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Abstract Although pain after craniotomy is a clinically
significant problem that has a continuously expanding lit-
erature, it is still a source of concern and controversy.
Postcraniotomy headache (PCH) has been neglected for
years. It is assessed regularly by only a few neurosurgical
centers, and its frequency and severity tend to be under-
estimated by medical staff; hence, PCH is often under-
treated and poorly managed. Various patient and surgical
factors have an impact on the severity and incidence of
PCH; thus, effective analgesic protocols are hard to define,
which could explain the absence of available therapeutic
guidelines. According to recent studies, certain surgical
measures and the use of local anesthetics are promising in
the prevention of PCH. NSAIDs seem to have inadequate
analgesic effects, whereas opioids have a wide range of
drawbacks; nevertheless, both types of medicaments are
regarded as cornerstones of a balanced and adequate mul-
timodal therapy. The purpose of this review is to collect the
currently available knowledge about the incidence,
assessment, pathophysiological mechanism, and predictors
of acute and chronic PCH. Therefore, a broad search of the
literature has been carried out to collect evidence of
potential prevention and treatment strategies.

Keywords Craniotomy - Postoperative headache -
Analgesia - Opioids

L. Molndr - E. Simon - R. Nemes - B. Fiilesdi - C. Molnar ((<)
Department of Anesthesiology and Intensive Care,

University of Debrecen Medical and Health Science Center,
Nagyerdei krt. 98, Debrecen 4032, Hungary

e-mail: csmolnar@med.unideb.hu

B. Fiilesdi

Outcomes Research Consortium, Eastern European Center,
Debrecen, Hungary

@ Springer

Introduction

Pain following intracranial surgery has been neglected for
decades. Several studies have investigated its frequency
and etiology and found that both acute and chronic post-
craniotomy headaches (PCH) are common and clinically
significant problems [1-3]. Furthermore, there are no
available therapeutic guidelines on PCH because of the
lack of well-designed studies, which makes pain manage-
ment particularly difficult. Non-opioids and opioids are
widely used to relieve pain, but often without any clinical
evidence, and sometimes even without satisfactory results.
Nevertheless, effective pain management and prevention
are of great importance in avoiding postoperative compli-
cations and securing positive outcomes. Therefore, a lit-
erature search was performed to summarize current
evidence on the incidence, etiology, risk factors, and
available prevention and treatment methods of PCH.

Incidence

The International Headache Society defines PCH as a
secondary headache developing within 7 days after crani-
otomy: the acute type lasts up to 3 months, and the chronic
type persists more than 3 months [4]. An early study
showed that almost 60 % of patients experienced pain
following craniotomy, intensity being moderate or severe
in two-thirds of the cases. The highest incidence was
observed 12 h after operation [1]. Subsequent studies
confirmed preliminary results: 69 % and 76 % of patients
complained about pain after different types of cranioto-
mies. The degree of pain, its onset, and its evolution were
also comparable with previous studies; mainly, moderate
and severe in nature with a maximum occurrence within
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48 h postoperatively [2, 5]. Chronic postcraniotomy
headache (CPCH) is often associated with acoustic neuri-
noma operations: 36.7-49.5 % of the patients still experi-
enced pain after 12 weeks and 33.1-43 % beyond 1 year
later [6, 7]. The incidence of chronic PCH was 28.4 % at
3 years postoperatively [7]. Although persistent headache
has a smaller incidence than the acute type, because of its
long-lasting nature the quality of life and ability to work is
negatively influenced [8]. In a cohort group, 14.2 % of the
responders were slightly and 18.5 % heavily affected in
their everyday life after such interventions [7].

