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Abstract:

Background: Fentanyl-induced cough is not an uncommon phenomenon during the induction of general anesthesia. A preliminary

randomized controlled study was designed to observe the effects of different priming doses of fentanyl on fentanyl-induced cough

during induction of anesthesia.

Methods: Four hundred patients were randomized into four groups (n = 100 for each). Group I received 5 ml saline 0.9% 1 min be-

fore administration of fentanyl 2.5 µg/kg; group II received pre-emptive fentanyl 0.5 µg/kg 1 min before administration of fentanyl

2 µg/kg; group III received pre-emptive fentanyl 1 µg/kg 1 min before administration of fentanyl 1.5 µg/kg; and group IV received

pre-emptive fentanyl 1.5 µg/kg 1 min before administration of fentanyl 1 µg/kg. The severity of cough was graded as none (0), mild

(1–2), moderate (3–4), or severe (5 or more episodes). We defined T1 and T2 as the 1 min periods after the first and second injections,

respectively, and recorded the number of patients whose first cough happened in the T1 or T2 period.

Results: The incidences of fentanyl-induced cough were 68%, 5%, 40% and 64% in groups I, II, III and IV, respectively. The inci-

dence of cough in group II was lower than those in groups III and IV in the T1 period. The incidences of cough in groups II, III and IV

were lower than that in group I in the T2 period.

Conclusions: In summary, a priming dose of fentanyl 0.5 µg/kg suppressed fentanyl-induced cough during induction of anesthesia

in clinical practice. Fentanyl-induced cough was positively correlated with the dose of fentanyl.
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Introduction

Intravenous administration of fentanyl is widely used

during the induction of general anesthesia. Fentanyl-

induced cough is widely reported [2, 7–10] but has

not been considered as a serious anesthetic complica-

tion during induction of anesthesia. Lin and col-

leagues [8] have reported a 65% incidence of cough in

patients following intravenous administration, within

2 s, of fentanyl 2.5 µg/kg via a freely running periph-

eral venous catheter. Böhrer and coworkers [4] have

observed that 45.9% of patients cough after receiving

fentanyl 7 µg/kg through a central venous catheter,
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while only 2.7% of patients cough after a bolus of

fentanyl 7 µg/kg via a peripheral cannula. Phua and

coauthors [11] have demonstrated that the injection of

fentanyl 1.5 µg/kg via a peripheral venous line elicits

cough in 28% of patients, and a similar incidence of

cough (33%) is documented by Shen et al. [14] fol-

lowing a bolus of fentanyl 2 µg/kg via a peripheral

venous route, given within 5 s. The discrepancies in

the incidence of cough among these studies may be

attributed to the different doses, routes, and rates of

fentanyl administration [7–9, 13, 14, 16].

However, fentanyl-induced cough is not always be-

nign and is undesirable in patients with some preexist-

ing diseases, including cerebral aneurysm, brain

trauma, brain hernia, open eye injury, dissecting aortic

aneurism, pneumothorax and hypersensitive airway

disease [1]. Various attempts have been made to re-

duce the incidence of fentanyl-induced cough during

induction of anesthesia [2, 16].

Hung and colleagues found that pre-emptive use of

fentanyl 25 µg, administered 1 min before bolus in-

jection of fentanyl (125 or 150 µg), could effectively

suppress fentanyl-induced cough [7], although these

authors did not observe the timing of the cough pro-

voked by fentanyl. We hypothesized that an appropri-

ate dose of fentanyl, not fixed but set according to

body weight, might suppress fentanyl-induced cough.

Therefore, we designed and carried out a preliminary

randomized controlled study to observe the effects of

different priming doses of fentanyl on fentanyl-

induced cough.

Materials and Methods

Estimation of sample size was based on a 43% re-

ported incidence of cough after an iv bolus of fen-

tanyl, and the assumption that pre-emptive use of fen-

tanyl would cause a 20% reduction in the incidence of

coughing. With a = 0.05 and b = 0.10, we calculated

that it was necessary to enroll 97 patients in each

group; we therefore recruited 100 patients to account

for any dropouts.

Four hundred patients of either sex, American So-

ciety of Anesthesiologists physical status class I or II,

aged 22–70 years, weighing 42–81 kg, and scheduled

for elective surgery under general anesthesia, were

enrolled in the present study. Exclusion criteria in-

cluded: body weight exceeding 20% of ideal body

weight (on the basis of body mass index recommen-

dations); impaired kidney or liver function; presence

of a gastric tube; or a history of asthma, chronic

cough, smoking, or upper respiratory tract infection in

the previous 2 weeks, or treatment with angiotensin

converting enzyme inhibitors, bronchodilators, or

steroids in the previous 2 weeks.

Dr. Gu decided whether a patient should be in-

cluded in the present study according to the inclusion

and exclusion criteria, randomized 400 patients into

four groups using a computer-generated table of ran-

dom numbers, and was responsible for drug prepara-

tion. The allocation sequences were contained in a set

of sealed envelopes, and the observer and all the pa-

tients involved in the present study were blinded.

