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Abstract

Almost 90% of patients who undergo craniotomy experience postoperative pain that is poorly
controlled in the early postoperative period. As many as half of them are considered to have
moderate to severe headaches caused by the surgical procedure. The use of opiates in the intra-
operative and postoperative period is the most common method for pain management. Scalp
block is a regional anesthetic technique in which local anesthetic is infused near the nerves that
innervate the scalp, thus providing quality intraoperative and postoperative analgesia. When ap-
plying the scalp block, 2 ml of local anesthetic is infiltrated at 5 sites on the side where the crani-
otomy will be performed. The scalp block blocks n.supraorbitalis and n.supratrochlearis; n.au-
riculotemporalis; n.occipitalis major and n.occipitalis minor. When applying the scalp block,
long-acting local anesthetics such as bupivacaine or ropivacaine are used, while a combination
of lidocaine and bupivacaine is also possible. Systemic application of corticosteroids prolongs
the analgesic effect of the block for up to 48 hours, and according to some authors, up to 72
hours. The scalp block drastically reduces the need for opiates in the intraoperative period and
provides complete hemodynamic stability (1). According to the meta-analysis by D. Taylor and
colleagues, scalp blocks reduce opioid consumption in the first 24 and 48 hours postoperatively,
and also significantly reduces pain by 2/10 in the first 24 hours after the surgical procedure,
with the possibility of extending the analgesic effect for up to 48 hours (2)(3). Additionally,
scalp block significantly or completely attenuates the hemodynamic effects of craniotomy, pro-
viding hemodynamic stability immediately after its application (2)(3). According to the ESAIC
recommendations for the management of craniotomy-related pain issued in 2023, analgesia for
craniotomy should consist of scalp block combined with intraoperative administration of par-
acetamol, with or without continuous infusion of dexmedetomidine, while opiates are consid-
ered only as salvage therapy when all other modalities have failed (4).
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Introduction

Craniotomy as a surgical procedure can be a cause for postoperative pain in approximately 80-
90% of patients (1,2). Unfortunately, postoperative pain after craniotomy has been neglected
and treated insufficiently worldwide due to clinical underestimation of the pain severity, as well
as the risk of sedation when using opioids as a rescue technic in pain control. It is well known
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that early postoperative pain control could be key to preventing chronic pain development and
central sensitization. Therefore, perioperative pain management in either elective or urgent cra-
niotomies is more than important, while at the same time, the patients are guided safely through
the therapeutic process. The pain resulting from neurosurgical interventions is clearly somatic
by origin, resulting from the skin, muscle and bone injuries that have occurred due to the sur-
gical intervention. However, the pain is not visceral at all because it is well known that the pain
is not caused by damaging the brain itself. It was reported that as many as half of previously
mentioned 90% of patients are considered to have moderate to severe headache caused by the
surgical procedure (1). Since, the percentage of patients experiencing severe postoperative pain
is serious and clinically relevant, the discussion in this article will focus on the usage of regional
anesthesia as a technique for pain control, providing precise data about the usage of scalp block
in daily practice with careful review of latest recommendations with relevant clinical implica-
tions.

Craniotomy-related Pain

As previously said, the pain related to craniotomy is purely somatic, originating from the dam-
age of the skin of the scalp, muscles, periost and the bone itself, as well as the dissection of the
meninges. However, the pain is not visceral because the brain itself does not possess pain recep-
tors. Regardless the type of craniotomy, the pain is usually concentrated around the incision site
and not involving parts of the head which were not affected by the surgical incision. The pain
stimuli are created usually because of incision, dissection and retraction of tissues involving der-
matomes in the innervational area of the trigeminal nerve, as well as branches from the cervical
plexus. Temporal craniotomy, long lasting surgeries, subtle nerve damage and implantation of
osteosynthetic material were considered risk factors that could worsen the pain. Given that the
pain itself is a negative postoperative experience that was left undertreated in daily practice,
it is worth mentioning that the pain arising from craniotomy is related to surge of catecho-
lamines due to activation of the stress responses related to pain. Actually, pain-related stress
response and following catecholamine release are strongly unwanted, since the hemodynamic
disturbances in the perioperative period could end with undesirable complications and hemor-
rhage leading to an unfavorable outcome. Evidently, the importance of strict perioperative pain
management in patients undergoing craniotomy does not consist merely of pain control, rather
securing a hemodynamic stability.

SCALP Block: How to Perform It?

