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Background: Smoking behavior alters the analgesic threshold, which challenges postoperative
pain management for patients who smoke.

Objectives: We aimed to assess the analgesic efficacy of tramadol versus sufentanil in relieving
postoperative pain for patients who do and do not smoke who underwent a partial hepatectomy.

Study Design: Double-blinded randomized controlled trial.
Setting: Eastern Hepatobiliary Surgery Hospital, Shanghai, China.

Methods: All patients in this study were men. A total of 66 patients who smoke were randomly
assigned to receive tramadol or sufentanil (n = 33 each). In addition, a total of 66 patients who do
not smoke were randomly assigned to receive tramadol or sufentanil (n = 33 each). The primary
outcome was the consumption of additional analgesics within the first 48 hours to control
postoperative pain. Secondary outcomes included the postoperative pain level, the frequency
of postoperative nausea and vomiting, the sedation score, and the frequency of fever within 48
hours postsurgery.

Results: A significant interaction between “analgesic strategy” and “smoking history” was
detected on the consumption of additional analgesics. In those who smoke, the requests for
additional doses of analgesics were significantly less in those receiving tramadol than those
receiving sufentanil; such a difference was not observed in those who do not smoke. The
postoperative pain level was not significantly different between the tramadol group and the
sufentanil group within patients who smoke within 48 hours postsurgery. The incidence of
treatment-related adverse events was not significantly different between the tramadol group and
the sufentanil group within both those who do and do not smoke.

Limitations: Only men patients were included. Also, the superior analgesic effect and the
incidence of adverse events of tramadol in patients who smoke were only assessed within the
first 48 hours postsurgery.

Conclusions: Our data suggest that tramadol has a better analgesic effect than sufentanil in
relieving postoperative pain in patients who smoke.

Key Words: Men patients who smoke, tramadol, sufentanil, postoperative pain management,
analgesic efficacy, RCT, analgesic consumption, partial hepatectomy
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pproximately 1.4 billion people smoke

cigarettes worldwide (1). Cigarette

smoking damages overall health (2)
and disrupts pain treatment due, in part, to its
regulating changes of the endogenous opioid
system (3). In clinical practice, the demand for opioid
analgesics (e.g., sufentanil) in patients who smoke
is significantly higher, which is accompanied by a
series of adverse reactions, such as nausea, vomiting,
excessive sedation, respiratory depression, etc (4-6).
A refined postoperative pain management strategy
is important for the clinical care of patients who
smoke.

Nicotine acts as the main addictive component in
smoking behavior through binding to nicotinic ace-
tylcholine receptors (nAChRs) (7). Acute nicotine ad-
ministration results in analgesia (8), yet chronic nico-
tine exposure leads to changes in the endogenous
opioid system (9) and reduces the systemic sensitivity
to opioid analgesics (10). Notably, withdrawal from
nicotine increases the availability of unbound nAChR
ligands (11,12), which suppresses the release of nor-
epinephrine (13) and serotonin (14). These changes
result in dysfunction of the descending pain modu-
lation systems (15), which contributes to the poor
analgesic effect of opioids for patients who smoke
(16-20). During the postoperative period, patients
with smoking abstinence, therefore, consume more
opioid analgesics for pain relief, which increases the
opioid-associated adverse reactions compared to pa-
tients who do not smoke (4).

Tramadol is an effective analgesic, which targets
the noradrenergic system, serotoninergic system, and
opioid system (21). The use of tramadol postopera-
tively theoretically neutralizes the consequence of
nicotine withdrawal for patients who smoke (e.g.,
the reduced release of norepinephrine [22] and
serotonin [23]), thus achieving effective analgesia.
However, the different efficacy of analgesics (e.g.,
tramadol and sufentanil) between patients who do
and do not smoke was unclear. Here we aimed to
determine whether postoperative use of tramadol
could be more effective than other classic opioid
analgesics, e.g., sufentanil, for patients who smoke,
and to assess the possible difference in treatment ef-
fect between patients who do and do not smoke. We
therefore performed a double-blinded randomized
controlled trial to compare the efficacy of postopera-
tive pain management between tramadol and sufen-
tanil for patients who do and do not smoke.

METHODS

Clinical Patients

This study was approved by the Ethical Committee
of Medical Research at Eastern Hepatobiliary Surgery
Hospital, Shanghai, China (KHBHKY2015-01-007). Writ-
ten informed consent was obtained from all patients.
The trial was registered at the Chinese Clinical Trial
Registry (www.chictr.org.cn, ChiCTR-IOR-16008937,
principal investigator: Kai Wei, Date of registration:
July 2016).

All patients underwent partial hepatectomy due
to hepatic occupancy with an American Society of
Anesthesiologists Physical Status of | or Il. The patients
who smoked met the American Psychiatric Association
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) criteria for nicotine dependence,
with more than 10 cigarettes per day in the last 6
months and no successful smoking abstinence over
one month (24-26). Smoking behaviors, including the
average number of cigarettes per day, years of smoking
regularly, and duration of smoking abstinence, were
recorded. The patients experienced smoking cessation
upon admission to the hospital ward. Those who do
not smoke reported no history of cigarette use or had
smoked < 100 cigarettes during their lifetime and had
not smoked in the past year.

Patients were excluded for the following: 1) a
history of alcohol abuse and drug dependence (other
than nicotine for those who smoke), 2) neurological or
psychiatric disorders, 3) brain disorders or prior head
injury, 4) chronic pain and concomitant analgesic treat-
ments, 5) a body mass index > 28 or < 18, (6) a Child-
Pugh score of B or C, 7) serum bilirubin > 42 mmol/L, (8)
systolic blood pressure >180 mm Hg or diastolic blood
pressure >110 mm Hg, 9) diabetes being treating with
insulin, or 10) refusal to use patient-controlled intra-
venous analgesia (PCIA). Patients who met any of the
following criteria during surgery were also excluded:
1) bleeding > 1,000 mL or blood transfusion, 2) surgery
time > 3.5 hours or < 1 hour, or 3) severe hemodynamic
status instability.

