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Abstract

Purpose The sedative effects of pregabalin during perio-
perative period have not been sufficiently characterized.
The aim of this study was to verify the sedative effects of
premedication with pregabalin on intravenous sedation
(IVS) using propofol and also to assess the influences of
this agent on circulation, respiration, and postanesthetic
complications.

Methods Ten healthy young volunteers underwent 1 h of
IVS using propofol, three times per subject, on separate
days (first time, no pregabalin; second time, pregabalin
100 mg; third time, pregabalin 200 mg). The target blood
concentration (Cy) of propofol was increased in a stepwise
fashion based on the bispectral index (BIS) value. Ram-
say’s sedation score (RSS) was determined at each propo-
fol Cy. Propofol C; was analyzed at each sedation level.
Circulation and respiration during IVS and complications
were also verified.

Results Propofol C; was reduced at BIS values of 60 and
70 in both premedicated groups (100 mg: p = 0.043 and
0.041; 200 mg: p = 0.004 and 0.016, respectively) and at a
BIS value of 80 in the pregabalin 200 mg group (p < 0.001).
Propofol C; was decreased at RSS 4-6 in the pregabalin
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100 mg group (RSS 4: p = 0.047; RSS 5: p = 0.007; RSS
6: p = 0.014), and at RSS 3-6 in the pregabalin 200 mg
group (RSS 3-5: p <0.001; RSS 6: p = 0.002).

Conclusion We conclude that oral premedication with pre-
gabalin reduces the amount of propofol required to obtain
an acceptable and adequate sedation level.

Keywords Pregabalin - Premedication - Propofol -
Consciousness monitors - Conscious sedation

Introduction

Pregabalin has been used for the treatment of neuropathic
pain and other chronic neuralgia [1, 2]. Recent studies have
shown that pregabalin is effective for managing postopera-
tive pain resulting from various surgical procedures [3-8].
Also, pregabalin increases the perioperative sedation level
[9, 10]. In some studies, it has been reported that the seda-
tive effect of pregabalin is also observed as its side effect
[3, 11], although it has been suggested that preoperative
administration of pregabalin does not reduce the propofol
requirement for induction of general anesthesia [12]. Thus,
the sedative effect of pregabalin has not been sufficiently
characterized.

Pregabalin reduces depolarization-induced Ca®* entry
via presynaptic Ca>" channels in the central nervous sys-
tem (CNS) [13-18]; consequently, this agent suppresses the
release of glutamate and other excitatory neurotransmitters
[18]. The influence of inhibiting excitatory neurotransmit-
ter release from presynaptic terminals on anesthetic depth
remains uncertain. It is not likely that oral administration
of pregabalin alone obtains a sufficient sedative effect dur-
ing a surgery; however, interaction between pregabalin
and an intravenous (IV) anesthetic that mainly exerts a
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postsynaptic inhibitory action may result in additive/syner-
gistic sedative effects.

In this study, we investigated the effects of pregabalin
on IV sedation (IVS) using the IV anesthetic propofol. We
analyzed the pregabalin-induced differences in the target
blood concentration (Cy) of propofol at the adequate seda-
tion level, which was determined using bispectral index
(BIS) value and a sedation score. Furthermore, we also
examined pregabalin-induced changes in circulation and
respiration during IVS and any complications.

Methods
Study design and participants

After the approval of the Research Ethics Committee of
Kyushu University Hospital and the registration of the study
protocol in the clinical trials database (UMIN000015674),
ten adult volunteers with American Society of Anesthesi-
ologists (ASA) physical status 1, 20-39 years of age, were
recruited for this study. After written informed consent was
obtained, a blood test and electrocardiography were per-
formed to assess the volunteers’ physical condition. Volun-
teers were excluded from recruitment if they were allergic
to egg or soy (raw materials for propofol formulation) or
antibiotics or analgesics, had chronic neuralgia, received
y-aminobutyric acid (GABA) derivatives, or had any pain-
causing conditions.

