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Abstract

Background and Aims: Previous studies have focused on the role of perioperative nico-

tine replacement therapy (NRT) in improving the success rate of long-term smoking ces-

sation in tobacco smokers. This study aimed to measure the effectiveness of high-dose

NRT in alleviating postoperative pain for male abstinent smokers receiving abdominal

surgery.

Design: This was a parallel-group, randomized, double-blind and controlled pilot trial.

Setting and participants: In total, 101 male smoking-abstinent patients from the Eastern

Hepatobiliary Surgery Hospital, Shanghai, China, from 8 October 2018 to 10 December

2021.

Interventions: Patients started smoking cessation on admission to the hospital ward.

Patients received 24-hour transdermal nicotine patches (n = 50) or placebo (n = 51)

every day from admission until 48 hours after surgery.

Measurements: The primary outcomes were pre-surgery pain thresholds and total con-

sumption of analgesics within the first 48 hours after surgery. Secondary outcomes

included postoperative pain and sedation scores, nausea, vomiting and fever frequency

within the treatment period.

Findings: Both pre-surgery electrical and mechanical pain thresholds in the NRT group

were higher than those in the placebo group (P = 0.004 and P = 0.020, respectively). The

48-hour postoperative analgesic consumption was significantly lower for smoking-

abstinent patients receiving NRT than those receiving placebo (standardized morphine

equivalent requirement, median [interquartile range], 1.80 [1.47, 2.32] mg/kg vs 2.22

[1.62, 2.82] mg/kg, P = 0.011). Postoperative pain intensity was significantly lower in the

NRT group than that in the placebo group at 1st hour and 24th hour post-surgery

(P < 0.001 and P = 0.012, respectively). The incidence of treatment-related adverse

events was not significantly different between groups.

Conclusions: Perioperative high-dose nicotine replacement therapy may help to relieve

postoperative pain among male smoking-abstinent patients undergoing abdominal

surgery.
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INTRODUCTION

There are �1.4 billion tobacco smokers worldwide [1]. Smoking is a

public health problem that increases surgical patients’ risk of in-

hospital mortality by 20% and that of major complications by 40% [2].

The perioperative period is considered to be the best time to initiate a

smoking cessation program, and these programs should be recom-

mended before surgery [3]. In contrast to developed countries, many

developing countries have not established a sound surgery appoint-

ment system, and smokers are often unable to participate in a stan-

dard preoperative smoking cessation program. Therefore, most

patients undergo surgery while experiencing acute nicotine with-

drawal. For this reason, many clinical studies have explored smoking

cessation plans starting at patient admission [4].

One concern regarding sudden smoking abstinence is nicotine

withdrawal-associated hyperalgesia. Clinical study results have sug-

gested that nicotinic acetylcholine receptor (nAChR) availability during

smoking abstinence is positively correlated with experimental pain

ratings, and nicotine withdrawal-associated hyperalgesia emerges

within the first few hours of smoking abstinence [5]. This may present

challenges to perioperative pain management in smokers. Nicotine

replenishment can neutralize the consequences of a sudden increase

in unbound nAChR ligands caused by nicotine withdrawal. Therefore,

nicotine replacement therapy (NRT) is recommended to relieve post-

operative pain in smokers [6]. Paradoxically, a single nicotine patch

with a dose of 5 to 15 mg failed to affect postoperative pain scores in

abstinent smokers in one study [7]. This suggests that a unified or low

dose of NRT may limit the effect in alleviating nicotine withdrawal-

associated hyperalgesia because individual nicotine exposure varies

among smokers. Some studies have investigated the starting NRT

dose for heavy smokers during hospitalization, but the potential

impact of high-dose NRT on perioperative pain outcomes has not

been examined in these studies [8].

We conducted a pilot study among male smoking-abstinent

patients who received short-term nicotine patch doses of 21 or

42 mg/day based on their daily nicotine exposure levels. The primary

goal was to test the effects of intensive perioperative NRT on pain

thresholds and 48-hour postoperative analgesic consumption among

male smokers. The secondary goal was to examine the effects of the

nicotine patch on postoperative pain scores, sedation, postoperative

nausea and vomiting and fever perioperatively.

METHODS

Study participants

We screened patients who were scheduled to undergo abdominal

surgery. We included smokers who met criteria for nicotine

dependence of the Diagnostic and Statistical Manual of Mental

Disorders, Fifth Edition (DSM-V), smoked more than 10 cigarettes

per day in the past 6 months and had no successful smoking absti-

nence over 1 month [9]. The exclusion criteria are listed in the

Supporting information. This study was approved by the Ethics

Committee of Medical Research at Eastern Hepatobiliary Surgery

Hospital and written informed consent was obtained from all

enrolled patients.

