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Abstract Neural blockade of the scalp may be used as an adjunct to general anesthesia or serve as the
principal anesthetic for both intracranial and extracranial procedures. Effective scalp blockade typically
requires anesthetizing multiple peripheral nerves; blockade of one or more of these is often used to
diagnose and treat conditions such as chronic headache. Improved anatomic knowledge has refined the use
of scalp blockade so that directed neural blockade is achieved. The vascularity of the scalp, proximity of
arteries supplying the cerebral circulation, use of large volumes of local anesthetic, and presence of
intracranial devices or bony defects require attention. The impact of perioperative scalp blockade on acute
and chronic pain may offer insight into the benefits of perioperative neural blockade generally.
© 2013 Elsevier Inc. All rights reserved.

1. Introduction
Neural blockade of the scalp has a history that extends
over several eras of anesthetic and neurosurgical practice. It
was first used to permit intracranial surgery when general
anesthesia for these procedures had not yet advanced
sufficiently to be considered safe [1], later to permit
functional mapping during surgery without interference
from general anesthesia [2] and, most recently, as an adjunct
to general anesthesia to maintain hemodynamic control [3]
and provide perioperative analgesia [4-6]. Although generally indicated for intracranial surgery, scalp blockade is useful
for extracranial procedures of the scalp [7,8]. Components of
☆
Supported by departmental funding only.
⁎ Correspondence and reprint requests: Alexander Papangelou, MD,
Department of Anesthesiology and Critical Care Medicine, Meyer 8-134A,
Johns Hopkins Hospital, 600 N. Wolfe St., Baltimore, MD 21287, USA.
Tel.: +1 410 502 6069, + 1 410 955 7461; fax: +1 410 614 7903.
E-mail address: apapang1@jhmi.edu (A. Papangelou).

0952-8180/$ – see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.jclinane.2012.06.024

scalp blockade also are used to treat chronic headache [9]. A
century of experience leaves little doubt as to the efficacy of
scalp blockade as a stand-alone technique for intracranial
procedures of the anterior and middle cranial fossae. Recent
studies have shown clear efficacy when scalp blockade is
used as an adjunct to general anesthesia when hemodynamic
control is the outcome. A growing but incomplete body of
literature suggests a role, perhaps an important one, for scalp
blockade or surgical site infiltration with local anesthetics
(LA) to improve postoperative analgesia. However, the
existing literature does not yet clearly delineate the mixture of
patient factors, surgical factors, adjunctive analgesics, and
technique of scalp blockade or LA infiltration for which
meaningful analgesic benefits are reliably obtained.

2. History
The concept of peripheral nerve block of the scalp was
developed in the early 1900s by Harvey Cushing and George
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Crile and was motivated by their appreciation of the
potential benefits of effective regional anesthesia [10,11].
Progress in this area was limited by the available LA.
Cocaine was addictive and toxic to the heart and brain,
whereas procaine, apart from its short duration of action,
was limited by an increased frequency of allergic reactions [11,12]. Heinrick Braun's addition of epinephrine to
LA had the benefit of increasing the duration of the LA
effect [13]. Scalp blockade initially was performed to permit
execution of intracranial procedures without the need for
general anesthesia [1]. With the introduction of endotracheal
tubes and the evolution of general anesthesia, the use of
scalp blockade declined in frequency. However, it retained
an important niche in permitting functional assessment of
awake patients during certain procedures [2]. There
continues to be a need to perform intracranial surgery and
concurrent functional assessments [14-16]. Both the availability of longer-acting LAs and the evolution of the
technique for scalp blockade from a field block to selective
neural blockade have opened new opportunities for its
integration into current practice.
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4. Technique
A field block, obtained by haphazard ring blockade of the
scalp, may cause the administration of an unnecessarily high
volume of concentrated LA. Girvin [14] first described an
anatomically directed scalp blockade technique in 1986 for
awake patients during intracranial surgery. The procedure
involves injection of LA to block the divisions of V1
(supratrochlear and supraorbital nerves), V2 (zygomaticotemporal nerve), V3 (auriculotemporal nerve), and branches
derived from C2 and C3 (posterior branch of the great
auricular, lesser occipital, greater occipital, and third
occipital nerves) (Fig. 1).
The supratrochlear and supraorbital nerves are anesthetized as they emerge along the superior orbital rim with 1 mL
of LA for each nerve, using a 23 or 25-gauge needle
introduced perpendicular to the skin. In an anatomical study,
the supratrochlear nerve emerged from the orbital rim an
average 1.6 cm lateral to midline and 0.7 cm below the
supraorbital margin, while the supraorbital nerve emerged

