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ABSTRACT: Background: Post-craniotomy pain can be severe and is often undermanaged. Opioids can interfere with neurological
monitoring and are associated with adverse effects. This systematic review aimed to identify measures of opioid-free analgesia and
compare their effectiveness with opioid analgesia for post-craniotomy pain in patients with supratentorial tumors. Methods: EMBASE,
MEDLINE, and Cochrane databases were searched from their inception to February 14, 2017, for randomized controlled trials (RCTs)
evaluating opioid versus non-opioid analgesia post-supratentorial craniotomy. Two reviewers independently carried out study selection
and data extraction. Risk of bias assessment was performed using the Cochrane Collaboration’s tool. Outcomes were pain control
(changes to pain scores or use of rescue analgesia) and adverse effects. Considering the number of studies and heterogeneity, a narrative
synthesis was done without pooling and results were summarized using tables. Non-opioids were assessed for the potential to be
equivalent to opioid-based analgesics for pain relief and adverse effects. Results: Of 467 RCTs, 4 met our inclusion criteria (n= 186
patients). Patients with scalp blocks (2 RCTs) had less post-operative nausea and vomiting (PONV), but scalp block was not superior to
morphine for analgesia. Acetaminophen (1 RCT) was less likely to induce PONV but provided inadequate pain relief compared to
morphine and sufentanil. Dexmedetomidine (1 RCT) was not superior to remifentanil for analgesia although it delayed time to rescue
analgesia. Conclusions: Limited evidence suggests that scalp blocks and dexmedetomidine have the potential to eliminate the need for
opioid analgesia. Multimodal analgesia should be considered as significant opioid-sparing effects have been shown.

RÉSUMÉ : Analgésie sans opioïdes dans les craniotomies supratentorielles: revue systématique. Contexte: La douleur post-craniotomie peut être
sévère et n’est souvent pas maintenue. Les opioïdes peuvent interférer avec la surveillance neurologique et sont associés à des effets indésirables. Cette
revue systématique visait à identifier les mesures d’analgésie sans opioïdes et à comparer leur efficacité à celle des analgésiques opioïdes pour le traitement
de la douleur post-craniotomie chez les patients atteints de tumeurs supratentorielles.Méthodes: Les bases de données EMBASE, MEDLINE et Cochrane
ont été explorées depuis leur création jusqu’au 14 février 2017 dans le cadre d’essais contrôlés randomisés (ECR) évaluant l’analgésie opioïde ou non
opioïde après la craniotomie supratentorielle. Deux examinateurs ont indépendamment sélectionné les études et extrait les données. L’évaluation du risque
de biais a été réalisée à l’aide de l’outil Cochrane Collaboration. Les résultats ont été un contrôle de la douleur (modification des scores de douleur ou
l’utilisation d’une analgésie de secours) et des effets indésirables. Compte tenu du nombre d’études et de l’hétérogénéité, une synthèse narrative a été
réalisée sans regroupement et les résultats ont été résumés à l’aide de tableaux. Les non-opioïdes ont été évalués pour leur potentiel équivalent aux
analgésiques à base d’opioïdes pour le soulagement de la douleur et les effets indésirables. Résultats: Sur 467 ECR, 4 répondaient à nos critères
d’inclusion (n = 186 patients). Les patients avec des blocs de cuir chevelu 14 (2 ECR) avaient moins de nausées et de vomissements postopératoires
(NVPO), mais le bloc de cuir chevelu n’était pas supérieur à la morphine pour l’analgésie. L’acétaminophène (1 ECR) était moins susceptible d’induire
des NVPO, mais ne soulageait pas suffisamment la douleur par rapport à la morphine et au sufentanil. La dexmédétomidine (1 ECR) n’était pas supérieure
au rémifentanil pour l’analgésie, bien qu’elle ait retardé le délai de récupération de l’analgésie. Conclusions: Des preuves limitées suggèrent que les blocs
du cuir chevelu et la dexmédétomidine pourraient éliminer le besoin d’une analgésie opioïde. Une analgésie multimodale doit être considérée, car des
effets importants, qui permettent d’épargner les opioïdes, ont été démontrés.
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INTRODUCTION AND BACKGROUND

