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Abstract Introduction Postcraniotomy headaches are often underestimated and under-
treaded. This study aimed to identify if postoperative administration of sumatriptan
after minimally invasive craniotomy for clipping an unruptured aneurysm could reduce
postcraniotomy headache and improve the quality of postoperative recovery.
Settings and Design Tertiary care center, single-center randomized double-blind
placebo-controlled trial.
Materials and Methods Patients who complained of postoperative headaches after
minimally invasive craniotomy for clipping of unruptured aneurysms were randomized
to receive subcutaneous sumatriptan (6mg) or placebo. The primary outcome was the
quality of recovery measured 24 hours after surgery. Secondary outcomes were total
opioid use and headache score at 24 hours after surgery. Data were analyzed using a
Student’s t-test or the chi-square test.
Results Forty patients were randomized to receive sumatriptan (n¼19) or placebo
(n¼21). Both groups had similar demographics, comorbidities, and anesthesia
management. The Quality of Recovery 40 score was higher for patients receiving
sumatriptan compared to placebo, however, not statistically significant (173 [156–
196] vs. 148 [139–181], p¼0.055). Postoperative opioid use between sumatriptan and
placebo was lower, but not significant (5.4 vs. 5.6mg morphine equivalent, p¼0.71).
The severity of headache was also not statistically different between the two groups (5
[4–5] vs. 4 [2–5], p¼0.155).
Conclusion In patients undergoing minimally invasive craniotomies for aneurysm
clipping, sumatriptan given postoperatively has a nonsignificant trend for a higher
quality of recovery. Similarly, there was a nonsignificant trend toward lower post-
craniotomy headache scores and opioid scores for the patient given sumatriptan.
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Introduction

Unruptured intracranial aneurysms have a high prevalence
(3.2%) and are increasingly diagnosed with the evolution of
imaging tools.1 The management strategy for clipping or
coiling of unruptured aneurysms ismade after multidisciplin-
ary evaluation.2Minimally invasive craniotomy for clipping an
unruptured aneurysm has become a common surgical proce-
dure to improve early discharge from the hospital.2

The postoperative pain after minimally invasive cranioto-
my can be either somatic pain from the surgical site or
headaches similar in nature to a migraine.3 Though mini-
mally invasive craniotomy is often associated with lower
somatic pain from the surgical site, postoperative headache
is common and often difficult to manage, preventing early
discharge from the hospital. Postcraniotomy headaches are
often underestimated and undertreaded and have an inci-
dence of 70 to 90%.3 Though conventional analgesics can help
with somatic pain, they are not effective for postcraniotomy
headaches. Further, conventional opioids may impact fur-
ther postoperative recovery as they can confound neurolog-
ical examination and increase nausea and vomiting.4

The mechanism for postcraniotomy headaches is not fully
elucidated but involves meningeal irritation mediated by
trigeminal afferents involving serotonin-based molecular
mechanisms.5 This may be due to direct incision of the dura,
dural tension, and possibly loss of cerebrospinal fluid (CSF)
especially with minimally invasive craniotomy.6 Sumatriptan,
a serotonin receptor agonist, is commonly used to treat
primary headaches, such as acutemigraines,5 andmay benefit
patients with postcraniotomy headaches.4–6 The mechanism
ofactionof sumatriptan in thetreatmentofmigraineheadache
is by (1) direct effect on the vascular smooth muscle of the
meningeal vessel resulting in vasoconstriction, (2) inhibition
of vasoactive neuropeptide (calcitonin gene-related peptide
[CGRP]) release that acts on the trigeminal pathway, and (3)
inhibition of pain transmission in the brainstem.7 Thus, acti-
vating serotonin receptors inhibits neuropeptide release and
decreases vasodilation thus blunting the meningeal nocicep-
tive process and blunts pain transmission through the trige-
minovascular system regardless of the underlying stimuli.

