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Abstract
Purpose of Review Postcraniotomy headache (PCH) is a common adverse event and can lead to various complications and
decreased quality of life.

Recent Findings To reduce postcraniotomy pain and associated complications, a multimodal pain therapy including anal-
gesics, analgesic adjuncts, and regional anesthesia is essential. The use of opioids should be minimized to facilitate prompt
postoperative neurosurgical assessment. Here, we provide an update on the latest evidence regarding the role of scalp nerve
blocks in the pain management of patients undergoing craniotomy procedure.

Summary Nerve blocks are effective in alleviating postoperative pain after craniotomy. Scalp blocks contribute to lower pain
levels and less opioid consumption in the first 48 h following surgery. Moreover, there is a significant decrease in patients
suffering from PONV among patients who receive scalp block.

Keywords Scalp nerve blocks - Regional anesthesia - Neurosurgery - Postcraniotomy headache

Abbreviations Background
IHS International Headache Society

MAP Mean arterial pressure

NRS Numeric Rating Scale

NSAID Non-steroidal anti-inflammatory drugs
PCA Patient-controlled analgesia

PCH Postcraniotomy headache

PONV  Postoperative nausea and vomiting
RCT Randomized controlled trial

VAS Visual analog scale

Elective craniotomy is a frequently performed neurosurgi-
cal intervention for various conditions such as brain tumor
resection, treatment of intracranial aneurysms, arterial-
venous malformations, or epilepsy surgery [1]. One of the
most encountered medically significant events after crani-
otomy is postcraniotomy headache (PCH) [2—4]. Nearly 90%
of patients undergoing craniotomy procedures experience
postoperative pain within the first 24 h with 55% declaring
moderate to severe pain [5, 6]. The International Headache
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Society (IHS) distinguishes between “Acute Headache
Attributed to Craniotomy” that is defined as a headache that
appears within 7 days following craniotomy and “Persistent
Headache Attributed to Craniotomy” which is the headache
lasting more than 3 months [7]. Not only is acute pain a
common event after surgery, nearly 30% of patients suffer
from chronic pain after 3 months postoperatively [8] and
12% after 1 year [9].

While acute PCH is usually attributed to a somatic ori-
gin following surgical procedure involving an injury of
the scalp, the soft tissue, pericranial muscles, and the dura
mater [10, 11, 12e, 13], the origin of chronic PCH remains
unclear. In the literature, there are various factors which
may contribute to the development of chronic pain includ-
ing cerebrospinal fluid leakage, cervical muscle damage,
dural traction, and scar tissue formation [2, 11]. Risk factors
contributing to PCH are female gender and young age due
to heightened pain levels. [2, 8, 11]. Anxiety, depression,
and preoperative pain are also identified as potential risk
factors [8, 13]. While some evidence suggests preoperative
quantitative sensory testing can predict postoperative pain in
patients undergoing various elective surgeries, its potential
in neurosurgery remains unknown [14, 15]. In addition, the
surgical procedure itself may influence postoperative pain
levels, with infratentorial procedures tending to cause more
pain than the supratentorial approach [13, 16].

Intraoperative inadequate analgesia can lead to various
complications, including arterial hypertension, which may
result in intracranial hemorrhage and high intracranial pres-
sure [17]. Furthermore, it can result in increased mortality,
or an extended hospital stay [18]. These complications can
mimic the risk of other complications after neurosurgery
[19]. In contrast, overuse of analgesics, in particular opioids,
may lead to an impeded postoperative neurological assess-
ment [20]. In addition, overuse of opioids can intensify
opioid dependence in vulnerable patients, even when the
opioid has been used only briefly [21e]. Finally, the preven-
tion of postoperative pain after acute craniotomy may help
reduce the risk for chronic pain [19]. A recently published
systematic review of 53 randomized controlled trials (RCT)
investigating pain management after elective craniotomy
concluded that, in addition to paracetamol, non-steroidal
anti-inflammatory drugs (NSAID), intravenous dexmedeto-
midine infusion, and opioids as rescue analgesics, a regional
analgesic technique such as a scalp nerve block or incision-
site infiltration should be applied [22ee].

Regional anesthesia has significantly impacted postop-
erative pain management in the last few years in multiple
areas of anesthesia. However, its importance in neurosurgery
remains elusive. This narrative review aims to provide an
overview of the current literature on the role of nerve blocks
in craniotomy procedures. Therefore, we seek to explore the
efficacy of scalp nerve blocks and their clinical outcomes,
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particularly in pain management. In addition to general
anesthesia, performing scalp blocks during craniotomies is
a crucial tool in postoperative pain management. Through a
synthesis of existing literature, we aim to contribute to the
ongoing discourse on optimal pain management strategies
in craniotomy procedures.

