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Foreword by Professor
Matthews

The amount of information that neurologists need for safe and effective
practice has grown rapidly over the last generation as neurology has moved
from a focus on diagnosis to one on treatment. As a consequence of this,
the busy general neurologist or trainee faces new challenges in managing
pharmacological treatments. This practical handbook, with its succinct sum-
maries of widely accepted management approaches to diseases commonly
encountered, and well-set out, detailed information on individual drugs,
goes a long way towards addressing this challenge. It will be a welcome
addition to my clinic desk.

Nageshwaran, Ledingham and Wilson have brought a range of experi-
ence to developing a text that will help doctors with very different lev-
els of expertise. For those in training or approaching an area with which
they are less familiar, the short chapters describing common syndromes
and their management provides a quick review. While a sub-specialist might
quibble with details, the approaches are sensible and reflect mainstream
British practice. Particularly welcome are the well-selected references to
the evidence base for treatments. These include the key points needed to
explain to patients why they are being treated to engage them as a first step
towards enabling them to be a full partners in their disease management.

For more experienced neurologists, the tables comparing pharmacologi-
cal characteristics and the associated reminders of drug monitoring require-
ments and interactions provide important, practical aids to better practice.
| find the pharmacokinetic data especially useful. Like all of the other data
pulled together here, while available elsewhere, it can be difficult to access
quickly when it is needed. The range of data summarised has been chosen
thoughtfully. The tables also are set out well and in a typeface that doesn’t
challenge the aging neurologist’s eyesight!

The role of reference books in an age of apps is increasingly questioned.
This volume illustrates why there is still a place for the book. It is well edited,
providing information selected to address practical clinical problems by a
group of authors aware of the needs of both trainees and experienced
clinicians who have “seen it all”. As another volume in a respected series,
the reader can have confidence in the quality of the data. Finally, it is organ-
ised to suit needs of everyday practice, even to the extent that the early
chapters are arranged in approximate order of the frequency with which
the problems arise in usual clinic practice.

The authors are to be congratulated!

Paul M. Matthews, OBE, MD,
D Phil, FRCP, FMedSci
Imperial College London, 2016
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Foreword by Professor
Bronstein

There are several roles practicing clinicians play in caring for patients but
none are more essential than providing an accurate diagnosis and prescrib-
ing the appropriate treatments. Neurological disorders have often been
seen as some of the most challenging especially to the general practitioner
and non-neurologist. Furthermore, there has been an explosion in our
understanding of neurological disease over the past few decades making the
task of providing high-level care even more daunting. Clinical-pathological
phenotypes have been much better refined with the development of
advanced imaging techniques and genetics. The sub-specialization of neu-
rology has also grown in recent years with this improved understanding
of the pathophysiology of common and rare neurological disorders. With
these advances came new medications and repurposing of older medica-
tions. The sheer volume of information that a clinician must assimilate has
become overwhelming.

How we find medical information has also changed over the past few
decades. When | worked in Nicaragua 25 years ago, there were essentially
no resources covering neurological disease and treatment beyond what |
could carry. Conversely, while studying at the National Hospital in London,
the library was overflowing with reference books and journals. Reviewing
and filtering the massive amount of information was exciting but time con-
suming and not very practical for a practicing clinician. The Internet has
provided an even larger array of information on neurological disorders and
treatments but it also comes with important cautions. The accuracy and
reliability of Internet sources always has to be considered and is not always
clear despite thorough investigation.

Drugs in Neurology is a wonderful practical resource to help manage the
massive amount of critical information needed to be an effective practicing
clinician. The book is divided into two sections. The first section provides an
up to date but succinct description of clinical conditions and approaches to
management. There is a clear emphasis on evidence-based medicine. The
second section of this book contains comprehensive specific information
on classes of medications and specific drugs which are organized alpha-
betically. Included are details on mechanism of actions, pharmacokinetics
and interactions, toxicity and side effects, contraindications, and evidence
of efficacy. Tables are effectively used for drug comparisons and pertinent
references are provided.

This book will find a place in my doctor’s bag and will be helpful for any
clinician treating patients with neurological conditions. This succinct, well-
organized Internet-independent resource will find plenty of use both in the
outpatient clinic and during inpatient hospital rounds.

Jeff Bronstein MD, PhD
David Geffen School of Medicine at UCLA
Los Angeles, 2016



Preface

A new era in clinical neurology is under way. In recent years, neurology has
seen a shift in practice; many hitherto incurable neurological conditions can
now be effectively treated. Thanks to new insights into pathophysiology,
improved diagnostic tools, and a focus on translational research increasingly
efficacious treatments are emerging.

With the rapidly evolving pharmacopeia used in modern neurology,
there is now a need for a practical guide which provides an evidence-based
approach enabling the user to choose the most appropriate therapy for the
increasingly wide range of neurological conditions amenable to treatment.

Drugs in Neurology comprehensively covers the modern management of
neurological diseases in adults. Emphasis is placed on the pharmacological
underpinnings behind the drugs used and on the evidence base for their
use, but respect is also given to treatment recommendations established
as a result of decades of clinical experience and to opinions from experts
in the field.

We hope this book will be of value to trainees in neurology and clini-
cal pharmacology and to all those involved in the treatment of adults with
neurological disorders.

We welcome comments and feedback from readers to help refine subse-
quent print and online editions of Drugs in Neurology.

Please e-mail all correspondence to: editors.drugsinneurology@gmail.
com.
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This work is dedicated to all the patients we serve, who keep us
inspired, motivated, and interested in their lives.
SN, DL, HW
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HBcAb hepatitis B core antibody

HBsAg hepatitis B surface antigen
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HCT haematopoietic cell transplantation
HD Huntington’s disease
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ICP intracranial pressure
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ICU intensive care unit
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IFN interferon

1gG immunoglobulin G

1gM immunoglobulin M

IHS International Headache Society

IIH idiopathic intracranial hypertension

IL interleukin

ILAE International League Against Epilepsy

M intramuscular
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IR immediate release
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LMN lower motor neuron

LMWH low-molecular weight heparin

LO Lorenzo’s oil

LOTS Late Onset Treatment Study

LP lumbar puncture
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MAM menstruation-associated migraine
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MCI mild cognitive impairment
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mV millivolt
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NEAD non-epileptic attack disorder
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OAB overactive bladder

od once daily

ONTT Optic Neuritis Treatment Trial

OR odds ratio

PACNS primary angiitis of the central nervous system
PAH phenylalanine hydroxylase

PAN polyarteritis nodosa

PBG porphobilinogen

PCNSL primary central nervous system lymphoma
PCOS polycystic ovary syndrome

PCP Pneumocystis jiroveci pneumonia

PCR polymerase chain reaction




xxiy  SYMBOLS AND ABBREVIATIONS

PCV procarbazine, lomustine, and vincristine (regimen)

PD Parkinson’s disease
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PH paroxysmal hemicrania
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PLMD periodic limb movement disorder

PLMS periodic limb movements of sleep
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PM polymyositis
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PNS peripheral nervous system

PO per os (by mouth)
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PPMS primary progressive multiple sclerosis

PRES posterior reversible encephalopathy syndrome

PRMS progressive—relapsing multiple sclerosis
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PSP progressive supranuclear palsy

PTNS percutaneous tibial nerve stimulation
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RBD REM sleep behaviour disorder

RCT randomized controlled trial

RCVS reversible cerebral vasoconstriction syndrome

RDA recommended dietary allowance
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RNA ribonucleic acid




SYMBOLS AND ABBREVIATIONS  yyy

RR relative risk

RRMS relapsing—remitting multiple sclerosis
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SACD subacute combined degeneration of the cord
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SANAD Standard And New Antiepileptic Drugs (study)

SC subcutaneous

SCA spinocerebellar ataxia

SCLC small cell lung cancer

SD standard deviation

SIADH syndrome of inappropriate antidiuretic hormone

SLE systemic lupus erythematosus

SMD standardized mean difference

SNAP-25 synaptosome-associated protein-25

SNRI serotonin and noradrenaline reuptake inhibitor

SPARCL Stroke Prevention by Aggressive Reduction in
Cholesterol Levels (trial)

SPMS secondary progressive multiple sclerosis

Spp. species

SRT stereotactic radiosurgical technique

SSRI selective serotonin reuptake inhibitor

STN subthalamic nucleus

SUNCT short-lasting unilateral neuralgiform headache attacks
with conjunctival injection and tearing

TA tranexamic acid

TAC trigeminal autonomic cephalalgia

TAN tropical ataxic neuropathy

B tuberculosis

TBZ tetrabenazine

TCA tricyclic antidepressant

tds three times daily

TEN toxic epidermal necrolysis

TFT thyroid function test

Th2 T helper 2

THC delta-9-tetrahydrocannabinol

TIA transient ischaemic attack

™ transverse myelitis

i maximum plasma concentration
TNF tumour necrosis factor
TOP Tysabri Observational Program
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t-PA tissue plasminogen activator

TPMT thiopurine methyltransferase

tRNA transfer ribonucleic acid

TS Tourette’s syndrome

TTH tension-type headache

TTP thrombotic thrombocytopenic purpura
U&E urea and electrolytes

UHDRS Unified Huntington’s Disease Rating Scale
UK United Kingdom

UMN upper motor neuron

UPDRS Unified Parkinson’s Disease Rating Scale
USA United States

UTI urinary tract infection

VaD vascular dementia

VAMP vesicle-associated membrane protein
VAS visual analogue scale

VCAM-1 vascular cell adhesion molecule 1

VEGF vascular endothelial growth factor
VEGFR vascular endothelial growth factor receptor
VGCC voltage-gated calcium channel

Vim ventralis intermedius

VIM ventral intermediate

VKORC-1 vitamin K epoxide reductase complex-1
VLCFA very-long-chain fatty acid

VLDL very-low-density lipoprotein

VMAT2 type 2 vesicular monoamine transporter
VOR vestibulo-ocular reflex

Vs versus

VTE venous thromboembolism

\74% varicella-zoster virus

WBC white blood cell

WCC white cell count

WD Wilson’s disease

WE Wernicke’s encephalopathy

WHO World Health Organization

WMD weighted mean difference
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YGTSS Yale Global Tic Severity Scale




How to use this book

Drugs in Neurology includes clinical and prescribing information for over 180
drugs. It is split into two sections. The first half of the book contains chap-
ters covering the major neurological sub-specialties and common neurologi-
cal symptoms. The second half comprises individual drug monographs for
all the major agents used in neurology, listed in an easily accessible A-Z
format.

In the sub-specialty chapters, all treatable conditions likely to be encoun-
tered in adult neurological practice are included. A brief discussion of core
clinical features, all recommended treatments, and a synthesis of the evi-
dence base for each treatment are outlined for each condition.

In the A—Z section, monographs are provided for individual drugs and
also for relevant drug classes. Each monograph contains licensing infor-
mation (UK, USA, and off-license uses), details of available formulations
(generic and brands), and mechanism(s) of action.

Toxicity and side effects are outlined in the individual drug sections, or in
the associated drug class monographs if they are shared with other similar
drugs. Common and severe side effects are highlighted, but side effects con-
sidered both common and severe are placed only in the severe category to
avoid duplication. Dose adjustments or restrictions recommended in renal
and hepatic impairment, the elderly, pregnancy, and breastfeeding are also
included.

Efficacy data are given, along with the evidence base for each condition,
with a focus on key trials and meta-analyses, which are referenced. Where
evidence is lacking, this is stated. Finally, practical information facilitating
safe use of the medication is provided. This includes dosing and monitoring
guidelines, and details of pharmacokinetics and interactions.

Disclaimer

Every effort has been made to ensure the accuracy of the information
presented within this text, with use of manufacturers’ guidance, official
guidelines, and recognized drug formularies such as the British National
Formulary. However, the text should not be used as a substitute to the most
up-to-date published guidance, and national and local formularies.
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Introduction

Headache is one of the commonest neurological presentations to pri-
mary care and neurology clinics. It accounts for an estimated 4.4% of
general practice consultations and 2.2% of emergency department visits.



CLASSIFICATION

Classification

The International Headache Society (IHS) classification for headache
(ICHD-2) considers headache disorders to be either primary or second-
ary. Primary headache disorders include migraine, tension-type head-
ache (TTH), and trigeminal autonomic cephalalgias (TACs). Secondary
headache disorders are conditions in which headache arises due to an
underlying identifiable cause. Medication overuse headache (MOH) is the
most commonly encountered secondary headache in clinical practice.

Headaches
Headaches can be broadly categorized into three groups:
e Primary headache syndromes include:

1. migraine with and without aura;

2. TTH;

3. cluster headache and other TACs, e.g. paroxysmal hemicrania (PH),
hemicrania continua (HC), and short-lasting unilateral neuralgiform
headache attacks with conjunctival injection and tearing (SUNCT);

4. other primary headaches, e.g. primary cough, exertional, stabbing
and thunderclap headaches, and headache associated with sexual
activity.

e Secondary headache syndromes include:

1. headaches secondary to head and neck pathology;

2. substance use or its withdrawal, e.g. MOH;

3. psychiatric disorder.

e Cranial neuralgias and facial pain, e.g. trigeminal neuralgia.

This chapter will deal with the symptomatic treatment of primary
headache syndromes, idiopathic intracranial hypertension, and MOH.
Trigeminal neuralgia is discussed in Chapter 5, Neuropathic pain.

5
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General principles of treatment

1.

Headache diaries and regular review: patients should be encouraged to
keep headache diaries in order to find associations with previously
unknown triggers and to assess medication efficacy. They should also
be regularly reviewed to assess efficacy of treatment and side effects
of drugs used.

. Acute treatment of headache attacks: treatment should be initiated as

early as possible in the attack. The analgesic agents used should be
appropriate for the severity of the headache, and be effective and
acceptable to the patient.

. Prevention of headache attacks: preventative treatment should be initiated

in consultation with the patient. This is typically started when quality of
life is impaired, e.g. headache frequency is >2 attacks per month, there
is severe or prolonged aura, or acute treatment is ineffective. The agent
used depends upon patient choice, co-morbidities, and the risk of drug
interactions. Treatment should be started with a proposed duration in
mind, typically 3—6 months.

. Mini-prophylaxis/pre-emptive treatment: patients with specific

predictable triggers for headache, e.g. menstruation-associated
migraine (MAM), exercise-induced migraine, will benefit from
mini-prophylaxis taken prior to the trigger, e.g. non-steroidal anti-
inflammatory drugs (NSAIDs) or triptans.

. Beware of MOH (see Medication overuse headache, pp. 14-5): all

acute abortive headache treatments are associated with MOH.
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Primary headache

The American Headache Society (AHS)/American Academy of Neurology
(AAN), European Federation of Neurological Societies (EFNS), and
National Institute for Health and Care Excellence (NICE) in the United
Kingdom (UK) have outlined recommendations for the management
of common headache disorders. The following pages will focus on the
primary headaches, IIH and MOH, as these are the most commonly
encountered.

Migraine with or without aura

Migraine is a common headache disorder, with an estimated 324 million
people affected worldwide. It affects 18% of women and 5% of men in
developed countries. In adults, it is typically unilateral but can be bilat-
eral. It is moderate to severe in intensity, has an insidious onset over
minutes to hours, and is described as pulsating or throbbing. It can be
associated with photophobia, phonophobia, nausea, and vomiting. Aura,
a constellation of focal neurological symptoms, typically visual, sensory,
or motor, if present, usually precedes the onset of headache but may
occur during or after the headache attack.

Acute treatment of episodic migraine

e First line: aspirin, oral triptan, NSAID, or paracetamol.

Second line: Non-oral triptan or combination therapy.

If treatment failure with the above, ergot alkaloids may be used.
Drugs to avoid: opioids.

Adjuncts: prokinetic agents, e.g. metoclopramide or domperidone,
should be given if there is nausea/vomiting or suspicion of significant
absorption delay due to gastric stasis.

Evidence base
(For comparisons, see Triptans monograph, pp. 354—61.)

A large meta-analysis (53 trials) of oral triptans in migraine treatment
found that almotriptan (12.5mg), eletriptan (80mg), and rizatriptan
(10mg) were more effective and consistent than sumatriptan in reducing
headache severity, but that eletriptan at this dose was less well tolerated;
59% of patients had a significant improvement in headache at 2h with
sumatriptan 100mg. In a further meta-analysis (13 trials) of metoclopra-
mide in acute migraine, intravenous (IV) metoclopramide was found to
be more effective than placebo at reducing headache severity. There are
no combined studies comparing different NSAIDs in migraine, but each
individual NSAID has been shown to be superior to placebo in reducing
headache severity in randomized controlled trials (RCTs). Paracetamol
1g has been shown to be effective in reducing headache pain and the
symptoms of photophobia and phonophobia, compared with placebo,
with about 58% of patients responding to paracetamol. Ergot alkaloids
(dihydroergotamine and ergotamine) are less effective than triptans.
There is some RCT evidence showing efficacy for ergotamines, but their
use is limited by side effects. They may have a role in patients with pro-
longed migraine and a high rate of headache recurrence.

7
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Recommendations

1. The most cost-effective triptan should be chosen first. If there is
no response, despite optimum administration, then an alternative
triptan should be used. Triptans are usually given at the onset of
headache, and not during aura.

2. Any of the NSAIDs may be used for acute migraine. If there is failure
of response with one, an alternative should be used.

Mini-prophylaxis for menstruation-associated migraine
e First line: Short course frovatriptan or NSAID.
e Second line: naratriptan or zolmitriptan.

Evidence base

Frovatriptan is the most effective triptan in mini-prophylaxis for MAM.
The twice-daily (bd) dose (2.5mg bd started 2 days before menstruation
and continued for a total of 6 days) has been shown in an RCT to be
significantly more effective than placebo at reducing headache frequency
(incidence of migraine after 6 days of use, 41% vs 67%, respectively).
Naratriptan (1mg bd for 5 days) and zolmitriptan (2.5mg bd/three times
daily (tds) for 7 days) have also been shown in two RCTs to be effective
in MAM.

Preventative treatment for episodic migraine

Individual practice varies. The following is drawn from the guidelines.

e First line: metoprolol, propranolol, topiramate, or sodium valproate.

e Propranolol may be preferred in women of childbearing age, due to
the risk of teratogenicity with topiramate and valproate.

e Second line: acupuncture, amitriptyline, flunarizine, or pizotifen.

e Third line: if treatment failure with the above, suggest candesartan,
duloxetine, gabapentin, magnesium, methysergide, or venlafaxine.

e Migraine prophylaxis is deemed successful when headache attacks fall
by at least 50% in 3 months.

Evidence base

The B-blockers metoprolol and propranolol have been shown in several
RCTs to be effective in migraine prophylaxis. In a meta-analysis, pro-
pranolol was shown to result in a 44% reduction in migraine frequency.
Topiramate has been shown to be as effective as propranolol and val-
proate in reducing headache frequency. In a Cochrane review of acu-
puncture in migraine prophylaxis (22 trials), acupuncture was found to
be as effective, if not more so, than prophylactic drug treatment and pro-
duced fewer adverse effects. However, there appears to be a significant
placebo effect, as no significant difference was shown in efficacy between
true and sham acupuncture. In a Cochrane review, lamotrigine was found
to be ineffective as a prophylactic agent in migraine.

Preventative treatment for chronic migraine

Chronic migraine is defined by the IHS as migraine headache on at least
15 days per month, for >3 months, in the absence of MOH.

Treatment

e First line: as for preventative treatment for episodic migraine.
e Second line: botulinum toxin type A.
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Evidence base

There is a paucity of evidence for the pharmacological treatment of
chronic migraine. In the UK, botulinum toxin is recommended after fail-
ure of three pharmacological prophylactic treatments. The PREEMPT
trials (1 and 2) were RCTs assessing botulinum toxin type A in chronic
migraine in patients aged 18—65 years. The pooled analysis of both stud-
ies found that botulinum toxin type A was significantly more effective
than placebo at reducing the number of headache days. However, it was
not effective at reducing the amount of acute analgesia taken compared
with placebo.

Status migrainosus
e Definition: a severe migraine attack lasting longer than 72h.

Treatment

There is little evidence to guide treatment for status migrainosus.

Possible treatments include:

e firstline: IV/high-dose PO aspirin and/or IV metoclopramide, or SC
sumatriptan;

e if treatment failure with above, clinicians can trial: dihydroergotamine
2mg nasal spray or suppository, diclofenac at 75mg IM,
chlorpromazine 25-50mg IV or IM, prochlorperazine 12.5mg IV or
IM, or prednisolone at 50-100mg PO.

Evidence base

IV aspirin and SC sumatriptan have both been shown to be effective in
acute migraine in an RCT comparing them with placebo. Sumatriptan
was more effective than aspirin but was associated with more adverse
effects. Placebo-controlled trials have failed to show efficacy for corti-
costeroids in aborting migraine attacks or in reducing recurrence, but
expert opinion suggests steroid use can be effective in severe migraine.
Dihydroergotamine has been shown to be effective in open-label studies
and is supported by expert opinion.

Tension-type headache

TTH is the commonest headache type, with a lifetime prevalence of 42%
in men and 49% in women. Although a separate disorder in the IHS clas-
sification, there are many similarities between migraine and TTH, and
some experts consider them phenotypically distinct manifestations of
the same disorder. TTH is typically bilateral and is described as a ‘tight-
ening’ or ‘pressure’. It can be associated with muscle tenderness around
the head and neck and with nocturnal bruxism.

Acute treatment of tension-type headache

e First line: NSAIDs and/or paracetamol.

e Second line: a combination of NSAIDs or paracetamol with caffeine.

e Drugs to avoid: opioids and triptans.

e Also consider: electromyography (EMG) biofeedback, cognitive
behavioural therapy (CBT), and relaxation therapy.

9
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Evidence base

Paracetamol 1000mg has been found in most studies to be more effec-
tive than placebo at achieving the primary outcome of freedom from
pain at 2h. Aspirin, diclofenac, and ibuprofen are also consistently more
effective than placebo. Paracetamol and NSAIDs have a similar efficacy
in TTH, with no significant difference in adverse events. The efficacy of
NSAIDs and paracetamol in TTH has been shown to be increased by a
combination with caffeine (64-200mg). However, given the theoretical
risk of caffeine withdrawal headache, this should be used as second-line
therapy in TTH. Opioids increase the risk of MOH and should be avoided
in TTH. Triptans have been shown to be effective in interval headache
in patients with migraine, but efficacy in TTH has not been consistently
demonstrated. EMG biofeedback has been shown in a meta-analysis to
have a moderate effect in TTH, and the effect was increased when used
in combination with relaxation therapy. CBT has been shown to be more
effective than placebo.

Treatment of chronic tension-type headache
e First line: acupuncture or amitriptyline.
e Second line: mirtazapine or venlafaxine.

Evidence base

Amitriptyline has been shown to be consistently effective as a prophylac-
tic agent in several RCTs, with about 40% of patients showing significant
improvement in headache severity in one trial. Mirtazapine at doses used
for depression has been demonstrated to be effective in patients who have
not responded to amitriptyline and so may be useful in patients with TTH
and co-morbid depression. An RCT of venlafaxine (150mg/day) showed
efficacy in reducing headache days in patients with episodic and chronic
TTH. A Cochrane review concluded that acupuncture could be useful for
TTH, showing benefit in headache and pain reduction up to 3 months after
treatment. Trials investigating the use of occipital nerve block and botulinum
toxin injection have not demonstrated their effectiveness in the manage-
ment of TTH.

Trigeminal autonomic cephalalgias

TACs are a group of primary headache disorders that comprise unilat-
eral trigeminal pain with autonomic features such as lacrimation and rhi-
norrhoea. This group includes cluster headache, PH, HC, and SUNCT.
Although subtle differences exist between each disorder, a common
pathophysiological mechanism is implicated, with abnormal activation of
the trigeminal—parasympathetic reflex and centres controlling circadian
rhythms, resulting in:

e trigeminal pain;

e rhythmicity;

e autonomic dysfunction.

Cluster headache

Cluster headache is characterized by severe unilateral attacks of orbital/
supraorbital/temporal pain, associated with restlessness and cranial
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autonomic features (ptosis, miosis, conjunctival injection, lacrimation,
nasal congestion, rhinorrhoea). The attacks are short-lived (lasting from
15min to 3h), and patients may experience up to eight attacks a day.
Commonly, the attacks occur at the same time every day, often waking
the patient at night. In the episodic form, there are periods of remission,
lasting months to years, while, in the chronic form, there are not.

Acute treatment

e First line: high-flow oxygen (100% oxygen at 10—15L/min for
10—20min with a non-rebreathe mask) and/or nasal or SC triptan.

e Second line: intranasal lidocaine, SC octreotide, or oral
zolmitriptan.

e Drugs to avoid: ergots, hyperbaric oxygen, and opioids.

Evidence base

Oxygen has been shown in RCTs to be significantly more effective than
placebo at reducing cluster headache severity. A double-blind, rand-
omized, placebo-controlled cross-over trial of 109 patients with clus-
ter headache found that treatment with high-flow oxygen (12L/min) at
the beginning of a cluster headache attack was more likely to result in
the patient being pain-free at 15min than with placebo (78% vs 20%;
p <0.001). Sumatriptan 6mg SC was identified as being more effective
than placebo at reducing headache at 15min from moderate/severe to
mild/no pain. It has been shown to be effective in about 75% of patients
treated, terminating attacks within 20min. Intranasal lidocaine, SC
octreotide, sumatriptan nasal spray, and oral and nasal forms of zolmi-
triptan are also more effective than placebo at reducing cluster headache
intensity.

Transitional therapy (mini-prophylaxis)

o First line: corticosteroids or greater occipital nerve (GON)
blockade.

Evidence base

e Corticosteroids have been shown to be effective as a bridging
therapy for the initiation of preventative treatment. They are

used for 2-3 weeks at doses of 230mg/day prednisone or 4mg bd
dexamethasone. There is a high risk of headache recurrence with
dose tapering, and so steroids should only be reduced and stopped
once prophylactic agents are at therapeutic dosages.

In severe intractable cluster headache, invasive measures, such as
hypothalamic deep brain stimulation (DBS) and GON blockade, have
shown promise in studies with adult patients.

