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Abstract: Moderate-to-severe pain following neurosurgery is common but often does not
get attention and is therefore underdiagnosed and undertreated. Compounding this problem
is the traditional belief that neurosurgical pain is inconsequential and even dangerous to treat.
Concerns about problematic effects associated with opioid analgesics such as nausea, vomiting,
oversedation, and increased intracranial pressure secondary to elevated carbon dioxide tension
from respiratory depression have often led to suboptimal postoperative analgesic strategies in
caring for neurosurgical patients. Neurosurgical patients may have difficulty or be incapable of
communicating their need for analgesics due to neurologic deficits, which poses an additional
challenge. Postoperative pain control should be a priority, because pain adversely affects recovery
and patient outcomes. Inconsistent practices and the quality of current analgesic strategies for
neurosurgical patients still leave room for improvement. Given the complexity of postoperative
pain management for these patients, multimodal strategies are often required to optimize pain
control and at the same time limit undesired side effects.
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Introduction

Several neurosurgical procedures can cause postoperative pain including craniotomies
for tumor resections, epilepsy surgery and craniotomies for aneurysm clipping, pen-
etrating traumatic brain injury, and neuroradiological procedures such as arteriovenous
embolization procedures and aneurysm coilings. Postoperative hematomas, elevation
of intracranial pressures, cerebral infarctions, seizures, hypertension, development of
air embolism, cranial nerve injury, and the development of cerebral edema and stroke
can complicate the management of postoperative pain.

The management of postoperative pain following intracranial procedures has
been undermanaged for numerous reasons in the past,"* including the apprehension
that the administration of opioids can affect or hinder monitoring of the neurological
examination.’® Opioids, which are the agents that are most frequently prescribed for
moderate-to-severe pain, can cause miosis, sedation, and conceal signs of adverse
intracranial emergencies.’ In addition, they can lead to respiratory depression that
causes hypercapnia and increased intracerebral blood volume and can possibly progress
to cerebral edema and elevated intracranial pressure.'® Therefore, it has been histori-
cally reasoned that patients’ exposure to the risks of opioid administration should be
minimized given the widely presumed idea that intense pain is not experienced fol-
lowing intracranial procedures, a belief reinforced by the fact that surgical procedures
on the brain parenchyma in itself do not cause pain."!
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However, an increasing number of studies on adult
patients suggest that pain after intracranial surgery is, as it
goes, frequent, often severe, and undermanaged.'*'* Insuf-
ficient treatment of pain in other postoperative situations is
associated with adverse outcomes,'” and aggressive manage-
ment of pain for other conditions is now a notably prevailing
practice and has become a customary standard of care.'?
A recent study by Mordhorst et al'® found that within the
initial 24 hours post craniotomy, 55% of patients experienced
moderate-to-severe pain. These results are also consistent
with findings from a pilot study by De Benedittis et al,'’
which found that 60% of patients had pain postoperatively.
In this review, we discuss the different modalities of pain
management, and drug options, as well as their associated
risks and benefits.

Acute pain post craniotomy

Incidence

Incidence of pain is associated with surgical site. The high-
est incidence of postoperative pain occurs after subtemporal
and suboccipital approaches,!” whereas patients who undergo
frontal craniotomies experience less pain and require less opi-
oid analgesics.'® This fact can be explained by the extended
muscle damage from the resection of temporal and posterior
cervical muscles.*

Prior to the pilot study published by De Benedittis
et al in 1996, which demonstrated that 60% of patients
experienced postoperative pain; it was historically believed
that craniotomies are less painful than other operations."
The study observed that for two-thirds of these patients,
the pain experienced was moderate to severe. Furthermore,
pain, most often, was experienced within the first 48 hours
post-procedurally. Notably, up to 32% of patients continued
to feel pain past the initial 48 hours. Although pain caused
by craniotomies may be less severe than pain following
other procedures, there is an increasing agreement that it
continues to be undermanaged in the acute recovery phase
of some patients.>!?

The pain is classically described as pounding or pulsating
similar to tension headaches. Less commonly, it is portrayed
as a continuous and constant pain.? The highest incidence of
pain has been reported in younger and female patients?' and
patients with preoperative opioid use.** It has been proposed
that the incidence of pain is higher in female patients than
male patients, because men may have an increased awareness
of health and perception of the role of pain. On the contrary,
the elderly are largely believed to be comparatively tolerant
of pain.