3. Indications
Neural blockade of the scalp is applicable for all
supratentorial intracranial procedures. Scalp blockade minimizes the hemodynamic response to surgical stimulus, it
may decrease intraoperative anesthetic requirements, and it
may reduce postoperative pain and analgesic consumption
[3,4]. Although it can provide effective anesthesia for skin
incision and craniotomy, it does not provide anesthesia of the
dura [17]. As such, for “awake” craniotomy, in addition to
scalp blockade, an intravenous (IV) analgesic is often
necessary for patient comfort but it must be titrated to
permit functional assessment. Scalp blockade also can be
used in other subspecialty surgery involving the cranium,
including dermatological (photodynamic surgery for actinic
keratosis, resection of infiltrating carcinoma of the scalp) and
plastic (cranioplasty) surgery [7,8].
An important component of scalp blockade includes
block of the greater occipital nerve. This technique has been
used in headache clinics for decades. It has utility for patients
with occipital neuralgia, migraine, cluster headache, and
post-concussive headache [9]. Positive data from randomized, double-blinded studies support its use in occipital
neuralgia and cluster headache [18,19]. More recently, the
short-term benefit of greater occipital nerve block has
evolved to the implantation of an occipital nerve stimulator
for chronic migraine [20]. As with the greater occipital nerve,
the third occipital nerve can be a generator of chronic
cephalgia, particularly after whiplash-induced injury to the
C2-C3 zygapophysial joint [21]. The third occipital nerve
has a cutaneous distribution that projects to the lower portion
of the scalp.

Fig. 1 Anatomical basis for scalp blockade. A scalp block
sufficient for awake craniotomy or as an adjunct to general
anesthesia can be performed with injections at the crosshatched
regions. Special mention is made of the auriculotemporal nerve,
which may be blocked earlier in its course than what is shown
above, specifically 1.5 cm anterior to the tragus, as described by
Pinosky et al [3]. Pinosky et al call for a deep fascial injection, but a
superficial injection at this location is sufficient to block the nerve,
while a deep injection unnecessarily risks facial nerve block. The
zygomaticotemporal nerve may be anesthetized anywhere along its
course from its emergence 1 cm posterior to the lateral canthus.
(Adapted with permission from Gottschalk A, Yaster M. Neurocrit
Care 2009;10:387–402 [31]).
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from the supraorbital foramen 2.9 cm lateral to midline and
0.5 cm below the supraorbital margin [22]. The supraorbital nerve is blocked simply by palpation and injection at
the supraorbital notch. The supratrochlear nerve is
anesthetized with a second injection 1–1.5 cm medial to
the supraorbtial notch.
The zygomaticotemporal nerve arises between the
supraorbital and auriculotemporal nerves with its foramen
located on the anterior wall of the temporal fossa behind the
lateral orbital rim at the level of the lateral canthus [23,24].
Deep and superficial planes should be injected as the nerve
may branch extensively. Blockade of this nerve may be
helpful for frame placement, awake intracranial surgery, and
especially for surgery in which the temporalis muscle is
retracted or raised from the cranium. The nerve may be
anesthetized by palpating the lateral orbital rim at the level of
the frontozygomatic suture. The index finger is left in the
depression of the posterior lateral aspect of the lateral orbital
rim and the needle introduced approximately 1 cm posterior
to the suture. The needle should be “walked down” the
concave wall of the lateral orbital rim until it reaches the
level of the lateral canthus. Two mL of LA generally is
recommended for an effective block [24].
Blockade of the auriculotemporal nerve is possible at
several levels. For low temporal intracranial surgery, it
should be blocked 1.5 cm anterior to the tragus with
infiltration of LA superficially (as deep injection may
unnecessarily anesthetize the facial nerve). Otherwise, the
auriculotemporal nerve may be effectively blocked 1–1.5 cm
anterior to the superior border of the pinna, obviating any
risk of facial nerve blockade [25]. The posterior branch of the
great auricular nerve is blocked 1.5 cm posterior to the pinna
at the level of the tragus. Targeting this nerve is not
absolutely necessary for routine scalp blockade, as the
sensory contribution is minimal. However, blockade may be
beneficial for surgery centered near the mastoid process (ie,
acoustic neuroma resection, particularly for the translabyrinthine approach). One mL of LA should be sufficient for
blockade of each of the aforementioned nerves.
Finally, the lesser and greater occipital nerves are blocked
along the superior nuchal line between the external occipital
protuberance and mastoid process. Linear injection of the
middle third of the superior nuchal ridge with 5 mL of LA
will anesthetize both the lesser and greater occipital nerves.
The greater occipital nerve runs alongside the occipital
artery, which can be inadvertently punctured with attempted
blockade of this nerve. On average, the greater and lesser
occipital nerves lie along the nuchal ridge 4 cm and 7 cm
from the external occipital protuberance, respectively [26].
The third occipital nerve lies an average of only 3 mm
(range, 0–4 mm) lateral to the external occipital protuberance and communicates with the greater occipital nerve,
which lies lateral to it [26]. It innervates the lower portion of
the posterior aspect of the cranium. This distribution of
innervation is unlikely to be important for incisional pain for
most supratentorial procedures. However, its contribution to
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infratentorial procedures is likely much greater. In addition,
the initiation of its subcutaneous course 6 cm below the
external occipital protuberance and just lateral to midline
suggests a site amenable to blockade. In headache clinics,
blockade of the third occipital nerve is performed at the root
level during fluoroscopic or ultrasonic guidance [21,27].
Finally, any pin sites outside of the intended anesthetic
region defined for a given patient may be infiltrated with LA.
The effect of pin site injection by itself [28] and in
combination with scalp infiltration [29] improved pain
scores for up to 48 hours.
Although not traditionally considered a component of
scalp blockade, unilateral or bilateral superficial cervical
plexus blockade can be considered for infratentorial and
occipital procedures [30]. The superficial cervical plexus is
formed by the ventral primary rami of C2-C4 and innervates
the anterolateral portion of the neck. The rami emerge as 4
distinct nerves along the posterior border of the sternocleidomastoid. The second root usually gives rise to the lesser
occipital nerve before it continues to unite with a portion of
the third root to form the greater auricular nerve and
transverse cervical nerves. The sensory distribution covered
by this plexus also renders it a suitable anesthetic in patients
for whom surgical access to the region of the carotid
bifurcation is contemplated (ie, for carotid endarterectomy or
extracranial control of the carotid). It is blocked by an
injection at the midpoint of the line connecting the mastoid
process and Chassaignac's tubercle (C6). Injection should be
made with a fan technique 2–3 cm superior and inferior to
this point. The injection should be subcutaneous and behind
the sternocleidomastoid muscle, and care should be taken not
to exceed 1–2 cm in depth.
Although the dura is innervated by the same cranial and
spinal nerves that provide extracranial innervation, it is
important to stress that dural innervation is more complex
and less accessible to blockade [17]. This situation is the
basis for the response to noxious stimuli during disruption of
the dura in “awake” patients. Moreover, surgical disruption
and inflammation of the dura may lead to postoperative
cephalgia despite effective scalp blockade. This intracranially derived pain will be referred to the corresponding
somatic neural distribution [31]. In general, neural branches
follow adjacent arterial and venous structures. If it becomes
necessary, the neurosurgeon performs careful LA injections
between dural leaflets, guided by the arterial and venous
structures of the relevant portion of the dura.