This double-blind, randomized, and controlled

study was conducted after approval from the Insti-

tute’s Ethics Committee and after obtaining written

informed consent from the patients. The tests were

completed in the operating room. Phenobarbital so-

dium 0.1 g and atropine 0.5 mg were injected intra-

muscularly 30 min before anesthesia. Venous access

to the median cubital vein was established with an

18-gauge cannula. The vertical distance between the

drip bottle and venous access was 1 meter in all pa-

tients. Electrocardiography, non-invasive blood pres-

sure measurements, and pulse oximetry were carried

out throughout the study. Patients were left undis-

turbed for more than one minute. Then, participants

were randomly assigned into four groups, and were

administered drugs as the following sequence of

medications: group I received 5 ml saline 0.9% iv

1 min before the administration of fentanyl (50 µg/ml,

Renfu Co., Hubei, China) 2.5 µg/kg (5 ml); group II

received pre-emptive fentanyl 0.5 µg/kg (5 ml) 1 min

before the administration of fentanyl 2 µg/kg (5 ml);

group III received pre-emptive fentanyl 1 µg/kg

(5 ml) 1 min before the administration of fentanyl

1.5 µg/kg (5 ml); and group IV received pre-emptive

fentanyl 1.5 µg/kg (5 ml) 1 min before the administra-

tion of fentanyl 1 µg/kg (5 ml). In the present study,

all injection times for fentanyl were controlled to be

less than 5 s, and the durations were recorded.

An observer, unaware of the type of medications

given to the patients, recorded the occurrence and se-

verity of cough for 3 min after the first administration.

The severity of cough was graded, based on the

number of episodes of cough, as none (0), mild (1–2),

moderate (3–4), or severe (5 or more) [2]. We defined

T1 as the period of 1 min after the first injection of
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fentanyl, and T2 as the period of 1 min after the sec-

ond injection. We recorded the number of patients

whose first cough occurred in the T1 or T2 period.

Data are expressed as the mean ± SD, number, pro-

portion, or percentage. Statistical analysis was per-

formed using Statistical Product for Social Sciences

(SPSS) 13.0 software. The frequencies of coughing

and the proportions of sex and ASA class were com-

pared using the c2 test or Fisher’s exact test with Bon-

ferroni correction. One-way analysis of variance was

used to compare the age and weight among the four

groups; p < 0.05 was considered statistically signifi-

cant.

Results

All patients completed the present study. There were

no statistically significant differences between the

four groups with regard to age, sex, weight, and ASA

class (p > 0.05) (Tab. 1).

The average injection time for each individual injec-

tion was 2 s in the present study. The incidence of

fentanyl-induced cough was 68% in group I, 5% in

group II, 40% in group III, and 64% in group IV.

Groups II and III had a lower incidence and severity of

cough than group I (p < 0.05). Groups III and IV had

a higher incidence and severity of cough than group II

(p < 0.05). Group III had a lower incidence and sever-

ity of cough than group IV (p < 0.05) (Tab. 2).

The incidence of cough in group II was lower than

those in groups III and IV during the T1 period. The in-

cidences of cough in groups II, III and IV were lower

than that in group I during the T2 period (Tab. 3).

Discussion

Our study demonstrates that a priming dose of 0.5 µg/

kg of fentanyl is effective to suppress fentanyl-

induced cough, which was consistent with our hypo-

thesis.
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Tab. 1. Demographic data of patients

Group I (n = 100) II (n = 100) III (n = 100) IV (n = 100)

Age (years) 44 ± 12 47 ± 14 47 ± 16 48 ± 12

Sex (M/F) 46/54 42/58 43/57 42/58

Weight (kg) 61 ± 10 59 ± 8 63 ± 6 62 ± 7

ASA class (I/II) 96/4 97/3 99/1 97/3

Data are expressed as the mean ± standard deviation, or number of cases. There were no significant differences between groups with regard
to the demographics

Tab. 2. Fentanyl-induced cough and its severity in the four groups

Group I (n = 100) II (n = 100) III (n = 100) IV (n = 100)

Incidence (%) 68 (68) 5 (5)* 40 (40)*# 64 (64)#†

Severity

None 32 (32) 95 (95) 60 (60) 36 (36)

Mild 44 (44) 4 (60) 28 (28) 42 (42)

Moderate 15 (15) 1 (36) 12 (12) 15 (15)

Severe 9 (9) 0 (0) 0 (0) 7 (7)

Data are expressed as number (percentage); * p < 0.05, groups II, III, and IV vs. group I; # p < 0.05, groups III and IV vs. group II; � p < 0.05,
group IV vs. group III



