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Background Patients with acute aneurysmal subarachnoid hemorrhage (aSAH) 
experience excruciating headache that is difficult to manage in resource-constrained 
settings. Pregabalin’s (β-isobutyl-GABA) analgesic, antiepileptic, and antiemetic prop-
erties make it an attractive adjuvant in pain management for these patients.
Methods We conducted a double-blind, placebo-controlled, randomized clinical trial 
on 40 aSAH patients undergoing aneurysmal clipping to assess the effect of perioper-
ative pregabalin in decreasing perioperative headache, anesthetic, and opioid require-
ment. Patients received either pregabalin (75 mg) or placebo twice daily soon after 
admission till 24-hour postoperative, in addition to paracetamol 650 mg thrice daily. 
Headache assessed using a visual analog scale (VAS) at five time points was compared 
using a mixed effects regression model.
Results Pain assessed by VAS declined significantly more from the baseline in pre-
gabalin recipients compared with placebo at preinduction (–3.6 vs.–1.8; p = 0.004), 
12-hour (4.3 vs. 2.8; p = 0.014), and 24-hour postsurgery (4.7 vs. 2.9; p = 0.007), but 
not at the 6-hour postoperation (4.9 vs. 3.8; p = 0.065). Pregabalin recipients required 
a lower minimum alveolar concentration of sevoflurane to maintain a prespecified 
bispectral index of 40 and 60 (0.8 vs. 0.9; p = 0.014) and required fewer rescue analge-
sic doses in the 24 hours following surgery (1.8 vs. 3.3; p = 0.005). The intraoperative 
fentanyl requirement was not significantly different between the groups (10 µg/kg 
vs. 11.4 µg/kg; p = 0.065). There was no significant difference in the sedation scores.
Conclusions Pregabalin 75 mg administered twice daily, during the perioperative 
period, was an effective adjunct in the management of the severe headache experi-
enced by patients with aSAH and decreased the opioid and anesthetic requirement 
without significantly increasing sedation.
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Introduction
Acute aneurysmal subarachnoid hemorrhage (aSAH) is a cat-
astrophic event presenting with excruciating headache often 

described as a “thunderclap headache.” The origin of this pain 
is thought to be neuropathic as the meninges which are inner-
vated by the branches of the trigeminal nerve are inflamed as 
a consequence of exposure to blood, resulting in meningism, 
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causing severe headache.1-5 In this subset of patients, control 
of pain is of paramount importance as severe pain results 
in the activation of the sympathetic system, resulting an 
increase in the blood pressure and an increase in the level of 
stress hormones.6,7 This, in turn, increases the chance of com-
plications, such as rerupture/rebleed, vasospasm, and stress 
cardiomyopathy which are associated with greater morbidity 
and mortality.7-9

The choice of analgesic and anti-inflammatory agents in 
resource-constrained settings is limited. Paracetamol is rou-
tinely prescribed but provides suboptimal relief of headache, 
resulting in demand for rescue analgesia. Because of the risk 
of platelet dysfunction and rebleed, nonsteroidal anti-in-
flammatory drugs (NSAIDs) are rarely used in these patients, 
whereas the sedative effects of opioids make it a challenge to 
detect the deterioration of sensorium, especially in settings 
with less than optimal resource for monitoring patients.

Pregabalin (β-isobutyl-GABA), a lipophilic  structural 
analog of γ-aminobutyric acid and a potent gabapenti-
noid, is effective in the treatment of acute pain, as well as 
chronic neuropathic pain.10 Apart from being a principal 
tool in the armamentarium against chronic neuropathic 
pain, pregabalin given perioperatively has been effective in 
decreasing acute postoperative pain and the need for rescue 
analgesics in varied settings, including elective neurosurgery 
for brain tumors and spine surgeries.11 Being more potent at 
reducing neuropathic pain than NSAIDs and paracetamol and 
less likely to obtund sensorium as compared with opioids, 
pregabalin might be indicated in those with severe pain.12,13 
In addition, it has antiepileptic, antiemetic, and anxiolytic 
properties that make it an attractive option in managing pain 
in patients with aSAH.14,15

We tested the hypothesis that pregabalin would reduce 
the perioperative pain and headache in patients with aSAH in 
a setting where oral paracetamol is a standard of care analge-
sic, by assessing the decline in perioperative headache, use of 
intraoperative analgesia/anesthesia, and the need for rescue 
analgesics in the perioperative period.