5. Risks and controversies
As with any type of neural blockade, the risks of LA
toxicity due to systemic absorption, direct intravascular
injection, or inadvertent administration directly to a specific
site must be considered. Systemic plasma concentrations of
LAs increase rapidly after scalp blockade, with signs of LA
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toxicity presenting during the first 15 minutes after injection
[32,33]. Consistent with the vascularity of the scalp, the rate
of rise of serum LA concentration is faster than during other
types of neural blockade [34-36]. Clinically, complications
due to the toxic effects of LA absorption are rare. However,
reaching the threshold of systemic LA toxicity results in
seizures, or hemodynamic instability leading to cardiac
arrest. Among patients undergoing awake craniotomy for
intractable epilepsy, two cases of seizures that were
temporally related to LA injection during scalp blockade
were reported [37]. In contrast to the toxicity observed from
systemic absorption, the effects of direct intravascular or
intrathecal injection are seen hyperacutely after only a few
milliliters of LA have been administered. In the case of direct
intravascular injection, high concentration of LA in the
central nervous system (CNS) likely results from retrograde
flow of the anesthetic to an artery supplying intracranial
structures. Vessels that are most likely to be directly injected
include the superficial temporal and occipital arteries.
In a rare case, LA was inadvertently introduced into the
subarachnoid space of a patient who had an occipital bone
defect after a microvascular decompression; the patient was
undergoing lesser occipital nerve blockade for occipital
headache. The patient lost consciousness but returned to
normal after two hours [38]. Injection into shunts and
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reservoirs used for the intraventricular administration of
medication similarly must be avoided. Finally, the anesthesiologist must be mindful of the potential damage to nerves
by intraneural injection or local pressure from the LA wheal.
Bupivacaine, ropivacaine, and levobupivacaine are longacting LAs suitable for use in scalp blockade. Ropivacaine
and levobupivacaine have a better safety profile than
bupivacaine. Specifically, in experimental protocols, the
therapeutic window of levobupivacaine and ropivacine was
greater than with bupivacaine, showing altered thresholds for
cardiovascular and neurologic toxicity [39,40]. In healthy
human volunteers, moreover, the heart was affected at lower
doses and serum concentrations of bupivacaine than with
ropivacaine [41]. As reflected in Table 1 and Table 2,
however, bupivacaine has been studied more widely in scalp
blockade than the other two LAs.
Regardless of which LA is used, injection at multiple sites
and selectively blocking peripheral nerves of the scalp
should help prevent absorption-related toxicity, since as little
as 10 mL of LA per side of the cranium is needed. Additional
economy with respect to LA volume is achieved by blocking
only the nerves relevant to the anticipated surgical incision
(ie, great auricular nerve can often be omitted). Selective
blockade with minimal volume, as opposed to ring blockade,
allows for the use of maximal LA concentration, which may