Trial Design and Surgery

The block randomization method was performed
to randomize the patients who do and do not smoke
into sufentanil (i.e., for smokers: S-S, for nonsmok-
ers: N-S) or tramadol group (i.e., for smokers: S-T, for
nonsmokers: N-T), separately. The group assignment
was blinded to patients, surgical team, and clinical in-
terviewers. PCIA pumps (containing either sufentanil or
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tramadol) were prepared by the planner and delivered
to anesthesiologists. All experimental data acquired by
the postoperative interviewers were submitted to the
planner. The planner would unblind the group assign-
ment if patients had a severe postoperative complica-
tion, which was probably relevant to the postoperative
analgesics.

The anesthesia program during surgery was
identical for all patients. After preoxygenation, in-
duction of anesthesia was achieved with intravenous
sufentanil (0.3 pg/kg), cisatracurium (0.2 mg/kg), and
target-controlled infusion of propofol (target plasma
concentration at 5.0 pg/mL using the Paedfusor model)
to facilitate tracheal intubation. Anesthesia was main-
tained with cisatracurium (1.5 pg/kg/min), remifentanil
(0.1-0.2 pg/kg/min), and propofol (target plasma con-
centration at 3.0-5.0 pg/mL). Mechanical ventilation
was adjusted to maintain end-tidal partial pressure of
carbon dioxide (EtCO,) between 35 and 45 mm Hg with
a tidal volume of 8-10 ml/kg and respiratory rate of
10-14 per minute.

Postoperative pain was controlled using a PCIA
strategy (electronic drug infusion pump, ZZB-300, 300
mL, Jiangsu Apon Medical Technology, Co. LTD) to en-
sure that the pain was lower than or equal to 3 on the
Numeric Rating Scale (NRS-11) ranging from 0 (no pain)
to 10 (pain as bad as it could be).

Fifteen to 30 minutes prior to the completion
of the surgery, all patients started to receive analge-
sics in the PCIA pump. In the N-S and S-S groups, the
PCIA pump contained sufentanil (2 pg/kg) and 20 mg
metoclopramide. In the N-T and S-T groups, the PCIA
pump contained tramadol (20 mg/kg) and 20 mg meto-
clopramide. The total capacity of the PCIA pump was
100 mL. The PCIA device was programmed with the fol-
lowing settings: 2 mL/hr basal infusion rate, 2 mL bolus
dose, and 15 minute lockout interval. The maximal
duration of PCIA was 48 hours.

If patients reported a feeling of moderate pain
(NRS-11 > 3) after the surgery, they were allowed to
control the pump to release a single dose (2 mL) every
15 minutes in addition to the regular release. When the
pain was not relieved after receiving the bolus dose,
additional analgesics, including morphine, pethidine,
dezocine, fentanyl, parecoxib sodium, or propacet-
amol, were supplied by our team upon patients’ re-
quests (Editor note: Dezocine, parecoxib sodium, and
propacetamol are not available for use in the United
States.} For all patients, the additional doses of anal-
gesics and postoperative adverse reactions (i.e., nausea

and vomiting, sedation, and fever) within 48 hours
postsurgery were recorded. Moreover, the subjective
ratings of postoperative pain were collected at one, 6,
24, and 48 hours postsurgery.

Outcomes

The primary outcome was the measured consump-
tion of analgesics in addition to the standard doses of
analgesics within 48 hours postsurgery (i.e., the analge-
sics in addition to those in the PCIA pump). To facilitate
comparison, the doses of analgesics were first con-
verted to morphine equivalent doses using previously
reported conversions (27,28) and then standardized
for body weight to obtain the standardized additional
morphine equivalent requirement (SAMER, mg/kg).
Moreover, the standardized total morphine equivalent
requirement, including SAMER and the analgesics in
the PCIA pump within 48 hours postsurgery, was also
considered in our data analysis.

The secondary outcomes were 1) postoperative
pain, 2) the frequency of postoperative nausea and
vomiting (PONV), 3) the sedation score using the Ram-
say Sedation Scale (29), and 4) the frequency of fever
that occurred within 48 hours postsurgery. The safety
parameters included respiratory depression, postop-
erative bleeding, postoperative infection, and wound
dehiscence.

Statistical Analysis

To validate the randomization of group assign-
ments, we assessed the balance within patients who
do and do not smoke using a standardized difference
(30) on a series of patients’ baseline characteristics. The
detailed demographic information is summarized in
Table 1.

To test whether the different analgesic strategies
(i.e., sufentanil and tramadol) had different effects on
postsurgery SAMER and sedation scores, for both the
patients who do and do not smoke, we performed a
2-way analysis of variance (ANOVA) with 2 between-
subject factors (“analgesic strategy”: sufentanil and
tramadol; “smoking history”: patients who do and do
not smoke). Then, independent-sample t tests were
performed to assess the treatment effect of sufentanil
versus tramadol within the patients who do and do
not smoke, separately. Please note that Shapiro-Wilk
tests were conducted to evaluate the normality of the
data (i.e., SAMER and the sedation scores). If the values
of SAMER and the sedation scores had a skewed dis-
tribution (all P < 0.05), nonparametric ANOVA, which
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constructs null distributions by bootstrap re-sampling
(n = 5,000), was performed. Then, Mann-Whitney U
tests were performed to assess the treatment effect of
sufentanil versus tramadol for the patients who do and
do not smoke, separately.

