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Pain management after elective craniotomy

A systematic review with procedure-specific postoperative pain
management (PROSPECT) recommendations

Francgois P. Mestdagh, Patricia M. Lavand’homme, Géraldine Pirard, Girish P. Joshi,
Axel R. Sauter and Marc Van de Velde, on behalf of the PROSPECT Working Group* of the
European Society of Regional Anaesthesia and Pain Therapy (ESRA)

BACKGROUND Pain after craniotomy can be intense and its
management is often suboptimal.

OBJECTIVES We aimed to evaluate the available literature
and develop recommendations for optimal pain management
after craniotomy.

DESIGN A systematic review using procedure-specific post-
operative pain management (PROSPECT) methodology was
undertaken.

DATA SOURCES Randomised controlled trials and system-
atic reviews published in English from 1 January 2010 to 30
June 2021 assessing pain after craniotomy using analgesic,
anaesthetic or surgical interventions were identified from
MEDLINE, Embase and Cochrane Databases.

ELIGIBILITY CRITERIA Each randomised controlled trial
(RCT) and systematic review was critically evaluated and
included only if met the PROSPECT requirements. Included
studies were evaluated for clinically relevant differences in
pain scores, use of nonopioid analgesics, such as paraceta-
mol and NSAIDs, and current clinical relevance.

RESULTS Out of 126 eligible studies identified, 53 RCTs
and seven systematic review or meta-analyses met the

inclusion criteria. Pre-operative and intra-operative interven-
tions that improved postoperative pain were paracetamol,
NSAIDs, intravenous dexmedetomidine infusion, regional
analgesia techniques, including incision-site infiltration, scalp
nerve block and acupuncture. Limited evidence was found
for flupirtine, intra-operative magnesium sulphate infusion,
intra-operative lidocaine infusion, infiltration adjuvants (hyal-
uronidase, dexamethasone and a-adrenergic agonist added
to local anaesthetic solution). No evidence was found for
metamizole, postoperative subcutaneous sumatriptan, pre-
operative oral vitamin D, bilateral maxillary block or superficial
cervical plexus block.

CONCLUSIONS The analgesic regimen for craniotomy
should include paracetamol, NSAIDs, intravenous dexmede-
tomidine infusion and a regional analgesic technique (either
incision-site infiltration or scalp nerve block), with opioids as
rescue analgesics. Further RCTs are required to confirm the
influence of the recommended analgesic regimen on post-
operative pain relief.
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Recommendations for patients undergoing

craniotomy

(1) Systemic analgesia should include paracetamol,
NSAIDs administered pre-operatively or intra-oper-
atively and continued postoperatively.

(2) Intra-operative dexmedetomidine infusion is recom-
mended, as it is associated with reduced postopera-
tive pain. Caution with regards of cardiovascular
effects is warranted.

(3) Either incision-site infiltration or scalp nerve block is
recommended as regional analgesic technique.

(4) Opioids should be reserved as rescue analgesia in the
postoperative period.

Why was this guideline developed?
Craniotomy can be associated with intense postoperative
pain and poorly controlled pain may aggravate neurosur-
gical comorbidities. The aim of this guideline is to
provide clinicians with an evidence-based approach to
pain management after craniotomy that should improve
postoperative pain relief.

What other guidelines are available on this
topic?

Recent publications tried to established protocols for pain
management after craniotomy."? A Cochrane meta-anal-
ysis considers the preventive pharmacological interven-
tions for post craniotomy pain.’

How does this guideline differ from other
guidelines?

T'wo published pain management protocols have been
established without systematic reviews of the litera-
ture.? The Cochrane meta-analysis only considered
preventive pharmacological interventions.” The proce-
dure-specific postoperative pain management (PROS-
PECT) approach to developing guidelines considers
any type of intervention to alleviate pain, either preven-
tive or curative. Moreover, the available evidence is
critically assessed for current clinical relevance and the
use of simple, nonopioid analgesics, such as paracetamol
and NSAIDs as baseline analgesics is considered. This
approach reports true clinical effectiveness by balancing
the invasiveness of the analgesic interventions and the
degree of pain after surgery while balancing efficacy and
adverse effects.