The Innervation of the Scalp

The human scalp receives sensory input from various
nerves, arising from both the cervical spine and cranial
nerves (Fig. 1). The supratrochlear and the supraorbital nerves
originate from the frontal nerve, which, in turn, arises from
the ophthalmic division of the trigeminal nerve [23-26]. The
supraorbital nerve provides sensation to the upper eyelid, the
conjunctiva of the eye, the frontal sinus, and the skin on the
anterior scalp. In contrast, the supratrochlear nerve innervates
the skin of the forehead, the bridge of the nose, the conjunc-
tiva, and the upper eyelid [25, 27, 28]. The supraorbital nerve
exists in the majority as notches [29] and can be palpated
2-3 cm from the midline of the forehead [30] at the same
sagittal plane as the pupil [24]. The supratrochlear nerve can
be found around 1 cm medial to the supraorbital nerve [23]
at the top of the angle formed by the eyebrow and the nasal
spine [24]. Ultrasound guidance can be useful for targeting
both nerves [25].

The zygomaticotemporal nerve arises from the maxillary
division of the trigeminal nerve. It innervates the skin of the
temple and a small area of the forehead [26, 27]. Palpating
the lateral orbital rim posterior to the frontozygomatic suture
can help locate this nerve [23, 30].

The auriculotemporal nerve derives from the mandibular
division of the trigeminal nerve [24, 26]. It provides the
sensory innervation of the posterior part of the skin of the
temple [24] and the tragus and anterior portions of the ear
[26, 27]. It is typically found approximately 1.5 cm anterior
to the ear at the tragus level [24, 27].

The great postauricular nerve, originating from the cervi-
cal plexus, is located approximately 1.5 cm posterior to the
pinna at the level of the tragus [23, 24].

The greater occipital nerve arises from the dorsal ramus
of the second cervical root [26, 27]. It provides sensory
innervation of the major part of the posterior scalp. The
nerve is medially located to the occipital artery and can be
anesthetized via landmarks—the injection site is 2 cm lateral
and inferior to the occipital protuberance—or ultrasound-
guided [26, 30, 31].

The lesser occipital nerve, arising from the ventral rami
of the spinal nerves C2 and C3, innervates the skin on the
lateral part of the scalp behind the ear [25, 27]. It is typically
found 7 cm lateral to the occipital protuberance along the
nuchal ridge [23].
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Fig.1 Schematic of scalp innervation, adapted from [12e]

The third occipital nerve arises from the dorsal ramus of C3
and provides sensory innervation of the skin over the occipital
regions and the facet joints in the upper cervical spine [27].

Collectively, the block of these seven nerves is referred
to as “scalp block.” For the sake of simplicity, we only use
the term “scalp block™ in the following text.

Comparison of Different Analgesic Regimes
to Treat PCH

Regional Anesthesia for Prevention of Pain

A recent systematic review and meta-analysis includ-
ing 22 RCTs and 1550 patients [32e] analyzed the effect
of scalp block in craniotomy procedures for postopera-
tive pain and opioid use. Overall, it showed a reduction
of pain at all postoperative time points and a decreased
opioid consumption postoperatively. The mean differ-
ence of the visual analog scale (VAS) 2 h postoperative
was — 1.4 (95% confidence interval (CI)—1.8,—0.99;
/2=84%), at 12 h—0.75 (95% CI-1.07,—-0.42;/2=60%),
at 24 h—0.95 (95% CI—-1.33,-0.57;/2=82%), at 48
h-1.24 (95% C1-1.7,-0.78;/2=77%), and at 72 h—1.3
(95% CI1—-1.67,—0.93;/2=0%). The opioid use within
48 h was less with a mean difference of — 15.61 (95%
CI-25.76,—-5.49/2=22).

Another recent systematic review and meta-analysis ana-
lyzing the effect of scalp blocks for prevention of pain after

craniotomy showed similar results. There were 12 RCTS
with 833 patients included (10 studies as well in the system-
atic review mentioned above). The mean difference of the
VAS at the early period (between 2 and 6 h postoperative)
was -1.84 (95% CI—2.95,—0.73;/>=84%, p-value =0.00),
at the intermediate period (between 6 and 12 h)—1.16 (95%
CI-1.84,— 0.49;/2 =50.1%, p-value=0.062) and at the late
period (between 12 and 24 h) —0.98 (95% CI-2.13, 0.17,
/*>=88.3%, p-value =0.00) [33].

