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Background: Pregabalin is commonly used perioperatively to reduce post-operative

pain and opioid consumption and to prevent the development of chronic pain. It

has been shown to reduce anesthetic consumption in balanced anesthesia, but

studies investigating its effect on the minimum alveolar concentration (MAC) of volatile

anesthetics are lacking. The aim of this study was to investigate the effect of two different

doses of pregabalin on the MAC of sevoflurane.

Methods: In a randomized, double-blinded, placebo controlled clinical study, 75

patients were assigned to receive placebo, 300mg pregabalin, or 150mg pregabalin,

as a capsule 1 h before anesthesia induction with sevoflurane only. After equilibration,

the response to skin incision (movement vs. non-movement) was monitored. The MAC

was assessed using an up- and down-titration method.

Results: The MAC of sevoflurane was estimated as 2.16% (95% CI, 2.07–2.32%) in

the placebo group, 1.44% (95% CI, 1.26–1.70%) in the 300mg pregabalin group, and

1.81% (95% CI, 1.49–2.13%) in the 150mg pregabalin group. We therefore report a

33% reduction in the MAC of sevoflurane in the 300mg pregabalin group as compared

to placebo. The MAC of the 150mg pregabalin group was reduced by 16% as compared

to placebo but was not statistically significant.

Conclusions: The administration of 300mg pregabalin reduced the MAC of sevoflurane

by 33%, while the administration of 150mg pregabalin did not significantly reduce the

MAC of sevoflurane. Pregabalin use led to a small reduction in post-operative pain levels

but increased side effects in a dose-dependent manner.

Keywords: pregabalin, minimum alveolar concentration (MAC), sevoflurane, anesthesia, depth of anesthesia,

premedication before anesthesia
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INTRODUCTION

Pregabalin is an antiepileptic drug also licensed to treat
neuropathic pain and anxiety disorders (1). Pregabalin binds
to α2δ subunits of high voltage-activated calcium channels
and decreases the release of excitatory neurotransmitters (2).
In recent years, it has increasingly been used perioperatively
to improve post-operative pain control, reduce post-operative
opioid consumption and prevent the development of chronic
post-operative pain (3). Although there is ongoing controversy
about the clinical benefits vs. risks of its perioperative use,
pregabalin is still part of many protocols for multimodal
perioperative analgesia (4).

The concept of the minimum alveolar concentration (MAC),
which is defined as the volumetric concentration of an inhaled
anesthetic that prevents movement in response to a noxious
stimulus in 50% of subjects, was introduced more than 50 years
ago and remains the most used parameter to guide anesthetic
depth during inhalational anesthesia (5). The MAC also enables
quantification of the effect of adjunctive drugs on inhalational
anesthetics. Despite the widespread use of pregabalin in the
perioperative period and sevoflurane being one of the most
commonly used inhalational anesthetic agents, studies regarding
the effect of pregabalin on the MAC of sevoflurane in humans
are lacking. Therefore, the aim of this study was to investigate the
effect of pregabalin on the MAC of sevoflurane.

METHODS

This study was performed in accordance with the Declaration
of Helsinki, and the CONSORT (Consolidates Standards
of Reporting Trials) guidelines were followed during the
preparation of this article. We conducted this single-center,
prospective, randomized, controlled, double blinded trial
between September 2019 and February 2021 at the University
Department of Anesthesia, Intensive Care Medicine and Pain
Medicine at the Medical University of Vienna, Vienna, Austria.
The trial was registered at EudraCT before patient enrolment
(EudraCT re. no. 2017-001439-37). Approval by the institutional
ethics committee and the regulatory authority was obtained
(Ethics Committee of the Medical University of Vienna,
Bundesamt für Sicherheit im Gesundheitswesen) before patient
enrolment. Patients were included only after written informed
consent was obtained.

Study Population
We recruited adult patients with an American Society of
Anesthesiologists physical status of 1–2 scheduled for elective
surgery under general anesthesia. To standardize the noxious
stimulus, we only included patients undergoing breast surgery,
as this usually requires a skin incision of 3–5 cm at the trunk (6).
The patients’ age was restricted to 30–65 years, as the MAC is
relatively uniform in this age group (7). We excluded patients
unable to understand the study procedure, patients with a need
for sedative or analgesic premedication or a history of chronic
pain, patients with a known allergy to one of themedications used

in this study, pregnant or breastfeeding patients, and patients in
whom inhalational induction of anesthesia was contraindicated.

Randomization and Blinding
Patients were randomly assigned to receive placebo, 150 or
300mg pregabalin. Randomization was performed by a study
nurse that was not involved in the experimental part of the
study at patient enrolment using the online randomization
tool provided by our institution (https://www.meduniwien.ac.at/
randomizer/).

