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EARLY a quarter century
ago, a group of Scandina-
vian investigators raised global
awareness of the deadly risk of
respiratory de ressim

1

neuraxial morphine.! Postopera-
tive respiratory depression from
opioids remains a concern today,
and in this month’s

AngstHesioLoGY, a different group

issue of

of Scandinavian investigators raises

and decide which combinations to
implement clinically? One answer
lies in evaluating the pharma-

cologic premise of combination
therapies. Multimodal analge-
sia, onceEtu;HX and practically,
rests almost exclusively on drug
interactions that are pharmacody-
namic (at the receptor or postre-
ceptor level) not pharmacokinetic
(changes in drug concentrations).
Additivity occurs when the effect

concern of a potentially dangerous
drug interaction with a;piication
of multimodal analgesia.

a5, of two drugs together equals the
FEHH sum of their individual effects,

synergy occurs when the effect of

Multimodal

perioperative pain are common in

approaches  to

contemporary anesthesia practice.
As posited by Kehlet and Dahl,
“total or optimal pain relief can-
not be achieved by a single drug
or method or without significant
side effects” and therefore they
“recommend combined analgesic
regimens (balanced analgesia) or
a multimodal approach to the
treatment of postoperative pain.”? As they further explained,
the “rationale for this strategy is achievement of sufficient
analgesia due to additive or synergistic effects between dif-
ferent analgesics, with concomitant reduction of side effects,
due to resulting lower doses of analgesics and differences in
side-effect profiles.” Since then, a plethora of primary stud-
ies, reviews, and meta-analyses have evaluated innumer-
able combinations of drugs and techniques for multimodal
analgesia, and these are often enthusiastically and variably
implemented throughout clinical practice.* American Soci-
ety of Anesthesiologists Practice Guidelines for Acute Pain
Management in the Perioperative Setting state that “when-
ever possible, anesthesiologists should use multimodal pain
management therapy.”

The key question is how should practitioners assess all
these drug combinations and the associated clinical studies

“[This] group of Scandi-
navian investigators raises
concern of a potentially
dangerous drug interaction
with application of multi-
modal analgesia.”

two drugs together is greater than
the sum of their effects when given
alone, and potentiation occurs
when one drug has no effect but
increases the effect of another drug

when given together.® The goal of
multimodal pain therapy is addi-
tive analgesia, with subadditive or
diminished toxicity, or, synergistic
analgesia with only additive tox-
icity. Clinical studies evaluating
such drug combinations should evaluate both analgesia and
all the relevant side effects.

Gabapentin and pregabalin block a-2-8 calcium channels
in neurons. Gabapentinoids alone can reduce pain and are
approved by the Food and Drug Administration for posther-
petic neuralgia, diabetic neuropathy, and fibromyalgia in
adults. American Society of Anesthesiologists Guidelines rec-
ommend that gabapentinoids should be considered as part

of a postoperative multimodal pain management regimen.’

Oral gabapentinoids together with intravenous opioids may
result in lower postoperative pain scores and reduced opioid
consumption compared with intravenous opioids alone,>’:8
although the magnitude of these effects varies considerably
among studies, and the dose and duration of treatment
needed to obtain them remain unclear.’ Reduction in nausea

or vomiting by the combination is inconsistent.>”
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Pregabalin alone causes major side effects, most com-
monly in cognition and coordination, including confusion,
xia and
thinking abnormalities.'™'! Pregabalin together with intra-
venous opioids causes greater postoperative side effects,
including sedation, dizziness, visual disturbances, and con-

dizziness, somnolence, ataxia, disturbed attention,

fusion, than opioids alone.”®!> Thus, numerous clinical
studies have studied the combination of gabapentinoids
and opioids, evaluating mainly analgesia (pain, opioid
sparing), but less so, or often not, the relevant side effects.'?
Hence, the true value of multimodal opioid—gabapentinoid

regimens remains incompletely established.

This issue of ANestHESIOLOGY reports the results of a clinical
investigation by Myhre et /% to address this very important
issue. Their premise was that “to prove their utility in the
perioperative period, the combination of opioids and gaba-
pentinoids must demonstrate superior analgesia compared
with either drug alone, and, furthermore, the combination
should be beneficial compared with higher doses of opioid
alone, and analgesic-related side effects should be reduced.”
They performed a clinical study in healthy volunteers, to
examine the effects of remifentanil, pregabalin, and the com-
bination, compared with placebo, on analgesia, ventilation,

and cognitive function. The study used a crossover design,
with each subject receiving all four treatments, and in ran-
domized order, with enough time (washout) between treat-
ment sessions to eliminate any carryover effects. Subjects

received pregabalin (150 mg the night before and then again

Editorial Views

drug alone. These data in volunteers are consistent with a
recent retrospective review that demonstrated an alEeroxi—

mately 50% increased risk of respirato

events in the post-

anesthesia care unit in patients receiving more than 300 mg

gabapentin preoperatively, a risk which was similar whether
patients received general or neuraxial anesthesia.'?

