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Chapter 2

Abstract

Objective

Remifentanil is an ultra-short acting opioid that is commonly used during both
short-term and prolonged surgery. This review investigated associations of
intraoperative remifentanil administration with acute postoperative pain,
hyperalgesia, and chronic postoperative pain, with emphasis on the perioperative
coanaesthetic drug regimen used.

Methods

Medline and Embase databases were searched for randomized studies,
evaluating the intraoperative use of remifentanil (>2 h) versus another analgesic
or a different dosage of remifentanil, and reporting acute postoperative pain
parameters like postoperative pain scores, hyperalgesia, acute opioid tolerance, or
analgesics requirements. Furthermore, all studies in which remifentanil was used
intraoperatively and parameters for chronic postoperative pain were measured
were included (pain levels after a prolonged period of time after surgery).

Results

From the 21 studies that were identified, less than half of the studies found
higher acute postoperative pain, higher postoperative analgesic requirements
after intraoperative remifentanil use, or both. Coanaesthetics to some extent
determined this incidence, with mainly studies using volatile agents reporting
increased pain levels. There was less evidence when remifentanil was combined
with total intravenous anaesthesia or a combination of anaesthetics. The limited
number of studies (n = 4) evaluating chronic pain suggested a potential association
with intraoperative use of remifentanil.

Discussion

While studies are divers and sample sizes small, coanaesthetics used in
combination with remifentanil may influence the occurrence of postoperative
hyperalgesia. No firm conclusions could be made regarding acute and chronic
pain, indicating more research with the goal to investigate the effect of volatile or
intravenous anaesthetics along with simultaneous remifentanil infusion on acute
and chronic postoperative pain is needed.
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Intraoperative use of remifentanil and postoperative pain

Introduction

Moderate-to-severe acute postoperative pain is reported in 41% to 86% of the
patients undergoing general surgery'2. Acute postoperative pain is also a major
risk factor for the development of chronic pain, that is, persistent pain at the
surgical site 2 to 3 months after surgery*=. The incidence of chronic postoperative
pain varies from 5% to 65% upon different types of surgery and is known to
influence health-related outcomes such as quality of life negatively by impairing
performance of activities of daily living®’. In view of the relevance of acute and
chronic postoperative pain, medical institutions give increasing priority to asses
and report patient-reported outcomes related to postoperative painé.

Intraoperative and postoperative administration of opioids is vital in preventing
and treating postoperative pain. In contrast, the use of opioids may lead to
phenomena such as acute opioid tolerance and opioid induced hyperalgesia
(OIH)>2. Although OIH was first thought to be associated with all opioids, the
strongest association was found with remifentanil's.

Remifentanil is an ultra-short-acting, hyperpotent, p-opioid receptor agonist'
and is often used for short-term and long-term surgery because of its favourable
pharmacokinetic and pharmacodynamic properties, including rapid distribution
throughout the body, rapid onset, a predictable rapid recovery profile, and dosing
reliability’>. Because remifentanil may directly or indirectly affect the N-methyl-
D-aspartate (NMDA) receptor'®'¢, it has been hypothesized that signalling of this
NMDA receptor may lead to OIH". When remifentanil is used in patients for
intraoperative analgesia during surgery, it is coadministered with anaesthetics
such as propofol, nitrous oxide, and/or volatile agents. As these anaesthetics may
differ in their effect on the NMDA receptor'’s, it seems of relevance to study the
effect of remifentanil on hyperalgesia with respect to the coanaesthetics used'.
Healthy volunteer studies, in which acute opioid tolerance and OIH has been
described substantially, used different pain models and techniques to induce
or to measure pain, hyperalgesia and tolerance®-%, Concerning hyperalgesia
after opioid administration, a larger area of hyperalgesia or a decreased lower
mechanical pain threshold has been reported, even though pain scores did not
increase?-%, The relevance of these findings for clinical patients is unknown
because the induced effect in healthy volunteers is restricted to a small region
relative to the total body size, whereas patients may experience pain over a much
larger area. Moreover, remifentanil infusion in healthy volunteers did not always
lead to increased VAS pain scores, which also implies that the clinical implications
of these findings for postoperative patients remain unclear?!242,

25




Chapter 2

The purpose of this review is therefore to give an update of the literature concerning
theintraoperative use of remifentanilin relation to acute postoperative painintensity,
analgesic consumption, OIH or acute opioid tolerance, and chronic postoperative
pain, with emphasis on the intraoperative coanaesthetic drug regimen used.

Materials and Methods

A literature search was performed in Medline (PubMed) and Embase databases
using the term “remifentanil”, combined with the following terms: “hyperalgesia”,
“postoperative pain”, “opioid induced hyperalgesia”, “tolerance” and “chronic
pain”. The detailed search strategy is available in Appendix 1 (Supplemental Digital
Content 1, http://links.lww.com/CJP/A333). Abstracts of retrieved citations were

reviewed to identify whether inclusion and exclusion criteria were met.