Table 1 Summary of randomized controlled trials of scalp blockade and local anesthetic infiltration on hemodynamic responses during
and after intracranial surgery
Study

Surgery
type

Intervention (pts per group)

Timing

Bloomfeld
et al [29]

Supratent Infiltration: 0.25% bupiv/1:200K epinephr vs Preincis
saline/1:200K epinephr (18 pts/group). Pin &
postsurg
sites injected before fixation

El-Dawlatly Supratent Infiltration of pin insertion sites: 0.25% bupiv Preincis
et al [28]
vs saline.
pre-pin
placement
Geze et al
Intracranl 1) Scalp block w/0.5% bupiv, 2) infiltration Preincis
[50]
at pin insertion sites with 0.5% bupiv vs 3) IV
opioid analgesics (control).
Preincis
Hartley et al Intracranl Infiltration: 1) 0.125% bupiv/1:400K
[52]
(pediatr) epinephr, 2) 0.25% bupiv/epinephr, 3)
epinephr only (control).
Lee et al
Supratent Scalp block: 0.25% bupiv vs saline controls. Preincis
[49]

Mohammadi Intracranl Infiltration: 0.25% bupiv vs saline controls.
et al [51]
Pinosky et al Intracranl Scalp block: 0.5% bupiv vs saline controls
[3]
given 5 min before cranial fixation.

Preincis
Preincis

Findings
HR higher in saline group at dural & skin closure. No
effect on postop hemodynamics. VAS lower in the
bupiv group at PACU admission but NS (P = 0.06) at
1 hr.
VAS lower at 2, 4, 36, 48 hrs. No diffs in
hemodynamic parameters.
Scalp block blunted hemodynamic response to
pinning vs other 2 groups.
Both bupiv infiltration groups blunted hemodymamic
responses from skin incision to dural reflection.
20% increase in HR or MAP triggered intervention:
2.5 mg/kg thiopental & 2 μg/kg fentanyl. Two of
8 pts in scalp block group & 8 of 8 control group pts
required the intervention.
Decrease in average MAP, HR from incision to dural
opening in bupiv group.
With cranial fixation, significant increases noted in
SBP 40±6 mmHg, DBP 30±5 mmHg, MAP 32±6
mmHg, and HR 22±5 bpm in controls; no changes in
bupiv group.