Previous studies have shown that sumatriptan effectively
reducespostcraniotomyheadache aftermicrovasculardecom-
pression for trigeminal neuralgia5 and craniotomy for supra-
tentorial tumor resection.4 However, the potential effect of
subcutaneous sumatriptan has not yet been investigated after
minimally invasive craniotomy for clipping an unruptured
aneurysm. In this randomized controlled trial, we investigated
whether the postoperative administration of subcutaneous
sumatriptan after minimally invasive craniotomy for clipping
an unruptured aneurysmwould reduce postcraniotomy head-
ache and improve the quality of postoperative recovery.

Material and Methods

After approval by the institutional ethics review board, we
conducted a single-center randomized double-blind placebo-
controlled trial. Written and informed consent was obtained

from all patients. Adult patients (18–80 years), American
Society of Anesthesiologists I to III, undergoing minimally
invasive craniotomy for clipping of elective unruptured aneur-
ysms were included. Exclusion criteria were pregnancy,
known sensitivity to sumatriptan or sulfonamides, history of
ischemic heart disease, uncontrolled hypertension, transient
ischemic attacks (TIAs), stroke, peripheral vascular disease, or
severehepatic impairment. Patientswith a historyofmigraine
and current or recent use of triptans or monoamine oxidase
inhibitor drugs were also excluded.

All patients received standardized anesthetic and surgical
care. Intravenous induction of anesthesia was followed by
tracheal intubation and insertion of an arterial line. Anes-
thesia was maintained using sevoflurane and remifentanil
infusion titrated to maintain mean arterial blood pressure at
20% of baseline. An additional bolus of fentanyl (25–50 mcg
intravenously) was used intraoperatively for analgesia if
required. Prophylactic antibiotics (cefazolin) and antiemet-
ics (dexamethasone and ondansetron) were administered
according to routine practice. Mannitol was not given to any
of the patients. All operations were performed by a single
neurosurgeon. The surgical site was infiltrated with 20mL of
bupivacaine 0.25% with 1:200,000 epinephrine before the
incision. No other forms of regional anesthesia (e.g., scalp
block) were performed. The surgical approach was a mini-
mally invasive craniotomy consisting of either mini-pterio-
nal, supraorbital, or lateral supraorbital approaches as
described before.2 At the end of the procedure after awak-
ening of the patients, they were transferred to the postanes-
thetic care unit (PACU).

Patients who complained of postoperative headaches in
PACU were randomized to immediately receive subcutaneous
sumatriptan (6mg) or placebo (saline). A computer-based,
permuted block randomization method with a 1:1 allocation
ratio and a variable block size was used. Sequentially num-
bered, opaque, sealed envelopes were used for allocation
schedules and individual assignments. The subject and the
investigator who assessed subjects after surgery were blinded
to group allocation, as were the anesthetist and the surgeon.

Evaluation of surgical site pain and headache severity at
regular intervals was performed using a numerical rating scale
from 0 to 10, where 0 was no pain and 10 was the worst pain
imaginable. Patients who did not complain of headache were
excluded and there was no threshold of headache before
randomization. Postcraniotomy migrainous headache was
definedashavingeither pulsingor intense throbbing sensations
in the frontotemporal or occipital-nuchal regions, or both,
accompanied by nausea, vomiting, or extreme sensitivity to
light or sound.

All other aspects of postanesthetic care were routine.
Surgical site pain was treated with a fentanyl bolus of 25
mcg intravenouslyand ifneededhydromorphone0.2 to0.4mg
intravenously. Postoperative nausea and vomiting were
treated using dimenhydrinate 25 to 50mg intravenously or
ondansetron 4mg intravenously. Patients were discharged
from the PACUafter 2hours to a neurosurgicalward. Analgesia
on the surgical ward consisted of either oral acetaminophen
300mg with codeine 30mg or acetaminophen 325mg with
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oxycodone 5mg. If oral medications were not tolerated, intra-
venous morphine or hydromorphone was used.

Patients’ hemodynamics (heart rate, blood pressure, oxy-
gen saturation, electrocardiogram) were monitored every
5minutes for the first hour, every 15minutes for the
next hour, and then every 30minutes till 24 hours postoper-
ative period. All patients had postoperative computerized
tomographic (CT) angiogram 24hours after surgery.

