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Update on scalp nerve block for craniotomy

Anna Maria Bombardieri, Maxim Pochebyt and Mark A. Burbridge

Purpose of review

The purpose of this review is to outline the indications, technique, and ideal local anesthetics and
adjuvants that can be administered for scalp nerve block (SNB) in adult patients undergoing craniotomy.
SNBs are an effective means to provide patients with analgesia with lower opioid requirements.

Recent findings

Recent literature shows a wide range of neurosurgical procedures can benefit from the administration of
scalp blocks. Scalp blocks remain a technically straightforward regional anesthesia technique; however,
the literature is insufficient to firmly recommend any specific local anesthetic or adjuvant.

Summary

SNBs should be considered a low risk, technically easy to perform, and highly effective regional
anesthesia technique in a wide range of neurosurgical procedures. A long-acting local anesthetic such
as ropivacaine, bupivacaine, or levobupivacaine is recommended, and the addition of an adjuvant such
as dexmedetomidine, clonidine, or dexamethasone has been shown to prolong the duration of the block.
Ultrasound may be useful addition to improve block success.
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Scalp nerve block (SNB) is a regional anesthesia
technique that provides analgesia for neurosurgi-
cal patients by anesthetizing the sensory nerves of
the scalp. Advantages of SNB include reduced in-
traoperative opioid consumption, decreased post-
operative opioid consumption and pain scores, less
postoperative nausea and vomiting, and reduced
sympathetic response to pain and other noxious
stimulation, therefore achieving stable hemody-
namics [1,2%,3,4",5"%]. This technique is critical in
awake craniotomy to facilitate awake testing to en-
sure a more cooperative and comfortable patient.
Neurosurgical patients benefit particularly from
opioid-sparing techniques because opioids can
cause particularly troublesome complications such
as surgical site bleeding and raised intracranial pres-
sure due to postoperative nausea and vomiting [6].

Most studies conducted for SNB pertain to its use in
craniotomy procedures, such as supratentorial brain
tumors. However, this technique can be utilized for
any surgical procedure involving an incision on the
scalp. Brain lesions with locations in supratentori-
al, infratentorial, and high cervical (such as Chiari
malformations), can utilize the SNB to achieve im-
proved patient comfort, hemodynamic stability, and
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decreased opioid use postoperatively [1,2%3,4™,5".
Patients undergoing deep brain stimulator insertion
have shown significant benefits in terms of comfort,
neurological examination participation and electro-
physiological stability, and postoperative pain and
opioid use from SNB [7%,8%]. Patients undergoing
stereotactic brain biopsy were able to undergo this
procedure under sedation with an SNB and dex-
medetomidine infusion and had less postoperative
pain [9%]. One study showed that patients under-
going ventriculoatrial shunt insertion were able to
tolerate the procedure under sedation with the use
of SNB and to have decreased pain and pain med-
ication use postoperatively [10]. Additionally, one
study found that SNB reduced headaches during fo-
cused ultrasound therapy procedures [11%]. Patients
undergoing intracranial bolt removal with SNB had
increased satisfaction with the procedure and re-
duced pain after the bolt was removed [12].
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Regional anesthesia

KEY POINTS

e Scalp blocks are technically straightforward and safe
to perform.

¢ A long-acting local anesthetic such as bupivacaine,
ropivacaine, or levobupivacaine is recommended.

® The addition of an adjuvant such as dexamethasone,
clonidine, or dexmedetomidine may prolong the
duration of the block.

e Ultrasound may improve block success based on a
small number of studies.

e The literature for scalp blocks is overall sparse and
further high-quality research studies are required
to determine the ideal local anesthetic as well as
adjuvant.

The nerve supply to the scalp consists of a network
of sensory nerves that are effectively anesthetized
based on surface anatomy and a meticulous in-
jection technique. Figure 1 displays these sensory

nerves. A brief description of the injection tech-
nique for SNB is described below. An excellent
instructional video [13"™] is recommended to all
readers to view in addition to the text below.

