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Approximately two-thirds of patients experience moderate to severe intensity pain

following craniotomy. It is often undertreated due to fear of unfavorable side effects of
commonly used analgesic drugs. The objectives of this review are to discuss the various
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Introduction

Post-craniotomy pain is significant but underdiagnosed and
undertreated complication for neurosurgical patients. It
affects patient satisfaction, and their day-to-day activities
and increases morbidity. This article describes the inci-
dence, pathophysiology, risk factors, prevention, and man-
agement of acute and chronic post-craniotomy pain in
adult neurosurgical patients as per the recent guidelines.
The data were searched from 1978 to 2021 using various
search engines including Google Scholar, Medline, and
PubMed Central while writing this review using “acute
post craniotomy pain, chronic post craniotomy pain, risk
factors of post craniotomy headache, management of post
craniotomy pain” as keywords. After inserting these key-
words, we got 81 hits. We excluded articles with only
abstracts and protocol publications and articles other
than in the English language. We included 34 RCTs, 22
observational studies, and 3 case reports (for novel techni-
ques only) in this review.
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aspects of acute and chronic post-craniotomy pain including its incidence, pathophysi-
ology, diagnostic criteria, preventive strategies, and management in adult patients.
The data have been consolidated based on our literature search from 1978 to 2021
using various databases including Google Scholar, Medline, and PubMed Central. We
conclude that one must act at the earliest using various treatment modalities for post-
craniotomy pain management.

Acute post-craniotomy Pain

Acute post-craniotomy pain is defined as a headache of lesser
than 3 months in duration that is caused due to surgical
craniotomy.’ De Benedittis et al conducted a landmark study
in 1996 to assess the incidence, magnitude as well as the
duration of acute pain in 37 neurosurgical patients who had
undergone various types of neurosurgical procedures. They
found that post-craniotomy pain was much more common
(60%) than the general assumption and the intensity was
moderate to severe in two-thirds of patients. Pain occurred
most frequently within the first 48 hours postoperatively; how-
ever, a significant number of patients suffered from pain for
longer periods.” Peon et al in their study of 40 neurosurgical
patients found that 85% of patients reported headaches in the
preoperative period. This was increased to 93% of patients in the
postoperative period. The peak pain was noticed on the second
postoperative day, wherein 32% of patients suffered severe pain
and 27% had moderate pain. They also observed that patients did
not report any severe pain after the eighth postoperative day.
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A recent study of 256 patients undergoing elective crani-
otomies found that 87% of patients had pain on the first
postoperative day. Among these, 32% had mild pain, 44% had
moderate pain, and 11% had severe pain.*

The diagnostic criteria of acute post-craniotomy pain
include a headache that develops within 7 days after one
of the following events, including craniotomy, regaining of
consciousness after craniotomy, and discontinuation of med-
ications that impair the ability to sense. It usually resolves
within 3 months after its onset and should not be accounted
for by another International Classification of Headache Dis-
orders (ICHD-3) diagnosis.'

Pathophysiology

Acute post-craniotomy pain is mostly superficial in nature
and is somatic in origin arising from soft tissues and pericra-
nial muscles. The highest incidence of pain has been found to
be associated with subtemporal and suboccipital pathways
and is nociceptive in nature. It has been found to be induced
by surgical incision and reflection of major muscles such as
temporalis, splenius capitis, and cervicis. Numerous causes
of headache after craniotomy include cervicogenic headache
(secondary to positioning during surgery and extensive local
tissue dissection, hydrocephalus, headache from cerebrospi-

Table 1 Factors affecting post-craniotomy pain

nal fluid [CSF] leak, intracranial hemorrhage, space-occupy-
ing lesions [blood/edema/residual tumor]), and infections.?
The pain can be pounding or pulsating type as seen in a
tension headache or might be a more constant or continuous
type of pain.”

The factors responsible for post-craniotomy pain can be
divided into various preoperative and intraoperative factors
and are summarized in ~Table 1.46-24

Assessment of Post-craniotomy Pain

The first step in the management of pain or headache is the
assessment of pain. It can be assessed using various scales
and questionnaires.

Acute pain is usually measured by the Numeric Rating
Scale (NRS) and Visual Analog Scale (VAS), while chronic pain
is measured by McGill Pain Questionnaire and Brief Pain
lnventory.25 The NRS is a discrete score ranging from 0 to 10,
where 0 means no pain and 10 means the worst pain the
patient has ever felt. VAS scale represents the structure with
orientation to pain on a horizontal scale with the worst pain
represented on the left and no pain represented on right.
McGill Pain Questionnaire measures sensory, affective, and
total pain index. The Brief Pain Inventory encompasses seven
aspects of life with which pain interferes, including general

Preoperative

Age Greater incidence in young patients4
Reduction in VAS score by —0.18 U with every year of age5

Gender

Greater incidence and severity in females®

Preoperative Headache

Greater incidence and severity in patients with pre-existing pain’

Psychological Factors

Higher pain intensity in patients with anxiety symptoms

4

Intraoperative

Tumor characteristics

Type of tumors

Higher incidence in patients with astrocytomas and metastatic brain tumors

8

Size of tumors

Higher incidence of chronic PCH in patients with small size of tumor

9

Location of tumors

Higher incidence in intraventricular and infratentorial space tumors

8

Site of surgery

Higher pain incidence and severity in infratentorial procedures
as compared with supratentorial procedures.w’11

Type of surgery

Craniotomy vs. Craniectomy

Lower pain intensity in craniotomy as compared with craniectomyu.

Cranioplasty vs. no Cranioplasty

Lower pain scores in patients who underwent cranioplast]y after craniotomy
as compared with no cranioplasty-associated craniotomy 3

Extent of muscle resection

More pain with larger resection

14

Surgical approach

Less persistent pain in translabyrinthine approach vs suboccipital
or retrosigmoid approach'®:1>-19

Removal of bone dust

Lower incidence of pain

19

Direct closure of dura vs. duroplasty

100% incidence of pain in patients with direct closure of dura as
compared with 0% in the duroplasty group®°.

Type of anesthesia

Lower pain scores in TIVA as compared with inhalational agents21

Role of steroids

Lesser pain in patients on preoperative steroids®!~%4

Abbreviations: PCH, post craniotomy headache; TIVA, total intravenous analgesia; VAS, visual analoge scale.
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activity, normal work, walking, interpersonal relationship,
mood, enjoyment of life, and sleep.

Management of Acute Post-craniotomy Pain

The management of acute post-craniotomy pain consists of
preventive strategies aimed at decreasing the occurrence of
post-craniotomy pain and treatment modalities for the
management of pain, once it occurs. Various preventive
and treatment modalities are described as follows.