To test whether the different analgesic strategies
have different effects on the standardized total mor-
phine equivalent requirement and postoperative pain
within 48 hours postsurgery, we performed the a linear
mixed effects (LME) model analysis with 2 between-
subject factors (“analgesic strategy” and “smoking
history”) and one within-subject factor (“postoperative
time": one, 6, 24, and 48 hours postsurgery) on the
standardized total morphine equivalent requirement
and postoperative pain.

Table 1. Patient baseline characteristics by study groups".

To assess the treatment effect within the patients
who do and do not smoke separately, we performed
2 additional LME model analyses with one between-
subject factor (i.e., analgesic strategy) and one
within-subject factor (i.e., postoperative time) on the
standardized total morphine equivalent requirement
and postoperative pain. When there was a significant
interaction between the 2 factors, the treatment effect
of sufentanil versus tramadol at each postoperative
time was compared. To account for multiple compari-
sons across different postoperative times, a Bonferroni
correction was applied to adjust the P values. More-
over, Cochran-Mantel-Haenszel tests were performed
to assess whether the proportions of patients requiring
additional analgesics, the frequency of PONV, and the

Patients Who Smoke Patients Who Do Not Smoke
Characteristics Sufentanil Tramadol Standardized Sufentanil Tramadol Standardized
Group Group Difference Group Group Difference
(n=33) (n=33) (m=33) (m=33)
Age, years 49.5(8.6) 51.0(7.1) -0.193 52.8(9.5) 51.5(10.2) 0.135
Height, cm 170.8(5.0) 171.7(4.3) -0.193 169.0(6.5) 169.7(5.8) -0.123
Weight, kg 69.0(9.6) 67.7(9.0) 0.147 66.0(9.6) 70.2(9.0) -0.456
BMI, kg/m? 23.6(2.8) 22.9(2.8) 0.244 23.1(3.2) 24.4(3.2) -0.399
ABP, mmHg 91.5(6.7) 92.7(11.2) -0.14 92.8(7.2) 94.1(7.9) -0.162
HR, bpm 79.0(12.8) 82.8(15.9) -0.267 78.5(14.0) 75.0(9.3) 0.288
Duration of surgery, min 118.1(41.1) 109.0(45.0) 0.21 112.4(34.1) 107.9(50.4) 0.103
Amount of bleeding, mL 207.6 (162.1) 169.7(122.4) 0.264 180.3(146.3) 190.9(184.8) -0.064
RBC, x10'?/L 4.6(0.5) 4.6(0.5) 0.065 4.6(0.4) 4.7(0.4) -0.381
WBC, x10"/L 6.0(1.8) 5.9(1.5) 0.117 5.1(1.6) 5.1(1.6) -0.008
Platelet, x10°/L 190.3(80.6) 177.4(74.8) 0.166 175.5(76.0) 159.8(63.2) 0.225
TB, umol/L 12.0(4.8) 13.7(4.7) -0.346 15.1(5.6) 18.1(8.6) -0.408
DB, umol/L 4.9(2.3) 4.8(1.8) 0.018 7.4(11.3) 7.1(5.9) 0.034
Albumin, g/L 41.4(3.3) 42.2(3.5) -0.244 42.6(2.5) 43.5(5.1) 0.22
Alanine transaminase, U/L 31.6(14.4) 37.5(29.1) -0.256 31.5(24.9) 45.3(67.2) -0.272
Glutamic Oxaloacetylase, U/L 27.3(13.1) 32.8(18.6) 0.122 34.9(32.0) 32.9(19.6) -0.306
Creatinine, umol/L 74.8(12.8) 77.3(12.1) -0.2028 85.6(57.4) 85.9(60.3) -0.005
Glomerular filtration rate, ml/min 106.9(21.3) 102.0(19.4) 0.2428 102.5(18.9) 103.2(19.0) -0.035
Smoking-related
Cigarettes per day, numbers 20.0(10.0) 19.5(9.7) 0.0468 0(0) 0(0) _
Duration of smoking, years 22.4(7.1) 25.6(7.8) -0.428 0(0) 0(0) —_
Duration of abstinence, days 8.7(6.9) 8.5(6.7) 0.018 0(0) 0(0) _
Cotinine in plasma, ng/ml 22.6(35.6) 25.6(38.5) -0.081 0(0) 1.6(9.1) -0.254
Cotinine in urine, ng/ml 143.7(223.0) 176.3(273.4) -0.133 12.7(61.5) 13.2(59.2) -0.007

Abbreviations: BMI, body mass index; ABP, average blood pressure; HR, heart rate; RBC, red blood cell; WBC, white blood cell; TB, total bilirubin;
DB, direct bilirubin. * Data are reported as mean (standard deviation) unless otherwise indicated. Standardized difference = difference in means or
proportions divided by standard error; imbalance defined as an absolute value greater than 0.4825 (small effect size).
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frequency of fever were different between the trama-
dol group and the sufentanil group within the patients
who do and do not smoke separately. The treatment
effect of sufentanil versus tramadol on these variables
was also assessed using relative risk (Cl) for the patients
who do and do not smoke separately. —

All statistical analyses were carried out in SPSS 17.0
(SPSS Inc.) and the statistical significance level was set
at 0.05.