Pathogenesis

Most patients describe the pain as predominantly super-
ficial'” suggesting a pathogenesis that is somatic instead
of visceral. It is believed to originate from soft tissue and
pericranial muscle, rather than the brain tissue itself. Sub-
temporal and suboccipital pathways are associated with the
highest incidence of pain, perhaps associated with invasive
procedural stress on major muscle including the splenius
capitis, temporal, and cervicis muscle tissues. The resulting
pain is commonly nociceptive and is induced by the surgi-
cal incision and a reflection of the muscle structured below
the scalp 31324

Clinical studies

A study by Gee et al*® assessed whether there are any
significant differences in preexisting pathology, including
preoperative headaches, in patients undergoing craniotomies
for intracranial hemorrhages, brain tumors, or epilepsy. The
study found that half of the patients who had not had any
preoperative headaches had severe headaches postoperatively.
Of note, most of the patients who experienced headaches
underwent craniotomies for epilepsy. Therefore, Gee et al
reasoned that postoperatively in the acute state, the qualities
of the headaches are seemingly a mixture of “site-of-injury”
headaches and tension headaches on the surgical site. The
quality of the headaches was comparable with posttraumatic
headaches.

It is widely agreed upon that the severity of postoperative
pain following a craniotomy is dependent on the manner of
surgical method. For instance, procedures performed on the
base of the skull, particularly those utilized for acoustic neu-
romas and tumors of the posterior fossa, are associated with
a greater incidence of intensely painful postoperative head-
aches. A study by Vijayan* demonstrated that 42% of patients
prior to excision of an acoustic neuroma had no headaches
or only minor headaches presurgery. Post surgery, 75% of
patients reported headaches. A slow but steady improvement
in pain was found in 32% of these patients with time.

Gottschalk et al’ found that postoperatively, in patients
who had undergone intracranial surgery, pain was common
within the first 2 days following intracranial procedures if
treated solely with acetaminophen and moderate doses of
opioids on an as-needed basis. Although this is not consistent
with the findings of a larger retrospective study of postopera-
tive pain immediately following surgery,?’ it is consistent with
the findings of previous studies conducted on a smaller scale
of pain post intracranial procedure.'*?** Around two-thirds
of patients reported experiencing moderate-to-severe pain
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during the duration of their hospitalization. In addition, the
study reported that patients who had undergone infratentorial
procedures experienced greater pain with movement and at
rest relative to the patients who had undergone supratento-
rial procedures who were administered more nonopioid
and opioid analgesics for pain management accordingly.
Furthermore, the report of dissatisfaction in the analgesic
management was highly associated with high levels of pain
on the initial 2 days postoperatively. Although drugs ordered
for pain management were on an as-need basis including
opioids, analgesics, and acetaminophen, Gottschalk?® showed
that there is growing evidence of the undermanagement of
pain following intracranial procedures.

In another study consisting of predominantly supratento-
rial procedures, 56% of patients were found to experience
persistent pain for 2 months following the procedure. Of these
patients, half of them reported neuropathic symptoms. Notably,
the incidence of persistent pain was effectively decreased by
several folds via long duration of local anesthetic infiltration
at the end of the procedure at the site of the surgery.” That is
to say, following intracranial procedures, perioperative pain
is an expected but addressable consequence via utilization of
reasonably basic and familiar techniques.?

Similarly, Hansen et al®> reported that among the 59
patients who underwent elective infratentorial or supratento-
rial craniotomies at the Department of Neurosurgery, Rig-
shospitalet, Denmark, 56% experienced moderate-to-severe
pain (numeric rating scale 4-10 on an eleven-point scale)
within the initial hour postoperatively, which then decreased
to 38% of the patients within 24 hours postoperatively, dur-
ing which the median numeric rating scale score reported
during the duration of the 24-hour study period ranged from
two to four. There were no reported significant differences in
the postoperative analgesic consumption or pain score when
assessing for differences in sex, surgical site (supratentorial
versus infratentorial), or of surgical drains. However, it was
noted that the female patients who underwent infratentorial
procedures reported higher scores of pain. Patients who
were given steroids preoperatively reported significantly
reduced pain relative to patients who were not administered
any steroids (P=0.04). To note, there was a low incidence
of postoperative vomiting and nausea — 86% of the patients
denied any nausea within the initial postoperative hour, and
78% denied any pain at the 24-hour mark. Furthermore, the
incidence of patients who reported sedation in the initial
24 hours postoperatively was 62%, which decreased to 22%
by the 24-hour mark postoperatively.*® Thus, historical con-
cerns of the adverse effects of sedation, nausea, and vomiting

should be reevaluated, and a shift toward addressing the
undermanagement of pain should be stressed.