Prophylactic treatment

e First line: verapamil.

e Second line: lithium, methysergide, or topiramate.

o [f treatment failure with the above: baclofen, gabapentin, intranasal
capsaicin, melatonin, pizotifen, or valproate.

"
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Evidence base

Verapamil is the first-choice agent for episodic and chronic cluster head-
ache prophylaxis. It has been shown in RCTs to be more effective than
placebo at reducing cluster headache frequency. In one randomized,
placebo-controlled trial, 80% of those treated with verapamil responded
with a reduction in cluster headache frequency, half within the first week.
Verapamil and lithium appear to have similar efficacy in reducing attacks
in RCTs, but verapamil has a faster onset of action and has fewer drug
interactions, and so is preferred. Open-label studies suggest that methy-
sergide and topiramate may be effective prophylactic agents, but they
have not been assessed in RCTs.

Paroxysmal hemicrania and hemicrania continua

PH is a rare headache disorder, characterized by unilateral attacks of
severe head pain associated with autonomic features. It differs from
cluster headache in that attacks are usually shorter in duration, lasting
between 2min and 30min, and more frequent, occurring >5 times per
day. It is classically highly responsive to indometacin. HC is another TAC
which is highly responsive to indometacin. It is also unilateral and associ-
ated with autonomic features, but is continuous in nature with the major-
ity of patients suffering from unremitting pain.

Treatment

e First line: indometacin.

e Second line: other NSAIDs or verapamil.

e |f treatment failure with the above: ergots or topiramate.

Evidence base

Indometacin is so effective in terminating PH and HC attacks that a
response to indometacin (recommended starting dose 75mg/day) is part
of the diagnostic criteria. Verapamil and some other NSAIDs (piroxicam,
aspirin, cyclo-oxygenase 2 (COX-2) inhibitors) appear to have some effi-
cacy in PH in open-label studies.

Short-lasting unilateral neuralgiform headache attacks with conjunctival
injection and tearing

SUNCT is characterized by very short, severe, unilateral attacks of head-
ache, centred around the ophthalmic trigeminal area, associated with
conjunctival injection and watering. It is a rare disorder and is typically
seen in middle and older age (40-70 years). Triggers for an attack include
any action which stimulates an area within the trigeminal-innervated
zone, e.g. brushing hair, eating, or talking. The disorder is so rare that
there are no published placebo-controlled trials of treatment.

Acute treatment

e Firstline: IV lidocaine 1-4mg/kg/h, given for a maximum of 7 days, or
IV phenytoin 250mg as a single dose.

e [f treatment failure with the above: corticosteroids.
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Evidence base

IV lidocaine has been shown to have inconsistent efficacy in the acute
treatment of SUNCT attacks. Some case reports describe |V lidocaine
aborting attacks for a few hours to weeks. Other case reports show no
effect. IV phenytoin was found to be effective in terminating SUNCT in
a single case report. Corticosteroids may have some effect in treating
SUNCT, but consistent evidence is lacking. The doses stated above are
taken from published reports.

Preventative treatment

e Firstline: lamotrigine 100-200 mg/day.

e Second line: carbamazepine (900mg/day), oxcarbamazepine (300mg
bd), gabapentin (600-900mg/day), or topiramate (75mg/day).

Evidence base

e Lamotrigine has been shown in case series to be effective as a
prophylactic agent in SUNCT. There is some evidence for efficacy
of oxcarbamazepine, gabapentin, and topiramate as prophylactic
agents from case reports. About one-third of patients treated with
carbamazepine responded to treatment. No treatment has been
shown to be consistently effective in SUNCT. The doses stated above
are taken from published reports.

Hypothalamic DBS, occipital nerve stimulation, and microvascular
decompression of the trigeminal nerve may have a role in some patients
with refractory symptoms.

Other indometacin-responsive headache syndromes

In addition to PH and HC discussed above, other headache types which
may respond well to indometacin include Valsalva-induced headache,
primary cough headache, primary exertional headache, primary head-
ache associated with sexual activity, primary stabbing headache, and
hypnic headache.

e Firstline: indometacin.

Evidence base

All of the above disorders are sensitive to indometacin to varying
degrees. The recommended starting dose is 75mg (increased to 150mg
daily, according to response). PH and HC are usually consistently respon-
sive to indometacin. Hypnic headache may also respond to lithium and
caffeine, as described in case reports.

13
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Secondary headache
In this chapter, only lIH and MOH will be discussed.

Idiopathic intracranial hypertension

IIH typically occurs in women who are overweight and of childbearing
age. Itis also associated with excessive vitamin A intake, growth hormone
therapy, and tetracycline antibiotics, and has been linked with certain sys-
temic illnesses, including systemic lupus erythematosus (SLE), hypopar-
athyroidism, sleep apnoea, and polycystic ovary syndrome (PCOS).
Patients usually present with a diffuse headache, worse in the morning
and on lying down and exacerbated by the Valsalva manoeuvre. They
may also experience nausea, vomiting, and visual disturbances, includ-
ing diplopia and obscurations, and can have papilloedema. Treatment is
aimed at reducing the intracranial pressure (ICP) and reducing the risk of
permanent optic nerve damage.

Management

o First line: acetazolamide.

e Other drugs to consider: corticosteroids, loop diuretics, topiramate.

e Other management strategies: repeated lumbar puncture (LP),
surgery including lumboperitoneal shunting and optic nerve sheath
fenestration.

Evidence base

Acetazolamide has been shown in the [IH treatment trial, an RCT, to sig-
nificantly improve visual function, papilloedema grade, as well as reduc-
ing weight when compared with placebo at six months with mean doses
of 2.5g/day (19% withdrawing from the trial due to adverse effects—all
except one of whom took acetazolamide). The addition of furosemide has
been shown to be effective in reducing pressure and papilloedema in case
series. Topiramate has some carbonic anhydrase activity and is associated
with weight loss, which makes it an attractive option for IIH. It has been
shown to have a similar efficacy to acetazolamide in one comparative
study, but more robust evidence is lacking. Due to the associated weight
gain, corticosteroids are not recommended for the long-term manage-
ment of [IH but can be used in bridging therapy for surgery.

Medication overuse headache
MOH occurs in patients with primary headache disorders who take acute
analgesic medication regularly for >3 months. The culprit agents are:
e ergots, opioids, and triptans for 210 days per month;
e aspirin, NSAIDs, and paracetamol, alone or in combination for
215 days per month.

Management

The offending analgesic should be withdrawn. Simple analgesics can be
abruptly stopped, while opioids, benzodiazepines, and barbiturates will
require gradual dose reduction with close monitoring. The majority of
patients can be managed in the community, but a proportion may benefit
from admission and IV hydration.
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If drug treatment is also required:

o first-line treatment: topiramate 100-200mg/day;

e second-line treatment: amitriptyline (up to 50mg/day),
corticosteroids (up to 60mg/day), or NSAIDs.

Evidence base

Topiramate has been found to be effective in reducing headache fre-
quency in MOH in three RCTs. Corticosteroids have shown conflicting
results in MOH. One RCT showed no efficacy with 60mg predniso-
lone, while another found that treatment with 100mg prednisolone sig-
nificantly shortened headache duration, compared to placebo. Hence,
potentially a higher dose of prednisolone is needed. Amitriptyline may be
effective in MOH but has not been assessed in placebo-controlled trials.
NSAIDs have been used for MOH but are not first-line, as they can also
cause MOH. Naproxen has been shown in one uncontrolled study to
be effective in reducing intake of analgesics and headache severity when
combined with amitriptyline.
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Introduction

Dizziness accounts for over 20% of general practice visits, and 4% of acci-
dent and emergency (A&E) attendances, in the UK. It is associated with
anxiety, handicap, and avoidance behaviour, resulting in significant func-
tional impairment. Dizziness also constitutes a challenge for the physician,
as both establishing a diagnosis and achieving adequate symptom control
can be difficult. The word dizziness is used by patients to describe a variety
of complaints, ranging from imbalance to true vertigo, light-headedness,
and even headache. Therefore, one first needs to establish what the
patient means by the term ‘dizziness’. Patients may find this difficult, and
use of analogies, such as ‘spinning like a merry-go-round’, ‘rocking as if on
a boat), off-balance, lightheaded, or faint, may help the patient to describe
more accurately their symptoms.

Vertigo, when strictly defined as anillusion of either oneself or the envi-
ronment moving, is a reliable symptom. It indicates involvement of the
semicircular canals and/or their central projections. Localizing the exact
site of the lesion relies upon the presence of associated symptoms and
clinical signs. One approach is to begin by distinguishing peripheral from
central vertigo. Another is to consider the commoner diagnoses first.

Peripheral vertigo is generally positional, associated with constitu-
tional upset, nausea, and vomiting, and either occurs in isolation or in
association with hearing loss and/or tinnitus. Central vertigo is rarely an
isolated symptom and is often accompanied by dysarthria, paraesthesiae
or weakness, diplopia, incoordination, or other brainstem or cerebellar
symptoms.

The commonest causes of dizziness in general practice are benign
paroxysmal positional vertigo (BPPV), postural hypotension, vestibular
neuronitis/labyrinthitis, and vestibular migraine. Rarer causes include
posterior circulation (brainstem or cerebellar) stroke, multiple sclerosis
(MS), and Méniére’s disease.

This chapter covers the evidence-based treatment options, where
available, for the commoner peripheral and central vestibular disorders.
It should be noted that recent evidence supports the clinical finding that
traditional ‘vestibular sedatives’, e.g. antidopaminergics and antihista-
mines, have no effect on vestibulo-ocular function or the perception of
self-motion and that their effect is primarily antiemetic.
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Classification

The International Classification of Vestibular Disorders defines vertigo
as ‘The sensation of self-motion when no motion is present or altered
sensation of motion when motion occurs’. Sub-classification of vertigo
is difficult, and no strict universally acknowledged system, as yet, exists.
Vertigo is often split on the basis of the character of the vertigo symp-
toms or underlying aetiology.

Classification by vertigo character

In simple terms, vertigo can be spontaneous or triggered. Spontaneous
vertigo occurs without any internal or external perturbation. The main
types of triggered vertigo are tabulated in Table 2.1.

Classification by vertigo aetiology

The causes of vertigo can be divided into peripheral and central types, as
described in Table 2.2.

Table 2.1 Examples of triggered vertigo

Trigger Definition
P

curs after a change in head position

Visually Induced by busy visual environments orfuII field motion

induced (such as a train coming into the station while standing on the
platform, or walkmg along a supermarket aisle)

Sound- Auditory stimuli induce vertigo (Tullio phenomenon)

induced

Valsalva- Any bodily manoeuvre that increases |ntracran|al or middle

induced ear pressure

Orthostatic Due to change in body posture fr'om 5|tt|ng orlying to
standing

Other For example, dehydranon medlcanon environmental

pressure changes, exercise, hormones, and hyperventilation

Table 2.2 Peripheral and central causes of vertigo

Peripheral Central

Acoustic neuroma Posterior circulation stroke

BPPV """"""" Episodic ataX|as """""""""
.I.“'I.é‘r'\‘iére’s disea;é """" Mlgralnous vertlgo """""""""
.\./‘é;;igular neur;r‘l'i‘tis/Iabyrintkf‘\'i‘t'is Ms T

Vestibular paroxysmia
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Peripheral causes of vertigo

Benign paroxysmal positional vertigo

While BPPV is the commonest cause of peripheral vertigo, accounting
for 20% of all cases, it remains under-diagnosed, particularly among the
elderly population whose description of ‘dizziness’ may be more vague.

BPPV is caused by calcium carbonate crystals (otoconia or canaliths)
settling within the endolymphatic fluid of one or more semicircular
canals, commonly the posterior semicircular canal. Horizontal canal
BPPV is much less common, responsible for only 10-20% of cases, and
anterior canal BPPV causes 5%. Although it is usually idiopathic, BPPV
may be caused by head trauma or follow vestibular neuronitis. BPPV fol-
lowing head trauma is often bilateral.

Patients with BPPV present with violent attacks of vertigo (typically
seeing the room spin), triggered by a specific and reproducible change in
head position. These last only seconds, but patients may report longer
duration, such is its severity and the inaccuracy of subjective recall of
time. Attacks abate if the head is kept completely still, but a change of
position, often in an attempt to stop the vertigo, can provoke a further
attack. Nausea is common, but vomiting is rare, given the brevity of each
attack.

A history of recurrent vertigo episodes triggered by movement sug-
gests BPPV, and the diagnosis can be confirmed with the Dix—Hallpike
manoeuvre.

Treatment

e First line: Epley or Semont manoeuvres for typical posterior
canal BPPV.

e Drugs to avoid: medications have no role in the treatment of BPPV
and are best avoided.

Evidence base

Multiple systematic reviews and meta-analyses have confirmed that
repositioning manoeuvres, such as the Epley and Semont manoeuvres,
are safe and effective for treating posterior canal BPPV. One meta-
analysis of nine RCTs, comparing repositioning manoeuvres to sham
procedures, found that the treatment arms were more likely to demon-
strate symptom resolution (odds ratio (OR) 4.6, 95% confidence interval
(Cl) 2.8-7.6) and a negative Dix—Hallpike test (OR 5.2, 95% CI 3.0-8.8)
at the time of the first follow-up. When compared with no treatment, a
separate meta-analysis of 505 patients, with a mean follow-up of 16 days,
found an absolute risk reduction of 41% in those exposed to treatment
(number needed to treat, NNT = 2).

There are very few RCTs assessing the efficacy of medication for the
symptoms of BPPV. In one study randomizing 156 patients to either the
Semont manoeuvre, flunarizine (10mg/day), or no treatment, 57.7% of
those on flunarizine reported symptom resolution at 6 months, com-
pared with 94.2% of those treated with the Semont manoeuvre and 34.6%
of those who received no treatment. A further double-blind, placebo-
controlled RCT in 72 patients with posterior canal BPPV suggested that
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combining 24mg of betahistine with the Epley manoeuvre improved qual-
ity of life above the Epley manoeuvre alone. The underlying mechanism
of this response is unclear, given that BPPV is a ‘mechanical’ problem, and
replication of these data is required before it is incorporated into clinical
practice. Lorazepam 1mg and diazepam 5mg tds did not show any differ-
ence when compared to placebo treatment in BPPV.

Vestibular neuronitis

Vestibular neuronitis, or neuritis, is an inflammatory disorder of the ves-
tibular portion of the eighth cranial nerve of presumed viral aetiology.
Its incidence is 3.5 per 100000 population, although it may be overdi-
agnosed and misdiagnosed. For many non-specialists, the term ‘vertigo’
has become synonymous with ‘labyrinthitis’, a label that is often attached
to acute and chronic dizziness, presumed to be benign in origin. True
labyrinthitis, however, refers to inflammation of the whole labyrinth (ves-
tibular and cochlear parts) and is exceptionally rare in clinical practice.

Clinical features

Features of vestibular neuronitis include rapid onset of severe, persis-
tent vertigo (hours to days). Nausea, vomiting, and imbalance are seen
in virtually all cases. The clinical examination reveals spontaneous unidi-
rectional horizontal and torsional nystagmus (with the fast phase always
beating away from the affected side, irrespectively of whether the patient
is looking right or left). Patients with vestibular neuritis have unilateral
loss of the vestibulo-ocular reflex (VOR). The head impulse test, a direct
test of the VOR, will therefore be abnormal when a small-amplitude, but
fast, head rotation is performed towards the affected side.

Treatment

1. Bed rest and antiemetics (antidopaminergic or antihistaminergic
agents) should be given for a maximum of 3 days.

2. Patients should be encouraged to resume physical activity as soon as
possible.

Evidence base
In the UK, buccal or intramuscular (IM) prochlorperazine is indicated for
the rapid relief of nausea and vomiting associated with vertigo. For less
severe nausea, vomiting, and vertigo, buccal or oral prochlorperazine
or antihistamines are recommended. Thereafter, the chosen medication
should be taken for a maximum of 3 days. In the United States (USA),
dimenhydrinate is frequently used, with an RCT suggesting that a 50mg
dose is superior to lorazepam 2mg in controlling vertigo in patients with
vestibular neuritis presenting to the emergency department. The IV or
IM routes are preferred acutely. The risk of sedation must be balanced
against symptom control. Meclizine and hyoscine are useful antiemetics
and less sedating, but there is no evidence that they modulate vertigo.
In addition, vestibular exercises have been shown to improve central
vestibulo-spinal compensation after the acute symptoms have resolved,
in a small prospective study of 39 patients.

Corticosteroids, antivirals, and benzodiazepines are not routinely
used, as there is no evidence that they improve long-term outcomes.
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Méniére’s disease

Méniére’s disease is a rare condition, with an incidence anywhere
between 7.5 and 160 per 100000, depending on the country and the
diagnostic criteria used. It is caused by excess endolymphatic fluid pres-
sure, and indeed ‘endolymphatic hydrops’ is the pathological hallmark of
this condition. The diagnosis is made on the basis of clinical findings. The
American Academy of Otolaryngology Head and Neck Surgery guide-
lines recommend that a diagnosis of ‘definite’ Méniére’s disease requires
two or more spontaneous episodes of vertigo, each lasting 20min or
longer, hearing loss documented by audiograms on at least one occasion,
tinnitus or aural fullness in the affected ear, and exclusion of other causes
(typically with gadolinium-enhanced magnetic resonance imaging (MRI)
of the brain).

Clinical features

Patients often present with spontaneous, episodic, disabling vertigo
(lasting minutes to hours), in association with unilateral tinnitus, aural
fullness, and unilateral fluctuating deafness. There is typically associ-
ated nausea and vomiting, with imbalance that may last several days.
Examination will reveal horizontal torsional nystagmus in the acute
phase, together with an impaired ipsilateral VOR. Some patients develop
otolithic crises, termed Tumarkin attacks, leading to severe lateropulsion
and falls. The symptoms may not be present simultaneously, particularly
in the early phases of the disease. In one study, 50% of patients presented
with contemporaneous audiovestibular loss, 19% with vertigo only, and
26% with isolated hearing loss.

The course is typically relapsing—remitting, although some patients
may present with a more progressive course. In some patients, episodes
occur as frequently as every few days, although more typically every
few months. Spontaneous remission is recognized, although symptoms
may recur later in life. Audiometric testing may reveal a low-frequency
sensorineural deafness, which may fluctuate over time, and bithermal
caloric testing rotational tests with electro-nystagmography may reveal
a reduced unilateral vestibular response. Vestibular-evoked myogenic
potentials and electro-cochleography may assist with the diagnosis but
are not routinely used outside highly specialized centres.

Treatment

There is no cure for Méniére’s disease; hence the aim of treatment is to

reduce symptom load.

e Acute: treatment of Méniére’s disease involves the control of vertigo

and nausea in the acute setting with antiemetics, antihistamines, and

other centrally acting sedative medication.

Long-term treatment:

« first line: salt restriction and diuretics;

. second line: betahistine;

« third line: steroids and gentamicin administered via intratympanic
injection.

In clinical practice, the first-line treatments are dietary modifications with
salt restriction, and the use of diuretics, typically bendroflumethiazide.
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If there continue to be attacks, an increasing dose of betahistine can
be tried, although, in severe attacks or where attacks are frequent,
intratympanic steroids or gentamicin are preferred.

Evidence base

1. Salt restriction and diuretics: these measures have traditionally
been considered the best medical therapy for Méniére’s disease,
reportedly controlling vertigo in 58% of patients and stabilizing
hearing in 69%. The effect of diuretics has not, however, been
systematically replicated.

2. Betahistine: betahistine (a weak H1 agonist and a strong H3
antagonist) has been used in the treatment of vertigo for over
50 years, with early evidence suggesting a vasodilating action on
the inner ear and cerebral blood vessels. A 2001 Cochrane study
reviewed its use in the treatment of vertigo but concluded that none
of the trials (n = 6) assessed the effect of betahistine adequately,
although most reported a reduction of vertigo. One observational
study (n = 112) suggested high-dose betahistine (48mg tds) was
significantly superior to 24mg tds, particularly at 12 months. Doses as
high as 480mg/day have been used successfully in individual patients.

3. Intratympanic corticosteroid and gentamicin injections: there
is limited evidence from small trials for the use of intratympanic
membrane injections of corticosteroids and gentamicin in the
treatment of Méniere’s disease. Two Cochrane reviews published
in 2011 looked at each medication individually. The corticosteroid
review found only one placebo-controlled trial for intratympanic
steroids (n = 22). The study showed that, after administration of
4mg/mL of intratympanic dexamethasone for 5 consecutive days,
there were statistically significant improvements in vertigo, as
evidenced by improved functional level (90% vs 42%), change in the
Dizziness Handicap Inventory score (60.4% vs 41.3%), and mean
vertigo subjective improvement (90% vs 57%), compared to placebo.
These changes were maintained over a follow-up of 24 months. The
Cochrane review investigating the use of intratympanic gentamicin
identified two placebo-controlled trials (n = 50), which showed a
significant reduction in vertigo with treatment. However, it was
recommended that this treatment is reserved for patients with pre-
existing hearing loss, as 20% will develop a degree of deafness as a
complication. Likewise, it is only recommended for administration to
one ear, despite around 40% of patients developing bilateral disease
after 20 years. Two recent studies have compared the treatments.
One cohort study, comparing intratympanic methylprednisolone
with gentamicin, found that 82.9% of the gentamicin group and
48.1% of the steroid group achieved complete control of vertigo
(p = 0.004), with better control of tinnitus and aural fullness with
gentamicin than methylprednisolone (p <0.002). The second study,
a prospective RCT, showed similar results in that the frequency of
vertigo attacks in refractory Méniére’s disease was preferentially
reduced with gentamicin (93% vs 61%).
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Vestibular paroxysmia

This is a rare, but important, syndrome characterized by brief (millisec-
onds to seconds) attacks of vestibular and auditory deficits, including
vertigo, imbalance, and tinnitus. It is thought to arise from neurovascular
cross-compression of the vestibular nerve and an offending vessel. It is
important to consider the diagnosis in patients presenting with paroxys-
mal spontaneous vertigo, as it is readily treatable.

Treatment

e First line: carbamazepine or oxcarbazepine.

e Second line: gabapentin, lamotrigine, phenytoin, or sodium valproate.

e Refractory symptoms: microvascular neurosurgical decompression of
the eighth cranial nerve.

Evidence base

Where there are >2 severe episodes per month, treatment with carba-
mazepine 200—-600mg/day may be successful. Both symptoms of tinni-
tus and vertigo should respond to carbamazepine, and such response is
often considered part of the proposed diagnostic criteria for the condi-
tion. Antiepileptic drugs (AEDs), such as gabapentin, lamotrigine, phe-
nytoin, and sodium valproate, are alternatives for patients who do not
tolerate carbamazepine, although the evidence for these is based on case
studies and expert consensus, as no RCTs have been conducted.
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Central causes of vertigo

Vestibular migraine

A diagnosis of vestibular migraine is not widely recognized outside specialist
practice, but approximately half of patients with classical migraine will report
dizziness and vertigo, with another 20% fulfilling the criteria for migrainous
vertigo. Patients with vestibular migraine commonly report spontaneous or
positional vertigo lasting hours to days. The typical patient is a migraineur
who has noticed a recent increase in headache frequency and, over the
same period, developed vestibular episodes, with headache and vertigo not
necessarily occurring together. Other migrainous features, such as photo-
phobia, phonophobia, and nausea, are often present during the vertiginous
episode, in addition to increased motion sensitivity, i.e. an aversion to self-
movement and external motion.

Vestibular migraine remains a diagnosis of exclusion. The clinical examina-
tion during an attack may reveal a number of different oculomotor abnor-
malities (in up to 60% of cases), including nystagmus of a central type. Thus,
acute brain imaging may be required on first presentation. The diagnosis is
aided by a previous history of similar symptoms, or a strong personal or
family history of migraine. It should be noted that BPPV, Méniére’s disease,
anxiety disorders, and orthostatic hypotension are commoner in migraine
sufferers than in controls and may cause diagnostic confusion.

Treatment

e As per migraine (see prophylaxis of episodic migraine pp. 8-9).
Evidence base

There are no prospective controlled trials specifically investigat-
ing the treatment of vestibular migraine to date. The therapeutic
recommendations for vestibular migraine are currently based on
the guidelines for migraine treatment, including administration of
B-blockers or amitriptyline for a period of 3—6 months. Alternatives are
topiramate or valproic acid, although these have only been described in
small observational studies for vestibular migraine.

Posterior circulation stroke

Posterior circulation stroke is characterized by the abrupt onset of
vertigo (within seconds), often accompanied by occipital headache.
Other associated signs may include gait or limb ataxia, facial numbness,
Horner’s syndrome, hearing loss, contralateral hemiparesis and hemi-
sensory loss, reflecting simultaneous involvement of other cerebellar
or brainstem structures. Importantly, the head impulse test remains
normal in posterior circulation stroke, with the exception of rare iso-
lated strokes mimicking a peripheral vestibulopathy. Immediate brain
imaging is indicated in suspected stroke of the posterior circulation, as
these patients may require thrombolysis or even surgical intervention.
Red flags in cases of acute dizziness include unilateral hearing loss, other
neurological symptoms or signs, new headache, and a normal VOR as
assessed by the head impulse test.

Treatment
e As per stroke (see Chapter 4, Cerebrovascular disease).
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Multiple sclerosis

The vestibular system is frequently involved in MS. In fact, vertigo is much
commoner than hearing impairment in this group of patients. Vertigo
is seen as an initial presentation in 5% of patients with MS and will ulti-
mately occur in 40% of patients with established MS. Patients usually
describe vertigo that is torsional (rotational) but can be in any direction
and can be positional. Physical examination during an acute attack of ver-
tigo often reveals spontaneous or positional nystagmus which may be of
a ‘central’ type—persistent and without latency (in contrast to BPPV,
which has a 3—4s latency and is short-lived). There may also be gait and
limb ataxia, dysarthria, and slow pursuit movements related to cerebel-
lar dysfunction.

Itis important to remember that BPPV remains the commonest cause
of vertigo and imbalance, irrespective of any coexisting neurological syn-
drome. Thus, vertigo should not be automatically attributed to demyeli-
nation in a patient with MS.

Treatment

e As per MS (see Chapter 6, Inflammatory disorders of the central
nervous system).

e In the acute setting, many physicians favour the use of
benzodiazepines to treat vertiginous symptoms, although there are
no randomized clinical trials to guide management.