Supratent = supratentorial, bupiv = bupivacaine, preincis = preincision, preincisional, HR = heart rate, epinephr = epinephrine, postsurg = postsurgery,
postsurgical, postop = postoperative, VAS = visual analog scale, PACU = Postanesthesia Care Unit, NS = nonsignificant, pre-pin = before pin insertion, diffs
= differences, intracranl = intracranial, IV = intravenous, pediatr = pediatric, MAP = mean arterial pressure, SBP = systolic blood pressure, DPB = diastolic
blood pressure.
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benefit postoperative analgesia (Tables 1 and 2). At our
institution, for adult scalp blockade we generally use 0.5%
bupivacaine, as it is economical and readily available.
Lidocaine is rarely used alone for scalp blockade due to its
shorter duration of action. However, its more rapid onset
may be valuable for treating dural pain or during frame
placement in awake patients. Some practitioners combine
bupivacaine or ropivacaine with lidocaine to capitalize on
both the shorter onset of lidocaine and the longer duration of
action of the other LA. Some caution must be exercised with
this practice, as combining LAs lowers the effective
concentration of both drugs in the mixture. Local anesthetic
concentration may be important, as it appears that a potency
of 0.5% bupivacaine or greater consistently benefits patients
in studies of scalp blockade for acute postoperative pain
[4,6,42]. However, no studies have directly compared lower
with higher concentrations of LA for scalp blockade, so that
strong conclusions cannot be made. Consistent with this
speculation, in one study where scalp blockade was
performed with lidocaine and bupivacaine, no differences
were observed in postoperative pain or opioid consumption
compared with controls [43].
Another issue to consider is whether to add epinephrine to
the LA. Five studies have used epinephrine in concentrations
of 1:200,000 or 1:400,000 (Tables 1 and 2). In two safety and
efficacy studies of LA with epinephrine during awake
craniotomy, it was unclear whether epinephrine actually
slowed the absorption of LA, since epinephrine was used
in all patients [33,44]. Ropivacaine with and without
epinephrine has been used for brachial plexus blockade,
with little demonstrated difference in serum levels [45,46].
Despite the use of epinephrine, a rapid rise in LA serum
level was observed (peaks ≤ 15 min) but did not result in
any cardiovascular or CNS toxicities in either study
[33,44]. Serum levels also peaked substantially faster than
the times observed in studies of epinephrine-supplemented
LA during other regional techniques (epidural, intercostal,
and axillary nerve blockade) [34-36]. Interestingly, more
recently epinephrine was implicated in eliciting hypotension shortly after scalp infiltration, although the mechanism was unclear [47]. Epinephrine does play a role in
incisional scalp infiltration, as it provides the added
benefit of hemostasis.
In their review of scalp blockade, Osborn and Sebeo [48]
postulated the potential complications including inadvertent
intra-arterial injection with retrograde flow to the internal
carotid artery leading to respiratory arrest, complications due
to coagulopathy leading to hematoma formation, and the
possibility of infection. They noted that case reports of these
complications, as well as permanent facial nerve paralysis,
do not exist in the literature. Regardless, one must be
cognizant of a real risk of temporary facial nerve paralysis on
the order of hours if blockade is performed haphazardly in
the region of the zygomaticotemporal and auriculotemporal
nerves. If the deficit is isolated and ipsilateral to the side of
the craniotomy, the surgical procedure generally is not the
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cause. However, in the setting of bilateral scalp blockade,
temporary seventh nerve palsy may generate confusion and
lead to unnecessary imaging. It should not be surprising that
there are no reports of permanent nerve injury in the
literature, as the nerves of the scalp are all superficial
terminal branches. Overall, scalp blockade appears to be a
very safe procedure if one adheres to the fundamental
techniques of injecting LA with careful identification of the
anatomical sites.
Neurosurgery has advanced with the widespread use of
intraoperative image guidance. These imaging techniques
require placement of fiducials preoperatively to permit
registration of the patient's intraoperative position in space
with the stored image. The LA wheal produced while
performing scalp blockade has the potential to alter the
position of these markers. Therefore, appropriate care must
be exercised when performing scalp blockade prior to
registration. Alternately, cranial fixation and registration
may take place before scalp blockade. Unfortunately, waiting
until after cranial fixation and registration prevents the use of
scalp blockade for attenuating the often considerable
hemodynamic response to cranial fixation. To prevent this
response, administration of systemic opioids with or without
a general anesthetic such as propofol (Diprivan) would be
needed in lieu of scalp blockade [49]. However, scalp
blockade performed after image registration and specification of the incision makes it possible to target only the nerves
subserving the surgical site.

6. Intraoperative hemodynamics
Scalp blockade drew attention in the 1990s as a means to
improve hemodynamic control of the neurosurgical patient
during cranial fixation. The goal was to prevent acute
increases in heart rate (HR) and blood pressure, which might
lead to acute changes in intracranial pressure or possible
rupture of cerebral aneurysms and other vascular lesions.
Studies that have addressed the role of scalp blockade in
promoting intraoperative hemodynamic stability are summarized in Table 1 [3,28,29,49-52].
Pinosky et al [3] first described scalp blockade as a means
to improve hemodynamic control during cranial fixation.
They found that neutrally directed scalp blockade with
bupivacaine 5 minutes before cranial fixation, compared
with a saline control, led to greater hemodynamic stability
and a trend toward decreased isoflurane concentrations in the
intervention group. Another study compared IV opioid
analgesic controls, LA infiltration with 0.5% bupivacaine at
each pin insertion site, and scalp blockade with 0.5%
bupivacaine, and found that scalp blockade was superior in
controlling hemodynamics during cranial fixation and for 3
minutes afterward. The scalp blockade group also showed
lower levels of cortisol and adrenocorticotropic hormone 5
and 60 minutes after cranial fixation [50].