For acute postoperative pain, clinical studies in surgical patients were included
if (1) patients were randomized between the intraoperative use of remifentanil
and another analgesic or a different dosage of remifentanil; (2) surgical time was
longer than 120 minutes (or, if surgical time was not noted, anaesthesia time was
>150 min); and (3) acute postoperative pain parameters (if available pain scores,
hyperalgesia, acute opioid tolerance, or analgesics requirement) were evaluated.
Clinical studies in surgical patients were excluded if (1) surgical or anaesthesia
time was not given; (2) no full text was available or language was not English; (3)
they were not original articles (e.g. editorials, letters to editors, poster abstracts,
commentary); (4) remifentanil was used either preoperatively or postoperatively
only or was combined with intraoperative use of intrathecal analgesics; or (5) they
included patients younger than 18 years.

For chronic postoperative pain, all studies in which remifentanil was used
intraoperatively in adults and pain levels were measured after a prolonged period
of time after surgery (e.g. 3, 6 or 12 months postoperatively) were included,
implying that studies where remifentanil was combined with intraoperative use of
intrathecal analgesics are also reported.

Studies were categorized by the drug regimen used to maintain anaesthesia,
that is, volatile agents, total intravenous anaesthesia (TIVA), or a combination
of both. Outcomes of postoperative pain levels, analgesic requirements and
measurements of hyperalgesia and opioid tolerance are discussed. Strategies
to overcome possible remifentanil-induced hyperalgesia, such as the addition
of NMDA antagonists, are reviewed elsewhere and are not in the scope of this
article™®,
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Intraoperative use of remifentanil and postoperative pain

Articles retrieved
(n=1087)

Articles excluded (7 =769)
Not controlled trials (n = 599)

[—— P Duplicates (n=10)

No full-text available (n = 6)

v Not in English (n = 154)

Articles screened
(n=318)

Articles excluded (n = 293)

Based on study design (n = 140)

Use of epidural analgesics (n=11)

Not in adults (n = 27)

Based on surgery time (n = 30)

l l No endpoint of interest reported (n = 85)

Articles included (n = 21) Articles included (n = 4)
Clinical studies evaluating acute Clinical studies evaluating chronic
postoperative pain parameters postoperative pain

Figure 1. The Consort diagram

On February 6, 2015, the search strategy resulted in 1087 citations from 1993 until
that date. Medline searches resulted in 474 articles, of which 431 studies were
excluded. The Embase search resulted in 613 articles, which were all excluded.
The search results and selection flow chart are reported in Figure 1. The review
included 25 studies, 21 randomized studies evaluating the intraoperative use
of remifentanil and reporting acute postoperative parameters and four studies
evaluating the influence of intraoperative use of remifentanil on chronic
postoperative pain.

Definitions

The terms “acute opioid tolerance” and “opioid induced hyperalgesia” originate
from animal studies but were later on also used in human studies. Acute opioid
tolerance is defined as “the need for a higher dose of the opioid to get the same
analgesic effect”'2°. The underlying mechanism of acute opioid tolerance is
thought to be desensitization of the opioid receptors'. Hyperalgesia is defined
as “increased pain from a stimulus that normally provokes pain“#. It occurs at
different locations surrounding the original pain site and has other characteristics
than the original pain'. Although acute opioid tolerance and OIH have distinct
mechanisms, either phenomenon may result in inadequate analgesia in patients
treated with opioids?. Chronic postoperative pain is defined by the International
Association for the Study of Pain (IASP) as pain that develops after surgical
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Chapter 2

intervention and lasts at least two months, while other causes of pain have been
excluded?®. Others have recommended to consider a period of three months
rather than the two months suggested by the IASP%,

Results

Studies evaluating intraoperative remifentanil and acute postoperative
pain parameters

Table 1 shows the characteristics of the 21 retrieved clinical studies on acute
postoperative pain. In 13 studies, remifentanil was administered together with
volatile anaesthetics such as desflurane, isoflurane, sevoflurane, and nitrous
oxide. Four studies investigated TIVA in combination with remifentanil. The
remaining four studies combined or compared different anaesthetic techniques
or compared with or without the combination with remifentanil (Table 1). Study
arms or endpoints that were not of interest for this review are not displayed in
Table 1. Eight of the 21 studies randomized between a low dose of remifentanil
group (0.05 to 0.10 pg/kg/h) and a higher dose (0.15 to 1.0 pg/kg/h). The pain
scales used in the different studies varied in score range (0 to 3, 0 to 5, 0 to 10)
and methodology (visual, verbal of numerical). The VAS (range, 0 to 10 or 0 to 100
mm) and the (verbal) Numerical Rating Scale (range, 0 to 10) predominated. These
scales have been validated for the measurement of acute pain®.

Postoperative pain intensity

All 21 retrieved studies measured postoperative pain intensity (Table 2). Thirteen
studies evaluated remifentanil during maintenance of anaesthesia with volatile
agents. Six out of 13 studies randomized between different doses of intraoperative
remifentanil (Table 2)*°-%, A dose-dependent effect on pain scores was shown
in 3 studies comparing a low remifentanil dose (0.05 pg/kg/min3*3" or 0.1 pg/
kg/min3?) with a high dose (0.3 pg/kg/min). No other opioids, besides transition
opioids, were used during surgery, and postoperative analgesia was facilitated
through a “patient-controlled-analgesia” pump. In all 3 studies, the high dose was
associated with higher pain scores. The effect of remifentanil on postoperative
pain was prolonged, judged from the fact that patients in the high dose group still
had higher pain scores after 3 to 4 hours®, 12 hours®®3' or 24 hours?®'. Even though
the studies of Lee et al.3**" found a significant increase in pain intensity at different
time points (Table 2), absolute values for pain intensity were low (i.e. at 24 hours
VAS pain scores (mm) of 13.7 + 4.9 vs. 23.8 + 6.8 (p<0.05))*'. In contrast to the
reports described above, the 3 other studies that compared low-dose remifentanil
with a higher dose of remifentanil did not reveal any effect on postoperative pain
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Intraoperative use of remifentanil and postoperative pain

intensity 1 hour®* after surgery, during the first 6 hours after surgery®, and 48
hours after surgery=.