The Quality of Recovery 40 (QoR-40) questionnaire was
taken 24hours after surgery. QoR-40 is a validated global
measure of quality of recovery which measures five dimen-
sions of health including patient support, comfort, emotions,
physical independence, and pain.8 The headache score was
used (score 1–5; 5 none of the time, 1 all the time) 24 hours
after surgery.5

Outcomes
The primary outcome was the quality of recovery measured
by QoR-40 score 24 hours after surgery. Secondary outcomes
were total opioid use (mg morphine equivalent) and head-
ache scores (1–5; 5 none of the time, 1 all the time) at
24 hours after surgery.

Statistical Analysis
The sample size was calculated using data from previous
studies5 to be 21 patients in each group to detect a statisti-
cally significant differencebetween groupswithα of 0.05 and
power of 80%. Data were tested for normality of distribution
using the Kolmogorov–Smirnov test. Normally distributed
continuous data are presented as the mean (� standard
deviation) and were compared using Student’s unpaired
t-test. Ordinal data and nonnormally distributed data are
presented as the median (interquartile range [IQR]). Data
were compared between groups using the Mann–Whitney
U-test. Categorical data were compared with the chi-square
test or Fisher’s exact test where appropriate, with a p-value
of<0.05 used for all comparisons.

Results

Forty-two patients were recruited with 19 randomized to
receive sumatriptan and 21 randomized to receive saline
(►Fig. 1). Two patients randomized to receive sumatriptan
were excluded due to surgical complications unrelated to
sumatriptan. Both groups had similar demographics, comor-
bidities, and anesthesia management (►Table 1).

The QoR-40 score was higher for patients who received
sumatriptan (median 173; IQR 156–196) compared to pla-
cebo (median 148; IQR 139–181); however, this was not
statically significant (p¼0.055) (►Table 2). Furthermore, the
individual domains of the QoR-40 score were also not
statistically significant. Postoperative opioid use was lower
but not statistically significant (p¼0.71) between patients
who received sumatriptan and placebo, 5.4 versus 5.6mg
morphine equivalent, respectively (►Table 3). The difference
in severity of headache was also not statistically different
between the two groups (p¼0.155).

With regards to adverse side effects of sumatriptan, none
of the patients had significant changes in blood pressure in
the first 24 hours. Similarly, there were no new cerebral
infarcts in the CT scan before discharge from the hospital
and during the 3-month follow-up period.

Discussion

This study shows that in minimally invasive craniotomy for
aneurysm clipping, subcutaneous sumatriptan had a trend
toward improved postoperative recovery, postoperative opi-
oid use, and headache severity over placebo; however, none
of the outcomes show statistical significance.

The exact mechanism for postcraniotomy headache has
not beenwell established and severalmechanisms have been
described.9 Somatic pain can arise from the physical disrup-
tion of the neural supply of the scalp such as the cervical
plexus and trigeminal nerve from incision and traction
during the surgery.6,9,10 Generalized diffuse headache can
originate from the dura due to direct incision of the dura,
dural tension, and adherence of the cervical muscles to the
dura.9,10 Furthermore, loss of CSF and aseptic meningitis
have also been described to contribute.6 It is also found that
several other inflammatory/nociceptive mediators can fur-
ther regulate the type, origin, and intensity of the pain.9

Fig. 1 Flow diagram of study participants. n – number.
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Sumatriptan is typically used to treat acutemigraines and
it is believed to reduce headache through serotonin-receptor
antagonist mechanism.4,7 It is a selective agonist for seroto-
nin (5-HT1B and 5-HT1D) on sensory nerves of the trigemi-
nal nerve and can cause vasoconstriction of intracranial
dural vessels directly or through vasoactive peptides
(GCRP).11 Furthermore, sumatriptan has also been used
successfully to treat headaches caused by subarachnoid
hemorrhage12 and aseptic meningitis by blocking presynap-
tic meningeal inflammation and inhibiting transmission of
nociceptive impulses from inflamedmeninges to trigeminal-

nuclear complex.13 It has been hypothesized that following
craniotomy and breaching the dura and leptomeninges,
sumatriptan might have an anti-CGRP effect and thus con-
tribute to decreasing the activation of the trigeminovascular
system.14

