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Abstract

Background: The effect of nicotine on nausea, vomiting, and postoperative pain has been investigated in studies on animals
and humans. This study aimed to evaluate the effect of nicotine patch on decreasing nausea, vomiting, and pain in laparoscopic
cholecystectomy.

Methods: The study sample consisted of 100 non-smoking patients undergoing laparoscopic cholecystectomy under general
anesthesia in a triple-blind clinical trial. One hour after the start of surgery, patients were randomly assigned to receive 17.5-mg
nicotine or placebo patches. The patches located on the right arm were left for 24 hours. The visual analogue scale (VAS) for pain
and N/V score for the severity of nausea and vomiting were measured at intervals of 0, 6, 12, and 24 hours.

Findings: The results showed there was no statistically significant difference between the groups in terms of pain intensity as well
as nausea and vomiting at different time periods after surgery (P>0.05). A total of 36 patients in the nicotine group and 24 patients
in the placebo group received meperidine. There was also no statistically significant difference between the two groups in terms
of analgesics (P=0.096) and antiemetics (P=0.1). Moreover, the frequency of severe nausea and vomiting during the study in the
nicotine group was higher than in the placebo group (4 vs. 1) but this difference was not statistically significant (P>0.05).
Conclusion: Receiving a 17.5-mg nicotine patch had a similar effect to receiving placebo in controlling postoperative pain,
nausea, and vomiting in non-smokers. Nicotine use had no effect on reducing analgesia.
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Introduction dehydration, wound opening, pulmonary aspiration,

Postoperative nausea and vomiting (PONV) is an
undesirable complication that is highly prevalent despite
medical advances. The frequency of this complication
in different surgeries is 40-80% and it affects the level of
activity and satisfaction of the patient. Factors such as
pregnancy, menstrual cycle, gender, history of nausea
and vomiting or motion sickness, smoking, duration of
anesthesia, drug use, and finally the type of surgery such
as laparoscopy are effective factors in the occurrence of
this complication.'?

Laparoscopyis used to diagnose and treat many diseases.
Pneumoperitoneum produced during laparoscopy
can irritate the vagus nerve and increase the risk of
nausea and vomiting. PONV causes delayed discharge,

patient dissatisfaction, and increased treatment costs.>’
Prevention and treatment of postoperative pain' and
control of complications such as nausea and vomiting
play an important role in early mobility, improve the
quality of surgery, and lead to patient satisfaction, early
discharge, and reduced costs.’

Lately, preoperative risk assessment and following
standard prophylactic antiemetic protocols are
recommended to decrease the incidence of nausea and
vomiting.® Recently, drugs such as metoclopramide,’®
ondansetron,”® and dexamethasone'™* are used to
reduce PONV. Nonsteroidal anti-inflammatory drugs,
cyclooxygenase inhibitors, local anesthetics, opioids,
steroids, and clonidine are used for systemic pain control.

B3 *Corresponding Author: Khatereh Isazadehfar, Emails: isazadehfar@yahoo.com and kh.isazadehfar@arums.ac.ir
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Despite known side effects, narcotics are still the main
drugs used for pain control. Therefore, reducing the
consumption of narcotics and their side effects is a key
point to control pain.* Smoking has been shown to
significantly reduce PONV. This may be due to the effect
of smoking on the induction of cytochrome P450 enzyme.

Furthermore, prolonged exposure to nicotine in
cigarettes reduces the sensitivity of central nicotine
receptors, which increases the tolerance to the
emetogenic effects of anesthesia and surgery. Among the
4000 ingredients in cigarettes, the effect of nicotine on
reducing nausea has been investigated in few studies.!
It is unclear whether the administration of a low dose
of preoperative nicotine can reduce PONV. Although
the analgesic effects of nicotine are known," there have
been limited recent studies on the effects of nicotine on
pain control after surgery and their results are somewhat
contradictory.'®” Animal studies have shown that
nicotine agonists have analgesic properties through
activating the central inhibitory pathways of pain as well
as environmental actions.'® Therefore, this study aimed
to evaluate the effect of nicotine patches on controlling
postoperative nausea, vomiting, and pain.

Methods

This triple-blind randomized clinical trial study was
conducted during 2017-2018 in Imam Khomeini hospital
in Ardabil. Written informed consent was obtained
from all patients. A total of 100 patients undergoing
laparoscopic cholecystectomy under general anesthesia
aged 18 to 65 years who were non-smokers, with American
Society of Anesthesiologists Classification (ASA class) I/
IT were selected for the study.