Of the 13 studies including volatile anaesthesia to evaluate remifentanil, 7
studies®¢-#2 compared remifentanil with different comparator arms. The study of
Lison et al.*%, did also find a significant difference in pain intensity (0 to 4 pain
scale) in the first hour after surgery between the remifentanil and sufentanil
groups®. The authors of a desflurane-based study compared remifentanil with
placebo?. Although desflurane has no analgesic features, no other opioids were
used in the placebo group. Moreover, no long-acting opioid was used before the
end of surgery. Still, pain intensity (100 mm VAS) in the remifentanil arm (0.3 pg/
kg/min) was higher after 30 min, and after 6 and 12 hours. Remifentanil was also
compared to magnesium sulphate during middle-ear surgery®®. Pain scores were
measured only 15 and 30 minutes after extubation and they were increased in the
remifentanil group.

Four studies®-*? evaluated remifentanil during maintenance of anaesthesia with
volatile agents and nitrous oxide (Table 1). Two of these 4 studies found that
despite the use of transition opioids before the end of surgery, the postoperative
pain intensity for remifentanil was increased compared to sufentanil and
adenosine*®42, The study of Minkowitz* compared fentanyl with remifentanil in
combination with isoflurane and nitrous oxide and did not find any effects of
remifentanil on postoperative pain intensity. The study of Lee and colleagues
randomized between remifentanil (0.17 pg/kg/min) and nitrous oxide (70%) during
isoflurane based anaesthesia, in which no significant differences in postoperative
pain and postoperative morphine consumption were found*'.

Four studies used TIVA next to remifentanil as maintenance of anaesthesia
in patients undergoing cardiac surgery*-%. All these studies did not report any
increased postoperative pain induced by remifentanil. The study of Rauf et al.*3
randomized between remifentanil and placebo during propofol and fentanyl-
based anaesthesia. The difference in pain intensity between groups did not
reach significance (p=0.07), probably because the study was not powered on this
endpoint®. A study on 90 patients comparing remifentanil with placebo during
sufentanil and propofol-based anaesthesia found that pain scores at rest were
comparable between the groups. However, pain scores during a deep breath were
significantly lower in the remifentanil group directly after extubation, and at 8 and
16 hours post-surgery*%. The study of Richebe et al.** compared different dosages
after continuous infusion vs. target-controlled infusion of remifentanil.

29



Chapter 2

Table 1. Basic characteristics of clinical studies in surgical patients (n = 21)

Total Type of Anaesthetic Study arms of n Maintenance
(n) surgery Agents interest per dose
arm remifentanil
(pg/kg/min)
Maintenance of anaesthesia with volatile agents.
Leeetal® 90 Abdominal  DES Remifentanil (low 30 0.05
dose)
Remifentanil (high 29 0.3
dose)
Leeetal3' 85 Abdominal  DES Remifentanil (low 28 0.05
dose)
Remifentanil (high 29 0.3
dose)
Guignard et 49 Abdominal  DES Remifentanil (low 25 0.1
al.® dose)
Remifentanil (high 24 0.3
dose)
Jolyetal®® 74 Abdominal  DES Remifentanil (low 25 0.05
dose)
Remifentanil (high 25 0.4
dose)
Song et al.** 75 Abdominal  DES Remifentanil (low 25 0.4
dose)
Remifentanil (high 25 0.3
dose)
Treskatch et 48 Abdominal  SEV Remifentanil (low 15  0.08
al.» dose)
Remifentanil (high 17 0.2
dose)
Lisonetal.*® 113 Cardiac ISO Remifentanil 57 1.0
Sufentanil 56 0.02
Leeetal® 75 Abdominal  DES Remifentanil 25 0.3
Saline 25 -
Ryuetal® 80 Middleear SEV Remifentanil 40 0.15
Magnesiumsulphate 40  31.5 mg/kg/
min
Minkowitz 210 Major* ISO, N,O Remifentanil 139 05
etal.® Fentanyl 71 1.0 pg/kg/hr
Fukunagaet 62  Major* DES, N,O Remifentanil 31 0.05-0.5
al. Adenosine 31 50-500
Leeetal*' 60 Abdominal  ISO Remifentanil 30 0.05
N,O 30 0.5
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Total Type of Anaesthetic Study arms of n Maintenance
(n) surgery Agents interest per dose
arm remifentanil
(pg/kg/min)