Preventive Strategies

Modification of Surgical Techniques

Tight dura or scalp wound closure produces a constant strain
on the respective structures that may stimulate the corre-
sponding nerve and may be one of the potential causes of
excessive pain. A few modifications of the surgical techni-
ques have been described in the literature. These include
preferring craniotomy (replacing the bone flap) over craniec-
tomy (no replacement of the bone flap), use of methyl
methacrylate between the dura and cervical muscles for
wound closure, use of extradural abdominal fat graft for
closure during retrosigmoid craniotomy instead of standard
wound closure techniques, and duraplasty is preferred
instead of direct closure of dura.'>'%22

Pre-emptive Analgesia
This includes the use of scalp infiltration, scalp block, and pre-
emptive non-steroidal anti-inflammatory drugs (NSAIDs).

Scalp infiltration involves infiltration of the surgical site
with a local anesthetic agent. Various studies have been
conducted using anesthetic agents such as bupivacaine
(0.25%, 0.375%, and 0.5%) and ropivacaine (0.75%). Patients
in the study group have been found to have decreased VAS
scores and decreased requirements for rescue analgesic
agents.2426-29

The scalp and dura are richly innervated by the trigeminal
nerve and its branches, the first three cervical nerves and its
branches, the cervical sympathetic trunk and minor
branches arising from the vagus nerve, hypoglossal nerve,
facial nerve, and glossopharyngeal nerve. These nerves are
blocked by either a ring block from nasion to external
occipital protuberance or by blocking the individual nerves.
Various commonly blocked nerves during scalp block include
the supraorbital nerve, supratrochlear nerve zygomatico-
temporal nerve, auriculotemporal nerve, lesser occipital
nerve, greater occipital nerve, and greater auricular nerve.>°

The scalp block may be given either before the start of
surgery (pre-emptively) or at the end of the surgery. History of
prior craniotomies may affect the efficacy of scalp block as the
scars may inhibit the spread of the local anesthetic, resulting in
an ineffective or incomplete block. Any skull defects must be
ruled out to avoid injury to the underlying parenchyma. Strict
aseptic precautions must be followed. The total safe dose of a
local anesthetic agent must be calculated based on the weight
of the patient. The amount to be injected at each site is
dependent on the local anesthetic agent, its concentration as
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well as if an additive such as epinephrine has been used or not.
The complications associated with scalp nerve block are
intravascular injection, intraneural injection (higher chances
during supraorbital nerve block because of its anatomical
position), inadvertent injection in the superficial temporal
artery, temporomandibular joint, and the facial nerve (auric-
ulotemporal nerve block), and injection in subarachnoid
space.3"3?

Evidence Showing Efficacy of Scalp Block

A meta-analysis by Wardhana et al comprising 10 studies and
551 patients found a statistically significant reduction in the
mean pain intensity in the scalp block group as compared
with the no scalp block group at a very early and early 24-
hour period.33 Opioid requirements were also decreased in
the first 24-hour postoperative period. They found scalp
block to be useful at less than 6hours post-craniotomy
period with very-low quality evidence.

In another meta-analysis by Guilfoyle et al, comprising
seven RCTs and 320 patients, preoperative scalp block was
given in three studies and postoperative scalp block after the
closure of the wound in the other four studies.>* There was a
pooled reduction in pain score at 1hour postoperatively.
There was a significant decrease in pain scores at 2, 4, and 6 to
8 hours postoperative period, wherein scalp block was
administered preoperatively and a significant decrease in
pain scores at 2, 4, 6 to 8, and 12 hours in patients to whom
scalp block was administered postoperatively. Total opioid
requirements in the first 24 hours were also found to
decrease although with significant heterogeneity between
the studies.

Role of Pre-emptive NSAIDs

Post-craniotomy pain is nociceptive in nature; hence, the
preoperative administration of NSAIDs might decrease the
local inflammation and its resultant sensitization and pain
windup occurring during craniotomy as seen in one study.
Because the analgesic benefit persisted for 5 days postoper-
atively, which is much more than the duration of action of the
analgesic drug; hence, efficacious preventive analgesia is the
most likely explanation.”

Treatment Modalities

The postoperative management of acute post-craniotomy pain
involves multimodal analgesia with an armamentarium of
drugs comprising opioids and nonopioids such as paracetamol,
NSAIDs, dexmedetomidine, and gabapentinoids. Transdermal
patches have also been used at a few centers as adjuvants.

Opioids

Opioids are highly potent analgesic agents used for the
management of moderate to severe pain in all types of
surgical procedures. Codeine, morphine, tramadol, fentanyl,
and remifentanil are used for pain management in neuro-
surgery patients via different routes of administration such
as oral, subcutaneous (SC), intramuscular (IM), and intrave-
nous (IV) route. These agents are described briefly in the
following paragraphs.

Vol. 10 No. 1/2023 © 2023. The Author(s).
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Codeine

Codeine phosphate has been used as a first-line agent for the
management of post-craniotomy pain and has been found to
be used in 71% of the neurosurgical centers in the UK in one
survey. It is preferred over other opioids due to various
advantages including ceiling effect to respiratory depression,
lack of sedation, and no effect on the postoperative neuro-
logical assessment and pupillary assessment.>®37 The dis-
advantages are less-potent analgesics as compared to
morphine, ceiling effect to analgesic action, variable metab-
olism, and nonavailability of intravenous formulation.38-4°

Tramadol

It is a synthetic analogue of codeine. It is a weak opioid with a
limited p-opioid receptor affinity. It acts on pain through
other pathways such as modification of the reuptake of
norepinephrine and 5—hydr0xytryptamine.41 Its advantages
in neurosurgical patients are its limited sedative and respi-
ratory effects. However, it has a higher propensity to cause
postoperative nausea and vomiting (PONV), which has been
found to be deleterious in neurosurgical patients and hence
is used as a third- or fourth-line drug.3® A study has, however,
found it to be beneficial as a supplemental analgesic in post-
craniotomy patients.42

Morphine
Morphine is a highly potent opioid analgesic; however, in the
UK, only 30% of the neurosurgical centers use it as a first-line
analgesic agent in neurosurgical patients due to its feared
side effects such as sedation, respiratory depression, and
nausea and vomiting.43 Morphine 10 mg was administered
via intramuscular injection in a study and was not found to
be associated with sedation, respiratory depression, or
pupillary constriction in any of the neurosurgical patients.**
Another route via which morphine can be administered
postoperatively in neurosurgical patients is by the use of PCA
pumps. Patients with this technique can titrate their own
opioid boluses depending on their pain intensity. Various
studies conducted using morphine PCA pumps in post-
craniotomy patients did not find any delay in neurologic
assessment, respiratory complications, or PONV. Thus, mor-
phine administration via the PCA route is a safe technique
that provides good analgesia, allows patient’s control over
their own pain management, decreases their psychological
stress, decreases overall opioid requirement, and is devoid of
any side effects.*>=47