The head possesses dual sensitive innervation, arising from the trigeminal nerve and cervical
plexus. In fact, to provide full analgesia of the skin, muscles and the periost, the anesthetist
must know the innervational area of each one of the nerves that provide sensitive innervation
of the head. Therefore, performing a scalp block implies infiltrating local anesthetic in a well-
known landmark guided point around the following nerves: supraorbital and supratrochlear
nerve, zygomaticotemporal and auriculotemporal nerve, as well as minor and major occipital
nerve, together with magnus occipital nerve. Providing successful intraoperative and postoper-
ative analgesia is possible with infiltration of long-lasting local anesthetic on a few sites guided
by well-known anatomical landmarks without the need of ultrasound. Application of 2ml of
plain bupivacaine or ropivacaine at each site provides immediate analgesia. The first application
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site is located above the orbit in the middle where the exit of the supraorbital nerve is located.
Anatomically, it is recognized by the incisura on the upper edge of the orbit, which should be
palpated. The 2ml of local anesthetic should be infiltrated immediately above, thus blocking the
supraorbital nerve. Using the same puncture, but only by changing the direction of the needle
medially towards the nose, another 2ml of local anesthetic should be infiltrated, thus blocking
the supratrochlear nerve. With one puncture and two different infiltrations, analgesia is provid-
ed for the frontal and parietal regions. Then, just before the tragus, the pulse of the auriculo-
temporal artery is palpated preauricularly and carefully, without injuring it, while another 2 ml
is applied around the artery, thus blocking the auriculotemporal nerve. Then, through the same
puncture, the direction is changed to the medial area, where 2 ml is applied, thus blocking the
zygomaticotemporal nerve. By blocking these two nerves, analgesia of the temporoparietal part
of the scalp is provided. Next, at a distance of 2-3 cm lateral to the external occipital protuber-
ance, another 2 ml of local anesthetic is infiltrated, to block the greater occipital nerve. The less-
er occipital nerve is blocked by infiltrating 1-2 ml of local anesthetic medial to the mastoid and
at the posterior border of the sternocleidomastoid, which blocks the lesser occipital nerve. The
lesser and greater occipital nerves provide sensory innervation of the occipital part of the scalp.
The same application sites apply to the application of this block in pediatric neuroanesthesia, so
it is necessary to pay great attention to the dose of local anesthetic and adjust it according to the
patients’ weight and the reduced level of acid alpha glycoprotein.

