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Purpose: To investigate the effect of tramadol pretreatment on the inci-
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dence and severity of sufentanil-induced cough.

Design: Randomized controlled trial.

Methods: Adults of both genders (N5 304; 18 to 65 years old, American

Society of Anesthesiologists physical status I to II), scheduled for elective

surgery, were randomized into two groups (n 5 152): intravenous

administration of tramadol 1 mg/kg (group T) or normal saline (group

C). Then sufentanil bolus 0.3 mcg/kg was administered intravenously in

5 seconds. The incidence and severity of cough were observed for 1 min-

ute. Mean arterial pressure, heart rate, nausea, vomiting, and truncal ri-

gidity during induction were also recorded.

Findings: Patient characteristics were similar between the two groups.

The incidence of cough was significantly lower in group T when

compared with group C (7.9% vs 18.4%, P, .05); there were nine patients

coughing severely in group C, whereas no severe cough occurred in group

T (P , .05). The mean arterial pressure, heart rate, and incidences of

other side effects were comparable between the two groups.

Conclusions: Pretreatment of intravenous tramadol 1 mg/kg could be a

clinically effective intervention for attenuating sufentanil-induced cough.
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OPIOID-INDUCED COUGH (OIC) is a common

phenomenon during induction of general anes-

thesia. A bolus of fentanyl, sufentanil, and remifen-

tanil frequently elicits a cough, with an incidence

up to 54.3%.1 Although this complication is usually
transient and self-limiting, patients are uncomfort-

able and OIC potentially increases heart rate (HR)

and blood pressure.2 Furthermore, severe OIC

may cause periorbital petechiae and even lead

to life-threatening airway obstruction, which

requires immediate intervention.3,4 Therefore,

preventing OIC is clinically important.

Various mechanisms responsible for OIC have been

proposed. First, the rapidly adapting receptors pre-

sent on the mucosa of the proximal tracheobron-

chial airway can be stimulated by fentanyl causing

bronchoconstriction.5 Second, fentanyl and sufen-

tanil are available as citrate salts. Tanaka and Mar-

uyama6 found that citrate could stimulate C fibers

(also known as J-receptors) present on the smooth
muscles of trachea and bronchi releasing neuropep-

tides, which are responsible for coughing. Third,

opioids such as sufentanil enhance vagal activity

leading to bronchoconstriction, inducing muscle ri-

gidity, which causes sudden adduction of vocal

cords, these reflexes may also cause coughs.7,8

A meta-analysis demonstrated that beta-2 agonists
(terbutaline, salbutamol), lidocaine, alpha-2

agonists (dexmedetomidine), propofol, N-methyl-

D-aspartate (NMDA) receptor antagonists (keta-

mine), and a fentanyl priming dose were all

effective in preventing fentanyl-induced cough.9

However, some of these agents have their limits,

beta-2 agonists are rarely used in general anes-

thesia and may be associated with adverse
cardiovascular effects.10 Lidocaine and dexmede-

tomidine may induce severe bradycardia during

laryngoscopy because of vagus nerve stimula-

tion.11-14 On the other hand, a priming dose of

propofol could make patients unconscious, if

coughs were elicited, muscle rigidity and vocal

cord adduction may cause difficult ventilation.7,8

Therefore, preventing OIC with NMDA receptor
antagonists (ketamine) or fentanyl priming dose

(mu-receptor agonism) may be preferred.

Tramadol, a centrally acting analgesic, is commonly

used for postoperative analgesia and prevention

of perioperative shivering.15 Tramadol performs

as a mu-opioid receptor agonist, serotonin-
norepinephrine reuptake inhibitor, NMDA receptor

antagonist, nicotinic acetylcholine receptor antago-

nist, and M1 and M3 muscarinic acetylcholine re-

ceptor antagonist.16 Studies have shown that

tramadol is effective in treating neurogenic cough
or fentanyl-induced cough; the mechanisms may

be NMDA receptor antagonism andmu-receptor ag-

onism.17,18 Kamei et al19 found that NMDA receptor

antagonists had a marked cough-depressing effect,

they alsodemonstrated that serotonergic andopioid

receptors are involved in the antitussive mecha-

nism.20 Louly et al21 previously used tramadol to

treat a patient with refractory chronic cough and
found that cough intensity was significantly lower

after tramadol treatment compared with placebo.