Episodic ataxias

The episodic ataxias are a group of seven dominantly inherited chan-
nelopathies, of which types 1 (EA1) and 2 (EA2) are the commonest,
and result from mutations in a voltage-gated potassium channel and a
brain-specific subunit of the P/Q type calcium channel, respectively.
The syndrome is characterized by stress-induced attacks of ataxia and
dysarthria, with signs of interictal nystagmus and late-onset progressive
ataxia. ~30-50% of individuals with EA2 develop a slowly progressive
cerebellar ataxia.

Treatment
e EA1: acetazolamide, carbamazepine, or sodium valproate.
e EA2:

« firstline: acetazolamide;

« second line: aminopyridines.

Evidence base
Acetazolamide, a carbonic anhydrase inhibitor, is the drug of choice
for preventing attacks of EA2, although some patients are resistant to
this medication, in which case the aminopyridines can be used. There
is some evidence from small trials that 4-aminopyridine (4-AP) may be
more effective than equivalent doses of 3,4-diaminopyridine (3,4-DAP)
for the control of downbeat nystagmus (DBN) (often observed in EA2).
Patients with EA1 have a variable response to acetazolamide; hence,
carbamazepine or sodium valproate are often used on the basis of obser-
vational studies and expert consensus. There have been no controlled
studies comparing the efficacy of different drugs.
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Newer treatments for oscillopsia

Oscillopsia refers to the illusion of oscillation of the visual world and,

in the clinical setting, denotes the presence of nystagmus. Patients with

oscillopsia may describe blurring, ‘wobbly’, or ‘jumpy’ vision. Further

in-depth information with regard to subtypes and aetiology is beyond

the scope of this book. For a review on the causes and therapy of oscil-

lopsia, the reader is referred to the 2004 EFNS Task Force guidance (see

References, p. 27). Pharmacological treatments of oscillopsia include the

following, although no double-blind clinical trials are available:

1. aminopyridines, e.g. 3,4-DAP (3 X 20mg/day) and 4-AP (3 X 10mg/
day), may be used for DBN;

2. modified amino acid acetyl-DL-leucine may be used for cerebellar
ataxia;

3. gabapentin, valproate, clonazepam, memantine, and biperiden
can be tried for continuous (rather than positional or paroxysmal)
oscillopsia. There is variable response to these drugs, so each should
be tried individually before being used in combination.

4. In one case series, treatment with baclofen (5-10mg PO tds)
resulted in an improvement in several patients with upbeat
nystagmus.

Evidence base

Additional treatment that may be used off-licence by some specialists are
the aminopyridines, a modified amino acid acetyl-DL-leucine and potas-
sium channel blockers; 4-AP has been shown to improve the symptoms
of DBN, a condition whose aetiology is commonly cerebellar degenera-
tion or ischaemia. Fifty-seven per cent of patients in one RCT responded
to treatment, as measured by tandem-walk, ‘get-up-and go’ tests,
and measurements of visual acuity. A recent case series of 13 patients
showed that the modified amino acid acetyl-DL-leucine (5g/day) exerts a
significant effect on cerebellar ataxia after only 1 week.
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Introduction

Up to 5% of people will develop epilepsy at some point during their lifetime.
It is markedly more common in those <16 years and >65 years of age.
Epilepsy is not a single condition but a diverse group of disorders. There
are over 30 electroclinical syndromes described and a growing number of
AEDs. This chapter will focus on epilepsy in adulthood.

The International League Against Epilepsy (ILAE) defines epilepsy as:
‘a disorder of the brain characterised by an enduring predisposition to
generate epileptic seizures and by the neurologic, cognitive, psychological
and social consequences of this condition’. A seizure is further defined as:
‘a transient occurrence of signs and/or symptoms due to abnormal exces-
sive or synchronous neuronal activity in the brain’.
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Classification

Seizures can be divided into focal (partial) and generalized forms.
Generalized seizures are further subcategorized, predominantly based on
their motor features (see Fig. 3.1). These subtypes guide AED selection (see
further text). Certain AEDs are preferentially used for the management
of specific seizure types, e.g. ethosuximide in the treatment of absence
seizures, or avoided in other seizure types, e.g. carbamazepine which can
exacerbate myoclonic epilepsy. Focal seizures, although, as a group, typi-
cally treated with similar AEDs, can be subdivided based on their site of
onset, pattern of spread, involvement of arousal centres and the presence
or absence of secondary generalization.

Focal Unknown
Generalized

Tonig [ Atonic ] [ Clonic ] [ Tonic ]
clonic

Absence
Typical Atypical [Myoclonic] [Myoclonlc] [MYOCIONC]

atonic tonic
Myoclonic

absence

Myoclonic

Absence
with special
features

Eyelid
myoclonia

Fig. 3.1 ILAE seizure type classification.

Adapted from Epilepsia, 51(4), Berg, A. T., Berkovic, S. F,, Brodie, M. J., Buchhalter, J., Cross, J. H.,
Van Emde Boas, W., Engel, J., French, ., Glauser, T. A., Mathern, G. W., Moshé, S. L., Nordli, D.,
Plouin, P. and Scheffer, I. E., Revised terminology and concepts for organization of seizures and
epilepsies: Report of the ILAE Commission on Classification and Terminology, 2005-2009,

pp. 676685, Copyright (2010), with permission from John Wiley and Sons.



32

cHAPTER 3 Epilepsy

When to initiate treatment

Differential ~ diagnosis Retrospective studies have shown that a large
proportion of patients treated for epilepsy actually have an alternative
diagnosis. Non-epileptic attack disorders (NEADs) provide the most
diagnostic difficulty. Alternative diagnoses need to be explored both prior
to initiation of therapy and later if seizure control proves unexpectedly
difficult or variable.

First fit review Patients with a ‘first fit" need a medical review, blood
biochemistry, and an electrocardiogram (ECG), and the majority of adults
will require imaging, preferably head MRI. Specialist review is needed prior
to considering long-term AEDs.

Factors influencing when to start treatment Following an unprovoked first
seizure, the chance of a second seizure within the next 2 years is >40%. Risk
factors for subsequent development of epilepsy are:

e >2 seizures;

e underlying neurological disorder/deficit;

e abnormal electroencephalogram (EEG).

High-risk individuals with one or more of the above factors may be started

on an AED from the first seizure, after careful discussion with the patient.
Individuals who have low/medium risk for seizure recurrence typically

start treatment after the second seizure. The following factors direct when

to initiate treatment and which specific AED to consider:

e seizure symptomatology and duration;

e psychosocial morbidity, including driving regulations;

e medical co-morbidity;

e pregnancy.
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Treatment strategies

Monotherapy Single AED treatment should be used where possible.
AEDs should be uptitrated to a level sufficient to control attacks or to the
maximum tolerable level. If treatment is unsuccessful, then monotherapy
with an alternative first- or second-line agent is recommended. The new
drug should be started, and the first drug slowly tapered when the new drug
is at appropriate maintenance levels. Three different agents should ideally
be trialled as monotherapy, before combination therapy is initiated. Fifty per
cent of patients should expect to be seizure-free on their first AED. If not,
then trial of a new AED, either as monotherapy or combination therapy,
should render a third of the remainder seizure-free, and, if this fails, then a
third AED will render a quarter of the remainder seizure-free. This means
that, in total, ~70% of patients can be expected to be seizure-free after a
trial of three AEDs.

Combination therapy If monotherapy fails, it may be necessary to add an
adjunct. The monotherapy agent which has proved most effective should
be used with an alternative first- or second-line drug. Care needs to be
taken with polytherapy, in order to ensure that potential pharmacokinetic
interactions and pharmacodynamic side effects are discussed with the
patient and adjusted for. There is little evidence to suggest exactly which
combinations are most effective, although there are some pairings which
have demonstrated a synergistic effect on seizure control, and these
should be used, if possible, e.g. clonazepam and valproate in the treatment
of absence seizures, and lamotrigine and valproate in the treatment of
generalized seizures.

Refractory epilepsy

In adults, refractory epilepsy is defined as either:

1. failure of two or more AEDs at their optimal dosage to control
seizures; or

2. continuing seizures after 2 years of treatment.

10-20% of epileptics will not be controlled sufficiently by AEDs. In these,
the most effective regime should be continued. They may be candidates for
epilepsy surgery, depending on the specific epilepsy disorder and the effects
of the condition on the patient’s quality of life. If surgery is indicated, then
there may be up to 60-70% chance of epilepsy remission, with the rest
usually experiencing some reduction in seizure frequency. Surgery may be
resective or non-resective, depending on whether epileptogenic foci are
present. Non-resective surgery can include vagus nerve stimulation, subpial
transections, and corpus callostomies.

Pharmacological treatment (adapted from NICE
guidelines)

Treatment of epilepsy is divided, depending upon the seizure type. Care
should be taken when patients have multiple seizure types, as AEDs
effective in the treatment of one seizure type may exacerbate others, e.g.
carbamazepine may exacerbate absence seizures.
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Focal-onset seizures

Focal epilepsies represent a varied clinical picture, including motor, sen-
sory, autonomic, and dyscognitive phenomena, and may display secondary
generalization.

Treatment

e First line: carbamazepine or lamotrigine.

e Second line: levetiracetam, oxcarbazepine, or valproate.

e Additional adjuncts: clobazam, gabapentin, perampanel, retigabine, or
topiramate.

e |f treatment failure with the above: acetazolamide, eslicarbazepine
acetate, lacosamide, phenobarbital, phenytoin, pregabalin, tiagabine,
vigabatrin, or zonisamide.

Evidence base

The SANAD (Standard And New Antiepileptic Drugs) study (2007) was

a large unblinded RCT, based in the UK. It looked at the effectiveness of

commonly used AEDs in focal-onset and generalized epilepsy. With regard

to focal-onset epilepsy, it showed:

1. lamotrigine had a longer time to treatment failure than all alternatives,
except for oxcarbazepine;

2. carbamazepine was significantly better than most alternative AEDs with
regard to the number of patients experiencing remission at 12 months,
although statistically the advantage with respect to lamotrigine was not
significant.

The results suggest that lamotrigine and carbamazepine have similar efficacy
at controlling seizures but that lamotrigine is better tolerated.
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Generalized seizures

Absence seizures

Typical absence seizures are short episodes of loss of consciousness, usually
with preserved muscle tone and little motor activity other than subtle clonic
movements. De novo absence seizures beginning in adulthood are rare, and
symptoms, if epileptic in origin, are more likely to be attributed to non-
convulsive primary or secondary generalized epilepsy. Atypical variants can
occur where a degree of awareness is preserved, and the EEG, although
abnormal, may not be classical.

Treatment

o First line: ethosuximide or valproate.

e Second line: lamotrigine.

o |f treatment failure with the above: clobazam, clonazepam,
levetiracetam, phenobarbital, topiramate, or zonisamide.

e Drugs to avoid: carbamazepine, eslicarbazepine acetate, gabapentin,
oxcarbazepine, pregabalin, tiagabine, and vigabatrin.

Evidence base

A large double-blind RCT conducted in the USA compared ethosuximide,

valproate, and lamotrigine in the treatment of childhood absence epilepsy.

The study’s key findings were:

1. at 16 weeks, the freedom-from-failure rates were higher for valproate
and ethosuximide than lamotrigine;

2. tolerance was similar for all three drugs;

3. attentional dysfunction was commoner with valproate than
ethosuximide (49% vs 33%).

Myoclonic seizures

Myoclonic seizures are characterized by brief contractions of muscles or
muscle groups. These can be singular or repetitive movements. They are
often short, with little or no post-ictal stage, so that patients may not even
be aware of an alteration in consciousness.

Treatment

e First line: valproate.

e Second line: levetiracetam or topiramate.

o |f treatment failure with the above: clobazam, clonazepam, piracetam,
or zonisamide.

o Drugs to avoid: carbamazepine, gabapentin, oxcarbazepine, phenytoin,
pregabalin, tiagabine, and vigabatrin.

Evidence base

The SANAD study is one of the most important sources of evidence in
the treatment of juvenile myoclonic epilepsy and isolated myoclonic sei-
zures; however, it did not separate juvenile myoclonic epilepsy from other
idiopathic generalized epilepsies. There is little high-quality evidence look-
ing specifically at first-line drugs for the treatment of myoclonic epilepsy
syndromes.
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Tonic—clonic seizures

These are classic convulsive seizures. The tonic phase usually lasts for ~20s
and involves sustained muscular contraction with loss of consciousness. The
clonic phase involves convulsive jerks of all four limbs and may be associ-
ated with respiratory arrest.

Treatment

e First line: valproate.

e Second line: lamotrigine.

Third line: carbamazepine or oxcarbazepine.

Additional adjuncts: clobazam, levetiracetam, or topiramate.

If treatment failure with the above: acetazolamide, clonazepam,
phenobarbital, or phenytoin.

e Drugs to avoid: tiagabine and vigabatrin.

Evidence base

A large meta-analysis incorporating eight Cochrane reviews and data from
the SANAD study evaluated potential first-line agents. Valproate performed
significantly better than carbamazepine, topiramate, and phenobarbital.
There was a non-significant trend suggesting that valproate had a better
outcome than lamotrigine, and further analysis of secondary outcomes sug-
gested that 12-month remission levels and time to first seizure were sig-
nificantly improved with valproate vs lamotrigine. There were not sufficient
data to compare valproate with phenytoin; however, it was felt phenytoin
had a markedly worse side effect profile.

Tonic or atonic seizures

Tonic seizures are sustained muscular contractions without a clonic phase.
They are often associated with classical EEG patterns and more typical of
patients with severe learning disability or diffuse cerebral damage. They are
commonly present as part of Lennox—Gastaut syndrome (LGS). Atonic sei-
zures are characterized by loss of postural control. This can occur either
suddenly in the form of a drop/astatic attack where they fall to the floor, or
slowly where there may be a progressive loss of tone in the limbs and neck.
The astatic attacks are often short-lasting with swift recovery.

Treatment

e First line: valproate.

e Additional adjuncts: lamotrigine.

o If treatment failure with the above: acetazolamide, clobazam,
clonazepam, levetiracetam, phenobarbital, rufinamide, or topiramate.

e Drugs to avoid: carbamazepine, gabapentin, oxcarbazepine, pregabalin,
tiagabine, and vigabatrin.

Evidence base

Most of the evidence is extrapolated from knowledge of AED effective-

ness in other generalized epilepsy syndromes, in combination with expert
opinion.
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Antiepileptic drugs in young women

Pregnancy

Pregnancy typically has little impact on the rate of seizures for most
women. A minority, particularly those with severe epilepsy, find that their
seizures worsen (17%), while others find that their seizures decrease or
cease altogether (16%). Seizure frequency may change due to changes in
plasma levels of AEDs caused by changes in gastric motility, plasma proteins,
plasma volume, hepatic and renal function, and volume of distribution. In
addition, vomiting, stress, sleep deprivation, and inappropriate dose reduc-
tions by doctors or by patients themselves alarmed about the teratogenic
potential may all contribute.

The risks of poorly controlled epilepsy in pregnancy include risk of
trauma to the feto-placental unit during convulsions, as well as a 50% fetal,
and 30% maternal, risk of mortality if status epilepticus develops. Hence,
in some instances where plasma AED levels drop in pregnancy, AED doses
may have to be increased temporarily.

Labour

AEDs should be given as normal during labour; if this is not possible, an
alternative method of enteral/parenteral administration should be used.
One to 2% of patients with epilepsy will have tonic—clonic convulsions dur-
ing delivery. Patients with epilepsy should ideally give birth in hospital, with
continuous fetal monitoring. In patients particularly at risk of seizures, a pro-
phylactic 10-20mg of clobazam can be given in the early stages of labour.
If the risks are too great, then a Caesarean section should be considered.
Prolonged seizures and status during pregnancy should be treated as for
other adults. Neonates are very susceptible to respiratory depression.

Effects on the fetus of antiepileptic drug use

during pregnancy

Major congenital malformations

AED usage during pregnancy is associated with teratogenicity. This has been
confirmed in several human observational studies for many of the older
drugs. Animal studies have suggested that most new AEDs may also have
teratogenic potential. The background rate of teratogenicity in the nor-
mal population is ~2%. Major congenital malformations occur in ~4-7% of
patients on AEDs (see Table 3.1) and 3.5% of patients with epilepsy not on
AEDs. The likelihood of congenital malformations is higher with high doses
of AEDs, multiple AEDs, and specific AEDs, e.g. valproate.

Fetal anticonvulsant syndromes and reduced cognitive function

The presence of fetal anticonvulsant syndromes is controversial. Fetal
carbamazepine, phenobarbital, phenytoin, primidone, and valproate syn-
dromes have all been described. They involve characteristic patterns of
dysmorphism, e.g. growth delay, finger hypoplasia, and even an increased
risk of neuroblastoma with phenytoin use. The syndromes are difficult to
prove, as the features described have a large degree of overlap with the
normal population. In addition, a large study conducted in 2009 suggested
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Table 3.1 The rate of major malformations with AED monotherapy
in pregnancy.

AED Teratogenicity Main associated major malformations
Carbamazepine 2.2% Cardiac and facial cleft

Lamotrigine 3% B
Phenobarbital >HCHBZY <p|.]~f Carilie e
Phenytoin 37% Cardiac, fé&al cleft and GI """""
Topiramate 7.1% Facial cleft and GU o

Valproate 6.2% Cardiac, facial cleft, GU, neural tube
defects and skeletal

CBZ, carbamazepine; Gl, gastrointestinal; GU, genitourinary; PHT, phenytoin.

Reproduced from | Neurol Neurosurg Psychiatry, 77(2), Morrow | et al., Malformation risks
of antiepileptic drugs in pregnancy: a prospective study from the UK Epilepsy and Pregnan-cy
register, pp.193-198. Copyright (2006) with permission from BMJ Publishing Group Ltd.

that children exposed to valproate in utero had an intelligence quotient
(IQ) 9 points lower than children who were exposed to other AEDs, e.g.
lamotrigine.

Management strategies

Effective early communication of the potential additional risks of AEDs in
pregnancy is key, as many teratogenic effects occur in the first trimester.
Options include:

e withdrawal of AEDs prior to conception. This may mean that pregnancy
is delayed for a few years, so that AEDs are stopped safely;

continuation of AEDs during pregnancy;

stop AEDs in the first trimester, and restart them in the second;

as a general rule, aim for monotherapy at the lowest doses possible, and
try to avoid valproate.

If a preconception review was not possible, an in-depth discussion is
required to consider whether to continue AEDs in pregnancy. If the deci-
sion is to stop treatment, AEDs should be tapered slowly to avoid rebound
seizures.

If AEDs are taken during pregnancy, then:

take a drug plasma level before or during early pregnancy to establish
the effective dose for seizure control in that patient;

plasma levels can then be monitored and doses adjusted throughout
pregnancy to ensure continuing therapeutic plasma levels; this
particularly applies to lamotrigine and levetiracetam, and, to a lesser
extent, carbamazepine, phenytoin, and phenobarbital whose levels can
change dramatically during pregnancy (see individual AEDs);

monthly plasma levels are recommended with lamotrigine in high risk
cases.
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Harmful effects of AEDs during pregnancy can be minimized by:

1. folic acid (5mg/day) while patients are trying to conceive and during the
first trimester to reduce the risk of neural tube defects;

2. specific screening regimes for fetal abnormalities;

3. neonatal vitamin K injections if the AEDs are enzyme-inducing. This will
help prevent haemorrhagic disease of the newborn.

Contraception

Many of the commonly used AEDs (see Table 3.2) increase the metabo-
lism of the oral contraceptive pill, thereby increasing the risk of unplanned
pregnancy. If enzyme-inducing AEDs are used, then hormonal methods of
contraception are not reliable. Barrier methods and coil devices should be
considered. If oral contraceptives are the only acceptable option, then use
high-strength formulations. In addition, higher doses of the morning after
pill may be required.

Plasma lamotrigine levels decrease significantly when combined oral con-
traceptives (COCs) are co-prescribed. This can lead to worsening of sei-
zure control in patients already established on lamotrigine or cyclical toxicity
during the 7-day off-period with COCs.

Table 3.2 The effects of AEDs on the contraceptive pill

No effect Reduced plasma levels Not known

Acetazolamide Carbamazepine Paraldehyde

Benzodiazepines Eslicarbazepine acetate Stripentol
S S O
Gabapeﬁtin . Fosphenytom ...................................................................
Lo . Lamotr.g.ne .....................................................................
U oxcarbazepme ................................................................
M Perampane| .....................................................................
PR . B
Pregabaiin . Phenyto L
Retigabiﬁe . L
Tiagabin“e . T
Valproat.é . Top|ramate .....................................................................
vigabatr'i‘n 0 OO

Zonisamide
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How to withdraw antiepileptic drugs

Risks and benefits of stopping antiepileptic drugs

AEDs have side effects, drug interactions, and the potential for terato-
genicity. When seizure control is achieved, discontinuing AEDs is attractive
for many patients. However, stopping AEDs comes with significant risks.
The commonest is relapse. Twenty-five per cent of patients attempting to
withdraw will relapse within 1 year, and ~30% will relapse within 2 years.
In patients who had been seizure-free for 2 years, 59% of those stopping
treatment remained seizure-free 2 years later, compared to 78% of patients
who remained on medication. Of those who relapse, ~8% will not regain
seizure control, even if the original AEDs are reinstated. Other physical
risks of withdrawal include injury and death if tonic—clonic seizures develop.
Social risks include the impact that having a further seizure may have on
their potential to drive, work, and have children.

Timing of antiepileptic drug withdrawal

This is a matter of much debate but little evidence. A meta-analysis in chil-
dren showed that seizure recurrence was less likely if patients were seizure-
free for 2 years prior to stopping AEDs. There are no effective trials in
adults. Expert consensus is that AED withdrawal in adults is also safer after
2 seizure-free years. In patients who have had surgical treatment for epi-
lepsy, expert consensus again suggests it is safer to withdraw gradually after
2 years of treatment, although often long-term monotherapy is required.

Procedure of antiepileptic drug withdrawal

AEDs should be tapered, rather than abruptly stopped, to avoid seizure

recurrence and status epilepticus. There is little evidence as to exactly how

fast these medications should be withdrawn. Advice is to reduce AEDs

sequentially, the speed of which depends on:

1. patient factors, e.g. the epilepsy type or the nature and degree of drug
side effects experienced by the individual patient;

2. medication factors, e.g. dose, half-life, and duration of treatment.

If seizures recur, 50% happen in the withdrawal period, and 25% in the
subsequent year. In the UK, patients should avoid driving during drug with-
drawal and for 6 months afterwards.

If seizures occur during drug reduction, then the AED needs to be
returned to the last dosage which successfully controlled the condition.
Often a short-term course of clobazam or phenytoin can be used to reduce
the increased seizure tendency occurring immediately following a seizure.
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Status epilepticus

Status epilepticus is a life-threatening neurological disorder. It is defined
as: ‘more than 30 minutes of continuous seizure activity, or two or more
sequential seizures without full recovery of consciousness between sei-
zures’. In clinical practice, a seizure lasting longer than 5min can be consid-
ered the point at which urgent treatment is required to prevent the onset of
established status. The prognosis of status epilepticus varies, depending on
the underlying cause and any co-morbidity. The mortality rate is 2% in the
healthy adult. Hypoxia, stroke, drug toxicity, co-morbidity, central nervous
system (CNS) infection, longer status, and delayed effective treatment of
status can push the mortality rate as high as 30%.

Investigation of status epilepticus

Preliminary investigation of status needs to be aimed at identifying the most

likely causes (see Table 3.3):

o full physical assessment;

e blood screen: glucose, full blood count (FBC), C-reactive protein
(CRP), liver and renal function tests, blood gases, calcium, magnesium,
coagulation studies, screen for alcohol and drugs of abuse, and, in
patients with known epilepsy, AED levels;

e consider chest X-ray (CXR), neuroimaging, LP, and EEG.

Table 3.3 Aetiology of status epilepticus in adults

Aetiology Percentage

Patient with a Low plasma levels of AEDs ~30%
diagnosis of epilepsy (e.g. non-compliance/omission)

Refrac

Individuals without a
previous diagnosis of
epilepsy

Miscellaneous

Adapted from Epilepsia, 40(2), Delorenzo R| et al, Comparison of status epilepticus with
prolonged seizure episodes lasting from 10 to 29 minutes, pp. 164-9, Copyright (1999), with
permission from John Wiley and Sons; Epilepsy Curr, 10(2), Bleck T, Less common aetiologies
of status epilepticus, pp. 31-33, Copyright (2010), American Epilepsy Society, reproduced under
the Creative Commons Attribution 3.0 Unported License.



42

cHAPTER 3 Epilepsy

Intensive monitoring of physical and neurological observations, biochemis-
try, and EEG is required if status is sustained. Metabolic compromise and
hypoxia are common consequences of prolonged seizures; they may both
lower the chances of seizure termination and increase the risk of neuronal
cell death.

Management of status epilepticus

Early and aggressive treatment of status epilepticus is essential. Management
of status epilepticus needs to address the following three aspects in parallel
(see Fig. 3.2):

1. resuscitation and cardiorespiratory support;

2. identification of the underlying cause of the seizure;

3. AED therapy.

Early status epilepticus

A. Benzodiazepines: the drug selected depends on:
1. local availability of AEDs;
2. availability of IV access:

In the absence of IV access, the options are buccal midazolam 10mg or
rectal diazepam 10-20mg;
If IV access is available, then the options are IV diazepam 5-10mg or
lorazepam 4mg.
All of these AEDs can be repeated at 10min if the seizures are not settling.
IV diazepam or lorazepam alone in early status will terminate 60-80% and
60-90% of seizures, respectively.

