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Background: Sufentanil-induced cough is frequent during the induction of anesthesia. The
aim of this research was to assess the influence of pretreatment with nalbuphine on sufenta-
nil-induced cough.

Patients and Methods: A total of 210 American Society of Anesthesiologists (ASA) I-1I
patients who are 18-70 years old and scheduled for elective surgery were randomly divided
into two groups. Group N was pretreated with 0.3 mg/kg nalbuphine at 150 s before
induction with sufentanil, and Group C received the same volume of normal saline as the
placebo. We assessed the incidence and severity of cough 2 minutes after sufentanil admin-
istration. We also recorded the hemodynamic changes and side effects of sufentanil after
sufentanil administration.

Results: No patients had cough in group N, and 30 patients had cough in group C (degree of
cough: mild 8; moderate 10; severe 12). The incidence and severity of cough in group
N were significantly lower than those in group C.

Conclusion: Pretreatment with 0.3 mg/kg nalbuphine significantly suppressed the incidence
and intensity of sufentanil-induced cough.
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Introduction

Sufentanil is widely used as an induction agent because of its beneficial properties,
such as its analgesic effect with power potency, long duration, and hemodynamic
stability. However, cough is the most common adverse effect of sufentanil. The
occurrence of sufentanil-induced cough varies between 15% and 47.1% in unpre-
treated patients,"> which may lead to patient discomfort. Sufentanil-induced cough
may increase the intracranial, intraocular, and intra-abdominal pressure.” Therefore,
cough should be avoided after sufentanil administration.

The primary action of sufentanil is on the opioid receptor and results in
analgesia. However, the mechanism by which this drug produces cough is uncer-
tain. In previous studies, many strategies, such as dezocine, magnesium, and
dexmedetomidine, have been used to attenuate the incidence and intensity of
cough. Nalbuphine, a synthetic opioid (p-receptor antagonist and k-receptor ago-
nist), is a non-controlled opioid analgesic, and widely used to treat mild-to-severe
pain. Moreover, nalbuphine has also been effectively used to treat opioid-induced
the side effects, such as pruritus,4 bowel dysfunction,5 and so on. However, to our
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knowledge, there is no report to evaluate the influences of
nalbuphine on the frequency of cough caused by sufenta-
nil. Therefore, we performed this study to investigate the
effects of nalbuphine on sufentanil-induced cough.

Methods

This study was approved by the Ethics Committee of the
First Affiliated Hospital, Anhui Medical University (IRB
#PJ2019-09-13) and written
obtained from all subjects participating in the trial. The

informed consent was

trial was registered prior to patient enrollment at www.
chictr.org.cn (ChiCTR1900023984, Principal investigator:
Yao Lu, Date of registration: 2019-6-20).

The study was performed from July 2019 to
August 2019 at First Affiliated Hospital of Anhui
Medical University in accordance with the declaration of
Helsinki, and a total of 240 patients were screened. A total
of 210 participants scheduled for elective surgery were
recruited in this study (Figure 1). The inclusion criteria
included American Society of Anesthesiologists (ASA) I-
II patients, both sex, aged 18-70 years, and body mass

index (BMI) <30 kg/m’. Additionally, the participants
were excluded if they met the following criteria: chronic
cough, having an upper respiratory infection recently,
smoking, asthma, bradycardia, use of angiotensin-
converting enzyme inhibitors and steroids or bronchodila-
tors. We randomly divided all participants into two groups
using a computer-generated table of random numbers, with
105 patients in each group. The randomization results
were kept in sealed opaque envelopes before the time of
the study drug preparation. Group N was pretreated with
0.3 mg/kg nalbuphine for 150 s before induction with
sufentanil (0.5 pg/kg), and Group C received the same
volume of normal saline as the control group. The patients
and anesthesiologists who recorded the intensity of cough
were blinded to the assigned patient groups. The pretreat-
ment drugs were prepared in a 20-mL syringe by the
anesthesiologist who did not participate in the induction
of anesthesia.

