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Abstract Analgesic therapy following intracranial proce-

dures remains a source of concern and controversy. Although

opioids are the mainstay of the ‘‘balanced’’ general anes-

thetic techniques frequently used during intracranial

procedures, neurosurgeons and others have been reluctant to

administer opioid analgesics to patients following such

procedures. This practice is supported by the concern that the

sedation and miosis associated with opioid administration

could mask the early signs of intracranial catastrophe, or

even exacerbate it through decreased ventilatory drive, ele-

vated arterial carbon dioxide levels, and increased cerebral

blood flow. This reluctance to use opioids following intra-

cranial surgery is enabled by decades of training and

anecdote emphasizing that pain is minimal following these

procedures. However, recent data suggests otherwise, and

raises the question of how to provide safe and effective

analgesia for these patients. Here, this data is reviewed along

with the relevant pain pathways, analgesic drugs and tech-

niques, and the available data on their use following

intracranial surgery. Although pain following intracranial

surgery appears to be more intense than initially believed, it

is readily treated safely and effectively with techniques that

have proven useful following other types of surgery,

including patient-controlled administration of opioids. The

use of multimodal analgesic therapy is emphasized not only

for its effectiveness, but to reduce dosages and, therefore,

side effects, primarily of the opioids, that could be of legit-

imate concern to physicians and affect the comfort of their

patients.
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Introduction

Historically, the pain associated with intracranial surgery

has been undertreated because of a presumed lack of need

and a fear that use of opioids, the analgesics most often used

to treat moderate to severe pain, may interfere with

the neurologic examination or lead to its deterioration [1].

Even with the immediate availability of modern imaging

technology, the neurologic exam remains the primary

instrument for perioperative evaluation of patients follow-

ing intracranial surgery. Opioids may produce sedation,

miosis, nausea and vomiting, symptoms that mask or mimic

signs of intracranial catastrophe. Furthermore, opioids, even

when administered in therapeutic doses, may depress minute

ventilation leading to hypercapnia, increased intracerebral

blood volume, and potentially increased intracranial pres-

sure and cerebral edema [2]. Therefore, it is understandable

why physicians involved with the care of these patients are

reluctant to administer opioids. Moreover, why expose a

patient to these risks when there is a presumed lack of need?

Decades of training and anecdote have reinforced a widely

held belief that patients do not experience intense pain

following intracranial surgery, a belief supported by the

fact that surgery on the brain parenchyma per se is not

painful.
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Pain Assessment

Pain assessment and management are interdependent and

one is essentially useless without the other. The goal of

pain assessment is to provide accurate data about the

location and intensity of pain, as well as the effectiveness

of measures used to alleviate or abolish it. For the most

part, with the exceptions described later on for special

populations, acute pain can be assessed by self-report with

simple numeric rating scales such as the discrete 0 (no

pain) to 10 (worst imaginable pain) scale that is commonly

used [3]. Direct patient observation is generally insufficient

since even experienced nurses and physicians tend to

underestimate pain particularly when it is most severe [4].

Unpublished data indicates that, at least at the authors’

institution, few physicians involved in the care of neuro-

surgical patients make the necessary formal assessments of

patients’ pain [5]. When patients describe past painful

experience they tend to recall pain intensity as less than

what they reported when they were experiencing the pain

[6, 7]. Furthermore, for reasons which remain unclear,

patients hesitate to make medical staff aware that they are

in pain [8]. Finally, satisfaction with pain-relieving therapy

does not necessarily relate to the effectiveness of that

therapy. As a rule, patients expect perioperative pain [9]

and value even less effective efforts at providing analgesia

[10]. Given these findings, it is easy to see how pain fol-

lowing intracranial surgery might be perceived by surgeons

as less than actually experienced by patients, providing

reassurance to those who would prefer to limit analgesic

therapy for the reasons elucidated above [11].

Pain and Intracranial Surgery

The literature on pain following intracranial surgery is just

beginning to present a sufficiently coherent picture to

reconsider its quality, intensity, and duration. Several

small, early studies demonstrated a period of moderate to

severe pain in 41% [12] to 84% [13] of patients in the first

24 postoperative hours. Studies like these supported a

growing recognition that craniotomy pain was more intense

than physicians believed [1, 14, 15]. On the other hand, a

larger, more recent study was inconsistent with this view

[16]. In this study of pain during admission to the pos-

tanesthesia care unit for periods of time averaging less than

2 h, pain scores on a discrete 0–10 scale averaged less than

1. Whether this was due to residual effects of the opioid-

based anesthetic techniques common during intracranial

surgery or some other factor, these observations fueled the

belief that patients were comfortable following craniotomy.

For many patients in another study, the pain accompanying

intracranial surgery was found to be greater than expected

[17]. Most recently, a large prospective study of pain fol-

lowing major intracranial surgery demonstrated some

period of moderate to severe pain (C4 on a 0–10 scale) in

69% of patients on the first postoperative day and in 48%

of patients on the second [18]. In contrast to studies with

other types of pain [10], patient satisfaction varied signif-

icantly with the quality of pain relief. Similar rates of

moderate to severe pain were also observed in another

more recent study [19]. Demographic and clinical factors

associated with increased pain following intracranial sur-

gery include sex [13, 18], age [13, 18, 19], surgical site

[18–20], surgical approach [21, 22], and use of nerve

blocks [18, 23] or local anesthetic infiltration of the inci-

sion site [24]. Pain intensity is also a significant factor in

studies evaluating the quality of recovery from intracranial

surgery [25].

Although the primary focus of intensivists is the acute

pain which accompanies intracranial surgery, a full

appreciation of the pain associated with intracranial sur-

gery requires recognition of the chronic pain syndromes

that can also occur. This recognition mirrors what is

occurring with other types of surgery, where an increasing

number of surgical approaches are linked with procedure-

specific pain syndromes of varying incidence and impact

[26]. Common factors associated with other types of

surgery include the intensity of postoperative pain and

nerve injury. After supratentorial surgery, the prevalence

of headache one year following surgery was 11% [27].

This is lower than seen with posterior fossa procedures,

where the prevalence of headache one year after surgery

is reported to be about 30% [28, 29]. Whether aggressive

perioperative analgesia could reduce the incidence

of long-term pain following craniotomy, as has been

speculated for other types of surgery [30], remains

unanswered.