Healthy volunteers without any abnormalities in the
preanesthetic examination were administered intravenous
propofol using a Diprifusor target-controlled infusion
(TCI) system (Marsh pharmacokinetic model; Terufu-
sion TCI-pump, TE-371; Terumo, Japan) for 1 h. IVS was
administered three times per subject on separate days: the
first IVS was without pregabalin as a control, the second
IVS was with pregabalin 100 mg, and the third IVS with
pregabalin 200 mg. To prevent residual effects of the drug,
the time interval between each examination was set as
1 week or more.

Data collection

The subjects were required to refrain from eating and
drinking after midnight on the day of the study. They were
asked to visit the examination room at 8§ a.m. on the day
of the study, i.e., 1 h before starting IVS. The BIS value
and vital signs, namely, body temperature, pulse rate, blood
pressure, respiratory rate, and oxygen saturation (SpO,)
level, were measured using a flexible multi-parameter bed-
side monitor (Life Scope TR, BSM-6301; Nihon Kohden,
Japan). The study protocol was canceled if the subject’s
vital signs were abnormal (hypo- or hypertension, hypo- or

hyperthermia, tachycardia, or bradycardia) or if the subject
had any poor physical conditions such as a common cold,
nausea, headache, or stomachache. At the second and third
IVS, the subjects received each dose of pregabalin orally
and rested in the examination room for 1 h while being
monitored and observed by the study operators.

An IV line with a 22-gauge IV cannula (Jelco Plus;
Smiths Medical, USA) and IV fluid (SOLDEM 1; Terumo,
Japan) at a rate of 60 ml/h was secured to the dorsum of
each volunteer’s right hand. Oxygen (3 1/min) was supplied
via a nose cannula. Because pregabalin is rapidly absorbed
with peak blood concentration within 1 h in healthy vol-
unteers [1], the IVS was started at 1 h after pregabalin
administration, with a starting propofol C; of 0.5 pg/ml.
BIS value was constantly recorded, and vital signs were
measured every 5 min under IVS. At 10 min after the start
of IVS, propofol C was increased to 1.0 pug/ml. After the
propofol Cy reached 1.0 pg/ml, the propofol was increased
by 0.2 pg/ml every 10 min until the BIS value reached 60.
The BIS value was recorded at each propofol Cy. Propo-
fol C; was evaluated when the BIS value reached 80, 70,
and 60, respectively. Ramsay’s sedation score (RSS) [19]
was determined at each propofol C; by the same researcher
(the first author) throughout the three times of sedation.
RSS 1-3 shows awake levels: I, patient anxious, agitated,
or restless; 2, patient co-operative, oriented, and tranquil; 3,
patient responds to commands only. RSS 4-6 shows asleep
levels, which are dependent on the patient’s response to
a light glabellar tap or loud auditory stimulus: 4, a brisk
response; 35, a sluggish response; 6, no response. The time
duration of the IVS was about 1 h. After the IVS, the sub-
ject remained lying on the examination bed under monitor-
ing and observation without any stimulus until arousal.

Dizziness, blurred vision, and nausea, which might
occur as complications of pregabalin, were evaluated at
30 min after the oral administration of pregabalin and just
before starting the IVS, and at 30 min, 1 h, and 5 h after
the termination of IVS. Dizziness, blurred vision, and nau-
sea were evaluated by a 11-point numerical rating scale
(NRS) [6, 8, 9, 13]. The subjects were asked to evaluate
their symptoms on a scale from 0 to 10, where O represents
‘no symptoms’ and 10 represents ‘the worst possible,” using
whole numbers (11 integers including 0). Metoclopramide
10 mg was administered as a rescue antiemetic medication
if the subjects complained of moderate nausea (NRS of 5
or more) or displayed vomiting. After evaluation of compli-
cations at 5 h after IVS, the subjects were discharged from
the examination room.