The supraorbital and supratrochlear nerves
are the terminal cutaneous branches of the frontal
nerve, itself the largest division of the ophthal-
mic branch of the trigeminal nerve. The supraor-
bital nerve leaves the orbit along the supraorbital
notch and divides almost immediately into medial
and lateral branches, extending cephalad to supply
sensation to most of the anterior forehead. The su-
pratrochlear nerve travels roughly one centimeter
medial the supraorbital nerve, supplying the upper
medial eyelid and medial forehead. Both nerves can
be blocked with a single skin puncture. Keeping the
injection cephalad to the brow prevents spread into
the eyelid where it can cause transient ptosis or ex-
traocular weakness. Because the cutaneous fields of
the left and right nerves overlap, the block is per-
formed bilaterally for reliable coverage [14"].

The zygomaticotemporal nerve is a sensory
branch of the zygomatic nerve, arising from the
maxillary division of the trigeminal nerve. After
running along the lateral orbital wall, it exits
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through the zygomaticotemporal foramen just su-
perior to the zygomatic arch and immediately pierc-
es the deep layer of the temporalis fascia. It radiates
cephalad to supply a teardrop-shaped patch of skin
over the anterior temple and lateral forehead. Block
failure rate tends to be highest with the zygomatic-
otemporal nerve because of high anatomic variabil-
ity [15,16].

The auriculotemporal nerve originates from
the posterior division of the mandibular nerve. It
ascends with the superficial temporal artery anteri-
or to the tragus, branching to innervate the lateral
scalp, anterior and superior to the ear. Injection be-
low the zygoma can cause facial nerve blockade and
should be avoided [14"].

The greater occipital nerve originates from the
dorsal ramus of C2. It ascends medial to the occip-
ital artery and arborizes to innervate the posterior
medial scalp. The greater occipital nerve can be
blocked by injection one-third of the distance away
from the occipital protuberance along a line con-
necting the occipital protuberance and mastoid.
The greater occipital nerve typically runs just me-
dial to the occipital artery, two centimeters lateral
to the occipital protuberance. When the occipital
artery is difficult to palpate, Doppler or ultrasound
guidance allows accurate deposition with as little as
2 ml of local anesthesia [17*].

The lesser occipital nerve arises from the cervi-
cal spinal roots, and supplies sensation to the later-
al posterior scalp. The lesser occipital nerve can be
blocked with the injection of local anesthesia along
roughly two centimeters along nuchal ridge, from
the posterior base of the pinna extending medially
and in the direction of the occipital protuberance
[18"].

Recently, several reports of utilizing ultrasound
guidance for SNB have emerged. Tsan ef al. [19]
published a case report of a patient undergoing
awake craniotomy with excellent pain control both
intraoperatively and postoperatively. A random-
ized prospective controlled trial by Ibrahim et al.
[20] compared the analgesic efficacy of ultrasound
use compared to the traditional landmark method.
Patients who received ultrasound guided SNB ex-
perienced significantly lower pain scores postoper-
atively, with less opioid consumption in the first
24 h after surgery. An extensive review on the tech-
nical aspects of SNB under ultrasound guidance is
provided by Zetlaoui et al. [21].

There is currently no consensus on the optimal
local anesthetic or concentration for SNB. Recent
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randomized controlled trials have evaluated
long-acting agents such as ropivacaine, bupiva-
caine, and levobupivacaine at various concentra-
tions, with or without epinephrine. Most studies
compared a single local anesthetic to a sham saline
injection. Only one study assessed different con-
centrations of the same local anesthetic, and none
directly compared different long-acting agents.
These findings are summarized in Table 1.

Yangetal.[22"] conductedarandomized, double-
blind, placebo-controlled trial in 85 patients un-
dergoing craniotomy under general anesthesia.
Patients received a preincision SNB with 8 ml of ei-
ther 0.2, 0.33, or 0.5% ropivacaine or saline as the
control. All three ropivacaine concentrations sig-
nificantly reduced postoperative pain for up to 2 h
(P=0.01, 0.02, and 0.01, respectively), with 0.5%
extending analgesia to 4 h (P =0.02). Compared to
control, all concentrations significantly blunted in-
creases in mean arterial pressure (MAP) during in-
cision, drilling, and sawing (P < 0.05), while heart
rate (HR) was significantly lower in the 0.2 and
0.5% groups. Intraoperative sufentanil use was sig-
nificantly reduced across all ropivacaine concentra-
tions (P < 0.001). These findings support the use of
0.5% ropivacaine for superior early analgesia and
intraoperative hemodynamic control.