Pharmacological management

Anticonvulsants

Gabapentin is a new drug utilized for the postoperative pain
management with a unique mechanism and antihyperalgesic
uses. Numerous studies have demonstrated that perioperative
administration of gabapentin diminishes pain postoperatively.
Gabapentin was originally introduced in 1994 for use for
partial seizures as an antiepileptic drug. It is an anticonvulsant
with side effects, which are well absorbed and well tolerated
following oral administration with the greatest concentration
in the plasma observed in 2—3 hours.*!*? The most common
adverse side effects are peripheral edema, dizziness, fatigue,
drowsiness, and ataxia.’%*

Gabapentin is an anticonvulsant with a chemical structure
similar to gamma-aminobutyric acid but binds to presyn-
aptic voltage-gated calcium channels instead of gamma-
aminobutyric acid receptors. It, along with the related but
more potent pregabalin, has been used to treat neuropathic
as well as postoperative pain following spinal surgery and
has been shown to decrease opioid requirements.**

Gabapentin functions by decreasing posterior horn neu-
ronal hyperexcitability induced by lesions.* It is believed
that the antihyperalgesic properties of gabapentin are due
to its binding activity to the alpha2-delta subunit of the
voltage-dependent calcium channels of dorsal horn neurons,
thereby reducing the influx of calcium into nerve endings
and reducing neurotransmitter release. Other postulated
mechanisms propose the activity of gabapentin on monoam-
inergic pathways, sodium channels, the opioid system, and
N-methyl-D-aspartate (NMDA) receptors.>>3¢37 Tiire et al*®
studied the effects of gabapentin on acute postoperative pain
when administered several months in advance as antiepileptic
prophylaxis in patients scheduled for craniotomies for
supratentorial tumor resection and found that preoperative
administration of gabapentin was effective in treating acute
postoperative pain but only to a small degree, as well as in
decreasing postoperative analgesic consumption; however, it
may contribute to delayed extubation and increase the level
of sedation postoperatively.

The majority of patients who undergo craniotomies are
administered corticosteroids before their procedures, mainly
to decrease vasogenic edema. In addition to these effects,
corticosteroids also provide effective anti-inflammatory
effects via modulation of peripheral nociceptors.’® Also,
corticosteroids may relieve headaches postoperatively by
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decreasing chemical meningitis triggered by the formation
of the dust from bone surgically. In fact, even patients who
are given corticosteroids perioperatively may also be able
to tolerate greater amounts of opioids and have improved
pain control due to the drug’s central antiemetic effects.*’
Postoperatively, it is common for patients to continue receiv-
ing high “neurosurgical doses” of corticosteroids, which, as
proposed by Shay et al,*! may generate sufficient analgesia
and euphoria to propagate the long-held belief that neuro-
surgery is painless.

Dexamethasone
Dexamethasone has been found to be particularly useful
after the embolization of arteriovenous malformations or the
coiling of aneurysms.* The use of gabapentin in cranioto-
mies was studied by Misra et al*® to evaluate the efficacy of
dexamethasone and gabapentin in managing the incidence
of vomiting and nausea within 24 hours postoperatively.
Patients undergoing craniotomy were orally administered
600 mg gabapen- tin premedication two hours prior to the
induction of anesthesia. The patients were also intravenously
infused with 4 mg of dexamethasone on the morning of the
procedure and every 8 hours following. The study reported
a significant difference in the 24-hour incidence of nausea
and the administration of antiemetics between the control
placebo group and the group that was given dexamethasone
and gabapentin. Conversely, the study found no difference
in opioid consumption or postoperative pain scores between
the two groups. As a result, despite any observable effect on
the management of opioid consumption or postoperative pain
scores, the administration of dexamethasone with gabapentin
decreased the 24-hour incidence of postoperative vomiting
and nausea in patients who underwent craniotomies.*
Although commonly given for surgical reasons, studies
have shown that glucocorticoids* and anticonvulsants*-*
can reduce the consumption of opioids and decrease periop-
erative pain, effectively serving as a multimodal analgesic
approach. Tire et al®® demonstrated that gabapentinoids
could be utilized as an element of the analgesic regimen
for craniotomies. In this study, patients were administered
either 1,200 mg/d of gabapentin or 300 mg/d of phenytoin
at period intervals: a week prior to the procedure and the day
ofthe procedure, postoperatively. A day prior to surgery, and
postoperatively, the patients were also given dexamethasone.
Following the induction of anesthesia, the patients were
ventilated with oxygen and air. Anesthetics were maintained
via propofol infusions and remifentanil titrated by processed
electroencephalography. Postoperative pain was managed

with patient-controlled analgesia (PCA) of morphine sulfate.
The study found that patients in the phenytoin group emerged
more quickly from anesthesia and were significantly less
sedated during the initial several hours postoperatively than
the gabapentin group, but it also found a small but signifi-
cant reduction in pain in the gabapentin group relative to
the phenytoin group within the initial hour post surgery.
Furthermore, these patients were administered one-third less
morphine during the 48-hour duration of the study.*®