|

68)
G)

p (1

Lost to follow-up (n

Included in the analyzed (n= 33)
N-T Group

|

Sample Size Calculation

A preliminary study was performed on 30 patients
who smoke and 30 who do not smoke. The experiment
procedure was identical to the formal experiment in
the present study. Based on the results of the prelimi-
nary study, a sample size of 120 patients (30 patients in
the sufentanil group and 30 patients in the tramadol
group for both patients who do and do not smoke) was L
required to provide a power of (1-B) = 0.90, assuming
a 2-sided significant level at o = 0.05, the mean values
of SAMER in each group obtained from the preliminary
study (N-S: 0.08 mg/kg, N-T: 0.14 mg/kg, S-S: 0.20 mg/
kg, and S-T:0.03 mg/kg), and their pooled standard de-
viation = 0.1821 using one-way ANOVA in Power Analy- =)
sis & Sample Size 15.0.3 (NCSS Statistical Software). To
compensate for a follow-up attrition rate of 10%, the
sample size was increased to 132 patients. -5

147)
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Nonsmoking Patients (n
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A total of 297 men receiving a partial hepatectomy
were recruited in the Eastern Hepatobiliary Surgery
Hospital, Shanghai, China, from July 2016 through
March 2017. Of these patients, 132 patients completed
the study, in which 66 patients who smoke were ran-
domly assigned to receive tramadol or sufentanil, and
66 patients who do not smoke were randomly assigned
to receive tramadol or sufentanil (Fig. 1). All baseline
characteristics of the patients were well balanced for
those who do and do not smoke (Table 1).

S-T Group

Included in the analvzed (n

Randomized to tramadol group (n=33)

Smoking Patients (n=130)

Primary Outcome 7

For the primary outcome, results showed that the L
values of SAMER had a skewed distribution (all P < —
0.05). Then, nonparametric ANOVA was performed and L
showed a significant main effect of “analgesic strate-
gy” (P=0.001, 95% Cl, 0.081 to 0.276) and a significant
interaction between the 2 factors (P = 0.001, 95% Cl,
-0.348 to -0.087, Fig. 2A). No significant main effect of
“smoking history” (P = 0.474, 95% Cl, -0.054 to 0.114)
was detected.

=67)
= 33)

group (n

Lost to follow-up (n=2)
5-3 Group

Included in the analvzed (n

8)
Fig. 1. The flow of patients in the study. A double-blinded, randomized controlled design. (A) Patients who smoke were randomly assigned to receive sufentanil or

tramadol, and (B) patients who do not smoke were randomly assigned to receive sufentanil or tramadol.

Randomized to sufentanil
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Mann-Whitney U-tests showed that the SAMER
was significantly larger for the sufentanil group than
the tramadol group for patients who smoke (P < 0.001).
For patients who do not smoke, the SAMER was not
significantly different between the tramadol group
and the sufentanil group (P = 0.361, Fig. 2A).

Results from the Breslow-Day test showed that there
was a heterogeneity of treatment effect on the numbers
of requiring additional analgesics between patients who
do and do not smoke (y? = 15.709, degrees of freedom [df]
= 1, P < 0.001). Cochran-Mantel-Haenszel tests showed
that the proportion of patients requiring additional an-
algesics was significantly larger for the sufentanil group
than the tramadol group for patients who smoke (90.9%
vs. 45.5%, P < 0.001; Fig. 2B and Table 2). In contrast,
for patients who do not smoke, the proportion requir-
ing additional analgesics was not significantly different
between the tramadol group and the sufentanil group
(51.5% vs. 69.7%, P =0.131; Fig. 2B and Table 2).

The total morphine equivalents, including SAMER
and the analgesics in the PCIA pump within 48 hours
postsurgery, were 139.26 + 20.62 mg for N-S, 150.86 +
21.35 mg for N-T, 158.25 + 25.19 mg for S-S, and 143.15
+20.22 mg for S-T. For the standardized total morphine
equivalent requirement within 48 hours postsurgery,
LME model analysis showed significant main effects of

"o

“postoperative time,” “analgesic strategy,” and “smok-
ing history,” and a significant interaction among the 3
factors (Table 3).

To examine the treatment effects for patients who
smoke and do not smoke, a significant main effect of
“postoperative time” was observed for patients who
do not smoke. No significant main effect of “analge-
sic strategy” and interaction between the 2 factors
was found for patients who do not smoke. Moreover,
significant main effects of “postoperative time"” and
“analgesic strategy” as well as a significant interaction
between the 2 factors were observed for patients who
smoke. The standardized total morphine equivalent
requirement was not significantly different between
the tramadol group and the sufentanil group for pa-
tients who do not smoke within 48 hours postsurgery.
However, the standardized total morphine equivalent
requirement was significantly higher for the sufent-
anil group than the tramadol group for patients who
smoke at 6 hours (P = 0.038, 95% Cl, 0.006 — 0.201), 24
hours (P < 0.001, 95% Cl, 0.172 - 0.367), and 48 hours
(P<0.001, 95% Cl, 0.082 — 0.277) postsurgery (Fig. 3A).

Secondary Outcomes
For postoperative pain within 48 hours postsur-
gery, LME model analysis showed significant main ef-

A 1.0+

p=0.001 p=0.361

&
(=]
1

&
(=]
L

SAMER (mg/kg)
=]
F-9

]
5 T 5 T
Smoker Nonsmoker

B 40=

p=0.001 p=0.13

Number of patients
S S

-
(=1
[

] T 5 T
Smoker MNonsmoker

analgesics. S, sufentanil; T, tramadol.