Furthermore, tramadol inhibits M1 and M3 musca-

rinic receptors, thus may attenuate vagal stimula-

tion on trachea and bronchi.22 Therefore, tramadol

may be promising to prevent OIC.

Sufentanil, a thienyl analogue of fentanyl, is widely
used for anesthetic induction with less impact on

hemodynamics and strong analgesic effect. How-

ever, a bolus of sufentanil even in a small dose

may evoke cough with an incidence from 15.8%

to 31.9%.2,23 The studies of tramadol effect on

sufentanil-induced cough are still limited; there-

fore, this clinical trial was designed to investigate

the antitussive effect of tramadol pretreatment
on sufentanil-induced cough during anesthetic in-

duction.

Materials and Methods

The randomized controlled study was approved

by the Ethics Committee of Hunan Provincial

People’s Hospital. After consents were obtained,

304 participants aged 18 to 65 years of both

genders undergoing laparoscopic cholecystec-

tomy or gynecologic laparoscopic surgery with

American Society of Anesthesiologists (ASA) phys-

ical status classification I to II were included.
Exclusion criteria included a history of smoking,

chronic cough, upper respiratory tract infection,

asthma, treatment with bronchodilators or ste-

roids, or angiotensin-converting enzyme inhibi-

tors. After entering the operating room, the

patients were monitored by electrocardiogram,

noninvasive blood pressure, and pulse oximetry;

an intravenous cannula was inserted peripherally
and Ringer’s solution was infused with a rate of

4 to 6 mL/min.



Table 1. Patient Characteristics

Characteristics Group C (n 5 152) Group T (n 5 152) P Value

Gender (M/F) 48/104 40/112 .3

Age (y) 44 6 11 45 6 10 .4

Weight (kg) 60 6 9 60 6 8 .8

ASA status (I/II) 107/45 105/47 .8

ASA, American Society of Anesthesiologists.
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The patients were randomized into two groups

with the help of a computer-generated table of
random numbers (n 5 152). Tramadol group

(group T): tramadol hydrochloride injection (UCB

Pharma (Zhuhai) Co, Ltd, Zhuhai, China) 1 mg/kg

was infused intravenously for 5 minutes before

anesthetic induction. Control group (group C): an

equal volume of normal saline was infused intrave-

nously for 5 minutes before anesthetic induction.

The patients received 6 to 8 L/min oxygen through

a facemask and anesthetic inductionwas started by

a bolus of sufentanil citrate injection (Yichang Hu-

manwell Pharmaceutical Co, Ltd, Hubei, China)

0.3 mcg/kg (5 mcg/mL) over 5 seconds via the pe-

ripheral venous access. An experienced observer

blinded to the premedication given to the patients

evaluated and recorded the occurrence of cough
for 1 minute after sufentanil injection. The inci-

dence of cough was recorded as cough manifested

or not, cough severity was graded based on the

number of cough episodes as mild (1 to 2 times),

moderate (3 to 5 times), and severe (.5 times).1

Other side effects such as nausea and vomiting after

tramadol or normal saline infusion, and truncal ri-

gidity after sufentanil injection were also recorded.
Then induction was finished by injection of mida-

zolam 0.05 mg/kg, cisatracurium 0.2 mg/kg, and

propofol 1 mg/kg. Mean arterial pressure (MAP)

and HR were recorded at three time points: before

the administration of tramadol or normal saline
Table 2. Incidences and

Incidences and Severity of Cough Group C (n 5

Cough incidence, No. (%) 28 (18.4

Severity of cough, No. (%)

Mild 14 (9.2)

Moderate 7 (4.6)

Severe 9 (5.9)

Severity of cough: mild (1 to 2 times), moderate (3 to 5 tim

*Significantly different, compared with group C (P , .05).
(T0), 1 minute after sufentanil injection (T1), and

1 minute after endotracheal intubation (T2).