To ensure blinding of the patients and the investigators,
identical capsules containing the study medication or placebo
were provided by the pharmacy of the Vienna General
Hospital. The study nurse that had performed the randomization
administered the capsule according to randomization results 1 h
before the surgery. Based on a pseudonymized patient list that
was also only accessible to the study nurse they determined
the appropriate sevoflurane concentration for the patient and
instructed the investigators on which concentration to target.
The investigators therefore were not aware of the patients’
randomization results or the corresponding study group. After
the determination of the skin movements the investigators
informed the study nurse, who updated the patient list to include
the newest result.

Anesthesia Induction
Routine anesthetic monitoring, including pulse oximetry,
electrocardiography, non-invasive blood pressure, and the
bispectral index (BIS monitor A2000 software version 3.3, Aspect
Medical Systems, Norwood, MA, USA), was applied in the
operating room. Anesthesia was then induced solely by multiple
deep inhalation breaths of 8 vol% sevoflurane in pure oxygen
(8). A laryngeal mask airway (LMA Supreme Airway, Teleflex
Medical Europe Ltd, Dublin, Ireland) was inserted once the BIS
value had decreased below 40 and the patients were clinically
adequately sedated. We ventilated the patients’ lungs with tidal
volumes of 6 to 8ml kg−1 at a frequency of 10 to 16 breaths
per minute to achieve normocapnia (endtidal CO2 between 30
and 40 mmHg). Forced air was applied to the lower limbs to
maintain normothermia.

Determination of MAC
The MAC of an inhalational anesthetic is defined as “the
minimum alveolar concentration of an anesthetic that prevents
movement in response to a noxious stimulus in 50% of subjects”
(5). We used a standardized skin incision for the noxious
stimulus and an up- and down-titration method to assess the
MAC of sevoflurane in the study groups, as this approach
shows the potential to provide reliable data with relatively few
patients, as compared to other methods (9). After induction of
anesthesia, the sevoflurane concentration was adjusted to reach
a predetermined end-tidal sevoflurane concentration, which
was held constant for at least 15min before the skin incision.
The sevoflurane concentration was measured using the gas-
measuring unit of a Dräger Primus (Dräger Austria GmbH,
Vienna, Austria) that was calibrated every 24 hours. In the
first patient in each study group, the end-tidal sevoflurane

Frontiers in Medicine | www.frontiersin.org 2 May 2022 | Volume 9 | Article 883181

https://www.meduniwien.ac.at/randomizer/
https://www.meduniwien.ac.at/randomizer/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Müller et al. Pregabalin and the MAC of Sevoflurane

concentration was 1.6 vol%. Before the skin incision was made,
one investigator ensured unconsciousness of the patients by
calling their name, tapping on their shoulders, and asking them
to open their eyes. Next, the surgeon was asked to perform a
single incision of 3 to 5 cm and then pause for 1min before
continuation of the operation. The response to the skin incision
was counted as positive if the patient exhibited “gross purposeful
movement of the head or at least one extremity” within 1min
after the skin incision (6). The response to the skin incision was
classified as negative if no such movement occurred within 1min
after the skin incision. Coughing, bucking, and straining were not
considered gross purposeful movements. One investigator at the
head of the operating table observed the response of the patient’s
head and upper limbs, and a second investigator observed the
response of the lower limbs from the foot of the operating table.
The end-tidal sevoflurane concentration for the next patient in
each study group was either increased by 0.2 vol% if the previous
patient in that group had exhibited a positive response to the
skin incision or decreased by 0.2 vol% if the previous patient of
that group had exhibited a negative response to the skin incision.
0.2 vol% steps were chosen in order to cover a wider range of
sevoflurane doses with a smaller number of patients. Smaller
steps might have led to decreased power in case the variability in
the observed data was larger than expected in the planning phase.

After the response to the skin incision was determined,
patients received further anesthetic management at the discretion
of the attending anesthetist based on our departmental standards,
which include the administration of opioids (i.e., fentanyl and
piritramide) and non-opioid analgesics (i.e., metamizole and
paracetamol) as well as medical prophylaxis for post-operative
nausea and vomiting (i.e., ondansetron and dexamethasone).

Secondary Endpoint Parameters
A venous blood sample was taken immediately before the skin
incision to determine the serum concentration of pregabalin.
Furthermore, we collected BIS values, systolic blood pressure,
and heart rate throughout the study period at 2min intervals
until 2min after the skin incision. The patients were asked about
their pain level using a numeric rating scale (min 0, max 10) and
the presence of nausea, vomiting, or intraoperative awareness
while they were in the recovery area. The site of the incision and
the areas of movement were also recorded.