Fig. 2. The treatment effect of sufentanil versus tramadol on the primary outcome for patients who do and do not smoke.
A: the standardized additional morphine equivalent requirement (SAMER); B: the numbers of patients using additional
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fects of “postoperative time” and “analgesic strategy.”
No significant main effect of “smoking history” or
interaction between these factors was detected (Table
3). To examine the treatment effects within patients
who do and do not smoke, a significant main effect
of “postoperative time” was observed within the pa-
tients who smoke. Moreover, significant main effects
of “postoperative time” and “analgesic strategy” were
observed within patients who do not smoke. There was
no significant interaction between the 2 factors within
both patients who do and do not smoke (Table 3). The
postoperative pain level was not significantly different

Table 2. Primary and secondary outcomesa.

between the tramadol group and the sufentanil group
within patients who smoke within 48 hours postsur-
gery. However, postoperative pain was significantly
higher for the sufentanil group than the tramadol
group within patients who do not smoke at 6 hours (P
= 0.037) and 48 hours (P < 0.001) postsurgery (Fig. 3B

and Table 2).

Moreover, Breslow-Day tests showed that there was
no heterogeneity of treatment effect between patients
who do and do not smoke on the frequency of PONV
(x?2=0.703, df = 1, P=0.402) and the frequency of fever
(x2 =0.645, df = 1, P = 0.422) occurred within the 48

Treatment Effect for Patients Who Smoke

Variables i
G!'Sol:f:zf;l;l?)) GrTof:)n;:iO;?)) (M) Va}l)ue I({):tdlf) 95% I

Primary Outcome

SAMER, mg/kgt 0.30(0.23) 0.12(0.19) . <0.001 . .

Patients requiring additional analgesics, numbers* 30 15 15.714 | <0.001 12 3.048-47.244
Secondary Outcomes

Postoperative pain ratings®?

One hour 5.0(1.1) 5.1(1.3) - 0.835 - -0.631 to 0.510

6 hours 3.7(1.2) 3.6(1.5) = 0.754 - -0.479 to 0.661

24 hours 2.2(1.3) 1.7(1.1) - 0.061 -0.025to 1.116

48 hours 1.0(1.2) 0.6(0.9) - 0.211 - -0.207 to 0.934
PONV, numbers® 5 4 0.129 0.72 1.295 0.315-5.322
Fever, numberse 5 5 0 1 1 0.260-3.841
The sedation score®' 2.0(0.1) 2.0(0.1) - 0.558 - -

Treatment Effect for Patients Who Do Not Smoke
Variables i
Glilf;]?ri‘:;:}) GrTO:{:Iz::);:%) (M) vall:w I({):tdics) 95% 1

Primary Outcome

SAMER, mg/kg’ 0.11(0.15) 0.15(0.16) = 0.361 - =

Patients requiring additional analgesics, numbers® 17 23 2.285 0.131 0.462 0.168-1.267
Secondary Outcomes
Postoperative pain ratings®

1 hour 4.8 (1.3) 4.5(1.0) - 0.348 - -0.298 t0 0.843

6 hours 3.5(1.5) 2.9(1.0) = 0.037 = 0.036-1.176

24 hours 2.2(1.2) 1.6(1.0) . 0.061 N -0.025 to 1.116
48 hours 1.4(1.5) 0.5(0.7) - <0.001 - 0.521-1.661

PONYV, numbers® 6 9 0.776 0.378 0.593 0.184-1.910
Fever, numbers® 9 5 1.451 0.228 2.1 0.619-7.125
The sedation scores 2.0(0.1) 2.0(0.1) - 0.649 - -

Abbreviations: SAMER, standardized additional morphine equivalent requirement; PONV, postoperative nausea and vomiting. * Data are reported
as mean (standard deviation) unless otherwise indicated. ® Postoperative pain was rated on a Numeric Rating Scale (NRS-11)ranging from 0 (no
pain) to 10 (pain as bad as it could be). © The sedation score was evaluated using the Ramsay Sedation Scale. ¢ LME model analysis. ¢ Cochran-

Mantel-Haenszel test. f Mann-Whitney U-tests.
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hours after the surgery. Cochran-Mantel-Haenszel tests For the sedation score within 48 hours postsurgery,
showed that the frequency of PONV and the frequency results showed that the values of the sedation score
of fever that occurred within 48 hours postsurgery had a skewed distribution (all P < 0.05). Therefore,

were not significantly different between the tramadol nonparametric ANOVA was performed and showed
group and the sufentanil group within patients who do no significant main effects of “analgesic strategy” (P =
and do not smoke (all P> 0.05, Table 2). 0.329, 95% Cl, -0.076 to 0.017) and “smoking history”

(P = 0.961, 95% Cl, -0.041 to
0.034), as well as their interac-
tion (P = 0.849, 95% Cl, -0.054

s

Table 3. LME model analysis to assess the effects of “analgesic strategy,” “smoking history,”
and “postoperative time” on standardized total morphine equivalent requirement and the

