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Abstract

Background  Although the need for increased postopera-
tive analgesia in smokers has been described, the effect of
secondhand smoke on postoperative analgesia require-
ments has not been studied. We examined the effects of
secondhand smoke on fentanyl consumption and postop-
erative pain.

Methods In this study, 101 patients (American Society of
Anesthesiology physical status I and II) who underwent
abdominal hysterectomy were divided into 3 groups accord-
ing to history of exposure to cigarette smoke as per medical
records which was retrospectively confirmed by measurement
of serum cotinine: smokers (n = 28), nonsmokers (n = 31),
and secondhand smokers (n = 32). All patients received
propofol-remifentanil total intravenous anesthesia and used
fentanyl patient controlled analgesia for postoperative pain.
The fentanyl consumption visual analogue scale-pain inten-
sity (VAS-PI) score and side effects were recorded in the
postanesthesia care unit (PACU) and at 2, 4, 6, and 24 h after
surgery.

Results Fentanyl consumption at all the evaluation time
points was significantly higher in secondhand smokers than
in nonsmokers (P < 0.05). However, fentanyl consumption
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in secondhand smokers was lower than that in smokers in
the PACU and at 24 h (P < 0.05). VAS-PI scores during
movement and at rest in the PACU and at 4, 6, and 24 h
after surgery were higher in secondhand smokers than in
nonsmokers (P < 0.05). There were no statistically sig-
nificant differences between the groups with regard to side
effects such as nausea, vomiting, and dizziness (P > 0.05).
Conclusion Secondhand smoking was associated with
increased postoperative fentanyl consumption, and
increased VAS-PI scores. These findings may be beneficial
for managing postoperative pain in secondhand smokers.

Keywords Secondhand smoke - Fentanyl consumption -
Pain - Postoperative

Introduction

Pain is one of the most common symptoms causing patient
discomfort during the early postoperative period [1].
Postoperative pain is a problem in many patients, and
treatment with high doses of opiates is often associated
with adverse effects, including nausea [2]. Daily smoking
is a strong and independent risk factor for increased post-
operative opioid use [3-5]. Approximately, 1 of 10 non-
smokers is exposed to secondhand smoke (SHS) at home
[6]. Despite the large numbers of secondhand smokers
undergoing surgery, the current reports examining the
association between smoking and increased postoperative
opioid use only include smokers and do not address SHS
[7].

Accurate estimation of exposure to SHS is required for
the meaningful study of its effects. Because of the delete-
rious effects of smoking on general health, patients are now
questioned before surgery to determine their smoking
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habits. However, responses to self-reported smoking
questionnaires are often inaccurate; the misrepresentation
rate ranges from 2 to 50 % [8]. Unfortunately, there are no
means by which serum nicotine concentrations can be
accurately and reliably measured beyond several hours
after smoking because the half-life of nicotine is only
0.05-2 h [9]. However, nicotine is hepatically metabolized
to cotinine by the cytochrome P450 system in a 2-step
process (CYP2AG6 and aldehyde oxidase). The half-life of
cotinine is 18-24 h, which makes it a more reliable marker
of recent nicotine exposure [10]. A serum cotinine con-
centration of >50 ng/ml represents active smoking, and an
intermediate cotinine concentration (10-50 ng/ml) repre-
sents either very recent quitting or SHS [11-13].

To our knowledge, no prospective, controlled clinical
studies have been conducted to determine whether SHS
exposure affects postoperative pain and opioid use. The
aim of this study was to investigate the effects of SHS on
pain and opioid use during the early postoperative period in
women undergoing gynecological surgery.