Study endpoints

The primary endpoint of the study was the pregabalin-
induced difference in the propofol C; at the adequate
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sedation level. Secondary endpoints were the pregabalin-
induced changes in circulation and respiration during IVS
and any complications.

Statistical analysis

Data are presented as mean (SD), median [IQR (range)]
or number of subjects (proportion). Statistical analysis
was performed using SPSS version 20.0 (IBM, USA). The
data were analyzed by multilevel modeling using one-way
repeated-measures analysis of variance, followed by mul-
tiple comparisons with Bonferroni correction. A p value
<0.05 was considered significant. Because this trial involved
the measurement of new items, no preliminary study was
available for power analysis to estimate the sample size at
the time of design. Therefore, the sample size was set as ten
volunteers, taking into consideration feasibility and cost to
obtain primary exploratory data.

Results

Ten volunteers, five male and five female, participated in
this study. The mean age of the volunteers was 29.2 years
(range, 23-32 years). Mean height and weight were 165
(range, 8.2) cm and 58.8 (range, 6.5) kg, respectively. No
subject had developed any allergy to drugs. The study pro-
tocol was performed without discontinuation during the
trial.

BIS value

Figure 1 shows the propofol C; at BIS values of 60-80 in
the groups with or without premedication of pregabalin. In
the no pregabalin (control) group, the mean propofol Cr at
BIS values of 60, 70, and 80 was 1.70 (0.445), 1.46 (0.417),
and 1.09 (0.281), respectively. The mean propofol C; at
BIS values of 60 and 70 was significantly reduced in both
premedicated groups [pregabalin 100 mg: 1.44 (0.227),
p =0.043, and 1.21 (0.179), p = 0.041; pregabalin 200 mg:
1.34 (0.313), p = 0.004, and 1.17 (0.271), p = 0.016,
respectively], compared to the corresponding values in the
control group. However, there was no significant difference
between the two premedicated groups. The mean propofol
Cy in the pregabalin 200 mg group [0.69 (0.345)], but not
in the pregabalin 100 mg group [0.97 (0.157)], was signifi-
cantly less at a BIS value of 80 (p < 0.001).

Sedation score
Compared to the control group, the pregabalin 100 and

200 mg groups showed significant decrease of propofol C;
at RSS 4-6 (RSS 4: p = 0.047; RSS 5: p = 0.007; RSS 6:
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Fig. 1 Propofol target blood concentration (Cy) in groups without
pregabalin (control, white) and with pregabalin (100 mg, shaded;
200 mg, black) when the bispectral index (BIS) value reached 60-80.
Data are expressed as mean (SD). *p < 0.05 and **p < 0.01 represent
significant differences among groups. C; propofol target blood con-
centration
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Fig. 2 Propofol C; at Ramsay’s sedation score (RSS) 3-6 in groups
without pregabalin (control, white) and with pregabalin (100 mg,
shaded; 200 mg, black). Results are expressed as mean (SD).
*p < 0.05 and **p < 0.01 represent significant difference among
groups. C; propofol target blood concentration

p = 0.014) and at RSS 3-6 (RSS 3-5: p < 0.001; RSS 6:
p = 0.002), respectively (Fig. 2). The data of the propofol
Cy at RSS 1 and 2 could not be evaluated because the seda-
tion levels of some or all of the pregabalin-premedicated
subjects had already reached RSS 2 (100 mg, 10 subjects;
200 mg, 4 subjects) and RSS 3 (200 mg, 6 subjects) before
starting the propofol infusion for sedation.