The management of post-craniotomy pain is an important
yet generally overlooked area of research. This is in part due
to the assumption that post-craniotomy patients experience

less pain than other surgical patients.1 However, more recent
studies suggest that up to two-thirds of post-craniotomy patients
experience moderate to severe pain,2 which is often poorly
managed.
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Opioids are the most commonly used agents for treating
moderate to severe post-surgical pain. In the neurosurgical
population, opioids have the potential to interfere with neurolog-
ical monitoring, can cause respiratory depression leading
to hypercapnia, increased cerebral blood flow and ultimately
increased intracranial pressure, and can mask early signs of
intracranial complications.3 Furthermore, opioids are associated
with several known adverse effects. Undertreatment of post-
craniotomy pain can also lead to sympathetic stimulation leading
to hypertension and intracranial hemorrhage.4 As a consequence
of these conflicting scenarios and emerging interest in avoiding
opioids, there is greater emphasis on non-opioid alternatives, as
well as growing interest in the use of opioid-free anesthesia and
perioperative analgesia.5,6 This concept has been applied to other
surgical areas such as cholecystectomies, bariatric surgery, head
and neck surgeries, and others.3,7–9 However, the available
published studies surrounding the management of post-cranioto-
my pain have yielded inconsistent results.10 Hence, we decided to
focus our review on opioid-free postoperative analgesia, which
could include the use of regional blockade as well as other non-
opioid analgesics. In our study we chose to focus on supraten-
torial craniotomies since these are a relatively homogenous
patient population with perhaps the least severe post-operative
pain. If we could eliminate the need for opiates for these patient it
would help improve post-operative neurological examination
significantly and hopefully decrease the number of investigations
(e.g. computed tomography [CT] scans) due to more reliable
clinical examination.11–14 Studies show that when looking at the
different sites for craniotomies, the muscle dissection involved in
posterior fossa craniotomies leads to a relatively higher post-
operative pain experience.11–13 Similarly, patients with vascular
malformations and/or cerebral aneurysms were excluded as they
tend to require more postoperative analgesia to achieve pain
control compared with their tumor counterparts.15 Associated
cerebral vasospasm and hydrocephalus may also introduce con-
siderable heterogeneity.16–19 Thus, the objectives of this system-
atic review were: (1) to compare the effectiveness of non-opioid
and opioid analgesia in the treatment of post-craniotomy pain and
(2) to identify available options for opioid-free analgesia post-
craniotomy and consider clinical pathways for their effective use.
Our secondary objective was to compare adverse effects between
opioid and non-opioid analgesia groups.

METHODS

Design

We undertook a systematic review of randomized controlled
trials (RCTs) and constructed a narrative synthesis of results and
available options.

Search Strategy

We conducted a comprehensive search of MEDLINE,
Cochrane, and EMBASE databases from their inception to
February 14, 2017. We used relevant keywords and medical
subheadings to look for RCTs comparing opioid versus non-
opioid post-operative analgesia for supratentorial craniotomies
for elective tumor resections. We chose to focus on supratentorial
craniotomies specifically as they result in relatively less pain
compared to other craniotomy sites and therefore have the highest