perceived intensity of postoperative pain. to 0.069; Fig. 2A and Table
2). Mann-Whitney U tests
Standardized Total Morphine Equivalent ) -
Reaqui P 1 df Fvalue | P Value* showed that the sedation
equirement t signifi tl
score was not signitican
Patients Who Do and Do Not Smoke . g y
Amalece] different between the trama-
nalgesic strategy (1,120.712) 5.431 0.021 dol group and the sufentanil
Smoking history (1, 120.712) 9.561 0.002 group within patients who
Postoperative time (3,198.157) | 5411.824 | <0.001 smoke (P = 0.558) and pa-
Analgesic strategy x Smoking history (1,120.712) 9.802 0.002 tients who do not smoke (P =
Analgesic strategy x Postoperative time (3,198.157) 5.265 0.002 0.649; Table 2). There were no
Smoking history x Postoperative time (3,198.157) 5.204 0.002 severe complications, such as
Analgesic strategy x Smoking history x Postoperative time | (3, 198.157) 7.167 <0.001 reSp!ratory depresspn, hypo-
Patients Who Do Not Smoke Tcen5|on, postope.:ratl.ve ble?ed-
Analoesic strat (162.384) 0415 0522 ing, postoperative infection,
nalgesic strate: ,62. . . . L
8 ; 'gy and wound dehiscence within
Postoperative time (3,116.250) | 3622.311 <0.001 48 hours postsurgery for all
Analgesic strategy x Postoperative time (3,116.250) 0.309 0.819 patients.
Patients Who Smoke
Analgesic strategy (1,56.568) 12.307 0.001 Discussion
Postoperative time (3,77.691) | 2071.643 | <0.001 Accumulating  evidence
Analgesic strategy x Postoperative time (3,77.691) | 10222 | <0.001 suggests that patients who
Perceived Intensity of Postoperative Pain df F value | P value® S':nOke who are. deprived of
Igar xperien r r
Patients Who Do and Do Not Smoke ¢ g_a ettes ,e_ F_)e ence greate
pain sensitivity (31-33) and
Analgesic strategy (1,135.394) 7.568 0.007 . . .

——— require a higher quantity of
Smoking history (1,135.394) 1.698 0.195 postoperative opioid analge-
Postoperative time (3,236.662) 338.895 <0.001 sics than patients who do not
Analgesic strategy x Smoking history (1,135.394) 1.575 0.212 smoke (4). This indicates that
Analgesic strategy x Postoperative time (3,236.662) 2.005 0.114 the use of opioid analgesics
Smoking history x Postoperative time (3,236.662) 1.239 0.296 to manage postoperative
Analgesic strategy x Smoking history x Postoperative time (3,236.662) 1.651 0.178 pain for patients who smoke
Patients Who Do Not Smoke who are abSt_ammg ml.g ht

; not be an optimal solution.
Analgesic strategy (1,65.958) 8.617 0.005 .
Currently, how to effectively
Postoperative time (3,123.234) 160.523 <0.001 . .
manage postoperative pain
Analgesic strategy x Postoperative time (3,123.234) 2.265 0.084 for patients who smoke re-
Patients Who Smoke mains a priority for anesthe-
Analgesic strategy (1,75.347) 1.043 0.31 siology research.
Postoperative time (3,187.584) | 187.554 <0.001 Given the possible neural
Analgesic strategy x Postoperative time (3,187.584) 1.408 0.242 mechanism of hyperalgesia

2 P value of less than 0.05 was considered significant. in patients who smoke who
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are abstaining, and the analgesic effect of serotonin
(34), Qiu and colleagues (34) proposed that the use of
tramadol to cope with postoperative pain for patients
who smoke who are abstaining might be an effective
treatment strategy. To test this hypothesis, for the first
time, we compared the treatment effect of sufentanil
(an opioid analgesic) versus tramadol (a serotonin
analgesic) in postoperative pain management in both
patients who smoke who are abstaining and patients
who do not smoke using a double-blind randomized
controlled design. Our results indicate that tramadol
showed a better analgesic effect than sufentanil on

postoperative pain relief in patients who smoke who
are abstaining, without inducing more adverse effects.
However, no difference in treatment effect between
sufentanil and tramadol was observed in patients who
do not smoke. These results may suggest that tramadol
could be considered for postoperative pain manage-
ment for patients who smoke, although a large sample
size study is needed to verify our findings.

Consistent with previous clinical studies (4), we
observed that patients who smoke who are abstaining
demanded higher doses of opioids during the first 48
hours postsurgery than patients who do not smoke,

3m p<0.001
o E p=0.355
2 —
- p=0.001
ﬁ-E — p=0.456
= —
ES 24
s E
£
=
o
g8 P=0.035 p=0.932
.E E " 0.532
- 2% & o
w
o =
0 T T T T T T T T T T T T T T T T
s T s T -] T -] T s T -] T ] T s T
1 hour Ghours 24 hours 48 hours 1 hour Ghours 24 hours 48 hours
Smoker Nonsmoker
197 p=0s853
—_— p=0348 p=0.037
o B - -
] p=0.754
c
2 64 p=0.061 p=p221 p=0.081 p<0.001
(] - — —
s l l
£ 44
&
L]
o, 1 1
0 T T T T 1 1 T T T T T 1
] T 5 T 5 T -] T s T -] T ] T -] T
1 hour Ghours 24 hours 48 hours 1 hour Ghours 24 hours 48 hours
Smoker Nonsmoker
Fig. 3. The treatment effect of sufentanil versus tramadol on (A ) the standardized total morphine equivalent requirement and
(B) postoperative pain level for patients who do and do not smoke. The standardized total morphine equivalent requirement
and subjective ratings of postoperative pain are presented at one hour, 6 hours, 24 hours, and 48 hours postsurgery. S,
sufentanil; T, tramadol.
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which demonstrates the dysfunction of the endog-
enous opioid system in patients who smoke who are
abstaining. Therefore, using opioid analgesics to re-
lieve postoperative pain for patients who smoke who
are abstaining might not be an optimal strategy.

The serotonergic system plays an important role in
modulating pain processing (35). According to the pos-
sible mechanisms of nicotine withdrawal, increasing the
concentration of serotonin in vesicles in neurons of the
brain and spinal cord might be an effective treatment
to relieve postoperative pain for patients who smoke
who are abstaining (34). Tramadol increases extracel-
lular concentrations of norepinephrine and serotonin
(36,37), therefore it might act beyond the endogenous
opioid system and is superior to opioid analgesics un-
der this circumstance. In line with this hypothesis, we
here report that the use of tramadol decreased the
demand for analgesics for patients who smoke: nearly
60% less SAMER was required for patients who smoke
with tramadol than those given sufentanil. Meanwhile,
fewer patients who smoke given tramadol required
additional analgesics than those given sufentanil. Even
fewer analgesics were required for patients who smoke
given tramadol; the analgesic effect was stronger than
those given sufentanil at 24 and 48 hours postsurgery,
i.e., postoperative pain was lower for tramadol groups
than for sufentanil groups (Fig. 2 and Table 2).