What are the clinical implications of the study by Myhre
et al.? What is an acceptable incidence and magnitude of side

effects to be paid for reduced pain and/or opioid consump-
tion? An ideal multimodal drug combination causes greater
analgesic cffects and lesser side cffects. In contrast, Myhre
et al? show that the combination ?Eregabalin and remi-
fentanil caused additive analgesia but potentiated ventilatﬂ
depression and caused greater unwanted cognitive side effects
(greater analgesia but greater side effects). It is conceivable

that the analgesic effects of pregabalin alone and manner
of interaction with remifentanil may differ in experimen-
tal nociceptive cold stimulation in healthy volunteers versus
spontaneous and evoked neural activity occurring in patients
sensitized after surgery. However, given ongoing concerns
about postoperative ventilatory depression, particularly in
the face of increasing prevalence of obstructive sleep apnea,
as well as sedation, dizziness, and confusion, and the mixed
picture of clinical effectiveness yet increased side effects
when used in a multimodal regimen, available evidence to
date suggests that the routine use of gabapentinoids in the
perioperative period is yet not supported and perhaps not
warranted. As in most questions of perioperative medicine,

on the morning of the study day), a step-dose remifentanil
infusion targeting increasing concentrations of 0.6, 1.2, and
2.4 ng/ml for 40 min each and/or placebo(s) (for each drug).
On every study day, pain, ventilation, and cognition were
each assessed four times. Pain was measured using the stan-
dardized cold pressor test, with subjects holding their hand
in 3°C water for a maximum of 2min and then rating their
pain on a visual analog scale (0 to 100). Ventilatory func-
tion was evaluated by spirometry, measuring respiratory rate,
minute volume, and end-tidal carbon dioxide, with &d—
tidal carbon dioxide being the main ventilatory parameter.
Cognition tests measured executive functions and sustained
attention.

The analgesia results were entirely consistent with previ-
ous observations, but the side effect data were somewhat
surprising, and the juxtaposition of positive effects and
side effects is provocative. Remifentanil alone caused dose-
dependent analgesia, pregabalin alone caused mild analge-

sia, and the combination was additive. Remifentanil alone

caused dose-dependent ventilatory depression (increased
end-tidal carbon dioxide and decreased respiratory rate and
minute volume), and pregabalin alone had no significant
effect, but the combination caused greater ventilator depres-
sion than remifentanil alone; thus, pregabalin potentiated
remifentanil ventilatory depression. Cognitive performance
was significantly reduced by the combination of pregaba-

lin and remifentanil but not consistently affected by either
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what we need are better data—what is the dose—response
relationship of gabapentinoids for analgesia when combined
with various opioids, and what is the relationship for adverse
events from this combination, especially the risk of respira-
tory depression? The investigation by Myhre ez al. is a great
step in this direction.
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PAIN MEDICINE

Pregabalin Has Analgesic, Ventilatory, and Cognitive
Effects in Combination with Remifentanil

Marianne Myhre, M.D., Lien My Diep, M.Sc., Audun Stubhaug, M.D., D.Med.Sci.

ABSTRACT

Background: Pregabalin is widely used perioperatively. The authors explored the effects of pregabalin, remifentanil, and their
combination on experimental pain, ventilatory, and cognitive function.

Methods: In a randomized, double-blinded crossover study, 12 volunteers received (1) pregabalin + placebo, (2) placebo +
remifentanil, (3) pregabalin + remifentanil, and (4) placebo + placebo. Pregabalin 150 mg/placebo was administered twice
orally. After baseline, remifentanil/placebo was given as effect-site target-controlled infusion (TCI): 0.6, 1.2, and 2.4 ng/ml.
Pain during cold pressor test was scored on visual analog scale (0 to 100 mm). Ventilation was measured by spirometry and
cognition tested with Color-Word Interference and Rapid Information Processing tests.

Results: Pain intensity after placebo was (mean) 72mm (95% CI, 62 to 83). Pregabalin reduced pain score by -10 mm (-14
to -7, P < 0.001). Remifentanil had dose-dependent analgesic effect, reducing pain score by -47 mm (-54 to -39, P < 0.001)
on highest TCI level, whereas pregabalin + remifentanil exerted additive effect, reducing pain score by -57 mm (-64 to -50,
P < 0.001). Respiratory depression was potentiated by adding pregabalin to remifentanil; end-tidal carbon dioxide was 39.3
mmHg (37.2 to 41.3) with placebo, increased 1.8 mmHg (-0.9 to 4.6, P = 0.4) with pregabalin, 10.1 mmHg (4.9 to 15.4,
P <0.001) with remifentanil, and 16.4 mmHg (11.3 to 21.5, P < 0.001) with pregabalin + remifentanil on highest TCI level.
The combination pregabalin + remifentanil, but not either drug alone, adversely affected all cognitive tests.

Conclusions: The combination of pregabalin and remifentanil had additive analgesic effects, pregabalin potentiated remifent-
anil ventilato Ze ression ana tHe comBination aZversei ;Eectea cognition. ﬂfese resuits uestion tEe ciinic;I Beneﬁt oz tne
combination compared with higher doses of opioids. (ANESTHESIOLOGY 3 :00-

ULTIMODAL, balanced analgesia is used for the

treatment of postoperative pain. The concept is based
on a combination of drugs with different modes of action
to achieve optimal pain relief and reduce opioid-related side
effects such as nausea and sedation, which may have a sub-
stantial impact on patient recovery after surgery."?