Measurement of Serum Pregabalin
Concentration
Pregabalin concentrations in the serum were assessed
with MassTox R© TDM Serie A test kits (Chromsystems,
Gräfeling, Germany) and liquid chromatography–tandem mass
spectrometry (LC–MS/MS) consisting of an LC-20 UFLC
(Shimadzu, Kyoto, Japan) and a Triple Quad 4500 (Sciex,
Framingham, MA, USA) equipped with a TurboIon Source for
electrospray ionization.

Statistical Analysis
The primary endpoint was the MAC of sevoflurane in the
three study groups. The MAC values of the sevoflurane
concentration of the three groups were estimated using

isotonic regression methods (10–12). To further account for
the dependence structure in the data due to the up-and-
down design, bootstrap methods were used to construct bias-
corrected bootstrap confidence intervals for the MAC as
well as the differences in MAC values (13). Within each
bootstrap step, resamples where randomly generated (separately
for the three groups using sampling with replacement) from
the sampling distribution (probability of no-reaction for the
observed sevoflurane concentrations) and for each resample, the
MAC was calculated using isotonic regression and the difference
in MAC between groups was calculated. In total, 5,000 resamples
were used to generate the bootstrap-distribution. The bootstrap
MAC-differences between groups were estimated as the mean
over all bootstrap samples and the confidence interval was
estimated using the corresponding percentiles of the bootstrap-
distribution. For the twomain comparisons of the 150mg and the
300mg Pregabalin group to placebo 97.5% confidence intervals
(Bonferroni-Correction to apply for multiple testing) for the
difference in the MAC values were calculated. The comparison
between the 300mg and 150mg Pregabalin group was performed
as a secondary aim. Furthermore, estimators of the MAC and
the corresponding 95% confidence intervals were calculated
separately for the three groups.

Differences in the secondary endpoint parameters between the
groups, including the baseline characteristics, serum pregabalin
concentration, BIS, blood pressure, heart rate, systolic blood
pressure, post-operative pain scores, and the perioperative doses
of opioids and propofol, were investigated with the Kruskal–
Wallis test for independent groups. P-values were adjusted
for multiplicity using a Bonferroni correction, as there were
three groups involved. The X2-test was used to investigate
differences in the ASA physical status score; the use of
non-opioid analgesics and antiemetics; and the occurrence of
negative side effects, including nausea and vomiting, dizziness,
headache, and awareness, between the groups. Adjusted P <

0.05 were considered statistically significant. The analyses were
performed using R (R: A Language and Environment for
Statistical Computing, R Core Team, R Foundation for Statistical
Computing, Vienna, Austria 2014, https://www.R-project.org)
and SPSS 27 (SPSS Statistics, IBM, Armonk, NY, USA). The data
are presented as the mean (standard deviation, SD), minimum-
maximum, or number (percentage) unless indicated otherwise.

Sample Size Determination
For the determination of the sample size, simulation studies were
performed. The assumptions of the dose-response curve for the
placebo group were based on a previous study (14). Therefore, for
the placebo group, the dose-response model formula of Görges
et al. with a MAC of 2 with a standard deviation of 0.3 was
assumed (10). Since a reduction of the MAC of about 20% was
assumed to be clinically relevant, for the treatment groups aMAC
of 1.6 with a standard deviation of 0.3 was assumed for the sample
size calculations. Due to the two primary comparisons (high and
low dose compared to placebo), the 97.5% confidence intervals
were calculated (Bonferroni Correction to apply for multiple
testing). In each simulation step, the MAC was estimated using
isotonic regression and confidence intervals for the difference in
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MAC between groups were constructed using 1,000 bootstrap
samples. 10,000 simulation runs were performed to estimate the
power. Under the given assumptions, simulation studies showed
a power of 80.8% for a per-group sample size of 22 patients per
group. Due to some possible drop-outs, the sample size was fixed
with 25 per group.

RESULTS

Seventy-eight female patients were recruited for our study
(Figure 1). Three of these patients did not complete the study
procedure because they required intravenous anesthetics for the
treatment of laryngeal spasms that occurred during induction.

Patient characteristics, morphometric data and the time from
the insertion of the laryngeal mask airway to skin incision were
similar in all groups (Table 1).

Primary Outcome
The bootstrap estimate of the MAC of sevoflurane was 2.16%
(95% CI, 2.07–2.32%) in the placebo group, 1.81% (95% CI, 1.49–
2.13%) in the 150mg pregabalin group, and 1.44% (95% CI,
1.26–1.70%) in the 300mg pregabalin group (Figure 2).