Derrodeet 30  Abdominal  DES, N,O Remifentanil 15 0.15
2
al! Sufentanil 15 001
Maintenance of anaesthesia with TIVA
Raufetal®® 20  Cardiac Prop, FENT  Remifentanil 10 041
Saline 0 -
Lahtinenet 90  Cardiac Prop,SUF Remifentanil 45 0.3
al Saline 45 -
Maddaliet 176 Cardiac Prop Remifentanil 59 1,00
al Fentanyl 58  0.025-0.15
Richebeet 38  Cardiac Prop Remifentanil (low 19 7 ng/ml*
al.®» dose)
Remifentanil (high 19 0.3
dose)
Maintenance of anaesthesia using a combination of volatile and intravenous agents
Yeom et 60  Spinal fusion SEV,N,O Remifentanil 20 0.03
al¥ Saline 20 -
Prop Remifentanil 20 0.16
Shinetal.*® 186 Breastcancer SEV Remifentanil (low 46 1 ng/mlt
dose)
Remifentanil (high 50 4 ng/mlf
dose)
Prop Remifentanil (low 42 1 ng/mlt
dose)
Remifentanil (high 48 4 ng/mlt
dose)
Joetal® 60  Gyn- Prop, N,O  Remifentanil 20 3-4ng/mlf
aecological Saline 20 -
Gaszynski 57  Abdominal  Prop, N,O Remifentanil 20 0.25-1.5
etal.”® Fentanyl 15 0.0250.15
Alfentanil 22 1015

* Surgery not specified. " target concentration with target-controlled infusion.
DES indicates desflurane; FEN, fentanyl; ISO, isoflurane; N,O, nitrous oxide; Prop, propofol;
SEV, sevoflurane; SUF, sufentanil; TIVA, total intravenous anaesthesia.
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Table 2. Outcome of clinical studies in surgical patients (n = 21)

Study End Points

Results

Maintenance of anaesthesia with volatile agents.

Leeetal.® Painintensity after 1,6, 12 and

24 h (100 mm VAS)

PCA (morphine/ketorolac/
ramosetron) use over 24 h (ml)
Time to first analgesic
requirement (min)

Pain intensity after 1, 6, 12 and
24 h (100 mm VAS)

Lee et al.®

PCA (morphine/ketorolac/
ramosetron) use over 24 h (ml)
Time to first analgesic
requirement (min)

Pain intensity until 24 h after
surgery (0-10 VRS, 0-10 VAS)

Guignard et
al.3?

Total morphine consumption at
24 hr after surgery (mg)

Time to requesting additional
morphine.

Pain intensity during 48 h after
surgery (100 mm VAS, VRS)
Total morphine consumption
over 48 h (mg)

Time to first analgesic
requirement (min)

Pain intensity (0-10 VAS) 1 hr
after surgery.

Analgesic consumption
(ketorolac) the first hour after
surgery (mg)

PCA (morphine) use over 24 h
(ml)

Time to first analgesic
requirement (min)

Pain intensity 0-6 hr after
surgery (0-3 BPS, 0-4 VRS, 0-10
NRS)

Total morphine consumption 6
h after surgery(mg)

Time to first analgesic
requirement (min)

Joly et al.*

Song et al.*

Treskatch et
al.»

High dose remifentanil (HR) study arm had
higher VAS scores at 1. 6 and 12 h after
surgery compared to low dose (LR). (p<0.05)

HRvs. LR: 60.0 + 2.3 vs. 58.3 + 2.6, p<0.05
HRvs. LR: 28.3 £ 8.3 vs. 37.5 £ 10.7, p<0.05

Postoperative pain scores were significantly
greater in the HR group at all time points
compared to low dose (LR). (P<0.05)

HRvs. LR: 51.4 £ 4.2 vs. 41.4 £ 6.2, p<0.05

HRvs. LR: 20.9 + 8.6 vs. 30.2 + 9.8, p<0.05

15, 30 en 45 min after extubation VRS for
pain were greater in the HR group. VAS
pain scores were higher 3 and 4 hr after
extubation in the HR group.

HRvs. LR: 59(43 to 71) vs. 32 (19 to 59),
p<0.01

The high-dose remifentanil group required
morphine significantly earlier. (p<0.05)

No statistically significant differences in pain
among groups.

HR vs. LR: 86 (59 to 109) vs. 68(50 to 91),
p<0.05

HR vs. LR: 24 (20 to 33) vs. 35 (28 to 46), NS
HRvs. LR: 60.1 + 20.3 vs. 58.0 + 12.2, NS

HRvs. LR: 27.0 £+ 6.1 vs. 25.8 £ 6.9, NS

HRvs. LR: 60.1 + 2.3 vs. 58.5 2.9, NS
HRvs. LR:32.2+10.3vs.36.2+11.9, NS

No significant difference in postoperative
pain intensity between groups.

HRvs. LR: 28 £ 5vs. 30 £ 4, NS

HRvs. LR: 17 (10 to 21) vs. 12 (7 to 27), NS
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Study End Points Results
Lison et al.*® Pain intensity (0-4 Pain scale) Postoperative pain scores during the
during first 3 h after weaning  first hour of weaning were higher in the
remifentanil group. (0.38 £ 0.42 vs. 0.24 +
0.40, p<0.05)
Leeetal.” Painintensity after 30 min, 6,  Postoperative pain intensity was higher at
12,24 and 36 h (100 mm VAS) 30 min, 6 h and 12 h in the remifentanil
group compared to saline group. (P<0.05)
PCA (morphine/ketorolac/ Remi vs. saline: 88.88 + 1.66 vs. 87.72 +
ramosetron) use over 36 h (ml) 1.49, p<0.01
Time to first analgesic Remi vs. saline: 34.0 £ 8.7 vs. 61.4 + 5.3,
requirement (min) p<0.01
Ryu et al.® Pain intensity (0-100 mm VAS)  Only 15 and 30 min after extubation,
the first 30 min after extubation higher pain scores were measured in the
remifentanil group. (15 min: 53.5 (23.6) vs.
41.7 (19.2), p<0.05, 30 min: 53.5 (24.2) vs.
34.3(17.8), p<0.05)
The use of rescue analgesics (%) Remi vs. Magnesium: 58% vs. 33%, P<0.05
Minkowitz ~ Pain intensity during 48 h after Groups were similar with respect to pain
etal.® surgery (0-3 pain scale) severity ratings at all postoperative times

Fukunaga et
al.«

Lee et al.*

Derrode et
al.®

(until 48 h).