Methods
Adult patients with the World Federation of Neurosurgical 
Societies, grades 1 and 2 aSAH presenting with headache 
and in whom neurosurgical intervention was proposed were 
recruited after written informed consent. Those received 
pregabalin in the previous 2 weeks, having known renal 
or hepatic dysfunction, or having a Glasgow Coma Scale of 
14 or lower were excluded from the trial. The clinical trial 
was approved by the institutional ethics committee and pro-
spectively registered in the Clinical Trials Registry of India 
(CTRI/2016/10/007363).

In this double-blind, placebo-controlled randomized tri-
al, patients were randomized in a 1:1 ratio to receive either 
tablet pregabalin 75 mg BD (bis in die) or its placebo periop-
eratively from randomization at admission to 24 hours after 
surgery. Computer-generated block randomization with 
varying block sizes was used to assign participants to their 
respective arms. Allocation concealment was achieved by 

packaging allocation codes in serially numbered opaque 
envelopes assembled by a neuroanesthetist, not directly 
involved with the clinical trial. Nursing staff who were blind-
ed to the study assignment of participants dispensed drugs 
based on a blinded allocation code. Nurses who were trained 
to assess pain using a visual analog scale (VAS) assessed pain 
at recruitment (baseline) and at 6, 12, and 24 hours after sur-
gery. Before every administration of the study drug or res-
cue analgesic, pain was rated on the VAS, and the degree of 
sedation was noted by the Ramsay Sedation Scale (RSS) by 
the nursing staff. All patients received eighth hourly tablet 
paracetamol 650 mg as per the standard protocol of pain 
management. At each assessment, if the VAS was 4, injection 
diclofenac 75 mg was administered intravenously as an infu-
sion. VAS score was reassessed 1 hour later and if still found 
to be 4, injection tramadol 50 to 100 mg (as determined 
by the weight of the patient) was administered. The next 
line analgesic was injection fentanyl at a dose of 2 µg/kg or 
injection morphine at 0.05 mg/kg given intravenously. This 
step ladder for the treatment of pain was followed till the 
VAS was < 4. The same protocol for pain management was 
followed in the postoperative period as well, with injection 
paracetamol 1-g intravenous (IV) eighth hourly replacing 
oral paracetamol as the standard of care analgesic.

Before induction of anesthesia, headache was assessed, 
and the preinduction VAS was documented by the 
anesthesiologist who was blinded to the study alloca-
tion for the participant. Intravenous induction was per-
formed with a titrated sleeping dose of injection propofol of 
1.5 to 2 mg/kg along with injection fentanyl 2 µg/kg. Vecuro-
nium 0.1 mg/kg was the muscle relaxant of choice. An addi-
tional dose of injection fentanyl of 2 µg/kg was administered 
to attenuate the response to the placement of the Mayfield 
clamp head holder. Scalp block for intraoperative analgesia 
was not performed on any of our patients. During surgery, 
the dose of inhalational anesthetic (sevoflurane) was titrated 
to maintain the bispectral index (BIS) between 40 and 60. A 
standardized algorithm was used to assess the need for intra-
operative opioids, and the number of additional bolus doses 
of fentanyl per kg over the baseline infusion rate of 1 µg/kg/h 
was recorded. Additional boluses of injection fentanyl were 
given when there was a 20% increase in heart rate or blood 
pressure associated with a painful stimulus or as deemed 
necessary by the attending anesthesiologist. Aneurysmal 
clipping was performed by the same senior neurosurgeon for 
all the study cases. Adverse events, time of administering the 
study drug, concomitant medications, and rescue analgesics 
were recorded for the first 24 hours postoperatively. The VAS 
and RSS were assessed for all patients before administration 
of the study drug and before and after 1 hour of administering 
a rescue analgesic. This was continued for the first 24 hours 
postoperatively after which the study drug was discontinued.