Nicotine has antinociceptive effects. To cope with
postoperative pain, nicotine has been investigated
as an adjunctive medication for postoperative pain
management in patients who smoke who are abstain-
ing (38). However, nicotine alone is likely not enough
to control postoperative pain (38). Therefore, find-
ing other effective treatment strategies to cope with
postoperative pain for patients who smoke who are
abstaining should be prioritized for anesthesiology
research. In the current study, we demonstrate the su-
perior analgesic effect of tramadol over sufentanil on
postoperative pain relief in patients who smoke who
are abstaining without inducing more adverse effects.
Meanwhile, no differences in treatment effects were
detected in patients who do not smoke.

These findings suggested that tramadol might be
an effective analgesic to manage perioperative pain
for patients who smoke who are abstaining. Future
trials are required to assess the safety profile and clini-

REFERENCES

1. Beaglehole R, Bates C, Youdan B, Bonita
R. Nicotine without smoke: Fighting the

tobacco epidemic with harm reduction. 2.
Lancet 2019; 394:718-720.

cal analgesic effect of tramadol in perioperative pain
management in patients who smoke who undergo
other types of surgeries. Besides, nicotine replacement
therapy aims to reduce withdrawal symptoms associ-
ated with stopping smoking by replacing the nicotine
from cigarettes. Considering that nicotine replenish-
ment could neutralize the consequence of the sudden
increase of unbound nAChR ligands caused by nicotine
withdrawal, and that tramadol could be an effective
analgesic to manage perioperative pain for patients
who smoke who are abstaining, nicotine replacement
therapy plus tramadol should be considered in future
studies to refine postoperative pain management for
patients who smoke who are abstaining.

Limitations

This study has some limitations. First, only men
were included in the present study. It will be important
to understand if the conclusion could be generalized
to women or to other types of surgeries. Second, the
superior analgesic effect and the incidence of adverse
events of tramadol in patients who smoke were only
assessed within the first 48 hours postsurgery. The
long-term (more than 48 hours) effects should be as-
sessed in future studies. Third, it will be important to
understand if norepinephrine and serotonin systems
act equivalently in postoperative pain control by tra-
madol. Dissecting the pharmacological mechanisms
would further improve the pain management strategy
for patients who smoke.

CONCLUSIONS

Our data suggest that tramadol is more effective
in relieving postoperative pain than sufentanil for pa-
tients who smoke who had a partial hepatectomy but
warrants further study with a larger sample size.

Acknowledgments

We thank Daqing Ma for his valuable comments
on the manuscript. This work was supported by the
Science and Technology Commission of Shanghai Mu-
nicipality (17411960400), Shanghai Shen Kang Hospital
Development Center (SHDC12018X19), and the Na-
tional Natural Science Foundation of China (31800926,
32071061, and 31822025).

van Zyl-Smit N, Richards G, Leone
T. Tobacco smoking and COVID-19

E1376

www.painphysicianjournal.com



Postoperative Pain Management in Patients Who Smoke

10.

11.

12.

13.

14.

15.

infection.
8:664-665.
LaRowe R, Ditre W. Pain, nicotine, and
tobacco smoking: Current state of the
science. Pain 2020; 161:1688-1693.

Shen L, Wei K, Chen Q, et al. Decreased
pain tolerance before surgery and
increased postoperative narcotic
requirements in abstinent tobacco
smokers. Addict Behav 2018; 78:9-14.
Zheng Z, Riley A, Kim M, Sclafani A,
Tabaee A. Opioid prescribing patterns
and usage after rhinologic surgery: A
systematic review. Am ] Otolaryngol
2020; 41:102539.

Sun K, Liu D, Chen J, et al. Moderate-
severe postoperative pain in patients
undergoing video-assisted thoracoscopic
surgery: A retrospective study. Sci Rep
2020; 10:795.

McGrath-Morrow A,  Gorzkowski  J,
Groner A, et al. The effects of nicotine
on development. Pediatrics 2020; 145
€20191346.

Ditre W, Heckman W, Zale E, Kosiba
JD, Maisto SA. Acute analgesic effects
of nicotine and tobacco in humans: A
meta-analysis. Pain 2016; 157:1373-1381.
Berrendero F, Robledo P, Trigo M,
Martin-Garcia E, Maldonado R.
Neurobiological mechanisms involved
in nicotine dependence and reward:
Participation of the endogenous opioid
system. Neurosci Biobehav Rev 2010;
35:220-231.

Mekhail N, Azer G, Saweris Y, Mehanny
DS, Costandi S, Mao G. The impact of
tobacco cigarette smoking on spinal
cord stimulation effectiveness in chronic
spine-related pain patients. Reg Anesth
Pain Med 2018; 43:768-775.

De Biasi M, Dani JA. Reward, addiction,
withdrawal to nicotine. Annu Rev Neurosci
2011; 34:105-130.

Lancet Respir Med 2020;

Keyworth H, Georgiou P, Zanos P,
et al. Wheel running during chronic
nicotine exposure is protective against
mecamylamine-precipitated withdrawal
and up-regulates hippocampal a7 nACh
receptors in mice. Br ] Pharmacol 2018;
175:1928-1943.