Resuscitation and
cardiorespiratory
support

Stage of status
epilepticus

Identification of the Antiepileptic
underlying cause therapy

Secure airway,
give oxygen, and
resuscitate

Physical
examination and Benzodiazepines
blood screen

Early
(5-30min)

Consider CXR,
Regular CT head, ECG,
cardiovascular

monitoring

Established Phenytoin or

fosphenytoin

(30-60min) and lumbar

puncture
as required

Consider need
for continuous General

EEG and ICP anaesthesia

monitoring

Refractory Consider ICU
(>60min) level care

Fig. 3.2 Flow diagram summarizing the management of status epilepticus.
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Evidence base
Good systematic reviews have shown IV lorazepam is associated with a
significant reduction in the risk of seizure continuation and requirement for
ventilatory support over diazepam (and over phenytoin). Diazepam may
work slightly faster than lorazepam, because it is distributed more rapidly
throughout the cerebrum, but its anticonvulsant effect is more short-lived
(~20min, compared to 6h with lorazepam) because of rapid redistribution
into fat and consequent fall in plasma levels.
B. Replace normal AEDs and correct obvious abnormalities. Omission
of AEDs in patients with epilepsy can contribute to over 25% of
prolonged seizures. Regular AEDs should be re-established as soon as
possible. Loading doses of some drugs may be required, depending
on how long the AEDs have been omitted. In addition, obvious
precipitants should be corrected, e.g. alcohol withdrawal, electrolyte
abnormalities, hypertension, and hypoglycaemia.

Established status epilepticus
e AED:s: if seizures fail to respond to benzodiazepines, then further AEDs
are required.
o First line:
« phenytoin: 15-20mg/kg by IV infusion at a rate of 50mg/min;
« fosphenytoin: 15-20mg phenytoin equivalents/kg by IV infusion at a
rate of 50-100mg phenytoin equivalents/min; or
« phenobarbital: 10-15mg/kg by IV infusion at a rate of 1700mg/min.
e Second line (these AEDs are used off-licence in the management of
status; doses are derived from small RCTs, case study evidence, and
expert consensus):
« valproate: 20-30mg/kg by slow IV infusion at a rate 40-50mg/min.
This can be followed by 1-3mg/kg/h maintenance infusion;
« levetiracetam: 20—40mg/kg by IV infusion at 2-5mg/kg/min. This
can be followed by 15mg/kg/12h maintenance infusion.

Regular blood pressure (BP) and ECG monitoring should be used in estab-
lished status, both to monitor for complications of drug therapy and for
complications of status itself.

Evidence base

There is sparse evidence for the management of established status.

e Phenytoin is the most widely used agent. It will terminate >50%

of benzodiazepine-resistant seizures but carries significant risks of
respiratory depression, hypotension, and sedation. Fosphenytoin is a
phenytoin prodrug, which can be infused faster than phenytoin and,
unlike phenytoin, is not associated with purple glove syndrome.
Phenobarbital has comparable efficacy to phenytoin, terminating
60-70% of seizures unresponsive to benzodiazepines. It is often
used second-line after phenytoin, due to perceived increased risks
of respiratory depression and sedation. In fact, several randomized
controlled studies have shown little difference in side effect profile when
used in status.
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The evidence base for the use of valproate in status is limited.

A systematic review of five RCTs carried out in China suggested

that there was no significant difference in efficacy between valproate
and phenytoin. It has the advantage of fewer sedative, cardiac, and
respiratory side effects than phenytoin, but has several pharmacokinetic
interactions of practical relevance, substantially increasing plasma levels
of both phenobarbital and lamotrigine.

Levetiracetam has a more favourable side effect profile than valproate
and is under assessment for the treatment of refractory status. Evidence
for its use in status is limited. A recent systematic review of one
randomized study and ten observational studies reported ranges of
efficacy from 44-94%.

Refractory status epilepticus

General anaesthesia (GA): it is estimated that ~30% of prolonged seizures
progress to refractory status. At this point, a therapeutic coma is required
to terminate seizure activity. The aim of GA is burst suppression on EEG.
This is needed for at least 12h, before the GA can be slowly weaned over at
least a further 12h. If seizures recur, the cycle is repeated again. The com-
monest agents used are propofol and midazolam. Thiopental and pentobar-
bital are barbiturate alternatives. Propofol should not be used for >5 days,
as ‘propofol infusion syndrome’ can cause life-threatening liver failure and
rhabdomyolysis.

e Doses:

« propofol, in individuals >18 years: 2mg/kg bolus by IV injection at a

rate of 20-40mg every 10s. Then give an infusion of 2-10mg/kg/h;

« thiopental, in individuals >18 years: 75-125mg bolus (2.5%,
25mg/mL) (3-5mg/kg bolus in individuals <18 years), given as a
slow IV injection. Then give up to 8mg/kg/h, as slow IV injection;
midazolam: 0.1-0.2mg/kg bolus by IV injection, followed by an
infusion at 0.05-0.5mg/kg/h;

« infusions are titrated to a level sufficient to provide burst
suppression.

Evidence base

The evidence base is limited. A Cochrane review on the subject concluded
that, for propofol and thiopental, there was insufficient evidence to sug-
gest either drug was more effective. The only significant difference noted
was a need to provide prolonged mechanical ventilation when thiopental
was used.

Super-refractory status epilepticus
If propofol-, midazolam-, or barbiturate-induced coma fail to induce burst
suppression, then status enters a stage which some experts have termed
‘super-refractory status epilepticus’. This may occur in up to 15% of patients
hospitalized with status. It is defined as status lasting longer than, or recur-
ring after, 24h of anaesthetic-induced coma. The evidence base for treat-
ment in this subgroup is minimal.

Alternative GA, such as lidocaine, ketamine, etomidate, or clomethia-
zole, hypothermia, corticosteroids, immunotherapy, the ketogenic diet, and
neurosurgery are all potential options.
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Introduction

The World Health Organization (WHO) defines stroke as a syndrome
characterized by ‘rapidly developing clinical signs of focal (or, rarely, global,
e.g. coma) disturbance of cerebral function, with symptoms lasting 24hs
or longer, or leading to death, with no apparent cause other than of pre-
sumed vascular origin’. The key factors here are the sudden onset of a
focal neurological syndrome (e.g. hemiparesis, dysphasia, visual field loss,
etc.); non-focal syndromes (like loss of consciousness) are only rarely due
to stroke. In modern practice, clinicians are unable to wait 24h to diagnose
acute stroke, as strategies aimed at improving perfusion of the ischaemic
penumbra need to be implemented as soon as possible following the onset
of symptoms (‘Time is brain’).

Despite dramatic improvements in the treatment of acute stroke and in
secondary stroke prevention over the last decade, mortality remains as high
as 20% at 1 month. Moreover, up to 25% of survivors remain dependent for
all their daily functions at 1 year. This makes stroke both the second com-
monest cause of death worldwide (after ischaemic heart disease) and the
leading cause of neurological disability in the Western world.
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Classification

Stroke can be classified as ischaemic (~85% of all strokes) or haemorrhagic
(mainly intracerebral and subarachnoid; ~15%). Intracerebral haemorrhage
(ICH) may be traumatic or non-traumatic (spontaneous). Spontaneous ICH
can be further subdivided into primary or secondary—the former mainly
arising from small-vessel pathology, e.g. hypertensive arteriopathy and cer-
ebral amyloid angiopathy (CAA), and the latter arising from a variety of
predominantly structural abnormalities, including arteriovenous malforma-
tions and tumours.

Ischaemic stroke

Ischaemic stroke is characterized by acute onset of a neurological deficit,
resulting from cessation of blood flow to a focal area of the brain. For the
most part, the area of the brain affected corresponds to the vascular ter-
ritory of an occluded artery (see Table 4.1). The commonest mechanisms
of ischaemic stroke are thromboembolic, cardioembolic, and small-vessel
occlusion (see Fig. 4.1).

1. Thromboemboli primarily arise from atherosclerotic lesions, most
commonly in the larger arteries of the neck (carotid or vertebrobasilar
system artery disease) or within the medium-sized arteries of the brain
(especially the middle cerebral artery, MCA). They may also occur
following dissection of the carotid or vertebral arteries.

2. Cardioembolic strokes arise from embolization of cardiac thrombi,
most commonly in the context of atrial fibrillation (AF) or ischaemic
heart disease. Bacterial endocarditis, prosthetic heart valves, and atrial
myxomas are other possible sources of emboli.

3. Small-vessel occlusion (i.e. lacunar strokes) are secondary to intrinsic
pathology of small cerebral perforating end-arteries which supply the
subcortical structures (basal ganglia, thalamus, internal capsule, and
brainstem), and not the cerebral cortex. In situ disease of the small
vessels, including microatheroma and lipohyalinosis, most commonly
occurs as a consequence of hypertensive arteriopathy. A history of
hypertension is present in ~80% of these patients, although this may
be an overestimate, as hypertension is sometimes required in the
definition of the stroke type.

Table 4.1 Expected neurological deficits following ischaemia of different
cerebral artery vascular territories

Artery Deficit of stroke

Anterior cerebral Leg > arm and face (motor and sensory loss)

artery Behavioural change (abulia)

Middle cerebral Face, arm > leg (motor and sensory loss)

artery Speech (left), neglect, homonymous hemianopia
Posterior cerebral Homonymous hemianopia, cortical blindness if bilateral

artery (rare)
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Fig. 4.1 Causes of stroke.

The most important risk factors for ischaemic stroke are age and hyperten-
sion, but smoking, diabetes, hyperlipidaemia, AF, coronary artery disease,
family history of stroke, and personal history of previous stroke and tran-
sient ischaemic attack (TIA) are also important. In younger patients, oral
contraceptive use, hypercoagulable states, vasoconstrictive drug use, crani-
ocervical arterial dissection, polycythaemia, and sickle-cell disease should
be considered.

Pathophysiology

Acute arterial occlusion to an area of the brain results in a spectrum of
ischaemic damage to brain tissue, which depends on the size of the
occluded vessel, the duration of occlusion, and the degree of collateral
blood supply to areas of the brain within the territory of the occluded ves-
sel. The area of affected brain comprises two distinct zones: the ischaemic
core and ischaemic penumbra. The core is a region of the brain with such
low blood supply that cell death occurs within minutes of the ischaemic
insult. The penumbra is a variably sized area where blood supply from col-
lateral vessels, or from the partially occluded affected vessel, is sufficient to
maintain cellular survival for up to a few hours. Cells within the penumbra
are deprived of oxygen and other elements essential for cellular metabo-
lism, and hence lose many of the cellular protective mechanisms to further
insults. Therefore, this area is very vulnerable to necrotic cell death from
small changes in oxygen level, BP, blood glucose levels, etc.

The focus of early treatment is to facilitate recanalization (e.g. with
fibrinolytics or endovascular clot removal devices) and to optimize the
physiology of cells within the ischaemic penumbra by regulating impor-
tant physiological parameters and rapidly treating complications, such as
infection and seizures, which place an added metabolic strain on cerebral
neurons.
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Haemorrhagic stroke

Intracranial haemorrhage referes to any bleeding within the skull, including
the subdural, extradural, subarachnoid, and intracerebral compartments.
Conventionally the term ‘haemorrhagic stroke’ refers to non-traumatic
intracerebral haemorrhage (ICH) (within the brain substance), or some-
times both intracerbral and subarchnoid haemorrhage. The commonest
cause, accounting for about 80% of all of spontaneous (non-traumatic)
ICH, is small-vessel disease, secondary to hypertension, and/or amyloid
angiopathy. ICH accounts for ~10-15% of all strokes in developed countries
and carries a 30-day mortality of 40-50%, most deaths occurring within
the first 2 days. The clinical presentation depends upon the location and
size of the haemorrhage and whether there is extension into the ventricles,
secondary vasospasm, and/or hydrocephalus. Subarachnoid haemorrhage
(SAH) is discussed in more detail in Subarachnoid haemorrhage, pp. 63—4.
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Management of acute stroke: overview

The emphasis of early management is resuscitation and supportive meas-
ures, combined with rapid neuro-imaging to differentiate ischaemic from
haemorrhagic stroke and allow decisions to be made regarding thromboly-
sis and other hyperacute interventions. Thus:

1. ensure a patent airway to avoid aspiration and hypoxia;

2. arrange urgent neuro-imaging to rule out haemorrhagic stroke.
Computed tomography (CT) is usually the first-line imaging study
because of its speed, availability, and ability to detect blood. MRl is
much more sensitive to cerebral ischaemia in the hyperacute phase but,
in many countries, is not yet as readily available;

3. monitor blood glucose, aiming for levels between 4 and 11mmol/L
(insulin sliding scales can be used, if necessary). Occasionally,
hypoglycaemia can mimic acute stroke.

If haemorrhagic stroke is excluded:
1. thrombolytic therapy is administered if the patient is seen within 4.5h
of symptom onset and there are no contraindications;
2. antiplatelet therapy (aspirin 300mg) as soon as possible if outside of the
thrombolytic window, or in 24-48h if thrombolysis has been given;
3. BP is monitored, and hypertension treated only if:
« systolic persistently >220, diastolic>110, or mean arterial BP
>130mmHg;
« hypertensive encephalopathy, acute myocardial infarction (M), aortic
dissection, or severe heart failure is present;
« the patient is to receive thrombolytic therapy, prior to which and
during which BP should be maintained below 185/110mmHg.

If haemorrhagic stroke is identified:

1. the effects of anticoagulant agents should be urgently reversed and any
other coagulopathy corrected, if possible;

2. if systolic BP >150, institute BP-lowering therapy, aiming for a target of
140mmHg systolic as soon as possible (ideally within 1h), unless there is
a clear contraindication or other reason for caution.

All patients should be admitted to a dedicated stroke unit (or neurosurgical
unit if surgical intervention is required).

Management of blood pressure in acute stroke

BP is a dynamic parameter in the early phases of acute stroke. There is lim-
ited evidence to help guide how tightly BP should be regulated. Early trials
suggested that acute reduction in BP was associated with poorer outcomes.
Subsequent randomized trials (CATIS, SCAST, COSSACS) have unfortunately
failed to help establish a consistent approach to treatment for ischaemic
stroke. There is some evidence that continuing existing antihypertensive
therapy (when it can be safely and practically given) is probably safe in
acute ischaemic stroke (COSSACS trial). Data from the INTERACT-2 trial
suggest that lowering blood pressure in patients within the first 6 hours of
acute ICH (to below 140mm systolic within 1 hour) improves functional
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outcomes, and does not increase mortality or nonfatal adverse events. The

optimum target for BP in both ischaemic and haemorrhagic stroke remains

uncertain. General principles of best care are listed below.

1. BP management should be performed in a controlled manner and if
required hyperacutely (within the first 24—48h) is best achieved with
easily titrated IV agents.

2. When hypotension is present (systolic BP <120mmHg or BP
significantly lower than premorbid state), the patient should be nursed
supine, and administration of |V fluids considered to improve cerebral
perfusion. Vasopressors may be considered if hypotension is severe
and cannot be corrected by other means.

3. Candidates for thrombolysis who are hypertensive (systolic BP >185/
110mmHg) should be given labetalol as an IV bolus of 10-20mg over
10min. If BP remains elevated, boluses can be repeated or a labetalol
infusion given at 2-8mg/min. Alternative second-line agents include
glyceryl trinitrate (GTN) and nicardipine.

4. BP should be maintained below 185/110mmHg throughout
thrombolysis. After thrombolysis, BP should be recorded every 15min
for 2h, then every 30min for 6h, and subsequently every hour for 16h.

5. In patients with ischaemic stroke not undergoing thrombolysis, there
is little evidence to support treatment of hypertension. High BP often
spontaneously resolves within the first 24h. The American Stroke
Association recommends only treating elevated BP in the first 24h if
there is malignant hypertension (as defined by BP which is so high that it
has caused end-organ damage, e.g. stroke, MI, or renal impairment) or
a co-morbidity that requires urgent BP-lowering therapy.

Ultimately, a clinician has to weigh up a patient’s baseline BP, the type of
stroke (see further text), whether or not a patient has been thrombolysed
and hence is at a higher risk of bleeding, and the degree of extracranial
(carotid or vertebrobasilar) artery stenosis (if known) and hence the
potential increased risk of cerebral hypoperfusion with sudden drops in BP,
among other factors.
The effects of variations in BP differ between stroke subtypes.
1. The penumbra of tissue following an ischaemic stroke has limited
cerebral perfusion and hence theoretically may not tolerate acute
drops in systemic BP; however, if the BP is too high, the chance of a
haemorrhagic conversion may be increased.
2. In haemorrhagic stroke, elevated BP is associated with haematoma
expansion, which can be reduced by intensive early treatment.
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Ischaemic stroke and transient
ischaemic attack

Management of acute ischaemic stroke

Acute treatment

1. If ischaemic stroke is identified within 4.5h of symptom onset (3h in the
USA), and there are no contraindications, then thrombolysis—alteplase
0.9mg/kg over 1h, can be administered.

2. If ischaemic stroke is identified outside of the thrombolysis window,
then antiplatelet therapy should be initiated as soon as possible.
Antiplatelets should be held for 24—48h post-thrombolysis attempt.

Antiplatelet therapy

e First line: 300mg aspirin (acetylsalicylic acid, ASA) daily for 2 weeks
(USA dosing: 325mg).

e Second line: 300mg single dose, then 75mg clopidogrel for 2 weeks.

e Longer-term antiplatelet therapy: see Secondary prevention following
ischaemic stroke or transient ischaemic attack, pp. 57-60.

Evidence base

Antiplatelet therapy

Aspirin monotherapy is the only antiplatelet treatment proven to be effec-
tive in very early stroke. The International Stroke Trial (IST) included nearly
20000 patients with suspected acute ischaemic stroke; 300mg aspirin given
within 48h reduced the 14-day recurrence of ischaemic stroke (2.8% vs
3.9%) and of non-fatal stroke or death (11.3% vs 12.4%), compared with
placebo. The Chinese Acute Stroke Trial (CAST) included 21100 patients
randomized to 160mg of aspirin daily or placebo within 48h of acute ischae-
mic stroke, and showed that aspirin reduced total mortality at 1 month by
14% (absolute percentages 3.3% with aspirin vs 3.9% with placebo).

A recent meta-analysis of early dual antiplatelet therapy (aspirin and
clopidogrel, aspirin and dipyridamole, aspirin and cilostazol) vs mono-
therapy (aspirin, clopidogrel, or dipyridamole) for acute ischaemic stroke
or TIA included over 9000 participants, including the CHANCE, EARLY,
and FASTER trials (enrolled within 24h), as well as those from other trials
where the antiplatelet agent was given within 72h of onset. Dual antiplate-
let therapy was associated with a 31% reduction in recurrent stroke (rela-
tive risk (RR) 0.69, 95% Cl 0.60-0.80) and composite vascular events and
death (RR 0.71, 95% Cl 0.63-0.81), and a non-significant increase in major
bleeding (RR 1.35, 95% CI 0.70-2.59). The interpretation of these findings
is complicated by great heterogeneity within the populations, variations in
other drug therapy and follow-up, and low adverse event rates.

Thus, there may be added benefit of dual antiplatelet therapy (e.g.
21 days of aspirin and clopidogrel in the CHANCE trial) after a TIA or minor
ischaemic stroke, but larger studies are required to confirm this, particularly
in populations outside Asia.



ISCHAEMIC STROKE AND TRANSIENT ISCHAEMIC ATTACK

Thrombolysis

For patients treated within 3h, the initial trials demonstrated an increase in
good functional outcome and a non-significant trend towards a 4% decrease
in mortality with alteplase. A recently published meta-analysis of all the
current RCTs of thrombolytics in acute ischaemic stroke (12 trials, 7012
patients) demonstrated that thrombolysis given within 6h of stroke signifi-
cantly increased the probability (4.2%) of being both alive and independent
(Modified Rankin Scale (MRS) 0-2) at final follow-up (OR 1.17, 95% ClI
1.06-1.29; p = 0.001). The analysis confirmed that the greatest benefit in
neurological outcome was demonstrated in patients treated within 0-3h
(MRS 0-2, 365/896 [40-7%] vs 280/883 [31:7%], OR 1.53, 95% Cl 1.26—
1.86; p <0.0001). Mortality within 7 days was increased by 2.5% in those
who were thrombolysed (primarily accounted for by intracranial haemor-
rhage). However, by final follow-up, this excess mortality was no longer
significant. The benefit of thrombolysis was also seen in those >80 years.

Other agents trialled in the acute treatment of ischaemic stroke

1. Clinical trials of streptokinase were halted prematurely because of
unacceptably high rates of haemorrhage. Currently, the only fibrinolytic
agent licensed for thrombolysis is alteplase.

2. Abciximab is a monoclonal antibody, which binds to glycoprotein lIb/llla
receptors, thereby inhibiting platelet aggregation. Despite early results
showing positive outcomes when used in ischaemic stroke, AbESST T-II
(Abciximab in Emergency Treatment of Stroke Trial), a large phase 3
multicentre, randomized, double-blind, placebo-controlled trial,
showed no difference in outcomes at 3 months between placebo- and
abciximab-treated patients. However, within the first 5 days, there
was a markedly increased number of symptomatic or fatal ICH in the
abciximab-treated group (5.5% vs 0.5% with placebo), and the trial was
terminated early. Abciximab is thus not recommended for use in acute
ischaemic stroke.

Surgical interventions

Decompressive hemicraniectomy should be strongly considered in the ~10%
of ischaemic stroke patients who have a ‘malignant” MCA syndrome (charac-
terized by rapid deterioration in neurological function due to the rapid rise
in ICP with cerebral oedema, following a large infarct of the MCA territory).
Surgery should be performed within 48h of symptom onset for best results.
The randomized trial evidence for benefit is most convincing in individuals
<60 years, but some older patients may also benefit (DESTINY 2 trial).

Transient ischaemic attacks

TIAs are neurological deficits of ischaemic origin that typically last from a
few minutes to usually no more than 30min. A TIA may be indistinguishable
from an ischaemic stroke at presentation, and patients need to be managed
as per acute ischaemic stroke guidelines if presenting within 24h of onset
with persistent weakness. TIA is pathophysiologically identical to ischaemic
stroke, but the symptoms are transient because reperfusion occurs, either
from adequate collateral circulation or as a result of emboli fragmentation.
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Table 4.2 ABCD?2 score

Age 260 1 point
BP >140/90 1 point
Clinical features:

Unilateral weakness 2 points
Speech disturbance without weakness 1 point
Duration of symptoms:

21h 2 points
10-59min 1 point
Diabetes 1 point

Reproduced from Lancet, 369(9558), Johnston SC, Rothwell PM, Nguyen-Huynh MN, Giles
MF, Elkins JS, Bernstein AL, Sidney S, Validation and refinement of scores to predict very early
stroke risk after transient ischaemic attack, pp. 283-92, Copyright (2007), with permission from
Elsevier.

A focused history is essential, as TIA mimics, such as migraine aura or
focal epilepsy, are commonly mistakenly diagnosed as TIA and subse-
quently inappropriately managed. In cases of diagnostic uncertainty, MRI
with diffusion-weighted imaging (DWI) and blood sensitive sequences is
recommended.

The ABCD2 score (see Table 4.2) is used to estimate the risk of stroke
after a TIA and guides the urgency of further investigations, although it
does not take into account key prognostic factors, e.g. carotid stenosis, AF,
recurrent attacks, or MRI-detectable brain ischaemia, which also need to
be considered.

The risk of stroke within 48h is:

e 1% in low-risk patients with a score of 1-3;

e 4.1% in moderate-risk patients with a score of 4-5;
e 8.1% in high-risk patients with a score of 6-7.

In the UK, NICE recommends that a patient scoring 24 should be assessed
by a specialist and have neuro-imaging within 24h, and that all patients with
scores less than this should be seen and imaged if required within 7 days.
In modern stroke practice, all patients with suspected TIA or minor stroke
should be assessed urgently by a stroke specialist. Diffusion-weighted
MRI should be used, except where contraindicated, in which case CT is
undertaken. Recent evidence suggests that blood-sensitive MRI sequences
should also be performed to exclude TIA syndromes related to intracranial
bleeding.

Treatment

Antiplatelet therapy after TIA is similar to that for ischaemic stroke.
Secondary prevention of modifiable risk factors needs to be implemented
as soon as possible.
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Acute management

o First line: aspirin 300mg daily for 2 weeks (USA: ASA 325mg).
e Second line: clopidogrel 300mg daily for 2 weeks.

e Third line: dipyridamole 200mg bd.

Evidence base

The EXPRESS study, although non-randomized, provided evidence that
there was a significant benefit in treating patients with TIA or minor stroke
swiftly. This study took a cohort of patients with TIA/minor strokes who
had not required admission to hospital but were felt to be managed safely in
a rapid access clinic or primary care clinic setting. The primary outcome was
the risk of stroke within 90 days of seeking medical attention. Early initia-
tion of treatment was shown to be associated with an 80% reduction in the
risk of early recurrent stroke (adjusted hazard ratio 0.2, 95% CI 0.08-0.49;
p = 0.0001).

Secondary prevention following ischaemic stroke
or transient ischaemic attack

Patients diagnosed with stroke and TIA have a high risk of recurrent ischae-
mic events. In fact, ~25% of all strokes are recurrent events, and the risk
of stroke in a patient who has had a TIA is about 10% per year. In addi-
tion, these patients have a higher risk of cardiovascular, renovascular, and
peripheral vascular disease. Thus, appropriate secondary prevention is cru-
cial. Ongoing treatment with antiplatelets is recommended, and additional
factors must be considered and appropriately monitored as follows.

Antiplatelet therapy
e Longer-term secondary prevention:
« first line: clopidogrel 75mg once daily (od);
« second line: aspirin 75mg od and dipyridamole modified-release
(MR) 200mg bd;
« third line: aspirin 75mg od.

Evidence base

e ASA £ dipyridamole MR (200mg bd) can be used in those who are
intolerant of clopidogrel and, like clopidogrel monotherapy, is more
efficacious than ASA alone. The use of antiplatelet therapy reduces
the RR of stroke, MI, and death by ~22%; this is equivalent to 25 fewer
strokes per 1000 patients treated for a mean of 29 months. While
aspirin monotherapy was traditionally used in the management of
ischaemic stroke, the use of the newer antiplatelet drug regimens,

i.e. monotherapy with clopidogrel or dipyridamole, in addition to
aspirin, has shown to result in a reduction of one vascular event

per year for every 100 patients treated, when compared to aspirin
monotherapy.