During the past decade, gabapentin and its successor pre-
gabalin have been introduced as potential analgesics for early
and long-term pain after surgery.> Multiple studies have
shown significant pain reduction andm
ms’“; however, the analgesic cffi-
cacy of these compounds for acute postoperative pain condi-
tions remains controversial, as other studies did not confirm
these positive findings.!>'> A Cochrane review'® concluded

What We Already Know about This Topic

e Pregabalin is commonly used in the perioperative period, but
its interactions with opioids on sedation and ventilatory control
are not well characterized

What This Article Tells Us That Is New

® |n a crossover study in 12 volunteers not undergoing surgery,
pregabalin, 150mg twice a day, alone did not affect end-tidal
carbon dioxide, but it mildly reduced pain report in a cold
pressor test

Pregabalin was additive with remifentanil for analgesia and po-
tentiated respiratory depression from remifentanil

The combination of these drugs adversely affected all cogni-
tive tests, whereas each alone did not

that there was no evidence of any beneficial effects of pregab-
alin in acute postoperative pain, whereas another systematic
review'” reported a reduced cumulative opioid consump-
tion at 24h postsurgery. Furthermore, two recent meta-

and with movement, as well as significantly reduced opioid

consumption at 24 h postsurgery compared with placebo.
Although gabapentin and pregabalin may have acute

analgesic and antihyperalgesic properties in a postsurgical

anzdzfsesl&19 concluded that pregabalin was associated with
significantly reduced postoperative pain score both at rest

Corresponding article on page XXX.

2021 they are associated with undesirable side effects,

22,23 and

setting,
such as sedation,! dizziness, visual disturbance,
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cognitive dysfunction.?® In addition, a respiratory depressive
effect of pregabalin has been proposa-ithkﬁ5
but no studies have examined this effect by using validated
methods. To prove their utility in the perioperative period,
the combination of opioids and gabapentinoids must dem-
onstrate that the combination of the two drugs provides
superior analgesia than either drug alone. Furthermore, the
combination should be shown to be beneficial compared
with higher doses of the opioid alone, and analgesic-related
side effects should be reduced.

Drug combinations can most easily be studied in healthy
volunteers. Validated methods for examining analgesia,?

2829 exist and can be

ventilation,” and cognitive function
repeated within the same subject, thus increasing the statisti-
cal power.

The aim of this experimental crossover study in healthy
volunteers was to examine the analgesic effect of pregabalin,
the short-acting opioid remifentanil,’® and their combina-
tion compared with placebo. Moreover, the study aimed at
exploring the effects of pregabalin and remifentanil on ven-

tilatory and cognitive functions.

Materials and Methods

The study was performed at Oslo University Hospital, Oslo,
Norway, between November 2011 and February 2012.
Approval was obtained from the Regional Committee for
Medical Research Ethics for Eastern Norway, Oslo, and the
Norwegian Medicines Agency, Oslo. The study is registered
at ClinicalTrial.gov (NCT01419405, principal investigator:
A.S.; June 30, 2011) and was reported in accordance with
recommendations in the CONSORT 2010 Statement for
randomized trials.?!

The participants were recruited by an open invitation
to students at the University of Oslo. Twelve healthy adults
(equal numbers of males and females), American Society
of Anesthesiologists classification I, age 23 yr (range, 20 to
28 yr), and weight 67 kg (range, 54 to 87kg), participated
in the study after written consent had been obtained. None
of the participants had any known drug allergies or used any
type of medication before or during the study. A history of
alcohol or drug abuse was an exclusion criterion. All partici-
pants completed the study as planned, without dropouts or
interfering medications.

This was a randomized, double-blind, placebo-controlled
complete crossover study with four treatments: (1) pregaba-
lin + remifentanil, (2) pregabalin + placebo, (3) placebo +
remifentanil, and (4) placebo + placebo. Every participant
received all four treatments in a randomized sequence, and
each of the four treatments was administered on 4 differ-
ent days. An investigator with no clinical involvement in
the study prepared a computerized randomization list of the
four treatment sequences A-D using block randomization.
The block size was four or eight after randomization. The
block size and randomization code were unknown to the
investigators, and the treatment allocation was concealed in