Changes in circulation and respiration

Figure 3 shows blood pressure from the time of premedi-
cation to the end of the IVS in the groups with or without
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Fig. 3 Blood pressure (BP) from the time of premedication to the
end of the intravenous sedation (IVS) in groups without pregabalin
(control, white dotted lines) and with pregabalin (100 mg, shaded
dashed lines; 200 mg, black dashed lines). T1 immediately before
premedication; 72 30 min after premedication; 73 at the start of IVS;
T4 at BIS value of 80; 75 at BIS value of 70; 76 at BIS value of 60;
T7 end of IVS. Results are expressed as mean (SD). *p < 0.05 and
**p < 0.01 represent significant differences compared with control

group

premedication of pregabalin. From the time of premedi-
cation to the end of IVS, there were no significant differ-
ences in systolic blood pressure (SBP) and diastolic blood
pressure (DBP) among the three groups, except for low
SBP in the pregabalin 200 mg group at the end of IVS
(p = 0.020). Immediately before premedication, mean
blood pressure (MBP) showed significant differences in
the pregabalin 100 mg group compared with the control
group (p = 0.036). At a BIS value of 60, MBP was signifi-
cantly low in the pregabalin 200 mg group compared with
the control group (p = 0.009). No group showed abnormal
blood pressure values during the examination, provided
that abnormal blood pressure in this study was defined as
SBP >140 mmHg or DBP >90 mmHg [20], or a decline
of at least 30% of the subject’s baseline MBP meas-
ured before premedication [21]. Pulse rates significantly
decreased at the start of IVS (p < 0.001), at a BIS value
of 80 (p = 0.002), at a BIS value of 70 (p = 0.021), and at
the end of IVS (p = 0.007) in the pregabalin 200 mg group
(Fig. 4). There were no significant differences in SpO, level
(95-100%) and respiratory rate (12-24) among the three
groups (data not shown).

Complications
The incidences of blurred vision significantly increased

in the pregabalin 200 mg group at 1 and 5 h after the end
of IVS (p = 0.005 and 0.029, respectively). One subject
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Fig. 4 Pulse rate (PR) from the time of premedication to the end
of IVS in groups without pregabalin (control, white dotted lines)
and with pregabalin (100 mg, shaded dashed lines; 200 mg, black
dashed lines). T1 immediately before premedication; 72 30 min after
premedication; 73 at the start of IVS; 74 at BIS value of 80; 75 at
BIS value of 70; T6 at BIS value of 60; 77 end of IVS. Results are
expressed as mean (SD). *p < 0.05 and **p < 0.01 represent signifi-
cant differences compared with control group

in the pregabalin 100 mg group and three in the pregaba-
lin 200 mg group asked for and were administered rescue
antiemetics; however, there was no significant difference in
the incidence of nausea among the three groups (Table 1).

Discussion

In this study, we investigated the sedative effects of oral
pregabalin premedication on IVS using propofol TCI. Oral
premedication of 100 and 200 mg pregabalin significantly
reduced the propofol C; to obtain an adequate sedation
level, estimated on the basis of the BIS value and RSS.

It has been reported that preoperative administration of
pregabalin 150 mg does not reduce the propofol require-
ment for induction of general anesthesia [12]. White et al.
have reported that premedication with oral pregabalin at
300 mg increases the level of sedation before induction of
anesthesia and in the early postoperative period [9]. One
systematic review has suggested that pregabalin improves
postoperative analgesia at the expense of increased seda-
tion and visual disturbance [11]. Thus, the sedative effect
of pregabalin during anesthesia or sedation has been left
unclear. From the results of this study, however, it is con-
sidered that oral administration of pregabalin augments
the sedative effect on IVS using propofol. As already men-
tioned, Moreau-Bussiere et al. have reported that preopera-
tive pregabalin does not reduce the propofol requirement
for induction of general anesthesia. In their study, entropy
values were measured between 1 and 3 min post induction
with propofol, and the necessary dose of propofol for the
achievement of a targeted anesthetic depth was determined
[12]. In this present study, the propofol C; was gradually
increased every 10 min until the BIS value reached 60,
and BIS value and RSS were observed for 10 min per 1 C;
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Table 1 Incidence of complications

Control Pregabalin
100 mg 200 mg

Dizziness

T2 0(0-0[0-0]) 0(0-0[0-0]) 0O (0-0[0-0]