Fentanyl and Remifentanil

Fentanyl is an intermediate-acting and potent opioid used
extensively in anesthesia. Remifentanil is a potent and
rapidly acting opioid with a short context-sensitive half-
life with benefits of rapid emergence and hence early post-
operative neurological assessment. In contrast, it is known to
be associated with hyperalgesia and increased pain in the
postoperative period.*®=>" These agents have been compared
in various studies. The time to first request for analgesia
(median) was significantly shorter in the remifentanil group
when compared with the fentanyl group in one study
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(p < 0.001).>2 Another study comparing the use of remifen-
tanil and piritramide with fentanyl also found a higher
number of patients demanding rescue analgesia in the
remifentanil group.*®

Non-Opioid analgesics

Paracetamol

Paracetamol is a centrally acting cyclooxygenase inhibitor
drug that has been found in a survey in the UK to be
the second-line analgesic agent used in post-craniotomy
patients.*> It has a limited opioid-sparing effect with a
meta-analysis concluding a reduction in the postoperative
requirement of morphine by 20% with the use of paraceta-
mol during the first 24 hours.”3 In a recent RCT, the use of IV
acetaminophen 1000mg, as adjunctive therapy for pain
management in craniotomy patients, did not have any
opioid-sparing effect during the 24hours postoperative
period but was associated with significantly higher patient
satisfaction scores regarding the overall pain manage-
ment.>* Hence, it should be administered along with
more potent analgesics.”® Its advantages are that it does
not cause sedation or respiratory depression and has a
lower incidence of PONV, which are all hazardous in
neurosurgical patients.”®

NSAIDs

A survey on post-craniotomy analgesia practices in the UK
found NSAIDS to be used in 52% of the neurosurgical centers.
These were prescribed regularly in 19% of the centers with
the first dose administered on an average of 24 hours post-
operatively.*> Very few studies have been conducted on the
use of these agents in neurosurgery patients.>>’ In one
study, they found a statistically significant reduction in pain
scores as well as the requirement of rescue analgesia in the
flupirtine and diclofenac groups when compared with pla-
cebo with no significant difference in adverse effects such as
nausea, vomiting, bleeding or constipation.’”

A major concern regarding the use of NSAIDs is their
increased propensity to cause bleeding due to their anti-
platelet function, which might lead to the development of a
postoperative hematoma. A total of 2.2% of the neurosurgical
patients were found to develop intracranial hematoma, of
which 90% of patients developed hematoma within the first
6 hours after surgery, while 10% of patients developed it
24 hours after the surgery.”® However, in a recent study, by
Rajkiran et al., diclofenac sodium in a dose of 1.5 mg/kg given
30 minutes before the end of surgery and at 12-hour intervals
postoperatively up to 48 hours was found to provide more
effective analgesia at 24 hours postoperatively with signifi-
cantly lower NRS scores as compared with paracetamol. They
also found no differences in ACT, clot rate, and platelet
function when analyzed using a Sonoclot analyzer, 24 hours
after surgery in patients receiving diclofenac, and no patient
had evidence of significant tumor bed hematoma on CT scan
at 24 and 48 hours postoperatively.”®

NSAIDs have also been implicated as a common cause of
renal failure in the postoperative period. This may be due to
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renal blood flow becoming ‘prostaglandin-dependent’ in the
state of hypovolemia as well as in the presence of high
concentrations of circulating vasoconstrictors.?® Thus, these
agents must be used judiciously in certain high-risk patients
for renal failure.

Cyclooxygenase 2 (COX-2) inhibitors are found to possess
limited analgesic and opioid-sparing effects in various stud-
ies. Parecoxib has no antiplatelet effect and hence it does not
increase the risk of bleeding, which is advantageous over
other NSAIDS (41). Inj. parecoxib 40 mg was found to signifi-
cantly decrease the VAS score at 6 hours after surgery and
decreased morphine requirement for 6 to 12 hours after
surgery.! However, another RCT using parecoxib found no
significant difference in pain intensity (p =0.72) and mor-
phine consumption (p=0.38) in the first 24 hours after
surgery.®? Increased risk of cardiovascular events has been
described with long-term use; however, no such risk with
acute administration has been documented.®3

Dexmedetomidine

It is a highly selective a-2 agonist with anti-nociceptive
actions via both central and peripheral a-2 receptor binding.
It has been used in post-craniotomy pain management as an
adjuvant drug in scalp infiltration and scalp block.2® Dexme-
detomidine (0.2 to 0.7 ug/kg/h) administered intravenously
was found to significantly decrease the VAS score and opioid
consumption in a study.®*

Gabapentinoids

Pregabalin is a structural analog of gamma-aminobutyric
acid with anxiolytic, analgesic, and anticonvulsant effects.®®
A recent study found that 150 mg of pregabalin is effective as
a pre-emptive analgesic agent for supratentorial tumor
surgeries to decrease the postoperative opioid require-
ments.®® Another study by Shimony et al in patients under-
going elective neurosurgical procedures also concluded that
perioperative use of 150 mg pregabalin given twice daily
attenuated preoperative anxiety, improved quality of sleep,
and significantly reduced postoperative pain scores and
requirement of analgesics without increasing the adverse
effects.®’

Dexamethasone
Dexamethasone is an inexpensive long-acting glucocorti-
coid (half-life=36-72 hours) and has potent anti-inflam-
matory properties with both local and systematic actions
due to the alteration of inflammatory mediators and affer-
ent nociceptive signaling mechanisms.®® Perineural dexa-
methasone prolongs the duration of analgesia of peripheral
nerve blocks by reducing the absorption of local anesthetics
by causing vasoconstriction as well as by decreasing the
activity of C fibers by inhibiting potassium channels.®® It
also reduces the peritumoral vasogenic edema and resul-
tant increased intracranial pressure in patients with brain
tumors.’°

A recent study has used dexamethasone as an additive in
pre-emptive incision-site infiltration along with 0.5% ropi-
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vacaine in patients undergoing supratentorial cranioto-
mies.”" They found that the addition of dexamethasone to
ropivacaine reduced the consumption of opioids by 27% and
the postoperative pain scores 72 hours after craniotomy.