Ironically the brain is insensate, and this fact may also

contribute to the notion that pain following intracranial

surgery should be limited. However, the muscles which

attach to the skull, the scalp, the periosteum, and the dura,

can be quite sensitive to noxious stimuli. An understanding

of their innervation can be useful for developing a peri-

operative analgesic regimen to reduce postoperative pain,

and for appreciating the limitations of particular approa-

ches for certain types of surgery. The key nerves (Fig. 1)

arise from all three divisions of the trigeminal nerve and

the first three spinal nerves. They contribute sensation to

the frontalis, temporalis, occipitalis, and cervical muscles

which attach to the occiput, all of which may be manipu-

lated or whose origin on the skull may be interrupted

during intracranial surgery. These same nerves provide

sensation to the scalp and periosteum [31]. Importantly, all

of these nerves are readily accessible for nerve block

(Fig. 1).
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Although the same cranial and spinal nerves provide

sensation to the dura, the innervation is less straightforward

and less accessible for neural blockade (Fig. 2) [32]. Cat-

echolaminergic fibers from the dura also originate from the

superior cervical ganglion of the sympathetic chain [33].

Although the innervation of the dura cannot readily be

interrupted with extracranial nerve blocks, knowledge of

these pathways is still important for relieving pain during

awake intracranial surgery. Furthermore, mechanical and

chemical irritation of the dura remaining after surgery can

contribute to painful postoperative sensation, even after an

effective scalp block. Since this pain is referred to the

Fig. 1 Innervation of the scalp and underlying muscles. Sensation is

provided by all three divisions of the trigeminal nerve and the ventral

rami of the 2nd and 3rd cervical nerve roots. The ophthalmic branch

of the trigeminal nerve gives rise to the supraorbital and supratroch-

lear nerves, the maxillary division gives rise to the zygomaticotemoral

nerve, and the posterior trunk of the mandibular division gives rise to

the auriculotemporal nerve. The lesser occipital nerve originates from

the ventral ramus of the 2nd cervical nerve root, whereas the greater

occipital nerve originates from the ventral rami of the 2nd and 3rd

cervical nerve roots. A scalp block sufficient for awake craniotomy or

as an adjunct to general anesthesia can be performed by injections at

the crosshatched regions on the figure. In practice, a bead of local

anesthetic over the medial half of the brow and one initiated just

lateral to the orbit and continued to the occipital prominence is

effective. The specific choice of nerves to block should be

individualized once the surgeon has specified the incision. In addition

to blockade of the nerves supplying sensation to the surgical site, local

anesthetic blockade of the pin sites not otherwise contained by prior

nerve blocks should be performed. A long-acting local anesthetic

(e.g., bupivacaine 0.5%) will maximize postoperative analgesia, but

efforts to avoid potentially toxic doses should be made as large

bilateral incisions can often require 30 ml or more of local anesthetic.

Some surgeons have expressed concern about local anesthetic

injection in the temporal region prior to vascular procedures out of

concern about potential damage to the superficial temporal artery.

Local anesthetic administration in the temporal region close to the

zygoma can also produce an inadvertent block of branches of the

facial nerve and this should be considered in the postoperative

neurologic assessment

Neurocrit Care (2009) 10:387–402 389



corresponding somatic distribution of the associated

nerves, this may help to identify the intracranial region of

concern.

Patient, Anesthetic, and Surgical Factors

Treatment of the pain accompanying intracranial surgery

begins prior to the procedure itself through recognition of

patient-specific issues which influence perioperative man-

agement. As indicated above, a number of demographic

factors such as female sex, younger age, and posterior fossa

approach may predispose patients toward more intense

perioperative pain. Patients with chronic painful conditions

incidental to or associated with the anticipated surgery are

more likely to experience increased perioperative pain [34]

and may already be taking opioid analgesics [35]. For

certain procedures, pain may not simply be a symptom of

Fig. 2 Intracranial innervation of the dura is provided by branches

from all three divisions of the trigeminal nerve and the first three

spinal nerves. As might be anticipated, the pain associated with

noxious stimulation of the dura is referred to the corresponding

somatic distribution of the nerve involved. A tentorial branch of the

ophthalmic division of the trigeminal supplies the tentorium cerebelli

and falx cerebri, coursing posteriorly along the tentorium, ascending

along the falx and traveling anteriorly. These nerves tend to follow

venous structures, providing sensation to the sinuses and the terminal

portion of the veins which drain into them. The most anterior portion

of the falx and base of the anterior cranial fossa are supplied by

meningeal branches of the anterior and posterior ethmoidal branches

of the ophthalmic division of the trigeminal nerve. The remainder of

the supratentorial dura is supplied by a meningeal branch of the

maxillary division of the trigeminal nerve, the nervus meningeus
medius, and a branch of the mandibular division, the nervus spinosus.

The nervus meningeus medius originates just prior to the exit of the

maxillary division of the trigeminal nerve through the foramen

rotundum, whereas the nervus spinosus is a recurrent branch of the

mandibular division which enters the skull through the foramen

spinosum along with the middle meningeal artery. Both of these

meningeal nerves course with the branches of the middle meningeal

artery, and the dura tends to be most sensitive where these vessels are

the most plentiful. The dura of the posterior fossa is supplied by

branches of the first three spinal nerves which enter the cranial vault

through the anterior portion of the foramen magnum and through the

jugular foramen and hypoglossal canal. Although extracranial access

to these nerves for the purpose of neural blockade is not generally

possible, intracranial blockade of the nervus spinosus can be

performed by injecting the dura where the middle meningeal artery

exits the foramen. When pain is experienced during awake craniot-

omies by traction of the dura and associated vascular structures,

identification of the nerve responsible and its blockade is possible by

recalling the anatomy of the tentorial and meningeal nerves, their

association with veins and arteries, respectively, and injecting small

amounts of local anesthetic between the dural layers at an appropriate

location
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the underlying disease, but is the criterion which dictates

that surgery should take place. Examples of this are

decompressions of type-I Chiari malformations or micro-

vascular decompression of the trigeminal nerve.