Materials and methods

After approval by the Ethics Committee of the Inonu
University Turgut Ozal Medical Centre (Ethical Commit-
tee Nr. 2008/02, 02 January 2008, President: A Kafkasli),
Malatya, Turkey, an observational study was prospectively
undertaken and included eligible consecutive female
patients scheduled to undergo elective total abdominal
hysterectomy (TAH) (n = 101, American Society of
Anesthesiologists physical status I and II; age range,
25-65 years; BMI, <35 kg/m?) under general anesthesia.
Written consent was required from all participants in the
study. Exclusion criteria included known allergy or con-
traindication to any of the study medications, pain requir-
ing daily preoperative use of opioids or non-opioid
analgesics, known psychiatric disorders, drug or alcohol
abuse, refusal to participate, and the performance of a
second surgery within 24 h. We also excluded patients who
were not able to use the patient controlled analgesia (PCA)
device or were unable to understand the visual analogue
scale (VAS) of pain. Patients who were smokers, but had
not smoked during the last week before surgery were also
excluded. According to the history of exposure to cigarette
smoke as per medical records, which was retrospectively
confirmed by measurement of serum cotinine, the patients
were divided into three groups: group S, smokers with high
cotinine levels (>50 ng/ml); group NS, nonsmokers with
low cotinine levels (1-10 ng/ml); and group SHS, sec-
ondhand smokers with intermediate cotinine levels
(11-50 ng/ml). SHS exposure was defined according to a
previously published algorithm [9, 11-13].
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On the day before surgery, each patient donated
approximately 3 ml of blood for assessment of preopera-
tive cotinine serum levels. Serum samples were frozen at
—80 °C and stored in batches for subsequent analysis. We
measured serum cotinine concentrations by using a com-
petitive microplate immunoassay according to the manu-
facturer’s instructions, using the manufacturer’s standards
for the control dose curve (DRG diagnostics, Marburg,
Germany). Cotinine testing was performed using com-
mercially available kits (Cotinine EIA, Florence, Italy).

The same surgeon conducted all of the TAH surgeries
using the same surgical method. Consistent with the pre-
vailing standard of care, no analgesics or sedatives were
used preoperatively. All patients fasted from midnight of
the previous day until the operation. All surgeries began
between 08:30 am and 11:30 am. Metoclopramide [20 mg
intravenous (iv)] was administered to all patients for anti-
emetic prophylaxis. Upon arrival in the operating room,
noninvasive arterial pressure (BP), electrocardiography,
capnography, and peripheral oxygen saturation were mon-
itored. Two intravenous catheters were put in place and
5 ml/kg/min Ringer’s lactate solution was infused. A bi-
spectral index (BIS) monitor (A-2000XP host rev 3, 3;
Aspect Medical Systems) was used to evaluate the depth of
anesthesia. A standardized anesthetic technique was used
for all patients, as follows: 30 s after the initiation of 0.5 pg/
kg/min remifentanil, a 0.5 mg/kg bolus dose of propofol
was administered. An additional bolus dose of 20 mg pro-
pofol was administered every 20 s until loss of conscious-
ness (LOC), as defined by loss of reaction to a verbal
command. Next, propofol infusion was started at a dose of
75 pg/kg/min. Atracurium 0.6 mg/kg was administered for
neuromuscular blockage. The trachea was intubated after
the loss of all four twitches to a train-of-four stimulus when
the BIS value was between 45 and 60. After intubation,
mechanical ventilation was continued with 40 % O,—air
mixture and 35-40 mmHg end-tidal CO,, and the esopha-
geal temperature probe was placed for body temperature
monitoring. At the same time, remifentanil infusion was
decreased by 50 %. Anesthesia was maintained with a
continuous infusion of 75 pg/kg/min propofol, 0.25 pg/kg/
min remifentanil, and 40 % O,—air mixture. During surgery,
maintenance doses of anesthetics were adjusted to maintain
mean arterial pressure (MAP) and heart rate (HR) within
+20 % of baseline value and a BIS value of 45-60. Addi-
tional atracurium was administered as needed. Fifteen
minutes before the anticipated end of the surgical proce-
dure, lornoxicam (8 mg iv) was given; propofol and rem-
ifentanil infusions were discontinued after closure of the
skin incision. At the end of the surgical procedure, residual
neuromuscular blockade was antagonized with iv neostigmine
(50 pg/kg) and atropine (20 pg/kg). The trachea was extubat-
ed when sufficient spontaneous ventilation (volume-targeted
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level >4 ml/kg, respiratory rate >6 breaths/min) and the gag
reflex were established. All patients stayed in the hospital for
at least 24 h.