Dual antiplatelet therapy: two randomized trials have assessed the utility
of longer-term dual antiplatelet therapy with aspirin and clopidogrel

in the treatment of ischaemic stroke. The evidence is currently
inconclusive. In the MATCH trial comparing aspirin and clopidogrel

vs clopidogrel alone, and the CHARISMA trial comparing aspirin and
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clopidogrel vs aspirin alone, no significant change in ischaemic vascular
events were identified, yet there was a significant increase in the

rate of life-threatening bleeds. Long-term dual antiplatelet therapy is
generally therefore not indicated for routine ischaemic stroke secondary
prevention. (although the case may be different for ischaemic stroke
secondary to intracranial stenosis)

Vascular risk factors

1. Lifestyle: advice should be given regarding lifestyle, including smoking
cessation, dietary advice, weight control, avoidance of excess alcohol,
and optimization of physical activity.

2. BP: a definitive target BP after stroke has not been established;
however, an average reduction of 10/5mmHg is associated
with improved outcomes in clinical trials. The most effective
antihypertensive agent to prevent stroke is not known. However,
benefit has been demonstrated with angiotensin-converting enzyme
(ACE) inhibitors, thiazide-like diuretics, and calcium channel blockers.
Recent data emphasize the importance of consistent optimized BP
control to reduce variability, particularly to prevent ICH; there is some
evidence that calcium channel blockers may reduce BP variability more
than other agents.

3. Lipid levels: in both the UK and USA, statin therapy is recommended for
any patient who has had a stroke or TIA, unless any contraindications
to their use exist (see Statins, pp. 342—7). In the UK, guidelines
recommend that statins should be started 48h after the onset of
symptoms but should not be stopped in those who are already on
treatment for ischaemic stroke, while, in the USA, statins may be
started following symptom onset.

Evidence base

o A meta-analysis of >90000 patients taking part in previous statin trials
demonstrated that the larger the reduction in low-density lipoprotein
(LDL) cholesterol, the lower the risk of consequent ischaemic
stroke. The efficacy of statin therapy in the secondary prevention of
ischaemic stroke is well documented. It has also been demonstrated
that statin therapy should be initiated as swiftly as possible following
ischaemic stroke (see Statins, pp. 342—7). The HPS study involved 3280
adults with cerebrovascular disease who had previous non-disabling
ischaemic stroke, TIA, and/or a history of carotid endarterectomy
or angioplasty. Patients were allocated to either 40mg simvastatin or
placebo and monitored over a 5-year treatment period. Retrospective
subset analysis of these patients with symptomatic ischaemic
cerebrovascular disease demonstrated a 20% reduction in major
vascular events (HR 0.80, 95% Cl 0.71-0.92) and a 19% (non-significant)
reduction in further ischaemic stroke. Similarly, on-treatment analysis
of 4162 patients involved in the SPARCL trial revealed an 18% reduction
of further ischaemic stroke in those treated with 80mg atorvastatin
daily, when compared to placebo (HR 0.82, 95% Cl 0.69-0.98;
p =0.03).
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4. Diabetic control: strict glycaemic control in diabetics reduces micro-
vascular, and macrovascular, complications. The goal for HbA1c
should be <7% (IFCC 53.0). In the IRIS study, patients with recent
ischaemic stroke or TIA without diabetes who had insulin resist-
ance along with a recent history of ischemic stroke or TIA, the risk
of stroke or myocardial infarction was lower among patients who
received pioglitazone than among those who received placebo.

Atrial fibrillation

AF is the commonest cause of cardio-embolic stroke. Any patient with AF
who has had a stroke or TIA, in the absence of any clear contraindications,
automatically qualifies for oral anticoagulation, according to the CHADS2
and CHADS2 VASc scores. These are the most commonly used risk strati-
fication scores used to assess the risk of cardio-embolic stroke in patients
with AF.

The most commonly used anticoagulant is warfarin, but the novel oral
anticoagulants apixiban, dabigatran, and rivaroxaban have emerged as
attractive alternatives to warfarin for stroke prevention in AF. They have
shown similar efficacy for stroke prevention and generally lower rates
of ICH, compared to warfarin. Another benefit is the apparent lack of
requirement for regular monitoring and dose adjustment, but more real-
world observational follow-up data outside trials are required to definitively
establish longer-term safety and efficacy. The lack of an effective antidote
remains a concern.

Warfarin anticoagulation for long-term secondary prevention in patients
with AF can be safely commenced 2 weeks post-ischaemic stroke or TIA,
as demonstrated in the European Atrial Fibrillation Trial. Some clinicians
begin warfarin earlier, taking into account the extent of cerebral infarction,
e.g. starting immediately after TIA or after a few days for small infarcts.
Randomized trials are needed to clarify the optimum timing of anticoagula-
tion in acute ischaemic stroke. The commonest time point for haemorrhagic
transformation post-ischaemic stroke is in the first 1-4 days after symptom
onset, but later haemorrhage from 7—14 days (and occasionally beyond)
can occur. Cerebral microbleeds may be associated with an increased hazard
of intracranial haemorrhage in patients anticoagulated after cardioembolic
stroke due to AF; this is being investigated in the CROMIS-2 observational
study, and current data does not allow a firm recommendation to be made
about anticoagulant use in those patients with cerebral microbleeds.

Extracranial carotid or vertebral artery dissection

In the setting of extracranial vertebral or carotid artery dissection causing
ischaemic stroke, oral anticoagulation is often considered; however, evi-
dence originates from non-randomized trials and has failed to consistently
demonstrate any benefit over antiplatelet therapy. A 2010 Cochrane review
was unable to find any RCTs comparing the use of antiplatelets with antico-
agulants in the management of carotid artery dissection. Analysis of over
30 observational studies suggested there was no significant difference in the
odds of ischaemic stroke or death between the two treatments, although
there may be a non-significant trend towards reduced death or disabil-
ity in favour of oral anticoagulants (OR 1.77; p = 0.06). More intra- and
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extracranial haemorrhages occurred in the anticoagulated group. A recent
trial (CADISS) found no difference in efficacy of antiplatelet and antico-
agulant drugs in preventing stroke and death in patients with symptomatic
carotid and vertebral artery dissection; however, there were very few out-
come events. Further trials are needed before firm guidance can be given.
However, currently, many stroke experts recommend anticoagulation if
there is clear evidence of ongoing embolism in association with extracranial
dissection. Anticoagulation should be avoided in the much rarer setting of
intracranial arterial dissection due to the risk of catastrophic SAH.

Symptomatic carotid artery stenosis

Symptomatic carotid artery stenosis is responsible for a subgroup of ischae-
mic strokes. It is important to clinically separate this group of patients, as
they may benefit from carotid revascularization procedures, i.e. carotid
endarterectomy or stenting procedures. These techniques aim to prevent
further thromboembolic strokes arising from symptomatic carotid arteries.
Endarterectomy is more commonly used and current practice is to con-
sider all patients with symptomatic carotid stenosis >50% for revascularisa-
tion or best medical treatment, following multidiscipilinary team discussion.
Specific plaque chracteristics, e.g. ulceration (on noninvasive angiography)
or intraplaque haemorrhage (on dedicated MRI) may help to predict high
early stroke risk in carotid stenosis.

For patients with ischaemic stroke or TIA due to symptomatic intracranial
stenosis, dual antiplatelet therapy (aspirin and clopidogrel) is recommended
following the SAMMPRIS trial, which showed the superiority of aggres-
sive of medical treatment compared with endovascular treatment (stent-
ing). Short-term dual antiplatelet therapy (e.g. 3—4 weeks) is also often
recommended for patients with symptomatic extracranial arterial stenosis
(e.g. carotid or vertebrobasilar stenosis).
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Intracerebral haemorrhage

ICH is associated with a significant risk of further ICH of up to about
10% per year. The risk may be much higher for ICH due to CAA than for
hypertensive ICH.

Management of acute intracerebral haemorrhage

The focus of pharmacological treatment of ICH is prevention of haema-

toma expansion. Thus, any coagulopathy needs to be normalized, and

extremes of BP should be controlled as quickly as possible:

1. Haemostatic agents: in patients taking anticoagulants, rapid
administration of an antidote is required. In the context of warfarin,
this is usually IV vitamin K, with prothrombin complex concentrate
(PCC) or fresh frozen plasma (FFP), depending on local availability.
PCC is superior to FFP in normalising the INR and smaller haematoma
expansion in vitamin K antagonist related ICH, but was not powered to
demonstrate improved outcomes. Protamine sulfate should be given
to reverse heparin. The novel oral anticoagulants apixaban, dabigatran,
and rivaroxaban have no specific antidote currently, although agents
are in development. Treatment with prothrombin complex and close
liaison with a haematologist are recommended for these patients.
Platelet transfusion has recently been shown to be unhelpful (and likely
harmful) in acute ICH related to prior antiplatelet use (PATCH trial).

2. Antihypertensives: the Antihypertensive Treatment of Acute Cerebral
Hemorrhage (ATACH) trial using IV nicardipine and the Intensive
Blood Pressure Reduction in Acute Cerebral Haemorrhage Trials
(INTERACT-1 and 2) using a mixture of antihypertensives have
both demonstrated that systolic BP reduction to 140mm Hg is well
tolerated and associated with attenuation of haematoma expansion.
The ATACH-2 trial suggested that more intensive treatment in acute
ICH to achieve a target systolic blood pressure of 110 to 139mm Hg
did not result in a lower rate of death or disability than reduction to a
target of 140 to 179mm Hg. Thus, rapid BP lowering beyond a target of
140mm Hg systolic is not recommended in acute ICH.

Therapies under investigation

1. Thrombolysis for intraventricular haemorrhage: a pilot study
investigating the use of intraventricular urokinase in the management
of intraventricular haemorrhage found a trend to lower mortality and
faster resolution of intraventricular haemorrhage. Further larger studies
are needed.

2. Recombinant factor Vlla (rFVlla): preliminary studies suggested that
treatment with rfVlla was safe and effective for ICH. However,
results from a multicentre, double-blind, phase 3 clinical trial were
disappointing. Compared with placebo, treatment with rFVlla was
associated with a significant reduction in haematoma expansion.
However, this was not associated with improvement in the primary
outcome measures of death or severe disability at 90 days.
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3. Tranexamic acid (TA): the CRASH 2 study, a nested RCT investigating
the impact of TA on intracranial bleeding in the context of traumatic
brain injury, was unable to reliably demonstrate significant benefits
with use of TA. An ongoing phase 3 RCT (TICH-2 study) is aiming to
establish if TA is effective and safe in the management of hyperacute
primary ICH. The dose given in trials for this indication is 1g IV given
over 10min, followed by an IV infusion of 1g given over 8h.

Surgical interventions

Surgical decompression of large intracranial haemorrhages may be indicated
for patients with symptomatic hydrocephalus, significant neurological dis-
ability, and/or evidence of elevated ICP. Non-invasive surgical approaches
(MISTIE trials) in ICH show promise in improving functional outcome in
acute ICH, but larger definitive trials are needed.

Secondary prevention of intracerebral haemorrhage

The main target for secondary prevention is reduction of BP; the PROGRESS
trial showed that the benefit of BP reduction after ICH exceeded the benefit
seen in ischaemic stroke. The optimum target is unknown, but a target of less
than 140mm Hg is usually recommended; observational data suggest that
sustained BP control (smoothing out high peaks) may be especially important
in preventing ICH. Other modifiable risk factors linked to ICH recurrence
include diabetes, excessive alcohol consumption, and cigarette smoking.

Anticoagulants, antiplatelets, and statins following
intracerebral haemorrhage

Unless there is a clear indication, antithrombotics (antiplatelets and antico-
agulants) should be avoided after ICH, particularly in the presence of CAA.
Statins may also increase recurrent ICH risk, particularly in CAA where
some experts recommend avoidance in the absence of a clear indication.
The RESTART trial is investigating whether stopping or continuing antiplate-
let drugs is preferable in patients with ICH and a clear indication for anti-
platelet use (e.g. vaso-occlusive disease).

When haemorrhagic stroke has occurred in association with oral anti-
coagulant or antiplatelet agent use, a risk—benefit analysis needs to be
undertaken, weighing up the possible chances of a re-bleed with the chance
of a recurrent thrombotic event. There is no clear evidence in this area.
The ongoing APACHE-AF trial is investigating if and when to restart an oral
anticoagulant or antiplatelet agents following an intracranial bleed and will
hopefully inform management in this challenging area. In patients with ICH
with a high risk of future ischaemic stroke due to AF, left atrial appendage
occlusion, which appears to be as safe and effective as oral anticoagulation
with warfarin, may be reasonably considered.

The use of statins after ICH remains controversial. In the SPARCL trial,
patients with ICH at baseline had a higher risk of future ICH when treated
with atorvastatin, compared with placebo. Moreover, some studies have
found an inverse relationship between total and LDL-cholesterol and the
risk of ICH. However, subsequent studies and meta-analyses have not
confirmed definitively whether statins increase the risk of future ICH. It
is therefore reasonable to balance the benefits and possible risks of statin
therapy in individual patients, according to an assessment of the risks of
vaso-occlusive events and future recurrent ICH.
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Subarachnoid haemorrhage

SAH accounts for ~5% of strokes and has an incidence rate of 6-9 per
100,000 patient years. It typically occurs in patients <60 years of age. The
commonest causes of SAH are aneurysmal rupture (particularly saccular
berry aneurysms, 85%), arteriovenous malformations, trauma, clotting dis-
orders/anticoagulants, tumours, and vasculitis. It classically presents with
a sudden and severe (‘thunderclap’) headache, worst at the occiput and
associated with neck stiffness, presumably secondary to blood in the suba-
rachnoid space. Dizziness, nausea, and vomiting (which may be transient or
protracted) can also be experienced. Impaired level of consciousness and
focal neurological signs may occur, particularly if there is associated ICH.
Seizures occur in ~7% of patients.

In patients with a typical history, an urgent high-resolution non-contrast
CT head scan within 12h of symptom onset has a sensitivity of 98—100%.
Sensitivity falls to 93% at 24h, further declining to 57-85% at 6 days. If there
is a highly suggestive history and no evidence of haemorrhage on an acute
CT scan, then an LP is recommended to confirm or refute a diagnosis of
SAH by looking for the presence of xanthochromia at ~12h after symptom
onset. This is present in 100% of patients up to 14 days, and in 70% up to
21 days, after SAH onset. MRI fluid-attenuated inversion recovery (FLAIR)
sequences may be helpful in patients with normal CT scans and equivocal
cerebrospinal fluid (CSF) results, although routine use in the acute scenario
is often precluded by lack of availability and the lengthy duration of the scan.

Management

The acute management of SAH involves resuscitation and early implemen-

tation of interventions designed to prevent common complications, namely

further bleeds, vasospasm, and hydrocephalus. The following measures
must be taken to stabilize the patient.

1. Resuscitation and neuro-observations: advanced life support techniques,
particularly fluid resuscitation, to maintain cerebral perfusion, and close
neurological monitoring are important.

2. BP control: systolic BP should be maintained between 90 and
140mmHg prior to aneurysm treatment. Hypotension should be
corrected with colloid or inotropes to maintain adequate cerebral
perfusion and prevent vasospasm. Hypertension should be corrected
with antihypertensives that can be titrated rapidly. If there are no
contraindications, [V labetalol is the agent of choice.

3. Prevention of vasospasm: patients should be adequately hydrated,
electrolyte abnormalities corrected, and nimodipine 60mg 4-hourly
(or as close to this as tolerated) initiated. Nimodipine, at this dose,
has been demonstrated to reduce the chance of cerebral infarction,
following SAH, from 33% to 22%. This correlates with improved clinical
outcomes.
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4. Management of raised ICP (see Raised intracranial pressure, p. 195 in

6.

7.

Chapter 13, Neuro-oncology): patients with signs of raised ICP or
brain herniation will require intubation and hyperventilation. The use
of excessive hyperventilation, as well as agents, such as mannitol, which
may cause dehydration and hypotension, should be avoided in order to
prevent worsening vasospasm.

. Seizure prophylaxis: this is currently an area of significant uncertainty.

Some studies have demonstrated no connection between functional
outcome and seizures, and retrospective investigations have
demonstrated adverse effects from AEDs. Nonetheless, seizures may
potentially increase the risk of re-rupture of an unsecured lesion. At
present, if seizure prophylaxis is deemed necessary, the treatment of
choice is IV phenytoin. There is lack of experience with other AEDs

in this setting. Long-term prophylactic anticonvulsant therapy is not

routinely recommended.

Analgesia and antiemetics: these are important to minimize distress and

ensure adequate hydration and the maintenance of a steady BP.

Definitive neuroradiological or neurosurgical treatment: following

confirmation of the diagnosis and appropriate stabilization of the

patient, early discussion with a regional neurosurgical centre is essential
to identify scope for neuroradiological or neurosurgical intervention.

* Antifibrinolytics: antifibrinolytics significantly reduce rates of re-
bleeding, but this benefit is offset by an increased risk of secondary
cerebral ischaemia and thrombosis, so they are not used for SAH in
clinical practice.



CEREBRAL VENOUS SINUS THROMBOSIS

Cerebral venous sinus thrombosis

Thrombosis in the cerebral veins is an uncommon and under-recognized
form of stroke. It accounts for 0.5-1% of all strokes and occurs more
commonly in young individuals. Risk factors include dehydration, ear or
sinus infections, long-haul air travel, trauma, surgery, oral contraceptives,
inflammatory bowel disease, pregnancy, and prothrombotic haematological
conditions

Headache is common and usually diffuse in nature, progressing in
severity over days to weeks, although occasionally there is a thunderclap
presentation, causing diagnostic confusion with SAH. Focal neurological
deficits are usually due to focal brain injury from infarction or haemorrhage.
Appropriate investigations include CT venography (to detect sinus filling
defects), T2*-weighted MRI (to visualize the thrombus directly and detect
areas of haemorrhage or infarction), and magnetic resonance (MR) venog-
raphy. Digital subtraction angiography can help to clarify cases of diagnostic
uncertainty, despite non-invasive testing.

Treatment

In the acute setting, IV unfractionated heparin or treatment-dose low-
molecular-weight heparin (LMWH) is used, even if there is haemorrhage
on brain imaging. Limited data suggest that LMWH is more effective than
unfractionated heparin and at least as safe for the treatment of cerebral
venous sinus thrombosis. Anticoagulation has been shown to be safe and
effective in small randomized trials. There is no evidence to support the use
of antiplatelet agents in cerebral venous sinus thrombosis.

In those patients who deteriorate despite anticoagulant therapy, endo-
vascular thrombolysis (e.g. with direct administration of recombinant tis-
sue plasminogen activator (rt-PA) into the occluded sinus through an IV
catheter) or mechanical disruption of the thrombus have been tried, with
some reported success. Where the ICP is raised due to mass effect from
venous infarction, decompressive craniectomy may be lifesaving, but trials
are lacking. Long-term management is with oral anticoagulants. Treatment
duration is typically 3-12 months, depending on the presence and nature of
risk factors for venous thromboembolism (VTE). In cases with an underly-
ing thrombophilia tendency, treatment may be needed lifelong.
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Introduction

Neuropathic pain can be defined as ‘pain arising as a direct consequence
of a lesion or disease affecting the somatosensory nervous system’. This is
distinct from nociceptive pain, which can be described as ‘pain resulting
from a noxious stimulus’. Neuropathic pain syndromes comprise a het-
erogeneous group of disorders, for which there are still no accurate
data with regards prevalence. Various studies have estimated that any-
where between 1-8% of Western populations may be affected. In terms
of specific disease aetiologies, roughly 16—26% of people with diabetes
will suffer from painful diabetic neuropathy, and 8-19% of patients with
varicella-zoster rash will develop post-herpetic neuralgia.
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Classification

The following classification system is based on the clinical grouping of

conditions that occurs in most neuropathic pain trials and is outlined by

the EFNS guidelines on management of neuropathic pain:

e painful neuropathies (mono-/polyneuropathies):

« polyneuropathies—hereditary, toxin-/drug-related, immune-
mediated, metabolic;

« diabetic mononeuropathy, polyneuropathy, amyotrophy;

« post-herpetic neuralgia;

« infective/post-infective, e.g. HIV neuropathy;

« carcinoma-related, e.g. paraneoplastic, myeloma;

« phantom pain;

« nerve trauma.

chronic radiculopathy;

central pain syndrome;

trigeminal neuralgia;

complex regional pain syndromes, e.g. fibromyalgia.
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Treatment of neuropathic pain

Initiation: when starting pharmacotherapy for neuropathic pain, consid-
eration must be given to the aetiology and severity of the pain, including
impact on activities of daily living and sleep, as well as patient factors such
as co-morbidities and age.

Review: patients should be reviewed soon after initiation of treatment
and regularly thereafter to assess efficacy and tolerability and to monitor
dose titration. A specialist pain service may be useful if pain is severe and
poorly responsive to initial management and if psychological factors are
prominent.

Withdrawal: medication cessation should be undertaken gradually and
closely monitored for any aggravation of pain or withdrawal symptoms.

Evidence-based recommendations for the treatment of individual
neuropathic pain syndromes

This advice is based on the 2010 EFNS guidelines for the treatment of
neuropathic pain.

Painful polyneuropathy

This is an aetiologically diverse group of conditions, excluding post-
herpetic neuralgia, diabetic neuropathy, and HIV neuropathy. Painful
polyneuropathy can be caused by drugs, toxins, gammopathies, and
inflammatory, paraneoplastic, and metabolic conditions. A number
of inherited conditions may also cause painful neuropathies, including
hereditary sensory and autonomic neuropathies, familial amyloid poly-
neuropathies, and mitochondrial disorders.

Treatment

e First line: gabapentin, pregabalin, or tricyclic antidepressants (TCAs).
e Second line: tramadol.

e Third line: strong opioids.

Evidence base

A meta-analysis of several small RCTs demonstrated the efficacy of TCAs
(NNT 2.1, 95% Cl 1.8-2.6) in painful polyneuropathy. Despite good evi-
dence of efficacy of duloxetine, gabapentin, and pregabalin in diabetic
painful polyneuropathy, there are no substantial trial data for their use in
painful polyneuropathy of other aetiologies.

Diabetic neuropathy

This is the most prevalent sensory neuropathy in Europe and the USA,
usually presenting as a chronic distal sensory small-fibre, or mixed small-
and large-fibre, polyneuropathy. Good glycaemic control is an important
preventative measure and may halt progression of the condition.
Treatment

e First line: serotonin and noradrenaline reuptake inhibitors (SNRIs).

e Second line: gabapentin, pregabalin, or TCAs.

Evidence base

A number of robust RCTs demonstrate efficacy of duloxetine for pain
relief in diabetic neuropathy. These data have been consolidated in a
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meta-analysis demonstrating an NNT of 5 (95% Cl 4-7) for a 50% reduc-
tion in pain over 12 weeks. Gabapentin, TCAs, and pregabalin have all
been shown to be effective in meta-analyses with an NNT for 50% pain
reduction of 5.8 (95% Cl 4.3-9), 1.3 (95% Cl 1.2-1.5), and 5.0 (4.0-6.6),
respectively.

Post-herpetic neuralgia

Post-herpetic neuralgia is a common form of neuropathic pain that can
follow infection by varicella-zoster. It is commoner in the elderly and
occurs in ~20% of people post-herpes zoster infections. The pain, which
affects the dermatomal level(s) involved by the zoster rash, usually starts
after the herpetic vesicles have crusted over, and typically lasts for over
3 months.

Treatment

e First line: gabapentin, pregabalin, TCAs, or topical lidocaine (in the
elderly).

e Second line: strong opioids or topical capsaicin.

Evidence base

There is good evidence from multiple large RCTs and meta-analyses
for the efficacy of gabapentin, pregabalin, and TCAs in the treatment of
post-herpetic neuralgia. The NNT for 50% pain reduction was 7.5 (95%
Cl 5.2-14) for gabapentin 1800mg daily, 4.0 (95% Cl 3.1-5.5) for prega-
balin 600mg daily, and 2.2 (95% CI 1.6-3.1) for global improvement in
pain scores with TCAs.

Two RCTs have confirmed that strong opioids are effective (1.9-fold
reduction in pain intensity; p <0.001). There are data from two placebo-
controlled RCTs demonstrating marginal efficacy for lidocaine patches
in post-herpetic neuralgia; however, they are expensive, and thus EFNS
and NICE recommend their use only for patients who cannot tolerate/
use oral medications, particularly the elderly. Finally, there is strong evi-
dence from a meta-analysis for the efficacy of high-strength, but not low-
strength, topical capsaicin (NNT = 8.8, 95% Cl 5.3-26).

HIV neuropathy

HIV commonly causes a painful distal symmetrical axonal polyneuropa-
thy. The neuropathological mechanism is unknown. Furthermore, dide-
oxynucleoside reverse transcriptase inhibitor drugs used extensively in
HIV treatment can also cause an acute toxic neuropathy.

Treatment
e First line: topical capsaicin or lamotrigine.
e Second line: cannabinoids.

Evidence base

Most conventional pharmacological treatments for neuropathic pain
do not effectively alleviate symptoms associated with HIV neuropathy.
Moderate evidence for efficacy has been demonstrated from small indi-
vidual placebo-controlled RCTs for lamotrigine (57% received pain relief
vs 23% with placebo; p = 0.004), smoked cannabis (34% received pain
relief vs 17% with placebo; p = 0.03), and the high-dose capsaicin patch
(22.8% received pain relief vs 10.7% with placebo; p = 0.0026).
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Cancer-related neuropathic pain

Cancer-related neuropathic pain can be due to remote or local effects
of the disease, or secondary to chemotherapy. Cancer pain is usually of
mixed aetiology, rather than purely neuropathic, and so strong opioids
are often used. In addition to conventional therapies for neuropathic
pain, opportunities to target pain through oncological therapies can also
be considered.

Treatment
e First line: gabapentin.
e Second line: TCAs or tramadol.

Evidence base

There is a lack of good-quality clinical trials in neuropathic pain associ-
ated with cancer. There is some evidence showing efficacy for gabapentin
in one RCT (0.8 point reduction in pain intensity, compared to placebo;
p = 0.025), and tramadol (improvement in pain scores; p <0.001). The
only RCT of TCAs in cancer-associated neuropathic pain found no ben-
efit from adding amitriptyline to morphine.

Phantom pain

Phantom pain is due to cortical sensory perception of an amputated
body part. Its reported incidence varies widely between studies, due
to differing definitions of phantom pain. At least 80% of amputees will
experience abnormal sensations in the amputated body part at some
point. When phantom pain does manifest, it occurs within days of the
operation/injury in 75% of cases.