Effective perioperative analgesia also requires knowl-

edge of the anesthetic course and how it could affect the

pain experienced upon the conclusion of surgery. Opioid-

based ‘‘balanced’’ anesthetics are often used for intracra-

nial procedures [36] because of the hemodynamic stability

they confer, their minimal effects on cerebral blood flow,

and their contribution to a prompt and smooth emergence.

The specific opioid, the amount administered, and the

timing of administration with respect to the duration of

surgery and emergence all impact on the level of opioid

analgesia present upon emergence.

Paradoxically, intraoperative opioids may increase

postoperative analgesic requirements, a phenomenon

known as opioid-induced hyperalgesia [37]. This may be

prevented with concurrent administration of the dissociative

analgesic ketamine which is an N-methyl-D-aspartate

(NMDA) antagonist [38]. However, ketamine is rarely used

in neurosurgical patients because it is a hallucinogen that

alters the postoperative sensorium. Recently, it was dem-

onstrated that preoperative gabapentin can also prevent

opioid-induced hyperalgesia [39]. Opioid-induced hyper-

algesia may be a particular problem with remifentanil,

whose short elimination half-life of 3–10 min permits a

large intraoperative opioid effect capable of inducing

hyperalgesia, but with virtually no residual opioid effect

once emergence is complete. Certainly, in one study, when

remifentanil was used as a component of a balanced anes-

thetic technique for supratentorial craniotomy, even in

conjunction with small amounts of morphine sulfate, the

number of patients reporting severe pain in the immediate

postoperative period doubled compared to the fentanyl

group [40]. Another study comparing remifentanil and

fentanyl, as components of a balanced anesthetic technique

for supratentorial craniotomy, demonstrated earlier requests

for analgesics in the remifentanil group [41]. Comparisons

of intraoperative remifentanil–propofol to sufentanil–

propolfol for supratentorial craniotomy revealed only that

patients who received remifentanil requested analgesics

sooner [42]. Furthermore, as nitrous oxide enjoys another

period of disfavor [43] and with remifentanil infusion

already advocated as a means of achieving a brisk emer-

gence without use of nitrous oxide [44], remifentanil use is

becoming more common. Apart from creating a vacuum

that may be filled by other drugs with their specific impact

on analgesia, avoiding nitrous oxide may also avoid its

beneficial analgesic effects [45], some of which may stem

from its properties as an NMDA antagonist [46]. A newer

drug, dexmedetomidine, an a2-agonist administered by

continuous intravenous infusion, was recently introduced, is

currently approved for sedation during awake craniotomy

and is also used for sedation in the setting of the intensive

care unit [47]. It may be useful to recognize the perioper-

ative opiate-sparing effects of this class of drug [48].

Large doses of corticosteroids, generally dexamethasone,

are frequently administered during intracranial surgery.

Consequently, patients experience a powerful antiinflam-

matory effect that may reduce pain as well as an antiemetic

effect [49]. However, the antihyperalgesic effect from

cyclooxygenase-2 (COX-2) inhibition in the spinal cord that

is seen with nonsteroidal antiinflammatory drugs is not

realized [50]. Finally, whether a patient receives a scalp

block or local anesthetic infiltration of the incision site will

influence the intensity and time course of postoperative pain

[18, 23, 24]. Preoperative use of local anesthetic in this

manner can decrease intraoperative anesthetic require-

ments, leading to a brisker emergence and a more

cooperative patient in the immediate postoperative period.

Apart from the actual location of the surgery, a number

of additional surgical factors may influence the pain

experienced afterwards. For example, in the approach to

the posterior fossa, use of a craniotomy as opposed to a

craniectomy [21] and performance of a cranioplasty after a

craniectomy [51] have both been reported to reduce pain,

perhaps by preventing the traction that occurs with post-

operative cervical muscle attachment to the dura. A

translabyrinthine as opposed to a suboccipital approach

was reported to reduce the incidence of pain following

acoustic neuroma resection [22], but these differences were

no longer appreciated one year after surgery [52]. Other

studies were not as favorable concerning the translabyrin-

thine approach [53]. Another surgical factor which may

affect perioperative pain is the extent that branches of

the greater occipital nerve are divided in the approach to

the posterior fossa. It has also been hypothesized that the

amount of muscle damage from resection of the temporalis

muscle for supratentorial craniotomy or splitting of the

posterior cervical muscles for posterior fossa surgery may

largely determine the amount of pain experienced [14].

Overall Analgesic Strategy

Acute pain management in adults and children is increas-

ingly characterized by a multimodal approach in which

smaller doses of opioid and nonopioid analgesics, such

nonsteroidal antiinflammatory drugs, local anesthetics,

NMDA antagonists, a2-adrenergic agonists, and other

drugs are combined to target pain at multiple pathways. A

multimodal approach can also utilize nonpharmacologic

complimentary and alternative medicine therapies as well.

These include distraction, guided imagery, massage,

transcutaneous nerve stimulation, and acupuncture.
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Combining analgesic techniques and drugs has an additive

or synergistic effect which maximizes pain control, mini-

mizes opioid-induced side effects and, therefore, facilitates

recovery and rehabilitation.

Another important concept about acute pain therapy is

that of ‘‘preemptive analgesia’’ [54–56]. Intense nociceptor

stimulation can lead to central sensitization, the process

whereby neurons of the central nervous system adjust their

dynamic range so that subsequent stimuli are experienced

with greater intensity. Importantly, insofar as perioperative

pain is concerned, this process is ongoing despite otherwise

adequate levels of volatile anesthetics such as isoflurane

[57]. Preemptive analgesic strategies seek to limit central

sensitization during surgery by modulating the response to

noxious input during the perioperative period, thereby

reducing subsequent pain and the level of analgesic therapy

necessary to control it. Of the analgesic modalities relevant

for pain therapy following intracranial surgery, local

anesthetic infiltration, NSAIDs and NMDA antagonists,

but not systemic opioids can lead to measurable preemptive

analgesic effects [30]. It is debatable whether the phe-

nomenon of opioid-induced hyperalgesia described earlier

has, in some circumstances, masked the benefits of pre-

emptive systemic opioid administration. Of the available

analgesic therapies, local anesthetic use, as detailed below

and in Fig. 1, is the only one with a demonstrative pre-

emptive analgesic effect following intracranial surgery,

although it is the only one evaluated explicitly for this

effect in this population, thus far.