Anesthesiology 2016; 124:00-00
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The Combination of Pregabalin and Remifentanil

opaque, sealed, and sequentially numbered envelopes. The
participants were assigned to the next consecutive participant
number and provided with corresponding study medication.
The randomization was not revealed to the investigators
(M.M. and A.S.) before all measurements were conducted
and entered into a database. To balance any possible period
effects and carryover effects, a variance-balanced reduced
Latin square design was used. This Latin square ensured
that all subjects received all of the treatments, each treat-
ment appeared an equal number of times in each period,
and each treatment was followed by the same treatment an
equal number of times.>? Carryover effects were minimized
by maintaining a consistent washout time of 72h between
two treatments, which corresponds to 11 times the elimina-
tion half-life (z, mean = 6.3h)% of pregabalin, which was
considered to be sufficient to ensure appropriate washout.*
Pregabalin 75-mg capsules and placebo capsules of identi-
cal appearance were produced by Oslo University Pharmacy,
Oslo, Norway, and the capsules were prepacked in numbered
and identical containers according to the randomization list
and labeled with study information. Two nurses, who were
not otherwise involved in the study, prepared 60-ml syringes
of remifentanil 20 pg/ml (Ultiva®; GlaxoSmithKline, United
Kingdom) or placebo (saline) immediately before administra-
tion and consistent with the treatment allocation. The prepared
syringes had an identical appearance and were marked with the
corresponding patient number and neutral study information.
Thirteen hours before the start of the trial, two cap-
sules, each containing 75mg of either pregabalin (a total
of 150mg) or placebo, were swallowed whole with a sip
of water. The same dose of two capsules, each containing
75mg of either pregabalin (a total of 150mg) or placebo,
was then repeated 1h before the trial started. Food intake
was restricted for 3 h before the start of the trial. By arrival,
two IV cannulas were inserted, and an infusion of Ringer’s
acetate solution at a rate of 30 ml/h was started. Remifent-
anil or placebo was applied as a target-controlled infusion
(TCI) (effect-site TCI, Minto model and Alaris® PK Syringe
Pump; CareFusion, United Kingdom)®® with increasing
concentrations of 0.6, 1.2, and 2.4 ng/ml (TCl levels 1 to 3),
with each level being maintained for approximately 40 min.
This model takes into consideration the effect of age, sex,
and lean body mass on pharmacokinetic parameters of remi-
fentanil. To minimize the possible abrupt side effects such as
hemodynamic instability, dizziness, or nausea and to reduce
unblinding, the infusion rate was increased in a standardized
stepwise manner over 2min to reach the next level. During
each study day, cognitive tests, ventilatory measurements,
and experimental pain tests were performed four times. The
first test was conducted approximately 1.5h after the last
oral medication but before the remifentanil/placebo infu-
sion was started (level 0 = baseline), and then the tests were
repeated at each TCI level 0.6 to 2.4 ng/ml (levels 1 to 3).
First, cognition was examined with tests designed to mea-
sure executive functions and the ability to sustained attention.

Myhre et al.
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The Delis-Kaplan Executive Function System Color-Word
Interference Test (CWIT)?8 is a test for inhibition and atten-
tion and consists of four parts: basic naming of color patches,
basic reading of color words printed in black ink, inhibition
of reading the words through naming dissonant ink colors
in which those words are printed (Color-Word Interference),
and switching between naming dissonant ink colors and
reading the words (Color-Word Interference and switching).
A total completion time and number of errors were calculated
for all tests. The Rapid Visual Processing (RVP) test is a sub-
test from the Cambridge Neuropsycological Test Automated
Battery (Cambridge Cognition, United Kingdom).?® The test
is measuring the ability to sustained attention and informa-
tion processing. Two outcome variables were recorded: the
RVP A’ as a measure of sensitivity to the target based on the
probability of correct hits and false alarms (0.00 to 1.00; bad
to good) and the RVP mean latency defined as the mean time
taken to respond within the response window of 1,800 ms.
Second, ventilatory function was measured by spirometry
(Vmax Spectra 229%; SensorMedics Corp., USA). The device
consisted of a facial mask, a mass flow sensor, and a nonre-
breathing circuit with a low-resistance breathing valve. The
mass flow sensor was calibrated daily and before every new
participant with a 3-1 syringe and against a standardized test
gas (16% O, and 4% CO,) according to the manufacturer’s
instructions. While sitting in a semiupright position with the
facial mask carefully adjusted, the participants were requested
to relax and breathe normally. Respiratory frequency, minute
volume, and end-tidal carbon dioxide (ETco,) tensions were

automatically recorded. ETco, was used as main ventilatory

parameter as this parameter is ilighly correlated to ventilation
and all other ventilatory parameters. Furthermore, ETco,
is mostly used in clinical practice. The participants were
connected to the nonrebreathing circuit for approximately
10 min, and ventilatory data, considered representative from
a 2-min period, were used for further analyses. For participant
safety, peripheral capillary oxygen saturation was maintained
above 90% by adding oxygen to the inhaled air. In cases of
apnea periods greater than 15 s and significant oxygen desat-
urations to less than 92%, the participants were asked to take
a deep breath, and additional oxygen was provided.