Statistical Analysis

Data are expressed as the mean 6 standard devia-

tion, number, proportion, or percentage. Compar-

ison of age and weight was analyzed by unpaired

Student’s t test. The gender, ASA physical status,

incidence of nausea, vomiting, truncal rigidity,
cough, and cough severity were compared using

c2 test or Fisher’s exact test. Comparison of MAP

and HR was analyzed by repeated measures two-

way analysis of variance. SPSS 18.0 (SPSS Inc, Chi-

cago, IL) was used for statistical analysis. A P value

of , .05 was considered statistically significant.

Results

Patients (N 5 320) were screened for this study;

seven patients were withdrawn because of a habit

of smoking and nine patients declined to partici-

pate. Therefore, a total of 304 patients were
enrolled in the study, 152 patients in each group. Pa-

tient characteristics including gender, age, body

weight, ASA physical status were similar between

the two groups (Table 1). The incidence of cough

was significantly lower in group Twhen compared

with group C (7.9% vs 18.4%, P , .05). Nine pa-

tients coughed severely in group C, whereas no se-

vere cough occurred in group T (Table 2). The
Severity of Cough

152) Group T (n 5 152) P Value

) 12 (7.9)* .007

6 (3.9) .06

6 (3.9) .78

0* .002

es), severe (.5 times).



Table 3. Incidences of Nausea, Vomiting, and Truncal Rigidity

Side-effects Group C (n 5 152) Group T (n 5 152) P Value

Nausea, No. (%) 0 (0) 2 (1.3%) .48

Vomiting, No. (%) 0 (0) 2 (1.3%) .48

Truncal rigidity, No. (%) 1 (0.7%) 0 (0) .9
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incidences of nausea, vomiting, and truncal rigidity

were comparable between the two groups,

whereas in group T, four patients with a history of

motion sickness experienced nausea or vomiting

during or after tramadol infusion, one patient in

group C experienced transient truncal rigidity

without harmful consequences (Table 3). The

MAP and HR decreased significantly after sufentanil
injection at T1 and increased significantly after

endotracheal intubation at T2 (P , .05). At the

three time points, the MAP and HR were compara-

ble between the two groups; however, after 1 min-

ute of sufentanil injection, the MAP in group Twas

significantly lower than group C (Table 4).

Discussion

The results found that premedication of intrave-

nous tramadol 1 mg/kg infusion could reduce the

incidence of sufentanil-induced cough, tramadol

also attenuated cough severity. The mechanism
may include mu-opioid receptor agonism, NMDA

receptor antagonism, serotonin reuptake inhibi-

tion, and muscarinic receptor antagonism.16,19,20,22

Administration of opioids in a bolus during gen-

eral anesthetic induction often induces cough-

ing.1 Previous studies showed that slowing
Table 4. Vital Signs in Di

Vital Signs Group (n 5 152) T0

MAP (mm Hg) Group C 90.4 6
Group T 89.1 6

HR (bpm) Group C 75.7 6
Group T 76.2 6

HR, heart rate; MAP, mean arterial pressure; T0, before the a

after sufentanil injection; T2, 1 minute after endotracheal intu

*Significantly different, compared with T0 in the same grou
ySignificantly different, compared with T1 in the same grou
zSignificantly different, compared with group C at the same
down injection speed, change injection order of

fentanyl or sufentanil, and pretreatment with

different medicines during anesthetic induction

could attenuate OIC.24-26 Hence, to avoid these

factors differing between the two groups,

sufentanil was injected before the other

induction agents in all the patients, and the

injection time was 5 seconds as the previous
study.23 The results showed that the incidence

of cough after sufentanil injection in group C

was 18.4%, which was similar to the previous

studies (15.8% and 31.9%).2,23

Elmawgoud18 conducted a double-blind, random-

ized controlled trial of tramadol against placebo,

treating patients receiving fentanyl bolus during
anesthetic induction. The author found that the

incidence of fentanyl-induced cough was signifi-

cantly reduced by premedication of intravenous

infusion of tramadol 1 mg/kg in 15 minutes,

however, the sample size in the research was

limited and the infusion rate of tramadol was

15 minutes, which was time-consuming in clinical

situation. Previous studies showed that tramadol
was effective in treating patients suffering periop-

erative shivering,15,27 the authors found that after

intravenous infusion of tramadol, all the

shivering ceased within 2.1 6 1.0 minutes.15
fferent Time Points

T1 T2

9.9 83.7 6 8.0* 101.8 6 14.2*,y
7.1 80.5 6 8.3*,z 99.5 6 13.6*,y
10.2 68.2 6 9.7* 85.7 6 11.2*,y
9.7 65.98 6 10.8* 84.39 6 11.6*,y
dministration of tramadol or normal saline; T1, 1 minute

bation.