Gaudray et al in a study found that pre-emptive bilateral
scalp nerve block with ropivacaine 0.75% administered along
with 8 mg of [V dexamethasone provided good postoperative
analgesia and significantly reduced the need for rescue
analgesics in the first 48 hours (p=0.006).72 The REDUCE
trial to study the effects of dexamethasone as an additive to
bupivacaine in scalp nerve block in patients without the
background of perioperative glucocorticoid administration
is underway.”?

Transdermal Patch

A case report has described the role of a transdermal fentanyl
patch along with continuous paravertebral anesthetic infu-
sion using an On-Q Pain-Buster catheter system in a patient
undergoing posterior occipitocervical junction surgery with
good postoperative pain relief.’4 In the future, more studies
are to be planned using this mode of drug delivery to assess
its efficacy in neurosurgical patients.

Chronic Post-craniotomy Pain

Chronic post-craniotomy pain, also known as persistent
headache attributed to craniotomy of more than 3 months
duration. Diagnostic criteria of chronic pain include any
headache that develops within 7 days after one of the
following: craniotomy, regaining of consciousness after the
craniotomy, or discontinuation of medications that impair
the ability to sense as well as report headache after craniot-
omy and persists for more than 3 months following the
craniotomy.” It should not be better accounted for by another
ICHD-3 diagnosis.

The incidence of chronic post-craniotomy pain is higher
after infratentorial surgeries as compared with supratento-
rial surgeries. Harner et al studied acoustic neuroma patients
and reported a 23% incidence of headache at 3 months that
dropped to 16% at 1 year and 9% at 2 years.'” Jackler et al have
reported the persistence of headaches for more than
6 months in 29% of patients who underwent acoustic neuro-
ma surgery.’” In patients undergoing supratentorial craniot-
omy, 17.5% of patients experienced headaches beyond
2 months, 5.6% of patients between 2 months and 1 year,
and 11.9% of patients suffered from headaches even 1 year
after surgery.

Pathophysiology

The mechanisms behind chronic pain are complex and still
remain unclear on the molecular level. These include sensi-
tization of central neurologic pain perception, structural
changes in neurons in the central nervous system, hyper-
stimulation of y-Aminobutyric acid (GABA) receptors in the
raphe nuclei, and changes in the serotonergic and hemody-
namic systems. There is also a potential role of catechol-
aminergic nerves in patients suffering from chronic pain.”®

Vol. 10 No. 1/2023 © 2023. The Author(s).
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Presentation and Causes of Chronic Post-craniotomy
Pain

Post-craniotomy pain has been classified into the following
types based on their resemblance to naturally occurring
headaches.”’

Syndrome of post-traumatic Headache

When craniotomy is performed for the treatment of intra-
cranial pathology occurring secondary to trauma, it may lead
to chronic pain along with cognitive, somatic, and behavioral
manifestations. Such headaches if persisting for more than
2 months are called chronic post-traumatic headaches. They
manifest as chronic tension-type headaches or as migraine-
like attacks and over time may follow a daily occurrence
pattern.’®7°

Chronic Tension-type Headache associated with
Analgesic Abuse

This occurs as rebound headaches in patients with overuse of
analgesic medications. These patients have psychiatric
comorbidities such as stress disorder, depression, insomnia,
and alcohol and drug abuse, which may complicate
management.60

Cervicogenic Headache

This occurs in patients with degenerative disease of the
upper cervical spine. These patients develop tension-type
pain due to their position during surgery, e.g., posterior fossa
surgery.®® Increased tension in pericranial muscles may also
aid in the development of these headaches.?’

Chronic Headache due to Scar Tissue Formation

This occurs secondary to scar tissue formation surrounding
the occipital nerves or due to fibrous adhesions that bind the
neck muscles directly to the dura. These neck muscles may
pull the dura during neck movements resulting in pain.??

Headache due to Occipital Nerve Entrapment or
Neuralgia

Direct sectioning of occipital nerves or stretch injury sec-
ondary to retraction with neuroma formation may result in
these headaches.?3

Seizure-associated Headaches

These are tension or migraine-like headaches occurring fre-
quently in patients with partial and generalized seizures.*
Their treatment must target the headache syndrome along
with the basic principles for treating primary headaches

Orthostatic Headaches

These occur secondary to CSF leaks or shunt-over drainage.
Patients may present with nausea, vomiting, pain or tight-
ness around the neck, dizziness, diplopia, photophobia,
binasal visual field defects, and hearing disorders. Patients
may have immeasurable, very low, or normal CSF opening
pressures. They respond well to surgical management with
complete symptom resolution.3®

Journal of Neuroanaesthesiology and Critical Care

Neuropathic Headaches

These patients exhibit symptoms of neuropathic pain such as
hyperalgesia and allodynia over the scar and require early
and aggressive treatment.?’”

Management of Chronic Post-craniotomy Pain

Assessment

Chronic post-craniotomy pain has been divided into four
grades based on severity.®® Grade-1 patients have minor
annoyance, grade-2 headaches are present nearly every day,
grade-3 patients require medicines every day, and patients
with grade-4 headaches feel incapacitated. Assessment of
chronic headache can be done using the McGill Pain Ques-
tionnaire and the Brief Pain Inventory scoring system.25

Management

Patients with chronic pain can be managed with various
combinations of non-pharmacological and pharmacological
therapies which are described in ~Tables 2 and 3.

Conclusion

Post-craniotomy pain is usually undertreated in neurosurgi-
cal patients. With the availability of the aforementioned
modalities in the diagnosis and perioperative management,
the neuroanesthesiologists must act hard utilizing the avail-
able diagnostic and multiple treatment modalities available

Table 2 Management of chronic post-craniotomy headache

Nonpharmacological61 Pharmacological
TENS Analgesics °'
Physiotherapg Paracetamol
Acupuncture 3 Codeine
Cognitive behavior NSAIDS

therapy

Tricyclic antidepressants

Stress management Amitriptyline89

techniques (relaxation)
Neck collars

Manual neck traction
Radio frequency

nerve ablation
Cryoablation

Anticonvulsants
Carbamezepine®®
Sodium valproate®":
Gabapenting3'95
Lamotrigine96

92

Sodium channel Blockers
Lignocaineg7

Sumatriptan 83

Trigger-point injections 61

61

Topical Capsaicin

Botulinum toxin type A 61
98-100

Surgical techniques
C2 gangliotomy

C2 ganglionectomy
C2 to C3 rhizotomy
C2 to C3 root decompression
Distal neurectomy

101,102

Neurolysis

03

Occipital nerve stimulation '
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Table 3 Pharmacological and surgical management of chronic post-craniotomy headache

Drugs

Mechanism of action

Uses

Side effects

Tricyclic antidepressants

Amitriptyline8?