Finally, acute experimental pain was induced using a stan-
dardized cold pressor test (CPT). A refrigerated circulator
(Julabo FP40-HE; Julabo Labortechnik GmbH, Germany)
connected to a 13- external custom-made Plexiglas (Evonik
Industries AG, Germany) container was used providing a water
temperature of 3.0° + 0.01°C. The water temperature in the
external container was calibrated with a precision thermom-
eter, and the pump flow rate was 22 to 26 I/min. The subjects
were asked to submerge their nondominant arm to the wrist
into the water bath, holding the hand motionless and with fin-
gers spread, for a maximum of 120 s. Pain was rated on a com-
puterized visual analog scale (VAS) consisting of a vertical bar
on a computer screen becoming red when the participants were
scrolling the cursor with their dominant hand. The numeric

value of the pain score, ranging from 0 mm (= no pain, lower
anchor) to 100mm (= unbearable pain, upper anchor), was
hidden from the participants and was directly captured by the
custom-made software. The pain score was reported every 10 s
for a total of 12 times during each test, and the average of the
last three values was used for further analysis. If a participant
had to interrupt the CPT because of unbearable pain before
the test was completed, the rest of the values were set to VAS
= 100 mm. This was only the case in one of the subjects when
treated with placebo + remifentanil (at TCI level 1) and pla-
cebo + placebo (at TCI levels 0, 1, 2, and 3).

At the end of each treatment, the participants were
asked to specify side effects such as sedation, nausea, dizzi-
ness, pruritus, and headache. All test procedures were per-
formed in the same manner at each level of remifentanil or
placebo infusion. The cognitive tests started 10 min after
change of TCI level, followed by spirometry, whereas CPTs
started approximately 35 min after change in target level.
Throughout the study, the participants were monitored with
3-lead electrocardiography, noninvasive blood pressure, and
peripheral pulse oximetry. A written procedure describing
how to handle adverse events, including a detailed list of res-
cue medications as well as predefined interruption criteria,
was familiarized by all investigators.

The primary outcome was the mean of the three last VAS
scores (0 to 100 mm) during the CPT. Secondary outcomes
were the ETco, (mmHg), scores from cognitive tests, and
side effects.

Statistical Analyses

The sample size was calculated using the software nQuery
Advisor® Version 7.0 (Statistical Solutions, Ireland). We
expected an average difference of 10 in pain intensity (VAS,
0 to 100 mm) between treatment groups. To compensate for
six pairwise comparisons, the o level for the sample size cal-
culation was set at 0.008 (Bonferroni correction). At least 12
subjects in total were required to demonstrate the difference
with a power of 0.80 assuming an SD of 8.0 for the differ-
ence and no dropouts.

The mean and SD or median and ranges were given for
normally and nonnormally distributed variables, respec-
tively. Estimations of effect and differences between treat-
ment group effects over infusion levels were examined using
linear mixed random intercept models with pain intensity,
ventilatory, and cognitive data as dependent variables. Treat-
ment groups, infusion levels, and treatment-by-level inter-
actions were defined as fixed effects, whereas subjects were
treated as a random effect, and a compound symmetric
correlation structure was assumed. A test for period effects
was performed. The means and SDs from descriptive analy-
sis were used to create figures 1-3. Two-sided P values cor-
rected for multiple comparisons (Bonferroni adjusted) are
presented. The significance level was set to 0.05.

Additivity of drug effects on analgesia was tested. For
each individual subject, the differences between placebo and

Anesthesiology 2016; 124:00-00 3 Myhre et al.

CAanvrinht @ 20N1R tha Amarican Qariaty Af Anacthacinlanicte In~ \Waltare Klinnar Ha nrizad ranrn I i i i ibi
Downloaded From: http://anesthesiology.pubs.asahq.org/pdfaccess ashx"url—/data/Journals/JASA/O/ by John Vogel on 11/05/2015 duction of this article is prohibited.



Placebo + placebo
Pregabalin + placebo
Placebo + remifentanil

L e

Pregabalin + remifentanil

20+

Visual Analogue Scale
(0 - 100 mm)

(I) 0?6 1?2 1?8 214
Effect-site target concentration (TCI, ng/mL)

Fig. 1. Pain during cold pressor test at each target-controlled
infusion (TCI) level. Data are presented as mean visual ana-
log scale + SD. Linear mixed random intercept model with
Bonferroni correction for multiple comparisons was used to
estimate the differences between treatment groups. Level
of significance: P < 0.05. All treatments increased analgesia
compared with placebo (P < 0.001). By pairwise comparisons
at each TCI level 0.6 to 2.4ng/ml (levels 1 to 3), pregabalin
+ remifentanil increased analgesia compared with placebo
+ remifentanil; —12mm (-18 to -5, *P < 0.001) at level 1,
—-20mm (-28 to -13, *P < 0.001) at level 2, and —=10mm (-17
to -3, **P = 0.002) at level 3.

each active treatment group (pregabalin, remifentanil, and
the combination of pregabalin and remifentanil) were cal-
culated. The sum of the calculated differences for pregaba-
lin and remifentanil was then compared with the observed
effect of the combination of pregabalin and remifentanil in
a linear mixed random intercept model. Data analyses were

performed with IBM SPSS Statistics 22 (SPSS Inc., USA).