In the next sections, we will review some of the drugs

and techniques used postoperatively for multimodal pain

treatment and treatment algorithms for many of the most

common opioid-induced side effects. The tools and fun-

damental questions revolving about analgesic therapy

following intracranial surgery are the choice of specific

systemic adjuvants (Table 1), systemic opioids (Table 2),

and nerve blocks (Figs. 1 and 2) along with the route and

method of their administration, timing, and dosage. Sug-

gestions for managing opioid-induced side effects can be

found in the algorithms of Fig. 3 and in Table 3.

Table 1 Oral dosing guidelines for commonly used nonopioid analgesics

Drug (brand name) Dose (mg/kg)

(<50 kg)

Dose (mg)

(>50 kg)

Interval

(h)

Daily

maximum

dose (mg/kg)

(<50 kg)

Daily

maximum

dose (mg)

(>50 kg)

Side effects

Acetaminophen (Tylenol�) 10–15a 650–1,000 4 100a 4,000 Hepatotoxicity with toxic doses,

lacks antiinflammatory activity,

does not interfere with platelet

function

Ibuprofen (Motrin�) 5–10 400–600c 6 40b,c 2,400c Gastrointestinal irritation,

bronchospasm, interferes with

platelet function, hematuria

Ketorolac (Toradol�) 0.5 15–30 6 2b,c 120c See ibuprofen

Naproxend (Naprosyn�) 5–6c 250–375c 12 24b,c 1,000c See ibuprofen

Aspirine 10–15c,e 650–1,000c 4 80b,c,e 3,600c Reye’s syndromee, see ibuprofen

Choline-Mg tri-salicylatef

(Trilisate�)

7.5–15b,c 500–1,000c 4–8 80b,c,e 3,600c Preserves platelet function.

Otherwise, see aspirin

Gabapenting (Neurontin) 10–20 600–1,200 NA NA NA Sedation, dizziness, gait

disturbance

Pregabaling (Lyrica) 5–10 150–600 NA NA NA See gabapentin

a Maximum daily doses for acetaminophen should be reduced to 80 mg/kg in term neonates and infants and to 60 mg/kg in preterm neonates.

Supplied in multiple formulations, e.g., combined with codeine, making accidental overdosage possible. Rectal suppositories available
b Dosing guidelines for neonates and infants have not been established
c Higher doses may be used in selected cases for treatment of rheumatologic conditions
d Ketorolac is the only parenterally available NSAID
e Aspirin carries a risk of provoking Reye’s syndrome in infants and children. Because it permanently inhibits platelet function aspirin is rarely

prescribed in the immediate postoperative period. If other analgesics are available, aspirin use should be restricted to indications where

antiplatelet or antiinflammatory effect is required, rather than as a routine analgesic or antipyretic
f Aspirin-like compound that does not affect platelet adhesiveness or aggregation
g Generally administered as a single oral preoperative dose. There is little published perioperative experience in children
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Nonopioid Analgesics

The ‘‘weaker’’ or ‘‘milder’’ analgesics with antipyretic

activity, of which acetaminophen [paracetamol] (Tylenol�),

salicylate (aspirin), ibuprofen (Motrin�), naproxen (Aleve�,

Naprosyn�), diclofenic are the classic examples, comprise a

heterogenous group of nonsteroidal antiinflammatory drugs

(NSAIDs) and nonopioid analgesics (Table 1). They pro-

vide pain relief primarily by blocking peripheral and central

prostaglandin production by inhibiting COX-1 and COX-2.

These analgesic agents are administered enterally via the

oral or, on occasion, the rectal route and are particularly

useful for inflammatory, bony, or rheumatic pain. Paren-

terally administered NSAIDs, such as ketorolac (Toradol�),

are available for use in patients when oral or rectal admin-

istration is not possible. Unfortunately, regardless of dose,

the nonopioid analgesics reach a ‘‘ceiling effect’’ above

which pain can not be relieved by these drugs alone.

Because of this, these weaker analgesics are often admin-

istered in oral combination forms with opioids such as

codeine, oxycodone, or hydrocodone.

Aspirin has been largely abandoned in postoperative

pain management because it permanently inhibits platelet

function, which could have catastrophic consequences in a

patient who has recently undergone intracranial surgery.

On the other hand, choline-magnesium trisalicylate (Trili-

sate�) is an unique aspirin-like compound that does not

bind to platelets and therefore has minimal, if any, effects

on platelet function [58]. This makes choline-magnesium

trisalicylate a potentially useful adjunct in postoperative

analgesia.

The most commonly used nonopioid analgesic in neu-

rosurgical practice remains acetaminophen (paracetamol).

Unlike aspirin and the other NSAIDs, acetaminophen works

primarily centrally and has minimal, if any, antiinflamma-

tory activity. It is also thought to have an analgesic effect by

antagonizing NMDA and substance P in the spinal cord.

When administered in normal doses (10–15 mg/kg, PO),

acetaminophen is extremely safe and has very few serious

side effects. It is an antipyretic and like all enterally

administered NSAIDs, takes about 30 min to provide

effective analgesia. It is often administered alone or in

Fig. 3 Algorithm for relief of common opioid side effects. See Table 3 for drug dosages
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combination with oral opioids such as codeine, hydroco-

done, or oxycodone (see below). The ubiquitousness and

sense of safety of acetaminophen sets up the possibility of

excessive and potentially hepatotoxic acetaminophen dos-

ing, particularly when combination preparations such as

Tylox� or numbered Tylenol� are given for uncontrolled

pain or when they are ordered in addition to previously

prescribed acetaminophen. This problem was seen in our

study of analgesic use following craniotomy [18]. Regard-

less of preparation(s), the daily adult maximum

acetaminophen dose is 4000 mg/day (Table 1). Finally, an

intravenous formulation of acetaminophen is now available

in Europe and can be used in patients in whom the enteral

route is unavailable. This formulation has been associated

with better analgesia than oral acetaminophen in clinical

trials in adult patients and is equally effective and less

painful than the ‘‘pro’’ formulation of the drug in children

[59]. It is under investigation in the United States and

hopefully will be available for widespread use shortly.