T3 0(0-0[0-0]) O0(0-0[0-1]) 0O (0-0[0-0])

T8 0(0-0 [0-1]) 0(0-1.5[0-3]) 0(0-0[0-3])

T9 0(0-0[0-0]) 0 (0O-1[0-5]) 0O(0-2[0-5])

T10 0(0-0[0-0]) O0(0O-0[0-1]) O (0-1[0-3D)
Blurred vision

T2 0(0-0[0-0]) O0(0O-0[0-0]) 0(0-0[0-2]

T3 0(0-0[0-1]) O0(0-0[0-0]) O(0-1[0-2]

T8 0(0-0[0-2]) 0(O-1[0-1]) 0O(0-2.5[04D

T9 0(0-0[0-0]) 0(0-1[0-3]) 2(0-3[04])**

T10 0(0-0[0-0]) 0(0-0[0-1]) 0.5(0-1[0-3]*
Nausea

T2 0(0-0[0-0]) 0 (0-0[0-1]) 0O (0-0[0-0])

T3 0(0-0[0-0]) O(0-0[0-1]) O (0-0[0-0])

T8 0(0-0[0-0]) O0(O-0[0-1]) O (0-0[0-0])

T9 0(0-0 [0-0]) 0(0-0[0-10]) O (0-0[0-10])

T10 0(0-0[0-0]) 0(0-0[0-3]) 0(0-0[0-8])
Antiemetic therapy 0 (0%) 1 (10%) 3 (30%)

Complications were evaluated by numeric rating scale (0—10). Values
are median (IQR [range]) or number of subjects (proportion)

T2 30 min after the premedication; 73 at the start of intravenous seda-
tion (IVS); 78 30 min after the end of IVS; 79 1 h after the end of
IVS; T10 5 h after the end of IVS

*p < 0.05 and **p < 0.01 represent significant differences compared
with control group

of propofol. The discrepant results between the two stud-
ies may be attributable to the differences in the duration
of propofol administration and the requirement of propo-
fol to reach the required anesthetic depth (i.e., induction of
general anesthesia vs. sedation). In recent years, there are
several reports on the presynaptic effects of general anes-
thetics [22-26]. The regulation of neurotransmitter release
from presynaptic nerve terminals may be related to anes-
thetic action in the CNS. Pregabalin inhibits the release of
excitatory neurotransmitters from presynaptic terminals;
therefore, it is probably reasonable that pregabalin affects
anesthetic action.

Premedication with pregabalin contributes to decreases
in heart rate and mean arterial pressure at airway instru-
mentation [27]. Gupta et al. have reported that oral prega-
balin premedication decreases mean arterial pressure, but
not heart rate, after propofol induction [28]. In our study,
pregabalin administration did not result in any evident dif-
ferences in respiration. The administration of 100 mg pre-
gabalin did not cause a significant difference in circulation.
However, the pregabalin 200 mg group showed significant
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declines of SBP at the end of IVS and MBP at a BIS value
of 60 (Fig. 3), and significant reduction of pulse rate dur-
ing IVS compared with control group (Fig. 4). The seda-
tive effect of pregabalin may lead to the reduction of pulse
rate, although the effect of the interaction of pregabalin and
propofol on the cardiovascular system remains unknown.

Dose-dependent effects of pregabalin were only observed
at light levels of sedation (BIS value, 80: Fig. 1; RSS 3 and
RSS 4: Fig. 2). It is difficult to explain why there were no
significant differences between the 100 and 200 mg prega-
balin groups at deep sedation levels. The 200 mg dose of
pregabalin is not the maximum dose of one medication. In
fact, in many reports on the analgesic effects of pregabalin,
300 mg was used as a high dose of pregabalin, and postan-
esthetic complications, such as dizziness and drowsiness,
were often observed in the patients administered 300 mg of
pregabalin [2, 3, 5-7, 11]. In our study, to prevent complica-
tions caused by oral pregabalin 300 mg, 200 mg was used
as the high dose. However, even 200 mg pregabalin induced
complications after IVS (Table 1). The high incidences of
complications after IVS may be related to the long elimina-
tion half-life of pregabalin, ranging from 5.5 to 6.7 h [1].
Pregabalin premedication seems not to be suitable for day
surgery for an outpatient because of its long elimination
half-life. In addition, in using pregabalin as the premedica-
tion for anesthesia/sedation, it is necessary to take precau-
tionary measures against postanesthetic complications.