Pain assessment

Because it is subjective in nature, pain is hard to quantify
and measure. Both pain assessment and management are
essential and are practically useless without each other.
Only 57 % of the neurosurgical centers assessed pain after
craniotomy despite the fact that simple one-dimensional
tools are widely available [9]. The most frequently used
methods to measure acute pain are the discrete 0-10
numeric rating scale (NRS) and the visual analog scale
(VAS): both have similar attributes and sensitivity. For the
assessment of CPCH the most commonly used evaluation
methods are the McGill Pain Questionnaire, which mea-
sures affective, sensory, and total pain index, and The Brief
Pain Inventory, which focuses on seven aspects of life with
which pain interferes [10]. Pain is often underestimated
with direct observation, especially in severe cases; thus, the
aforementioned methods prove to be essential [3].

Etiology

Numerous patient- and operation-related factors could
influence PCH. Although several trials have investigated
the possible correlations between PCH and various inde-
pendent predictors, such as clinical diagnosis, surgical
approach, age, sex, and mental status, only limited evi-
dence was identified [1, 2, 6, 7, 11]. Age, sex, and surgical
approach seem to have a significant influence on PCH [2, 7,
12].

The possible pathophysiological mechanisms are
mechanical and chemical irritation of the muscles, perios-
teum, dura mater, and trigeminal nerves during surgery,
whereas cerebrospinal fluid (CSF) leakage is also notice-
able occasionally [1, 11, 12]. Dural tension, aseptic men-
ingitis, and the adherence of cervical muscles to the dura
could also contribute to PCH development, where the mass
of the muscles being involved is also crucial [1, 6, 7, 13].
The development of CPCH is probably related to central
sensitization, an increased ability to sense nociceptive

signals that can be triggered by extensive and acute pain
stimuli [14, 15].

Acute pain is reported to be pounding and pulsating with
the highest intensity in the area of the craniotomy, but
continuous and steady forms may also occur [1, 16]. CPCH
is mainly presented as short attacks with occasional nausea
and photophobia occurring approximately 20-30 times a
month and is usually triggered by physical exercise,
coughing, and bending [6].

Women and younger patients have worse outcomes with
regard to incidence and severity [1, 2, 7]. A cohort study
involving 1,375 patients showed that women experience
headaches 40 % more often compared to men and were
60 % more likely to rate them severe [7]. Patients older
than 75 years had less severe pain, required a smaller
amount of narcotics, and were less likely to be affected by
the headache [7]. Pain intensity and age showed an inverse
correlation where VAS scores reduced by —0.18 U with
every year of age [2]. CPCH sufferers 70 years or older had
on average 1-h-long attacks, although such attacks lasted
more than 4 h in patients 41-55 years of age [7].

The surgical approach, which can be either infratentorial
or supratentorial [11], seems to have a great influence on
the incidence, seriousness, and analgesic requirements of
PCH [2, 5]. Infratentorial procedures, especially acoustic
neuroma and posterior fossa surgeries, are associated with
higher pain scores [2, 5, 7]. A study comparing supra- and
infratentorial routes found that average pain intensity 24 h
postoperatively was 4.5 & 2.7 and 6.3 £ 2.6, with a total
opioid consumption of 6.6 &£ 12.6 mg versus
26.9 + 88.9 mg, respectively [2]. Similar differences were
noticed with a 1-year follow-up time: the prevalence of
CPCH after supratentorial surgeries was 11.9 %, notably
lower than the 60 % and 70 % experienced after retro-
sigmoid and translabyrinthine approaches, respectively [7,
13]. The relationship between pain intensity and the loca-
tion of craniotomy could be explained by the difference in
muscle mass underlying the surgical incision, and this also
explains the higher pain scores after suboccipital and
subtemporal interventions [1, 5, 17]. The surgical approach
is crucial; therefore, to minimize complications, the pos-
sibly less invasive method should be chosen [2, 5, 7]. The
aforementioned factors may also help to predict which
patients are likely to develop PCH, thus enabling medical
staff to give them special attention.