The MAC estimate of sevoflurane in the 300mg pregabalin
group was 33% lower than that in the placebo group. As the
confidence intervals of the difference in the MAC values between
the placebo group and the 300mg pregabalin group did not
contain 0, this difference in the MAC estimates was statistically
significant (97.5% CI for difference: 0.39–1.01%). No significant
difference in the MAC estimate was found between the placebo
and the 150mg pregabalin group or the 300mg pregabalin group
and the 150mg pregabalin group. Table 2 shows the estimates

of the MAC of sevoflurane and the corresponding bootstrap
confidence intervals to investigate the MAC within the groups
as well as the difference between groups.

Secondary Outcomes
Pregabalin was not detected in the serum of patients in the
placebo group. The mean serum pregabalin concentration was
4.2 (SD 1.6) µg ml−1 in the 150mg pregabalin group and 9 (SD
2.8) µg ml−1 in the 300mg pregabalin group (Table 3).

BIS, Blood Pressure, Heart Rate
The BIS at the time of skin incision was significantly lower in
the placebo group than in the 150mg pregabalin and 300mg
pregabalin groups. No significant differences between the groups
were observed regarding systolic blood pressure or heart rate
before or after the skin incision (Table 3).

Post-operative Pain
The mean post-operative pain score reported on the numeric
rating scale and the cumulative dose of post-operative
piritramide were significantly higher in the placebo group
than in both pregabalin groups (Table 4).

Side Effects
Patients in the 150mg pregabalin group (12%) and the 300mg
pregabalin group (32%) reported negative side effects, such as
nausea and vomiting, dizziness and headache, more frequently
than patients in the placebo group (4%).

None of the patients in any group reported an event of
intraoperative awareness.

FIGURE 1 | CONSORT flow diagram. CONSORT, Consolidated standards of reporting trials. aReasons for exclusion: 4 patients received sedative premedication.
bReasons for not receiving allocated intervention: 3 patients developed mild laryngospasm at induction that required intravenous anesthetics.
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TABLE 1 | Subject characteristics and morphometric data.

Group Placebo (n = 25) 300mg pregabalin (n = 25) 150mg pregabalin (n = 25)

Age, years 48 (8), 31–61 47 (8), 31–65 51 (8), 32–65 P = 0.193

Height, cm 166 (4), 154–172 167 (7), 155–185 165 (5), 156–176 P = 0.612

Weight, kg 70 (10), 52–85 68 (12), 50–97 69 (11), 53–90 P = 0.884

BMI, kg m2 25 (3), 19–32 25 (4), 19–34 26 (4), 19–34 P = 0.562

ASA physical status (n) ASA 1 = 16 ASA 1 = 13 ASA 1 = 14 P = 0.683

ASA 2 = 9 ASA 2 = 12 ASA 2 = 11

Equilibration time, minutes 21 (7), 15–39 20 (6), 15–41 20 (5), 15–34 P = 0.337

Duration of surgery, minutes 74 (44), 19–182 87 (56), 8–225 77 (51), 17–216 P = 0.679

Body temperature, ◦C 36.2 (0.4), 35.4–37.2 36.2 (0.4), 35.6–36.9 36.1 (0.5), 35–36.8 P = 0.680

Data are presented as the mean (standard deviation), minimum-maximum, or absolute number (n).

FIGURE 2 | Titration process in the study groups. Circles indicate patients who moved, and rhombi indicate patients who did not move. Solid horizontal lines indicate

the bootstrap estimates for the MAC, dashed horizontal lines indicate the 95% confidence intervals. MAC, minimum alveolar concentration.

TABLE 2 | MAC estimates, 95% confidence intervals, and differences in the MAC between the study groups.

Sample

estimates

Bootstrap

estimates

Bootstrap

lower CI

Bootstrap

upper CI

MAC sevoflurane placebo group, vol% 2.13 2.16 2.07 2.32

MAC sevoflurane 300mg group, vol% 1.40 1.44 1.26 1.70

MAC sevoflurane 150mg group, vol% 1.86 1.81 1.49 2.13

Difference from the placebo group −150mg group, vol% 0.27 0.35 −0.04 0.75

Difference from the placebo group −300mg group, vol% 0.73 0.72* 0.39 1.01

Difference between the 300 and 150mg groups, vol% 0.46 0.36 −0.09 0.80

*Indicates a statistically significant difference.

TABLE 3 | Serum pregabalin concentration, bispectral index, blood pressure, and heart rate at different time points in the study groups.