Patients were informed that they would receive an opi-
oid analgesic during the postoperative recovery period
via the PCA device, but they were not told which drug,
dose, or lockout interval would be used. The technique for
the PCA device and the VAS-pain intensity (0 = no pain,
10 = worst pain imaginable) analysis were explained
to the patients during the preoperative anesthesia con-
sultation. They also received standardized preoperative
instructions regarding the use of the PCA device. PCA
connected to a venous line was started 30 min before the
end of the operation and initiated postoperatively using a
commercially available PCA pump (Abbott—APM Pom-
paPain Management Provider® Ireland) in the operating
room when the patient first complained of pain. The PCA
device, filled with fentanyl (1,500 pg; 70 ml saline) was
initially programmed to deliver basal infusion at the rate of
1 ml/h, a bolus of 1 ml, and a lockout time of 10 min. If
analgesia was insufficient (VAS-PI > 4), 25 ng rescue
fentanyl was given intravenously until the VAS-PI score
was <4. Measures were recorded at the post-anesthesia
care unit (PACU), and at 2, 4, 6, and 24 h after surgery.
To maintain blinding, the VAS-PI score and total amount
of postoperative opioids administered were obtained and
recorded by an anesthesiologist who did not participate
in this study. Overdose of the PCA solution was avoided
by closely monitoring the patient’s respiratory rate
(<12 breaths/min), oxygen saturation (<95 %), and level
of consciousness before and after initiating PCA. If
nausea and vomiting occurred, 8 mg of ondansetron was
administered intravenously.

Endpoint

The primary goal was to determine the amount of fentanyl
consumption for 24 h postoperatively. The secondary goal
was to determine the VAS-PI score at rest and during
movement, and number of patients who experienced side
effects (such as respiratory depression, nausea and vomit-
ing, headache, and pruritus).

Statistical analyses

According to post hoc power analysis, for a one-way
ANOVA study, sample sizes of 28, 31, and 32 from the 3
groups achieved nearly 100 % power to detect differences
between the means versus the alternative of equal means
using an F test with a significance level of 0.05. Power
analyses were calculated using the PASS software [14].
Values were expressed as mean (SD) or numbers (per-
centages) as appropriate. To evaluate normality, the

Shapiro—Wilk test was performed. The three groups were
compared using one-way ANOVA and the post hoc Tukey
test was used for homogeneous variances or Tamhane’s 72
test was used for nonhomogeneous variances in multiple
comparisons. Categorical data and postoperative nausea
and vomiting (PONV) were analyzed using Pearson’s x>
test. A P value of <0.05 was considered statistically sig-
nificant. Statistical analyses were performed by an expert
statistician.

Results

One hundred and one patients were considered in the study.
Ten patients were excluded from the study for the fol-
lowing reasons: 3 patients refused to participate, 3 patients
had psychiatric disorders, 3 patients defined as smokers had
not smoked during the last week prior to admission, and 1
patient underwent a second surgery within 24 h. Data from
the remaining 91 patients (group S, 28; group NS, 31;
group SHS, 32) were analyzed. Demographic characteris-
tics, including age, BMI, duration of anesthesia, duration of
surgery, and ASA status, did not differ between the 3
groups of patients (Table 1). Self-reported smoking status
and measured serum cotinine concentrations are listed in
Table 2.

Table 3 presents a comparison of the results of cumu-
lative fentanyl consumption and pain scores (VAS at rest,
VAS during movement) among the 3 groups. Total fenta-
nyl consumption was 594 £ 49 pg in group S, 446 + 51
pg in group NS, and 534 + 52 pg in group SHS. Fentanyl
consumption at all the evaluation time points was signifi-
cantly higher in group SHS than in group NS (P < 0.05).
Similarly, fentanyl consumption was higher at all times in
group S than in group NS (P < 0.05). Further, fentanyl
consumption was higher in the PACU and at 24 h in group
S than in group SHS (P < 0.05).