Ozga E, Felicione J, Blank D, Turiano NA.
Cigarette smoking duration mediates
the association between future thinking
and norepinephrine level. Addict Behav
2018; 87:33-38.

Lee ). Long-term effects of smoking
cessation on depressive symptoms,
resilience, coping skills, and serotonin.
Psychiatr Q 2020; 91:263-271.

Ditre W, Zale L, LaRowe R, Kosiba JD, De

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Vita MJ. Nicotine deprivation increases
pain intensity, neurogenic inflammation,
and mechanical hyperalgesia among
daily tobacco smokers. ] Abnorm Psychol
2018; 127:578-589.

Umana C, Daniele A, Miller A, et al.
Nicotinic modulation of descending
pain  control circuitry. Pain  2017;
158:1938-1950.

Pereira-Silva R, Costa-Pereira T, Alonso R,
Serrao P, Martins |, Neto FL. Attenuation
of the diffuse noxious inhibitory controls
in chronic joint inflammatory pain
is accompanied by anxiodepressive-
like behaviors and impairment of the
descending noradrenergic modulation.
Int ] Mol Sci 2020; 21:2973.

Caraci F, Coluzzi F, Marinangeli F, et al.
Modulation of sensitization processes
in the management of pain and the
importance of descending pathways: A
role for tapentadol? Curr Med Res Opin
2020; 36:1015-1024.

Tao Y, Wang X, Wei Q, Traub RJ, Li JF,
Cao DY. The role of descending pain
modulation in chronic primary pain:
Potential application of drugs targeting
serotonergic system. Neural Plast 2019;
2019:1389296.

Li N, Li C, Han R, et al. LPM580098,
a novel triple reuptake inhibitor
of serotonin, noradrenaline, and
dopamine, attenuates neuropathic pain.
Front Pharmacol 2019; 10:53.

Bravo L, Mico A, Berrocoso E. Discovery
and development of tramadol for the
treatment of pain. Expert Opin Drug
Discov 2017; 12:1281-1291.

Li X, Eisenach C. Nicotinic acetylcholine
receptor  regulation of  spinal
norepinephrine release. Anesthesiology
2002; 96:1450-1456.

Slotkin A, Seidler J. A unique role for
striatal serotonergic systems in the
withdrawal from adolescent nicotine
administration. Neurotoxicol Teratol 2007;
29:10-16.

BiY,Yuan K, GuanY, et al. Altered resting
state functional connectivity of anterior
insula in young smokers. Brain Imaging
Behav 2017; 11:155-165.

BiY, Zhang Y, Li Y, Yu D, Yuan K, Tian J.
12h abstinence-induced right anterior
insula network pattern changes in young
smokers. Drug Alcohol Depend 2017;
176:162-168.

Bi Y, Yuan K, Yu D, et al. White matter
integrity of central executive network
correlates with enhanced brain reactivity
to smoking cues. Hum Brain Mapp 2017;
38:6239-6249.

Qiu Q, Choi W, Wong S, Irwin MG,

28.

29.

30.

3L

32.

33

34.

35

36.

37

38.

Cheung CW. Effects of intra-operative
maintenance of general anaesthesia with
propofol on postoperative pain outcomes
- A systematic review and meta-analysis.
Anaesthesia 2016; 71:1222-1233.

Trigo M, Martin-Garcia E, Berrendero
F, Robledo P, Maldonado R. The
endogenous opioid system: A common
substrate in drug addiction. Drug Alcohol
Depend 2010:108: 183-194.

Aliste J, Layera S, Bravo D, et al.

Randomized ~ comparison  between
perineural dexamethasone and
dexmedetomidine  for  ultrasound-

guided infraclavicular block. Reg Anesth
Pain Med 2019; 44:911-916.

Yang D, Dalton JE. A unified approach to
measuring the effect size between two
groups using SAS® SAS global forum,
2012.

LaRowe LR, Kosiba JD, Zale EL, Ditre JW.
Effects of nicotine deprivation on current
pain intensity among daily cigarette
smokers. Exp Clin Psychopharmacol 2018;
26:448-455.

Bello MS, McBeth JF, Ditre JW, et al.
Pain as a predictor and consequence
of tobacco abstinence effects amongst
African American smokers. ] Abnorm
Psychol 2018; 127:683-694.

Ditre JW, Zale EL, LaRowe LR, Kosiba
JD, De Vita MJ. Nicotine deprivation
increases pain intensity, neurogenic
inflammation, and mechanical
hyperalgesia among daily tobacco
smokers. ] Abnorm  Psychol 2018;
127:578-589.

Qiu M, Liu T, L T. Tramadol
requirements may need to be increased
for the perioperative management of
pain in smokers. Med Hypotheses 2011;
77:1071-1073.

Liu QQ, Yao XX, Gao SH, et al. Role of
5-HT receptors in neuropathic pain:
Potential  therapeutic  implications.
Pharmacol Res 2020; 159:104949.

Mattar M, Abdalla R, Shehata SA, et al.
Efficacy and safety of tramadol in pain
relief during diagnostic outpatient
hysteroscopy: Systematic review and
meta-analysis of randomized controlled
trials. Fertil Steril 2019; 111:547-552.

Abreu M, Aguado D, Benito J, Garcia-
Fernandez ), Gomez de Segura IA.
Tramadol-induced  hyperalgesia and
its prevention by ketamine in rats: A
randomised experimental study. Eur ]
Anesthesiol 2015; 32:735-741.

Mishriky BM, Habib AS. Nicotine for
postoperative analgesia: A systematic
review and meta-analysis. Anesth Analg
2014; 119:268-275.

www.painphysicianjournal.com

E1377