In this study, two doses of pregabalin were used to
investigate the sedative effects on the IVS using propofol:
100 mg pregabalin has nearly the same effect as 200 mg
at BIS values of 60 and 70 and at RSS 5 and 6; therefore,
100 mg is considered to be the adequate dose of pregabalin
in deep sedation level. On the other hand, 200 mg pregaba-
lin is more effective than 100 mg at BIS value 80 and RSS
3 and 4 (Figs. 1, 2). The required sedation level may be dif-
ferent depending on each case. If the patient is required to
respond briskly to commands or waking stimuli, 200 mg
pregabalin seems to be the efficacious dose. However, tak-
ing into consideration the avoidance of risks of side effects
and fluctuations in circulation, 100 mg may be the safe
dose of pregabalin for premedication of IVS.

In addition to the augmentation of sedative effects, pre-
gabalin has analgesic effects on postoperative pain [3-8];
therefore, pregabalin may be useful as a premedication.
However, the preoperative use of pregabalin for premedica-
tion is unapproved. Hence, the off-label use of pregabalin
is not immediately recommended for premedication. It will
be necessary to verify the effectiveness of pregabalin for
premedication in comparison with other sedative premedi-
cation drugs. On the other hand, it may be rather important
to focus on the anesthetic/sedative effects of pregabalin as
an inhibitor of neurotransmitter release, because the action
mechanism of pregabalin is completely different from
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the principal mechanisms of existing anesthetics. A more
detailed study on the anesthetic effects caused by inhibiting
excitatory neurotransmitter release from presynaptic nerve
terminals in the CNS appears to be useful.

Our study has some limitations. First, this study was a
nonrandomized and nonblinded design; therefore, we can-
not deny the possibility of bias. Immediately before pre-
medication, for example, blood pressure and pulse rate
were slightly high in the pregabalin 100 mg group com-
pared with control group (Figs. 3, 4). These differences in
the circulatory kinetics between two groups may be caused
by the subjects’ stress and anxiety about taking pregaba-
lin. This nonrandomized and nonblinded study design is
based on the advice of the Ethics Committee as follows.
There are no sufficient preliminary studies demonstrating
the interaction between pregabalin and propofol in IVS.
Hence, randomization or blinding was not suitable because
of the need to secure the safety of the volunteers. Second,
our results are applicable only to a healthy young popula-
tion with no systematic disease. Three cases of postopera-
tive respiratory depression have been reported in elderly
patients who received pregabalin [29]. The results of our
study do not clarify the possible effects of the interac-
tion between propofol and pregabalin in elderly or medi-
cally compromised subjects. Third, some subjects showed
reduction of BIS value and increase of the sedation score
at the starting of the IVS. Pregabalin alone may have some
sedative effect. Therefore, a group given only pregabalin
would have been desirable in our study. Fourth, there is a
correlation between electromyogram (EMG) and BIS [30].
Although EMG activity is often present during IVS, we
failed to record EMG data during IVS. Therefore, we can-
not examine the potential effects of EMG on BIS.

In conclusion, oral premedication of pregabalin reduced
the amount of propofol required to achieve an adequate
level of sedation. To confirm our findings, further rand-
omized controlled trials are needed. In addition, it seems
necessary to investigate the anesthetic effects of inhibiting
excitatory neurotransmitter release from presynaptic termi-
nals in the CNS.
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