Total morphine consumption 24 Total morphine consumption was not

and 48 h after surgery

Pain intensity after cough and
deep breath until 48 h after
surgery (0-10 VRNS)

Total morphine consumption
over 48 h (mg)

Pain intensity at rest and
movement 24 h after surgery.
(0-10 VAS)

Total morphine consumption
the first 24 h

Pain intensity until 12 h after
surgery (0-10 VAS)

Total morphine consumption at
24 h after surgery (mg)

Time to first analgesic
requirement (min)

Maintenance of anaesthesia with TIVA

Rauf et al.*

Pain intensity during the first
hour after surgery (0-10 VAS)
Morphine consumption during
the first hour after surgery (mg)

significantly different in both groups.

Pain intensity 15 min after surgery in the
remifentanil group was increased (9.0 + 1.7
vs. 3.6 + 3.3, p<0.001), this continued over
the following 48 h. (p<0.01)

Total morphine consumption was increased
in the remifentanil group after 15 min (NS),
2h(24+8vs.7+6,p<0.001)and 48 h (92 +
35vs. 53 £ 26, p<0.001)

There was no difference pain scores during
24 h after surgery. (NS)

No significant differences between groups.

The remifentanil group had higher VAS
scores the first 2 h after extubation.

Remi vs. Sufentanil: 56 (29) vs. 37 (20),
p<0.05

Remi vs. Sufentanil: 11 (1-29) vs. 55 (2-240),
p<0.001

Remi vs. Saline: 5 (2-9) vs. 3 (0-6), NS

Remi vs. Saline: 8.2 vs. 3.3, p<0.05

Total morphine consumption 12 Remi vs. Saline: 27.1 (8.7) vs. 24 (6.6), NS

h after surgery (mg)
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Study End Points

Results

Lahtinen et Pain intensity at rest and after

al.4 cough during 40 h (100 mm
VAS)
Time to first analgesic
requirement (min)
Total oxycodon consumption 48
h after surgery (mg)
Maddali et  Pain intensity during 12 h (100
al.*e mm VAS)
The use of rescue analgesia (%)
Richebe et  Pain intensity at rest and
al.» movement during 44 h. (0-10

VAS and VRS)

Total morphine consumption
after 48 h (mg)

The remifentanil group showed lower pain
scores during deep breath immediately
after extubation and 8 and 16 h after
extubation. (P=0.02)

Remi vs. Saline: 9 (0-525) vs. 8.8 (0-170) . NS

Remi vs. Saline: 98 (29-166) vs. 99 (42-219).
NS

No significant differences in pain intensity
the first 12 h after surgery.

Remi vs. fentanyl: 76.1% vs. 76.2%, NS

No significance difference in VRS and VAS at
rest and cough at different time points.

HRvs. LR: 33 (31) vs. 31 (17), NS

Maintenance of anaesthesia using a combination of volatile and intravenous agents

Yeom et al.#’ Pain intensity at rest during 48
h (0-10 NRS)

Total fentanyl consumption 48
h after surgery (ug)

Shin et al.#® Pain intensity (0-10 VAS) during
24h
Total morphine consumption
after 24 h (mg)

Joetal.® Pain intensity at rest and after

cough and fentanyl use over 48
h (100 mm VAS)

Total fentanyl consumption 24
h after surgery (ug)

Fentanyl titration dose (ug)

Gaszynski et Pain intensity during 6 h (0-5
al.*® verbal scale)

Analgesic consumption the first
6 h postoperatively

Pain intensity did not differ significantly
between groups the first 48 h
postoperatively

No significant difference were found in PCA
fentanyl requirements 48 h after surgery.
The VAS scores during 24 h after surgery
were higher in the high remifentanil-
sevoflurane group than the other 3 groups.
(p<0.001)

Morphine consumption was higher in the
high remifentanil - sevoflurane group vs.
other groups. (38.6 £ 14.9 vs. 31.5 £ 3.7 vs.
31.7 £ 8.3 vs. 30.1 £ 6.1, p<0.001)

Only 2 h after surgery pain intensity was
lower in patients at rest in the remifentanil
group. (36.5 £ 14.6 vs. 26.5 + 9.3, p=0.002)
Remi vs. Saline: 756.5 + 502.4 vs. 651.6 +
367.5, NS

Remi vs. Saline: 227.5 + 88.1 vs. 133.8 + 87.8
, p=0.001

Significantly more patients in the
remifentanil group reported disturbing
pain. (25% vs. 13.3% vs. 4.5%, p<0.05)
More analgesics were used in the
remifentanil group. (p<0.05)

NRS indicates Numerical Rating Scale; NS, not significant; PCA, patient-controlled analgesia;
VAS, Visual Analogue Scale; VRS, Verbal Rating scale
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No difference was found in postoperative pain scores. Lastly, the study of Maddalli
et al.* randomized between high dose remifentanil (1.0 pg/kg/min) and fentanyl
(0.025 to 0.15 pg/kg/min) during cardiac surgery. After surgery, the fentanyl
group continued with a reduced dose of fentanyl, whereas the remifentanil group
received a bolus of fentanyl (1.0 pg/kg) at the end of surgery. No differences in
pain intensity were measured during the first 12 hour after surgery.