Evidence base

There are conflicting recommendations for the treatment of phantom
pain. The oral analgesic with the best efficacy in trials is morphine (53%
pain relief, compared to 19% with placebo; p <0.0001; NNT for 50% pain
relief = 5.6). Gabapentin has shown discrepant results in RCTs. There is
evidence for the preoperative use of [V morphine and IV ketamine and
for the use of epidural anaesthesia with morphine and bupivacaine.

Traumatic neuropathic pain

Nerve damage can occur following trauma, with 3% of trauma victims
sustaining significant peripheral nerve injury and a large proportion of
these suffering from long-term neuropathic pain. Trauma may also be
jatrogenic, particularly in oral and maxillofacial surgery. An estimated
0.5-2% of maxillofacial procedures will result in the development of
long-term neuropathic pain.

Treatment

e First line: amitriptyline.

e Second line: botulinum toxin and gabapentin.

Evidence base

There is minimal evidence for pharmacotherapy in traumatic neuropathic

pain. Gabapentin achieved only a few secondary outcome measures in a
multicentre trial. In individual smaller trials, amitriptyline reduced pain
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by 50% in 8/15 patients, and botulinum toxin injections improved global
pain reliefin 40%, compared to 14% with placebo (p <0.05; NNT for 50%
pain relief = 3.03). Currently, botulinum toxin injections are not univer-
sally recognized as a treatment for neuropathic pain and are not licensed
for this indication.

Chronic radiculopathy and plexopathy

Damage to a nerve root or roots can result in pain, as well as weakness
and numbness in the root territory. Lumbar and brachial plexopathies
can also cause pain. Causes include trauma, mechanical impingement,
diabetes, and infections such as HIV and Lyme disease.

Evidence base
No agent has shown consistent pain relief in RCTs. TCAs and strong
opioids show the best results.

Central neuropathic pain

Central neuropathic pain is due to disruption of the pain pathways within
the CNS. The commonest causes are stroke, MS, and spinal cord injury.

Treatment

e First line: amitriptyline, gabapentin, or pregabalin.
e Second line: tramadol.

e Third line: strong opioids.

NB. Cannabinoids may alleviate central pain in patients with MS.

Evidence base

Several systematic reviews suggest a moderate effect of both prega-
balin 600mg (NNT = 5.6, 95% CI 3.5-14 for 50% pain reduction) and
gabapentin (improvementin pain scores ranging from 0.873 to 3.362 ona
10-point scale; p <0.05, in four RCTs) for pain following spinal cord injury.
There is weak evidence from an RCT for amitriptyline post-spinal cord
injury (reduction of pain scores by 2.46 on a 10-point scale, compared
to diphenhydramine; p = 0.035), but not post-stroke. Individual RCTs
provide some evidence for efficacy of strong opioids (15% pain reduction
with high-dose, compared to low-dose, p-opioid agonist; p = 0.02) and
tramadol (7/23 patients rated improvement in pain, compared to 1/12
with placebo; p = 0.04). One RCT indicated that Sativex®, an oromucosal
cannabinoid spray, may help to relieve neuropathic pain symptoms in
MS (reduction in pain score by 0.79 on a 10-point scale, compared to
placebo; p = 0.038).

Trigeminal neuralgia

Trigeminal neuralgia presents with brief, intense periods of electric
shock-like pain distributed along the territory of the trigeminal nerve.
Classical trigeminal neuralgia is idiopathic or secondary to vascular com-
pression of the trigeminal nerve at the cerebellopontine angle, and symp-
tomatic trigeminal neuralgia occurs as a result of structural lesions such
as cerebellopontine angle masses or MS.
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Treatment
e First line: carbamazepine or oxcarbazepine.
e Second line: lamotrigine or phenytoin.

Evidence base

Carbamazepine has been used to treat trigeminal neuralgia since the
1960s. As such, much of the evidence is anecdotal or from very old and
small trials. A recent meta-analysis combined two trials of 98 patients
and demonstrated that carbamazepine provided better analgesia than
placebo, with an NNT of 2 (95% CI 1-2). Three RCTs support the use of
oxcarbazepine in the place of carbamazepine on the basis of comparable
efficacy (88% of patients achieve a reduction in attacks by >50%) and a
superior side effect profile. A recent Cochrane review concluded that
there is insufficient evidence to recommend lamotrigine for trigeminal
neuralgia, despite one RCT demonstrating a beneficial effect. Finally,
microvascular surgical decompression may be of benefit for drug-
resistant classical trigeminal neuralgia.

Combination pharmacotherapy in neuropathic pain
A recent Cochrane review assessed currently available data for combi-
nation therapy in neuropathic pain and concluded that there was insuf-
ficient evidence to advise any specific combination if monotherapy fails.
Both NICE guidelines and the International Association for the Study of
Pain (IASP) guidelines concur.
On the basis of past and current clinical practice, the following drug
combinations may be beneficial:
1. TCAs in combination with pregabalin;
2. Duloxetine in combination with pregabalin;
3. Tramadol as an adjunct in any neuropathic pain syndrome;
4. Gabapentin, in combination with a TCA or a strong opioid, may be
useful in some patients (EFNS guidelines).
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Other drugs studied in neuropathic pain

In addition to the drugs discussed in detail in this section, many other
drugs have been studied for their potential use in treating neuropathic
pain. These drugs are not included in the above treatment recommen-
dations, as either there is insufficient evidence currently to prove their
efficacy, results are conflicting, or they appear to be of no benefit.

1. Alternative antidepressants: although the recent NICE guidelines for
neuropathic pain still include five selective serotonin reuptake inhibitors
(SSRIs) (citalopram, escitalopram, fluoxetine, paroxetine, sertraline) for
the treatment of neuropathic pain, there is very little evidence for their
efficacy. Most trials have been too small and/or show conflicting results.
The only meta-analysis to assess SSRIs in neuropathic pain concluded
that better-quality data are required, before a conclusion can be made
regarding their efficacy. The antidepressants phenelzine and bupropion
have shown some benefits in small trials, but St John’s Wort and
trazodone have appeared ineffective in studies to date. None of these
drugs are currently recommended for the treatment of neuropathic pain
by any international body, and they are not licensed for this indication in
the UK or USA.

2. Alternative antiepileptics: a recent meta-analysis assessed the efficacy
of AEDs in neuropathic pain and fibromyalgia. Good second-tier
evidence was found for gabapentin and pregabalin, but no significant
evidence of efficacy was identified for clonazepam, phenytoin, and
sodium valproate. Lacosamide, lamotrigine, and topiramate were
deemed either ineffective or at best minimally effective.

3. Other drugs: other drugs trialled in neuropathic pain include
dextromethorphan, memantine, and N-methyl-D-aspartate
(NMDA) receptor antagonists. These drugs have shown conflicting
results in small trials for the treatment of phantom pain. In addition,
memantine has been shown to be ineffective for pain relief in
diabetic, post-herpetic, and HIV neuropathy, and dextromethorphan
has shown no effect in post-herpetic neuralgia.
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Introduction

Autoimmune inflammatory mechanisms are increasingly implicated in
the pathogenesis of a wide range of neurological diseases. Immuno-
modulatory treatment for MS is a rapidly evolving field. Several new
agents have been licensed since 2010, and more are expected in the next
few years.

General principles of immunotherapy

In general terms, immunotherapy for neurological autoimmune diseases
varies, depending on the disease being treated, its severity, the mecha-
nism of the aberrantimmune response, patient co-morbidities, response
to prior treatments, and current guidelines for best treatment. However,
the overall therapeutic approach is similar and involves initial control of
inflammation, followed by maintenance of remission.

Induction of remission

Corticosteroids are very effective at rapidly reducing inflammation and
are widely used, given initially at high doses to control disease, then
tapered to reduce the risk of side effects. Conditions in which circulating
autoantibodies are pathogenic generally respond to treatments target-
ing B cells or interfering with antibody—antigen interactions such as IV
immunoglobulin (IVIg) and plasma exchange (PLEX).

Maintenance immunotherapy

Low-dose corticosteroid maintenance may be required, or may be sub-
stituted or supplemented by immunosuppressants with a slower onset
of action but more acceptable long-term side effects. Steroid-sparing
immunosuppressants commonly used in neurology include azathioprine,
methotrexate, mycophenolate, and cyclophosphamide. Antibody-
mediated diseases are generally treated with agents which preferentially
target B cells, such as cyclophosphamide or rituximab, in preference to
agents with more general immunosuppressant activity. Biological thera-
pies, such as anti-tumour necrosis factor (TNF) agents, natalizumab, and
rituximab, which target specific components of the immune system, are
beginning to replace traditional immunotherapy but are expensive.
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Multiple sclerosis

MS is by far the most prevalent inflammatory disorder of the CNS,
affecting 120 per 10000 in Europe and the USA, typically young adults.
It is characterized by widespread patchy, inflammatory demyelination
throughout the CNS. Most patients (90%) experience a relapsing—
remitting course from onset (RRMS), with discrete episodes of neuro-
logical dysfunction (relapses) interspersed with periods of clinical disease
inactivity (remissions). Relapses are the result of episodes of enhanced
inflammatory demyelination within the CNS, but subclinical inflamma-
tion is present, even when symptoms are absent. MS has a predilection
for the optic nerves, brainstem, cerebellum, and spinal cord, producing
characteristic clinical syndromes, including optic neuritis, ataxia, trans-
verse myelitis (TM), and brainstem disease, with diverse signs such as the
pathognomonic internuclear ophthalmoplegia.

Aectiology

The cause of MS remains unknown. Both genetically determined sus-
ceptibility and an environmental trigger, probably viral, are thought
to be required. Epstein—Barr virus (EBV) infection has been strongly
implicated in MS pathogenesis, and vitamin D deficiency is known to be
a significant risk factor for the development of MS. To date, over 150
MS susceptibility genes have been identified. Most are involved with
the major histocompatibility complex (MHC), and many are vitamin
D-responsive elements.

Pathology

Immunopathology is driven by autoreactive T cells, which initiate com-
plex inflammatory mechanisms involving cellular and humoral processes
and ultimately cause demyelination and axonal loss. Although tradition-
ally considered a white matter disease, primarily involving myelin and
oligodendrocytes, it has become increasingly clear that the cortical grey
matter is also targeted and that axon loss occurs acutely, as well as later,
in the course of MS. The latter is an important determinant of disability
and cognitive dysfunction, as the disease progresses.

Clinical course

Most patients with RRMS eventually go on to develop secondary pro-
gressive MS (SPMS), manifest as a slow, but relentless, accumulation of
disability, independent of relapses. Progressive axon loss, rather than
inflammatory demyelination, is responsible for clinical progression. Brain
volume loss, measured with MRI, correlates closely with clinical disabil-
ity in the progressive phase. Low-level inflammation, mediated by innate
immune cells within the CNS, may also contribute to disease progres-
sion. A small proportion (10%) of patients have gradually progressive
disease from onset, termed primary progressive MS (PPMS). It is not
clear whether SPMS and PPMS involve identical pathological processes,
but, once progression is established, clinical deterioration proceeds at
the same rate in both conditions, suggesting a common pathology.
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Management

The pharmacological treatment of MS can be divided into drugs that
reduce the duration of an acute relapse, those that act to maintain remis-
sion from relapses, and thus limit the accumulation of disability (‘disease-
modifying therapy’, DMT), and symptomatic therapies designed to
ameliorate the symptoms produced by CNS lesions.

Treatment of relapses

e First line: PO methylprednisolone 500mg daily for 5 days of IV
methylprednisolone 1g daily for 3 days.

e Proton pump inhibitor for the duration of the steroid course.

Short courses of high-dose corticosteroids shorten relapse duration but
have no impact on the degree of recovery from a relapse or upon sub-
sequent disease course. Regimes vary throughout Europe and the USA,
but the authors recommend the above approach. There is no strong evi-
dence of benefit to support the use of a PO prednisolone taper.

Evidence base

Of six RCTs investigating the use of corticosteroids in acute relapses of
MS, five demonstrated that the percentage of patients whose symptoms
remained unchanged or deteriorated was much higher with placebo than
with corticosteroids. All of four small trials comparing PO with IV ster-
oids found that PO steroids were non-inferior to IV steroids in terms of
efficacy and side effects.

Disease-modifying therapy
e Moderately-effective
« Interferon beta
« Glatiramer acetate
« Teriflunomide
e More effective
« Dimethyl fumarate
« Fingolimod (licensed for 2nd line use only in the UK)
o Highly effective
« Nataluzimab (for highly active disease)
« Alemtuzumab
« Mitoxantrone

Disease modification in MS is a rapidly developing field. Several drugs
have emerged over recent years, and there is a healthy pipeline of new
agents in development. Modification of the early course of RRMS is
achieved primarily by reducing the frequency and severity of relapses,
thus limiting relapse-associated accumulation of disability. As a result, all
currently available DMTs are licensed for RRMS, rather than the progres-
sive forms. It is not clear whether DMTs may prevent or delay the onset
of progressive MS. To date, they have not been shown to influence the
rate of clinical disability progression in established progressive MS (SPMS
or PPMS). However, it has recently become apparent that some DMTs
may reduce the rate at which brain atrophy occurs. Neuroprotection
is a focus of current research, and several agents are undergoing evalu-
ation in clinical trials. Repair strategies, including stem cell therapies,
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potentially able to reverse established demyelination and axon loss or
to promote intrinsic repair and remyelination, are also at early stages of
development.

Efficacy of DMTs is measured in terms of impact on relapse frequency
(annualized relapse rate (ARR), time to next relapse, risk of relapse) and
disability accumulation (time to increase in disability as measured by the
Expanded Disability Status Scale (EDSS), sustained for 3 or 6 months),
and in terms of the effect on MRI indicators of disease activity—
accumulation of new and enlarging T2 lesions, gadolinium-enhancing
lesions, total lesion load, and increasingly on MRl indicators of axon loss
or progression (T1 lesion volume, total brain volume). The concept of
disease-free status or ‘no evidence of disease activity’ (NEDA), long used
in rheumatology, has recently been adopted in MS and is calculated using
a combination of these parameters.

Moderately effective therapies

Injectable DMTs IFN- and glatiramer acetate have a modest effect on
clinical and MRl indices of MS activity in RRMS and excellent long-term
safety. In established RRMS, these drugs reduce relapse rate by ~30%,
with a similar effect on relapse-associated accumulation of disability.
There is increasingly compelling evidence that treatment initiated early
in the course of the disease, after the first clinical event (clinically isolated
syndrome), may be even more beneficial, and most clinicians would offer
first-line DMTs after a single clinical event of at least moderate sever-
ity, particularly if MRI showed a high lesion load and a lot of inflamma-
tory activity suggesting the patient is likely to develop active disease
subsequently.

Oral alternatives to IFN-f and glatiramer have recently become avail-
able. The first to be licensed fingolimod has greater efficacy, but a risk of
first-dose bradycardia requiring observation and cardiac monitoring for
6h. In the UK, NICE approval has been granted for second-line therapy
only, but it is used first-line elsewhere. Teriflunomide has similar efficacy
to IFN-B and glatiramer acetate, and a favourable side effect profile.
Dimethyl fumarate shows superior efficacy to the first-line injectable ther-
apies, resulting in 44—53% relapse rate reduction, and is well tolerated.

Highly effective therapies

Alemtuzumab is a highly effective therapy, reducing relapse rate
by 70-80%. It is given in two IV courses, 1 year apart, and has been
approved as first-line therapy in highly active disease.

Relapsing MS that remains highly active, despite appropriate first-
line therapy, requires escalation of treatment with more potent agents.
People with rapidly evolving severe disease may be treated with natali-
zumab or alemtuzumab (or fingolimod in Europe and the USA) without
prior IFN- or glatiramer treatment. Natalizumab reduces the relapse
rate by 70% or more, but its use is limited by the rare, but potentially
fatal, side effect of progressive multifocal leukoencephalopathy (PML).
Alemtuzumab has been approved in Europe, but not yet in the USA.
Mitoxantrone, although also very effective in terms of relapse reduction,
is now rarely used because of serious side effects of cardiotoxicity and
leukaemia.
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Vitamin D and multiple sclerosis

There is an inverse relationship between sun exposure, ultraviolet radia-
tion exposure, or serum vitamin D levels and the risk or prevalence of
MS. Accumulating data suggest that low serum vitamin D levels increase
the risk of developing MS and adversely affect MS disease course. Most
clinicians currently recommend that all people with MS take vitamin
D3 (colecalciferol) supplements 1000—2000iu daily (or 20000iu every
2 weeks), aiming for serum 25-hydroxy vitamin D levels comfortably
within the sufficient range (>30ng/mL or >75nmol/L).

Fulminant/malignant multiple sclerosis

Occasionally, MS presents with an aggressive, fulminant course with
rapid accumulation of new lesions and neurological deficits, despite high-
dose IV methylprednisolone. There is no strong evidence base to guide
management in these unusual circumstances, but PLEX, natalizumab, and
mitoxantrone have been reported to be of benefit. Guidelines from the
AAN state that plasmapheresis should be considered for the adjunctive
treatment of exacerbations in patients with relapsing forms of MS. Early
natalizumab treatment is recommended by the AAN and Association of
British Neurologists (ABN) for aggressive-onset relapsing MS.

Treatment of symptoms

Common MS-related symptoms include spasticity, urinary dysfunction
(detrusor overactivity and/or detrusor—sphincter dyssynergia), consti-
pation, erectile dysfunction, fatigue, pain (dysaesthesia, neuralgia, and
musculoskeletal pain secondary to gait abnormalities), depression, par-
oxysmal symptoms, tremor, and oscillopsia. Agents used to treat these
symptoms are discussed in detail in the relevant chapters. A symptomatic
treatment unique to MS, and therefore covered in this chapter, is fampri-
dine, a slow-release formulation of 3,4-DAP, which has been shown to
significantly improve walking speed in a proportion of people with MS.
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Other CNS inflammatory disorders

Neuromyelitis optica

Neuromyelitis optica (NMO), previously known as Devic’s disease, is a
rare relapsing demyelinating disorder, now known to be distinct from
MS. It typically presents with a combination of optic neuritis, often bilat-
eral and sequential, and longitudinally extensive (>3 vertebral segments)
myelitis. There is a high early morbidity and mortality from severely
disabling attacks, often leading to permanent disability if not treated
promptly. In a minority, the disease is monophasic. There is no progres-
sive phase of the sort seen in MS, but relapses are common. MRI brain
scans may be normal or show non-specific white matter changes not
typical of MS. Circulating antibodies against aquaporin 4 (AQP4), a water
channel abundant in the CNS, are pathogenic. Limited forms (NMO
spectrum disorders) include recurrent myelitis, recurrent optic neuritis,
or atypical presentations associated with AQP4 antibodies.

Treatment

Acute

e First line: corticosteroids—IV methylprednisolone 1g daily for
3-5 days, followed by PO prednisolone 0.75—1mg/kg daily, tapering
by 5mg every month to a maintenance dose of 20mg od or 40mg
alternate days.

e Second line: PLEX for resistant relapses (those with no significant
improvement 10 days after steroid initiation).

Maintenance

e First line: prednisolone plus azathioprine, or rituximab monotherapy.

e Second line: methotrexate 15-25mg once weekly, mycophenolate 1g
bd, cyclophosphamide, mitoxantrone, regular IVIg, or PLEX.

Remission can usually be achieved promptly with corticosteroids as
above, but resistant relapses should be treated early with PLEX. Most
patients can be kept relapse-free with long-term immunosuppression.
EFNS guidelines recommend first-line therapy as either rituximab or a
combination of azathioprine and prednisolone. Azathioprine should be
started early and increased to a target dose of 2.5-3mg/kg daily (bd
dose). Rituximab is given by IV infusion at a dose of 1000mg on days 1 and
14, repeated 6-monthly. Prednisolone can be reduced further to 10mg
daily, or even discontinued in stable disease.

Evidence base

There are no RCTs of immunotherapy in NMO. An open-label study of
rituximab showed a dramatic reduction in relapse rate at 1 year, so many
experts recommend rituximab as first-line therapy.
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Site-restricted inflammatory diseases

Transverse myelitis

TMis a clinical syndrome with multiple potential causes. Infections pre-
cede approximately two-thirds of cases, and post-infectious autoim-
mune mechanisms are likely to be responsible for the majority, although
direct infection can also play a role. TM also occurs in the setting of MS,
NMO, and a variety of systemic autoimmune conditions.

Treatment

e First line: IV methylprednisolone 1g daily for 3—7 days.
e Second line: PLEX.

e Third line: cyclophosphamide.

Once infection has been ruled out, acute treatment is with high-dose
corticosteroids. If response is suboptimal, PLEX should be given (1.5
plasma volumes in five treatments over 10 days), ideally within 2 weeks
of onset, although its efficacy has been demonstrated if given within
2 months. Severe or treatment-resistant cases may rarely be treated
with cyclophosphamide. Underlying conditions, such as MS and NMO,
should be identified and treated, as appropriate.

Evidence base

There are no RCTs to support the use of methylprednisolone for TM,
despite considerable positive clinical experience and several small obser-
vational studies confirming its benefit. The efficacy of PLEX has been
demonstrated by RCTs in severe and steroid-unresponsive TM. Several
small series support the use of cyclophosphamide in severe cases.

Optic neuritis
Treatment

e First line (if clinically indicated): IV methylprednisolone 1g daily for
3 days, or PO methylprednisolone 500mg daily for 5 days.

Treatment of typical forms of optic neuritis with high-dose corticoster-
oids shortens the period of acute visual dysfunction but does not affect
the final visual outcome. However, the majority of cases do not require
treatment, particularly in view of the small, but not insignificant, risk of
avascular necrosis of the hip associated with high-dose steroid treat-
ment. Any underlying predisposition to optic neuritis, such as MS or
NMO, should be identified and treated, as indicated.

Evidence base

The Optic Neuritis Treatment Trial (ONTT), in alignment with several
small studies, found that IV methylprednisolone resulted in faster recov-
ery of visual function, compared with placebo. Controversially, results
from the ONTT also suggested that IV methylprednisolone treatment
reduced the subsequent risk of recurrent optic neuritis and conversion
to MS, and that PO prednisolone treatment led to increased risk of a
second episode. These findings have never been replicated, and the gen-
eral consensus is that corticosteroid treatment for optic neuritis has no
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impact on subsequent risk of developing MS or recurrent optic neuritis.
In a Cochrane database, a meta-analysis of trials evaluating high-dose IV
steroid treatment found no conclusive evidence of long-term benefit in
terms of recovery to normal visual acuity, visual field, or contrast sensi-
tivity with either IV or PO corticosteroids.

Acute disseminated encephalomyelitis

Acute disseminated encephalomyelitis (ADEM) is an autoimmune
demyelinating disease of the CNS that typically follows a febrile infec-
tion or a vaccination in children and young adults. There is usually acute
or subacute onset of meningism, encephalopathy, and multifocal CNS
deficits. Optic nerve involvement, when present, is typically bilateral.
MRI shows scattered areas of demyelination restricted to the brain and
spinal cord. It is usually monophasic, and spontaneous recovery gener-
ally begins within a few weeks, with complete resolution in 2—6 months.
Controversy exists over the potential risk of subsequent development of
MS or NMO. Acute haemorrhagic leukoencephalopathy is a rare form
of severe fulminant ADEM, distinguished only by the presence of severe
MRI changes, including haemorrhages, a more aggressive course, and
poor outcome, despite intensive immunotherapy.

Treatment

e First line: [V methylprednisolone 20-30mg/kg/day (maximum 1g
daily) for 3—5 days * PO prednisolone taper over 3—6 weeks.

e Second line: IVIg 2g/kg over 2-5 days or PLEX.

Evidence base

There is a lack of evidence-based, prospective clinical trial data for the
management of ADEM. Empirical antibacterial and antiviral treatment
is indicated, until an infectious disease process is ruled out. Case series
support the benefit of corticosteroids, as do a limited number of con-
trolled clinical trials. Cases with limited response to steroids should
be treated early with IVIg, which may be given as first-line treatment,
instead of steroids, if infectious meningoencephalitis cannot be definitely
excluded. PLEX should be given in severe or resistant cases. There is
a lack of specific recommendations for the long-term management of
severe refractory or recurrent/multiphasic ADEM, but rituximab, ciclo-
sporin, and cyclophosphamide have been given, with some success.

Primary angiitis of the central nervous system

Primary angiitis of the CNS (PACNYS) is a rare condition in which inflam-
mation of small to medium arteries is restricted to the CNS. This should
be distinguished from CNS vasculitis seen in association with a variety
of systemic conditions. PACNS is often difficult to diagnose and is asso-
ciated with significant morbidity and mortality. Clinical presentation is
heterogeneous and may include headache, subacute encephalopathy,
and strokes (arterial and venous). Distinction should be made between
PACNS and the more benign posterior reversible vasoconstriction syn-
drome. Formal cerebral angiography may show typical appearances of
vasculitis, but generally a brain biopsy is required to confirm the sus-
pected diagnosis.
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Treatment

e First line: corticosteroids (PO prednisolone 60mg/day; IV
methylprednisolone 1g/day in severe cases) plus cyclophosphamide
(monthly IV pulse of 1g or PO 150mg/day).

e Second line: rituximab.

There is no standardized treatment protocol to guide management.
Corticosteroids, in combination with cyclophosphamide, are effective
in most patients. Rituximab may be given in treatment-resistant cases.
Switching to a safer immunosuppressant, such as azathioprine, metho-
trexate, or mycophenolate, may be considered after 6 months.

Evidence base
No RCT evidence exists for any form of treatment of PACNS, and man-
agement guidelines represent expert opinion, based primarily on tri-
als investigating therapies for systemic vasculitides with severe organ
involvement.