There was only one study in the whole research investi-
gating pain outcomes after hospital discharge. Rigamonti
et al. conducted a RCT including a treatment group with
bilateral scalp blocks with 0.5% bupivacaine and a control
group with saline. They conducted a phone interview on the
fifth, 30th, and 60th postoperative day revealing no signifi-
cant difference in postoperative pain. However, only 7 out
of 85 initially included patients responded at day 60 [18].

Influence of the Type of Local Anesthetic Agents
Comparing Different Types of Blocks

One RCT, from Kulikov et al., investigated in 2021 the dif-
ference between preoperative and postoperative scalp block
in patients undergoing craniotomy. They found no significant
difference in postoperative pain levels at 24 h [34]. Another
study showed a similar effect [35]. In most of the other iden-
tified studies, the nerve block was performed preoperatively,
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resulting in favorable pain relief after craniotomy [36—45]. If
the scalp block was performed postoperatively [18, 33, 40,
56, 571, this also led to significantly lower pain levels up
to 6 h postoperatively compared to patients receiving only
saline [46], whereas another study showed lower VAS scores
even up to 24 h after craniotomy [47]. In addition, the time
interval to the first use of PCA drug and rescue analgesics
was longer than in the control group [48].

However, significant hemodynamic improvements dur-
ing surgery were observed when the scalp block was per-
formed preoperatively [32e]. Furthermore, if the block was
conducted preoperatively, the amount of fentanyl was sig-
nificantly lower [34].

Importantly, the operation duration was not prolonged
due to preoperative scalp block administration [32e].

Comparing Different Types of Local Anesthetic Agents

Scalp nerve block with ropivacaine instead of (levo)bupi-
vacaine showed further promising results. A RCT from
2019 investigated the effect of preoperative scalp block with
0.75% ropivacaine on postoperative outcomes. It revealed
lower postoperative pain intensity, a longer duration before
the first dose of oxycodone was needed, and less overall
consumption of opioids. In addition, a decreased level of
interleukin-6 in plasma 6 h after craniotomy was shown,
indicating an attenuated inflammatory response [42]. Com-
paring the effectiveness of ropivacaine 0.2%, 0.33% and
0.5%, a study found no significant difference among the
three concentrations up to 4 h after craniotomy. However,
after 4 h, ropivacaine 0.5% led to significantly lower VAS
scores [43]. A prospective study from 2014 investigating the
effect of a mixture of lidocaine 2% with ropivacaine 0.75%
for scalp block in cases of patients undergoing awake cra-
niotomy showed effective outcomes as well [49]. Hussien
et al. compared intravenous fentanyl to a scalp block with
2% lidocaine, 0.5% bupivacaine, and 1:200,000 epineph-
rine. The study revealed that scalp block led to less opioid
consumption, lower VAS scores, and significantly lower
heart rate and mean arterial pressure (MAP) after head pin-
ning [40].

Comparing to Wound Infiltration

Skutuliene et al. conducted a RCT in 2021 comparing a
scalp block group with a wound infiltration group and a
control group receiving only systemic analgesia (1 g of par-
acetamol and 2 mg/kg ketoprofen). The scalp block group
experienced significantly lower postoperative pain scores
[50]. While another study revealed a similar positive effect
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of the scalp block compared to a local incision [42], no such
effect has been shown by Akcil et al. [36].

Comparing Regional Anesthesia vs. Intravenous Drugs

Combining regional anesthesia with postoperative intra-
venous steroids, such as 8§ mg dexamethasone, resulted in
decreased opioid consumption and improved hemodynamic
stability [51]. Another study from 2013 revealed similar
results—preoperative steroids led to lower Numeric Rating
Scale (NRS) scores postoperatively [6]. While systemic dex-
amethasone may be beneficial in the short run, its potential
negative oncologic effects should be considered in patients
undergoing craniotomy for glioblastoma resection [52].

An RCT from 2023 by Stachtari et al. involved 150
patients and investigated the effect of adding dexmedeto-
midine to a scalp block with ropivacaine 0.5%. Patients in
the combined group reported less heart rate increase dur-
ing incision and closure of the dura and the skin than the
control group only using saline and the group only using
ropivacaine. In addition, the consumption of remifentanil
was significantly lower in the combined group [53].