Opioids

Moderate-to-severe pain is most often treated with opi-
oids following major surgery. However, in the case of
neurosurgery, opioids appear to have a limited role. This
appears to be due to a fear that opioids could adversely affect
neurological examinations after neurosurgery, mask intra-
cranial events, and cause sedation, miosis, and respiratory
depression, increase intracranial pressure, and even cause
cerebral edema.”’

The severity and course of postoperative pain is affected
by the choice of opioid medications administered during
surgery.” Hyperalgesia after intraoperative remifentanil use
may cause hyperalgesia and increase analgesic requirements
postoperatively.*43

It has been shown that morphine is a better alternative
for postoperative analgesia than codeine. Morphine is more
effective than codeine beyond 60 minutes after recovery and
requires fewer doses than codeine.**** Postoperative analgesic
doses can be reduced by the administration of intraoperative
morphine.?

Narcotic drugs including oxycodone, codeine, propoxy-
phene, hydrocodone, and morphine have classically been
utilized for the effective treatment of pain following cran-
iotomies.’"*? This class of drugs functions by stimulating mu,
kappa, and sigma subtype opioid receptors that are dispersed
along the peripheral and central nervous system. The mu
receptors are split into a number of subtypes including mul
affecting supraspinal analgesia; mu2 that inhibits motility of
the gastrointestinal tract and causes respiratory depression;
and mu3 that acts on leukocytes and anti-inflammation.>***
Administration of opioids can potentially have various side
effects associated with stimulation of these receptors, which
can thereby interrupt ambulation and recovery in patients,
causing prolonged hospital stays. Due to the numerous
adverse side effects (of particular concern, respiratory
distress) of opioid analgesics, morphine or acetaminophen
is commonly administered in conjunction on an as-needed
basis.”
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The effects of paracetamol and sufentanil on the treatment of
pain management post craniotomy were assessed in a study
by Hassani et al* in 45 patients with brain tumors (American
Society of Anesthesiologists Class [ASAIL II]). One group
was administered a continuous infusion of sufentanil
(0.0015 pg/kg/min), the second group was given intermittent
infusion of paracetamol (15 mg/kg every 6 hours) in 100 mL
of normal saline within 15 minutes, and the third group was
administered subcutaneous 5 mg of morphine every 4 hours.
The findings demonstrated that when hemodynamics, respi-
ratory stability, and appropriate analgesia of sedation are
maintained, sufentanil is an appropriate agent to address
pain management post craniotomy. Patients in the group who
were administered paracetamol reported the greatest pain
score of visual analog scale and heart rate. This group also
reported the lowest incidence of nausea and vomiting. The
reduction in oxygen saturation was not observed within any
of the groups. Rates of nausea and vomiting were highest in
the patients in the morphine group. Thus, it was concluded
that sufentanil yielded better results for diminishing nausea
and vomiting, pain control, and hemodynamic stability rela-
tive to morphine, the most common drug of choice for pain
management post craniotomy

Nonsteroidal anti-inflammatory
drugs and anti-inflammatory drugs

(cyclooxygenase 2 inhibitors)
Nonsteroidal anti-inflammatory drugs (NSAIDs) are another
class of agents which appear to be effective for treating
headaches, also seem to reliably reduce pain and morphine
requirements by 25%-50% in a broad spectrum of postop-
erative settings,”’*® and decrease adverse effects following
opioid administration.”” The use of NSAIDs in neurosurgery
has been restricted due to their antiplatelet mechanism and
apprehension regarding intracerebral hemorrhaging. While
NSAIDs are efficient in offering analgesic effects (cyclooxy-
genase 2 [COX-2] isomer), they can also cause dysfunction
of the platelets and elevate bleeding times (COX-1 isomer),
which can be critically perilous in neurosurgical patients.
The use of NSAIDs post craniotomy has for this reason
been labeled as a major factor for bleeding perioperatively.>
A survey of adult neurosurgical units in the United Kingdom
revealed no consensus in pain management in the UK and
that 19% prescribed them on a regular basis.*