Scalp block for cranial surgery

155

Table 2 Summary of studies of the impact of local anesthetic use by infiltration, scalp block, or superficial cervical plexus block on
postoperative pain after intracranial ⁎ surgery
Study

Surgery
type

Study
type

Intervention (pts per group)

Timing

Findings

Acute pain
Remifent-based GA. 0.1 mg/kg morphine Postsurg Pain scores, time to 1st request for analgesia,
total SQ codeine use similar in both groups
sulfate or scalp block w/20 mL 50:50 0.5%
in 24-hr study pd.
bupiv & 2% lidocaine; saline controls used
in each 25-pt group.
Bala et al [4] Supratent RCT
Scalp block: 0.5% bupiv/1:400K epinephr Postsurg Decreased pain, less need for rescue med in
vs saline controls (20 pts/group).
intervention group in 1st 6 hrs of 12-hr
observ pd.
Batoz et al
Intracranl RCT
Infiltration: 20 mL 0.75% ropiv (n = 25) vs Postsurg Decreased pain, trend to less opioid use in
[61]
no infiltration (n = 27).
intervention group 1st 24 hrs after surgery
(see Chronic pain below).
Biswas &
Supratent RCT
Infiltration: 25 mL 0.25% bupiv + IV saline Preincis No diffs in n/pts needing rescue in 1st 12
hrs. Bupiv delayed rescue a median 105 vs
Bithal [62]
vs 25 mL saline + 2 μg/kg fentanyl 5 min
60 min in fentanyl group.
preincis.
Bloomfeld et Supratent RCT
Infiltration: 0.25% bupiv/1:200K epinephr Preincis Pain on PACU admission less in bupiv
group. No diffs at 1 hr (P = 0.06).
al [29]
vs saline/1:200K epinephr (18 pts/group). &
postsurg
Pin sites injected before fixation.
Supratent RCT
Remifent-based GA. Scalp block: 0.5%
Preincis Pain less in intervention group in 1st 4
Gazoni et al
[53]
ropiv (n = 14) vs no block (n = 16).
postop hrs. Trend to less opioid use in 1st 24
hrs postop.
Postsurg No diffs in pain scores or time to 1st request
Girard et al
Infratent RCT
Remifent-based GA. Bilat superficial
for SQ codeine (median ≤ 25 min in both
[30]
&
cervical plexus block: 20 mL 50:50 0.5%
groups) in 24-hr study pd.
occipital
bupiv & 2% lidocaine + IV saline vs block
with saline + IV 0.1 mg/kg morphine (15
pts/group).
Gottschalk et Intracranl Observ Scalp block (generally 0.5% bupiv, n = 30) Preincis Reduced rest pain over 1st 2 postop days &
al [42]
vs standard practice (generally surg
pain with movement on 1st, not 2nd, postop
day.
infiltration of incision with 0.25% bupiv, n =
157).
Honnma et al Supratent RCT
NSAID given preop. Scalp block (supraorb Preincis Pain scores, NSAID use 6, 12, 24 hrs
&
postsurg and 3, 5, 7, 14 days postsurgery
[5] (in
(aneurysm
& supratrochl nerves) w/0.25% bupiv
postsurg less in intervention group (from Abstract;
Japanese)
clipping)
preincision + incisional infiltration w/
see Chronic pain)
lidocaine preincision + incisional
infiltration w/bupiv postsurg vs surg site
infiltration w/lidocaine preincision (10 pts/
group).
Imaev et al
Intracranl RCT
5 groups: 1) postop NSAIDs (control), 2) Preincis Scalp block group had less pain in the 54-hr
observ pd vs 2 control groups (from
[63] (in
postop NSAIDs (control), 3) preop & postop
Abstract).
Russian)
NSAIDs , 4) ropiv scalp block + infiltration,
5) preop & postop fentanyl.
Law-Koune et Supratent RCT
3 groups: infiltration of 20 mL of 1) saline Postsurg Intervention groups showed opioid-sparing
effect in 1st 2 hrs of 16-hr observation pd;
al [64]
(control, n = 40), 2) 0.375% bupiv/1:200K
no diffs in VAS.
epinephr (n = 20), 3) 0.75% ropiv (n = 20).
Nguyen et al Supratent RCT
Scalp block: 20 mL 0.75% ropiv vs saline Postsurg VAS lower in scalp block group in 48 hrs;
[6]
controls (15/group).
no diffs in 1st request or SQ codeine use
postop.
Saringcarinkul Intracranl RCT
Infiltration: 0.5% bupiv/1:400K epinephr vs Postsurg Lower median pain score tended to be in
& Boonsri
saline/1:400K epinephr controls (25/group).
bupiv group in 1st 12 hrs; diff significant
[65]
only in 1st hour.
Ayoub et al
[43]