Introduction

Pain after craniotomy can be intense and is often poorly
managed.™ Up to 90% of patients will experience pain
after craniotomy and more than half of them report
moderate to severe pain."*® Pain after craniotomy is
usually superficial with a somatic origin involving the
scalp, pericranial muscles and soft tissue as well as dura
mater.” Infratentorial procedures are associated with
more severe pain than supratentorial procedures.® The

Eur J Anaesthesiol 2023; 40:747-757

severity of pain decreases with time, being more intense
in the first two postoperative days.® Poorly controlled pain
may increase morbidity and hospital length of stay. Pain-
related systemic hypertension, agitation and vomiting
can lead to intracranial hypertension and imitate, hide
and even aggravate neurosurgical complications. Poorly
controlled postoperative pain may also lead to prolonged
recovery and chronic headaches.'*®

Guidelines regarding pain management after craniotomy
are scarce. A recent systematic review of the literature
from inception to 2018 assessed the efficacy of available
pharmacological interventions to prevent pain after brain
surgery.” With high-quality evidence, NSAIDs reduce
pain score on first postoperative day. Dexmedetomidine,
gabapentinoid, scalp nerve block (SNB) and incision-site
infiltration (ISI) are effective at reducing pain up to 12h
postoperatively (low to moderate-quality evidence). SNB
and dexmedetomidine may reduce additional analgesic
requirement (low-quality evidence). However, this meta-
analysis only considered preventive pharmacological in-
tervention for pain management.” The PROSPECT
Working Group is a collaboration of surgeons and anaes-
thetists working to formulate procedure-specific recom-
mendations for pain management after common but
potentially painful operations. The recommendations
are based on a procedure-specific systematic review of
randomised controlled trials (RC'T's) and systematic re-
view/meta-analyses. T he methodology considers clinical
practice, efficacy and adverse effects of analgesic tech-
niques.’

The aim of this systematic review was to evaluate the
available evidence for management of pain after craniot-
omy. The primary outcomes were effective reduction of
postoperative pain scores. Other recovery outcomes, in-
cluding adverse effects, were also assessed when reported
in the literature and the limitations of the published data
were reviewed. The ultimate aim was to develop recom-
mendations for pain management after craniotomy
according to the PROSPECT methodology.

Materials and methods

A review of RCTs and systematic reviews and meta-
analyses published in English between January 2010 and
June 2021 assessing analgesia after craniotomy was per-
formed using MEDLINE (PubMed), EMBASE and
Cochrane Databases. The search terms related to pain
interventions for craniotomy included (’craniotom*’ OR
‘craniectom®*’ OR  ‘cranial surger*” OR ‘endocranial
surger®” OR ‘cranial suture*” OR ‘cranial resection*®’
OR ‘brain surger*” OR ‘brain resection*’ OR ‘cerebral
surger®*” OR ‘cerebral resection*” OR ‘head surger*” OR
‘temporal surger®” OR ‘temporal resection®*” OR ‘frontal
surger®” OR ‘frontal resection®*” OR ‘occipital surger*’
OR ‘occipital suture*’) AND (’pain” OR ‘pains’ OR
‘painful*> OR ‘pain management” OR ‘postoperative
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pain’ OR ‘post operative pain’ OR ‘postoperative pain’
OR ‘analgesi*’ OR ‘anaesthe*” OR ‘anesthe*” OR ‘vas’
OR ‘visual analog*’ OR ‘vrs’ OR ‘verbal rating scale*” OR
‘nrs’” OR ‘numerical rating scale®*” OR ‘pain rating’ OR
‘pain rating scale*” OR ‘local infiltration®*” OR ‘topic
infiltration®*” OR  ‘infiltration®> OR ‘NSAID’ OR
‘NSAIDS’ OR ‘Nonsteroidal antiinflammator®*” OR
‘Nonsteroidal antiinflammator*” OR ‘Nonsteroidal anti
inflammator*” OR ‘Nonsteroidal anti inflammator®*” OR
‘cox2’ OR ‘cox-2’ OR ‘celecoxib’ OR ‘paracetamol’ OR
‘acetaminophen’ OR ‘clonidine’ OR ‘dexmedetomidine’
OR ‘opioid*’ OR ‘ketamine’ OR ‘corticosteroid*’ OR
‘gabapentin’ OR ‘pregabalin’).

The RCTs that reported data pooled from patients
undergoing other simultancous surgical procedures were
excluded, as were the RC'T's evaluating combinations of
different peri-operative interventions such as studies
comparing enhanced recovery programmes to conven-
tional care. The variability of definitions and protocols
can make practical recommendations about a particular
intervention impossible. Meta-analyses that reported da-
ta on mixed surgical procedures were only included when
a sub-analysis on craniotomy was available. We used
them to both identify missed RCTs and support our
conclusions based on individual RC'T data.

The following criteria were employed to assess the qual-
ity of eligible studies: allocation concealment of treat-
ment assignment (A, adequate; B, unclear; C, inadequate;
D, not used); statistical analyses and patient follow-up
assessment (reported statistical analysis and follow-up
>80%); and quality scoring using Jadad numerical score
to assess randomisation (Supplemental Table 1, http://
links.lww.com/EJA/A852).”