The primary per-protocol analysis included all patients 
who were randomized and received at least one preop-
erative dose of the test product and in whom a valid VAS 
assessment was available at four time points. The base-
line covariates were compared using Fisher’s exact test or 
Chi-square as appropriate. The decline in VAS at each time 
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point was compared across the groups using a mixed effects 
model that incorporated a full factorial interaction term for 
time of assessment and treatment received. This along with 
the intraoperative anesthetic and analgesic requirements 
between trial arms formed coprimary objectives. The dose 
of fentanyl in µg/kg (above the baseline infusion) was com-
pared across groups using t-test. RSS across groups assessed 
postoperatively at each time point (6, 12, and 24 hours) was 
compared using Mann–Whitney test. Both groups were mon-
itored for adverse events up to 24 hours after surgery and 
these were compared using Fisher’s exact test. Blinded analy-
sis was performed by the investigators using STATA 15.0. The 
data were unmasked only after the primary endpoints were 
assessed. This manuscript adheres to the consolidated stan-
dards of reporting trials (CONSORT) guideline.

Seventeen cases per arm were estimated to provide 
80% power to detect with 5% probability of type I error, a 
clinically significant difference of two points in the posttreat-
ment VAS for the pregabalin group as compared with the pla-
cebo group assuming a combined standard deviation of VAS 
score of 2 and an allocation ratio of 1, using a two-sided test 
of significance. Accounting for those who would be ineligible 

for the per-protocol analysis because of protocol deviations, 
we recruited 20 cases per arm. We did not inflate the sample 
size for multiple testing or intraparticipant correlation.

Results
Eighty-two patients presented at a tertiary care facility 
in Southern India with aSAH were screened for inclusion 
between October 2016 and July 2017. Forty eligible, con-
senting participants between 31 and 72 years of age were 
randomized to receive either tablet pregabalin 75 mg BD or 
a placebo. Five participants who were electively ventilated 
postoperatively were excluded from the primary per-pro-
tocol analysis. The recruitment and follow-up is detailed in 
►Fig. 1.

Patients were admitted, at median, 4 days after ictus (inter-
quartile range [IQR]: 2–6 days) and were operated upon, on 
average, 21 hours after admission. The median VAS at admission 
was 7 (IQR: 6–8). There was no significant variation in the dura-
tion of surgery or anesthesia between the groups. Admission 
VAS was higher in the pregabalin group (7.61 vs. 6.71 points), 
and there were more men in the pregabalin arm (13 vs. 7). The 

Fig.1  Consolidated standards of reporting trials (CONSORT) diagram.
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treatment groups were comparable across key baseline and 
treatment parameters (►Table 1).

Headache assessed using a 10-point VAS at all postinter-
vention time points was lower in those receiving pregaba-
lin as compared with the placebo (►Fig.  2A). Perioperative 
decline in VAS from the baseline was significantly greater 
among pregabalin recipients at all time points other than the 
6-hour postoperative time point (►Table 2). The decline in VAS 
between admission and preinduction assessment was signifi-
cantly greater in pregabalin recipients (3.61 vs. 1.76 points; 
p = 0.004). The decline in VAS from baseline was significantly 
greater at the 12-hour postoperative assessment (4.33 vs. 2.76 
points; p = 0.014) and at the 24-hour assessment (4.67 vs. 2.94 
points; p = 0.007) as well. At the 6-hour postoperative assess-
ment, we did not observe a statistically significant difference 
in the decline in VAS (4.94 vs. 3.76; p = 0.065; ►Fig. 2B).