p (P , .05).

p (P , .05).

time (P , .05).
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On the basis of the rapid onset property of trama-

dol, the infusion rate of tramadol in the present

study was 5 minutes. The results showed that

after intravenous infusion for 5 minutes, tramadol

significantly reduced the incidence of sufentanil-
induced cough during anesthetic induction. More-

over, there were nine patients who coughed

severely in group C, whereas no severe cough

occurred in group T. Thus, the present study

indicated that premedication of 1 mg/kg of trama-

dol could suppress sufentanil-induced cough in a

short time after infusion.

Nausea and vomiting are the most frequent com-

plications of tramadol, the incidence of nausea

and vomiting after intravenous tramadol adminis-

tration could be 5% to 16.7%.15,27 Considering

the relatively high incidence of nausea and

vomiting of tramadol, an intravenous push of

tramadol bolus was avoided in the present study.

The results showed that there were only four
patients who had a history of motion sickness

experienced nausea or vomiting during or after

tramadol infusion in group T, the incidence

(2.6%) was not significantly different from group

C. This indicated that a low dose and slow

infusion rate of tramadol (1 mg/kg in 5 minutes)

could be used safely in patients without a history

of motion sickness.

Shen et al1 reported that all coughing occurred

within 1 minute (24 6 4.3 seconds) after sufenta-

nil administration; therefore, cough was evalu-

ated and observed for 1 minute. In the present

study, after a sufentanil bolus, all the coughs

occurred and ceased within 1 minute regardless

of severity, this is consistent with the result
from Shen et al.1 Furthermore, Yuan et al7 re-

ported that sufentanil injection might induce

muscle rigidity, which was also a complication

of fentanyl and might cause respiratory compro-

mise.28 In the present study, a 32-year-old male

in group C experienced truncal rigidity after su-

fentanil bolus, and manual ventilation became

difficult, his SpO2 dropped to 91% and then
increased to 100% after continuous manual venti-

lation and the onset of muscular relaxant. The

incidence of truncal rigidity in the present study

was low (0.7%), and the complication does not
appear to be a contraindication to use of sufenta-

nil. However, respiratory compromise should be

readily recognized and treated after sufentanil

administration.

In the present study, the MAP and HR increased

obviously during patients coughing and decreased

even lower than the baseline (T0) after coughs dis-

appeared. This may be because of sedation and

sympathetic nerve inhibition by sufentanil.29 How-

ever, although cough incidence in group T was

lower than group C, decreasing of HR in group T

was not significantly different compared with
group C at T1. It was speculated that after cough

disappeared, the HR decreased rapidly in both

the groups. Meanwhile, the results showed that

premedication of tramadol 1 mg/kg could be

used safely during anesthetic induction without

any cardiovascular events.

Limitation

The present study has its own limitations. First,

all patients enrolled were undergoing laparo-

scopic cholecystectomy or gynecologic laparo-

scopic surgery, so there were more females than

males recruited; however, to our knowledge,

gender does not relate to OIC.29 Therefore, this

limitation may not affect the conclusion of the
study. Second, this is a single-blind research, if

the premedication giver in the study was blinded

to the agent, the results may be more persuasive.

Third, we did not investigate the effect of different

doses of tramadol on the occurrence and reflex de-

gree of sufentanil-induced cough. Finally, consid-

ering the side effects of nausea and vomiting,

intravenous tramadol should be administered
slowly and not be used to prevent OIC in patients

with a high risk of nausea and vomiting.

Conclusions

The present study suggested that pretreatment

with 1 mg/kg of tramadol could suppress the

incidence and severity of cough induced by sufen-

tanil during anesthetic induction. Therefore, pre-

medication of tramadol could be a clinically

effective intervention for attenuating sufentanil-

induced cough.
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