On the other hand, COX-2 inhibitors including parecoxib
do not have antiplatelet properties and, therefore, are not as
limited in terms of concern for bleeding complications. In
fact, studies have shown that COX-2 inhibitors may reduce

postoperative pain following craniotomies without increasing
the risk of hemorrhage postoperatively.®! Therefore, should
COX-2 inhibitors demonstrate effective analgesia with
opioid-sparing properties, there would be great potential
in their usage in neurosurgical procedures. The efficacy
of COX-2 inhibitors as drugs for the management of
postoperative pain has been well documented in orthopedic
studies in patients who have undergone lumbar discectomies,
knee and hip arthroplasty, and spinal fusions,**** as well as in
patients who have undergone oral surgery and gynecological
procedures.®%" Despite these advantages, the consump-
tion of COX-2 inhibitors has been restricted by numerous
institutions due to the latest concerns of possible increases
in risks of cardiovascular disease secondary to thrombotic
events.®® In a prospective placebo-controlled, double-blind
study, Jones et al® assessed the efficacy of a single dose of
40 mg parecoxib administered to 82 patients undergoing elec-
tive craniotomies. The results of the study showed that one
intraoperative dose of parecoxib in patients who underwent
craniotomy decreased pain scores at 6 hours and also reduced
the administration of morphine 6—12 hours following the
procedure, but generally did not have a significant effect on
analgesia postoperatively.

This finding contrasted the study on NSAIDs for analge-
sia post craniotomy conducted by Tanskanen et al,”® which
reported that regular administration of ketoprofen initiated an
hour following craniotomy, relative to acetaminophen alone,
reduced oxycodone PCA by 47% over the initial 24 hours.

Acetaminophen
Acetaminophen is another available agent that is
used to manage mild-to-moderate pain
Paracetamol acetaminophen (N-acetyl-p-aminophenol)
inhibits central COXs to provide analgesia. It is devoid of
the negative side effects associated with NSAID and opioid
analgesics. Hassani et al studied the effects of sufentanil and
paracetamol on postoperative pain control in patients who
underwent craniotomy surgery and found that sufentanil pro-
vided better pain control and was associated with less nausea
and vomiting; although patients who received paracetamol
following surgery reported the least amount of nausea and
vomiting, their quality of pain relief was considered poor.*®
A new study is currently in progress that will assess the
role of acetaminophen as an adjunct to the pain therapy for
patients undergoing craniotomy.”! However, it does not exert
any anti-inflammatory effects.”” Moreover, acetaminophen
is already present in numerous analgesics administered
orally for the treatment of postoperative pain, including
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vicodin, percocet, and darvocet.” In contrast to aspirin and
other NSAIDs, it causes analgesia centrally by activating
descending serotonergic pathways and acting as a COX-3
inhibitor.” In addition, its analgesic effects are likely to be
due to its actions as a substance P and NMDA antagonist in
the spinal cord and its cannabinoid agonistic effect.”

Parecoxib

COX is the enzyme that acts on arachidonic acid, and then
triggers a reaction cascade that eventually forms prostaglan-
dins, which are responsible for inflammation and pain. Drugs
that selectively block COX-2 enzyme, called COX-2 inhibi-
tors, have the advantage of anti-inflammation and analgesia
without the opioid-associated sedation, nausea, or respiratory
depression and do not cause platelet inhibition or increased
bleeding risk seen with nonselective COX inhibitors. Thus,
COX-2 inhibitors potentially can be effective analgesics for
postoperative pain in neurosurgical patients. Parecoxib (not
approved by the US Food and Drug Administration, but is
available in Europe) has been a drug of interest since rofe-
coxib, another COX-2 inhibitor, was withdrawn from the
market due to associated increased risk of myocardial infarc-
tion, which was demonstrated in the Vioxx Gastrointestinal
Outcomes Research Trial. However, there is no evidence
that suggests that adding parecoxib to a postoperative pain
management regimen that includes scalp infiltration and
intravenous (IV) morphine PCA has any additional benefits.®
There is still limited evidence to support parecoxib as an
analgesic after craniotomy.*’