Data extraction and data analysis adhered to the PROS-
PECT methodology.” Pain intensity scores were used as
the primary outcome. In this review, a change of more
than 10 mm out of 100 mm on the visual analogue scale
(VAS) or more than 1 out of 10 on a numerical rating score
(NRS) was considered as clinically relevant. This change
has been proposed as ‘minimal clinically important dif-
ference’ for acute pain management.'® Secondary out-
comes include cumulative 24-h opioid requirements,
other supplementary analgesic use, opioid-related ad-
verse events and patient-related outcomes.

We made recommendations according to PROSPECT
methodology.” An analgesic intervention must be shown
to be beneficial in at least two RC'T's to be recommended.
In addition, to ensure clinical relevance, the pertinence to
current peri-operative practice is assessed. Likewise, we
assess if the analgesic intervention would improve post-
operative pain relief when added to the ‘basic analgesic
regimen’ or would be beneficial if this regimen is not
possible or is contra-indicated. The opioid-sparing effects
of paracetamol and NSAIDs (termed as ‘basic analgesic
regimen’) are well described for a wide range of surgical

procedures.” The PROSPECT group assesses if the
addition of an analgesic intervention would further
improve pain relief when combined with these simple,
effective, nonopioid analgesics. Furthermore, the balance
between the invasiveness of the analgesic technique and
the consequences of postoperative pain, and the balance
between the analgesic efficacy and the adverse event
profile of the analgesic technique are also considered.

The PROSPECT Working Group reviewed the pro-
posed recommendations as well as the included evidence
and a modified Delphi approach was used.” Five ques-
tions were asked of the working group about each rec-
ommendation: (1) Is the recommended intervention
clinically relevant? (2) Does it add to the ‘basic analgesic
technique’ (3) Does the balance between efficacy and
adverse effects allow recommendation? (4) Does the
balance between invasiveness of the analgesic interven-
tion and degree of pain after surgery allow recommenda-
tion? (5) Are the reasons for not recommending an
analgesic intervention appropriate? Once a consensus
was achieved, the lead authors drafted the final docu-
ment, which was ultimately approved by the working

group.

Results

A total of 126 studies assessing analgesic interventions
were identified. The PRISMA flow chart summarising
the search data is presented in Fig. 1. Ultmately, 53
RCTs and seven systematic reviews or meta-analyses
were included for the final qualitative analysis. The
characteristics of the included studies are presented in
Supplemental Table 2, htep://links.lww.com/EJA/A853
(recommended analgesic interventions) and Supplemen-
tal Table 3, http://links.lww.com/EJA/A854 (not recom-

mended analgesic interventions).

Pharmacological interventions
Systemic interventions

Paracetamol

Five RCTs have assessed the benefit of peri-operative
paracetamol. In four RCTs, paracetamol administration
was compared with placebo," ' while one study com-
pared three different analgesics (dexketoprofen, meta-
mizole and paracetamol) with each other and with
placebo.'® Paracetamol reduced postoperative pain scores
in three studies out of five but did not reduce postopera-
tive opioid use.'"'*!> In these three studies, paracetamol
was used in combination with local infiltration of the
incisional site and still demonstrated a reduction in
postoperative pain.'"'*!> In all studies, paracetamol
was not combined with NSAIDs or COX-2 inhibitors.
Four studies used paracetamol postoperatively, adminis-
tered on scheduled basis."'~"*> In one study, paraceta-
mol was only used intra-operatively, showing no
difference in postoperative pain scores.'

Eur J Anaesthesiol 2023; 40:747-757
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Fig. 1 Preferred reporting items for systematic reviews and meta-analyses flow diagram.
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interventions (n =1)

Opioid-free techniques where multiple
drugs were used (=1)

None of the included studies reported significant differ-
ences in terms of opioids adverse events and patient-
related outcomes.'' "

A meta-analysis of four RC'Ts (# =459) showed no sta-
tistically significant difference in pain scores in the para-
cetamol group compared with placebo at different
endpoint (0 to 6, 12, 24 and 48 h).? Another meta-analysis
of five RCT's (#=1515) also found lower pain scores in the
paracetamol group. Pooled results (any endpoint) indi-
cated that paracetamol significantly decreased postoper-
ative pain scores even though the effect was weak.'®

NSAIDs

Six RCT's evaluated the efficacy of NSAIDs in cranioto-
my. One RCT compared NSAIDs with placebo,'” two
with paracetamollg’lg and one with control (no medica-
tion).?” Two studies compared different analgesics (dex-
ketoprofen-metamizole-paracetamol  and  diclofenac-
flupirtine) with each other and with placebo.'>*' Five
out of six studies showed positive analgesic effects

Eur J Anaesthesiol 2023; 40:747-757

compared with placebo’>!"'®2%2! and an opioid-sparing

effect was demonstrated in four studies.'® %' Except for
one study," all provided paracetamol as basic analgesic
and four studies used either scalp infiltration'>'"?" or
SNB' and still showed an analgesic effect of NSAIDs,
except for the studies using SNB. Used as premedication,
single-dose intra-operatively or postoperatively on a
scheduled basis, diclofenac and dexketoprofen reduced
postoperative pain scores.'®**! A single intra-operative
dose of parecoxib also provided significant analgesia but
no opioid-sparing effect.!”