The discovery of at least two COX isoenzymes has

updated our knowledge of NSAIDs [60–63]. The two COX

isoenzymes share structural and enzymatic similarities, but

are specifically regulated at the molecular level and may be

distinguished apart in their functions. Protective prosta-

glandins, which preserve the integrity of the stomach lining

and maintain normal renal function in a compromised kid-

ney, are synthesized by COX-1 [61, 62, 64]. COX-2 is

inducible, and the inducing stimuli include pro-inflamma-

tory cytokines and growth factors, which implies a role for

COX-2 in both inflammation and control of cell growth. In

addition to the induction of COX-2 in inflammatory lesions,

it is present constitutively in the brain and spinal cord, where

it may be involved in nerve transmission, particularly that

for pain and fever. Although the discovery of COX-2 has

made possible the design of drugs that reduce inflammation

without removing the protective prostaglandins in the

stomach and kidney made by COX-1, the growing contro-

versy regarding the potential adverse cardiovascular risks of

prolonged use of the COX-2 inhibitors has dampened much

of the initial enthusiasm for this drug class [65, 66].

Opioid Drug Selection

The potent analgesic drugs are commonly referred to as

‘‘narcotics’’ (from the Greek ‘‘narco’’—to deaden), ‘‘opi-

ates’’ (from the Greek ‘‘opion’’—poppy juice, for drugs

derived from the poppy plant), ‘‘opioids’’ (for all drugs with

morphine-like effects, whether synthetic or naturally

occurring) or, euphemistically, ‘‘strong analgesics.’’ Opi-

oids, the preferred terminology, produce analgesia by

binding to G-protein-coupled receptors (l, j, and d) located

throughout the central and peripheral nervous system as

well as in the gut [67, 68]. The opioids most commonly used

in the management of pain are l agonists and include

morphine, meperidine, methadone, codeine, oxycodone,

and the fentanyls. Many factors should be considered when

deciding which is the appropriate opioid analgesic to

administer to a patient in pain. These include pain intensity,

patient age, co-existing disease, potential drug interactions,

prior treatment history, physician preference, patient pref-

erence, and route of administration. The idea that some

Table 3 Drugs used to treat opioid-induced side effects

Drug (brand name) Dose (mg/kg)

(<50 kg)

Dose (mg)

(>50 kg)

Interval (h) Daily maximum

dose (mg/kg)

(<50 kg)

Daily maximum

dose (mg)

(>50 kg)

Comments

Senna (Senokot�)

(Perdiem�)

10 187–364 Give at

bedtime

Up to 2 regular

strength tablets

Up to 8 regular

strength

tablets

Syrup: 218 mg/5 ml

Tablet: 187 mg

X-strength tablet: 364 mg

Stool bulk; Best

administered with full

glass of water, milk, or

fruit juice

Docusate (Colace�)

(Dulcolax�)

10 50–500 mg/

day in 1–4

doses

6 40 500 Best administered with full

glass of water, milk, or

fruit juice

Diphenhydramine

(Benadryl�)

1 50 4–6 50 50 Very sedating

Useful for both nausea

and vomiting, and pruritus

Serotonin 5 HT-3

receptor antagonist

NA NA Used for nausea and

vomiting

(Zofran �) 0.15 4 4–6

(Dolasetron �) 0.35 12.5 4–6
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opioids are ‘‘weak’’ (e.g., codeine) and others are ‘‘strong’’

(e.g., morphine) is outdated. All are capable of treating pain

regardless of its intensity if the dose is adjusted appropri-

ately. For the most part, at equipotent doses, opioids have

similar effects and side effects, particularly where respira-

tory depression is concerned. Characteristics of selected l
opioid agonist drugs are listed for quick reference in

Table 2.

The use of meperidine requires some additional dis-

cussion. An entire generation of physicians believes that

meperidine causes less respiratory depression and less

biliary spasm than morphine. This was based on a study of

postoperative adult patients in which half received 10 mg

morphine and the other half 10 mg of meperidine. The

meperidine group had less respiratory depression and bil-

iary spasm than morphine. They also had more pain. The

equianalgesic dose of meperidine is 100 mg. When the

study was repeated with appropriate dosing the investiga-

tors found that meperidine had the same side effect profile

as morphine [69]. Meperidine has a neurotoxic metabolite,

normeperidine, that possesses no analgesic properties and

relies on the kidney for its excretion. Normeperidine

accumulation causes CNS excitation, resulting in a range of

toxic reactions from anxiety and tremors to grand mal

seizures.

Commonly Used Intravenous Opioids

Intravenous opioids are the primary drugs used in the treat-

ment of moderate to severe pain. Morphine (from Morpheus,

the Greek God of Sleep) is the gold standard for analgesia

against which all other opioids are compared. When small

doses, 0.1 mg/kg (i.v., i.m., s.c.), are administered to other-

wise unmedicated patients in pain, analgesia usually occurs

without loss of consciousness. The relief of tension, anxiety,

and pain usually may result in drowsiness and sleep as well.

Once steady-state pharmacokinetics are achieved, morphine

has a duration of action that is approximately 3–4 h. Fentanyl

is a shorter acting alternative which has become a favored

analgesic for intraoperative anesthesia, and can also be used

for patient-controlled analgesia (PCA) and breakthrough

pain. Fentanyl is approximately 100 (50–100) times more

potent than morphine (the equianalgesic dose is 0.001 mg/

kg) and is largely devoid of hypnotic or sedative activity.

Finally, methadone is increasingly being used for post-

operative pain relief and for the treatment of intractable

pain. Primarily thought of as a drug to treat or wean opioid-

addicted or -dependent patients, methadone’s long half-life

of elimination and high oral bioavailability provides very

long duration of effective analgesia (Table 2). Addition-

ally, methadone is unique in that it is also an NMDA

receptor antagonist which makes it useful for treatment of

chronic and neuropathic pain and may prevent opioid-

induced hyperalgesia.

Commonly Used Oral Opioids

Codeine, oxycodone (the opioid in Tylox� and Percocet�)

and hydrocodone (the opioid in Vicodin� and Lortab�) are

opioids which are frequently used to treat pain in children

and adults, particularly for less severe pain or when

patients are being converted from parenteral opioids to

enteral ones (Table 2). Oral morphine is commonly used in

regimens for chronic pain (e.g., cancer). Codeine, oxyco-

done, and hydrocodone are most commonly administered

in the oral form, usually in combination with acetamino-

phen or aspirin [70].