Presynaptically inhibit reuptake
of norepinephrine and seroto-
nin. NMDA receptor antagonists
Weak mu opioid receptor ago-
nists Na* and Ca®" channel
blockers.

Act postsynaptically on cholin-
ergic, a-adrenergic, and hista-
mine receptors

Co-analgesics in treatment of
chronic headache

Sedation
Anticholinergic symptoms

Anticonvulsants

Carbamezepine®®

Slows rate of recovery of volt-
age-gated Na* channels

Minor Ca®* channel antagonist
effect

Trigeminal neuralgia
Neuropathic headaches

Dizziness Hematological
disorders

Binds to o & subunit of voltage
gated Ca? channel resulting in
decreased Ca? influx into nerve
terminal

Regulates synaptic and extrasy-
naptic NMDA receptors.

hyperalgesia over the scar
region

Sodium 1 GABAergic transmission Migraine-like headaches related | Gastrointestinal disturbances
valproate91 92 I Release and|/or effects of EAA | to craniotomy Tremors
Na* channel blocker Post-traumatic injury Weight gain
Dopaminergic and serotoniner- | headaches Platelet disorders
gic transmission modulation. Liver toxicity Pancreatitis
Encephalopathy
Gabapentin®3-2° Acts on GABA(B) receptors Neuropathic pain Allodynia or Transient side effects

Mild to moderate dizziness
Somnolence

Lamotrigine96

Blocks voltage-dependent Na*
channels
Inhibits glutamate release

Trigeminal neuralgia
Chronic pain subsequent
acoustic neuroma surgery
Used in refractory cases

Dizziness, constipation, nausea
and drowsiness. Skin rash and
allergic reactions

Sodium channel blockers

paracetamol 61

decreases
pain and inflammation

headache

Lignocaine®’ Suppresses discharge of ectopic | Topically-gel and patches
impulses generated at sites of Trigger point injections in cer-
experimental nerve injury as vicogenic headache
well as in axotomized dorsal
root ganglion (DRG) cells
NSAIDS and Inhibition of prostaglandins - Chronic post traumatic Bleeding disorders

Renal defects

Sumatriptan83

5-HT1 agonist, selectively tar-
geting 1g and 1p receptors.
Reduces pain signal transmis-
sion in the trigeminal dorsal
horn.

Persistent headache following
excision of acoustic neuroma
migraine type of headache

Dizziness and sedation
Triptan sensations-burning or
tingling in the chest or limbs
Serotonin

syndrome if taken with

SSRIs and SNRIs

Capsaicin61

Depletion of substance
P from the primary afferent
neurons

Allodynia
Hyperalgesia over scar

Burning sensation

Botulinum toxin
type A (Botox Ao

Direct skeletal muscle-
spasmolysis

Chronic pain due to increased
muscle tone

Surgical management

Destructive surgeriesgg'100

C2 gangliotomy
C2 ganglionectomy

Occipital neuralgia.

Painful neuroma
Intractable neuropathic pain
Causalgia
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Table 3 (Continued)

Drugs

| Mechanism of action Uses

Side effects

C2 to C3 root decompression
C2 to C3 rhizotomy
Distal neurectomy

Neurolysis of the greater occipital nerve

101,102

Chronic headaches caused by
occipital neuralgias

Occipital nerve
stimulation'9%

Similar to that of gate control

104 theory

Cervicogenic headache, Occipi-
tal neuralgia and other chronic
types of headaches

in our armamentarium and act fast (at the earliest possible)
in such patients for the management of post-craniotomy
pain. As true with the management of post-surgical pain in
other surgeries, the patients respond best to multimodal
treatment options, especially a combination of pharmaco-
logical agents and local anesthetics. A combination of phar-
macological agents (NSAIDs, judicious opioids, and other
adjuvant drugs) and scalp blocks or wound infiltration are
viable options to manage post-craniotomy pain. Aggressive
management of post-craniotomy pain may help in reducing
the incidence of chronic post-craniotomy headaches.

Conflict of Interest
None declared.

References

1

N

w

(€]

a

~

(=]

=}

Journal of Neuroanaesthesiology and Critical Care

Headache Classification Committee of the International Headache
Society (IHS) The International Classification of Headache Disor-
ders, 3rd ed. (beta version). Cephalalgia 2013;33(09):629-808
De Benedittis G, Lorenzetti A, Migliore M, Spagnoli D, Tiberio F,
Villani RM. Postoperative pain in neurosurgery: a pilot study in
brain surgery. Neurosurgery 1996;38(03):466-469

Pe6n AU, Diccini S. [Postoperative pain in craniotomy]. Rev Lat
Am Enfermagem 2005;13(04):489-495

Mordhorst C, Latz B, Kerz T, et al. Prospective assessment of
postoperative pain after craniotomy. ] Neurosurg Anesthesiol
2010;22(03):202-206

Vadivelu N, Kai AM, Tran D, Kodumudi G, Legler A, Ayrian E.
Options for perioperative pain management in neurosurgery.
] Pain Res 2016;9:37-47

Rocha-Filho PA, Gherpelli JL, de Siqueira JT, Rabello GD. Post-
craniotomy headache: characteristics, behaviour and effect on
quality of life in patients operated for treatment of supratento-
rial intracranial aneurysms. Cephalalgia 2008;28(01):41-48
Gottschalk A, Berkow LC, Stevens RD, et al. Prospective evalua-
tion of pain and analgesic use following major elective intracra-
nial surgery. ] Neurosurg 2007;106(02):210-216

Ryzenman JM, Pensak ML, Tew JM Jr. Headache: a quality of life
analysis in a cohort of 1,657 patients undergoing acoustic
neuroma surgery, results from the acoustic neuroma association.
Laryngoscope 2005;115(04):703-711

Klimek M, Ubben JFH, Ammann J, Borner U, Klein ], Verbrugge
SJC. Pain in neurosurgically treated patients: a prospective
observational study. ] Neurosurg 2006;104(03):350-359

Pfund Z, Szapary L, Jaszberényi O, Nagy F, Czopf ]. Headache in
intracranial tumors. Cephalalgia 1999;19(09):787-790
Rimaaja T, Haanpdd M, Blomstedt G, Farkkild M Headaches after
acoustic neuroma surgery. Cephalalgia 2007;27(10):1128-1135

20

N

22

23

24

25

26

27

Flexman AM, Ng JL, Gelb AW. Acute and chronic pain following
craniotomy. Curr Opin Anaesthesiol 2010;23(05):551-557
Dolmatova EV, Imaev AA, Lubnin AY. ‘Scheduled’ dosing of
lornoxicam provides analgesia superior to that provided by ‘on
request’ dosing following craniotomy. Eur ] Anaesthesiol 2009;
26(08):633-637