Group Placebo

(n = 25)

150mg pregabalin

(n = 25)

300mg pregabalin

(n = 25)

a b c

Serum pregabalin concentration, µg ml−1 0 (0), 0–0 4.2 (1.6), 0–7.0 9 (2.8), 1.2–12.9 P < 0.001* <0.001* <0.001* 0.001*

BIS at incision 38 (9), 24–57 48 (13), 15–70 51 (10), 29–78 P < 0.001* P = 0.008* P < 0.001* P = 0.637

Systolic blood pressure before incision, mmHg 101 (11), 84–125 101 (15), 75–141 103 (15), 82–141 P = 0.866

Systolic blood pressure after incision, mmHg 107 (15), 84–150 101 (18), 56–129 104 (20), 75–155 P = 0.676

Heart rate before incision, bpm 65 (9), 49–82 67 (14), 49–100 64 (9), 53–84 P = 0.846

Heart rate after incision, bpm 73 (16), 44–114 69 (17), 44–107 70 (11), 50–88 P = 0.897

Data are presented as the mean (standard deviation), minimum-maximum; a = placebo vs. 150mg pregabalin group, b = placebo vs. 300mg pregabalin-group, c = 150mg pregabalin

vs. 300mg pregabalin-group. *P < 0.05. BIS, bispectral-index.
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TABLE 4 | Side effects.

Group Placebo

(n = 25)

150mg

pregabalin

(n = 25)

300mg

pregabalin

(n = 25)

a b c

Pain level in the recovery unit, NRS 2.5 (2.2), 0–6 0.7 (1.1), 0–3 1 (1.6), 0–6 P = 0.003* P = 0.002* P = 0.007* P = 0.636

Total negative side effects, n (percentage) 1 (4) 3 (12) 8 (32) P = 0.001* P = 0.001* P = 0.006* P = 0.009*

Nausea and Vomiting, n (percentage) 1 (4) 1 (4) 0 (0) P = 0.598

Dizziness, n (percentage) 0 (0) 0 (0) 8 (32) P < 0.001*

Headache 0 (0) 2 (8) 0 (0) P = 0.128

Awareness, n (percentage) 0 (0) 0 (0) 0 (0) n.a.

Cumulative propofol dose intra OP, mg 122 (71), 0–290 122 (54),

50–260

139 (71),

40–290

P = 0.694

Cumulative fentanyl dose intra OP, µg 284 (178),

100–850

245 (116),

100–575

238 (83),

100–350

P = 0.832

Number of patients receiving metamizol

intra OP, n (percentage)

20 (80) 20 (80) 23 (92) P = 0.409

Number of patients receiving paracetamol

intra OP, n (percentage)

1 (4) 0 (0) 1 (4) P = 0.598

Number of patients receiving diclofenac

intra OP, n (percentage)

7 (28) 3 (12) 2 (8) P = 0.125

Number of patients receiving

dexamethason intra OP, n (percentage)

20 (80) 15 (60) 13 (52) P = 0.105

Number of patients receiving ondansetron

intra OP, n (percentage)

13 (52) 12 (48) 12 (48) P = 0.948

Cumulative piritramid dose in the recovery

unit, mg

3.3 (3.1), 0–9 1.4 (2.5), 0–9 1.8 (3), 0–9 P = 0.027* 0.012* 0.037* 0.675

Number of patients receiving metamizol in

the recovery unit, n (percentage)

9 (36) 5 (20) 5 (20) P = 0.324

Number of patients receiving paracetamol

in the recovery unit, n (percentage)

5 (20) 1 (4) 2 (8) P = 0.162

Number of patients receiving diclofenac in

the recovery unit, n (percentage)

5 (20) 1 (4) 1 (4) P = 0.080

Data are presented as the mean (standard deviation), minimum-maximum; or absolute number (percentage); a = placebo vs. 150mg pregabalin-group, b = placebo vs. 300mg

pregabalin group, c = 150mg pregabalin vs. 300mg pregabalin-group. *P < 0.05.

A summary of the secondary outcome parameters is provided
in Table 4.

DISCUSSION

In this prospective, randomized, controlled, double-blinded
study, we assessed the effect of two different doses of pregabalin
on the MAC of sevoflurane in female ASA 1 and 2 patients
undergoing elective surgery. We found a 33% reduction in the
MAC at a dose of 300mg pregabalin compared to placebo but
there was no statistically significant reduction at a dose of 150mg.