Study design and procedure

Patients began smoking cessation on admission to the hospital ward.

Using an independent planner’s computer-generated code, abstinent

patients were randomly assigned to either the NRT group or the

placebo group (Figure 1). Patients assigned to the NRT group

received 24-hour transdermal nicotine patches (SanJods) every day

from the admission day until 48 hours after surgery. Nicotine

patches were provided in a sealed opaque envelope. Patches were

placed on bare skin in different areas away from the surgical site

and were replaced daily. The 21 mg, 42 mg and placebo patches

were identical in appearance and weight. All participants wore one

patch every day.

Nicotine patch doses were determined according to the daily

number of cigarettes smoked by each patient before admission.

Patients who smoked ≤20 cigarettes per day received a dose of

21 mg/day; patients who smoked >20 cigarettes per day received a

dose of 42 mg/day [10]. The patients, surgical team and clinical inter-

viewers were blinded to the group assignments. If a patient had

severe postoperative complications, the planner could unblind the

group assignment. Details of anesthesia delivery and perioperative

pain control are listed in the Supporting information.

Outcomes

At enrollment, the Fagerström Test for Nicotine Dependence,

Minnesota Nicotine Withdrawal Scale (MNWS) and Brief Question-

naire of Smoking Urges were used to assess participants’ nicotine

dependence and withdrawal.

The primary outcomes were the pre-surgery pain thresholds

and total consumption of analgesics within the first 48 hours after

surgery. Pain thresholds were evaluated using an electrical stimula-

tor and von Frey filaments before anesthesia induction (details in

the Supporting information). Analgesic doses were first converted to

morphine equivalent dosing using previously reported conversions

[11]. Doses were then standardized for body weight to obtain the

standardized morphine equivalent requirement (SMER, mg/kg). Post-

operative pain scores were evaluated using a numerical rating scale
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(0 to 10), with 0 being ‘no pain’ and 10 being ‘the worst pain

imaginable.’
Secondary outcomes included the following: (i) postoperative pain

scores, (ii) nausea and vomiting frequency, (iii) Ramsay sedation score,

and (iv) fever frequency within the treatment period.

Statistical analysis

On the basis of the preliminary test results for 48-hour analgesic

consumption for 15 patients in each group, a sample size of

92 patients (46 patients per group) would provide a power of

(1 − β) = 0.90 to detect a between-group difference, assuming a two-

sided significance level at α = 0.05. The mean values and standard

deviation of SMER in each group (NRT: 1.86 mg/kg, 0.9; sham:

2.55 mg/kg, 1.15) were calculated using G*power software (version

3.1.9.7).

For primary and secondary outcomes, the Mann–Whitney test

was used for data with a non-normally distribution (SMER, pain

thresholds and Ramsay sedation score). For categorical variables,

the χ2 and Fisher’s exact tests were used. To test whether NRT

affects the perceived intensity of postoperative pain within

48 hours after surgery, we performed a two-way mixed-design anal-

ysis of variance (ANOVA) with a between-subject factor (‘group’:
NRT and placebo) and a within-subject factor (‘postoperative time’:
1st hour, 24th hour and 48th hour) on postoperative pain scores.

When the interaction between the two factors was significant, post

hoc tests were performed. All statistical analyses were performed in

SPSS 17.0 (SPSS), and the statistical significance level was set at

0.05.

RESULTS

As shown in Figure 1, a total of 112 adult male smokers were random-

ized and 101 participants were included in the final analysis. There

were no missing data among participants recruited to the study. All

patients enrolled in this study underwent partial hepatectomy and

were in American Society of Anesthesiologists classes I–II. Baseline

demographic characteristics, blood indices, surgical details and smok-

ing behaviors were comparable between the two groups (Table 1).

The total nicotine dose received by participants in the NRT group

was 164.64 ± 66.73 mg, with a median treatment time of 7 days

(interquartile range, [5, 9]). Compared with the admission day, the

expired carbon monoxide concentrations in both groups were signifi-

cantly decreased on the surgery day (P < 0.001 and P < 0.001, respec-

tively) (Table 1). Plasma cotinine levels and MNWS scores were

significantly different between the groups on the surgery day

(Table 1). These results suggest that the included patients were in a

smoking-abstinent state during hospitalization, and the cotinine

plasma level was effectively supplied by the nicotine patch.