In equipotent doses, codeine, oxycodone, hydrocodone,

and morphine are equal both as analgesics and respiratory

depressants (Table 2). In addition, they share with other

opioids common effects on the central nervous system

including sedation, respiratory depression, and nausea

through stimulation of the chemoreceptor trigger zone in

the brain stem. This last attribute of the opioids is partic-

ularly true for codeine. There are many fewer problems

with nausea and vomiting with oxycodone. Codeine,

hydrocodone, and oxycodone have a bioavailability of

approximately 60% following oral ingestion. The analgesic

effects occur as early as 20 min following ingestion and

reach a maximum at 60–120 min. The plasma half-life of

elimination is 2.5–4 h.

Codeine is the most popularly prescribed enteral and

parenteral opioid in neurosurgical practice and is fre-

quently administered intramuscularly [1]. Although it is an

effective analgesic when administered parenterally, intra-

muscular codeine has no advantage over morphine or any

other opioid. If it has any use (and we do not think it does),

it is as an oral analgesic. Codeine undergoes nearly com-

plete metabolism in the liver prior to its final excretion in

urine. Approximately 10% of codeine is metabolized into

morphine (cytochrome P450 2D6) and it is this 10% that is

responsible for codeine’s analgesic effect. Interestingly,

approximately 10% of the population are ‘‘slow’’ metabo-

lizers of codeine into morphine and, in these patients,

codeine will have little analgesic effect. Additionally, 10%

of the population are ‘‘rapid’’ metabolizers in whom a

‘‘standard’’ dose may produce excessive sedation and

respiratory depression.

Like oxycodone, codeine, and hydrocodone, morphine is

also very effective when given orally, but only about 20–

30% of an oral dose of morphine reaches the systemic

circulation. In the past, this led many to conclude that

morphine was ineffective when administered orally. In

fact, this was the result of failing to provide sufficient
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morphine. Therefore, when converting a patient’s intrave-

nous morphine requirement to oral maintenance, one must

multiply the intravenous dose by 3–4.

Whereas oral morphine is prescribed alone, oral codeine,

hydrocodone, and oxycodone are usually prescribed in

combination with either acetaminophen or aspirin (Tyle-

nol� and codeine elixir, Percocet�, Tylox�, Vicodin�,

Lortab�). Acetaminophen and aspirin potentiate the anal-

gesia produced by opioids, and permit satisfactory analgesia

with less opioid. Typically, codeine is prescribed in a dose

of 0.5–1 mg/kg. As stated previously, in all ‘‘combination

preparations’’, beware of inadvertently administering an

hepatotoxic acetaminophen dose when increasing opioid

doses for uncontrolled pain [71]. Acetaminophen toxicity

may result from a single toxic dose, from repeated ingestion

of large doses of acetaminophen (e.g., in adults, 7.5–10 g

daily for 1–2 days, children 60–420 mg/kg/day for

1–2 days) or from chronic ingestion. Codeine elixirs are

available in virtually every pharmacy and contain 120 mg

acetaminophen and 12 mg codeine per teaspoon (5 ml) [70].

Codeine and acetaminophen are also available as ‘‘num-

bered’’ tablets, e.g., Tylenol� number 1, 2, 3, or 4. The

number refers to how much codeine is in each tablet.

Tylenol� number 4 has 60 mg codeine, number 3 has

30 mg, number 2 has 15 mg, and number 1 has 7.5 mg.

Hydrocodone is prescribed in a dose of 0.05–0.1 mg/kg.

The elixir is available as 2.5 mg/5 ml combined with

acetaminophen 167 mg/5 ml. As a tablet, it is available in

hydrocodone doses between 2.5 and 10 mg, combined with

500–650 mg acetaminophen. Oxycodone is prescribed in a

dose of 0.05–0.1 mg/kg. Unfortunately, the elixir is not

available in most pharmacies. When it is, it comes either as

1 mg/ml or 20 mg/ml. This can obviously result in cata-

strophic dispensing errors. In tablet form, oxycodone is

commonly available as a 5 mg tablet or as Tylox� (500 mg

acetaminophen and 5 mg oxycodone) or Percocet�

(325 mg acetaminophen and 5 mg oxycodone).

Oxycodone is also available without acetaminophen in a

sustained-release tablet for use in chronic pain. Like many

other time-release tablets, it must not be crushed and

therefore cannot be administered through a gastric tube

since breaking the tablet results in the immediate release of

an extremely large amount of oxycodone. Like sustained-

release morphine (see below), sustained-release oxycodone

is intended only for use in opioid-tolerant patients with

chronic pain, and not for routine postoperative pain. Fur-

thermore, in patients with rapid GI transit, sustained-

release preparations may not be absorbed at all (liquid

methadone may be an alternative).

Oral morphine is available as a liquid in various con-

centrations (as much as 20 mg/ml), a tablet (such as MSIR,

for ‘‘morphine sulfate immediate release’’; available in 15

and 30 mg tablets), and as a sustained-release preparation

(MSContin and Oramorph tablets, and Kadian ‘‘sprinkle

capsules,’’ which may be opened and sprinkled on apple-

sauce). Because it is so concentrated, the liquid is

particularly easy to administer to severely debilitated

patients. Indeed, in terminal patients who cannot swallow,

liquid morphine will provide analgesia when simply

dropped into the patient’s mouth [70].

Pain Management Adjuvants

Several drugs that are used in chronic and sympathetically

mediated pain are increasingly being used in the multi-

modal management of acute pain. Apart from their ability

to limit opioid-induced hyperalgesia as described earlier

[39], gabapentin and pregabalin, when given preopera-

tively, have been shown to decrease postoperative pain and

opioid consumption in many surgical procedures [72].

Whether this family of drugs may be useful in patients

undergoing intracranial surgery or provides better opioid

sparing and/or improved pain relief is presently unknown.

As indicated above, the a2-agonist dexmedetomidine is

being used for sedation during ‘‘awake’’ craniotomy and in

the intensive care unit [47]. The resulting adrenergic

modulation of spinal cord activity [73] can reduce sub-

sequent pain and opioid consumption [48]. Clonidine,

which is often administered to reduce hypertension, is also

an a2-agonist with similar analgesic properties [74].