Overall, a preoperative- and postoperative-conducted scalp
block shows promising results leading to less pain levels post-
operative. Furthermore, doing it preoperatively leads to less
hemodynamic changes and less need of opioids intraoperative.
Both ropivacaine and bupivacaine, in various concentrations,
seem to be equal potential local anesthetic agents leading both
to reduced pain levels and less opioid consumption. A com-
bination with intravenous steroids may be effective in some
patients. However, there is high-quality evidence regarding
pain levels after hospital discharge and therefore the transition
from acute to chronic pain remains scarce.

Complications
Specific Complications of Regional Anesthesia

When blocking the auriculotemporal nerve and the greater
occipital nerve, the anesthetist should be cautious since the
artery is close [26]. In the systematic analyses of Chen and
Duda, both from 2022, no other complication than PONV was
found [32e, 33]. However, in another study, 7 of 42 included
patients receiving a scalp block developed postoperative facial
nerve palsy in a 1-year postoperative period [54].

General Complications

General complications may occur after a local anesthetic
infiltration such as hematoma, infection, or intravascular
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injection [24]. In a study from 2022, including 151
patients, there were 2 patients suffering from an incision
site infection and one patient suffering from intracranial
infection after elective craniotomy [44].

Patients diagnosed with malignant glioma tend to have
a lower likelihood of recurrence when a scalp block was
conducted for surgery. The progression-free survival was
significantly better in a study from 2021 comprising 230
patients. This may be explained due to the lower postop-
erative systemic and local inflammatory response in well
pain-controlled patients [55].

Effect on Heart Rate and Arterial Blood Pressure

Various studies indicated that scalp blocks lead to signifi-
cant lower intraoperative mean arterial pressure (MAP)
and heart rate [38, 40, 42, 49, 53]. Conversely, these
effects are particularly seen during noxious events such
as head pinning or during working with the bone [40].
Carella et al. found an increased MAP 1, 3, and 5 min
after head pinning and at skin incision in the control group
without regional anesthesia, but no effect at the time of
dura incision was observed [38].

Postoperative Nausea and Vomiting (PONV)

Postoperative nausea and vomiting (PONV) are frequent
complications after neurosurgical procedures with 50%
of patients experiencing nausea [56]. In particular, the
high abdominal and intrathoracic pressures during vomit-
ing may result in further complications such as increased
intracranial pressure [57]. In cases of depressed neurologi-
cal status postoperative due to opioid treatment, the risk
of aspiration may be elevated [56]. Fifty percent of the
included patients experienced nausea and 39% vomiting
with a significantly higher incidence of PONV in infraten-
torial surgical procedures. Risk factors for PONV were
reported as infratentorial surgical procedures [56], female
sex, and younger age due to heightened pain levels [56,
58]. Yang et al. revealed in their RCT in 2019 that the inci-
dence of PONV was significantly lower in the group with
scalp block compared to the group with local infiltration
and the control group suggesting that a well-functioning
scalp block may lead to less PONV due to less consump-
tion of opioids [42]. Supporting this result, Chen et al.
[33] found in their meta-analysis an odds ratio of 0.61
(95% CI10.23, 1.67). Another systematic review and meta-
analysis of Duda, conducted as well in 2022, including

22 RCTs, revealed a similar OR 0.65 (95% CI 0.43, 0.99;
/2=20%) [32]. In summary, there is high-quality evidence
that scalp blocks lead to less PONV.

Conclusion

In summary, nerve blocks prove to be effective in alleviating
postoperative pain after craniotomy. Our findings demon-
strate that scalp blocks contribute to lower pain levels and
less opioid consumption in the first 48 h following surgery.
Moreover, there is a significant decrease in patients suffer-
ing from PONV among patients who receive scalp block.
Consequently, scalp blocks should be implemented in the
multimodal pain therapy, particularly in patients with risk
factors for heightened pain levels such as women and young
people. We recommend employing regional anesthesia pre-
operatively, as it may result in lower amount of opioids used
during surgery and a more favorable hemodynamic profile,
ensuing less complications such as high pressure and intrac-
ranial hemorrhage.

Additional high-quality evidence is needed to investigate
pain levels across various time periods, aiming to prevent the
transition from acute to chronic PHC. Furthermore, adverse
events other than PONYV should be more broadly explored
for an extensive understanding of the efficacy and safety of
nerve blocks in neurosurgical procedures.
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