Finally, four studies evaluated remifentanil using different anaesthetic regimens,
or combined TIVA with volatile anaesthetics (Table 1)#-°°. The study of Yeom et al.#’
compared three regimens: sevoflurane/nitrous oxide, sevoflurane/remifentanil/
nitrous oxide, and propofol/remifentanil. No significant differences were seen in
postoperative pain intensity after surgery. It is noteworthy that the remifentanil
dosage was lowin both groups (resp.0.03 pg/kg/minand 0.16 pg/kg/min) compared
to previously discussed studies®®-32. Shin et al.*¢, compared similarly low dosages
of remifentanil (0.06 versus 0.15 pg/kg/min) when combined with sevoflurane
or propofol (Table 1). Highest pain scores 24 hours after surgery were found in
the highest remifentanil dose in the sevoflurane group?. The study of Jo et al.*
combined propofol with nitrous oxide and randomized between remifentanil and
placebo. This study found lower pain scores at rest in de remifentanil group. The
placebo group received analgesics during postoperative phase only. Yet another
study that maintained anaesthesia with propofol and nitrous oxide, found more
disturbing pain, but less “small pain” in the remifentanil group versus the fentanyl
and alfentanil groups®.

Analgesic consumption

Of the 21 retrieved studies, 20 studies measured postoperative analgesic
consumption, use of rescue analgesics, and/or time to first analgesic requirement.
The most common endpoint with respect to postoperative analgesic consumption
was total analgesic consumption over 24 hours.

Four out of 6 studies with volatile anaesthetics evaluated different doses of
remifentanil and reported a significantly higher volume used of the patient-
controlled analgesia pump over the first 24 postoperative hours in the (high
dose) remifentanil group, even though relative differences were small**-3237, When
remifentanil was compared to another drug, that is, adenosine, magnesium
sulfate, or sufentanil, the administration of remifentanil was also associated with
increased requirements of postoperative analgesics (Table 2)%4%42_|n four studies
with volatile anaesthetics, no significant difference was found between groups in
total analgesic consumption34353941,
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When time to first analgesic requirement was used as an endpoint, results
were also inconclusive. Five studies found a significant difference between the
study arms, in which the time of the first analgesic requirement varies from 9
to 55 minutes in the (high dose) remifentanil group compared to the low-dose
remifentanil group or comparative group3°-323742, Three other studies did not find
any effect of remifentanil on time to first analgesic requirement3-3>.

One of four TIVA studies reported a significantly higher morphine consumption
during the first hour after surgery in the remifentanil group*:. The difference was,
however, no longer significant at 12 hours. Patients in both groups received a
15 pg/kg bolus of fentanyl at induction of anaesthesia and additional boluses
of fentanyl during surgery. The total fentanyl consumption in both groups was
not reported. Although a statistical difference between postoperative analgesic
consumption was found, the absolute morphine consumption was low (8.2 vs.
3.3 mg, p<0.05). The other 3 studies that used TIVA reported no increase in total
postoperative analgesic use in the remifentanil-treated patients*-#. To maintain
anaesthesia two of these studies used long-acting opioids (e.g., sufentanil and
fentanyl) next to propofol4344,

Concerning studies in which remifentanil was combined with a combination of
volatile and intravenous agents, the study of Shin et al.*® found higher morphine
consumption after 24 hours in the high-dose remifentanil-sevoflurane group
compared to the low-dose remifentanil-sevoflurane group or the remifentanil-
propofol group. Two studies combining remifentanil with propofol/nitrous oxide
found a higher titration dose* and a higher analgesic consumption 6 hours after
surgery®®in the remifentanil group. No differences in analgesic consumption were
found between groups in the study of Yeom et al.#’

OIH or acute opioid tolerance measured with Quantative Sensory Testing
(QsT)

In total, 5 of the 21 retrieved studies aimed for an objective quantification of
sensation using QST, thereby exposing patients to pressure, thermal, and electrical
stimuli. Four studies were performed with volatile anaesthetics®*3'3334 and one with
intravenous agents*. None of these studies had acute opioid tolerance as endpoint.
All 5 studies found a significantly enlarged area of hyperalgesia or significant
decreased sensory threshold in patients receiving (high dose) remifentanil.

Joly et al.3® studied two dosages of remifentanil (0.05 vs. 0.40 pg/kg/min) and
did not find a difference in pain levels using the VAS between the two groups.
However, measuring the area of hyperalgesia with QST, they found that the
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area of hyperalgesia near the incision was significantly enlarged, and tactile pain
thresholds adjacent to the incision were significantly decreased both at 24 and 48
hours after surgery in the high-dose remifentanil group. In contrast, tactile and
pressure pain thresholds measured on the forearm did not differ between groups
or between the time points before and after surgery.