In neuropathic pain, pregabalin seems to “impair the
trafficking of α2δ-1 to presynaptic terminals of dorsal root
ganglion neurons, which would reduce Ca2+ influx and
transmitter release in the spinal cord and subsequently reduce
spinal sensitization” (15). Although acute pain is caused by
different mechanisms than neuropathic pain, pregabalin has
been shown to reduce acute pain in various animal models
(16, 17). Furthermore, pregabalin has been reported to decrease
the isoflurane and sevoflurane requirements during balanced
anesthesia (18, 19). There is evidence that sevoflurane acts on

gamma-aminobutyric acid-receptors, which increase the release
of inhibitory neurotransmitters (20, 21). Similar pharmacological
effects of pregabalin and sevoflurane in the context of general
anesthesia might therefore be explained by the overlap of
pharmacodynamic principles.

Our results are in line with these previous reports indicating
an anesthesia-enhancing effect of pregabalin. However, the
endpoint of MAC testing (gross purposeful movements in
response to a painful stimulus) might be affected not only
by pain perception but also by the motor response to painful
stimulation. Our study design did not allow us to discriminate
between these possible mechanisms, and additional studies are
necessary to elucidate the underlying mechanism of the observed
MAC reduction.

Various guidelines recommend the use of depth of anesthesia
monitors such as the BIS to guide the depth of anesthesia
in certain patient groups (22). We found that for the same
endpoint of 50% of the patients moving and 50% not moving in
response to skin incision, the BIS values were significantly lower
in the placebo group than in the pregabalin group. This is not
surprising, as the average sevoflurane level in the placebo groups
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was higher than that in the pregabalin groups. It seems that
pregabalin does not enhance immobility via cerebral depressing
effects, which should also have decreased the BIS. As inhalational
anesthetics produce immobility mainly by acting on the spinal
cord, we speculate that pregabalin enhances immobility at the
same level, especially since we observed the same degree of
immobility at higher BIS levels with pregabalin (23).

We chose to use doses of 300mg and 150mg pregabalin,
as these doses are most commonly used in the perioperative
setting, and found a statistically significant reduction in the
MAC in the 300mg pregabalin group but not in the 150mg
pregabalin group (3). Several explanations for this finding, such
as an increased interindividual variation in the MAC caused by
variations in the serum pregabalin concentrations or the effect of
the initial sevoflurane concentration in this up-and-down design,
are possible (24). Most likely, our study was just underpowered to
detect minor differences in the MAC, but the clinical relevance
of such minor differences in the MAC remains questionable.
Nevertheless, given that 150mg pregabalin is associated with
fewer unwanted side effects and shows the potential to reduce
the MAC of sevoflurane as well as post-operative pain and opioid
consumption, future studies should focus on dosages lower than
300 mg.

Recently, the perioperative usefulness of pregabalin
has been questioned, as its effect on post-operative and
chronic pain appears to be minimal, and side effects seem
to be common (4). Our results suggest that pregabalin
reduces post-operative pain and opioid consumption
in general but not in a dose-dependent manner. At
the same time, side effects were significantly increased
with higher doses of pregabalin. In our study, anesthetic
procedures that followed the initial skin incision were
not standardized. We chose this approach to be able to
provide individualized patient care to guarantee the best
medical outcome. However, this means that the secondary
outcome parameters that refer to post-operative pain or
opioid consumption should only be considered in terms of
hypothesis generating.

In addition to the limitations mentioned above, we need
to mention that only female patients were included in this
study. While there is no evidence that the MAC of conventional
inhalational anesthetics is affected by sex, we cannot rule out that
the effects of pregabalin differ between men and women (25).
However, as only female patients undergoing breast surgery were

investigated, our study group contained a very uniform patient
population, limiting interindividual variation due to surgery
or sex.

In conclusion, the preoperative administration of 300mg
pregabalin reduced the MAC of sevoflurane by 33%, while
the administration of 150mg pregabalin did not significantly
reduce the MAC. Pregabalin use led to a small reduction in
post-operative pain levels but increased side effects in a dose-
dependent manner.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Ethikkommission der Medizinischen
Universität Wien, Borschkegasse 8b/E06, 1090 Wien. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

JM generated the concept, administered the project, conducted
the investigation, provided resources, and wrote the original
draft of the manuscript. WP generated the concept, provided
resources and guidance in conducting the investigation, and
edited the manuscript. PM conducted the investigation and
edited the manuscript. AG generated the concept, provided
statistical planing, conducted the formal analysis, and edited the
manuscript. TS conducted the formal and analytical analysis
and edited the manuscript. TH generated the concept, provided
resources, wrote the original draft of the manuscript, edited the
manuscript, and supervized the project as a whole. All authors
contributed to the article and approved the submitted version.

