ORIGINAL ARTICLE

OPEN

Effects of a Preoperative Transdermal Fentanyl Patch on
Proinflammatory Cytokine and Pain Levels During the
Postoperative Period: A Randomized Controlled Trial
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Byoung Yoon Ryu MD, PhD,f Byung Yong Kang MD.,}
Sang Soo Kang, MD, PhD,} and Jae Jun Lee, MD*

Objective: The main objectives of this article were to assess the effect
of preoperative transdermal fentanyl patch (TFP) on interleukin
(IL)-6 and IL-8 levels and pain after laparoscopic cholecystectomy.

Materials and Methods: Patients received a TFP (25 pg/h) (patch
group, n=30) or a placebo patch (control group, n=30) applied
14 hours before operation. After surgery, control group received
intravenous continuous fentanyl (25 pg/h) with loading dose (25 pg).
1L-6 and IL-8 levels were measured at admission and 1, 6, 12, 24,
and 48 hours postoperatively. Pain score and consumption of rescue
analgesic were evaluated too.

Results: At 24 hours postoperatively, IL-6 and IL-8 reached a peak
and then decreased. The peak IL-6 levels were 21.92(£6.22) and
24.91(£6.81) pg/mL in the patch and control group. The significant
differences of IL-6 between groups were shown at 6 and 12 hours
postoperatively (P=0.032, 0.0001). There were no significant dif-
ferences in IL-8 levels and pain score.

Conclusions: Preoperative TFP attenuated the increase in IL-6 levels
after surgery and provided similar analgesia to continuous fentanyl
infusion. Preemptive TFP may have influence on proinflammatory
reactions and pain control after surgery.

Key Words: interleukin-6, interleukin-8, preemptive, surgery,
transdermal fentanyl patch

(Surg Laparosc Endosc Percutan Tech 2019;29:339-343)

Anesthesiologists and surgeons are responsible for pro-
viding adequate perioperative pain management.
Although multimodal analgesia and preventive analgesia
have recently been emphasized,! opioids are still the primary
pharmacotherapy for intraoperative and postoperative
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analgesia, despite their significant adverse effects.>* Multi-
modal analgesia and ideal regimens are undefined and there
is a need for the reevaluation of guidelines for perioperative
pain management.>*

There is still controversy on the value and efficacy of
preemptive analgesia, despite many clinical studies on this
topic; however, it is essential to consider inflammatory
reactions.>® It has also been reported that there is a relation-
ship between proinflammatory cytokine production and post-
operative pain. Preoperative preventable pain management
can provide adequate pain control and can have a positive
effect on inflammatory reactions after operations. The trans-
dermal fentanyl patch (TFP) has been used for chronic pain in
cancer patients.” Recently, the efficacy of TFP for acute
postoperative pain management has been reported.3!!

In this study, we evaluated the effects of preoperative
TFP on interleukin (IL)-6 and IL-8 production after oper-
ation. The secondary aim was to assess the postoperative
pain score and consumption of rescue analgesic.

MATERIALS AND METHODS

Subjects

The criteria for inclusion in this study were patients
between 20 and 60 years of age, who were scheduled for
elective single-port laparoscopic cholecystectomy under gen-
eral anesthesia by one surgeon, with an American Society of
Anesthesiologists physical status of 1 to 2. Patients who had a
preoperative pain and a history of allergy to opioids, history
of drug abuse, were on immune-suppressive medications, or
had a body mass index <20 or >30 were excluded. This
prospective study was reviewed and approved by the Insti-
tutional Review Board of the Chuncheon Sacred Heart
Hospital, School of Medicine, Hallym University (Gangwon,
Korea), and written informed consent was obtained from all
participants.

Study Design

Upon admission, patient randomization was per-
formed using online randomization software. Patients in the
patch group received a single TFP (Duragesic, 25pg/h
matrix fentanyl patch; Janssen Pharmaceutica, Beerse, Bel-
gium) affixed to the anterior chest wall 14 hours before
surgery. The control group received a placebo patch affixed
in the same manner. General anesthesia was induced with
propofol of 2mg/kg and rocuronium of 0.8 mg/kg. After
tracheal intubation, anesthesia was maintained with sevo-
flurane-O, (2 L/min) and N,O (2 L/min). After the oper-
ation, patients were transferred to the postanesthetic care
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FIGURE 1. Flow diagram of study.

unit. Then intravenous fentanyl infusion (25 pg/h) was
started with a loading dose of 25 pg in the control group and
only normal saline in the patch group, administered via a
disposable balloon pump for 48 hours. Drug preparation
was performed by a nurse who was blinded to this study.
The TFP and disposable balloon pump were removed
48 hours after the operation.