Included RCTs reported no difference in opioid-related
events and adverse events,">'”?! including postopera-
tive bleeding.?*?!

A systematic review and a meta-analysis evaluated the
analgesic effects of NSAIDs in brain surgery.** NSAIDs
provided satisfactory pain relief without adverse events
(including bleeding) (three RCT's, # = 667 patients).”* A
meta-analysis of eight RCT's (# =742 patients) demon-
strated that, compared with placebo, NSAIDs provided



137ZIMNZIDBPXZOBBAeOATDAEIDYIASALLIAIPO0AEIEAHION/AO AUMY TXOMADYOINX

¥OHISABZ3Y 10 +eyNIOITWNOIZTARYHGBSHINAYE Aq ABojoisayisaruels/Wwod mm| sfeulnol//:dny woly papeojumoq

¥202/9T/10 Uo

EJA

Pain management after elective craniotomy 751

superior pain relief at 6, 12 and 24 h after surgery along
with an opioid-sparing effect. In addition, postoperative
nausea and vomiting (PONV) were less observed in
NSAIDs groups.’

Flupirtine

In a three-armed RCT, flupirtine showed similar analge-
sic and opioid-sparing effects compared with diclofenac,
being always superior to placebo. Paracetamol was used
as baseline analgesia in all studied groups. Authors
reported no difference in adverse events.”!

Metamizole

When given three times daily, compared with placebo,
metamizole neither reduced pain scores nor opioid con-
sumption. Authors reported no difference in adverse

CVCI’ltS.15

Opioids

Two RC'T's compared the analgesic efficacy of postoper-
ative fentanyl administered either by patient-controlled
analgesia (PCA) or as needed.”*** Patients using PCA
achieved better analgesia but consumed more opioids.
Bascline analgesia was used in all groups.”>** A three-
armed RC'T compared postoperative continuous sufen-
tanil infusion, subcutaneous morphine and intravenous (i.
v.) paracetamol for pain management.”” Sufentanil infu-
sion reduced pain scores compared with paracetamol.
There was no difference in pain scores when comparing
morphine with sufentanil or with paracetamol. More
patients in the group paracetamol required additional
morphine but cumulative morphine equivalent dose
was not assessed.”> One RCT showed that patients
achieved better pain relief in the first 12 postoperative
hours with the PCA pump with morphine compared with
i.v. paracetamol and dexketoprofen.?® Oral tramadol
added to baseline analgesia provided both better pain
relief and opioid-sparing effects compared with place-
bo.?” Oral oxycodone and oral codeine showed similar
results for postoperative pain and opioid consumption in
the presence of baseline analgesia, paracetamol and 1S1.%®

One RCT reported more PONV in opioid groups, while
others showed no difference.?>*****® Patient-related
outcomes were similar amongst groups, especially seda-
tion score, Glasgow coma scale and respiratory depres-
sion,23-26:28

One systematic review concluded that opioid offered
better pain relief at the cost of more PONYV (five RCT's,
n=316).%

Gabapentinoids

Two placebo-controlled RCTs assessed the efficacy of
premedication with gabapentin 600 mg the evening be-
fore and 2 h before surgery,”” and pregabalin 75 or 150 mg
1 h before surgery,” without differences in postoperative
pain scores. Pregabalin demonstrated opioid-sparing

effect while gabapentin did not.*** One study reported
decreased vomiting but increased sedation score, partic-
ularly at 2 h postoperatively.?’ None of these studies used
basic analgesia.

One placebo-controlled RCT evaluated the beneficial
effects of peri-operative pregabalin (150 mg the night
before, 1.5 h before surgery, 2h after surgery and then
twice daily for the next 72 h) on postoperative analgesic
requirements and pain scores. Pain scores were lower in
the pregabalin group but were only statistically significant
at ICU arrival. Less patients in the pregabalin group
needed postoperative opioids, vomited and needed an
antiemetic drug. Baseline analgesia was a combination of
nonopioid drugs and weak opioid analgesic (paracetamol,
diclofenac, tramadol) and also included ISL.*'

Dexmedetomidine

Three placebo-controlled RCT's investigated the effect
of intra-operative infusion of dexmedetomidine (DEX)
ranging from 0.2 to 0.5ugkg "h™'.37** Postoperative
pain scores were lower in the DEX group up to 12h
postsurgery, with reduced opioid consumption. Basic
analgesia with either paracetamol or NSAIDs was pro-
vided in all three RCT. In another study, intra-operative
low-dose (0.4 pgkg™") and medium-dose (0.8 pgkg™")
DEX bolus decreased postoperative pain scores in PACU
and opioid rescue doses compared with placebo. Howev-
er, hypertension occurred during the DEX infusion,
which required nicardipine administration in up to
90% of the patients in the medium-dose group. Con-
versely, emergence tachycardia and hypertension were
less likely in both DEX group compared with control
group.”