Potential prevention strategies
Scalp infiltration

The effects of bupivacaine and ropivacaine as intraopera-
tively used local anesthetics have been investigated
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recently [18-20]. The aim was to determine whether
infiltration of the surgical wound during interventions
could decrease postoperative pain or perhaps reduce the
painkiller needs of patients (Table 1). With regard to their
analgesic ability, a single dose of ropivacaine proved to be
more potent than multiple bupivacaine injections [18, 19],
whereas another study failed to detect any differences [20].
These local anesthetics showed no opioid-sparing effect, as
it was previously suggested [18, 20]. Although bupivacaine
and ropivacaine reduced morphine consumption in the first
2 h, after 16 h the total amount of administered morphine
was similar in all groups [20]. This slight opioid-sparing
effect could be potentially beneficial, as it might facilitate
the recognition of neurosurgical complications in the early
postoperative phase without additional risks.

Scalp block

The scalp is richly innervated with sensory nerves that are
intensely stimulated during craniotomy [11]; this can lead
to central sensitization, a process after which pain stimuli
will be experienced with superior intensity. A way to
prevent this phenomenon and to reduce the degree of acute
PCH is the usage of scalp nerve blockade [21-24]
(Table 1). A prospective study showed that patients who
received infiltrative nerve block with 0.5 % bupivacaine
had decreased pain scores on the first and second postop-
erative days [2]. Furthermore, bupivacaine successfully
attenuated hemodynamic changes and reduced analgesic
requirement during operations [24, 25]. Neither bupiva-
caine nor ropivacaine showed any postoperative opioid-
sparing effect, as the cumulative dose of postoperatively
given codeine and the first time of administration were
similar in every case. Through unknown preemptive
mechanisms, scalp block can decrease PCH, and its effect
lasts longer than expected; therefore, it can be useful as an
adjuvant analgesic [21-23].

Surgical measures

Besides the actual location of the surgery, numerous sur-
gical factors may influence PCH [12, 26-29]. The retro-
sigmoid approach formerly included the removal of a
bone flap (craniectomy) to gain appropriate access to the
cerebropontine angle [7, 12]. Surgical techniques have
been modified, and surgeons have concluded that bone
flap replacement (craniotomy) not only serves cosmetic
purposes but can also reduce the incidence of PCH.
Schaller and co-workers [29] found a reduction from 94 to
27 % in CPCH frequency when the bone flap was
replaced at the end of surgery. Patients who underwent
craniotomy had a lower rate of headache at discharge
(19 %) and in 1 year time (1 %) than patients with
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craniectomy, who had rates of 43 % and 10 %, respec-
tively. The decrease of CSF leakage (6 % vs. 20 %) could
be one explanation for this phenomenon [12]. The inser-
tion of methyl methacrylate between the cervical muscles
and dura, at the end of surgeries, is also capable of less-
ening the occurrence of PCH [26]. When an abdominal
adipose graft was applied, chronic pain and its severity
were reduced compared to standard wound closure tech-
niques (11.9 vs. 30.3 %) [28]. A retrospective analysis
showed that duraplasty instead of direct dural closure is an
effective way to prevent postoperative consequences by
avoiding the tension of the dura, because 100 % of
patients with direct dura closure had PCH in contrast to
the 0 % of the duraplasty group [29]. These techniques are
primarily suitable to prevent CPCH and may include
craniotomy instead of craniectomy, bone replacement with
various filling materials, and duraplasty.

Medication

The ideal analgesic agent should provide adequate pain
relief in both acute and chronic PCH without affecting
consciousness and respiratory function or without
increasing the prevalence of nausea, vomiting, and local
bleeding. Nonopioid analgesics such as paracetamol, non-
steroidal antiinflammatory drugs (NSAIDs), cyclooxygen-
ase-2 (COX-2) inhibitors, and opioid derivatives such as
codeine, tramadol, and morphine are considered as treat-
ment options. No clear consensus exists concerning the
postoperative analgesic regime after craniotomies among
neurosurgical centers within the UK. Only 23 % of these
centers had standardized analgesic protocols and less than
65 % assessed PCH routinely in 2009 [30]. This field
shows a surprisingly slow progress, as 4 years before the
latter survey 54 % of the neurosurgical units had measured
postoperative pain on a regular basis. However, the pro-
portion of first-line medicaments has gone through
remarkable changes during this period. Morphine has
gained ground against codeine: codeine as the drug of first
choice has decreased from 90 % to 70 % in UK neuro-
surgical centers, and 30 % of these used morphine as the
first line compared to the previously observed 10 % [9, 30].
The most popular nonopioid painkiller was paracetamol,
applied by 84 % of the centers, whereas 52 % used
NSAIDs as second-line analgesics [30].