After patients arrived at the operating room, routine
monitoring including noninvasive blood pressure, elec-

trocardiogram, and oxygen saturation was applied, and

E Assessed for eligibility
= (n=240)
c
= Excluded (n=30)
18 patients refused
12 patients change of
anesthetic plan
Randomized (n=210)

N )
2 5 [ (n=105
® Group N (n=103). Group C (2=105).
8 received 0.3mg'kg L
= TTERE received placebo

Y nalbiohine )

v v
s
3 Lost to follow-up Lost to follow-up
% (n=0) (n=0)
= L J
v v

4 N\ )
2
% Analysed (n=105) Analysed (n=105)
< \_ ) J/

Figure | CONSORT flow of clinical procedures for the study. Group N pretreated with 0.3 mg/kg nalbuphine at 150 s before induction with sufentanil; Group C received

the same volume of normal saline as the placebo.
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venous access was established. The patients were oxyge-
nated, and the study drug was administered before the
induction of anesthesia. No drug was injected into the
patient before the study drugs. One hundred and fifty
seconds after pretreatment drug administration, anesthe-
sia was induced with sufentanil over 3 s, while the
patients were recorded for episodes of cough 2 minutes
after the injection of sufentanil. The degree of coughing
was graded depending on the number of episodes of
cough: mild (1-2 times), moderate (3—5 times), severe
(>5 times).® The systolic blood pressure (SBP), diastolic
blood pressure (DBP), and heart rate (HR) were recorded
before (Ty) and 2 minutes after the nalbuphine injection
(T;) and 2 minutes after the sufentanil injection (T5).
Assisted mask ventilation was adopted if pulse oxygen
saturation (SpO,) was less than 95%. If patients suffered
from truncal rigidity, then the induction of anesthesia
was performed with 0.02 mg/kg midazolam, 0.3 mg/kg
etomidate, and 0.9 mg/kg rocuronium. Additionally, the
side effects associated with sufentanil, such as apnea,
truncal rigidity, bradycardia, or nausea, were recorded.

Sample size estimated using Power and Sample Size
Program 3.0.43. According to the previous study, the fre-
quency of cough induced by sufentanil was 27%,’ assum-
ing a 60% lower frequency of cough after nalbuphine
administration, the sample size was calculated as 91
patients per group at a power of 80% and a two-tailed a-
error of 5%. Therefore, the sample size of this study was
increased to 105 patients in each group.

All data are expressed as the mean + standard deviation
or percentages. The demographic data of patients and vital
signs between two groups were compared using T-tests.
The chi-squared test was used to analyze the frequency
and severity of sufentanil-induced cough, ASA class, and
gender. We used SPSS 13.0 to analyze all data. P<0.05
was considered statistically significant.

Results

No significant differences were found in demographic
characteristics between the two groups (Table 1). The
incidence of cough in group C was 28.5%, and no patients
had cough in group N. Therefore, pretreatment with nal-
buphine significantly reduced sufentanil-induced cough
after the administration of nalbuphine. The severity of
cough was significantly lower in group N (mild, moderate,
severe: 0, 0, 0, respectively) than in the placebo (8, 10, 12)
(Table 2). SBP, DBP, and HR were not significantly

Table | Demographic Data of the Patients Receiving Nalbuphine

or Placebo
Group N Group C P value
(n=105) (n=105)
Gender (F/M) 55/50 48/57 0.33
Age 46.914.1 474134 0.66
Height 165.0+7.0 165.2+6.8 0.87
Weight 63.2£11.6 64.2£10.0 0.49
ASA (1/11) 25/80 16/89 0.11

Notes: Values are expressed as mean * standard deviation, gender and ASA
physical status as number. No statistical difference was observed in this table.

Table 2 Incidence and Severity of Cough in Patients Receiving
Nalbuphine or Placebo

Group N Group C P value
(n=105) (n=105)
Incidence (n%) 0 30 (28.5%) 0.000
Severity (n%)
Mild 0 8 (7.6%) 0.004
Moderate 0 10 (9.5%) 0.001
Severe 0 12 (11.4%) 0.000

Note: Values are expressed as numbers (percentage).

different at each time point between the two groups
(Figure 2).

In the control group, one patient had nausea and two
patients suffered from truncal rigidity.