Two RCTs compared intra-operative DEX infusion
versus opioids (remifentanil and fentanyl) infusion.
Patients receiving the DEX infusion experienced lower
pain score and consumed less opioid in the first 90 min
postoperatively.’® However, in a pilot study, DEX infu-
sion showed no difference in postoperative pain scores
when compared with fentanyl infusion.*”

With the exception of one study,* there was no signifi-
cant difference in haemodynamic variables.?*=*3¢37
One RCT reported faster emergence from general an-
aesthesia in its remifentanil group compared with the
DEX group.*® Another reported lower Ramsay sedation
score in the DEX group at 2 and 4h.** Two RCTSs
reported no significant difference in emergence time or
postoperative sedation.”®*> Three RCTs reported no
difference in PONV,SZ’“’35 while one showed lower
PONV scores in the DEX group.”

One systematic review and one meta-analysis have ana-
lysed the peri-operative use of DEX for pain control after
craniotomy. The former reported short-term analgesic
efficacy combined with opioid-sparing effect during
PACU stay and up to 12 h postoperatively (three RCTs,

Eur J Anaesthesiol 2023; 40:747-757
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n=267).”* The latter included two RCTs (2= 128) that
found intra-operative DEX infusion reduced both pain
up to 12h postoperatively and postoperative opioid
requirements. Other outcomes (nausea and vomiting,
hypotension) were imprecise.’

Magnesium sulphate

A placebo-controlled RCT investigated the intra-opera-
tive administration of magnesium sulphate (MgSO,)
50mgkg " bolus followed by continuous infusion of
25mgkg '"h™! and showed reduced pain scores and
lower opioid requirements during ICU stay in first post-
operative 24 h. Adverse events were not observed.”

Lidocaine

In one study, continuous intra-operative infusion of lido-
caine improved pain control for 24 h postoperatively and
reduced postoperative fentanyl consumption; however,
the differences in pain scores were not clinically signifi-
cant beyond the first hour. NSAIDs were given when
needed but use of local block or wound infiltration was
not reported.*®

Sumatriptan

Given postoperatively in one study when patients com-
plained of headache, subcutaneous sumatriptan reduced
headache pain scores but not incisional surgical pain
scores. Sumatriptan did not show any opioid-sparing
effect. PONV occurrence was similar amongst groups
and no adverse events were noted.”

Vitamin D

Pre-operative vitamin D supplementation did not show
any effect on postoperative pain relief or on opioid
consumption when compared with placebo. Adverse
events were not reported.*’

Regional anaesthesia and analgesia

Scalp nerve block

Nine RCTs considered the use of presurgical SNB.*!
Eight out of the nine demonstrated that single injection
SNB reduced pain scores, with a lasting effect from 2 to
48 h postoperatively, compared with placebo.*'~**? SNB
also reduced postoperative opioid consumption in four
studies. 474 These analgesic effects were also pres-
ent in RCTs using basic analgesics.*>**

Another RCT compared SNB with intra-operative DEX
infusion. The pain scores were lower up to 2 h postopera-
tively, but the differences were not clinically signifi-
cant.* An RCT compared presurgical SNB to
postsurgical SNB and showed no differences.”® Two
placebo-controlled RCT's studied the effects of postsur-
gical SNB on pain score.”’* Both used basic analgesics
and found a pain score reduction in the first 2 postopera-
tive hours,”" even up to 48 h,>* but postoperative opioid
consumption was lower in only one study.*

~49

Eur J Anaesthesiol 2023; 40:747-757

PONV occurred less often in SNB group in two
RCTs,*"5% while five RCTs reported similar opioid-re-
lated outcomes between study groups.**~****>! When

reported, authors did not observe major adverse
events, 1-45:48.50-53

All included studies used long-lasting local anaesthetics,
such as levobupivacaine (5.0 to 7.5 mg ml~!, five RCTYs),
bupivacaine (2.5 mg ml~!, five RCTSs) or ropivacaine (2.0
to 7.5mg ml™', two RCTs). Lidocaine was considered in
a mixture with bupivacaine 5mg.ml~" in one study.*' =52