Nonopioid analgesics

Physicians are entitled to decide if nonopioid painkillers are
administered alone [30], in combination with other opioids,
or not at all after craniotomies. These medicaments usually
work by reducing prostaglandin levels through COX-1 and
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COX-2 enzyme inhibition, but unfortunately they have no
further effect on pain above a particular dosage [15]. Thus,
nonopioid analgesics alone are reported to be insufficient
after craniotomy [31-33], but according to a meta-analysis of
randomized trials, they are capable of reducing postoperative
opioid requirements as well as narcotic-related side effects
such as nausea, vomiting, respiratory depression, sedation,
and constipation [34].

Paracetamol is the most popularly used second-line
analgesic after craniotomies in the UK [30]. Paracetamol is
considered to be inferior to ketoprofen in terms of opioid-
sparing effect and pain-relieving properties [35]; never-
theless, it does reduce the postoperative morphine need by
20 % during the first 24 h [36]. Based on these data, to
achieve satisfying pain relief and to maximize its beneficial
features, paracetamol should be accompanied by other
more potent analgesics (Table 2).

Because there is only a small number of studies on
NSAIDs (Table 2), there is no consensus regarding their
usage after craniotomies. In 2009, 52 % of the neurosur-
gical centers in the UK used NSAIDs; 19 % prescribed
these regularly and the first dose was administered on
average 24 h after the operation [30]. The concern about
NSAIDs is related to their antiplatelet function: they can
increase the risk of bleeding and postoperative hematoma
development, which could be fatal in neurosurgical patients
[30, 37]. A study on postoperative intracranial hematoma
occurrence and timing found that 2.2 % of the neurosur-
gical patients developed hematoma, 90 % of them within
the first 6 h and the remaining 10 % 24 h after the opera-
tion [38]. These findings should lead to the restriction of
NSAIDs in the first 6 h postoperatively or to their
replacement with paracetamol or COX-2 inhibitors [30].
Neither lornoxicam nor ketoprofen caused postoperative
hematoma, renal failure, or peptic ulcer after intracranial
interventions; instead, ketoprofen even had an explicit
opioid-sparing effect [35, 37]. Diclofenac as a preopera-
tively given, preemptive analgesic managed to reduce the
incidence and severity of PCH, perhaps partly by antic-
ipating the central sensitization of nociceptive nerves [14,
39]. It can be concluded that NSAIDs might be appropriate
supplementary analgesic agents if used with caution
regarding to the time of administration.

Cyclooxygenase-2 inhibitors such as parecoxib may
increase cardiovascular events with long-term use [40], but
there is no evidence of elevated risk when administered
acutely [41]. Parecoxib has no antiplatelet effect, and does
not increase bleeding risk, which could make it an ideal
supplementary analgesic [15]. To date, only a few publi-
cations have been released on this topic, with the results
stating that COX-2 inhibitors have only limited analgesic
and opioid-sparing effects [31, 33], although contradictory
data have also been published [42].

@ Springer

The treatment and prevention alternatives of CPCH have
not yet been investigated in detail. The frequency and
duration of the CPCH tends to decrease with time, but
because of its long-lasting nature everyday life can be
negatively influenced [8], and thus taking analgesics
becomes necessary in some cases. The most widely used
medicaments for this are nonprescription analgesics. In a
study 61.3 % of the patients suffering from CPCH took
NSAIDs, whereas another publication showed that simple
painkillers, such as coxibs, paracetamol, and NSAIDs
eased pain significantly in 79 % of people with CPCH,
including 35 % whose headache resolved completely [6,
71.