Results
Pain intensity during the CPT (mean VAS + SD) for all

treatment groups and dose levels is displayed in figure 1.
Mean pain intensity (mean VAS) was 72mm (95% CI, 62
to 83) after placebo capsules and placebo infusion. In a lin-
ear mixed model analysis with pairwise comparisons with
subjects as random intercept, pregabalin reduced pain score
by mean -10mm (-14 to -7, P < 0.001) compared with
placebo. Remifentanil alone had a dose-dependent analge-
sic effect compared with placebo, reducing VAS score by
-11mm (-18 to -5, P < 0.001) at level 1, -21 mm (-28
to -14, P < 0.001) at level 2, and -47 mm (-54 to -39,
P<0.001) atlevel 3. Pregabalin in combination with remifen-
tanil reduced VAS score by -22 mm (-29 to -16, P < 0.001)
at level 1, -42mm (-49 to -35, P < 0.001) at level 2, and
-57mm (-64 to -50, P < 0.001) at level 3 compared with
placebo. By pairwise comparisons, the combination of pre-
gabalin and remifentanil significantly increased the analgesic
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The Combination of Pregabalin and Remifentanil

Pregabalin + remifentanil
Placebo + remifentanil

Pregabalin + placebo

et

Placebo + placebo

End-tidal CO,
(mmHg)

30-

(breaths/min)

Respiratory frequency w

Minute volume (L)

T T T T T
0 0.6 1.2 1.8 24
Effect-site target concentration (TCI, ng/mL)

Fig. 2. (A-C) Ventilatory function expressed by (A) end-tidal car-
bon dioxide (mmHg), (B) respiratory frequency (breaths/min),
and (C) minute volume (I/min) at each target-controlled infusion
(TCI) level. Data are presented as means + SD. Linear mixed
random intercept model with Bonferroni correction for multiple
comparisons was used to estimate the differences between
treatment groups. Level of significance: P < 0.05. (A) End-tidal
carbon dioxide (ETco,) compared between active treatment
groups and placebo at each TClI level 0.6 to 2.4ng/ml (levels
1 to 3): pregabalin + placebo versus placebo (P = 0.4 to 1.0);
placebo + remifentanil versus placebo (P = 0.013 to < 0.001);
pregabalin + remifentanil versus placebo (P < 0.001). Pregaba-
lin + remifentanil increased ETco, compared with remifentanil
alone; at level 2, *P = 0.048 and at level 3, P =0.012. (B and C)
Respiratory frequency and minute volume were significantly re-
duced by placebo + remifentanil and pregabalin + remifentanil
compared with placebo (P < 0.001). There were no significant
differences between pregabalin + placebo versus placebo or
pregabalin + remifentanil versus placebo + remifentanil.

effect compared with remifentanil alone, showing additive
analgesic effect of pregabalin (fig. 1). The analgesic effect of
the combination at TCI levels 1 to 3 did not differ from
the theoretical sum of the individual drug effects of pregaba-
lin and remifentanil (combination - calculated sum; mean,
-1mm; 95% CI, -10 to 8, P = 1.0).
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Fig. 3. (A-D) Cognitive function expressed by (A) Color-Word Interference Test (CWIT), completion time (seconds), (B) CWIT,
number of errors (n), (C) Rapid Information Processing (RVP, A) test, and (D) RVP, mean latency (milliseconds). Data are pre-
sented as mean = SD. Linear mixed random intercept model with Bonferroni correction for multiple comparisons was used to
estimate the differences between treatment groups. By pairwise comparisons between treatment groups and placebo, prega-
balin + remifentanil impaired all tests (A-D): A, P < 0.001; B, P < 0.001; C, P = 0.003; and D, P = 0.028. (B) Pregabalin + placebo
increased CWIT, number of errors, P = 0.004; (A) placebo + remifentanil impaired the CWIT, completion time, P = 0.029; and
(C) RVP, mean latency, P = 0.009. By pairwise comparisons between placebo + remifentanil and pregabalin + remifentanil, a
significant increase in CWIT, number of errors was observed when pregabalin + remifentanil were administered (B), P < 0.001.

TCI = target-controlled infusion.

Ventilatory effects were evaluated by ETco,, respiratory
frequency, and minute volume (fig. 2, A-C). Mean ETco,
for placebo was 39.3 mmHg (95% CI, 37.2 to 41.3). Prega-
balin alone did not change ETco, compared with placebo:
1.8 mmHg (-0.9 t0 4.6, P=0.4) atlevel 0, with minor changes
on the other levels (fig. 2A). Remifentanil impaired all ven-
tilatory parameters increasing ETco, by 4.1 mmHg (0.7 to
7.6, P=0.013) atlevel 1, 8.6 mmHg (5.6 to 11.7, P< 0.001)
at level 2, and 10.1 mmHg (4.9 to 15.4, P < 0.001) at level
3 compared with placebo. Pregabalin in combination with
remifentanil increased ETco, by 6.6 mmHg (3.1 to 10.0,
P < 0.001) at level 1, 11.7 mmHg (8.6 to 14.7, P < 0.001)
at level 2, and 16.4 (11.3 to 21.5, P < 0.001) at level 3 com-
pared with placebo. At level 3, this corresponds with a poten-
tiation of the ventilatory depressant effect of remifentanil by
62% (95% CI, 10 to 113%; P = 0.012) caused by pregabalin.