potential for completely opioid-free techniques. The full search
terms and strategy are provided in the Supplementary Appendix.
The search strategy was developed by input from physicians and
further refined for each database in consultation with an experi-
enced librarian. Using paired reviewers screening independently
(DD and MS) and in duplicate, study selection was performed in
two stages. Titles and abstracts were screened in the first stage,
mainly looking for articles to exclude based on incorrect study
design (i.e. non-RCT), language (i.e. non-English), and popula-
tion. Any articles which were deemed to have incomplete infor-
mation based on title and abstract or those that may fulfill at least
the minimum criteria for inclusion were further screened in the
second stage. The second stage involved full-text screening of
potentially eligible citations, looking for articles that had com-
parators of interest (opioid vs non-opioid) and surgical site of
interest. Disagreements were resolved by consensus between the
two reviewers, and any unresolved decisions were decided by
HS. A Cohen’s kappa statistic on the full article final decision was
estimated as a measure of interobserver agreement. A final search
through the gray literature was performed by searching through
Google Scholar, Web of Science, and manually screening refer-
enced articles in each of the RCTs included in this review.

Study Selection

We searched for English-language RCTs comparing opioid to
non-opioid post-operative analgesia for supratentorial craniotomies.
For the non-opioid group, studies were included if they used
only short-acting opioid agents for intraoperative analgesia and
excluded if they used long-acting agents or administered any
opioid after extubation. We also excluded observational studies,
quasi-randomized studies, and studies in which the study popula-
tion included infratentorial pathology, aneurysms or vascular mal-
formations, or emergency surgeries. Whenever full reports were not
available, authors were contacted.

Data Collection

The same pair of reviewers extracted the data independently
and in duplicate, using data extraction forms created in Micro-
soft Excel (Ver 15.28) that were piloted between the reviewers
for consistency and accuracy. Data items extracted from each
study included study characteristics, risk of bias (RoB) items,
demographic information, participant disposition through the
study, and our review outcomes in continuous and binary
measures.

RoB in Individual Studies

RoB was assessed using the Cochrane Collaboration’s tool for
assessing RoB in randomized trials20 to capture the components
of random sequence generation; allocation concealment; blinding
of participants; blinding of outcome assessment; and analysis of
incomplete outcome data. No attempt was made to contact
authors for clarification on the RoB items. Selective outcome
reporting was judged based on the outcomes described in the
Methods section but not reported in the Results section.

Outcomes

We were interested in studies that provided opioid-free anal-
gesia post-operatively, with or without the use of regional
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blockade. The effectiveness of opioid-free analgesia was assessed
by comparing either (1) use of rescue analgesia or (2) post-
operative pain scores. In one study, pain scores were presented in
a graphical format; therefore, we used online software (https:
//apps.automeris.io/wpd/) to extract data points. We decided a
priori that we would combine studies (meta-analysis) if there
were two or more studies using similar modalities to avoid
opioid use. Our secondary objective included comparison of
adverse effects including post-operative nausea and vomiting
(PONV), sedation, itching, respiratory depression, and hemody-
namic parameters as well as potential irritation at the site of the
scalp blocks.

Data Analysis and Reporting

Considering the limited number of studies and associated
heterogeneity, we decided to not pool data; hence, the outcomes
are reported as tables and relevant outcomes for each study are
summarized. Comparative effectiveness is reported either as
proportion of patients with successful outcomes or as mean or
median scores. Precision was reported using 95% confidence
intervals (CI) around the effect estimate.

Narrative Synthesis of Available Options

Based on the existing literature, we give a brief description of
individual options that could be used in various phases of
surgery, as a multimodal concept, to allow for opioid-free
anesthesia or analgesia. We summarize the individual agents
and their possible considerations for clinical use.

RESULTS

Study Characteristics

A total of 467 citations were identified through the literature
search (Figure 1), of which 53 studies were selected for full-text
review (kappa= 0.64; CI= 0.54, 0.75). Subsequently, four studies
(Table 1) were ultimately selected for inclusion in the systematic
review (kappa= 0.88; CI= 0.64, 1.11). Two studies compared
opioid to non-opioid drugs21,22 and two studies compared opioids
to regional scalp blocks (RSB).23,24 In three of the four studies,
patients reported pain using a visual analog scale score;21,22,24 one
study used the numerical rating score to quantify pain.1 Both
scoring systems ranged from 0 to 10.

