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N early a quarter century 
ago, a group of Scandina-

vian investigators raised global 
awareness of the deadly risk of 
respiratory depression from a novel 
perioperative analgesic method: 
neuraxial morphine.1 Postopera-
tive respiratory depression from 
opioids remains a concern today, 
and in this month’s issue of 
Anesthesiology, a different group 
of Scandinavian investigators raises 
concern of a potentially dangerous 
drug interaction with application 
of multimodal analgesia.2

Multimodal approaches to 
perioperative pain are common in 
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.”3 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.4 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.”5

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

and decide which combinations to 
implement clinically? One answer 
lies in evaluating the pharma-
cologic premise of combination 
therapies. Multimodal analge-
sia, conceptually 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 
of two drugs together equals the 
sum of their individual effects, 
synergy occurs when the effect of 
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.6 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 α-2-δ 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.5 
Oral gabapentinoids together with intravenous opioids may 
result in lower postoperative pain scores and reduced opioid 
consumption compared with intravenous opioids alone,5,7,8 
although the magnitude of these effects varies considerably 
among studies, and the dose and duration of treatment 
needed to obtain them remain unclear.9 Reduction in nausea 
or vomiting by the combination is inconsistent.5,7
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Pregabalin alone causes major side effects, most com-
monly in cognition and coordination, including confusion, 
dizziness, somnolence, ataxia, disturbed attention, and 
thinking abnormalities.10,11 Pregabalin together with intra-
venous opioids causes greater postoperative side effects, 
including sedation, dizziness, visual disturbances, and con-
fusion, than opioids alone.7,8,12 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.12 
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 al.2 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 
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 2 min 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 end-
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 

drug alone. These data in volunteers are consistent with a 
recent retrospective review that demonstrated an approxi-
mately 50% increased risk of respiratory 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.13

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 effects and lesser side effects. In contrast, Myhre  
et al.2 show that the combination of pregabalin and remi-
fentanil caused additive analgesia but potentiated ventilatory 
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, 
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 et al. is a great 
step in this direction.
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