In the studies of Song et al.>* and Richebe et al.*>, the authors compared two
different dosages of remifentanil. No dose-dependent effect of remifentanil was
found on pain levels or analgesic requirements. Again, measured with QST, the
tactile pain threshold was increased and the area of hyperalgesia near the incision,
was significantly increased up to four days after surgery3*4.

Moreover, two studies collected, in addition to standard postoperative parameters,
hyperalgesia thresholds near the incision before and 24 hours after surgery.
Both studies reported a significantly lower hyperalgesia threshold 24 hours after
surgery in the high-dose (0.3 pg/kg/min) remifentanil group, indicating prolonged
sensory changes after exposure to high-dose remifentanil3.

Studies evaluating intraoperative remifentanil and long-term effects on
pain parameters

Four studies addressed chronic postoperative pain and its possible association
with the intraoperative use of remifentanil. Although all studies evaluated long-
term effects of remifentanil on pain parameters, they varied in type of surgery, the
sample size, and the study design as shown in Table 3.

The study of Salangros® compared low-dose remifentanil plus preoperative
epidural analgesics with high-dose remifentanil plus postsurgical epidural
analgesics after cardiac surgery. The incidence of chronic thoracic pain was
significant higher in the high-dose remifentanil group after three months (50%
vs. 16.7%), 6 months (55% vs. 16.7%), and at the end of the study (55% vs. 11.1%;
median follow-up 9.5 months). However, the timing of the epidural block was
different in both groups, which may have influenced the outcome®2.

The follow-up study in 90 cardiac patients compared the prevalence of chronic
thoracic pain after 12 months upon the intraoperative use of remifentanil
combined with fentanyl versus fentanyl alone®3. Remifentanil was a risk factor for
the development of chronic pain at 12 months (odds ratio 8.9, 95% confidence
interval: 1.6 to 49.0) and a higher dose of remifentanil was more correlated with
chronic pain than a lower dose. A point of concern is that remifentanil was given
concomitantly with fentanyl, but despite this, a dose dependent relation was
found.
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Table 3: Clinical studies in surgical patients with effects of remifentanil on chronic
postoperative pain (n = 4)

Study Total Type of Study design Outcome
(n)  surgery
Salengroset 38 Thoracotomy* RCT High dose remifentanil without
al.> epidural analgesia had high incidence

of CPP compered to low-dose with
epidural analgesia.

Van Guliket 90 Cardiac Prospective  Use of remifentanil was associated in
al.» follow-up a dose related manner with CPP.
Songetal> 366 Lungand RCT Increased incidence of CPP in
oesophageal remifentanil-sevoflurane group vs the
cancer remifentanil-propofol group.
Cho et al.>> 175 Breast cancer Retrospective Increased incidence of CPP in
cohort remifentanil-sevoflurane group vs the

remifentanil-propofol group.

* Type of surgery not specified.

CPP indicates chronic postoperative pain; RCT, randomized controlled trial.

In a prospective study, intrathecal analgesics were combined with sevoflurane
(volatile group) or propofol and remifentanil (TIVA group)>*. Acute pain intensity
after surgery did not differ between both groups. However, chronic thoracic pain
was significantly lower in the TIVA group after three months (38% vs. 57%, p=0.001)
and 6 months (34% vs. 51%, p=0.002) compared with the sevoflurane group. Still,
determining the precise effect of remifentanil is problematic, because the total
dose of remifentanil was not reported and patients received epidural analgesia
during and after surgery in both arms.

Cho et al.>> analysed in a retrospective study the influence of sevoflurane or
propofol on remifentanil-based anaesthesia during breast surgery. Both groups
received an equal amount of remifentanil during surgery, but the combination
of remifentanil with a volatile agent was associated with a higher incidence of
chronic postoperative pain. The combination of sevoflurane and remifentanil
was significantly associated with a 1.5 times greater prevalence of chronic pain
compared with the propofol and remifentanil combination.

Discussion

This review provides an update of the literature on intraoperative remifentanil
in relation to postoperative pain intensity, analgesic consumption, OIH or
acute opioid tolerance, and chronic postoperative pain. Although other recent
reviews focus on opiates and acute postoperative pain'>'¢, this review focuses
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on administered coanaesthetics and evaluates the association between
remifentanil and chronic postoperative pain. Overall, there are indications that
intraoperative remifentanil used in combination with coanaesthetics may cause
acute postoperative hyperalgesia, however, no firm conclusions could be made
regarding postoperative acute pain intensity, opioid consumptions and chronic
pain.

Several studies investigated the influence of remifentanil on pain parameters
in a (placebo) controlled study design, without the use of other opioids and
administered together with inhalational anaesthetics%3'3740, Studies with this
design showed increased postoperative pain levels and analgesic consumption.
In contrast, in all four TIVA studies, the administration of remifentanil did not
attenuate the postoperative pain intensity. With focus on different anaesthetics
techniques, the study of Shin et al.®® is of special interest. This study compared
remifentanil administered with different strategies for maintenance of anaesthesia
(i.e. propofol vs. sevoflurane) and also found an increase in postoperative pain
during 24 hours after surgery in the high-dose remifentanil-sevoflurane group,
but not in the low-dose remifentanil-sevoflurane and remifentanil-propofol
groups“. However, this effect was not replicated in another study with the same
groups, except that nitrous oxide was added to the maintenance anaesthesia with
sevoflurane?®.