FUNDING

This study received funding fromChiesi Pharmaceuticals GmbH,
Austria. The funder was not involved in the study design,
collection, analysis, interpretation of data, the writing of this
article, or the decision to submit it for publication.

REFERENCES

1. Lyrica. European Medicines Agency. Available online at: https://www.ema.
europa.eu/en/medicines/human/EPAR/lyrica#product-information-section
(accessed January 11, 2022).

2. Joshi I, Taylor CP. Pregabalin action at a model synapse: binding to
presynaptic calcium channel alpha2-delta subunit reduces neurotransmission
in mice. Eur J Pharmacol. (2006) 553:82–8. doi: 10.1016/j.ejphar.2006.09.019

3. Mishriky BM, Waldron NH, Habib AS. Impact of pregabalin on acute and
persistent postoperative pain: a systematic review and meta-analysis. Br J

Anaesth. (2015) 114:10–31. doi: 10.1093/bja/aeu293

4. Verret M, Lauzier F, Zarychanski R, Perron C, Savard X, Pinard AM, et al.
Perioperative use of gabapentinoids for the management of postoperative
acute pain: a systematic review and meta-analysis. Anesthesiology. (2020)
133:265–79. doi: 10.1097/ALN.0000000000003428

5. Eger EI, Saidman LJ, Brandstater B. Minimum alveolar anesthetic
concentrationa standard of anesthetic potency. Anesthesiology. (1965)
26:756–63. doi: 10.1097/00000542-196511000-00010

6. Hamp T, Baron-Stefaniak J, Krammel M, Reiter B, Langauer A, Stimpfl
T, et al. Effect of intravenous S-ketamine on the MAC of sevoflurane: a
randomised, placebo-controlled, double-blinded clinical trial. Br J Anaesth.
(2018) 121:1242–8. doi: 10.1016/j.bja.2018.08.023

Frontiers in Medicine | www.frontiersin.org 7 May 2022 | Volume 9 | Article 883181

https://www.ema.europa.eu/en/medicines/human/EPAR/lyrica#product-information-section
https://www.ema.europa.eu/en/medicines/human/EPAR/lyrica#product-information-section
https://doi.org/10.1016/j.ejphar.2006.09.019
https://doi.org/10.1093/bja/aeu293
https://doi.org/10.1097/ALN.0000000000003428
https://doi.org/10.1097/00000542-196511000-00010
https://doi.org/10.1016/j.bja.2018.08.023
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Müller et al. Pregabalin and the MAC of Sevoflurane

7. Eger EI. Age, minimum alveolar anesthetic concentration, and minimum
alveolar anesthetic concentration-awake. Anesth Analg. (2001) 93:947–
53. doi: 10.1097/00000539-200110000-00029

8. Vanacker BF. Sevoflurane mask induction in adults : comparison of two
inhalation techniques. Acta Anaesthesiol Belg. (1997) 48:147–53.

9. Dixon WJ. Staircase bioassay: the up-and-down method. Neurosci Biobehav
Rev. (1991) 15:47–50. doi: 10.1016/S0149-7634(05)80090-9

10. Görges M, Zhou G, Brant R, Ansermino JM. Sequential allocation trial design
in anesthesia: an introduction tomethods, modeling, and clinical applications.
Pediatr Anesth. (2017) 27:240–7. doi: 10.1111/pan.13088

11. Stylianou M, Flournoy N. Dose finding using the biased coin up-
and-down design and isotonic regression. Biometrics. (2002) 58:171–
7. doi: 10.1111/j.0006-341X.2002.00171.x

12. Oron AP, Flournoy N. Centered isotonic regression: point and interval
estimation for dose–response studies. Stat Biopharm Res. (2017) 9:258–
67. doi: 10.1080/19466315.2017.1286256

13. Stylianou M, Proschan M, Flournoy N. Estimating the probability of toxicity
at the target dose following an up-and-down design. Stat Med. (2003) 22:535–
43. doi: 10.1002/sim.1351

14. Hamp T, Krammel M, Weber U, Schmid R, Graf A, Plöchl W. The effect of a
bolus dose of intravenous lidocaine on theminimum alveolar concentration of
sevoflurane: a prospective, randomized, double-blinded, placebo-controlled
trial. Anesth Analg. (2013) 117:323–8. doi: 10.1213/ANE.0b013e318294
820f

15. Bauer CS, Rahman W, Tran-Van-Minh A, Lujan R, Dickenson AH,
Dolphin AC. The anti-allodynic alpha(2)delta ligand pregabalin inhibits the
trafficking of the calcium channel alpha(2)delta-1 subunit to presynaptic
terminals in vivo. Biochem Soc Trans. (2010) 38:525–8. doi: 10.1042/BST038
0525

16. Leksiri S, Hasriadi, DasuniWasana PW, Vajragupta O, Rojsitthisak P, Towiwat
P. Co-administration of pregabalin and curcumin synergistically decreases
pain-like behaviors in acute nociceptive pain murine models. Molecules.