Supraorbital nerve
Blocking site 1
Supratrochlear nerve

Auriculotemporal nerve

= Zygomaticotemporal nerve
Lesser occipital nerve

Greater occipital nerve
Blocking site 4 |

Figurel Injection sites according to the anatomical dispersion of nerves

The Science Behind Scalp Block

In the past, craniotomy-associated pain in the intraoperative and early postoperative period was
most often managed with the use of opioids. The modern approach involves reducing opioids
to the minimum possible level, taking into account their adverse effects such as drowsiness,
impaired consciousness, respiratory depression, nausea and vomiting, as well as the presence of
miosis, which can interfere with early and timely recognition of signs of increased intracranial
pressure or the occurrence of brain edema. Hence, the application of regional anesthetic tech-
niques in everyday neurosurgical technique overshadows opioids as the first line of choice in the
treatment of craniotomy-associated pain. Hence, scalp block is defined as a sovereign, modern,
safe, easy to perform, and simple regional anesthetic technique for providing adequate intraop-
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erative and postoperative analgesia. If a long-acting anesthetic is used for the block in combina-
tion with dexamethasone or dexmedetomidine, they will prolong the effect of the block (3). The
superiority of scalp block in managing craniotomy-related pain is also confirmed by the results
of a meta-analysis, according to which patients who received scalp block had significantly lower
opioid requirements in the first 24 hours after surgery and less pain compared to patients who
did not receive scalp block (4). Also, according to the authors of the same meta-analysis, scalp
block provided significantly better hemodynamic stability during the intraoperative period,
from the moment of the first incision until the end of the operation, with significantly lower
heart rate and mean arterial pressure values and without strokes. These effects were observed in
the intraoperative period in patients who received scalp block therapy (4). The positive effects
of scalp block are confirmed by another meta-analysis based on data from 1500 patients, which
came to a clear conclusion regarding the usefulness and the impact of scalp block on the occur-
rence of pain and on the stress response. Namely, patients who received scalp block had satis-
factory analgesia up to 48 hours after surgery, but also a delayed time to require rescue analgesia
after the end of the surgery, compared to the control group where scalp block was not applied
(5). This meta-analysis comes to much more precise conclusions about the impact of scalp block
on the occurrence of stress response during craniotomy. The reviewed studies determined intra-
operatively and postoperatively much lower levels of cortisol and angiotensin in patients where
scalp block was applied compared with the control group. These findings explicitly highlight
the effect of regional anesthesia on systemic hemodynamics (5). Numerous authors point to the
analgesic power of scalp block in the early postoperative period, but limit it to 24 hours, while
Duda and colleagues in their meta-analysis conclude that scalp block provides analgesia for up
to 72 hours and that it significantly reduces opioid consumption 24 and 48 hours after surgery
(6). In that context, in regards to postoperative pain, another meta-analysis found superiority
of scalp block application only in the early and the middle period of the first 24 hours, but not
in the late first 24 hours, with patients who received the block having significantly lower pain
scores only in the early and middle hours after the intervention compared to the control group,
which was not the case in the late hours of the first postoperative day (7). The difference be-
tween one and the other meta-analysis may be due to the heterogeneity of the results incorpo-
rated in the second meta-analysis, according to which the use of scalp block was associated with
lower pain scores only in the first half of the first 24 hours after surgery. Another meta-analysis
also confirms the analgesic effect of scalp block in the first 24 hours, noting that it is associated
with lower VAS in the first 24 hours, lower overall analgesics usage, and a significantly longer
time for administration of rescue analgesia, compared to the control group where scalp block
was not applied (8). In order to provide sufficient and successful analgesia when applying scalp
block long lasting anesthetics as bupivacaine, levobupivacaine and ropivacaine are recommend-
ed. Howerver, some authors state that ropivacaine is superior when compared with others (9).
Compared with local anesthetic infiltration, scalp block provides better analgesia according to
one randomized trial (9). Previously, other authors have also published results according to
which the application of scalp block is superior to the application of local anesthetic only to
the incision site. It is likely that the selective blockade of the trigeminal and occipital nerve
fibers provides deeper and longer-lasting analgesia and also appears to have anti-inflammatory
properties. It is also probable that the selective blockade has a suppressive effect on the stress
response, which likely plays an important role in the development of postoperative pain follow-
ing craniotomy. It is also important to note that when it comes to pain control the application
of the block before surgical incision is superior to its application postoperatively. Additionally,
but no less important, the application of the scalp block significantly reduces the intraoperative
use of opioids regardless of whether it is fentanyl or remifentanil, which is a significant fact that
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completely changes the concept of the use of fentanyl anesthesia in neurosurgery. Moreover,
patients who were anesthetized with a scalp block not only received a smaller amount of opiates
compared to patients who did not receive a scalp block, but also had identical or even better he-
modynamic stability compared to the opioid group (9). Hence, it seems that the introduction of
this regional anesthetic technique into everyday neuroanesthesia can not only reduce everyday
opiate usage, but can also contribute to faster and easier awakening from anesthesia without the
presence of opioid side effects.

Guidelines and Recommendations

According to the PROSPECT study recommendations that are the newest official document
published by ESAIC, the management of postoperative pain after elective craniotomy may be
complex and should be multimodal. They specify each of the available medications and their ef-
fect when dealing with postoperative pain after craniotomy. According to the PROSPECT study,
application of the scalp block is the foundation in providing quality perioperative analgesia and
preventing central sensitization of the pain. The study strongly recommends preincisional ap-
plication of the scalp block in order to provide sufficient analgesia. According to PROSPECT
study team, the application of scalp block offers long lasting analgesia from 2-48 hours after
surgery with significantly reduced postoperative opioid consumption (10). Despite the clearly
stated opioid sparing effects of scalp block, according to the study team, its application is re-
lated to less frequent postoperative nausea and vomiting. Finally, according to the PROSPECT
recommendations, scalp block should be routinely used in patients that undergo elective crani-
otomy in combination of paracetamol, NSAID and dexamethasone and/or dexmedetomidine,
while opioids should be used only as a rescue analgesia (10).

Conclusion

The scalp block is a simple to perform, easy, safe and sovereign regional anesthetic technique
that provides adequate intraoperative and postoperative analgesia in elective and emergency
craniotomies. The use of this technique is associated with significantly reduced perioperative
opioid use and reduced incidence of opioid-associated complications. The scalp block is part of
a modern multimodal approach to the treatment of craniotomy-associated pain and is recom-
mended by ESAIC as the technique of choice and first line of treatment before opioid use.
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