Methodological Quality

The RoB assessment is presented in Table 2. Reporting of
methodological details of the trials was generally incomplete. All
included trials were randomized; however, for all but one study,24

it was unclear how randomization was achieved. Only two studies
commented on how allocation concealment was achieved.22,24 In
two studies,21,22 blinding of participants and personnel was unclear
and in three studies, blinding of outcome assessment was un-
clear.21–23 Outcome data collection was generally complete and no
loss to follow-up was observed in any of the studies.

Pain Scores

Table 3 shows outcomes of interest in all included studies.
In one of the studies,22 pain scores were not reported at 1-h and

24-h post-operatively. Furthermore, Biswal et al.24 showed pain
scores in the form of a graph only; thus, numbers were extrapo-
lated for this study as the original authors no longer had access to
their original data. For studies that reported pain scores (ranging
from 0 to 10), none had a statistically significant difference
between opioid and non-opioid analgesia for post-craniotomy
pain when compared at 1-h and 24-h post-operatively (Table 3
and Figure 2).

Analgesia Requirements

Use of supplemental analgesia was reported for three of the
four included trials22–24 (Table 3). In two of the three studies, no
statistically significant difference in the time to rescue analgesia
or the amount of rescue analgesia was noted between patients
who were allocated to receive opioids and those who received
non-opioid treatments. One study22 found a statistically signifi-
cant delay in the time to rescue analgesia among patients who
were given opioids.

Adverse Events

Post-Operative Nausea and Vomiting

The incidence of PONV was reported in all but one study.24

This is shown in Table 3. Two of the three studies that compared
the incidence of PONV in opioid versus non-opioid groups did
observe a trend toward a decrease in PONV among patients who
did not receive opioids, although the differences were not statis-
tically significant.21,22

Adverse Events Related to Scalp Blocks

Biswas et al.24 observed no incidence of hematoma formation
due to unsatisfactory hemostasis. Ayoub et al.23 did not report
any adverse events related to scalp blocks.

DISCUSSION

In this systematic review, we compared the effect of opioid
versus non-opioid analgesia in the treatment of post-craniotomy
pain. We identified four RCTs, of which two compared opioids to
RSB. The other two studies compared acetaminophen or dexme-
detomidine as non-opioid analgesics and did not show any
superiority over the opioid group. As opioids are known to be
superior to other agents for pain control, we expected studies to
be designed for testing equivalency or non-inferiority. However,
we did not find any such studies.

Pain Scores

The findings of this systematic review indicate that pain scores
did not significantly differ between patients who received opioid
analgesia and those who received non-opioid agents. Similarly,
there was no difference in the incidence of PONV between those
who were administered opioids and those who were given non-
opioid medications. However, it is worth noting that Turgut
et al.22 observed a statistically significant delay in the need for
rescue analgesia for patients who received opioids compared to
those who did not.

To the best of our knowledge, this is the first systematic
review to compare the use of opioid versus non-opioid analgesia
for post-craniotomy pain. A meta-analysis on the use of RSB for
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post-craniotomy analgesia demonstrated significant reductions in
pain scores in patients who received RSB.25 Furthermore, RSB
was not associated with adverse events. However, unlike our
review, that review included any study that compared regional
blockade with non-regional blockade. Similarly, dexmedetomi-
dine has been investigated and found to reduce post-operative
opioid consumption and the incidence of PONV when used as an
anesthetic adjuvant in intracranial procedures.26,27