Rigamonti et al. [23"] randomized 89 patients
undergoing craniotomy to bilateral SNB using
20 ml of 0.5% bupivacaine with epinephrine or
sham saline with epinephrine at the end of surgery.
No significant differences were observed in 24-h
visual analogue scale scores, opioid consumption,
or discharge times. However, pain modeling re-
vealed a significant treatment-by-time interaction
(P <0.001), indicating lower pain in the SNB group
during the first 12 h, suggesting a potential role for
SNB in settings such as awake craniotomy.

Carella et al. [24"] evaluated a SNB using 30 ml of
0.33% levobupivacaine vs. a sham saline injection
in a randomized, double-blind, placebo-controlled
trial. The block was performed after induction and
at least 20 min before skull pinning. Compared to
controls, the SNB group showed significantly at-
tenuated responses to skull pinning, incision, and
craniotomy (MAP differences: 6.1-20.5 mmHg,
P < 0.001; HR differences: 3.1-7.6 bpm, P < 0.05).
Intraoperative propofol and remifentanil require-
ments were significantly lower (P < 0.001), as were
postoperative pain scores (1-48 h, P < 0.0001) and
48-h morphine consumption (P < 0.001).

Kulikov et al. [25"] randomized 56 patients un-
dergoing craniotomy to preincision or postskin-
closure SNB, both using 0.75% ropivacaine, in
addition to incision line and skull pin infiltration.
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Table 1. Summary of Local Anesthetic Use for Scalp Nerve Blocks in Recent Randomized Controlled Trials

First Timing of

Author, Local Volume and Scalp Nerve

year Anesthetic Concentration  Blocks Comparator Key Findings

Yang et al. Ropivacaine 8mlof 0.2, Preincision Saline All doses reduced pain for 2 h; 0.5%

(2020) 0.33, or 0.5% extended analgesia to 4 h. All doses blunted

[22%%] MAP during incision, drilling, and sawing
and reduced intraoperative opioid use. HR
was lower with 0.2 and 0.5%

Rigamonti et Bupivacaine + 20 ml of 0.5% End of surgery  Saline + Epi No difference in 24 h visual analog scale or
al. (2020) epinephrine opioids; early pain modeling favored scalp
[23"] nerve block group

Carella et Levobupivacaine 30 ml of 0.33%  Postinduction Saline Improved MAP/HR control; lower intraop
al. (2021) anesthetic use and 48 h pain/opioid scores
[24%]

Kulikov et Ropivacaine 0.75% (volume Preincision vs.  No sham Lower intraop fentanyl use with preincision
al. (2021) not reported) postop scalp nerve block
[25%]

Lee et al. Ropivacaine 21-25 ml of Preoperative No block Lower pain scores at 6-24h; reduced peak
(2023) 0.5% and cumulative pain burden
[26"]

Moharari et Bupivacaine + 3-5 ml of Preincision No block Higher analgesia nociception index scores;
al. (2024) epinephrine 0.35% lower remifentanil use; no MAP/HR

("]

differences

HR, heart rate; MAP, mean arterial pressure.

No sham control was used. While 24-h pain scores
were similar, the preoperative SNB group had signifi-
cantly lower intraoperative fentanyl use (P =0.01).

Lee et al. [26"] randomized 74 patients undergo-
ing microvascular decompression to receive either
preoperative SNB with 0.5% ropivacaine (21-25 ml)
or no block. While cumulative 24-h opioid use
was similar, the SNB group had significantly low-
er pain scores at 6, 12, and 24 h (P =0.005, 0.007,
and 0.015), and reduced peak numeric rating scale
scores and area-under-the-curve pain burden.

Moharari et al. [1"] conducted a randomized,
single-blind trial in 28 patients comparing stan-
dard general anesthesia to general anesthesia with
preincision SNB using 0.35% bupivacaine with
epinephrine. The SNB group had significantly
higher analgesia nociception index scores at all
surgical stages (e.g. 62.6 £ 12.6 vs. 38.7 £ 6.5 during
pinning, P=0.001) and lower remifentanil use
(P =0.008). No significant hemodynamic differenc-
es were observed.