The mean minimum alveolar concentration (MAC) 
requirement of sevoflurane to maintain a BIS of 40 to 
60 was significantly lower in the pregabalin recipients 
(0.82 vs. 0.92; p = 0.014; ►Table 3). The intraoperative fentanyl 
requirement did not vary significantly between pregabalin and 
placebo recipients (10 vs. 11.4 µg/kg, p = 0.065) in the primary 
unadjusted analysis. In a secondary, exploratory, multivariate 
regression analysis that adjusted for the duration of surgery 
and the difference in the anesthetic management between 
various anesthetists, we noted a statistically significant lower 
intraoperative fentanyl requirement of 1.64 µg/kg in the pre-
gabalin recipients compared with placebo (p = 0.047).

Six (33%) pregabalin recipients and nine (53%) placebo 
recipients required rescue analgesics (p = 0.315). Pregaba-
lin recipients required fewer doses of rescue analgesic doses 
than the placebo group (1.77 vs. 3.29, p = 0.005).

The time to awakening was not significantly different 
between the groups (21.8 vs. 27.2 minutes, p = 0.455). The RSS 
were similar at all time points (►Table 4). The incidence of post-
operative nausea and vomiting was similar across the pregab-
alin and placebo arms (0 vs. 2, p = 0.356). One patient in each 
arm had vasospasm in the first 24 hours, one patient in the pla-
cebo group was reintubated and underwent a decompressive 

hemicraniectomy during the first 24 hours, and one patient in 
the placebo group developed acute onset atrial fibrillation and 
required cardioversion for the same. None of the adverse events 
led to discontinuation of the study drugs. There were no other 
significant adverse events that could be attributed to the drug.

Discussion
Despite presenting later than is common in Western set-
tings, patients with acute aSAH were in considerable pain 
as reflected by high baseline VAS scores in both the groups 
(7.61 and 6.71 points). Low-dose oral pregabalin at 75 mg 
twice daily decreased headache more effectively, compared 
with those who did not receive the drug by the time patient 
was being posted for aneurysm clipping. The significant 
decline in the VAS from the baseline to just before induction 
of anesthesia suggests that the drug may be effective after a 
median of two doses, 12 hours apart. The VAS at all postop-
erative time points was lower in the treatment group though 
this difference was not significant at the 6-hour postoperative 
assessment, possibly due to the residual effects of the analge-
sics and anesthetics used intraoperatively in both arms. We 
also noted a sparing of rescue analgesic doses through the 
course of hospitalization, and this is an objective reiteration 
of the lower pain levels in those receiving pregabalin.

As postulated, there was a significant decrease in the intra-
operative analgesic and anesthetic requirement in the group of 
patients who had received tablet pregabalin. This is reflected 
by the multivariate analysis which showed a higher fentan-
yl requirement and a higher average MAC of sevoflurane to 
maintain a BIS of 40 to 60 in the placebo group. The prega-
balin group took 21.8 minutes to recover from anesthesia as 
opposed to 27.2 minute in the placebo recipients (p = 0.46). 
These findings are similar to those seen by Gupta et al who 
compared oral premedication with pregabalin or clonidine 
for hemodynamic stability during laryngoscopy and laparo-
scopic cholecystectomy and found that both pregabalin and 
clonidine decreased the need of intraoperative analgesic drug 
requirement.16