Two systematic reviews and three meta-analyses have
assessed the analgesic effects of SNB when compared
with placebo or control.***=° The two systematic
reviews (two RCTs included, #» =70 and five RCTs
included, 7 =237°) concluded that SNB provided anal-
gesia for a few hours postoperatively while asking for
larger trials.>>> In one meta-analysis (seven RCTs), a
reduction in pain scores during the first 6 to 8 postopera-
tive hours (six RCTs, » =284) and a lower postoperative
opioid requirement (six RC'T's, »=239) were highlight-
ed. Further, in a subgroup analysis, presurgical SNB
provided better pain control at 1, 2 and 4h postopera-
tively and the postsurgical analgesic effect lasted up to
12h (four RCTs, = 150).5(’ Another meta-analysis (12
RCTs) reported significant analgesic effects for the first
6h (10 RCT's, #=414), at 12 h (eight RCT's, »=294), at
24h (nine RCTs, #=433) and at 48h (four RCTs,
n=135). SNB also provided significant opioid-sparing
effect (seven RCTs, 7=2341).> One meta-analysis (10
RCT's, #=551) showed similar positive results during
the first 6 h postoperatively. Likewise, SNB reduced total
opioid consumption within the first 24 h.>*

Incision-site infiltration

A placebo-controlled RCT showed an opioid-sparing
effect of ISI with ropivacaine 5mg.ml~" but without
reduction of pain scores.’” In two RC'Ts, presurgical ISI
with bupivacaine (5 and 7.5 mg ml ') offered better pain
control for the first 4 h postoperatively when compared
with placebo but was less effective when compared with
SNB. ISI reduced opioid consumption within 24 h com-
pared with placebo in one of those two studies, showing
no difference when compared with SNB,*® although it
was less effective than SNB in another study.*' A RCT
compared especially ISI and SNB with a mixture of
bupivacaine 5mg.ml™" and lidocaine 20 mg.ml™" and
showed better pain control in the PACU with ISI but
less opioid-sparing effect.”® Finally, when comparing
the timing of ISI, preincisional infiltration with a mix-
ture of ropivacaine 10mg.ml~" and lidocaine 20 mg.
ml™! provided better pain relief than postincisional
infiltration for the first 4 h postoperatively and reduced
cumulative opioid consumption within 24 h after sur-
gery.”” Only two of the five ISI studies used basic
analgesics.”®>?
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Two RCTs reported reduced PONV in ISI groups,*!-’
while two other RCT's showed no difference in opioid-
related outcomes.**’

Two systematic review and one meta-analysis have
reviewed the effects of ISI versus placebo or control.*#43?
ISI may be effective in the first few hours postoperative-
ly, but its duration of action was variable (five RCTs,
n=249), at least when compared with SNB, which seems
to be longer lasting and provides superior analgesia.>
Another systematic review included three RCTs
(7=138) studying either SNB (two RCT's) or ISI (one
RCT), and suggested, without specifying, that both
techniques may provide adequate analgesia in the early
postoperative hours.?* Conversely, scalp infiltration
showed significant efficacy only at 12h (seven RCTs,
7=2309) and at 48h (three RCTs, »=128) in a meta-
analysis, but the differences in pain scores were not
significant in the first 6 h (nine RCT's, # =475).}

Bilateral maxillary block and superficial cervical plexus
block

Both peripheral nerve blocks failed to demonstrate any
bene()ﬁot()s1 in terms of pain relief and opioid consump-
tion.””

Hyaluronidase as adjuvant

In one study, hyaluronidase added to the local anaesthet-
ic mixture reduced the pain scores in the first 8 postop-
erative hours and decreased the need for ketorolac used
as rescue analgesia.®

Dexamethasone as adjuvant

Added to local anaesthetic mixture for presurgical IS,
dexamethasone reduced pain scores from 8 to 72 h with
opioid-sparing within 48 h after surgery.®®

Alpha-adrenergic agonist as adjuvant

Three RCTs evaluated the analgesic effect of an a-
adrenergic agonist added to the local anaesthetic mix-
ture.®*~® Dexmedetomidine added to SNB and ISI
improved the analgesic effect in one out of two studies,
and the effect was greater when added to SNB compared
with ISL.%® The addition of clonidine to the local anaes-
thetic mixture for SNB reduced pain scores at 24h
postoperatively and was associated with postoperative
opioid-sparing.®® The two positive studies also included
basic analgesic (paracetamol).®>®® One RCT reported
higher postoperative sedation score in the DEX group
without it being excessive (Ramsay score >3).9

Nonpharmacological interventions

Acupuncture

Three RC'T's (#=286) compared different types of acu-
puncture and all showed an analgesic effect.®”~*” Multi-
point acupuncture also provided an opioid-sparing effect

in one study.”” No RCT used basic analgesic and one
study used ISI in acupuncture and placebo groups.®”

Discussion

This review aimed to synthesise the available evidence
on pain management after craniotomy under general
anaesthesia. High-quality postoperative pain manage-
ment ensures optimal recovery after neurosurgical pro-
cedures. Poorly controlled pain and adverse effects
related to the use of analgesics, specifically opioids-in-
duced nausea, vomiting and sedation, are unwanted.
Because opioids can interfere with early neurologic ex-
amination, they should be used as rescue analgesia in case
of severe pain and not as routine analgesia.’