Due to the heterogeneity in block timing, local
anesthetic agents, and concentrations across stud-
ies, formulating a standardized recommendation
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remains challenging. Nonetheless, findings from
randomized controlled trials published over the
past 5 years support 0.5% ropivacaine as the most
effective and durable option for SNB, offering su-
perior postoperative analgesia and intraoperative
hemodynamic control compared to lower con-
centrations or other long-acting agents. Although
ropivacaine has a slower onset compared to shorter-
acting agents, this is generally offset by the time
required for patient positioning and surgical
preparation prior to skull pinning. In clinical
practice, some providers mix ropivacaine with a
short-acting local anesthetic (e.g. mepivacaine) to
accelerate onset. However, a recent meta-analysis
found no significant benefit of such combinations
on sensory or motor block onset in ultrasound-
guided peripheral nerve blocks [27]. Importantly,
this analysis did not include any studies of SNB,
and its findings may not fully translate to the SNB
setting.

Based on the current evidence, we recommend
prioritizing a longer duration of action over a faster
onset when selecting local anesthetics for SNB in
neurosurgical procedures.
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An adjuvant is a medication that is used to enhance
the effects as well as prolong the duration of action
of the local anesthetic. Such medications are widely
used in regional anesthesia techniques in anatom-
ical sites all over the body for example in joint ar-
throplasty surgery. Several medications have been
studied recently in the context of SNB with varying
success and are reviewed below. These findings are
summarized in Table 2.

Dexamethasone

Jia and colleagues [28"™] conducted a study com-
paring SNB in patients undergoing craniotomy
and were randomly assigned to receive SNB with
0.5% bupivacaine alone in a control group, or with
0.5% bupivacaine with 4 mg dexamethasone. The
primary outcome was the duration of analgesia,
and secondary outcome was postoperative opioid
consumption, pain scores, and patient satisfaction.
The mean analgesia duration was significantly pro-
longed in the dexamethasone group compared with
the control group 660min compared to 420min
(P<0.001). The postoperative opioid consumption
was also lower in the dexamethasone group com-
pared with the control group at 12h (P < 0.001), 24 h
(P=0.014), and 48 h (P = 0.049). This study showed
that the addition of dexamethasone to 0.5% bupiv-
acaine for SNB significantly prolonged the duration
of the block, lowered postoperative pain scores,

lowered postoperative opioid consumption, and
lead to higher patient satisfaction scores.

Clonidine

Bagle et al. [29"] investigated the impact of adding
clonidine at a dose of 1 pug/kg to SNB performed
with 0.5% ropivacaine for supratentorial cranioto-
my compared to a group of patients who received
a SNB of 0.5% ropivacaine plus 1 ml of normal sa-
line. The duration of analgesia was significantly
prolonged, and the amount of rescue opioid medi-
cation postoperatively was lower, in patients receiv-
ing ropivacaine with clonidine. MAP analysis also
yielded significantly more stable readings in the
clonidine group.

Dexamethasone vs. clonidine

Maharani et al. [30"] performed a head-to-head
analysis of clonidine vs. dexamethasone in 0.25%
bupivacaine for SNB. A total of 40 participants were
randomly divided into two groups. Group one re-
ceived bupivacaine 0.25% and clonidine 2 pg/kg,
and group two received bupivacaine 0.25% and
dexamethasone 8 mg. The results of this study
showed that patients in the bupivacaine and clon-
idine group experienced significantly lower pain
scores postoperatively up to 24 h, as well as lower
cortisol levels, indicating a blunted stress response
to surgery.