Multimodal Analgesia

It is widely known that multimodal analgesia improves pain
while decreasing opioid requirements in a variety of post-
surgical populations.28–30 Minimizing the use of opioids
reduces their side effects, which can range from pruritus and
gastrointestinal disturbances to significant respiratory

depression. More importantly, in the setting of craniotomies,
any reduction in the use of opioids can help to optimize post-
surgical neurologic monitoring. Multimodal analgesia can com-
prise regional and neuraxial techniques, and non-opioid med-
ications. In another center, a multimodal, interdepartmental,
standardized analgesia protocol has been demonstrated to re-
duce post-operative pain among neurosurgical patients, improve
documentation, and increase use of multimodal analgesia, in-
cluding use of non-steroidal anti-inflammatory drugs and gaba-
pentin.31 Furthermore, adherence to protocol was associated
with a significant reduction in monthly use of naloxone, indi-
cating a safety improvement. Other multimodal analgesia pro-
tocols have similarly been implemented in various surgical
populations with good success.29,30,32 Table 4 summarizes the
commonly used non-opioid analgesic agents that have been
described in the literature as part of multimodal analgesia.

Table 1: Characteristics of included trials

Author/Year Sample Size No. of Study Arms Opioid Non-opioid Regional Scalp Block Timing

Biswas et al., 2003 41 2 Fentanyl 25 mL 0.25%
Bupivacaine

Pre-incision

Ayoub et al., 2006 50 2 Morphine 10 mL 2% Lidocaine End of surgery

Turgut et al., 2009 50 2 Remifentanil Dexmedetomidine

Hassani et al., 2015 45 3 Sufentanil Acetaminophen

Morphine

Records identified through
EMBASE, MEDLINE, Cochrane
Central Registry of Controlled

Trials (n = 614)

Records after de-duplication
(n = 467)

Titles and abstracts screen by
two independent authors

(n = 467)

Full-text articles reviewed 
(n = 53)

Studies included in final review
(n = 4)

Non-relevant articles excluded
with reason:

Wrong treatment,population,
study design or outcome
(n = 381)

Abstract only (n = 20)

Non-English (n = 13)

Non-relevant articles excluded
with reason:

Includes infratentorial (n = 2)
Non-RCT (n = 4)
Non-opioid intervention and
control (n = 25)
No non-opioid control (n = 10)
Unable to retrieve (n = 1)
No pain scores (n = 4)
Opioid used for all patients
(n = 3)

Figure 1: Study flow chart indicating study selection.
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The use of multimodal analgesia has also become increa-
singly popular with the concurrent evolution of the opioid
epidemic.33, 34 It is well known that opioid prescription following
surgery can potentially lead to long-term use and can be a
significant source of misuse and abuse. This is especially true
for a few subsets of the population, including acute post-surgical
patients.35 Therefore, opioid-sparing techniques can have posi-
tive public health implications.

In an era when hospital length of stay continues to decrease
despite an increasing number of more complex surgical proce-
dures, self-administration of opioids at home is now a routine
practice. The safety of such practice is questionable as opioids
are associated with many adverse effects, including breathing
impairment and constipation. These adverse events can lead
to the need for admission to hospital and thereby augment
the economic burden associated with their management.36,37

Further, surplus unconsumed opioids can become a source

for misuse by patients or others, and problems with non-
medical use.

Limitations

Our review has several limitations. The scope of this review
was restricted only to post-operative analgesia, yet the use of
intraoperative opioids may have a bearing on the development of
PONV and other perioperative complications. Additionally, our
review was based on a limited number of studies, most of which
had inherent biases.

CONCLUSIONS

In summary, our review suggests that both opioids and non-
opioid options, such as dexmedetomidine and RSB, can provide
at least comparative pain relief with similar side effect profiles.
As opioids can profoundly interfere with neurologic monitoring

Table 3: Comparison of study outcomes

Study Pain Score % with PONV 24 h Post-op Rescue Analgesia Use

Opioid Non-opioid Opioid Non-opioid Rescue
Analgesia

Delay Before 1st
Dose of Rescue

(min)

Cumulative Rescue
Dose at 12 h
Post-op (mg)

Measure of
pain

1 h
post-op

24 h
post-op

1 h
post-op

24 h
post-op

Opioid Non-
opioid

Opioid Non-
opioid

Biswas et al.,
2003

VAS (0–10 cm,
mean)