Opioid drugs

Neurosurgeons have refused to use opioids for a long time
because of the their potential adverse effects (sedation,
nausea, vomiting, and miosis), and because, owing to these
attributes, they may mask the signs of an intracranial event
[2, 31]. Therefore, because neurological examinations still
serve as primary evaluation methods of patients after
intracranial procedures, opioids have been avoided as
potential analgesic options. Another undesirable conse-
quence is that opioids could reduce minute ventilation,
even if administered in therapeutic doses, which causes
carbon dioxide retention, hypercapnia, thereafter elevated
cerebral blood flow, which could end in high intracranial
pressure and cerebral edema [43]. In practice, hardly any
studies in which opioids were administered in therapeutic
dosage reported major side effects; furthermore, sedation
scores and respiratory parameters were also unchanged
[44-46].

Nowadays codeine is the first-line agent in postcraniot-
omy pain management, used by 71 % of the neurosurgical
centers in the UK [9, 30]. Its widespread use can be
explained by the limited respiratory-depressing effect, and
it is considered not to affect neurological assessment [15].
Nevertheless, codeine has some drawbacks as well, such as
suboptimal pain control [5, 17] (Table 3). With a 2-day
follow-up time, 76 % of patients treated with intramuscular
codeine had severe or moderate PCH [5]. According to the
existing data codeine seems to have inadequate analgesic
effect after craniotomy [5, 17]. The efficacy of codeine is
also affected by individual differences: morphine, the
active form of codeine, is responsible for the analgesic
effect. Codeine is metabolized in the liver and it was found
that almost 10 percent of the population is slow and another
10 % is fast metabolizer, which means that a codeine-based
therapy could be inadequate for them [15, 47].

Tramadol, a synthetic analogue of codeine, modifies the
reuptake of norepinephrine and 5-hydroxytryptamine and
has only limited p-opioid receptor affinity; thus, it can alter
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the pain sensation through multiple pathways [15]. Because
tramadol is a weak opioid with limited sedative and
respiratory effects, it is used in 42 % of the neurosurgical
centers in the UK, mainly as a third- or fourth-line pain-
killer [30]. A reason why tramadol is less preferred is that it
elevates postoperative nausea and vomiting (PONV) inci-
dence: 75 mg intramuscular tramadol significantly
increased the degree of sedation and the occurrence of
PONYV [48] (Table 3). This occurrence can cause serious
complications after craniotomies, such as a sharp increase
of intracranial pressure, which can lead to intracranial
bleeding and hemorrhage [33, 49]. Tramadol has no clear
benefit over codeine; it seems to be less effective with a
dose-dependent impact on PONV [46, 49]. Nevertheless,
an investigation by Rahimi et al. [S0] pointed out the drug
has a potentially beneficial effect as a supplemental pain
medication after craniotomies (Table 3).

As mentioned earlier, a safe and more effective alter-
native to codeine is needed, because previous studies have
found codeine ineffective in coping with this headache
form [5, 17]. Morphine is a tenfold more potent opiate than
codeine, which serves as the gold standard of moderate and
severe pain management [15]. Nevertheless, only 30 % of
the UK neurosurgical centers use it as a first-line analgesic
after intracranial surgeries, presumably because of its
feared sedative and respiratory effects [30]. However,
10 mg i.m. morphine postoperatively caused no sedation,
pupillary contraction, or respiratory depression in neuro-
surgical patients [44] (Table 3). An alternative way to ease
the pain is the use of the patient-controlled analgesia (PCA)
technique, whereby patients titrate their own opioid boluses
[46, 49] (Table 3). It is a common way to treat pain,
although rarely used after craniotomies. According to an
analysis, only 4 % of the centers in the UK used PCA
regularly [30]. A prospective trial showed that the use of
PCA-administered morphine does not associate with major
adverse events; moreover, a nonsignificant pain reduction
was observed compared to i.m. codeine [51]. Another study
on either placebo PCA, morphine PCA, or morphine with
ondansetron PCA showed that the morphine/ondansetron
group was the most satisfied and had the lowest VAS
scores after intracranial surgeries. Surprisingly, the inci-
dence of PONV was the same among the three groups,
which makes the administration of ondansetron after cra-
nial interventions questionable; it elevates hospitalization
cost without reducing PONYV incidence, and therefore it is
not recommended [49].