However, because of their sedative nature, the a2-agonists

are unlikely to be used primarily for their analgesic effects

when intracranial surgery is the focus. The NMDA antag-

onists ketamine and dextromethorphan are analgesics with

significant preemptive analgesic effects [30, 75, 76] whose

use can also limit opioid-induced hyperalgesia [38]. The

dissociative nature of ketamine may render it less desirable

for use in association with intracranial surgery, and dex-

tromethorphan can produce sedation and other types of

CNS symptoms. Tramadol is a nonopioid analgesic which,

in contrast to the drugs already described in this section,

has actually been evaluated as an analgesic in association

with intracranial surgery and is, therefore, described in

more detail below.

Tramadol is a synthetic 4-phenyl-piperidine analog of

codeine, is a centrally acting synthetic analgesic that has

been used for 30 years in Europe and was approved by the

FDA for adult use in the U.S. in 1995 [77, 78] It is a

racemic mixture of two enantiomers, (+)-tramadol and

(-)-tramadol [78, 79]. The (+)-enantiomer has a moderate

affinity for the l-opioid receptor, greater than that of the

(-)-enantiomer. In addition, the (+)-enantiomer inhibits

serotonin uptake and the (-)-enantiomer blocks the reup-

take of norepinephrine, complementary properties which

result in a synergistic antinociceptive interaction between
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the two enantiomers. Tramadol may also produce analgesia

as an a2-agonist [80]. A metabolite (O-desmethyltramadol)

binds to opioid receptors with a greater affinity than the

parent compound and could contribute to tramadol’s

analgesic effects as well. However, in most animal tests

and human clinical trials, the analgesic effect of tramadol is

only partially blocked by the opioid antagonist naloxone,

suggesting an important nonopioid mechanism as well.

Tramadol’s intravenous analgesic effect has been

reported to be 10–15 times less than that of morphine and is

roughly equianalgesic with NSAIDs [78, 81]. Unlike

NSAIDs and opioid-mixed agonist/antagonists (e.g.,

butorphanol, nalbuphine), the therapeutic use of tramadol

has not been associated with clinically important side

effects such as respiratory depression, constipation, or

sedation. In addition, analgesic tolerance has not been a

serious problem during repeated administration, and nei-

ther psychological dependence nor euphoric effects are

observed in long-term clinical trials. Thus, tramadol may

offer significant advantages in the management of pain

following intracranial surgery by virtue of its dual mech-

anism of action, its lack of a ceiling effect, and its minimal

respiratory depression. Tramadol may be administered

orally, rectally, or intravenously [82, 83]. Oral and intra-

venous tramadol is administered in doses of 1–2 mg/kg;

the higher dose provides a longer duration of action with-

out increasing side effects.

Complications and Side Effects

Regardless of the method of administration, all opioids

commonly produce unwanted side effects, such as pruritus,

nausea and vomiting, constipation, urinary retention, cog-

nitive impairment, tolerance, and dependence [84]. The most

common in patients with both acute and chronic opioid

administration is bowel dysfunction. Opioid-induced bowel

dysfunction (OBD), often described as constipation in

patients taking opioids chronically and as postoperative ileus

in patients taking opioids acutely, is virtually universal [85,

86]. Historically, opioids were used to treat diarrhea prior to

their use as analgesics. Many patients suffer needlessly from

pain because they would rather suffer than experience these

opioid-induced side effects [87], and because physicians are

reluctant to prescribe opioids because of these common side

effects and because of their fear of respiratory depression.

Rather than reacting to side effects, we recommend that

anticipatory best practice treatment protocols and algo-

rithms be put into practice at the initiation of opioid

therapy. These protocols outlined in Fig. 3 and Table 3 are

used in our practice. For example, all patients being treated

with opioids, even for short periods of time, will become

constipated and should be treated with senna or other stool

bulking and softeners at the initiation of therapy. Further,

several clinical and laboratory studies have demonstrated

that low-dose naloxone infusions (0.25–1 mcg/kg/h) can

prophylactically treat or prevent opioid-induced side

effects without affecting the quality of analgesia or opioid

requirements [88]. This was confirmed in a study in chil-

dren and adolescents, and our institution now routinely

initiates a simultaneous low-dose naloxone infusion

whenever PCA is initiated in children [89]. Finally, a

peripheral opioid antagonist, methylnaltrexone (Relistor�),

has recently been approved by the United States Food and

Drug Administration and may dramatically alter how we

deal with unwanted opioid-induced side effects, particu-

larly OBD.

Additional Considerations

Clearly, patients presenting for intracranial surgery are far

from uniform with respect to age, mental capacity, and

underlying comorbidities. Pediatric, elderly, and critically

ill or injured patients can all differ in their ability to par-

ticipate in pain assessment and the pharmacokinetics and

pharmacodynamics underlying their response to analgesics.

Extremes of age, prior or acquired cognitive limitations, and

language barriers can interfere with pain assessment and,

therefore, analgesic therapy. Since, most pharmacokinetic

studies are performed in healthy adult volunteers, those with

limited illness or those with stable chronic disease, these

data are of limited use in patients at extremes of age or those

who are critically ill. These sources of variability can be

offset by careful titration of analgesics, something that is

possible only if pain can be adequately assessed.

Analgesic therapy in pediatric patients often requires pain

assessment tools different from the discrete 0–10 scale so

useful with cognitively intact adults, and is further burdened

by lingering beliefs that some groups of pediatric patients do

not experience pain despite almost two decades of data

demonstrating the contrary [90, 91]. Pain assessment in

pediatric populations is still possible with appropriate pain

assessment tools, the use of which will make clear the

capacity of these patients to experience pain. These include

additional tools that permit self-report (e.g., cartoon images

or colors that represent different pain levels) as well as

observational scales based on physiologic variables (e.g.,

heart rate and blood pressure) and behavioral criteria (e.g.,

posture and grimacing) [91, 92]. These tools may be useful

for any age group where cognitive impairment or language

barriers could interfere with the assessment of pain. Unique

pharmacokinetic considerations, if any, and specific dosing

regimens for pediatric patients are given above and in the

associated tables for each of the analgesics discussed.