Supratent

RCT

(continued on next page)
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Table 2 (continued)
Study

Surgery
type

Study
type

Intervention (pts per group)

Timing

Findings

Batoz et al
[61]

Intracranl

RCT

Honnma et al
[5] (in
Japanese)

Supratent RCT
(aneurysm
clipping)

Infiltration: 20 mL 0.75% ropiv (n = 25) vs Postsurg 2 mos postsurgery, intervention group had
no infiltration (n = 27).
less persistent pain, less likely to have
neuropathic symptoms (see Acute pain,
above).
See Acute pain, above
Preincis See Acute pain, above
&
postsurg

Chronic pain

RCT = randomized controlled trial, remifent = remifentanil, GA = general anesthesia, postsurg = postsurgical, 1st request = first request for pain medication,
SQ = subcutaneous, bupiv = bupivacaine, hr = hour, pt = patient, pd = period, epinephr = epinephrine, med = medication(s), observ = observation, intracranl
= intracranial, ropiv = ropivacaine, IV = intravenous, preincis = preincisional, n/pts = number of patients, no diffs = no differences, min = minute, PACU =
Postanesthesia Care Unit, postop = postoperative, bilat = bilateral, surg = surgical, NSAID = nonsteroidal anti-inflammatory drugs, preop = preoperative,
supraorb = supraorbital, supratrochl = supratrochlear, VAS = visual analog scale, mos = months.
⁎ “Intracranial” includes supratrentorial (supratent) and infratentorial (infratent) procedures.

Investigators also have assessed the effect of scalp
blockade on hemodynamics at the time of incision and
until dural opening [49]. Sixteen patients were randomized to
receive blockade with either 0.25% bupivacaine or saline as a
supplement to a 50% nitrous oxide (N2O) and isofluranebased anesthetic. An increase in HR or mean arterial pressure
(MAP) greater than 20% over baseline triggered a bolus of
2.5 mg/kg of thiopental sodium and 2 μg/kg of fentanyl.
Only 25% of patients in the scalp blockade group required
additional IV anesthetics, whereas 100% of the control group
required additional treatment (Table 1). At dural opening,
they did not observe a difference between groups with
respect to MAP or HR. As scalp blockade does not
anesthetize the dura, it is likely that the inhalational
anesthetics blunted this hemodynamic response equivalently
in each group. These investigators also did not find any
correlation between hemodynamic variability and plasma
catecholamine levels [49,50,53]. In another study in an adult
population undergoing supratentorial intracranial surgery,
0.25% bupivacaine infiltration along the incisional line or at
cranial fixation sites was compared to controls. Hemodynamic stability was assessed from the time of incision to
dural opening. All patients received general anesthesia with
50% N2O and isoflurane. During this period of observation,
an improvement in hemodynamic stability, particularly
MAP, was shown in the LA group [51].
Gazoni et al [53] compared directed scalp blockade with
0.5% bupivacaine administered at least 15 minutes before
cranial fixation with no blockade. They assessed the
hemodynamic response to cranial fixation, intraoperative
hemodynamic stability, postoperative pain and opioid use,
and postoperative nausea and vomiting. With induction of
anesthesia, a remifentanil infusion was initiated and titrated as
per the anesthesiologist. Sevoflurane was used as the
maintenance general anesthetic. Although the hemodynamic
response to fixation was superior in the scalp blockade group,
the remainder of the outcome variables were unaffected [53].

Overall, evidence indicates that scalp blockade can blunt
the hemodynamic response to cranial fixation, and this
benefit appears to extend to the moments before dural
opening. However, any beneficial effect on hemodynamics
for the remainder of the surgery is less established. Only two
studies have evaluated the relationship between scalp
blockade and hemodynamics in the period after dural
opening, and they did not show clear benefits of the
intervention [29,53].