3.2a 3.11a 3.45a 2.9a NA Diclofenac 60 105 58 ± 10.8 59 ± 11.1

Ayoub et al.,
2006

NRS (0–10;
median)

5 3 6 2 52 72 Codeine 30 45 113.6 ± 74.8 144.8 ±
71.7

Turgut et al.,
2009

NA 10 4 Tramadol
(PCA)

38.04* 33.68* NA

Hassani et al.,
2015

VAS (0–10 cm;
mean of
scores
collected at
0, 2, 4, 12,
24-h)

1.7 (sufentanil) 3.2 24 (sufentanil) 15.66 NA

2.3 (morphine) 97.6 (morphine)

NA = not applicable; NRS = Numerical Rating Score; VAS = Visual Analog Score; PCA = patient-controlled analgesia; PONV = post-operative nausea
and vomiting
anumbers extrapolated from graph.
*p < 0.05.
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post-operatively, the use of multimodal analgesia is attractive in
the neurosurgical patient. Nevertheless, given the small sample
sizes of available RCTs, there is insufficient evidence to conclude
that these opioid-sparing strategies are effective at this point in
time. Further research with large sample sizes are required to
determine the efficacy of these techniques. Future studies should
also look to identify whether using alternate modalities of

analgesia (non-opioid alternatives) would reduce hospital length
of stay and the use of unnecessary CT scans.

SUPPLEMENTARY MATERIAL

To view supplementary material for this article, please visit
https://doi.org/10.1017/cjn.2019.57

Table 4: Non-opioid medications that can be considered for use in a multimodal analgesic pathway

Medication Operative Phase Mechanism of Action Dose Method of Use Safety Considerations

Acetaminophen
(Paracetamol)

Pre-op, post-op Inhibits central COX-3,
activates descending
serotonergic pathways

0.5–2 g PO/PR Hepatotoxicity

NSAIDs Pre-op, post-op Inhibit prostaglandin
production to decrease
inflammation

Ketorolac 15–30 mg
Diclofenac 50–100 mg

PO/IV/PR GI disturbances, bleeding
risk, renal dysfunction

Selective COX-2 inhibitors Pre-op, post-op Inhibit prostaglandin
production; compared to
NSAIDs, selectivity for
COX-2 decreases risk of
peptic ulcers

Celecoxib 100–200 mg PO Thromboembolic risk

Dexamethasone Pre-op Mineralo-glucocorticoid 4–8 mg IV Immunosuppression,
hyperglycemia

Gabapentinoid Pre-op, post-op Binds to pre-synaptic
voltage-gated calcium
channels

150 mg Pregabalin
300 mg Gabapentin

PO Drowsiness, somnolence

Ketamine Intra-op, post-op NMDA receptor antagonist 10–20 mg PO/IV boluses/IV infusion Dysphoria, increase in
intracranial pressure

Dexmedetomidine Intra-op Alpha-2 adrenergic agonist 0.2–1 μg/kg/h IV infusion Hypotension

Lidocaine Pre-op scalp infiltration by
surgeon, intra-op, post-op

Sodium channel blocker 0.5%–2% IV boluses/IV infusion/
nerve block

Local anesthetic systemic
toxicity

COX = cyclooxygenase; GI = gastrointestinal; Intra-op = intraoperatively; IV = intravenous; NMDA = N-methyl-D-aspartate; NSAIDs = non-steroidal
anti-inflammatory drugs; Pre-op = pre-operative; PO = per os; Post-op = post-operative; PR = per rectum.

Figure 2: This figure illustrates a comparison between opioid and non-
opioid analgesia used in three studies identified in this review. The
studies by Biswas et al. and Ayoub et al. compared opioids versus non-
opioids within 1 h from surgery and 24-h post-surgery. They found no
significant difference in pain control between both studies. The study by
Hassani et al. compared two different opioids (sufentanil and mor-
phine) with non-opioid analgesia 24-h post-operatively and found no
difference between opioids and non-opioids.
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