Peri-operative paracetamol and NSAIDs or COX-2 se-
lective inhibitors are considered as the ‘basic analgesic
regimen’.” Paracetamol has a weak analgesic and opioid-
sparing effect. Both single dose and administration on a
scheduled basis with NSAIDs or COX-2 selective inhi-
bitors provide significant analgesic and opioid-sparing
effects. NSAIDs in combination with paracetamol results
in enhanced analgesia.'”**?! Concern about NSAIDs
complications, such as intracranial bleeding and bone
healing impairment, is unwarranted. A recent meta-anal-
ysis (74 studies, including 41 RCTs) concluded that
NSAIDs are not associated with clinically important
bleeding. These results were consistent across various
types of NSAIDs and surgical procedures.”’ In a retro-
spective study (7 =452), continuing acetyl salicylic acid
was not associated with an increased risk of peri-operative
complications, including bleeding.”! A cohort study
showed an adjusted estimate risk of symptomatic bleed-
ing very close to null effect, but the width of the confi-
dence interval prevented a conclusion on the safety of
ketorolac.”* Similarly, two retrospective studies on chil-
dren concluded that short-term NSAID therapy was not
associated with an increased risk of haemorrhage.”>”*
Currently, there is no evidence that potential side effects
of NSAIDs outweigh their benefits, except when contra-
indicated, such as in patients with significant renal im-
pairment. Therefore, we recommend paracetamol and
NSAIDs/COX-2-selective inhibitors as basic analgesia
after craniotomy.

Intra-operative DEX has shown a positive effect on both
pain and opioid consumption when compared with either
placebo or opioids (remifentanil, fentanyl), and also when
basic analgesia was used.**~*” Some concerns about hae-
modynamic events and sedative effects with delayed
postoperative evaluation have been raised®° despite
the use of low doses.** ™7 A systematic review of three
RCTSs emphasised the opioid-sparing effect but warned
of delayed recovery and longer discharge time from the
PACU.** In summary, the PROSPECT group recom-
mend its use for pain relief after craniotomy with the
proviso that potential adverse events including haemo-
dynamic effects and sedation can influence recovery.

Eur J Anaesthesiol 2023; 40:747-757
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In addition to systemic analgesics, regional analgesic
techniques such as SNB and ISI are effective. Ten RCT's
have demonstrated the analgesic efficacy of SNB, admin-
istered either pre-operatively or postoperatively, when
compared with placebo or no block.*'=#7#931:32 These
findings are supported by previous systematic reviews
and meta-analysis, with an analgesic effect in the first 6
postoperative hours and a moderate opioid-sparing ef-
fect.>”373¢ The risks associated with SNB include local
anaesthetic toxicity, transient facial nerve palsy and in-
advertent subarachnoid injection." ISI is widely used for
craniotomies. Three RCTs showed positive effects on
both pain scores and opioid consumption, but only one
RCT used baseline analgesia.*"***? Either SNB or ISI
with long-acting local anaesthetic is recommended, but
ISI may have a more limited duration of analgesia than
SNB, although there are not enough studies comparing
the two techniques to recommend one over the other.
Considering the lack of data on the combination of
techniques and high vascularisation of the scalp, combin-
ing the two techniques is not recommended due to the
risk of local anaesthetic toxicity. Adding a2-adrenergic
agonists (clonidine and dexmedetomidine) as adjuvants
to regional techniques has been studied, but evidence
for increased analgesia after local administration is mini-
mal,(’s’66 so this cannot be recommended due to
limited evidence.

Two RCTs studied the effects of intra-operative multi-
point electro-acupuncture, and one explored the used of
postoperative single point acupuncture. All the studies
showed positive results on postoperative pain. However,
none considered basic analgesics.®”’ =% Surprisingly, only
one study demonstrates an effect on PONV, in contrast
with the current literature on acupuncture and electro-
acupuncture.””~’® Acupuncture is recommended if basic
analgesics cannot be used. However, acupuncture may be
impractical, and its application may genecrate a risk
of infection.