However, even for patients without conditions that could
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alter pharmacokinetics, pain assessment and analgesic

titration are essential. Interestingly, patient-controlled anal-

gesic administration can be used safely and effectively by

relatively young patients or their proxies (e.g., family

member or nurse) [93].

In elderly patients, analgesic therapy is complicated by

differing analgesic requirements, preexisting and postop-

erative cognitive decline, and altered pharmacokinetics. In

this population, perioperative pain assessment may be more

difficult due to preexisting or acquired cognitive decline,

situations for which observational pain assessment tools

have been developed [94]. For reasons yet to be elucidated,

elderly patients often perceive acute pain to a lesser extent

than younger patients [95, 96], and this is consistent with

what has been observed following intracranial surgery [18].

Postoperative delirium is often observed in elderly patients

[97], is more likely to occur in those with preexisting

cognitive decline, may be exacerbated by opioids, and may

also be exacerbated by the pain and stress associated with

surgery, perhaps through activation of the glucocorticoid

system [98, 99]. The increased proportion of adipose tissue

in elderly patients can alter the volume of distribution of

the opioids and other analgesics, and decreases in hepatic

and renal function can affect their elimination [100].

Analgesic therapy in critically ill patients is fraught with

constraints. Analgesic therapy may exacerbate hemody-

namic instability or even contribute to it through histamine

release when morphine is administered more than a few

milligrams at a time. Individual alterations in renal or

hepatic function must be considered. The opioids interfere

with normal sleep architecture [101, 102] and are though to

play the major roll in the decline of restorative sleep known

to occur postoperatively [103]. This probably contributes to

the disrupted sleep experienced by patients in intensive

care settings [104], but opioids should not be withheld

because untreated pain can also disrupt normal sleep pat-

terns [105].

Analgesic Therapy Following Intracranial Surgery—

Current Practice

A recent survey revealed that intramuscular codeine phos-

phate is still the primary analgesic in the majority (70%) of

centers [36]. Only 13% used morphine as the primary anal-

gesic. Only 4% used PCA. Thus, not only does the traditional

teaching regarding the minimal nature of perioperative pain

following intracranial surgery persist [1], so does the tradi-

tional teaching regarding its management.

Although it now clear that better analgesic therapy is

required following intracranial surgery, the available litera-

ture on how to accomplish this remains sparse. Certainly, for

supratentorial craniotomy using a propofol–remifentanil

anesthetic, acetaminophen alone is inadequate [106], but

when combined with tramadol or nalbuphine administered

on an ‘‘as needed’’ (PRN) basis both combinations were

equally effective, resulting in mild pain for the first 24

postoperative hours. Several studies have compared intra-

muscular codeine phosphate with morphine sulfate. When

intramuscular morphine sulfate PRN is compared to intra-

muscular codeine phosphate PRN, morphine was found to be

equally safe with a more sustained period of effectiveness

[107]. When intramuscular codeine was compared with PCA

morphine administration, there was a slight reduction in pain

in the PCA group without any differences in side effects or

adverse events [108]. Intramuscular codeine phosphate was

also compared with intramuscular tramadol, each adminis-

tered at the conclusion of surgery, with minimal differences

in analgesic effects, but greater side effects in the tramadol

group [109]. Oxycodone was administered by PCA to

patients following supratentorial craniotomy who received

either paracetamol or ketoprofen (an NSAID), with few

differences observed and no adverse events related to opioid

administration [110]. A recent study sought to demonstrate

the safety and efficacy of PCA opioid administration fol-

lowing supratentorial craniotomy [111]. Following a

balanced anesthetic technique with fentanyl and a preinci-

sional scalp block with bupivacaine, patients were

randomized to receive fentanyl either PRN or via PCA.

Patients in the PCA group used significantly more fentanyl

and achieved significantly better pain control. Nonetheless,

sedation scores and respiratory parameters were identical

between the two groups. Collectively, these studies indicate

that opioid administration by PCA following supratentorial

craniotomy is safe and effective.

Scalp block and local anesthetic infiltration tailored to

the given surgical approach can be an important adjunct to

a balanced anesthetic technique by reducing intraoperative

anesthetic requirements, and can also reduce perioperative

pain. When the incision site is infiltrated with a long-acting

local anesthetic such as bupivacaine 0.25% some intraop-

erative hemodynamic responses were blunted and pain in

the immediate postoperative period was reduced [24].

When a scalp block (Fig. 1) is performed with a long-

acting local anesthetic prior to supratentorial craniotomy,

pain throughout the first postoperative day is reduced [18,

23]. Some of this reduction in pain is likely due to a pre-

emptive analgesic effect [30].

Recommendations

The authors currently embrace a multimodal approach that

combines the benefits of a balanced anesthetic technique

with fentanyl, nitrous oxide, and a volatile anesthetic with a

scalp block using bupivacaine 0.5% and placed prior to
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surgery. If no prior scalp incision has been made, then

the scalp block is supplemented by the surgeons with

bupivacaine 0.25% at the incision site. Postoperatively, all

patients receive acetaminophen at regular intervals

(650 mg pr, while initially NPO then 1 g PO q 6 h in an

adult). Care is taken to avoid oral opioids in combination

with acetaminophen due to the potential for prescribing

potentially toxic doses [18]. Patients typically receive

fentanyl via PCA with no background infusions, a bolus

dose of 0.25–0.50 lg/kg with a lockout of 6 min and up to

10 boluses per hour. If only PRN opiate administration is

permitted, then fentanyl 25–50 lg iv q 10 min is suggested

for adults. On the first postoperative day patients transition

to oral analgesics which include, along with the acetami-

nophen, oxycodone 5–10 mg q 3–4 h in an adult.

Conclusions

Future studies will be required to determine whether the

amount of opioid necessary to keep patients undergoing

posterior fossa procedures comfortable can be safely

administered by PCA. It would also be beneficial to know

whether adjuncts such as gabapentin should be administered

prior to craniotomy as is done with other types of surgery

[112]. Overall, analgesic therapy for intracranial surgery

now stands on a new foundation with data demonstrating

the necessity of treating pain in these patients and that, in

contrast to traditional teaching, safe and effective analgesic

therapy is possible with drugs and techniques commonly

used to treat the pain associated with other types of surgical

procedures.
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