Autoimmune limbic encephalitis
Limbic encephalitis usually presents with a triad of confusion, memory
loss, and seizures. Herpes simplex encephalitis is the commonest and
most important cause. In recent years, antibodies directed against cell
surface antigens have been detected in cases of non-infectious limbic
encephalitis. Different clinical phenotypes are associated with certain
autoantibodies as follows.

e VGKC antibody encephadlitis is associated with antibodies to
components of the VGKC complex, including LGI1 and CASPR2.
Hyponatraemia is common, and there may be preceding faciobrachial
dystonic seizures.

o AMPAR antibody encephalitis presents as a rapidly progressive
encephalitis, often with acute psychosis. Thymoma, small cell lung
cancer (SCLC), or breast cancer are present in 70% of cases.

o GABA,R antibody encephalitis is characterized by prominent temporal

lobe seizures in the setting of a subacute encephalopathy. Half of

cases are associated with SCLC.

GAD antibody encephadlitis typically affects younger people; seizures

are prominent, and there may be associated stiff person and

cerebellar syndromes. Progressive encephalomyelopathy with rigidity

and myoclonus (PERM) is another very rare clinical manifestation of a

GAD and/or glycine-mediated encephalopathy.

e NMDAR antibody encephalitis typically affects young women but is also
seen in men. Subacute cognitive and behavioural change, psychosis,
and seizures are followed by choreoathetosis and dysautonomia,
then mutism and catatonia. Ovarian teratoma is present in up to 50%
of cases.

Treatment
e First line: corticosteroids plus IVIg or PLEX.
e Second line: rituximab, cyclophosphamide, azathioprine.
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Autoimmune limbic encephalitis generally responds to immunother-
apy with high-dose corticosteroids, IVIg, or PLEX, and outcomes are
improved with early and aggressive immunotherapy.

Response of VGKC antibody encephalitis to immunotherapy is good,
and recurrence is rare. Associated faciobrachial dystonic seizures usually
show an excellent response to corticosteroids.

NMDAR antibody encephalitis should be treated with early and inten-
sive immunotherapy, as the natural history of the condition can be severe
and prolonged, and at least 25% of untreated patients without tumours
have relapsing disease. Removal of the ovarian tumour, when present,
expedites recovery. Often additional immunotherapy is required, and
rituximab and cyclophosphamide are used most frequently.

Evidence base

There are no RCTs of immunotherapy in autoimmune limbic encepha-
litis. Treatment is currently dictated by expert consensus and based on
experience with other antibody-mediated neurological disorders.

Susac’s syndrome

This is a rare autoimmune endotheliopathy which causes the clinical triad
of encephalopathy, branch retinal artery thrombosis, and sensorineural
hearing loss, most commonly in otherwise healthy women 20—-40 years
old. MRI shows typical corpus callosal microinfarctions but may be mis-
taken for MS.

Treatment
e First line: corticosteroids and azathioprine or cyclophosphamide.
e Second line: TNF antagonists.

Evidence base

Single case reports and anecdotal evidence support the efficacy of
aggressive immunosuppression with corticosteroids and azathioprine or
cyclophosphamide.
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Multisystem diseases with central
nervous system involvement

Sarcoidosis

Sarcoidosis is a multisystem granulomatous disease of unknown cause,
which affects the nervous system in fewer than 10% of cases. Cranial
neuropathies due to granulomatous basal meningitis, seizures, hydro-
cephalus, mass lesions, myelopathy, and hypothalamic and pituitary
involvement with endocrinopathy can occur.

Treatment

o Firstline: prednisolone 0.5-1mg/kg (maximum 80mg) following
IV methylprednisolone 1g daily for 3 days in severe disease, slowly
tapering.

e Second line: methotrexate 10mg weekly or hydroxychloroquine
200mg daily.

Corticosteroids are usually effective, but high doses for prolonged
periods are often required. As a rule, up to 20mg daily is required to
maintain symptom freedom, but cautious reduction and withdrawal can
be attempted (by 1mg every 2—4 weeks) if symptoms do not recur. If
response to steroids is inadequate, methotrexate or hydroxychloro-
quine can be added. Cyclophosphamide, ciclosporin, chlorambucil,
azathioprine, mycophenolate, or anti-TNF therapies may be given in
refractory disease. Rarely, cranial irradiation and neurosurgery may be
indicated for hydrocephalus or mass lesions.

Evidence base
There are no RCTs for neurosarcoidosis, and management is based on
data from pulmonary sarcoidosis.

Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is a relatively prevalent multisys-
tem autoimmune disease, affecting ~1 in 1000 of the population. It is
commoner in females, Afro-Caribbeans, and Asians. Diagnostic crite-
ria published by the American College of Rheumatology require four
of 11 features to be present at some time during the course of the
illness: malar rash, discoid rash, photosensitivity, mouth ulcers, arthri-
tis, serositis (pleurisy or pericarditis), renal involvement (casts or pro-
teinuria), neurological disorder, haematological disorder (haemolytic
anaemia, cytopenia), immunological disorder, and positive antinuclear
antibodies (ANAs).

Neuropsychiatric involvement is present in up to 50% of cases and
can include seizures, headache, chorea, psychiatric and cognitive dis-
turbance, myelopathy (there is a link with NMO), and stroke. The
predominant pathology is small-vessel vasculopathy and microinfarc-
tion, sometimes with macroscopic infarction from Libman—Sacks endo-
carditis or prothrombotic antibodies. True inflammatory vasculitis is
rare. Circulating antibodies include ANA and others directed towards
components of cell nuclei. Antiphospholipid antibodies, which target
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2-glycoprotein, and lupus anticoagulant are prothrombotic and con-
tribute to arterial and venous thrombosis. Antiphospholipid syndrome
(APLS) refers to the presence of these prothrombotic antibodies and can
occur in association with SLE (or other rheumatological disorders) or in
isolation (primary APLS).

Treatment

Non-stroke neurological involvement

Acute

e First line: cyclophosphamide (weekly IV pulse or daily PO for 9-12
weeks) plus IV methylprednisolone 1g/day for 3 days, followed by PO
prednisolone 60mg/day, then taper.

e Second line: rituximab, VIg.

Maintenance

o First line: prednisolone (10-20mg alternate days) plus
mycophenolate, azathioprine, or methotrexate.

e Second line: rituximab.

Thrombotic complications in antiphospholipid syndrome with or
without systemic lupus erythematosus

Acute

e First line: treatment-dose heparin or LMWH.

Secondary prevention of thrombotic events
e Firstline: aspirin 75mg.
e Second line: LMWH or warfarin.

Patients with prothrombotic antibodies, which are independent risk
factors for stroke, and those with thromboembolic events are given
aspirin, which is probably superior to warfarin in this setting. Aspirin
is also recommended for primary prevention, although without much
evidence base.

Serious (non-stroke) neurological complications of neurological lupus
are treated with immunosuppressant therapy, as above. Prednisolone
60mg daily can be tapered by 10mg every week to 10mg daily for 9-12
weeks. Longer-term maintenance is with prednisolone 10-20mg and
either mycophenolate, azathioprine, or methotrexate.

Evidence base

There are no large RCTs for neurological lupus. Treatment of patients
with severe neurological involvement is based on one small randomized
trial and experience of treating lupus nephritis. Systematic reviews show
cyclophosphamide to be superior to pulsed methylprednisolone as a
maintenance therapy. Small series and case reports suggest that IVIg
may be of value. Biological agents are under evaluation. The beneficial
effects of rituximab in severe refractory SLE have been reported in 24
case series. Two RCTs failed to achieve their primary endpoints, but both
studies were widely acknowledged to have major design limitations.

Giant cell arteritis

Giant cell arteritis (GCA), or temporal arteritis, is a large-vessel vas-
culitis, affecting people over the age of 50 years and presenting with
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headache, scalp tenderness, constitutional symptoms, polymyalgia rheu-
matica, visual disturbance, and occasionally jaw, tongue, or limb claudica-
tion. If untreated, ~40% of patients are at risk of developing permanent
visual loss from acute anterior ischaemic optic neuropathy or retinal
artery occlusion. There may be signs of temporal artery inflammation
on examination, and erythrocyte sedimentation rate (ESR) and CRP are
elevated. Mild anaemia and thrombocytosis and elevated liver enzymes
are also common.

Treatment
Acute
e Firstline:
« if no visual symptoms—PO prednisolone 1mg/kg (max 60mg)
daily for 2 weeks, then gradually taper;
if visual symptoms—IV methylprednisolone 0.5—1g daily for
3 days, followed by PO prednisolone, as above;
« consider aspirin 75mg daily.

Maintenance
e First line: PO prednisolone.
e Second line: methotrexate, azathioprine, or cyclophosphamide

Once the diagnosis is suspected, temporal artery biopsy (£ ultrasound)
should be obtained, and corticosteroid treatment started immediately.
The European League Against Rheumatism (EULAR) guidelines recom-
mend acute treatment, as above, subsequently reducing prednisolone
by 10mg every 1-2 weeks to 30mg daily, then reducing by 2.5mg every
2 weeks to 10mg daily, and then tapering by 1mg every month, titrating
to clinical response and ESR. Some clinicians give aspirin acutely. After
a mean duration of treatment of 2 years, cessation of treatment may be
attempted. Steroid-sparing immunotherapy may be required if steroid
tapering is slow and side effects ensue.

Evidence base

The advantage of high-dose IV steroids over PO prednisolone is dis-
puted but both significantly reduce the subsequent risk of visual loss.
Large retrospective cohort studies support the use of low-dose aspirin
for suppressing platelet function and preventing cerebrovascular events.
Methotrexate 15-25mg/week has the best evidence base as a steroid-
sparing agent. Although not yet licensed for use in GCA, interleukin (IL)
6 receptor antagonists show early promise.

Behget’s disease

Behget’s disease is a chronic relapsing multisystem disorder with
mucocutaneous, ocular, vascular, and CNS manifestations. Pathology is
primarily a venulitis. Neurological involvement occurs in up to 50%, most
often in the form of meningoencephalitis, seizures, cortical venous sinus
thrombosis, or myelopathy.
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Treatment

e First line: prednisolone 1Tmg/kg/day for 1 month, then taper.

e Second line: cyclophosphamide (IV 750mg to 1g/m? monthly or PO
2mg/kg/day), azathioprine (2.5mg/kg/day), or methotrexate (7.5mg
weekly).

e Third line: infliximab for refractory disease.

e Thrombotic complications: heparin £ long-term anticoagulation.

Evidence base

EULAR guidelines recommend prednisolone, as above. There is no sig-
nificant evidence base for efficacy of cyclophosphamide, azathioprine, or
methotrexate. Case studies support the use of TNF antagonists, notably
infliximab.

Cerebral venous sinus thrombosis is treated acutely with either IV
unfractionated heparin or SC LMWH, given together with a short course
of glucocorticoids. The benefit of lifelong anticoagulation or antiplate-
let agents in those with thrombotic complications remains to be ascer-
tained, and practice varies.

Other conditions

1. Sjogren’s syndrome: rarely CNS involvement occurs in Sjégren’s
syndrome in the form of TM or NMO, with which there is an
overlap. More commonly, the peripheral nervous system (PNS) is
involved (see p. 106).

2. Secondary CNS vasculitis: can occur in the setting of a variety of
systemic disorders, including connective tissue diseases, infections
(viruses, bacteria, fungi, rickettsia, mycoplasma, and protozoa;
infectious endocarditis), systemic vasculitides, autoimmune
disorders, and drug use (typically sympathomimetics and drugs of
abuse).
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Introduction

The commonest disorders of the peripheral nerves encountered in
clinical practice are the chronic length-dependent axonal polyneuropa-
thies seen in association with diabetes mellitus, alcohol overuse, and,
worldwide, leprosy (see Table 7.1 for a comprehensive list) as well as
the entrapment mononeuropathies. Chronic neuropathies are classified
as primarily demyelinating or axonal, on the basis of electrodiagnostic
or pathological criteria. Management of chronic axonal neuropathies
generally involves treatment of the underlying cause, which may result
in stabilization or resolution of the neuropathy (e.g. optimal diabe-
tes control, abstinence from alcohol, withdrawal of causative medica-
tion). Demyelinating neuropathies are further classified as hereditary
or acquired, the acquired neuropathies being immune-mediated and
thus amenable to treatment. Their management is the focus of much of
this chapter. The management of vasculitic neuropathy, Bell’s palsy, and
motor neuron disease (MND) are also included in this chapter.

Table 7.1 Causes of polyneuropathies

Chronic axonal Chronic demyelinating Acute

polyneuropathy

polyneuropathies

polyneuropathies

Diabetes mellitus

Alcohol

Uraemia

Cirrhosis

Amyloidosis (associated with
plasma cell dyscrasia/myeloma)
Hypothyroidism
Acromegaly

Toxins (acrylamide, arsenic,
lead, mercury, thallium,
organophosphates, carbon
disulfide, organic solvents)

Drugs (see Chapter 18, Drugs
causing neurological disease)
Deficiency syndromes—
primarily B vitamins
Paraneoplastic
Hereditary—Charcot—
Marie—Tooth disease type 2
(CMT2), amyloidosis, Fabry,
porphyria, Refsum
Infection—leprosy, HIV
Idiopathic

Rare—Sjogren’s syndrome,
vasculitis, sarcoidosis

Chronic inflammatory
demyelinating
polyradiculo-
neuropathy (CIDP)
Multifocal motor
neuropathy

with conduction
block (MMN)
Paraproteinaemic
neuropathy
Hereditary
polyneuropathies

Guillain—Barré
syndrome (GBS)
Rabies and post-
rabies vaccine
Diphtheria

Heavy metals,
industrial toxins
Drugs (see
Chapter 18, Drugs
causing neurological
disease)

Acute intermittent
porphyria
Vasculitic
neuropathy

Critical illness
neuropathy
Thiamine deficiency
Lymphomatous
neuropathy




GUILLAIN-BARRE SYNDROME

Guillain—Barré syndrome

GBS is the major cause of acute neuromuscular paralysis in the devel-
oped world. Two-thirds of cases are preceded by an upper respira-
tory or gastrointestinal infection, the most commonly identified being
Campylobacter jejuni gastroenteritis. The usual presentation is of a few
days’ history of sensory symptoms, followed by a progressively ascend-
ing flaccid weakness and areflexia, often with back pain, cranial nerve
involvement, and autonomic dysfunction. The nadir is usually reached
within 2 weeks and by definition at a maximum of 4 weeks.

The CSFis usually acellular, with an elevated protein level. Nerve con-
duction studies may be normal in early AIDP or show proximal block in
the form of prolonged F waves. In established AIDP, small action poten-
tials, prolonged distal motor latency (DML), delayed F waves, and con-
duction block are seen. Antiganglioside antibodies (mostly anti-GM1) are
detected in 25%.

Most cases are monophasic, and only 3% ever relapse. A slow recov-
ery over weeks or months is the rule, and 80% of patients regain the
ability to walk independently at 1 year. The mortality rate remains 5%.
Only a very small proportion of patients go on to develop a relapsing
disease course, requiring a retrospective revision of the original diagno-
sis to CIDP.

Acute inflammatory demyelinating

polyneuropathy variants

Rare subtypes include purely axonal forms, such as acute motor axonal
neuropathy (AMAN), often associated with anti-GD1a and GM1 immuno-
globulin G (IgG), and acute mixed sensory and motor neuropathy (AMSAN).
The rare Miller Fisher variant of AIDP presents with ophthalmoplegia,
areflexia, and sensory ataxia. Anti-GQ1b antibodies are present in over
95% of cases of Miller Fisher syndrome. Several focal ‘forme fruste’ GBS
variants are also described.

Treatment of acute inflammatory demyelinating polyneuropathy

Supportive care

e Monitoring: vital capacity, cardiac rhythm, and BP.

e VTE prophylaxis: thromboembolic deterrent stockings or SC heparin
as per local guidelines.

e Analgesia for neuropathic pain: amitriptyline 10mg daily or gabapentin
300mg daily.

Disease-modifying treatment

e PLEX, five plasma volumes over 1-2 weeks, or VIg 0.4g/kg/day for
5 days.

e Corticosteroids are not of benefit.

e All patients who are not ambulant within 2 weeks of onset should
receive [VIg (0.4g/kg/day for 5 days) or PLEX (five plasma volumes
over 1-2 weeks). Both treatments hasten recovery, but [VIg is often
preferred due to ease of administration. Many clinicians would give
IVIg to ambulant, but disabled, patients, particularly in the early
stages when there is continuing disease progression.
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Table 7.2 Acute treatment of GBS—PLEX vs [VIg

Modality PLEX IVig

Advantages Can be used in significant More likely to complete
renal impairment and true IgA course of treatment
deficiency Easier to administer

Disadvantages Relative contraindication in Costly

patients with haemodynamic

Complications Sepsis, hypotension, vascular Aseptic meningitis, acute
access difficulties renal failure

Evidence base

Several large RCTs have demonstrated superiority of PLEX over sup-
portive care alone in terms of improving median time to walking with
aid. Itis of greatest benefit if instituted within 7 days, and four exchanges
have been shown to be superior to two. Head-to-head trials have shown
equivalence of IVIg to PLEX in hastening recovery. Combining the two
treatments does not confer additional benefit. In patients who do not
benefit from one course of treatment, a further course of the same
modality is recommended. The choice between PLEX and [Vlg is guided
by local availability and patient co-morbid factors (see Table 7.2). There
is no evidence that corticosteroids or any other immunomodulatory
treatments are of benefit in GBS.



CHRONIC INFLAMMATORY DEMYELINATING POLYNEUROPATHY

Chronic inflammatory demyelinating
polyneuropathy

CIDP is the commonest acquired cause of chronic demyelinating neu-
ropathy. It occurs with a prevalence of 1-9 per 100000 and is commoner
in older males. It is immune-mediated, and pathogenic antibodies are
increasingly thought to play a role in aetiology. CIDP resembles GBS clin-
ically but has a more protracted course progressing over months—years.
A history of preceding infection is not generally seen. There is usually
symmetrical, proximal and distal weakness affecting the legs more than
the arms, glove and stocking sensory loss with impairment of vibration
and position sense, and areflexia. Two-thirds subsequently develop a
gradual or stepwise progressive course, and one-third relapse and remit.
CSF protein is elevated in the presence of a normal CSF white cell count
(WCCQ). Neurophysiology shows slowing of nerve conduction or partial
conduction block with prolongation of DMLs and prolonged or absent
F waves.

Chronic inflammatory demyelinating
polyradiculoneuropathy variants

Whether CIDP is a disease or a syndrome remains controversial. A num-
ber of atypical variants exist, including motor and sensory predominant
forms, MADSAM/Lewis—Sumner syndrome (multifocal acquired demy-
elinating sensory and motor neuropathy), distal acquired demyelinating
symmetric neuropathy (DADS) with immunoglobulin M (IgM) paraprotein
+ anti-MAG antibodies, CIDP with CNS involvement, and CANOMAD
(chronic ataxic neuropathy, ophthalmoplegia, I1gM paraprotein, cold
agglutinins, and disialosyl antibodies). CIDP is also seen in association
with a variety of systemic disorders, including diabetes mellitus, para-
proteinaemia (monoclonal gammopathy of undetermined significance
(MGUS), plasma cell dyscrasias), HIV infection, chronic hepatitis B or
C, SLE or other connective tissue diseases, sarcoidosis, Lyme disease,
inflammatory bowel disease, lymphoma, nephrotic syndrome, organ and
bone marrow transplants, and thyrotoxicosis.

Treatment of chronic inflammatory demyelinating polyradiculoneuropathy

e First line: periodic IVIg (2g/kg over 25 days), prednisolone (1-
1.5mg/kg/day), or periodic PLEX (4—6 exchanges over 8—10 days).

e Second line: azathioprine (2-3mg/kg/day, starting at 50mg od and
increasing weekly by 50mg), methotrexate (7.5-15mg weekly),
mycophenolate mofetil (1g bd), or ciclosporin.

Evidence base

The majority of patients with CIDP improve with corticosteroids, peri-
odic IVIg, or PLEX. IVIg improves disability in CIDP for 2—6 weeks. Due
to the short-lived effects of [VIg, up to 85% of patients will require main-
tenance dosing at intervals of 2—6 weeks; at this point, doses may be
tapered to 1g/kg over 1-2 days. The benefits of corticosteroid therapy
in CIDP have long been acknowledged, but there have been few large-
scale controlled trials in this area. There is currently no consensus on
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the optimum corticosteroid dosing regimen or route of administration.
PLEX is effective for short-term treatment of CIDP. Cross-over tri-
als have shown no difference in short-term efficacy between IVIg and
PLEX, or between IVIg and corticosteroids. Choice of first-line therapy
is guided by disease severity, treatment availability, side effects, co-
morbidities, and cost. For severe disease, initial therapy with IVIg or
PLEX, rather than corticosteroids, is recommended. Corticosteroids
may be more suitable for patients with slower-onset CIDP. There are
no robust RCT data available to guide choice of any particular second-
line immunomodulatory therapy, and current data do not demonstrate
significant benefit from any of these treatments.



MULTIFOCAL MOTOR NEUROPATHY

Multifocal motor neuropathy

This is a very slowly progressive, pure motor syndrome, causing weak-
ness, wasting, and fasciculation predominantly in the upper limbs. There
is characteristic multifocal motor conduction block on neurophysi-
ological testing, without involvement of the sensory nerves. ~50% of
cases have circulating IgM antibodies to GM1 ganglioside, which may be
pathogenic.

Treatment
e First line: periodic [VIg.
e Second line: rituximab or cyclophosphamide for resistant cases.

More than 80% of patients respond to IVlg. Most patients need 2g/kg
every 4—8 weeks. Corticosteroids make MMN worse, and paradoxically
PLEX is ineffective.

Evidence base

A recent open-label study of 44 adults with MMN randomized 1:1 to
either double-blind treatment of IVIg followed by placebo for 12 weeks
each, or the reverse, confirmed significant benefit of IVIg, compared to
placebo. Mean maximal grip strength declined 31.38% during placebo
and increased 3.75% during IVIg (p = 0.005). In 35.7% of participants,
Guy’s Neurological Disability scores for upper limbs worsened during
placebo, and not during IVlg, treatment, whereas the converse was
true in 11.9% (p = 0.021). Sixty-nine per cent deteriorated and switched
prematurely from placebo to open-label IVIg, and 2.4% switched from
blinded to open-label IVIg (p <0.001). There are no RCTs of immuno-
suppressive agents. Cyclophosphamide and rituximab have shown some
benefit in case reports of refractory cases.
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Paraproteinaemic neuropathies

Reported associations between low levels of paraprotein (MGUS) and
peripheral neuropathies are generally regarded as coincidental, with the
exception of neuropathies associated with [gM gammopathy and POEMS
syndrome.

IgM paraproteinaemic neuropathy with anti-MAG

The acquired demyelinating neuropathy associated with IgM parapro-
tein comprises an entity distinct from CIDP. Most patients present
with paraesthesiae and sensory ataxia followed by sensorimotor defi-
cits of varying severity. In more than 75%, the monoclonal IgM recog-
nizes myelin-associated glycoprotein (MAG) and other peripheral nerve
glycolipids.

Treatment

Although generally indolent, those severely affected may respond to
immunotherapy with rituximab, or to chemotherapy with the purine
analogue fludarabine or cyclophosphamide, or to a combination of
immunotherapy and chemotherapy. Corticosteroids and IVIg appear to
be of no long-term benefit.

Evidence base

Open-label studies and a 2009 RCT indicate that rituximab is the best
agent available, providing long-term benefits to almost 50% of treated
patients. A recent retrospective study of 45 patients given rituximab
alone or in combination with either fludarabine or cyclophosphamide
showed that 80% of patients responded to immunotherapy or immu-
nochemotherapy, but that combination therapy produced a more rapid
clinical response. However, a recent RCT did not demonstrate significant
benefit from rituximab monotherapy.

POEMS syndrome

POEMS syndrome (Polyneuropathy, Organomegaly, Endocrinopathy,
Monoclonal protein, Skin changes) is a rare condition characterized by
the presence of a monoclonal plasma cell disorder and peripheral neu-
ropathy, along with other systemic symptoms, elevated serum vascular
endothelial growth factor (VEGF) levels, Castleman’s disease, and oste-
osclerotic bone lesions. Treatment is based on that used for multiple
myeloma and includes radiotherapy to bony lesions, melphelan, and
corticosteroids.
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Vasculitic neuropathy

Vasculitis can affect the vasa nervorum of peripheral nerves, causing
critical ischaemia of the nerves. Vasculitic neuropathy is usually seen
in association with systemic vasculitides (usually those involving small
and medium-sized arteries) or connective tissue diseases (rheumatoid
arthritis, SLE) which can also involve the skin, lungs, kidney, joints, and
other organs. Pathogenesis varies, depending on the underlying condi-
tion, but may involve immune complex deposition within vessel walls
(prominent in cryoglobulinaemia and polyarteritis nodosa (PAN)),
and/or T cell-mediated immune mechanisms (seen in anti-neutrophil
cytoplasmic antibody (ANCA)-associated disease). Three patterns of
nerve injury are seen in vasculitic neuropathy: mononeuritis multiplex,
distal polyneuropathy, and radiculoplexopathy. Onset may be abrupt or
insidious; both motor and sensory nerves can be involved, and pain may
be prominent.

Systemic vasculitides with peripheral nerve involvement
Systemic vasculitides commonly affecting the peripheral nerves include
ANCA-positive vasculitis (e.g. Wegener’s (granulomatosis with poly-
angiitis), microscopic polyangiitis, and Churg—Strauss (eosinophilic gran-
ulomatosis with polyangiitis)), PAN, and mixed cryoglobulinaemia. The
latter is characterized by the deposition of circulating cryoglobulins in the
vasa nervorum and most commonly presents as a selective small-fibre
sensory neuropathy. Cryoglobulinaemia is most commonly associated
with chronic hepatitis C infection, but other infections (hepatitis B, EBV,
HIV), lymphoproliferative malignancies, and autoimmune diseases (SLE,
Sjogren’s) may also be responsible.

When vasculitic neuropathy is associated with an identifiable systemic
vasculitis or connective tissue disease, immunosuppressive therapy is
directed at the underlying disease.

Isolated (non-systemic) vasculitic neuropathy

Less commonly, vasculitic neuropathy occurs as a result of isolated PNS
vasculitis without evidence of systemic involvement, although, in some
cases, systemic vasculitis subsequently emerges.