Cognitive tests were evaluated based on the CWIT
(completion time, number of errors) and RVP test (RVP
mean latency, RVP A) (fig. 3, A-D). Pregabalin increased
the number of errors in CWIT compared with placebo
(P = 0.004), whereas remifentanil increased the completion
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time (P = 0.029) and the RVP mean latency (P = 0.009)
compared with placebo. Pregabalin + remifentanil impaired
all tests significantly compared with placebo (fig. 3, A-D).
By pairwise comparison between pregabalin + remifentanil
and placebo + remifentanil, there was no difference between
the groups, except for increased number of errors when pre-
gabalin + remifentanil was administered (2 < 0.001).

The numbers of side effects in each treatment group are
provided in table 1. In both groups receiving remifentanil,
there were increased incidences of sedation, dizziness, and
nausea compared with the placebo, and antiemetic drugs
(metoclopramide and ondansetron) only had to be used
when remifentanil was administered. When pregabalin
was added to remifentanil, only minor differences were
observed in the reported side effects compared with remi-
fentanil alone. Pregabalin caused an increased number of
side effects compared with placebo. Sedation and dizziness
were reported in 75% of the cases in the pregabalin group
compared with 42 and 25%, respectively, in the placebo
group. There was no significant period effect between the
treatments or visits (2> 0.05).
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Table 1.

The Combination of Pregabalin and Remifentanil

Side Effects (n [%]) Reported by the Subjects during Each Treatment in the Crossover Study

Placebo + Placebo

Pregabalin + Placebo

Placebo + Remifentanil Pregabalin + Remifentanil

Subijects reporting side
effects, n (%)
Total no. of side effects 14 28

7 (58)

Sedation, n (%) 5 (42) 9 (75
Nausea, n (%) 2(17) 325
Treatment of nausea, n (%) 0(0) 0(0)
Dizziness, n (%) 3 (25) 9 (75
Pruritus, n (%) 0(0) 1(8)
Headache, n (%) 4 (33) 5 (42
Diplopia, n (%) 0(0) 1(8)

9 (75)

= =

- =

12 (100) 12 (100)
47 49
12 (100) 12 (100)
9 (75) 10 (83)
2(17) 3 (25)
11 (92) 12 (100)
6 (50) 7 (58)
4(33) 3 (25)
5 (42) 5 (42)

Number of participants (n = 12).

Discussion

In this experimental placebo-controlled crossover study, we
investigated the analgesic, ventilatory, and cognitive effects
of pregabalin alone, remifentanil alone, and their combina-
tion. The main findings were significant additive analgesic
effect and potentiated respiratory depressive effect when pre-

gabalin and remifentanil were administered together. Fur-

thermore, cognitive performance was significantly reduced
by the combination o)z regabalin and remiZCntanii, Whereas
inconsistent with either Erug alone.

We chose to study the analgesic, ventilatory, and cognitive

effects of pregabalin and remifentanil because the combina-
tion of opioids and pregabalin is of specific interest in the
perioperative setting and has been implemented in several
clinical protocols®”
conflicting results.'®3 In this study, we found a small analge-
sic effect of pregabalin 150 mg x 2 compared with the F’ﬁ%
on acute cold pressor pain. Furthermore, when pregabalin
and remifentanil were combined, the results showed additive
analgesic effect with significant reduction in pain intensity on
every TCI level compared with remifentanil alone. By add-
ing pregabalin, comparable analgesia was achieved with an
approximately 50% reduction in remifentanil dose, which
can definitely be considered clinically significant.

In a previous study on cold pressor pain,® a single dose
of 600 mg gabapentin combined with 60 mg oral morphine
significantly increased the pain tolerance time with 76%

although systematic reviews have shown

compared with baseline, whereas morphine alone increased
the pain tolerance time with 41%. Gabapentin alone did not
increase the tolerance time significantly. The smaller analgesic
effect of gabapentin alone compared with the significant effect
of pregabalin alone in our study may be due to the different
methods of pain assessment used. In the previous study, the
CPT was evaluated by pain tolerance time. We assessed pain
using the VAS, %’ which provides a continuous picture of pain
intensity and is a sensitive method for evaluating pain.

The ventilatory effects were investigated in a non—steady-
state model, measuring the effect of the drug on ETco, and
on ventilation, without external manipulation of the inhaled
carbon dioxide concentration (closed-loop system).?+*! Pre-
gabalin alone did not change ETco, significantly at any TCI
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level, whereas remifentanil had a dose-dependent ventilatory
depressant effect. When pregabalin was added to remifent-
compared with remifentanil alone. At the highest TCI level
(2.4 ng/ml), pregabalin + remifentanil increased the ventila-
tory depressant effect by 62% compared with remifentanil
alone. These results show that pregabalin, similar to other
sedatives such as propofol and benzodiazepines, 243 potenti-
ates the ventilatory depressant effects of opioids.

pregabalin was associated
with respiratory depression in combination with opioids,

In one clinical case series,?

and higher age, renal failure, and obstructive apnea syn-
drome were noted as relative contraindications for admin-
istering pregabalin in the perioperative setting. Our results
show that the enhancement of the ventilatory depressant
effect is present even in young, healthy subjects. A recent
study44 investigating pregabalin abuse in postmortem toxi-
cology found that pregabalin was most commonly abused
in combination with opioids. The authors suggested that

profound central nervous system depression with possible
respiratory failure could cause overdose-related deaths with
pregabalin, particularly when coadministration with opioids
occurred, thus indicating a potential interaction between
opioids and pregabalin.