A possible explanation for the findings described above may be that propofol
and nitrous oxide antagonize the NMDA receptors, which results in less central
sensitization, thereby attenuating the development of hyperalgesia or tolerance
to opioids™™. This is in line with the finding that the glutamergic system is
instrumental in both opioid tolerance and OIH%®. Volatile anaesthetics such as
desflurane, sevoflurane, and isoflurane have poor analgesic properties and have
a minor impact on NMDA receptors relative to the impact of nitrous oxide*. More
specifically, a study comparing remifentanil-propofol-based anaesthesia with and
without the addition of nitrous oxide found that the addition of nitrous oxide
did not influence postoperative pain and cumulative morphine consumption
but did reduce remifentanil induced hyperalgesia®®. It cannot be excluded,
however, that these results on the influence of coanaesthetics are explained by
other unidentified variables. Most of the studies that used volatile anaesthetics
concerned abdominal surgery, whereas TIVA studies concerned cardiac surgery.
Postoperatively, cardiac surgery patients are sedated longer compared with
abdominal surgery patients. As such, on recovery from anaesthesia, the effect of
remifentanil may have worn off during sedation, which may potentially explain
the absence of increased pain scores in the remifentanil groups when combined
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with TIVA for cardiac surgery. It is unknown whether sensitization occurs during
sedation and whether pain perception on the long term is affected. In contrast,
remifentanil stands out among other opioids for its pharmacological effects and
possible side effects, either directly or indirectly, on the NMDA receptor®%£°.

Another possible cause for acute postoperative pain induced by remifentanil may
be the extremely short half-life of remifentanil. Upon cessation of remifentanil
infusion and in the absence of transition analgesics, postoperative parameters
such as pain scores and analgesic consumption may be prone to increase°3"37.40,
This hypothesis is, however, disputed by the results of studies in which patients
receiving long-acting opioids before the end of surgery still reported an effect
of remifentanil on postoperative pain or analgesic requirements24°, Finally,
results of studies using QST suggested that remifentanil may cause hyperalgesia.
However, although areas of hyperalgesia were increased, there was not always
an increase in pain scores, indicating that these findings may not be clinically
relevant. It seems that pain scales are not always sensitive enough to measure
the existence of hyperalgesia or are incapable of measuring hyperalgesia when
no actual painful stimulus is given. As such, the clinical relevance of increased
postoperative hyperalgesia measured with QST as a cause of acute postoperative
pain or increased analgesic consumption is therefore still not known®'. Even
though there seems some evidence that remifentanil leads to higher acute
postoperative pain levels, postoperative analgesic requirements, or both, study
designs are divers and sample sizes small. Evidence regarding the association
of intraoperative remifentanil and acute postoperative pain levels and analgesic
requirements are conflicting. The frequency of pain measurements varied from
a single measurement after awaking from anaesthesia to hourly or 12-hourly
measurements. Postoperative pain management protocols varied considerably,
depending on type of surgery, hospital, and country from which the study
originates. Postoperative pain levels and/or analgesic consumption were not
always the primary endpoint of the studies. A large number of retrieved articles
were excluded because remifentanil was administered in both study arms and in
the same dose. The number of excluded articles of language other than English
is also a form of bias. Moreover, postoperative pain and the postoperative use of
analgesics were often not measured. Nonetheless, a broad overview of articles is
given that specifically focus on the intraoperative use of remifentanil. In addition,
the exclusion criteria used narrowed the scope of this review to adults undergoing
prolonged surgery. In our opinion, this group of patients is the most relevant
since remifentanil is used extensively during general anesthesia®¢. The focus
on prolonged surgery is chosen due to the implied that patients received higher
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amounts of remifentanil and underwent more invasive and painful surgeries.
Therefore, our conclusions cannot be extended to less invasive surgeries, with
a lower total dose of remifentanil, even though studies are available that have
found higher postoperative pain levels and analgesic requirements upon short
procedures®+-5e,

Future studies with the goal to investigate the synergic or confounding effect
of volatile or intravenous anaesthetics along with the simultaneous infusion of
remifentanil and the effect on management of postoperative pain and analgesic
consumption are needed. Ideally, the follow-up time is minimally 3 months to be
able to determine the long-term clinical relevance of potential acute tolerance or
OIH.In general, itwould be worthwhile to identify the influence of the intraoperative
use of opioids on chronic postoperative pain, as was initiated recently for cardiac
surgery®’. The available studies addressing postoperative chronic pain are divers
in study design, yet cautiously indicate that the use of remifentanil may have
adverse consequences on the long term, for which it would be worthwhile to study
the possible clinical relevance. Only a few chronic pain studies so far included
outcomes such as opioid-related side effects, ability to mobilize, and psychical
recovery, emotional functioning, and participant disposition. Standardized
outcomes like these have been recommended to standardize research in the field
of chronic postoperative pain®®°.

In conclusion, although studies are divers and sample sizes small, there are
indications intraoperative remifentanil used in combination with coanaesthetics
may influence the occurrence of acute postoperative hyperalgesia and may result
in chronic postoperative pain. The current research is inconclusive to make firm
clinical recommendations, especially when volatile agents are used; still there
seems to be some evidence of a physiological effect. To determine the clinical
relevance of these findings, more research on the influence of coanaesthetics and
remifentanil on acute pain and chronic postoperative pain are needed.
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