In summary, morphine provides better analgesia than
codeine, without the additional risk of sedation or respi-
ratory depression [46, 51]. Thus, morphine should be
regarded as a potential alternative, and preferred over
codeine in patients with moderate or severe acute PCH.
The PCA administration route proved to be secure and
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effective when compared to other conventional analgesic
therapies, with no further adverse events [46, 49].

Conclusion

Pain associated with intracranial surgery has been under-
treated for decades, because the brain itself is insensitive to
nociceptive stimuli and it was assumed that patients do not
experience severe pain after the intervention [1, 17].

When patients with PCH are treated, it should be taken
into account that different demographic and clinical factors
may alter the characteristic and severity of pain; therefore,
the optimal analgesic strategy could be different and should
be personalized individually [1, 2, 6, 7, 11]. As PCH is the
most severe during the first couple of hours after surgery
[1], the preoperative administration of local anesthetics,
such as bupivacaine and ropivacaine, in the form of local
infiltration or scalp block seems to be a good initial
approach to minimize postoperative complications [2, 18,
20, 22, 23]. Scalp infiltration seems to be inferior to scalp
nerve block in relationship to effectiveness and duration
[19, 22], but at the same time the incidence of CPCH has
been significantly reduced with ropivacaine infiltration
before the intervention [18].

Effective pain management and prevention is of great
importance in avoiding postoperative complications
(hypertension, agitation, and vomiting), which may lead to
unfavorable outcome and extended hospital stay [52].
Some of these adverse events are caused by inadequate
pain therapy, and others are side effects of the medication;
therefore, it is important to find the proper balance.
Unfortunately, presently available data are not satisfactory
to define appropriate treatment guidelines, but the growing
number of publications on this topic allows us to suggest
some basic principles.

Studies suggest that non-opioids have proved to be
insufficient when administered solely [22-24], but showed
several advantages in combination with opioids, including
more effective pain relief, decreased opioid need, shorter
hospital stay, and lower expenses [33, 35, 36, 42, 50]. Non-
opioids could be administered preoperatively to take their
preemptive analgesic effect, and they are applicable in mild
headaches solely or as supplementary agents, part of a
combined, balanced therapy in moderate or severe cases
[32, 35, 37, 39].

When adequate analgesia cannot be achieved with less
potent agents, opioid analgesics may be unavoidable.
Nowadays they are widely accepted and used after neuro-
surgical interventions [9, 30]. Various factors should be
taken into account when deciding which opioid is suitable
to be administered, such as pain intensity, drug interac-
tions, hospital preferences, and the available routes. A
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multimodal approach is starting to gain ground: opioids
and non-opioids are administered together to ease pain
through various pathways [33, 35, 42]. The two types of
drugs facilitate each other’s effects and decrease the inci-
dence of side effects. In one study, 74 % of the patients
reported to have excellent or very good pain relief after
supratentorial craniotomy when their pain was prevented
and treated with local scalp infiltration and the combination
of PRN morphine and paracetamol [33]. An earlier study
observed even better outcome with PCA-delivered oxyco-
done and oral ketoprofen, with 89 % of the patients con-
sidering analgesia excellent or good [35]. According to
these data, future therapeutic guidelines should recommend
combined treatments to provide adequate pain manage-
ment, minimize the occurrence of side effects, and reduce
hospital stay and hospitalization costs [7, 50].
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