Gabapentinoids have analgesic effects after craniotomy,
but none of the studies used basic analgesics: paracetamol
and/or NSAIDs.??*® Therefore, as stated in a recent
review, the role of gabapentinoids in acute postcraniot-
omy pain management remains unclear.”> More impor-
tantly, gabapentinoids have concerning side effects such
as sedation, blurred vision and dizziness.”’ Also, FDA has
recently warned of the risks of respiratory depression.®
For these reasons, despite evidence of a minimal analge-
sic effect of short duration, gabapentinoids are not recom-
mended.

We did not find any study that examined the role of i.v.
ketamine for pain management after craniotomy, and nor
did any systematic review.®?’ We did not find any study
assessing the role of i.v. dexamethasone for pain man-
agement after craniotomy. However, i.v. dexamethasone
is often used in intracranial surgery to reduce tumour-

Eur J Anaesthesiol 2023; 40:747-757

associated oedema and to prevent PONV.*? In addition,
1.v. dexamethasone can reduce postoperative pain score
and opioid consumption.**=® Caution is warranted in
patients with glucose intolerance.

The limitations of this review are related to those of the
included studies. There was considerable heterogeneity
between studies in terms of dosing regimens, methods of
administration, use of basic analgesics in the control
groups and time-points of pain measurement. The RCT's
included evaluated pain at different time intervals, and
expected patients to understand and evaluate their pain.
Patients with central nervous system impairment from
operation-related complications were managed with re-
operation and thus excluded. As many of the included
studies suffered from small sample size, it is difficult to
draw firm conclusions regarding the side effect profile of
the proposed interventions. Most studies did not include
basic analgesics (paracetamol and NSAIDs) making it
unclear whether an effective intervention would remain
effective if basic analgesia was administered. Further-
more, although the PROSPECT initiative promotes mul-
timodal, nonopioid analgesic strategies and modern peri-
operative care, only a few studies applied real multimodal
analgesic regimens or mentioned the application of en-
hanced recovery (ERAS) protocols.” A recent systematic
review identified 17 complete ERAS protocols published
for elective craniotomy, demonstrating positive results in
different outcomes such as postoperative pain control,
reduced length of stay and costs.”® At present, studies
investigating ERAS protocols in cranial surgery remain
scarce and only three RCT's could be included in two
recent systematic reviews.*”®® These studies demon-
strate the feasibility of enhanced recovery after brain
surgery, but the benefits need to be clarified.

In summary, our review has identified an analgesic
regimen for optimal pain management after craniotomy
(Table 1). We suggest that peri-operative pain manage-
ment for craniotomy includes, unless contraindicated,
paracetamol combined with NSAID or COX-2 selective,
administered either pre-operatively or intra-operatively
and continued postoperatively. In addition, either ISI or
SNB is recommended. These blocks may be administered
before incision or at the end of the procedure. Intra-
operative dexmedetomidine infusion is recommended,
carefully considering the dose-dependent haemodynamic

Table 1 Analgesic interventions that are recommended for pain
management in patients undergoing craniotomy

Pre-operative/Intra-operative

Paracetamol

NSAIDs

Either scalp block or incision-site infiltration

Intravenous dexmedetomidine infusion

If basic analgesia is not possible, acupuncture
Postoperative

Paracetamol and NSAIDs

Opioids as rescue
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Table2 Analgesic interventions that are not recommended for pain
management in patients undergoing craniotomy

Intervention Reason for not recommending

Flupirtine Limited procedure-specific evidence
Metamizole Lack of procedure-specific evidence
Gabapentinoids Additional benefit is questionable and

concerns about side effects
Intra-operative use of Limited procedure-specific evidence
magnesium sulphate
Intra-operative use of lidocaine
Postoperative subcutaneous
sumatriptan
Pre-operative vitamin D
Bilateral maxillary block
Superficial cervical plexus block
Hyaluronidase as adjuvant
Dexamethasone as adjuvant
Clonidine as adjuvant
Dexmedetomidine as adjuvant

Limited procedure-specific evidence
Lack of procedure-specific evidence

Lack of procedure-specific evidence
Lack of procedure-specific evidence
Lack of procedure-specific evidence
Limited procedure-specific evidence
Limited procedure-specific evidence
Limited procedure-specific evidence
Limited procedure-specific evidence

side effects. Also, acupuncture may be considered if basic
analgesic is not possible. Systemic opioids should be
reserved as rescue analgesics in the postoperative period.
Despite the lack of specific evidence, we also recommend
i.v. dexamethasone. We also identified analgesic interven-
tions that are not recommended for pain management in
patients undergoing craniotomy, listed in Table 2. Future
high-quality studies are needed to clarify the efficacy of
recommended approaches in the context of an enhance
recovery pathway.
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