Patients with a history of recent myocardial infarction,
severe arrhythmia, recent stroke, Parkinson’s disease,
skin dermatitis, diabetes, and uncontrolled hypertension
as well as those with a pain score above 8 based on pain
assessment criteria, requiring laparotomy during surgery,
and not being able to tolerate nicotine patch for 24 hours
were excluded from the study. Patients, researchers, and
analyzers were blind to the type of drug received. Drugs
were prepared using quadruple blocks with random
sequence allocation (2 nicotine patches and 2 placebo
patches) in sealed envelopes (sequentially numbered,
sealed, opaque envelopes) by someone unaware of the
study protocol.

To maintain a random sequence, the envelopes were
numbered in the same way on the outer surface of the
packets. Based on the order of entry of the participants,
one of the envelopes was opened and the assigned group
of that participant was determined. One hour before
surgery, patients in the nicotine group used nicotine
patches containing 17.5 mg of nicotine for 24 hours
located on their right arm, and in the control group,
placebo (nicotine-free) patches were used.

The patches were placed on the upper arm and covered
with sterile gauze and adhesive tape (Nicotell, 17 mg/24 h
patch). The patches were kept for 24 hours after surgery.
Upon arrival in the operating room, (30 min before
induction), an IV infusion of 500 ml Ringer’s solution
was started.

All patients were anesthetized with midazolam 1 mg,
fentanyl 2 pg/kg, propofol 1.5 to 2.5mgkg, and 0.5-0.6
mg/kg atracurium. Anesthesia was maintained with
remifentanil (0.1-1 pg/kg/min) and propofol (0.1-0.2
mg/kg/min) in 100% oxygen. When the HR and BP
were increased 20% above the patient’s preoperative
reference level, 100 pg fentanyl was given. The patients
were mechanically ventilated to maintain the end-
expiratory CO2 value between 34 and 36 mm Hg.
Reverse Trendelenburg position was maintained at
25°-35° during the operation. Pneumoperitoneum was
established by insufflation of carbon dioxide gas at 12-15
mm Hg pressure. At the end of skin closure, infusion of
propofol was discontinued and neuromuscular blockade
was reversed with 2.5 mg/IV neostigmine and 1.25 mg/
IV atropine.

Throughout the surgery, the patient’s blood pressure,
ECG, HR, as well as inspiratory and expiratory CO2
and O2 were checked. All patients were monitored for
any events of nausea, vomiting, and pain for the first
24 hours after surgery, by one of the blinded authors.
The use of rescue antiemetic medication was recorded.
Rescue antiemetic medication consisted of 10 mg
metoclopramide IV administered for N/V scores 2 and
3. The intensity of postoperative pain was studied as
a quantitative variable by visual analogue scale (VAS)
ranging from 0 (no pain) to 10 (unbearable pain). If any
patient experienced VAS>4, 25 mg meperidine IV was
administered as an anesthetic agent.

All patients were compared on demographic
characteristics. Primary outcomes of patients included
measuring pain VAS score and incidence of PONV using
the N/V score at 0, 6, 12, and 24 hours after surgery.
The adverse effects such as severe pruritus, respiratory
disorders, headache, and allergic reactions were evaluated
in the recovery ward.

The sample size was estimated at 50 patients per group
based on a study power of 80%, type I error of 5%, and
a difference of 30% in the incidence of PONV within 24
hours in controls.”” The data were analyzed using SPSS
software (version 22). Qualitative data were reported with
percentage and quantitative data with mean and standard
deviation. Due to the normal distribution of data verified
with the Kolmogorov-Smirnov test, student ¢ test was
used for quantitative data analysis and chi-square test and
Fisher’s exact test were used for analyzing the qualitative
data. Repeated measures ANOVA was used to examine
quantitative variables at different time intervals. P value
less than 0.05 was considered significant.
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Results

A total of 100 patients were randomly divided into two
groups (each with 50 patients). There was no loss to
follow-up in groups (Figure 1).

There was no significant difference between the two
groups with respect to age, gender, medical history,
surgery history, and duration of surgery (Table 1).

The trend of pain reduction in both nicotine and
placebo groups at different postoperative time periods
was significant (P <0.001) (Figure 2), but the difference in
the intensity of pain between the two groups at different
study time periods was not significant (Table 2).

The rescue medication usage did not differ between the
two groups (P=0.096). In the nicotine group, 18 patients
received 25 mg of meperidine and 8 patients received
50 mg of meperidine. In the placebo group, 15 patients
received 25 mg of meperidine and 9 patients received 50
mg of meperidine (Table 3).

There was no statistically significant difference between
nicotine and placebo groups in the rate of nausea and
vomiting in any of the time periods including 0, 6, 12,
and 24 hours after surgery (Table 4). The number of
patients with grade 3 nausea and vomiting at different
time periods was higher in the nicotine group than in
the placebo group (4 vs. 1), but this difference was not
statistically significant (Table 4).