The use of sumatriptan has been studied previously for
microvascular decompression for trigeminal neuralgia6 and
craniotomy for supratentorial tumor resection.5 Both these
studies showed that sumatriptan was safe and effective at
reducing postcraniotomy headaches.5,6 Looking at our data,
we see that our study’s placebo group showed higher QoR-40

Table 2 QoR-40 scores in different dimensions

QoR-40 score
dimensions

Group 1
Sumatriptan
(n¼ 19)

Group 2
Placebo
(n¼21)

p-Value

Physical comfort 52 [43–56] 51 [40–53] 0.147

Emotional state 40 [34–45] 39 [29–42] 0.147

Physical independence 20 [18–25] 18 [14–20] 0.062

Patient support 35 [32–35] 34 [31–35] 0.364

Pain 35 [31–35] 31 [24–33] 0.159

Total score 173 [156–196] 148 [139–181] 0.055

Abbreviation: QoR-40, Quality of Recovery 40.
Note: Values are in median [interquartile range].

Table 1 Patient demographics

Group 1
Sumatriptan
(N¼19)

Group 2
Placebo
(N¼ 21)

p-Value

Age (y) 57.2� 8.4 50.7� 9.1 0.025a

Gender (male:female) 4:15 (21%:79%) 5:16 (24%:75%) 0.834

BMI (kg/m2) 26.9� 6.9 27.1� 7.8 0.900

Comorbidities

Cardiovascular
Respiratory
Endocrine
Smoker

10 (53%)
8 (42%)
4 (21%)
8 (42%)

11 (47%)
8 (38%)
3 (14%)
10 (48%)

0.752
0.796
0.574
0.726

Disease characteristics

Previous surgery
Neurological deficit
Side of surgery
Right
Left

Location of aneurysm
MCA
ACOM
PCOM

16 (84%)
8 (42%)

11 (58%)
8 (42%)

11 (58%)
3 (16%)
5 (26%)

15 (71%)
7 (33%)

7 (33%)
14 (67%)

10 (48%)
4 (19%)
7 (33%)

0.334
0.567

0.119
0.752

0.574
0.726

Intraoperative management

Fentanyl (µg)
Propofol (mg)
Rocuronium (mg)
Fluids given (mL)
Blood loss (mL)

167�91
386�622
51� 12
1389�737
61� 98

165� 64
277� 84
61� 16
893� 889
83� 133

0.892
0.081
0.066
0.076
0.818

Abbreviations: ACOM, anterior communicating artery; BMI, body mass index; MCA, middle cerebral artery; PCOM, posterior communicating artery.
Note: Data are shown as numbers (%) and mean� standard deviation.
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scores than the microvascular decompression study’s place-
bo group (133 vs. 148), which indicates a higher quality of
recovery. The increase in the placebo group’s quality recov-
ery may have accounted for the failure to achieve statistical
significance. This increase in quality of recovery may have
been due to the difference in the mechanism of postcraniot-
omy headache between the two procedures. Another possi-
ble explanation could be the difference in surgical approach
between the two procedures with different muscle groups
that were surgically disrupted. Patients who had frontal
craniotomy described less pain than those with frontotem-
poral, temporal, parietal, and occipital craniotomies15 and
the difference in postoperative pain is likely related to the
size of the muscle group involved. Minimally invasive crani-
otomies for aneurysms are typically frontal craniotomies1

while microvascular decompressions are typically rectosig-
moid craniotomies.16 Furthermore, the difference in CSF loss,
where more CSF may have been lost during microvascular
decompression, may have also contributed to the increase in
quality of recovery for aneurysm clipping.17,18

Sumatriptan has a direct effect on the vascular smooth
muscle resulting in vasoconstriction.7Hence, there is a riskof
coronary, renal, and cerebral vasoconstriction and ischemia
with sumatriptan administration. Although there are reports
of cerebrovascular events after sumatriptan use, studies have
shown that triptan treatment is not associated with an
increased risk of stroke, even in the setting of overuse.19,20