Koperer H, Deinsberger W, Jodicke A, Boker DK. Postoperative
headache after the lateral suboccipital approach: craniotomy
versus craniectomy. Minim Invasive Neurosurg 1999;42(04):
175-178

Harner SG, Beatty CW, Ebersold MJ. Impact of cranioplasty on
headache after acoustic neuroma removal. Neurosurgery 1995;
36(06):1097-1099

Talke PO, Gelb AW. Postcraniotomy pain remains a real head-
ache!. Eur ] Anaesthesiol 2005;22(05):325-327

Schessel DA, Nedzelski JM, Rowed D, Feghali |JG. Pain after
surgery for acoustic neuroma. Otolaryngol Head Neck Surg
1992;107(03):424-429

Porter RG Sr, Leonetti JP, Ksiazek ], Anderson D. Association
between adipose graft usage and postoperative headache after
retrosigmoid craniotomy. Otol Neurotol 2009;30(05):635-639
Catalano PJ, Jacobowitz O, Post KD. Prevention of headache after
retrosigmoid removal of acoustic tumors. Am ] Otol 1996;17
(06):904-908

Ruckenstein M], Harris JP, Cueva RA, Prioleau G, Alksne ]. Pain
subsequent to resection of acoustic neuromas via suboccipital
and translabyrinthine approaches. Am ] Otol 1996;17(04):
620-624

Jackson CG, McGrew BM, Forest JA, et al. Comparison of postop-
erative headache after retrosigmoid approach: vestibular nerve
section versus vestibular schwannoma resection. Am ] Otol
2000;21(03):412-416

Schaller B, Baumann A. Headache after removal of vestibular
schwannoma via the retrosigmoid approach: a long-term fol-
low-up-study. Otolaryngol Head Neck Surg 2003;128(03):
387-395

Hansen MS, Brennum ], Moltke FB, Dahl JB. Suboptimal pain
treatment after craniotomy. Dan Med ] 2013;60(02):A4569
Law-Koune ]D, Szekely B, Fermanian C, Peuch C, Liu N, Fischler M.
Scalp infiltration with bupivacaine plus epinephrine or plain
ropivacaine reduces postoperative pain after supratentorial
craniotomy. ] Neurosurg Anesthesiol 2005;17(03):139-143
Breivik H, Borchgrevink PC, Allen SM, et al. Assessment of pain.
Br J Anaesth 2008;101(01):17-24

Bloomfield EL, Schubert A, Secic M, Barnett G, Shutway F,
Ebrahim ZY. The influence of scalp infiltration with bupivacaine
on hemodynamics and postoperative pain in adult patients
undergoing craniotomy. Anesth Analg 1998;87(03):579-582
Saringcarinkul A, Boonsri S. Effect of scalp infiltration on post-
operative pain relief in elective supratentorial craniotomy with
0.5% bupivacaine with adrenaline 1:400,000. ] Med Assoc Thai
2008;91(10):1518-1523

Vol. 10 No. 1/2023 © 2023. The Author(s).



28

29

30

3

32

33

34

35

36

37

38

39

40

4

42

43

44

45

47

48

Batoz H, Verdonck O, Pellerin C, Roux G, Maurette P. The analgesic
properties of scalp infiltrations with ropivacaine after intracra-
nial tumoral resection. Anesth Analg 2009;109(01):240-244
Vallapu S, Panda NB, Samagh N, Bharti N. Efficacy of dexmede-
tomidine as an adjuvant to local anesthetic agent in scalp block
and scalp infiltration to control postcraniotomy pain: a double-
blind randomized trial. ] Neurosci Rural Pract 2018;9(01):73-79
Brydges G, Atkinson R, Perry MJ, Hurst D, Laqua T, Wiemers J.
Awake craniotomy: a practice overview. AANA ] 2012;80(01):
61-68

Potters JW, Klimek M. Local anesthetics for brain tumor resec-
tion: current perspectives. Local Reg Anesth 2018;11:1-8
Okuda Y, Matsumoto T, Shinohara M, Kitajima T, Kim P. Sudden
unconsciousness during a lesser occipital nerve block in a patient
with the occipital bone defect. Eur ] Anaesthesiol 2001;18(12):
829-832

Wardhana A, Sudadi S. Scalp block for analgesia after cranioto-
my: a meta-analysis. Indian ] Anaesth 2019;63(11):886-894
Guilfoyle MR, Helmy A, Duane D, Hutchinson PJA. Regional scalp
block for postcraniotomy analgesia: a systematic review and
meta-analysis. Anesth Analg 2013;116(05):1093-1102

Molnar C, Simon E, Kazup A, et al. A single preoperative dose of
diclofenac reduces the intensity of acute postcraniotomy head-
ache and decreases analgesic requirements over five postopera-
tive days in adults: a single center, randomized, blinded trial. |
Neurol Sci 2015;353(1-2):70-73

Roberts GC. Post-craniotomy analgesia: current practices in
British neurosurgical centres-a survey of post-craniotomy anal-
gesic practices. Eur ] Anaesthesiol 2005;22(05):328-332

Parke TJ, Nandi PR, Bird K], Jewkes DA. Profound hypotension
following intravenous codeine phosphate. Three case reports
and some recommendations. Anaesthesia 1992;47(10):852-854
Yue QY, Svensson JO, Alm C, Sjoqvist F, Sdawe ]. Codeine O-
demethylation co-segregates with polymorphic debrisoquine
hydroxylation. Br J Clin Pharmacol 1989;28(06):639-645
Jochimsen PR, Noyes R Jr. Appraisal of codeine as an analgesic in
older patients. ] Am Geriatr Soc 1978;26(11):521-523

Chen ZR, Somogyi AA, Bochner F. Polymorphic O-demethylation
of codeine. Lancet 1988;2(8616):914-915

Gottschalk A, Yaster M. The perioperative management of pain
from intracranial surgery. Neurocrit Care 2009;10(03):387-402
Rahimi SY, Alleyne CH, Vernier E, Witcher MR, Vender ]R.
Postoperative pain management with tramadol after cranioto-
my: evaluation and cost analysis. ] Neurosurg 2010;112(02):
268-272

Kotak D, Cheserem B, Solth A. A survey of post-craniotomy
analgesia in British neurosurgical centres: time for perceptions
and prescribing to change? Br ] Neurosurg 2009;23(05):538-542
Goldsack C, Scuplak SM, Smith M. A double-blind comparison of
codeine and morphine for postoperative analgesia following
intracranial surgery. Anaesthesia 1996;51(11):1029-1032
Stoneham MD, Cooper R, Quiney NF, Walters FJ. Pain following
craniotomy: a preliminary study comparing PCA morphine with
intramuscular codeine phosphate. Anaesthesia 1996;51(12):
1176-1178