Table 1 Comparison of key patient characteristics across intervention arms

Demographic characteristics Pregabalin (n = 20) Placebo (n = 20) p-Value

Age in years (mean ± SD) 53.2 (9.3) 53.3 (7.1) 0.95

Weight in kg (mean ± SD) 67.9 (10.7) 60.6 (17.5) 0.12

Gender—male (%) 13 (65) 7 (35) 0.06

ASA grade 1 (%) 9 (45) 4 (20) 0.09

Mean time to admission from ictus in d (SD) 3.9 (2.4) 3.9 (2.4) 0.94

Mean duration of surgery in min (SD) 356.0 (60.7) 347.0 (74.2) 0.69

Mean duration of anesthesia in min (SD) 382.2 (57.7) 372.9 (62.5) 0.64

Mean time to awakening in min (SD) 21.8 (22) 27.2 (16) 0.46

Temporary clipping: n (%) 10 (50.0) 5 (25.0) 0.19

Mean duration of temporary clipping in min (SD) 3.1 (4.0) 4.0 (9.8) 0.71

Mean number of preoperative study drug doses (SD) 2.2 (1.2) 2.2 (0.7) 1.00

Mean number of postoperative study drug doses (SD) 1.9 (0.2) 1.8 (0.8) 0.57

Abbreviation: SD, standard deviation.
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One of the key concerns with the use of pregabalin is the 
increased drowsiness associated with long-term use of higher 
doses of the drug. In this trial, we evaluated sedation using the 
RSS at several time points and found no evidence of increased 
sedation in the recipients of pregabalin. We encountered no 
problems with over sedation and its associated complications, 
such as hypoventilation, hypercarbia, hypoxia, and drowsi-
ness, which are characterized by delayed obeying or a fall in 
the sensorium.

There were no related adverse events in this study nor 
any adverse event that required discontinuation of drugs. 
Nonetheless, the sample size is inadequate to make a defini-
tive assessment of safety concerns with the drug, and larger 

clinical trials or meta-analysis of available data might be war-
ranted to confirm its safety.

We acknowledge the inability to use a more objective mea-
sure of pain is a significant limitation of the study and attempt-
ed to overcome the same by standardized assessment by 
blinded nursing staff who were trained in making this assess-
ment. All aSAH patients in this setting are started on antiepi-
leptics usually tablet phenytoin 100 mg given thrice daily and 
on tablet phenobarbitone 60 mg at bedtime which could have 
influenced the analgesic requirement and the sedation scores 
across both groups. Similarly, the routine use of steroids (injec-
tion dexamethasone) with its anti-inflammatory action may 
have contributed to the pain relief over time.

Fig. 2 (A) Headache measured on a 10-point visual analog scale at each time point across study groups. Error bars represent 95% confidence 
interval. (B) Excess decline in visual analog scale (from baseline) in pregabalin group at each postintervention time point. Error bars represent 
95% confidence interval. Postop, postoperative; VAS, visual analog scale. **indicates statistically significant difference.

Table 2  Effect of pregabalin in decreasing visual analog scale from baseline at different time points

Decline in VAS from baseline Pregabalin Placebo Treatment effect (95% CI)

Preinduction 3.61 1.76 1.85 (0.59–3.10)

6-hour postsurgery 4.94 3.76 1.18 (–0.08 to 2.43)

12-hour postsurgery 4.33 2.76 1.57 (0.31–2.82)

24-hour postsurgery 4.67 2.94 1.73 (0.47–2.48)

Abbreviations: CI, confidence interval; VAS, visual analog scale.
Note: treatment effect is the excess decline in VAS from baseline in the pregabalin recipients.

Table 3  Injection fentanyl and minimum alveolar concentration requirement of sevoflurane across intervention arms

Intraoperative analgesic and anaesthetic requirement Pregabalin Placebo p-Value

Fentanyl requirement (µg/kg) 10.0 11.4 0.065

Average MACa 0.82 0.92 0.014

Abbreviation: MAC, minimum alveolar concentration.
aMAC of sevoflurane required to maintain bispectral index between 40 and 60.

Table 4  Ramsay’s sedation scales at different time points across intervention arms

Ramsay’s sedation scale Pregabalin Placebo p-Value

6-hour postoperation 2.83 3.01 0.382

12-hour postoperation 2.28 2.47 0.385

24 hour postoperation 2.06 2.01 0.339
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Conclusion
The results of this clinical trial while reiterating the utility of 
pregabalin 75 mg (twice daily dosing) in reducing postopera-
tive pain also provide evidence that, in aSAH, where patients 
experience excruciating pain and analgesic options are lim-
ited, pregabalin is both effective and safe as an adjunct for 
perioperative pain management.
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