Discussion
The results of this study revealed that pretreatment with
0.3 mg/kg nalbuphine significantly decreased the incidence
and severity of cough compared to the control group.
Sufentanil-induced cough may lead to patient discom-
fort. Moreover, sufentanil-induced cough may increase
intracranial, intraocular, and intra-abdominal pressures in
patients with coexisting conditions, such as open eye
injury, dissecting aortic aneurysm, and pneumothorax.
Therefore, sufentanil-induced cough should be prevented
in these patients. However, the mechanism of cough
induced by sufentanil is unclear. Several mechanisms
have been proposed to interpret fentanyl-induced cough.
A pulmonary chemoreflex mediated by pulmonary
C-fibers (J-receptors) or by irritant receptors (rapidly
adapting receptors) is thought to be responsible for this

89 Furthermore, the deformation of the

phenomenon.
mucosa caused by fentanyl inducing tracheal smooth mus-
cle contraction can stimulate the irritant receptors in the

tracheobronchial mucosa.'” Besides, a sudden adduction
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Figure 2 Changes in vital signs after treatment. (A) SBP (mmHg); (B) DBP (mmHg); (C) HR (beats/min); (D) SpO, (%); Group N pretreated with 0.3 mg/kg nalbuphine at
150 s before induction with sufentanil; Group C received the same volume of normal saline as the placebo. SBP, DBP, HR and SpO, were not significantly different at each

time point between the two groups.

Abbreviations: SBP, Systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; TO, time before administration of nalbuphine or normal saline injection; T1, 2
minutes after administration of nalbuphine or normal saline injection; T2, 2 minutes after the sufentanil injection.

of the vocal cords or a supraglottic obstruction by soft
tissue caused by opioid-inducing histamine release and
muscle rigidity also makes a significant contribution to
the cough.”'!

The main cause of cough may be related to sufentanil
(1 pg/kg) reducing chest wall compliance.'? The sufentanil
injection can lead to closure of the vocal cords which may
be the major reason for difficult ventilation.'* Therefore,
the expiratory work caused by glottal closure may be the
possible mechanism of cough induced by sufentanil injec-
tion. In animals, we often use citric acid which stimulates
C-fibers in the airway to activate the cough reflex.'
Sufentanil contains citrate salts, and the composition of
citrate may be the cause of the cough reflex.

Various strategies, such as magnesium, dexmedetomidine,
and dezocine, have been used to prevent sufentanil-induced
cough. An et al' found that magnesium could inhibit sufenta-
nil-induced cough. Possible mechanisms, including magne-
sium, can induce bronchodilation by inhibiting cholinergic
neuromuscular transmission and attenuating calcium-
induced muscle contraction. In a previous research, Sun
et al’ indicated that the administration of dexmedetomidine
for 5 minutes significantly inhibited sufentanil-induced cough.
The primary mechanism was that a2-adrenoreceptor agonists
can reverse the muscular rigidity induced by sufentanil and
block histamine-induced bronchoconstriction. The study by
our team shows that pretreatment with 0.1 mg/kg dezocine

was effective in suppressing sufentanil-induced cough. Our
previous study proposed that the dezocine-mediated suppres-
sion of the cough induced by sufentanil may be mainly asso-
ciated with k-receptor antagonism, which in turn antagonizes
sufentanil-activated 1 receptors, thereby reducing cough.'?

Nalbuphine is a synthetic opioid (p-receptor antagonist
and k-receptor agonist), and the common use dose ranges
from 0.2 mg/kg to 0.4 mg/kg.'® The onset time of nalbu-
phine was 2—3 minutes,'” so in our study, the pretreatment
drug was administered at 150 s before sufentanil injection.
The results of this study indicate that pretreatment with
nalbuphine can effectively attenuate the incidence and
severity of sufentanil-induced cough. A possible mechan-
ism for this phenomenon is that nalbuphine prevents
sufentanil-induced cough by partial p-receptor antagon-
ism, which antagonizes sufentanil-activated p-receptor,
thereby reducing cough. Moreover, nalbuphine may
reverse the muscular rigidity induced by sufentanil,
which results in reducing cough.

The limitation of this study is that we did not assess the
effect of different doses of nalbuphine on the incidence
and severity of sufentanil-induced cough. Additionally, the
current study lacked pretreatment with nalbuphine to sup-
press cough induced by other opioid drugs. In the future,
we will evaluate different doses of nalbuphine on the
frequency and reflex degree of sufentanil-induced cough

during the induction of anesthesia.
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Conclusion

In conclusion, this research indicates that pretreatment
with 0.3 mg/kg nalbuphine significantly suppressed the
frequency and intensity of sufentanil-induced cough.
Therefore, pretreatment with nalbuphine presents an effec-
tive way to prevent sufentanil-induced cough during the
induction of anesthesia.

Abbreviations

ASA, American Society of Anesthesiologists; BMI, body
mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HR, heart rate; SpO,, pulse oxygen saturation.
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