The cognitive tests were moderately affected by pregaba-
lin, only increasing the number of errors in the CWIT, as
a measure of impaired cognitive performance. The moder-
ate effect of pregabalin alone on cognitive function in the
current study is in accordance with comparable studies in
healthy volunteers.*> Remifentanil impaired the completion
time (CWIT) and the mean latency (RVP) significantly,
4047 indicating
reduced psychomotor speed. However, the combination of
pregabalin and remifentanil impaired all tests significantly
compared with placebo and affected all cognitive tests

thus confirming results from earlier studies

numerically more extensively than each single drug alone.
These effects on cognition may be of importance in the peri-
operative period, where delirium is a common risk factor for
poor outcome, especially in elderly patients.®

Side effects were recorded after every treatment. Seda-

tion and dizziness were more commonly reported when

Myhre et al.

zad ranradyction of this article is prohibited.


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



PAIN MEDICINE

pregabalin was administered compared with placebo, thus
confirming findings from other clinical studies.'®* Remi-
fentanil alone increased sedation, nausea, and dizziness sig-
nificantly compared with placebo, whereas the combination
of pregabalin and remifentanil only showed minor differ-
ences in side effects compared with remifentanil alone.

In this study, we chose to administer pregabalin 150 mg x 2
based on perioperative studies favoring 150 to 300 mg pregab-
alin daily.>*>! A recent meta-analysis found consistent opioid-
sparing fec with sngle dose of regablin rom 75 or grcter.
to 300mg.”” In addition, a Cochrane review reported high
incidence of side effects (68%) and 4% serious adverse events
after a single dose of 300 mg pregabalin.'® Thus, our choice
of 150mg x 2 may be relevant for the perioperative period.
In a study reported by Buvanendran ez 4/.,%* the maximum
cerebrospinal fluid concentration of pregabalin was achieved
as late as 8h after an oral dose. We administered pregabalin
13.5 and 1.5h before conducting the first CPT to optimize
the drug concentration in the central nervous system. Such
repeated dosing regimens is often used perioperatively.

Remifentanil, a strong and short-acting p-agonist, was
applied as opioid to achieve rapid onset of action and allow-
ing for immediate changes between infusion levels.*® The
target concentration of remifentanil was set at TCI of 0.6
to 2.4ng/ml. These concentrations are comparable to the
steady-state infusion of 0.025 to 0.1 pg-kg™'-min~'*? and
have been shown to be relevant for early postoperative anal-
gesia and superior to 10 to 20 mg IV morphine in the imme-
diate postoperative setting.’*

There are some limitations to this study. First, the study
protocol did not include blood sampling and measurements
of plasma drug concentrations. This means that, although
unlikely,” a pharmacokinetic interaction between pregaba-
lin and remifentanil cannot be ruled out. Second, we exam-
ined only one dose of pregabalin. Thus, no formal analysis
of interaction between pregabalin and the opioid could be
done, and our results cannot be extrapolated to other doses
of pregabalin. Third, the ventilatory tests were conducted
separately from the CPT and consequently not influenced by
pain. Although this procedure allowed for perfect conditions
to study the physiological effects of the drugs alone, it differs
from the clinical reality, where patients are simultaneously
influenced by both drugs and pain in addition to several
other factors. Finally, the level of anxiety was not measured
in our study, but anxiety may influence pain. Pregabalin has
well-known effects in the treatment of general anxiety dis-
orders® as well as in preoperative anxiety; hence, theoreti-
cally pregabalin may lead to lower pain scores due to an effect
on anxiety. However, in a study investigating the effects of
midazolam, an even stronger anxiolytic agent than pregaba-
lin, doses up to 3 mg administered intravenously, did affect
mood and psychomotor speed but not sensory and affective
components of the cold pressor pain experience.”” The same
group found that midazolam did not enhance fentanyl anal-
gesia in the same model.’® This suggests that the severe CPT

pain experience may be less affected by mood than other pain
experiences and that the analgesia we observed after pregaba-
lin is a pure analgesic effect not mediated by anxiolysis.

Taken together, our eerrimental human data show that
the combination of pregabalin and the opioid remifentanil
has additive an;igesic eﬁect. However, the results also reveal
that pregabalin potentiates the ventilatory depressant effects
nitive function negatively. These results question the clini-

cal benefit of the combination compared with higher doses
of the opioid alone. Improved analgesia or reduced opioid

consumption must be weighed against patient harms. Our
findings raise serious concerns about the increasing use of

regabalin as an analgesic adjunct without strong evidence
éor improvea recovery ana overa” patient Beneﬁt.
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