Pain scores at rest in the PACU and at 4, 6, and 24 h
after surgery were significantly higher in group SHS than
in group NS (P < 0.05). Similarly, the VAS resting score
was higher at all times in group S than in group NS
(P < 0.05). The VAS resting score was also higher in
the PACU and at 24 h in group S than in group SHS
(P < 0.05). Pain during movement scores were signifi-
cantly higher at all postoperative times in group SHS than
in group NS (P < 0.05). Similarly, the VAS movement
score was higher at all times in group S than in group NS
(P < 0.05). The VAS movement score was also higher in
the PACU and at 24 h in group S than in group SHS
(P < 0.09).

There were no significant differences between the
groups with regard to postoperative side effects such as
nausea, vomiting, and dizziness (Table 4).
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Table 1 Patient’s demographics and characteristics for surgery and anesthesia

Variable

Group S (n = 28)

Group NS (n = 31)

Group SHS (n = 32)

Age (years)

Duration of surgery (min)
Duration of anesthesia (min)
ASA UII (n)

BMI (kg/m?)

Rescue analgesic use (%)

453 + 6.7
733 £ 214
87.7 £20.2
18/12
27£3
3(17.8)

46.6 + 8.6
67.8 £ 32.1
76.6 £ 33.2
19/11

26 £5

5 (16.1)

433 £ 114
65.8 £ 234
80.7 £ 25.7
18/12

27 £ 1

6 (18.5)

Values are mean =+ standard deviation (SD) or number and percentage, n (%)

Group S smokers, group NS nonsmokers, group SHS secondhand smokers, ASA American Society of Anesthesiologists, BMI body mass index

Table 2 Serum cotinine concentration and self-reported smoking status

Serum cotinine concentration level

Self-reported smoking status

Group S (n = 28)

Group NS (n = 31)

Group SHS (n = 32)

No. % No. % No. %
1-10 ng/ml (low) 0 0 30 96.7 1 3.1
11-50 ng/ml (intermediate) 3.5 33 31 96.9
>50 ng/ml (high) 27 96.5 0 0 0
The values are number and percentage, n (%)
Group S smokers, group NS nonsmokers, group SHS secondhand smokers
Table 3 Comparison results of the variables with respect to groups
Variable Group S (n = 28) Group NS (n = 31) Group SHS (n = 32) P value®
Cumulative fentanyl consumption
PACU 539 £ 7.0 333 £ 11.5%" 418 £ 6.7 <0.001
2h 822 £ 19.7 64.0 £+ 19.0+7 74.5 £ 16.8 0.031
4h 156.0 £+ 27.1 1275 £ 15.0%" 141.9 £ 23.5 0.027
6h 202.7 £ 33.2 164.3 + 38.9% " 190.7 £ 33.1 <0.001
24h 594.1 £ 49.0 446.8 £ 51.8+" 534.1 £ 5217 <0.001
VAS rest
PACU 353 +£0.5 2.88 + 0.4%" 2.83 + 057 0.042
2h 3.46 £ 0.3 2.94 + 0.2 2.70 £ 0.3 0.006
4h 245 £03 2.00 £ 0.6%" 243 £ 04 0.014
6h 2.76 £ 0.2 220 + 0.3%" 246 £ 0.3 <0.001
24h 138 £ 0.1 L1l £ 0.1%7 1.30 £ .0.2° <0.001
VAS movement
PACU 4.88 £04 3.11 + 1.5%7 3.63 £ 0.57 0.032
2h 394 £ 0.5 2.34 + 0.8%7 3.46 + 0.6 0.023
4h 2.66 £ 0.9 2.13 £ 0.9%" 238 £0.7 <0.001
6h 227 £1.2 1.53 + 1.3%" 1.96 £ 0.9 0.002
24 h 1.66 £ 0.9 1.26 &+ .0.5%7 1.34 + 09" <0.001

Values are mean =+ standard deviation (SD)

Group S smokers, group NS nonsmokers, group SHS secondhand smokers, PACU postanesthesia care unit, VAS visual analogue scale

* One-way ANOVA test

* Significantly different compared with group SHS (P < 0.05, Tamhane T2 test). © Significantly different compared with group S (P < 0.05,

Tamhane T2 test)
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Table 4 Adverse events

Variable Group S Group NS Group SHS
(n =28) (n =31) (n =32)
No. No. No.