NMDA receptor antagonists

Methadone and ketamine are common NMDA receptor
antagonists that are used for the management of chronic
pain. It has been shown in some studies that these drugs can
effectively be used for preventive analgesia by decreasing
the consumption of analgesics, acute postoperative pain,
or both when administered with more traditional analgesic
agents including NSAIDs and opioids perioperatively.’
NMDA receptor antagonists are believed to decrease pain
by two mechanisms: reducing opioid tolerance and reducing
central hypersensitivity. Nonetheless, the efficacy of NMDA
antagonists in preventive analgesia has been ambiguous to
date.””® The effect of ketamine on neurosurgical patients has
not been evaluated due to its psychotropic effects. Conversely,
methadone can serve as an essential multimodal analgesic,
acting as both an NMDA receptor antagonist and an opioid.
Of note, since it does affect the QT interval, electrocardio-
graphic monitoring should be indicated at the start of and

for chronic usage of the drug. Methadone has demonstrated
success in delivering long-lasting analgesia and may restrict
the tolerance development with concomitant use of NMDA
receptor antagonist.”

Tramadol

Tramadol is an opioid analgesic, which acts as a weak
-receptor agonist as well as an inhibitor of serotonin and
norepinephrine reuptake. Rahimi et al*> showed that the
use of tramadol could produce better pain relief when used
with narcotics and acetaminophen in addition to reducing
the side effects of narcotics and decreasing costs associated
with hospitalizations.* Sudheer et al* however, showed that
tramadol administration resulted in more vomiting and retch-
ing, occurring in half of their study group, compared with
20% with morphine and 29% with codeine.*

Tramadol confers analgesic effects by inhibiting the
reuptake of norepinephrine and serotonin, though the pre-
cise mechanism of its action is not yet entirely understood.
Although it has been utilized successfully for the treatment of
postoperative pain following cardiothoracic, orthopedic, and
obstetric surgeries for some years,* ® it is a comparatively
novel analgesic that is not commonly used for the treatment
of postoperative pain in neurosurgery. Due to the fact that
it does not affect coagulation or platelet functionality, it
is considered a safe agent for craniotomies.®> However, it
weakly interacts with opioid receptors, which can cause
certain analogous adverse side effects as opioids including
dizziness, vomiting, nausea, and dry mouth.%

The cost analysis of tramadol was calculated, and it was
concluded that the utilization of tramadol in the treatment
of postoperative pain in craniotomy might potentially reduce
the final cost of the procedure based on the analysis of
length of stay and medication rates. Rahimi et al*® analyzed
that the total cost of medications administered per patient
was decreased by $32 in a group of patients who received
tramadol relative to a group that was given acetaminophen.
In fact, even after adding tramadol to the analgesic regimen, a
decreased amount of analgesic medications was administered
to the patients at a lower total cost. The average length of
stay for patients in the control group was 4.1 days, whereas
the length of stay for patients in the tramadol group was
decreased to 3.1 days — the study speculated that this reduc-
tion was attributable to the earlier tolerance to oral intake,
fewer opioid adverse side effects, and more rapid ambulation
in the tramadol group relative to the patients who received
narcotics alone. Put into application, Rahimi et al® argue
that the use of this drug can potentially not only decrease
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total costs for patients undergoing craniotomy but also
increase bed turnover rates in the hospitals for increased bed
availability and more efficient institutional service.

This study also observed that the patients who were given
tramadol in conjunction with opioid analgesics and acet-
aminophen reported reduced postoperative pain compared
with those who did not receive tramadol. The narcotics group
reported a visual analog scale pain score of 4.7 compared with
a score of 3 in the tramadol group. There was no significant
difference found in the amount of antiemetics administered
between the two groups.>

Still, the beneficial effects of tramadol are not consistent
with the findings throughout the study. In another study by
Sudheer et al,’* 60 craniotomy patients were assigned to
receive 60 mg of intramuscular codeine phosphate, or trama-
dol PCA or morphine PCA. Arterial carbon dioxide tension,
pain score, and sedation were recorded at regular intervals,
and patient satisfaction was reported at 24 hours. Although
they found no significant differences in sedation or arterial
carbon dioxide tension between the groups, patients reported
greater satisfaction with morphine over tramadol or codeine
(P<<0.001). The morphine group also produced significantly
more effective analgesia than codeine at time points 4 hours,
12 hours, and 18 hours, and better analgesia than tramadol at
all time points (P<<0.005). Furthermore, there was a greater
incidence of nausea and vomiting reported in the tramadol
group (50%) than the codeine (29%) or morphine (20%)
groups.®® It is also worth noting that some consider that
codeine phosphate, a prodrug that is not entirely metabolized
by a fraction of the population, is insufficient as a first-line
agent in neurosurgery.’’