IL-6 and IL-8 Analyses

Blood samples for IL-6 and IL-8 levels were taken
from the peripheral vein at admission (base) and 1, 6, 12,
24, and 48 hours postoperatively. Samples were centrifuged
at 3000 rpm for 10 minutes and plasma was frozen within
30 minutes at —70°C before use in the assays. Plasma IL-6
and IL-8 levels were measured using commercially available
enzyme-linked immunosorbent assay (ELISA) kits (Human
IL-6 Quantikine ELISA Kit and Human CXCLS8/IL-8
Quantikine ELISA Kit; R&D Systems, Minneapolis, MN).

Postoperative Pain and Adverse Effects Analyses

Pain severity was assessed according to an 11-point
Numeric Rating Scale (NRS), which ranged from 0 (no pain)
to 10 (most severe pain imaginable). Patients were educated
on the pain scores before surgery. When a patient complained
of pain at any time or when the NRS score was checked at a
specified time (1, 6, 24, and 48 h postoperatively), the patient
was given 25 mg pethidine. Incidences of nausea, vomiting,
dizziness, itching, and respiratory depression (oxygen satu-
ration <90%) were also evaluated.

Statistical Analyses

The sample size was calculated using a power analyses
(x=0.05; power =0.8) based on our preliminary study results
of IL-6 levels measured 12 hours postoperatively (control
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group mean =22.144, patch group=17.654, SD =5.75, effect
size =0.7808696). Twenty-seven patients were required in each
group; 60 patients were recruited to take into account an
estimated dropout rate of 10%. SPSS 24.0 (SPSS Inc., Chi-
cago, IL) was used in the statistical analyses of the collected
data. Student’s 7 test was performed for continuous variables
with a nearly normal distribution. IL-6 and IL-8 concen-
trations at each time point were compared between the 2
groups using the ¢ test or Mann-Whitney U test. Categorical
variables, including the incidence of adverse effects and use of
rescue analgesics, were analyzed using the y? test and the
Fisher exact test, as appropriate. P-values <0.05 were con-
sidered statistically significant.

TABLE 1. Patient Demographics and Clinical Characteristics
Patch Group

Control Group

(N=30) (N=30)

Age (y) 44+9 43+ 10
Male/female 14/16 15/15
Height (cm) 167.5+9.1 166.5+9.7
Weight (kg) 67.0£12.1 65.1£11.3
ASA physical status 18/12 17/13

(8]
Duration of surgery 54.6%11.1 53.5%13.0

(min)

Values are expressed as the mean + SD or number of patients. Patients in
the patch group received a preoperative TFP (25p/h) and postoperative
normal saline continuous infusion. Patients in the control group received a
preoperative placebo patch and postoperative continuous intravenous fen-
tanyl (25 p/h).

ASA indicates American Society of Anesthesiologists; TFP, transdermal
fentanyl patch.
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Fentanyl Patch Effect on Cytokine
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FIGURE 2. The levels of IL-6. IL-6 increased after surgery and
peaked at 24 hours postoperatively. IL indicates interleukin.
*P=0.0001.

RESULTS

A total of 68 patients undergoing one-port laparoscopic
cholecystectomy under general anesthesia were assessed for
eligibility. Thereafter, 65 patients were allocated to the patch
and control groups. One patient in the patch group was
excluded before surgery; the patient suffered from nausea and
declined further participation. One patient in each group was
excluded after surgery for the same reason. One patient in the
patch group was excluded due to change to open chol-
ecystectomy. One patient in the control group was excluded
due to a broken blood sample. Therefore, 60 patients were
included in the final analyses (Fig. 1). Table 1 shows the
demographic data of the patients. IL-6 levels progressively
increased after surgery. At 24 hours postoperatively, I1L-6
levels reached a peak of 21.92 (£ 6.22) and 24.91 (£ 6.81) pg/
mL in the patch group and control group, respectively, and
declined thereafter. The overall levels were lower for the
patch group. Significant differences between the 2 groups
were shown at 6 and 12 hours postoperatively (P=0.032,
0.0001; Fig. 2). IL-8 levels also increased after surgery and
peaked at 24 hours postoperatively. The levels were 210.86
(£2.34) and 11.97 (£4.50) pg/mL in the patch group and
control group, respectively. The overall levels were also low
in the patch group, but did not reach statistical significance at

(pg/mL)

18 q
16 1

14

BASE 1H BH 12H 24H 48H
—@= control group —@= patch group

FIGURE 3. The levels of interleukin-8. There is no significant dif-
ference between 2 groups at each time point.
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TABLE 2. Postoperative Pain Score and the Use of Rescue
Analgesics

Patch Group Control Group

(N=230) (N=230) P

NRS pain score (h)

1 44%1.5 45%1.5 0.803

6 28%1.3 28+%1.5 0.854

24 1.6£1.0 1.5+1.3 0.825

48 1.1£1.0 0.8+0.9 0.223
Use of rescue analgesics (h)

0-1 19 18 0.791

1-6 5 6 0.519

6-24 2 3 1.000

24-48 0 0 1.000

Values are expressed as mean = SD or the number of administrations of
rescue analgesics. 1, 6, 24, and 48 hours mean times after operation.
NRS indicates Numeric Rating Scale.

any time point (Fig. 3). The postoperative pain score and use
of rescue analgesics were similar between the 2 groups
(Table 2). Respiratory depression, itching, vomiting, and
dizziness did not occur during the whole study period. Nau-
sea occurred in one patient in the patch group before surgery
and one patient in each group after surgery.