PONV 6 7 7

Pruritus

Dizziness 5 6

Total 15 17 18

Data are given as number of events

Group S smokers, group NS nonsmokers, group SHS secondhand
smokers, PONV postoperative nausea and vomiting, the data are
given as numbers

Discussion

The main finding of this study is that secondhand smokers
consumed more fentanyl postoperatively and had higher
VAS-PI scores than did nonsmokers. To the best of our
knowledge, this is the first report to indicate that second-
hand smoking is significantly associated with postoperative
opioid requirements.

Smoking is known to be an independent risk factor for
postoperative opioid use [15]. Creekmore et al. [16] found
that smokers deprived of nicotine required more opiates
during the first 48 h after coronary artery bypass graft
(CABG) than nonsmokers. Woodside [17] retrospectively
evaluated the relationship between analgesic use and
smoking in 171 women who had undergone pelvic sur-
gery and reported that smokers used approximately 20 %
more opiates during the first 12 postoperative hours than
did nonsmokers. Stanley et al. [18] showed that after
CABG, patients who smoked had increased fentanyl
consumption. In the present study, we showed that sec-
ondhand smoking also has an effect on the incidence of
postoperative pain. Secondhand smokers required a
greater amount of fentanyl during the first 24 h after TAH
than did nonsmoking patients. Although our findings are
similar to those of previous studies, there are several
noteworthy methodological differences between the
studies. Our study included only women, and the age
range of the subjects differed. These factors could affect
the results, as the amount of postoperative analgesia
required is known to decrease with patient age [19] and
women have been shown to have less pain tolerance than
men [20].

The physiologic reasons for secondhand smokers
requiring more postoperative analgesia are not known. One
possible explanation is that a pharmacokinetic interaction
occurs between smoking and opiates, particularly if smok-
ing induces the metabolism of opiates. Cigarette smoke may
also alter the pharmacokinetics of opioids [21]. Smoking is

known to induce the CYP1A2 isoenzyme, thereby
increasing the metabolism of some medications [22]. It is
also possible that smokers need higher amounts of opiates
to control their pain. Exogenously administered opiates and
endogenous B-endorphins relieve pain by binding to opioid
receptors. A cross-tolerance between exogenous opiates
and endogenous opiates, including B-endorphins, has been
well demonstrated in animal models [23]. Tolerance to
opiates would warrant the administration of higher amounts
of opiates postoperatively to control pain. In laboratory
animals exposed to nicotine, abstinence enhances nocicep-
tive transmission [24]. Furthermore, symptoms of nicotine
abstinence can be attenuated by fentanyl administration in
animals [22].

This study has several limitations. First, preoperative
nicotine habits were assessed using a questionnaire but
were not directly measured. However, we confirmed
smoking history by determining cotinine serum levels on
the day of surgery. This measurement provided an objec-
tive indicator of a patient’s smoking habits. Although
cotinine concentration has been repeatedly proven to be a
reliable indicator of a patient’s current smoking habits, this
concentration is affected by numerous variables, including
the number of cigarettes smoked per day, type of cigarettes
smoked (e.g., high-tar vs. low-tar or filtered vs. unfiltered),
depth of inhalation, percentage of cigarettes smoked
(smoking intensity), individual nicotine metabolism, and
cotinine excretion rate. Although self-reported smoking
status nearly correlated with cotinine concentration, the
level and period of passive smoke exposure is not clear.
Second, smoking is associated with a lower incidence of
PONV. However, in this study we found no significant
differences between the groups with regard to PONV. Total
intravenous anesthesia with propofol might be considered
‘prophylaxy’ for the patients and a prophylactic antiemetic
was used as premedication. However, larger studies are
required to evaluate the effects of secondhand smoking and
confirm these findings.

In conclusion, in addition to smoking, secondhand
smoking also increases postoperative pain and the need for
opioid analgesics. Compared to a non-smoking status,
preoperative secondhand smoking was associated with high
postoperative opioid use during the early postoperative
course in women undergoing gynaecological surgery.
Avoidance of secondhand smoking during the preoperative
period may be beneficial for pain management. These
findings may have further implications for postoperative
pain management after surgery for secondhand smokers.
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the content of this article.
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