Dexmedetomidine

Dexmedetomidine is a potent alpha2-adrenergic agonist that
can provide sedation and analgesia with respiratory depres-
sion. Discomfort and agitation after neurosurgical procedures
can be treated with dexmedetomidine. The administration of
dexmedetomidine before the completion of major inpatient
surgical procedures has been shown to significantly reduce
opioid requirements.®

Ropivacaine and lidocaine

In the management of postoperative pain following cranioto-
mies, practices have generally preferred infiltrations of the
scalp with regional or local anesthesia that is similarly effec-
tive to or more beneficial than systemic drugs.® A number of
studies have observed that scalp infiltration with ropivicaine
or bupivacaine reduced both the severity and incidence

of postoperative pain.”**> Preemptive administration of
regional analgesia before the infliction of surgical trauma
hypothetically attains blockage of peripheral pain stimuli,
which is more beneficial than managing pain after it begins.
This method also avoids the development of central hyper-
sensitization via analgesic involvement.**%

A study conducted by Song et al®® analyzed the differ-
ences in efficacy of analgesia in scalp infiltration with 0.5%
ropivicaine and 1% lidocaine in addressing postoperative
pain following craniotomy when separated into a group
that received the infiltration presurgically and the other
group post-procedurally. The severity of pain was recorded
for 24 hours postoperatively and the score was based on a
verbal numerical rating scale ranging from 0 (no pain) to 10
(most intense pain). Of the 52 patients who participated in
the study, postoperative pain scores were significantly less in
the group that received preemptive scalp infiltration of 0.5%
ropivicaine and 1% lidocaine within the first 6 hours post
procedure. Furthermore, the average cumulative consump-
tion of morphine was significantly lower in this group.® The
complications that are associated with the administration
of local anesthetics including increased wound drainage,
infection, allergic reactions, and cardiovascular, local tissue,
systemic, and central nervous system toxicity, as well as
changes in wound healing were not found in this study. Thus,
it was concluded that preemptive scalp infiltration using
1% lidocaine and 0.5% ropivicaine was significantly more
efficacious to, before skin closure, infiltrations on analgesia
postoperatively following craniotomies.®

It is proposed that preoperative administration of anal-
gesia, including peripheral local anesthetic infiltration,
is more effective than postoperative administration via
numerous mechanisms. One school of thought is that the
source of the most acute pain from surgical procedures is
the anatomical trauma to the site of the local tissue and the
following activation of the acute inflammatory response.”®
Thus, the chemical mediators that are freed following injury
lead to hyperexcitation of the neurons in the spinal cord and
peripheral sensitization of primary sensory neurons. This
in turn activates low threshold A-beta mechanoreceptors to
initiate transmission of painful signals and causes central
sensitization.”” This tissue-damage-initiated sensitization
causes augmentation of pain signals.?”

Scalp blocks: postoperative pain

A scalp block refers to regional anesthesia of the nerves that
supply sensation to the scalp. Combining general anesthe-
sia with a scalp block provides the advantage of blunting
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hemodynamic response during particularly stimulating
portions of neurosurgery (eg, head pinning and skin incision)
as well as postoperative pain control.

There are six nerves, which can be blocked during a scalp
block: supraorbital nerve, supratrochlear nerve, auriculotem-
poral nerve, zygomaticotemporal nerve, greater occipital
nerve, and lesser occipital nerve.

Although uncommon, scalp blocks may be complicated by
unintentional intravascular administration of local anesthetics
and epinephrine which may lead to toxic levels leading to
tachycardia and hypertension seizures and cardiac toxicity.”

Chaki et al'® used a mixture of lidocaine and ropivacaine
for scalp blocks and local infiltration of the scalp. It gave
satisfactory intraoperative pain control to the patients. Even
though relatively large amounts of local anesthetics were
administered, their blood concentration did not increase
above half of the known toxic level.!® Generally, a scalp
block is a safe technique and has been studied as a method
for decreasing postoperative pain following neurosurgery.
Song et al*® conducted a randomized trial to compare the
analgesic efficacy of preemptive scalp infiltrations with 1%
lidocaine and 0.5% ropivacaine on postoperative pain and
found that these methods provided effective postoperative
analgesia after craniotomy.” Similarly, Bala et al'®! demon-
strated separately that surgical wound infiltration, before skin
closure, with 0.5% bupivacaine and adrenaline, decreased
the incidence and severity of postoperative pain in patients
undergoing supratentorial craniotomy.'”' In addition, scalp
infiltration with either bupivacaine or ropivacaine has been
shown to have a statistically significant effect on morphine
consumption during the first two postoperative hours.”!
Bloomfield et al'® studied whether scalp infiltration with
bupivacaine during craniotomies reduces postoperative pain
and hypertension. Patients who received a bupivacaine scalp
block reported significantly less pain up to 1 hour after the
postanaesthesia care unit admission; however, pain scores
did not seem to correlate with heart rate or mean arterial
pressure.'% Interestingly, Biswas and Bithal showed that
preincisional scalp infiltration with 0.25% bupivacaine did
not have any significant effect on post-craniotomy pain and
analgesic requirement; however, bupivacaine may delay the
requirement of the first analgesic dose.!®