DISCUSSION

Optimal perioperative pain management is an impor-
tant factor for a good outcome after surgery. Despite their
significant adverse effects, opioids are typically the primary
pharmacotherapy for postoperative analgesia, particularly
for moderate to severe pain.

TFP is considered inappropriate for acute pain man-
agement due to its slow onset time. To achieve a timely
effect, TFP should be applied 15 hours before the end of
surgery.!2 The efficacy of TFP on postoperative pain control
has been reported. TFP can attenuate the intensity of
postoperative pain and reduce the use of rescue analgesics
safely by affixing the TFP at the optimal time before sur-
gery, by considering onset time and optimizing the dose.® 1!
In this study, we applied the TFP 14 hours before surgery,
considering the duration of the surgery, and used the same
dose regardless of patient body weight. The dose of intra-
venous continuous fentanyl in control group was also fixed
regardless of body weight. The analgesia dose may be
considered inadequate in some patients. There were no
significant differences between groups with regard to the
consumption of rescue analgesic and pain score. There was
no clinical inflammation in both groups. This can explain
the small difference of IL-6 levels between the 2 groups.

Many studies have shown the relationship between pain
and proinflammatory cytokine levels. IL-6 and IL-§8 have
proinflammatory actions in various conditions. Plasma IL-6 is
an important mediator in host defense following trauma and is
an early marker of tissue damage after surgery. Therefore, IL-6
may serve as a useful indicator of surgical stress during the
perioperative period.!317 IL-6 levels vary according to the
surgical procedure performed!® and appear to be proportional
to the extent of tissue injury during surgery, more than to the
duration of the surgery itself.!* Sakamoto et al proposed that
the factors influencing the level of IL-6 after surgery were
operation time, volume of blood loss, and thoracotomy.16 In
this study, IL-6 and IL-8 peaked at 24 hours after laparoscopic
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cholecystectomy. This result was similar to the result found
after laparoscopic hysterectomy.!® A low postoperative IL-6
level is a reliable indicator of an abating inflammatory
process.'? TL-8 may be a humoral link between tissue injury of
various origins and the sensitization of pain receptors in the
development of sympathetic hyperalgesia, and has been pro-
posed as an additional biomarker for the risk of multiple organ
failure.20-2!

There have been reports that preemptive analgesia
reduces postoperative pain and attenuates production of
IL-6.6:18.22.23 Pregperative management for reducing the
production of proinflammatory cytokines, which augment
pain sensitivity, can improve the quality of postoperative
pain relief, and preemptive analgesic management is also
associated with reduced postoperative pain and attenuates
the production of proinflammatory cytokines.®!3 The pre-
emptive analgesic effects of TFP are worthy of attention. In
this study, preemptive TFP reduced the IL-6 levels
throughout the postoperative period, and IL-6 levels sig-
nificantly differed compared with the control group, at 6
and 12 hours postoperatively. IL-8 levels in the TFP group
also showed low levels throughout the postoperative period,
although there were no statistically significant differences
between the 2 groups. Both IL-6 and IL-8 have also been
implicated in pain levels, and patients with high pain scores
exhibited significantly increased levels of IL-6 and IL-8.24%7
However, in this study, which compared TFP with constant
intravenous fentanyl infusion rather than placebo normal
saline, the pain score was similar between the 2 groups.

Although inflammatory cytokines are indispensable for
wound healing and the restoration of homeostasis, exag-
gerated production of proinflammatory cytokines at injury
sites can induce systemicallg/ hemodynamic instability or
metabolic derangements.!3-1> Therefore, the effects of pre-
emptive TFP on proinflammatory cytokines are worth
evaluating in a variety of ways.

TFP has several advantages compared with patient-
controlled analgesia. TFP costs less than patient-controlled
analgesia, and there is no need for intravenous access, so the
risk of infection is decreased, and the patient’s comfort is
improved. TFP can also prevent programming errors.!!
However, the disadvantages of TFP are delayed onset,
large interindividual variability in pharmacokinetics, and
the inability to adjust the dose during the period of
application.”® Respiratory depression is the most serious
adverse effect of TFP that must be observed and controlled.

If the appropriate dose of TFP can be used according
to individual patient needs, and attention is given to the
management of side effects, TFP is a potentially good
option among multimodal analgesics, and is considered
efficient as a background analgesia, although it may not be
adequate alone.?2

In conclusion, preoperative TFP attenuated the
increase in IL-6 levels after surgery and provided similar
analgesic effects to continuous intravenous fentanyl infu-
sion. Therefore, preemptive TFP may have influence on
proinflammatory reactions during the perioperative period,
and may be effective background analgesia.
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