Both pre-surgery electrical and mechanical pain thresholds were

higher in the NRT group than those in the placebo group (Table 1). In

the NRT group, 48-hour postoperative analgesic consumption (SMER)

F I GU R E 1 Flow of patients in the
study.
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was significantly lower than that in the placebo group (median [inter-

quartile range], 1.80 [1.47, 2.31] mg/kg vs 2.22 [1.62, 2.82] mg/kg,

P = 0.011) (Table 2). For postoperative pain within the first 48 hours,

two-way mixed-design ANOVA showed significant main effects of

‘time’ (F [2, 99] = 73.14, P < 0.001, partial η2 = 0.43) and ‘group’
(F [1, 99] = 11.54, P = 0.001, partial η2 = 0.104) and a significant

interaction between the two factors (F [2, 99] = 8.54, P < 0.001, par-

tial η2 = 0.08). Post hoc tests showed that postoperative pain was sig-

nificantly lower in the NRT group than that in the placebo group at

1st hour and 24th hour post-surgery (Table 2).

No significant differences were noted between the groups for

sedation scores, nausea, vomiting and fever rates within the treatment

period (Table 2). There were no severe complications among the

participants.

DISCUSSION

In this pilot clinical trial, we found that a perioperative NRT at a dose

of 21 to 42 mg/day helped to reduce pain sensitivity in male smoking-

abstinent patients. This NRT dose also led to a 0.42 mg/kg median

reduction in 48-hour postoperative analgesic consumption (SMER) in

these patients. Consistent with previous reports, the nicotine patch

doses in our study were well tolerated, and we did not observe a

notable increase in adverse events with high-dose transdermal nico-

tine patches.

Accumulating evidence indicates that pain and nicotine use inter-

act in a reciprocal manner to influence their respective trajectories

and outcomes [12]. Nicotine-deprived smokers demonstrate greater

sensitivity to laboratory pain than both non-smokers and non-

T AB L E 1 Participant baseline characteristics by study group.

Variables
NRT group Placebo group
(n = 50) (n = 51)

Age, years 56 (48, 62) 54 (48, 66)

Body mass index, kg/m2 23.62 (0.35) 24.56 (0.36)

Red blood cell, ×1012/L 4.56 (0.07) 4.60 (0.07)

White blood cell, ×1012/L 5.71 (4.66, 6.89) 5.30 (4.68, 6.30)

Platelet, ×109/L 164.46 (8.56) 165.94 (9.16)

Hemoglobin, g/L 140.04 (1.70) 140.86 (2.30)

Total bilirubin, μmol/L 13.35 (9.58, 16.55) 12.10 (10.20, 16.60)

Albumin, g/L 41.74 (0.46) 42.67 (0.40)

Alanine transaminase, U/L 31.5 (21.0, 43.75) 26.0 (19.0,4 7.0)

Glutamic oxaloacetylase, U/L 27.5 (19.0, 40.25) 26.0 (21.0, 36.0)

Creatinine, μmol/L 78.14 (1.76) 79.33 (1.72)

Duration of surgery, min 118 (90, 156) 115 (90, 155)

Amount of bleeding, mL 200 (200, 300) 200 (200, 400)

Postoperative hospital stays, days 9 (7, 10) 8 (8,10)

Smoking-related

Cigarettes per daya, numbers 20 (15, 20) 20 (15, 20)

Duration of smokinga, years 31.42 (1.54) 31.57 (1.38)

Exhaled COa, ppm 7 (6, 8) 8 (6, 9)

FTNDa 6 (4, 7) 5 (4, 7)

QSU-Briefa 26 (18, 34) 25 (19, 35)

Plasma cotinine levela, ng/mL 116.7 (4.47) 109.3 (4.04)

Plasma cotinine levelb, ng/mL 122.5 (3.48) 11.3 (3.06)***

MNWSa 3 (2, 5) 4 (3, 5)

MNWSb 3 (2, 4) 4 (3, 5)*

Patches used pre-surgery, patches 5 (3, 7) 5 (4, 7)

Data with a normally distribution are presented as mean (standard error of the mean) and data with a non-normally distribution are presented as median

(interquartile range).

Abbreviations: CO, carbon monoxide; FTND, Fagerström Test for Nicotine Dependence; MNWS, Minnesota Nicotine Withdrawal Scale; NRT, nicotine

replacement therapy; QSU-Brief, Brief Questionnaire of Smoking Urges.
aThese indicators were measured on the day of admission.
bThese indicators were measured on the day of surgery.