PCA versus as needed

One of the most safe and widely used methods of efficiently
treating pain in children and adults is IV PCA.'"*'7 How-
ever, the safety and efficacy of this method have not widely
been utilized or studied in patients who have undergone

craniotomies. In a randomized controlled trial, Morad
et al® demonstrated that IV fentanyl PCA is more effec-
tive than conventional PRN therapy in the management of
post-craniotomy pain. Significant differences between the
patient groups who received analgesia intravenously via
PCA or PRN were found (P=0.015) — patients who received
IV PCA reported lower pain scores relative to those in the
PRN group within the 16 hours following admission into the
North Carolina Central University (2.53%1.96; 3.62+2.11
[P=0.039]). There were no significant differences between
the two groups in oxygen saturation, Glasgow Coma Scale
scores, respiratory rate, or sedation sores. Importantly, there
was no interference with the neurological examination and no
reported increase in the deterioration neurologically, which
further disproves the long-held belief that the administra-
tion of opioids may alter patients’ neurological statuses to
adversely affect outcomes.?

In the conventional PRN method, a patient needs to make
a complaint regarding pain or request pain medication. The
nurse attending the patient must then evaluate and respond
to the patient, then prep and dispense the requested drug at a
set time interval and dose. Commonly, the time interval and
dosages are insufficient due to the prescriber’s hesitance for
usage due to the risk of opioid-induced adverse side effects,
lack of experience with opioid pharmacology, unsubstantiated
apprehension of the development of addiction to the drug,
and a lack of appreciation of the pain being experienced by
the patient.!® Due to this sequence of required steps, there
is, even with optimal systematic efficiency, a delay time
between the initial request for a drug and its administration.
Morad et al® therefore suggest that it is perhaps not entirely
surprising that they found that IV fentanyl PCA was more
effective than the administration of PRN opioid.

On the other hand, personal patient-by-patient-dependent
analgesic management is managed by the immediate response
and assorted dosing patterns that the PCA device allows.
Commonly, patients receive <50% of the permitted total
PRN prescription.!%-110

Conclusion

There seem to be impediments to control pain after neuro-
surgery due to several reasons leading to the undertreatment
of pain after neurosurgery.*’

These impediments range from fear that opioids could
interfere with postoperative outcomes and neurological
examinations to poor assessment of pain postoperatively to
inconsistent data after neurosurgical procedures in the studies
regarding pain control in this population.
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The adequate management of pain post-procedurally is
critical for addressing the distress experienced by the patients,
because inadequate postoperative analgesia may in fact be
associated with a greater incidence of complications post-
procedurally and increase the duration of hospital stay, and
thereby ultimately raise health expenses.!!! Furthermore, it
has been demonstrated that severe pain experienced post-
operatively can potentially lead to arterial hypertension via
sympathetic stimulation, which increases the risk of causing
secondary hemorrhage intracranially.'? In neurosurgical pro-
cedures, the incidence of pain is associated with surgical site.
The highest incidence of postoperative pain after cranioto-
mies occur after subtemporal and suboccipital approaches,'’
whereas patients who undergo frontal craniotomy experience
less pain and require less opioid analgesics.'®

Craniotomy pain occurs as a consequence of injury to
the cutaneous nerves that supply sensation to the scalp, the
underlying tissues, or from manipulation of the dura mater.

There are conflicting conclusions derived from the dearth
of evidence-based reports leading to inconsistent practices in
the management of perioperative neurosurgical pain. Post-
operative pain management after neurosurgical procedures
is complex with the employment of multimodal strategies
to decrease untoward side effects and achieve optimum pain
control. Improved pain assessment, employment of multimodal
analgesic, and increased research with randomized clinical tri-
als are warranted in this area to improve the quality of current
analgesic strategies for neurosurgical patients in the periopera-
tive period to achieve adequate analgesia and consensus in the
standardization of pain control in this population.
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