Discussion

The present triple-blind controlled clinical trial was
conducted on 100 patients aged 18 to 65 years with a
mean age of 50.74+10.27 in the nicotine group and
47.06+11.75 in the placebo group. The nicotine group
included 20 males and 30 females while the placebo group
consisted of 23 males and 27 females, indicating that the

gender distribution was not statistically significant. Given
that the duration of surgery can affect the amount of pain
and postoperative complications, the mean duration
of surgery in the nicotine and placebo groups was
46.36+7.52 and 46.06 +8.19 minutes respectively, which
was not significantly different (P=0.14).

There was a significant decrease in pain intensity over
time (P<0.001). However, the amount of pain in the
nicotine group compared to the control group was not
statistically significant at different time periods.

The results of various studies have shown that the rate
of PONV in non-smokers is one-eighth that of smokers.
The mechanism is not well understood but researchers
believe that the emergence of a desensitization state to
nausea and vomiting in smokers is probably the cause
of this phenomenon.? In the present study, comparing
the two nicotine and placebo groups indicated that the
association of nicotine and PONV was not statistically
significant. Two clinical trial studies were conducted
to evaluate the effectiveness of nicotine patch on
postoperative complications.'*?! The findings of both
studies were consistent with the results of the present
study. In the study by Habib et al, 90 non-smokers
underwent prostatectomy under general anesthesia.”!
These patients received a 7-mg nicotine patch in 24 hours,
similar to the present study, and were compared with the
placebo group. They found that there was no statistical
difference in the incidence of PONV and the need for
antiemetic medication. Even the maximum verbal rating
scale scores of nausea were higher in the nicotine group
than in the placebo group.”

In the study conducted by Czarnetzki et al, the 24-hour
cumulative incidence of nausea and vomiting was higher
in the nicotine group than in the placebo group, and
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Figure 1. Consort flow diagram of patients in the trial study
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Figure 2. Numerical pain scale score with and without nicotine
Table 1. Baseline comparative patient characteristics
. Nicotine (n=50)  Placebo (n=50)
Variable Mean+SD Mean+SD P value
Age (y) 50.74+10.27 47.06+11.75 0.09?
Gender (M/F) 20/30 23/27 0.68"
Medical history, N (%) 15 (30) 13 (26) 0.82°
Surgery history, N (%) 6(12) 4(8) 0.74°
Duration of surgery 46.36+7.52 44.06+8.19 0.14°
Intraoperative opioid 150410 140415 0.09°

analgesics (fentanyl pg)

Student t test with equal variances.
"Chi- Square; Fisher’s exact test.

Table 2. Measurement of postoperative pain

Nicotine (n=50) Placebo (n=50)

Evaluation (h) P value®
Mean+SD Median Mean+SD  Median
0 5.32+1.46 5 4.86+1.60 5 0.13
6 4.04+1.67 4 4.14+£1.32 4 0.74
12 2.72+1.34 2 2.80+1.22 2 0.75
24 2.04+1.12 2 1.68+0.86 2 0.07
* Student ¢ test with equal variances
Table 3. Assessment of rescue medication
Meperidine Nicotine (n=50) Placebo (n=50) P value
0 mg 24 (48%) 26 (52%)
25 mg 18 (36%) 15 (30%) 0.096°
50 mg 8 (16%) 9 (18%)

2Chi-Square; Fisher’s exact test.

PONV episodes occurred earlier in the nicotine group.'
On the other hand, Ionescu et al. confirmed the effect of
nicotine patch to prevent PONV. They concluded that
the smoking group (receiving nicotine patch versus the
non-smoking group) had a significant reduction in the
incidence of PONV.? This difference can be due to the

observational type of study and biases of observation and
selection of samples cannot be rejected.

Research has shown that smoking has a protective
effect on PONV.*?% Probably, the existence of
antiemetics in cigarette smoke is the reason for this
effect. PONV-mediated receptors include dopamine
(D2), cholinergic, histamine (H1), and 5HT3. The
antiemetic effect of cigarette smoke can be due to the
inhibition of one of these receptors.”® Two influential
components for the acute effects of smoking are nicotine
and carbon monoxide. Nicotine may inhibit the function
of the serotonin receptor and thereby affect nausea and
vomiting.” On the other hand, nicotine may increase
gastrointestinal stimulation.”® Chronic smoking may
reduce PONV. This effect may be due to the chronic
effect of smoking on nicotine receptors in the nervous
system, and these changes manifest themselves in the
form of increased resistance to stimulants of nausea and
vomiting. Smoking also increases the metabolism of some
drugs by improving the activity of cytochrome P450. This
accelerates the metabolism of some anesthetics (especially
inhaled anesthetics) that may play a role in PONV.*%*!