Table 2. Summary of Adjuvants for Scalp Nerve Block in Recent Clinical Literature

Author Adjuvant Dosage Local Anesthetic  Effect of Adjuvant vs. Local Anesthetic Alone

Jia etal. (2025)  Dexamethasone 4 mg Bupivacaine 0.5% Dexamethasone prolonged duration of block, lower
[28™] postoperative pain scores, and increased patient

satisfaction

Bagle et al. Clonidine 1 meg/kg Ropivacaine 0.5% Clonidine prolongs duration of analgesia, reduced rescue
(2024) [29"] analgesia, more stable hemodynamics

Maharani etal.  Clonidine 2 meg/kg Bupivacaine 0.25%  Clonidine was superior to dexamethasone with lower
(2023) [30" Dexamethasone 8 mg postoperative pain scores, and lower cortisol levels

Sheethal et al. Dexmedetomidine 1 mcg/kg Bupivacaine 0.5% Dexmedetomidine lowers postoperative opioid consumption,
(2025) [31"] pain scores, and more stable hemodynamics

Stachtari et al. Dexmedetomidine 1 mcg/kg Ropivacaine 0.5% Dexmedetomidine results in superior hemodynamics and
(2023) [32"] lower opioid consumption

Sahana et al. Dexmedetomidine 1 mcg/kg Ropivacaine 0.5% No difference in hemodynamics with the addition of
(2023) [33"] dexmedetomidine

Kaushal et al. Ketamine 2 mg/kg Bupivacaine 0.5% Ketamine reduced opioid consumption and more stable

(2024) [34%]

hemodynamics
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Dexmedetomidine

Sheethal et al. [31"] evaluated the efficacy of scalp
block with 0.5% bupivacaine and 1 mcg/kg dexme-
detomidine compared to local anesthesia wound
infiltration. In this small prospective, double-blind,
randomized controlled trial, 34 adult patients un-
dergoing elective posterior fossa surgeries were
equally assigned to either posterior scalp block or
skin infiltration groups. Patients in the SNB group
exhibited significantly lower postoperative opioid
consumption, pain scores, and superior hemody-
namic stability.

In a larger, higher quality study, Stachtari et al.
[32"] enrolled 105 patients undergoing elective cra-
niotomy for tumor resection and were randomly di-
vided into three groups to receive scalp block as an
adjuvant to general anesthesia: with either 40 ml
ropivacaine 0.5%, 40 ml ropivacaine 0.5% plus dex-
medetomidine 1 pg/kg, or 40 ml saline as a placebo.
Patients who received SNB with ropivacaine and
dexmedetomidine demonstrated significantly bet-
ter hemodynamic stability in response to pin fixa-
tion and skin incision compared with other groups,
lower intraoperative remifentanil consumption,
postoperative opioid consumption, but postopera-
tive pain scores were no significantly between the
three groups.

Sahana ef al. [33"] conducted a study on sixty
patients who were randomly allocated to receive
scalp block with 25 ml of 0.5% ropivacaine added
with either normal saline as a control group, or
dexmedetomidine (1 pg/kg). This study examined
only hemodynamic variables including HR and
blood pressure measurements made at baseline, 1,
3, 5,10, and 15 min following skull pin placement.
There was no significant effect on HR, systolic, di-
astolic, and mean blood pressure with addition of
dexmedetomidine to ropivacaine.

Ketamine

A single study examined ketamine as an adjuvant
to 0.5% bupivacaine in adult patients undergo-
ing craniotomy. Kaushal et al. [34"] enrolled sixty
patients and randomized them into two groups.
They were given SNB either with 12 ml 0.5% bu-
pivacaine and 3 ml saline or bupivacaine 12 ml
and 2 mg/kg ketamine. The ketamine plus bupiva-
caine group demonstrated superior hemodynamic
stability, as well as a mean postoperative opioid
reduction of 50%. The addition of ketamine as
an adjuvant to bupivacaine for SNB not only pro-
vides significant hemodynamic stability but also
reduces both intra- and postoperative analgesic
consumption.

6 www.co-anesthesiology.com

SNB are a technically straightforward, efficacious
regional anesthesia technique for patients under-
going a wide variety of neurosurgical procedures.
Despite their widespread use, high quality clinical
trials for the ideal local anesthetic and adjuvant for
SNB are lacking and no combination can be recom-
mended based on the available recent research. A
long-acting local anesthetic with or without an ad-
juvant, of which clonidine may be superior based
on the limited evidence, can be recommended for
routine use. The use of ultrasound guidance may
also increase the success and efficacy of SNB. Future
research should focus on randomized, double blind,
randomized trials to delineate the ideal combina-
tion of medications to fully exploit the benefits of
this technique.
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