Jellish WS, Leonetti JP, Sawicki K, Anderson D, Origitano TC.
Morphine/ondansetron PCA for postoperative pain, nausea, and
vomiting after skull base surgery. Otolaryngol Head Neck Surg
2006;135(02):175-181

Sudheer PS, Logan SW, Terblanche C, Ateleanu B, Hall JE. Com-
parison of the analgesic efficacy and respiratory effects of
morphine, tramadol and codeine after craniotomy. Anaesthesia
2007;62(06):555-560

van der Zwan T, Baerts WDM, Perez RSGM, de Lange JJ. Postop-
erative condition after the use of remifentanil with a small dose
of piritramide compared with a fentanyl-based protocol in
patients undergoing craniotomy. Eur | Anaesthesiol 2005;22
(06):438-441

Journal of Neuroanaesthesiology and Critical Care

49

50

5

=

52

53

54

55

56

57

58

59

60

62

63

64

65

66

67

Headache after Craniotomy Samagh et al.

Basali A, Mascha EJ, Kalfas I, Schubert A. Relation between
perioperative hypertension and intracranial hemorrhage after
craniotomy. Anesthesiology 2000;93(01):48-54

Guy |, Hindman BJ, Baker KZ, et al. Comparison of remifentanil
and fentanyl in patients undergoing craniotomy for supratento-
rial space-occupying lesions. Anesthesiology 1997;86(03):
514-524

Guignard B, Bossard AE, Coste C, et al. Acute opioid tolerance:
intraoperative remifentanil increases postoperative pain and
morphine requirement. Anesthesiology 2000;93(02):409-417
Gelb AW, Salevsky F, Chung F, et al. Remifentanil with morphine
transitional analgesia shortens neurological recovery compared
to fentanyl for supratentorial craniotomy. Can ] Anaesth 2003;50
(09):946-952

Remy C, Marret E, Bonnet F. Effects of acetaminophen on
morphine side-effects and consumption after major surgery:
meta-analysis of randomized controlled trials. Br J Anaesth
2005;94(04):505-513

Artime CA, Aijazi H, Zhang H, et al. Scheduled intravenous
acetaminophen improves patient satisfaction with postcraniot-
omy pain management: a prospective, randomized, placebo-
controlled, double-blind study. ] Neurosurg Anesthesiol 2018;30
(03):231-236

Remy C, Marret E, Bonnet F. State of the art of paracetamol in
acute pain therapy. Curr Opin Anaesthesiol 2006;19(05):
562-565

Tanskanen P, Kyttd ], Randell T. Patient-controlled analgesia with
oxycodone in the treatment of postcraniotomy pain. Acta Anaes-
thesiol Scand 1999;43(01):42-45

Yadav G, Choupoo S, Das SK, et al. Evaluating the role of flupirtine
for postcraniotomy pain and compare it with diclofenac sodium:
a prospective, randomized, double blind, placebo-controlled
study. ] Neurosurg Anesthesiol 2014;26(01):32-36

Taylor WA, Thomas NW, Wellings JA, Bell BA. Timing of postop-
erative intracranial hematoma development and implications
for the best use of neurosurgical intensive care. ] Neurosurg
1995;82(01):48-50

Rajkiran R, Soni SL, Jangra K, et al. Diclofenac is superior to
paracetamol in postoperative pain scores and analgesic con-
sumption in supratentorial craniotomy with no difference in
platelet and clot function: a prospective randomized controlled
trial. ] Neurosurg Anesthesiol 2022;34(03):321-326

de Gray LC, Matta BF. Acute and chronic pain following craniot-
omy: a review. Anaesthesia 2005;60(07):693-704

Jones SJ, Cormack J, Murphy MA, Scott DA. Parecoxib for analge-
sia after craniotomy. Br ] Anaesth 2009;102(01):76-79
Williams DL, Pemberton E, Leslie K. Effect of intravenous par-
ecoxib on post-craniotomy pain. Br J Anaesth 2011;107(03):
398-403

White WB, Strand V, Roberts R, Whelton A. Effects of the
cyclooxygenase-2 specific inhibitor valdecoxib versus nonste-
roidal antiinflammatory agents and placebo on cardiovascular
thrombotic events in patients with arthritis. Am ] Ther 2004;11
(04):244-250

Rajan S, Hutcherson MT, Sessler DI, Kurz A, Yang D, Ghobrial M,
Liu ], Avitsian R. The effects of dexmedetomidine and remifen-
tanil on hemodynamic stability and analgesic requirement after
craniotomy: a randomized controlled trial. ] Neurosurg Anes-
thesiol 2016;28(04):282-290

Ben-Menachem E. Pregabalin pharmacology and its relevance to
clinical practice. Epilepsia 2004;45(Suppl 6):13-18

Lamsal R, Mahajan C, Chauhan V, Gupta N, Mishra N, Rath GP.
Effect of pregabalin on postcraniotomy pain in patients under-
going supratentorial tumor surgery: a randomized, double-
blind, placebo-controlled trial. ] Neurosci Rural Pract 2019;10
(04):641-645

Shimony N, Amit U, Minz B, et al. Perioperative pregabalin for
reducing pain, analgesic consumption, and anxiety and

Vol. 10 No. 1/2023 © 2023. The Author(s).

29



30 Headache after Craniotomy Samagh et al.

68

69

70

71

72

73

74

7

[

76

77

78

79

80

81

82

83

Journal of Neuroanaesthesiology and Critical Care

enhancing sleep quality in elective neurosurgical patients: a
prospective, randomized, double-blind, and controlled clinical
study. ] Neurosurg 2016;125(06):1513-1522

Hauritz RW, Hannig KE, Henriksen CW, Bgrglum ], Bjern S,
Bendtsen TF. The effect of perineural dexamethasone on dura-
tion of sciatic nerve blockade: a randomized, double-blind study.
Acta Anaesthesiol Scand 2018;62(04):548-557

Marks R, Barlow JW, Funder JW. Steroid-induced vasoconstric-
tion: glucocorticoid antagonist studies. ] Clin Endocrinol Metab
1982;54(05):1075-1077

Kostaras X, Cusano F, Kline GA, Roa W, Easaw ]. Use of dexa-
methasone in patients with high-grade glioma: a clinical prac-
tice guideline. Curr Oncol 2014;21(03):e493-e503

