphine may be a good alternative to epidural an-
algesia for abdominal surgeries in low resources settings and/
or when an epidural is contraindicated or failed to be inserted.
Furthermore, unlike epidural, SC nalbuphine will not mandate
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Table 1. Demographic and clinical data of the studied groups

Studied variables Group | Group Il Test of sig. P value
Epidural analgesia Subcutaneous nalbuphine
(n = 65) (n = 65)
Agelyears
Mean +SD 43.8 + 10.7 423 +11.1 t-test = 0.797 0.427
Range 18 - 58 18 - 58
Gender N (%) N (%)
Male 39 (60.0) 37 (56.9) % =0.127 0.722
Female 26 (40.0) 28(43.1)
Surgery type N (%) N (%)
General 42 (64.6) 41 (63.1) x% = 0.204 0.903
Gynecological 14 (21.5) 16 (24.6)
Urology 9(13.8) 8(12.3)
BMI (Kg/m?)
Mean £SD 25.8 + 0.96 259 + 0.99 t-test = 0.143 0.887
Range 24 - 27 24 - 27
ASA N (%) N (%)
| 36 (55.4) 28 (43.1) x? = 1.90 0.160
Il 29 (44.6) 37(56.9)
Surgical time/min
Mean + SD 140.7 £ 32.9 141.7 = 30.8 t-test = 0.165 0.869
Range 75 - 180 75 - 180

Significance level at p-value < 0.05; **: High significance. %% Chi-square test.

']
Table 2. Analgesic requirements among the studied groups

Studied variables Group | Group Il Test of sig. P value
Epidural analgesia Subcutaneous nalbuphine
(n = 65) (n = 65)
Time for first analgesia request (hours)
Mean £SD 3.29+£0.72 10.8 + 1.34 t-test = 26.3 < 0.001**
Range 2-4 8-12
Type of analgesic
Ketorolac 35 (53.8) 55 (84.6) =144 < 0.001**
Ketorolac + Nalbuphine 30 (46.2) 10 (15.4)
Number of ketorolac rescue boluses
1 9 (13.8%) 38 (58.5%) x> =371 < 0.001**
2 39 (60.0%) 27 (41.5%)
3 17 (26.2%) 0 (0.00%)
Number of nalbuphine rescue boluses
No
1 35 (53.8%) 55 (84.6%) x> =19.8
2 16 (24.6%) 10 (15.4%) < 0.001**
14 (21.5%) 0 (0.00%)
Intra-operative rescue analgesia
Yes 9(13.8) 4 (6.20) =214 0.143
No 56 (86.2) 61 (93.8)

Significance level at p-value <0.05; **: High significance. % Chi-square test.
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Figure 2. Visual Analogue scale among the studied groups.

admitting the patient to a high-dependency unit for follow-up.
Further research is needed to determine the appropriate dose
of SC nalbuphine to achieve the target analgesic need and
compare it with other analgesic modalities.

In the current study, SC nalbuphine injection was associ-
ated with more sedation. Surprisingly enough, this feature was
reported by most of the patients to be satisfying. They reported
that they wished to be not vigilant during the early postop-
erative phase. Also, the postoperative sedation state did not
represent a major disadvantage in our study population, it may
warrant careful patient selection. Although there was more se-
dation after SC nalbuphine, however, we did not observe any
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single postoperative respiratory depression episode. This may
be explained by the fact that respiratory depression is predomi-
nantly 3y receptor-mediated[24].

Similarly, Minai et al[25], reported significantly better in-
traoperative and postoperative analgesia with a longer time in-
terval between reversal of neuromuscular paralysis and the pa-
tient’s ability to tell his/her full name in conjunction with fewer
side effects for nalbuphine than morphine (16.2 and 11.3 min)
respectively, they did not consider it a serious disadvantage in
their clinical settings.

To the best of our knowledge, this is the first study to com-
pare the analgesic efficacy of SC nalbuphine to other analgesic
modalities also, the cost-effective management protocol for
postoperative analgesia after open abdominal surgeries, which
could be of great benefit in resource-limited areas. However,
this study has some limitations. First, this is a single-center trial
that assessed the analgesia profile in open abdominal surger-
ies. Second, this is a single blinded study in the operating room
only, because the epidural group received an epidural catheter
while the subcutaneous nalbuphine group did not receive.
Third, exclusion of the patients with ASA physical status classes
> |l could limit the external validity and the generalizability of
the current findings in this trial. Fourth, we did not assess the
level of sensory block in epidural group patients after catheters
insertion. Fifth, we did not use patient-controlled analgesia
techniques due to limited resources. Alternatively, the titration
method for postoperative analgesics supplement according to
visual analogue scale used. Hence further research is warranted
before generalizing the results.

I e
Table 3. Sedation score, and satisfaction score among the studied groups

Studied variables Group | Group |l Test of sig. P value
Epidural analgesia Subcutaneous nalbuphine
(n = 65) (n = 65)

Sedation score
At 0 min
Mean + SD 2.56 + 0.49 4.73 + 0.44 t-test = 26.2 0.001**
Range 2-3 4-5
At 10 min
Mean + SD 2.47 £ 0.50 4.09 + 0.67 t-test = 15.4 0.001**
Range 2-3 3-5
At 20 min
Mean = SD 2.36 £ 0.48 3.51 £ 0.70 t-test = 10.7 0.001**
Range 2-3 2-5
At 30 min
Mean + SD 2.18 £ 0.39 2.83+0.74 t-test = 6.21 0.001**
Range 2-3 2-4

Satisfaction score

Mild 11 (16.9) 0 (0.00)
Good 54 (83.1) 13 (20.0) x* 88.1 < 0.001
Excellent 0 (0.00) 52 (80.0)

Significance level at p-value < 0.05; **: High significance. y?: Chi-square test.
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Conclusion

In patients scheduled for open abdominal surgeries, SC na-
lbuphine confers a favorable postoperative analgesic state in
terms of first call for analgesics and opioid consumption with
no obvious side effects. It may be an effective low-cost alter-
native to epidural analgesia in low-resource settings and in
patients in whom epidural insertion is contraindicated or has
already failed.
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