*P < 0.05; ***P < 0.001.
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deprived smokers, and this increased pain sensitivity during the initial

phases of smoking cessation may precipitate relapse [12]. As for the

neurobiological mechanism of nicotine withdrawal-induced hyperalge-

sia, nicotine withdrawal reportedly causes a sudden increase in

unbound nAChR ligands, which decreases the central release of opi-

oids, norepinephrine and serotonin [13]. The decrease in these neuro-

transmitters further leads to descending pain modulation system

dysfunction, which contributes to the adverse effects of analgesics in

smokers [14]. Therefore, NRT should be an important part of both the

perioperative smoking cessation plan and postoperative multimodal

analgesia for abstinent smokers.

Currently, the effects of nicotine on postoperative pain are mixed

in both smokers and non-smokers. In 2004, Flood et al. [15] first

found that treatment with a single 3-mg dose of nicotine immediately

before emergence from anesthesia was associated with lower

reported pain scores during the first day after surgery in female non-

smokers. Since then, eight clinical trials have been conducted to

assess the analgesic efficacy of nicotine in surgical patients, showing

that nicotine can reduce postoperative pain scores from the first hour

after surgery to the following 5 days [16, 17]. Unfortunately, seven of

these studies excluded smokers, and only one study enrolled absti-

nent smokers. In this small-sample trial, the authors found that a single

5 to 15-mg dose of nicotine in a patch before anesthesia induction

failed to relieve postoperative pain or reduce opioid use in smoking-

abstinent participants [7].

In our analysis of these studies, we found that most were con-

ducted among female non-smokers, and nicotine supplement doses

ranged from 3 to 17 mg. These doses are consistent with the

tobacco use and dependence guidelines, which recommend an initial

transdermal nicotine replacement dose of 22 mg daily for individuals

who smoke 10 or more cigarettes per day [10]. However, the 22-mg

patch was shown to replace only approximately half of the baseline

serum nicotine and cotinine levels in these smokers [10]. Therefore,

higher nicotine patch doses may be needed in acute abstinent

smokers to test the efficacy of NRT on nicotine withdrawal-

associated pain sensitivity changes. Consistent with this hypothesis,

here, we report that the demand for analgesics was reduced in

smoking-abstinent patients when nicotine was replenished in an

amount equal to their regular smoking exposure. Even with fewer

opioid analgesics, postoperative pain in the 48 hours after surgery

was significantly lower for smokers with NRT in our study than for

those with placebo.

This study had some limitations. First, only male heavy regular

smokers were included in this study; this may limit the generalizability

of our findings to lighter or intermittent smokers. Second, some

potential side effects of using the nicotine patch were not detected

because the present study was not designed to provide adequate sta-

tistical power for this analysis. Third, we only explored the efficacy

and safety of perioperative use of a high-dose nicotine patch on pain

management. The guidelines indicate that the purpose of periopera-

tive NRT is to improve the success rate of long-term smoking cessa-

tion and prevent relapse [18]. Fourth, the duration of patch treatment

varied in our study (a short-term range, 4–14 days), which may reduce

the rigor in the experimental design.

CONCLUSIONS

Our study provides initial evidence that smokers may experience

increased sensitivity to acute pain during the early stages of smoking

abstinence. This may be especially important for the large population

of smokers who undergo painful surgical treatment. A perioperative

nicotine patch at a dose of 21 to 42 mg could effectively relieve post-

operative pain in male smoking-abstinent patients undergoing

T AB L E 2 Treatment effect of nicotine patch on primary and secondary outcomes in male smoking-abstinent patients.

Variables NRT group (n = 50) Placebo group (n = 51)

Electrical pain threshold (mA) 1.32 (1.17, 1.68) 1.17 (0.95, 1.54)*

Mechanical pain threshold (g) 11.02 (3.86,30.96) 5.1 (2.0, 11.06)*

48 h SMER (mg/kg) 1.8 (1.47, 2.31) 2.22 (1.62, 2.82)*

Postoperative pain intensity ratings

1st hour 3.04 (0.17) 4.16 (0.20)***

24th hour 3.40 (0.14) 3.96 (0.14)*

48th hour 3.40 (0.12) 3.88 (0.15)*

Nausea and vomiting, numbers 7 9

Fever, numbers 11 14

The Ramsay sedation scorea 2 (2, 2) 2 (2, 2)

Data with a normally distribution are presented as mean (standard error of the mean) and data with a non-normally distribution are presented as median

(interquartile range).

Abbreviations: NRT, nicotine replacement therapy. SMER, standardized morphine equivalent requirement.
aThe sedation score was evaluated at 1 hour, 24 hours and 48 hours after surgery using the Ramsay sedation scale. The results presented are the highest

postoperative score in each group.

*P < 0.05; ***P < 0.001.
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abdominal surgery. In future studies, increasing the initial periopera-

tive NRT dose for heavy smokers should be considered.
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