Zhao C, Wang S, Pan Y, Ji N, Luo F. Pre-emptive incision-site
infiltration with ropivacaine plus dexamethasone for postoper-
ative pain after supratentorial craniotomy: a prospective ran-
domized controlled trial. J Pain Res 2021;14:1071-1082
Gaudray E, N’ Guyen C, Martin E, Lyochon A, Dagain A, Bordes ],
et al. Efficacy of scalp nerve blocks using ropivacaine 0,75%
associated with intravenous dexamethasone for postoperative
pain relief in craniotomies. Clin Neurol Neurosurg 2020;
197:106125. Doi: 10.1016/j.clineuro.2020.106125

Zhao C, Jia Z, Shrestha N, Luo F. REDUCE trial: the effects of
perineural dexamethasone on scalp nerve blocks for relief of
postcraniotomy pain-a study protocol for a randomized con-
trolled trial. Trials 2021;22(01):772

Sivakumar W, Karsy M, Brock A, Schmidt RH. Postoperative pain
control with the fentanyl patch and continuous paravertebral
anesthetic infusion after posterior occipitocervical junction
surgery. Cureus 2016;8(06):e645

Jackler RK. Headache following acoustic neuroma surgery can be
a real pain in the neck. Acoustic Neuroma Association Notes.
1994;49:1-3

Bello C, Andereggen L, Luedi MM, Beilstein CM. Postcraniotomy
headache: etiologies and treatments. Curr Pain Headache Rep
2022;26(05):357-364

Soumekh B, Levine SC, Haines SJ, Wulf JA. Retrospective study of
postcraniotomy headaches in suboccipital approach: diagnosis
and management. Am ] Otol 1996;17(04):617-619

Lane JC, Arciniegas DB. Post-traumatic headache. Curr Treat
Options Neurol 2002;4(01):89-104

Haas DC. Chronic post-traumatic headaches classified and com-
pared with natural headaches. Cephalalgia 1996;16(07):
486-493

Leone M, D’Amico D, Grazzi L, Attanasio A, Bussone G. Cervico-
genic headache: a critical review of the current diagnostic
criteria. Pain 1998;78(01):1-5

Do TP, Heldarskard GF, Kolding LT, Hvedstrup J, Schytz HW.
Myofascial trigger points in migraine and tension-type head-
ache. ] Headache Pain 2018;19(01):84

Hack GD, Hallgren RC. Chronic headache relief after section of
suboccipital muscle dural connections: a case report. Headache
2004;44(01):84-89

Levo H, Blomstedt G, Hirvonen T, Pyykko I Causes of persistent
postoperative headache after surgery for vestibular schwan-
noma. Clin Otolaryngol Allied Sci 2001;26(05):401-406

Jensen R, Rasmussen BK, Pedersen B, Lous I, Olesen ]. Cephalic
muscle tenderness and pressure pain threshold in a general
population. Pain 1992;48(02):197-203

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

Forderreuther S, Henkel A, Noachtar S, Straube A. Headache
associated with epileptic seizures: epidemiology and clinical
characteristics. Headache 2002;42(07):649-655

Mokri B, Hunter SF, Atkinson JL, Piepgras DG. Orthostatic head-
aches caused by CSF leak but with normal CSF pressures.
Neurology 1998;51(03):786-790

da Cruz M], Moffat DA, Hardy DG. Postoperative quality of life in
vestibular schwannoma patients measured by the SF36 Health
Questionnaire. Laryngoscope 2000;110(01):151-155

Kaur A, Selwa L, Fromes G, Ross DA. Persistent headache after
supratentorial craniotomy. Neurosurgery 2000;47(03):633-636
Karst M, Rollnik JD, Fink M, Reinhard M, Piepenbrock S. Pressure
pain threshold and needle acupuncture in chronic tension-type
headache-a double-blind placebo-controlled study. Pain 2000;
88(02):199-203

Diamond S, Baltes BJ. Chronic tension headache-treated with
amitriptyline-a double-blind study. Headache 1971;11(03):
110-116

Lutman B, Bloom ], Nussenblatt B, Romo V. A contemporary
perspective on the management of post-craniotomy headache
and pain. Curr Pain Headache Rep 2018;22(10):69

Perucca E. Pharmacological and therapeutic properties of val-
proate: a summary after 35 years of clinical experience. CNS
Drugs 2002;16(10):695-714

Backonja MM. Use of anticonvulsants for treatment of neuro-
pathic pain. Neurology 2002;59(5, Suppl 2)S14-S17

Moore KA, Baba H, Woolf C]. Gabapentin- actions on adult
superficial dorsal horn neurons. Neuropharmacology 2002;43
(07):1077-1081

Serpell MGNeuropathic Pain Study Group. Gabapentin in neuro-
pathic pain syndromes: a randomised, double-blind, placebo-
controlled trial. Pain 2002;99(03):557-566

Laird MA, Gidal BE. Use of gabapentin in the treatment of
neuropathic pain. Ann Pharmacother 2000;34(06):802-807
Sandner-Kiesling A, Rumpold Seitlinger G, Dorn C, Koch H, Schwarz
G. Lamotrigine monotherapy for control of neuralgia after nerve
section. Acta Anaesthesiol Scand 2002;46(10):1261-1264

Devor M, Wall PD, Catalan N. Systemic lidocaine silences ectopic
neuroma and DRG discharge without blocking nerve conduction.
Pain 1992;48(02):261-268

Dubuisson D. Treatment of occipital neuralgia by partial poste-
rior rhizotomy at C1-3. ] Neurosurg 1995;82(04):581-586
Wang MY, Levi ADO. Ganglionectomy of C-2 for the treatment of
medically refractory occipital neuralgia. Neurosurg Focus 2002;
12(01):E14

Sharma RR, Devadas RV, Pawar SJ, Lad SD, Mahapatra AK. Current
status of peripheral neurectomy for occipital neuralgia. Neuro-
surg Q 2005;15(04):232-238

Gille O, Lavignolle B, Vital JM. Surgical treatment of greater
occipital neuralgia by neurolysis of the greater occipital nerve
and sectioning of the inferior oblique muscle. Spine 2004;29
(07):828-832

Ducic I, Hartmann EC, Larson EE. Indications and outcomes for
surgical treatment of patients with chronic migraine headaches
caused by occipital neuralgia. Plast Reconstr Surg 2009;123(05):
1453-1461

Slavin KV, Nersesyan H, Wess C. Peripheral neurostimulation for
treatment of intractable occipital neuralgia. Neurosurgery 2006;
58(01):112-119

Vol. 10 No. 1/2023 © 2023. The Author(s).