(2020) 25:4172. doi: 10.3390/molecules25184172
17. Chincholkar M. Analgesic mechanisms of gabapentinoids and effects in

experimental pain models: a narrative review. Br J Anaesth. (2018) 120:1315–
34. doi: 10.1016/j.bja.2018.02.066

18. Chavush MA, Yagar S, Ertürk A, Özgök A. Preliminary investigation
of preoperative pregabalin and total intravenous anesthesia
doses: a randomized controlled trial. J Clin Anesth. (2017)
41:137–40. doi: 10.1016/j.jclinane.2016.01.019

19. El-Refai NA, Shehata JH, Lotfy A, Gamaleldin TM, Abdelrahman RA, Dobal
NM, et al. Role of preoperative pregabalin in reducing inhalational anesthetic

requirements in abdominal hysterectomy: randomized controlled trial.
Minerva Anestesiol. (2020) 86:56–63. doi: 10.23736/S0375-9393.19.13734-0

20. Nishikawa K, Harrison NL. The actions of sevoflurane
and desflurane on the γ-aminobutyric acid receptor type
A: effects of TM2 mutations in the α and β subunits.
Anesthesiology. (2003) 99:678–84. doi: 10.1097/00000542-200309000-
00024

21. Brohan J, Goudra BG. The role of GABA receptor agonists in anesthesia
and sedation. CNS Drugs. (2017) 31:845–56. doi: 10.1007/s40263-017-
0463-7

22. Klein AA, Meek T, Allcock E, Cook TM, Mincher N, Morris C, et al.
Recommendations for standards of monitoring during anaesthesia and
recovery 2021: guideline from the association of anaesthetists. Anaesthesia.
(2021) 76:1212–23. doi: 10.1111/anae.15501

23. Yang J, Chai YF, Gong CY, Li GH, Luo NF, Liu J. Further
proof that the spinal cord, and not the brain, mediates the
immobility produced by inhaled anesthetics. Anesthesiology. (2009)
110:591–5. doi: 10.1097/ALN.0b013e3181974bfd

24. Paul M, Fisher DM. Are estimates of MAC reliable? Anesthesiology. (2001)
95:1362–70. doi: 10.1097/00000542-200112000-00014

25. Eger EI, Laster MJ, Gregory GA, Katoh T, Sonner JM. Women appear to
have the same minimum alveolar concentration as mena retrospective study.
Anesthesiology. (2003) 99:1059–61. doi: 10.1097/00000542-200311000-00009

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Müller, Plöchl, Mühlbacher, Graf, Stimpfl and Hamp. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Medicine | www.frontiersin.org 8 May 2022 | Volume 9 | Article 883181

https://doi.org/10.1097/00000539-200110000-00029
https://doi.org/10.1016/S0149-7634(05)80090-9
https://doi.org/10.1111/pan.13088
https://doi.org/10.1111/j.0006-341X.2002.00171.x
https://doi.org/10.1080/19466315.2017.1286256
https://doi.org/10.1002/sim.1351
https://doi.org/10.1213/ANE.0b013e318294820f
https://doi.org/10.1042/BST0380525
https://doi.org/10.3390/molecules25184172
https://doi.org/10.1016/j.bja.2018.02.066
https://doi.org/10.1016/j.jclinane.2016.01.019
https://doi.org/10.23736/S0375-9393.19.13734-0
https://doi.org/10.1097/00000542-200309000-00024
https://doi.org/10.1007/s40263-017-0463-7
https://doi.org/10.1111/anae.15501
https://doi.org/10.1097/ALN.0b013e3181974bfd
https://doi.org/10.1097/00000542-200112000-00014
https://doi.org/10.1097/00000542-200311000-00009
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	The Effect of Pregabalin on the Minimum Alveolar Concentration of Sevoflurane: A Randomized, Placebo-Controlled, Double-Blind Clinical Trial
	Introduction
	Methods
	Study Population
	Randomization and Blinding
	Anesthesia Induction
	Determination of MAC
	Secondary Endpoint Parameters
	Measurement of Serum Pregabalin Concentration
	Statistical Analysis
	Sample Size Determination

	Results
	Primary Outcome
	Secondary Outcomes
	BIS, Blood Pressure, Heart Rate
	Post-operative Pain
	Side Effects

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