The mechanisms of fentanyl-induced cough are not

well understood, but various theories have been pro-

posed. Pulmonary chemoreflexes, mediated either by

vagal C-fiber receptors in close proximity to pulmo-

nary vessels [18] or by irritant receptors, have been

suggested to contribute [4, 17]. For example, fentanyl

may cause vagal predominance and induce reflex

bronchoconstriction and cough [6, 15, 19]. The obser-

vation that the fentanyl-induced cough response is re-

duced from 28% to 6% after aerosol inhalation of sal-

butamol (a selective b2-adrenergic bronchodilator)

further supports the suggestion that fentanyl induces

cough via its bronchoconstriction effect [1, 5, 12]. In

addition, substances like histamine and neuropep-

tides, released by an action on prejunctional µ-opioid

receptors after iv fentanyl administration, play an im-

portant role in contributing to this cough [3, 9, 11].

Therefore, the low incidence of cough in groups

given pre-emptive fentanyl (groups II and III) in our

study may be attributable to actions on neurotransmit-

ter mechanisms. We speculate that small, priming

doses of fentanyl may result in depletion of neuro-

transmitters in peripheral nerve fibers. One minute af-

ter administration of a low priming dose, the inci-

dence of fentanyl-induced cough following a larger

dose of fentanyl may have been lower due to exhaus-

tion of neurotransmitters. Neurotransmitters released

by pre-emptive injections of small doses of fentanyl

may not reach threshold levels, hence resulting in no

fentanyl-induced cough. When group IV received

pre-emptive fentanyl 1.5 µg/kg 1 min before admini-

stration of fentanyl 1 µg/kg, the incidence of cough

that occurred in the T1 period was similar to that in

the T2 period of group I. We speculate that the mini-

mal dose of fentanyl that induces cough may be be-

tween 1.0 and 1.5 µg/kg, based on the finding of the

present study.

Hung and colleagues [7] found that pre-emptive

use of fentanyl 25 µg, administered 1 min before bo-

lus injection of fentanyl (125 or 150 µg), effectively

suppressed fentanyl-induced cough. This suggested to

us that a dose of fentanyl chosen according to body

weight, rather than a fixed dose, might be more effec-

tive at suppressing fentanyl-induced cough. For this

reason, we choose 0.5 µg/kg fentanyl as the priming

dose. If the patient’s weight is 50 kg, the dosage of

pre-emptive fentanyl would be 25 µg, thus equaling

that used in Hung’s study.

The incidence of fentanyl-induced cough varies

over a wide range (2.7–80%), and primarily depends

on the doses of fentanyl injected, the rates of injec-

tion, and the routes of injection [2, 7–10, 14]. In the

present study, the incidence of cough, observed in the

absence of pre-emptive fentanyl, was 68%. The exact

reasons for this higher incidence of cough compared

to other studies remain unclear. We attribute this

higher incidence to a faster rate of bolus injection of

fentanyl (bolus time: 2 s), and to possible bias due to

the small sample size included in the present study.

The incidence of fentanyl-induced cough was lower

than that of our previous study because of a slower in-

jection speed and a lower dose of fentanyl [16].

Therefore, fentanyl should not be injected with such

rapidity in clinical practice.

It is interesting that the incidence of cough after fen-

tanyl administration appears to be higher in Asians than

in Europeans [2, 7, 8, 13, 16]. For example, Schäper-

meier and Hopf [13] have observed that the incidence of

cough following intravenous fentanyl 1.5 µg/kg over 2,

5 or 10 s is between 3% and 6% in European patients,

whereas Phua and coauthors [11] have demonstrated

that injection of the same dose of fentanyl (1.5 µg/kg)

elicits cough in 28% of Asian patients.

There are two major limitations relevant to inter-

preting the results of the present study. First, there are

only four groups in our study, and so the dosage dif-

ference between priming doses of fentanyl may be too

large. Second, even though all groups were given the
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Tab. 3. Time of occurrence of fentanyl-induced cough in the four groups

Group I (n = 100) II (n = 100) III (n = 100) IV (n = 100)

Incidence (%) 68 (68) 5 (5)* 40 (40)*# 64 (64)#†

T1 period 0 (0) 1 (1) 12 (12)*# 48 (48)*#†

T2 period 68 (68) 4 (4)* 28 (28)*# 16 (16)*#

Data are expressed as number (percentage); * p < 0.05, groups II, III, and IV vs. group I; # p < 0.05, groups III and IV vs. group II; � p < 0.05,
group IV vs. group III



same premedication with phenobarbital sodium 0.1 g

and atropine 0.5 mg, the dosages per kg body weight

may be unequally distributed between groups, and

thus the dosing of these premedication drugs may be

a confounding variable.

In conclusion, a priming lower dose of fentanyl is

effective to suppress fentanyl-induced cough. We sug-

gest using a priming dose of fentanyl 0.5 µg/kg to

suppress cough during the induction of anesthesia in

clinical practice. Fentanyl-induced cough was posi-

tively correlated with the dose of fentanyl used.
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