A review of data from the Intensive Medicines Monitoring
Programme in New Zealand identified a small number of
cerebrovascular events, at a rate of 1 per 1,000 patients.21

The U.S. Food and Drug Administration (FDA) drug safety
data on sumatriptan states that “Cerebrovascular events have
occurred in patients treated with triptan drugs. However, in
several cases, it appears that the cerebrovascular eventswere
primary, the triptan drugs having been administered in the
incorrect belief that the symptoms experienced were a
consequence of migraine when they were not.”22 Further,
the FDA recommends that sumatriptan injection is contra-
indicated in patients with a history of stroke or TIA. In our
study, we excluded patients who had previous coronary,
cerebral, renal, and peripheral vascular diseases. Further, all
patients were monitored for 24hours for coronary or cere-

bral ischemia. None of the patients had hemodynamic
changes with sumatriptan and there were no cerebral
infarcts in the postoperative imaging.

The study has some limitations. First, postcraniotomy
headache and pain aremultifactorial and can be acute (early)
and chronic (late). Hence, it is difficult to differentiate
between different types of postcraniotomy headaches. How-
ever, in this study, we only looked at the immediate postop-
erative phase. Though this study showed expanding
indications for the CGRP inhibitory effect of sumatriptan,
this study targets only immediate postoperative pain, which
makes it difficult to measure CGRP, and hence the study is
still incomplete, and its validity is still questionable. A second
limitation of the study is the inability to differentiate surgical
site pain and postcraniotomy headache. We attempted to
minimize this by explaining the difference to the patient
during the informed consent process and asking the patient
to localize the location of the pain in the PACU; however, this
can still be a confounder of this study. Third, the initial
sample size was estimated using numbers from a previous
study5 to 21 in each arm. Due to the baseline higher QoR-40
score in our placebo group, leading to a decrease in the effect
size, this study was likely not adequately powered. Further-
more, this study would also have been not adequately
powered for the secondary measure such as total opioid
use and headache scores. We believe that large randomized
controlled multicenter studies are needed to evaluate the
safety and efficacy of sumatriptan after craniotomy for
clipping of unruptured aneurysms. Finally, the vasoconstric-
tive effect of sumatriptan might affect the scalp blood flow
and hence the wound healing. However, wound healing was
not assessed in this study. Since the study period was only
24 hours, wound assessment was not part of the study. To our
knowledge, therewere no patientswho presented for wound
washout and debridement because of poor wound healing
within 3 months after the surgery.

Conclusion

In conclusion, in patients undergoing minimally invasive
craniotomies for aneurysm clipping, sumatriptan given post-
operatively has a shred of weak evidence for a trend for a

Table 3 Opioid consumption and headache score

Group 1
Sumatriptan
(n¼ 19)

Group 2
Placebo
(n¼ 21)

p-Value

PACU opioid use
(mg morphine equivalent)

1.34� 2.61 0.71� 1.42 0.745

Ward opioid use
(mg morphine equivalent)

4.05� 5.33 4.93� 6.15 0.655

Total opioid use
(mg morphine equivalent)

5.40� 5.05 5.64� 7.22 0.715

Headache score
(scale 1–5; 5 none of the time, 1 all the time)

5 [4–5] 4 [2–5] 0.155

Abbreviation: PACU, postanesthetic care unit.
Note: Long-acting opioid use (mg morphine equivalent) and headache score (median [interquartile range]).
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higher quality of recovery. Similarly, there was a trend
toward lower headache scores and opioid scores for the
patient given sumatriptan. Further research is required to
determine which intracranial surgery is sumatriptan most
effective at reducing headaches.

Note
Postcraniotomy headaches are often underestimated and
undertreadedandhavean incidenceof70 to90%. This study
shows that inminimally invasive craniotomy for aneurysm
clipping, subcutaneous sumatriptan had a trend toward
improvedpostoperative recovery, postoperative opioiduse,
and headache severity over placebo. Further research is
required to determine which intracranial surgery is suma-
triptan most effective at reducing headaches.
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