7. Acute postoperative pain
Given that intracranial surgery can be executed with
minimal IV supplementation after performing scalp blockade, it should not be surprising that this technique can provide
some degree of postoperative analgesia. The procedurespecific extent and duration of this analgesic benefit remains
to be fully established, as does the approach to scalp blockade
that yields the greatest analgesic benefit. However, as noted
above, scalp blockade is at best incomplete since the dura is
not accessible to extracranial blockade. In addition, during
infratentorial procedures the sensory innervation to some
portion of the tissues dissected is not subserved by distinct,
readily identifiable peripheral nerves. This region represents a
source of intraoperative noxious stimulation and serves as a
postoperative pain generator.
Traditionally it has been taught that pain following
intracranial surgery is minimal. However, accumulated
evidence indicates that the majority of patients experience
some period of moderate to severe pain after intracranial
surgery [42,54,55], and that such pain may be more severe
for infratentorial procedures [42,56,57]. Nonetheless, even
relatively recent surveys of analgesic practice following
intracranial surgery have shown a reluctance to use analgesic
regimens that are considered standard for other types of
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surgery [58,59]. Concern about treating pain after intracranial surgery revolves around the side effects of sedation,
miosis, and nausea and vomiting that could mask the signs of
intracranial catastrophe, as well as the elevated arterial CO2
concentrations and subsequent cerebral vasodilation that
accompany opioid-induced respiratory depression [59,60].
Clearly, since pain after intracranial surgery is clinically
relevant and realistic concerns exist about the use of opioids,
it would appear that regional analgesia as provided by scalp
blockade has a natural role after intracranial surgery.
A number of rather heterogeneous studies have examined
the role of scalp blockade, LA infiltration of the surgical site
and, in one instance, bilateral superficial cervical plexus
blockade in reducing postoperative pain (Table 2) [46,29,30,42,43,53,61-65]. These studies differ with respect
to type of intracranial surgery, general anesthetic technique,
study design, nature and timing of the intervention, postoperative analgesia, and duration of the study period. The
outcome variables generally are pain and analgesic consumption. The outcomes vary from meaningful long-term effects to
those that are modest or absent with respect to the control
group. Low concentrations of LA (eg, an actual or effective
concentration of 0.25% or 0.375% bupivacaine or 0.5%
ropivacaine) were not particularly effective. No pattern related
to the timing of the intervention or the location of surgery was
apparent in the studies described in Table 2, though there are
relatively little data involving infratentorial surgery. The
relatively short observation period in some studies would have
prevented detection of the longer-term benefits observed in
several studies. Therefore, the only conclusions to draw from
Table 2 are: 1) study results related to the analgesic benefits of
scalp blockade are heterogeneous, and 2) higher rather than
lower concentrations of long-acting LA are associated with a
greater likelihood of postoperative analgesic success. It may be
that unidentified factors related to patient selection, surgery, or
general anesthetic technique may be responsible for the rather
disparate outcomes summarized in Table 2.
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neuropathic symptoms. Another study suggested a long-term
benefit of scalp blockade by showing a reduction in pain for
14 days after surgery [5]. Even if patients from the other
studies in Table 2 did experience longer-term benefits, these
would have gone unobserved as 48 hours was the next
longest observation period. However, since the two studies
just described also reported reductions in pain acutely, it
seems unlikely that studies that failed to show a positive
short-term benefit of the intervention would have produced
an unobserved long-term benefit.

9. Conclusions
The history of scalp blockade, particularly for intracranial
procedures, testifies to the efficacy, simplicity, and safety of
this form of neural blockade. Over time, the anatomic basis
for scalp blockade has become better defined and described,
and its indications are expanding. These indications include
extracranial surgery, blunting of the hemodynamic response
to intracranial surgery, and reducing acute and chronic pain
following intracranial surgery. Its evolving role in decreasing
acute and chronic pain parallels that of other types of neural
blockade, for which efforts to find efficacious combinations
of procedure, patient, and technique are ongoing. However,
the fact that extracranial blockade of the dura is not possible
may represent a fundamental limit to the quality of
postoperative analgesia provided by scalp blockade. Thus,
for procedures that carry a likelihood of dural inflammation,
the efficacy of scalp blockade with respect to postoperative
analgesia may also depend on other analgesic adjuncts.

Acknowledgments
The authors gratefully acknowledge the the translation
from the Japanese of Honnma et al [5] by Yoneyama
Harumi, manuscript preparation by Claire Levine, and
manuscript review by Jean-Pierre Ouanes, MD.

8. Chronic postoperative pain
Pain that accompanies surgery can persist and become
chronic for a very large variety of surgical procedures [66],
and pain following intracranial surgery is no exception [67].
This phenomenon is best established for posterior fossa
procedures, for which postoperative pain is rather common,
it may persist for many months, and it may be severe [68,69].
These issues are less appreciated for supratentorial procedures. However, according to one study [61], 56% of
patients who underwent supratentorial procedures reported
pain two months after surgery, and approximately 50% of
those with pain reported symptoms with neuropathic
qualities. It is important to note that infiltration of the
incision site with 0.75% bupivacaine at the time of closure
reduced the number reporting pain two months after surgery
to only 8%, and only one of those two patients reported
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