A possible explanation for the reduced likelihood
of PONV in smokers may be the greater resistance of
these people to PONV-promoting stimuli. As a result,
these people are more likely to become chronic smokers
and addicted to tobacco. Therefore, nicotine acts as an
indicator of natural resistance to PONV stimulants, not
as an antiemetic."

The wuse of nicotine patch did not control
postoperative pain or reduce drug use after laparoscopic
cholecystectomy. Lack of sufficient blood nicotine
concentration using a nicotine patch may be the reason for
this result in the present study. Failure to examine blood
nicotine concentrations may be one of the limitations of
the present study. Chronic exposure to nicotine during
surgery, with acute downregulation of the nicotine
receptor system, may lead to tolerance to the central
analgesic effects of the drug.* Since the use of inhaled
anesthetics such as isoflurane has a competitive effect
on nicotine receptors, confounding the study results, all
patients in this study underwent pure intravenous general
anesthesia to avoid this effect. Due to the possibility of
confounding and intervening factors and use of various
anesthetics in the present study, different time periods
including 0, 6, 12, and 24 hours were taken to measure
the consequences.

In a review of 9 studies conducted by Mishriky and
Habib,* it was reported that the reduction in pain score at
24 hours was neither clinically nor statistically significant,
which was similar to the results of the present study.
Moreover, in the study by Turan et al, intraoperative use
of nicotine patch and opioids did not reduce the amount
of postoperative pain after gynecological surgery.*
Nevertheless, Martins et al** analyzed 17 patients under
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Table 4. Occurrence of postoperative nausea and vomiting

Nicotine (n=50)

Placebo (n=50)

Evaluation () Ng pausea, Nausea present, Nausea present, V?mlllng>2 No nausea, Nausea — Nausea .p'resent, Vo:'mtlng?Z P value®
o o " episodes in 30 ... ' present, No Vomiting, episodes in
No vomiting  No vomiting  Vomiting, present . No vomiting L f
min vomiting present 30 min
0 22(44%) 21(42%) 7(14%) 0 20140%)  21(42%) 9(18%) 0 0.7
6 24(48%) 18(36%) 5(10%) 3(6%) 24(48%)  22(44%) 4(8%) 0 0.3
12 32(64%) 16(32%) 1(2%) 102%) 39(78%) 9(18%) 2(4%) 0 0.2
24 42(84%) 6(12%) 2(4%) 0 41(82%) 8(16%) 0 12%) 0.3
Antiemetics 19 (38) 16 (32) 0.1
2 Chi- square; Fisher’s exact test.
laparoscopic cholecystectomy and observed that despite Sajjad Dindar.
the low pain score for the nicotine group at 24 hours,  Methodology: Khatereh Isazadehfar.
nicotine was not effective in controlling pain at the time 'E’mled_ IAdm'"'s"at'o": Mirsalim  Seyedsadeghi, Masood
. . . ntezariasl.
intervals of the study. In addition, it has been shown .
) ) . Y o ? o Resources: Amirahmad Arabzadeh.
in various studies that nicotine can cause hypoxia in Supervision: Mirsalim Seyedsadeghi.
tissues as a vasoconstrictor and also by increasing the Validation: Khatereh Isazadehfar, Bita Shahbazzadegan.
concentration of calcium ions. Besides, as a result of short- Writing -  Original Draft: Khatereh Isazadehfar, Bita
term increase in muscle contractions, it can cause fatigue Shahbazzadegan.
Writing - Review & Editing: khatereh Isazadehfar, Bita

and increase pain.** The nicotine patch was associated
with a significant reduction in morphine consumption
over the first 24 hours but there was no difference in pain
intensity, despite this decrease.

One of the limitations of the present study was not
investigating the effect of different doses of nicotine
patches as well as different nicotine use methods such
as inhalation. Other limitations were not examining the
history of smoking and not measuring nicotine levels in
patient blood. Nicotine side effects and nicotine-induced
hemodynamic changes also need to be investigated. It is
recommended to conduct more studies with larger sample
sizes and different doses of nicotine patch to investigate
the effect of nicotine on hemodynamic changes at
different time periods after surgery and even a few days
later. The effect of nicotine administration on smokers
for postoperative analgesia also needs to be analyzed.

Conclusion

Preoperative transcutaneous administration of low-dose
nicotine in non-smokers did not decrease the incidence
of PONV and pain intensity within the first 24 hours
after surgery. Nicotine patch did not result in a significant
reduction in postoperative morphine consumption after
laparoscopic cholecystectomy.
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