Treatment of isolated vasculitic neuropathy
Mild disease only

e Induction: prednisolone 1mg/kg/day for 4 weeks, tapering over
6 months.*

* Suggested prednisolone tapering regime. Reduce by 10mg each week to 40mg/day, then by
5mg each week to 20mg/day, then by 2.5mg each week to 10mg/day, then by Tmg every 2 weeks
to 5mg/day. Further taper by 1mg every 2 weeks if stable disease.
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Moderate to severe disease

e Induction: IV methylprednisolone 1g daily for 3 days, followed by
prednisolone 1mg/kg/day for 4 weeks (taper over 6 months’) plus
cyclophosphamide PO 2mg/kg daily or IV pulses 750mg/m? bovine
serum albumin (BSA)™ every 4 weeks (plus mesna and trimethoprim—
sulfamethoxazole) for 6 months.

e Maintenance: azathioprine (1.5-3mg/kg/day) or methotrexate
(initially 15mg/week)—discontinue after 612 months’ disease-free
period.

Evidence base

A 2007 Cochrane database review concluded that there were no ade-
quate RCTs on which to base treatment for non-systemic vasculitic neu-
ropathy. Therefore, therapeutic decisions are based primarily on clinical
experience, observational data, and extrapolation from trials of immu-
nosuppressive agents in systemic vasculitis and connective tissue dis-
eases. Because of the toxicity of long-term cyclophosphamide therapy, a
number of |ess toxic drugs have been used for maintenance therapy after
disease control has been attained with cyclophosphamide. The use of
azathioprine and methotrexate in this context is based upon their proven
value as maintenance therapy in Wegener'’s.

* Suggested prednisolone tapering regime. Reduce by 10mg each week to 40mg/day, then by
5mg each week to 20mg/day, then by 2.5mg each week to 10mg/day, then by Tmg every 2 weeks
to 5mg/day. Further taper by 1mg every 2 weeks if stable disease.

** Cyclophosphamide IV pulse should be reduced to 500mg/m? if obese, age >70 years, renal
impairment, or neutropenia <1.5.
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Bell’s palsy

Bell’s palsy is an acute peripheral facial nerve palsy of unknown cause,
which, in most cases, is probably due to herpes simplex virus (HSV) reac-
tivation. It accounts for at least half of all cases of peripheral facial palsy,
with an annual incidence of 13-34 per 100000; the risk is increased dur-
ing pregnancy. Presentation is with sudden-onset unilateral facial paraly-
sis. Hyperacusis and ipsilateral taste disturbance may be present, and
rarely ipsilateral facial sensory loss occurs.

Treatment

o First line: prednisolone 50-80mg/day for 7-10 days. Good eye care.

e Second line: consider aciclovir 800mg tds or valaciclovir 1000mg tds
for severe facial palsy.

The mainstay of treatment for Bell’s palsy is early oral corticosteroid
therapy, ideally beginning within 3 days of onset of symptoms. There is
no consensus regarding the optimum regimen for corticosteroid therapy,
and practice varies, but 7-10 days of treatment is generally given. The
use of concomitant antiviral therapy with aciclovir for confirmed Bell’s
palsy is recommended for severe cases only. The presence of vesicles in
the external auditory meatus, however, suggests varicella-zoster reacti-
vation (Ramsay Hunt syndrome), rather than Bell’s palsy, and warrants
early treatment with an antiviral agent. Itis also important to protect the
ocular surface from the effects of poor eyelid closure. Regular lubricating
eye drops, taped eyelid closure, and sutures may be required in some
cases. Ophthalmology review can often be helpful.

Evidence base

There is good-quality evidence of the efficacy of prednisolone in the
treatment of Bell’s palsy. Prednisolone treatment was shown to signifi-
cantly reduce the risk of an unfavourable outcome from Bell’s palsy by
31% in a large meta-analysis of 2786 patients. An earlier RCT demon-
strated a >2-fold greater chance of complete recovery with predniso-
lone treatment, compared to placebo. A recent randomized prospective
study has shown additional benefit of antiviral therapy for acute severe
Bell’s palsy. Treatment with antiviral agents alone does not significantly
improve recovery. There is limited evidence regarding the use of electri-
cal nerve stimulation to promote motor recovery. Although case reports
and small case series have suggested some benefit, there have been no
controlled trials, and it is not currently recommended.

105



106

cHAPTER 7 Disorders of peripheral nerves & MND

Sjogren’s syndrome

Sjogren’s syndrome is an autoimmune disorder characterized by lym-
phocytic infiltration of the salivary and lacrimal glands. It can occur in
a primary form or as a complication of other autoimmune diseases
(most commonly rheumatoid arthritis). Diagnosis of Sjogren’s syn-
drome requires the satisfaction of four of six internationally defined
criteria: symptoms of dry eyes, positive Schirmer’s or Rose Bengal dye
test, symptoms of dry mouth, focal lymphocytic sialoadenitis on minor
salivary gland biopsy, demonstration of either reduced salivary flow
on scintigraphy or diffuse sialectasia on parotid sialography, and serum
autoantibodies to Ro (SSA) or La (SSB).

Neurological symptoms occur in 20% of cases. They may precede the
characteristic sicca symptoms, and anti-Ro and La antibodies are often
absent, making the diagnosis challenging. The commonest neurological
manifestations include peripheral neuropathy, usually sensory gangli-
onopathy or painful small-fibre neuropathy, often with a prominent auto-
nomic component. Occasionally, cranial or multiple mononeuropathies
or myelopathy are seen.

Treatment

Immunosuppression is generally necessary for neurological involvement
and may include corticosteroids, [VIg, azathioprine, cyclophosphamide,
PLEX, infliximab, or rituximab.

Evidence base

There is a lack of high-quality randomized trial data regarding the treat-
ment of neuropathy in Sjogren’s syndrome. Small series report efficacy
of corticosteroid immunosuppression followed by a course of IVIg at
1-2g/kg given every 2—4 weeks. The largest series to date retrospec-
tively studied 82 patients with neuropathy. The response to corticoster-
oids was variable, with improvement or stabilization noted in only 45% of
patients; corticosteroids were not effective in any patient with polyneu-
ropathy. Treatment with cyclophosphamide (700mg/m? IV monthly for
6—12 months) resulted in at least partial recovery in 11 of 12 patients with
myelopathy, and in eight of eight patients with multiple mononeuropathy.



SYSTEMIC CONDITIONS WITH PERIPHERAL NERVE INVOLVEMENT

Other systemic conditions
with peripheral nerve involvement

Sarcoidosis affects the CNS, the PNS, or both. Cranial neuropathies are
the commonest manifestation of neurosarcoidosis. Other peripheral
manifestations include myopathy and, rarely, peripheral polyneuropathy.
In SLE, PNS involvement is less common than CNS disease but includes
polyneuropathies, dysautonomias, mononeuropathies, and plexopathies.
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Motor neuron disease

MND encompasses a group of conditions characterized by degeneration
of the anterior horn cells and central motor pathways. The prognosis
is invariably poor, with an average survival of 2—3 years from diagnosis,
although there is considerable variation between individuals and phe-
notypic subtypes—50% of patients die within 30 months of symptom
onset; 15-20% are alive at 5 years, and a small percentage survive
beyond 10 years

Amyotrophic lateral sclerosis

Amyotrophic lateral sclerosis (ALS) is the commonest form of MND,
accounting for around 70% of cases; 1-2% of these are due to inherited
defects in the superoxide dismutase gene (SODT). Onset is usually in the
seventh decade of life. The clinical hallmark is mixed upper motor neuron
(UMN) and lower motor neuron (LMN) features with muscle weakness,
usually pyramidal in pattern, fasciculations, and wasting, brisk reflexes,
and extensor plantar responses. About one-third of patients present
with upper limb symptoms, one-third with lower limb symptoms, slightly
fewer than one-third with bulbar dysfunction, and 1-2% with isolated
respiratory failure. Sensory symptoms are rare. Clinically significant
frontotemporal dementia occurs in about 5%, but half of all patients have
mild executive dysfunction. Neurophysiological investigations showing
widespread denervation and reinnervation are important for confirming
the clinical diagnosis.

Phenotypic variants of MND include progressive muscular atrophy
(PMA), a purely LMN variant, often beginning asymmetrically in the legs
and associated with a longer median survival of ~5 years. Primary lateral
sclerosis (PLS) accounts for 1-2% of cases and presents with pure UMN
features, although LMN features may develop after ~4 years. It has a
slower progression and longer life expectancy than ALS. Progressive bul-
bar palsy is rare, usually affecting women over 65 years, which progresses
to complete anarthria over about 12 months and affects the respiratory
and limb muscles after 2—4 years. It is distinct from bulbar-onset MND
which refers to the one-third of patients who present with bulbar dys-
function prior to generalized spread and which also has a worse prog-
nosis. Other rare forms include flail arm variant (also known as brachial
amyotrophic diplegia) and lower limb-onset MND.

Treatment

Symptomatic and supportive treatment remains the mainstay of man-
agement (see Table 7.3). Enlisting the support of multidisciplinary health
professionals, such as physiotherapists, speech therapists, and palliative
care specialists, early on is crucial. Non-invasive ventilation can improve
quality of life and survival in patients who tolerate it. Insertion of per-
cutaneous gastrostomy tubes for ongoing feeding requirements should
be considered. Respiratory failure and chest sepsis are the commonest
causes of death in patients with ALS.



MOTOR NEURON DISEASE

Table 7.3 Symptomatic therapies for ALS/MND

Symptom Treatment
Dysarthria Speech therapy
Whiteboard

Electronic communication devices

Sialorrhoea 1% atropine eye drops given sublingually
Amitriptyline 10mg nocte
Hyoscine hydrobromide 300 micrograms tds or 1mg/
24h transdermal patch
Glycopyrronium bromide
Parotid botulinum toxin/irradiation

Thick pharyngeal : Carbocysteine 375-750mg qds
secretions Pineapple juice
Cramps Carbamazepine (initially 100mg daily)
Quinine 300-325mg bd
Spasticity Baclofen
Tizanidine
Gabapentin
Emotional lability Amitriptyline
SSRls
Fatigue Modafinil 200mg daily

Disease-modifying treatment
e Firstline: riluzole (50mg bd).

Riluzole, a glutamate receptor antagonist, is the only disease-modifying
treatment for ALS and has only a very modest effect on survival.

Evidence base

Riluzole has been shown to increase survival by an average of 3 months
if used early in the disease course. Both the EFNS and AAN recommend
early treatment with riluzole 100mg daily for ALS. Expert consensus
suggests that riluzole is of uncertain benefit for other forms of MND,
although it is used off-licence in these conditions.
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Introduction

Muscle disorders comprise a diverse group of conditions. Immuno-
suppressive treatments are effective for those disorders with an
inflammatory component such as the inflammatory myopathies and
the autoimmune channelopathies. Several conditions respond well to
symptomatic therapies. Disease modifying therapy (DMT) is not avail-
able for many, but modern molecular genetics techniques show early
promise. Disorders of the neuromuscular junction (NMJ): myasthenia
gravis (MG), and Lambert—Eaton syndrome, are also included in this
chapter.



INFLAMMATORY MYOPATHIES

Inflammatory myopathies

Inflammation is seen in many muscle diseases, but those in which inflam-
mation is the prime pathogenic process are termed inflammatory myo-
pathies. The inflammatory myopathies are a heterogeneous group of
acquired disorders.

Polymyositis and dermatomyositis

Polymyositis (PM) and dermatomyositis (DM) are the commonest
acquired inflammatory myopathies but are still rare, with a combined
incidence of 2 in 100000. Both occur more commonly in females and
between the ages of 40 and 50, but individuals of any age may be affected.
Patients may report insidious or subacute onset of proximal, usually
symmetrical, weakness, with gradual worsening over a period of several
months. However, an acute onset of weakness is occasionally reported.
There may be myalgia, dysphagia, and neck flexion weakness, and rarely
facial or respiratory muscle involvement. Serum creatine kinase (CK)
is usually elevated (up to 100 times normal). In DM, skin changes pre-
cede or accompany the weakness and include heliotrope rash, with eye-
lid oedema, photosensitive erythematous rash on exposed areas, and
Gottron’s papules on knuckles. Subcutaneous calcification and contrac-
tures can occur in affected children.

There is an association with malignancy, particularly in DM where the
incidence of cancer is increased 5- to 7-fold. Up to 70% of such cancers
are of the cervix, lung, pancreas, bladder, ovaries, or stomach, and these
confer a worse prognosis. Cancer should be screened for in all patients
over the age of 40 years and in treatment-resistant cases.

Definitive diagnosis is with muscle biopsy which shows muscle fibre
necrosis, degeneration, regeneration, and an inflammatory cell infiltrate.
In DM, there is perivascular B cell-mediated inflammation, and in PM
intrafascicular infiltration with cytotoxic T cells.

Treatment

Treatment of associated malignancy may lead to amelioration of the
inflammatory myopathy. Both PM and DM may respond to treatment
with corticosteroids alone, but often a combination of steroids and
an immunosuppressive agent is required to achieve satisfactory dis-
ease control. Up to 80% of patients respond to corticosteroid therapy
alone. Care should be taken to avoid secondary steroid myopathy, more
likely if high doses (>25mg/day prednisolone) are given for too long (2—
3 months) and suggested by increasing weakness despite normalization
of CK levels.

Initial treatment/induction

o First line: PO prednisolone (1mg/kg/day, maximum 80mg/day) for
3—6 weeks, then gradually tapering according to clinical response and
CK level, aiming to wean off by 1 year.

o |V methylprednisolone (0.5—1g daily for 3—6 days) can be given
initially for severe disease, prior to prednisolone as above.
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Maintenance

e First line: azathioprine (2-3mg/kg/day) or methotrexate (10-20mg/
week).

Second line (resistant disease): rituximab (750mg to 1g/m?/week
for 2 weeks) or IVIg (2g/kg over 3 days, followed by monthly

3-day courses); azathioprine combined with methotrexate; or
mycophenolate mofetil (0.5-1g bd) combined with azathioprine or
methotrexate.

Third line: ciclosporin (3—5mg/kg/day), tacrolimus (0.1mg/kg/day),
or cyclophosphamide (2- to 4-weekly IV pulses of 0.5-1g).

Evidence base

Corticosteroid therapy predominates, despite a lack of good-quality
evidence for its use. Methotrexate or azathioprine appear to be equally
effective as maintenance therapy and can be started concurrently with
steroids or if steroid monotherapy proves insufficient. No head-to-head
trials have compared the two agents. Patients on a combination of pred-
nisolone and azathioprine had improved functional outcomes at 3 years
compared to prednisolone alone, and retrospective studies have shown
response rates of up to 80% with methotrexate.

Despite a lack of good-quality evidence, combinations of azathioprine
and methotrexate or either agent plus mycophenolate are occasionally
given for refractory cases.

For severe refractory disease, rituximab has demonstrated efficacy in
alarge placebo-controlled trial, and IVIg has shown effective short-term
improvement of resistant myositis in a modest number of trial patients.
IVIg is regarded as second-line therapy for DM by some experts, on
the basis of the putative role of B cells and autoantibodies in this con-
dition. The evidence base for calcineurin inhibitors and mycophenolate
for refractory inflammatory myopathy is weaker and predominantly
retrospective. Cyclophosphamide should only be considered in patients
refractory to other second-line agents, due to its toxicity. Experience
is still limited with TNF-a antagonists such as infliximab or etanercept.

Inclusion body myositis

This is the commonest acquired muscle disease over the age of 50 years,
more prevalent in men and classically occurring in the sixth decade
of life. It is characterized by an insidious, painless, symmetrical weak-
ness, initially affecting proximal leg muscles. There is a distinct pattern
of weakness, with selective involvement of quadriceps, foot extensors,
and forearm finger flexors. Facial weakness and dysphagia are common.
Muscle biopsy shows characteristic rimmed vacuoles and muscle fibre
inclusions, as well as evidence of cytotoxic T cell-mediated inflammation.

Treatment

e First line: Supportive treatment without active immunosupression.

e Second line: Consider a 6 month trial of prednisolone (1mg/kg/day),
azathoprine (1.5-2.5mg/kg/day), or methotrexate (7.5mg/week) as
steroid sparing agents if prednisolone has sustained effectiveness.
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Evidence base

Compared to other inflammatory myopathies, inclusion body myositis
(IBM) is relatively resistant to immunosuppressive treatment. A minority
of patients may respond to treatment with corticosteroids and immu-
notherapy, but eventual progression is not prevented. Several non-
randomized studies have shown little benefit from prednisolone, even
when given early, for improving muscle strength. Nonetheless, some
clinicians would consider a 3- to 6-month trial of prednisolone and meth-
otrexate or azathioprine if the patient’s muscle biopsy shows prominent
inflammation and muscle weakness is not advanced. There is no evidence
to support the use of one second-line therapy over another.

Other inflammatory myopathies

Several other myopathies may show inflammatory changes on biopsy,
including granulomatous myositis, overlap myositis, necrotizing myopa-
thy due to cancer, necrotizing autoimmune myopathy (NAM), and cer-
tain forms of muscular dystrophy. In the absence of adequate, controlled
treatment trials, therapy of this group remains empirical with corticos-
teroids and steroid-sparing agents.
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Mitochondrial myopathies

Defects in the respiratory chain of enzymes impairing oxidative phos-
phorylation is the key feature of mitochondrial disorders. Myopathy,
often proximal, is one clinical aspect of these multisystem disorders,
which have a wide spectrum of clinical features, including short stature,
ataxia, ophthalmoplegia, deafness, epilepsy, and cardiac conduction
defects. Diagnosis involves a combination of histological and genetic
testing. Typical features on muscle biopsy include intermyofibrillar or
subsarcolemmal aggregates of mitochondria, and ‘ragged red fibres’
due to subsarcolemmal accumulations of mitochondria (which stain red
with Gomori trichrome). Treatment options are limited, although there
are a few therapies with a limited evidence base that can be used (see
Treatment, p. 116). Certain drugs should be avoided (see Table 8.1).

Treatment

Acute treatment of stroke-like episodes in mitochondrial encephalomyopathy,

lactic acidosis, and stroke-like episodes (MELAS)

e There are currently no specific treatments with proven efficacy
in stroke-like episodes of mitochondrial origin. Management is
supportive including aggressive seizure control (avoiding valproate),
adequate hydration and nutrition, and treatment of any triggering
systemic illness. Some use L-arginine 500mg/kg IV infusion every
6h for up to 3 days although the evidence base for this is poor.
Early liaison with a specialist unit is advised. In the UK: www.
mitochondrialncg.nhs.uk.

Adjunctive treatment of mitochondrial myopathies

e Respiratory chain cofactors: coenzyme Q10 (CoQ10) 5-30mg/kg
daily, maximum 1200mg daily, is often trialled, it may be of benefitin
patients with mitochondrial myopathy due to CoQ10 deficiency.

e Exercise programmes are safe and moderately effective.

e |dentification and management of systemic manifestations
of mitochondrial disease including cardiac arrythmias and
gastrointestinal dysmotility.

Evidence base
Many agents have been trialled in mitochondrial disease including antioxi-
dants, levocarnitine (L-carnitine), creatinine, riboflavin, and folate. Their

Table 8.1 Drugs to avoid in mitochondrial myopathies

Drug Comment

Barbiturates Interfere with respiratory chain function
Chloramphenicol

Sodium valproate

Tetracyclines

Aminoglycosides Increased risk of hearing loss




MITOCHONDRIAL MYOPATHIES

effectiveness has not been borne out in small studies or clinical practice.
Exercise programmes do improve quality of life, strength, and fatigue
either as a result of reversal of muscular deconditioning or through direct
effects on mitochondrial function.

Mitochondrial disease is a multisystem disorder and cardiac and other
organ manifestations are potentially life-threatening. These should
be screened for and managed depending on the underlying molecular
diagnosis.

With regards specific therapies trialled in mitochondrial disease:
L-arginine is a naturally occurring amino acid which is the physiological
precursor of nitric oxide (NO). It has an important role in endothelial
vascular relaxation, which may underlie its mechanism of action. A single
non-randomized trial involving 24 patients showed that L-arginine sig-
nificantly reduced symptoms (headache, nausea, vomiting, teichopsia)
during acute stroke-like episodes. Six patients underwent prophylactic
administration of L-arginine over a period of 18 months, and none had
a major stroke-like syndrome following this. Further larger studies are
required to verify the potential significance of this.

CoQ10 is an endogenous compound essential for aerobic cellular res-
piration, first used as a treatment for mitochondrial disease in 1986. It is
involved in transfer of electrons between enzyme complexes |, II, and Il
of the electron transfer chain at the inner mitochondrial membrane and
is also an effective oxygen free radical scavenger. A recent randomized
trial evaluated the efficacy of CoQ10 in 30 patients with mitochondrial
cytopathy. Compared to placebo, CoQ10 significantly reduced venous
lactate after exercise, but clinically relevant endpoints, such as muscle
strength, were unaffected. A small meta-analysis including eight trials
found no clear evidence to support the use of pharmacologic therapy for
mitochondrial disease.
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Muscular dystrophy

The muscular dystrophies are a group of inherited genetic disorders
characterized by muscle wasting and weakness due to mutations in a
number of genes required for normal muscle function. Only the com-
monest, Duchenne muscular dystrophy (DMD) has shown partial
response to DMT and is discussed below. Becker muscular dystrophy
is less common and has a similar, but milder, phenotype. Other rare
dystrophies include facioscapulohumeral dystrophy, the genetically het-
erogeneous limb girdle and Emery—Dreifuss muscular dystrophies, and
distal and oculopharyngeal muscular dystrophies. There is a distinct lack
of evidence base for efficacy of corticosteroids or other DMTs for any of
these conditions. Gene transfer and exon skipping strategies are under-
going evaluation.

Duchenne muscular dystrophy

DMD is an X-linked disorder caused by mutations in the dystrophin gene.
It affects 1 in 3500 males and presents with delayed motor milestones in
childhood due to proximal muscle weakness. Calf pseudohypertrophy
and mild cognitive impairment are other features. Systemic complica-
tions include scoliosis, respiratory muscle weakness, dilated cardiomyo-
pathy, and cardiac conduction deficits which may lead to cardiac failure.
Mean age at loss of ambulation is 9 years (range 6—15 years), electric
wheelchair dependency 14 years (range 11-28 years), needing assis-
tance for eating and drinking 18 years (range 12-23 years), and requiring
assisted ventilation 19 years (range 14-31 years). Estimated median sur-
vival is 35 years. CKis elevated (but may fall to normal levels in adult life).
Muscle biopsy shows fibre necrosis and replacement with fat and fibrosis
with an absence of dystrophin.

Treatment

e Disease modification: prednisolone 0.75mg/kg/day or deflazacort
0.9mg/kg/day.

e For ventricular dysfunction: ACE inhibitor and/or -blocker.

e Bone protection: calcium and vitamin D3.

Survival, neuromuscular function, and quality of life in DMD are improv-
ing due to longer-term treatment with glucocorticoids, advances in
respiratory care, and increased utilization of assisted ventilation. Boys
5 years of age and older, who are no longer gaining motor skills or
whose motor skills are declining, are usually treated with prednisolone
(0.75mg/kg/day, or 10mg/kg a week given over 2 weekend days) or def-
lazacort (0.9mg/kg/day). An ACE inhibitor and/or 3-blocker is indicated
if there is evidence of ventricular dysfunction, and bone protection is also
required. A stepwise sequence of respiratory interventions is recom-
mended by current guidelines.
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Evidence base

In 2005, the AAN, and in 2008 a Cochrane review, evaluated all RCTs
examining the use of corticosteroids in DMD and concluded that
prednisone at doses of 0.75mg/kg/day caused an increase in muscular
strength and improved results in standardized functional tests in the
short term. Five long-term controlled, non-randomized trials (extending
beyond 3 years) with prednisone or deflazacort found that patients can
ambulate 2-5 years longer than those not receiving corticosteroids, the
need for spinal stabilization surgery was reduced, and the need for non-
invasive ventilation delayed. Recent non-randomized trials indicate that
corticosteroids may delay the onset of cardiomyopathy. Trials of other
immunosuppressive agents (azathioprine, ciclosporin) have not demon-
strated any benefit.
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Myotonic dystrophy

Myotonic dystrophy is an autosomal dominant inherited disorder char-
acterized by muscle wasting and myotonia (the phenomenon of delayed
relaxation of skeletal muscles after voluntary contraction). Myotonic
dystrophy type 1 (DM1, dystrophia myotonica, Steinert’s disease) is
the commonest cause of adult muscular dystrophy, with a prevalence of
3-15in 100000. There is a characteristic facial appearance with ptosis,
temporal wasting, ‘hatchet’ facies, and frontal balding. Patients also
have sternocleidomastoid and distal limb weakness and wasting. Less
commonly, bulbar, respiratory, and extraocular muscles are involved.
Myotonia is exacerbated by cold and stress and is usually most pro-
nounced in the face, jaw, tongue, and hands. Associated cardiac path-
ology (arrhythmia, structural abnormalities, and sudden cardiac death)
and impaired respiratory function account for up to 75% of mortality.
Cataracts and diabetes mellitus are common comorbid conditions.
Myotonic dystrophy type 2 (DM2, proximal myotonic myopathy
(PROMM)) is a less severe disease with proximal muscle weakness, par-
ticularly of the hip girdle muscles, myalgia, stiffness, and fatigue. Definitive
diagnosis is by genetic testing, which shows a CTG trinucleotide expan-
sion in DM1 and a CCTG tetranucleotide expansion in DM2.

Treatment

There is currently no effective DMT, and management is supportive.
Annual ECG should be performed, and periodic cardiac and respiratory
assessments are important.

e For myotonia (rarely required): mexiletine (150-200mg tds),
imipramine (150—200mg daily), clomipramine (75mg daily),
carbamazepine (up to 600mg bd), or phenytoin (150-200mg daily).
For daytime somnolence: modafinil (200-400mg/day).

Drugs to avoid: General anaesthesia increases the risk of post-
operative aspiration pneumonia and cardiac arrhythmia in patients
with myotonic dystrophy.

Evidence base

Mexiletine is superior to placebo in improving grip relaxation time in
patients with DM1, as shown by two small randomized trials. In one,
mexiletine 150-200mg tds significantly reduced grip relaxation time.
Two small controlled trials from the late 1980s demonstrated the utility
of imipramine and clomipramine. Systematic reviews, however, have not
found sufficient evidence to support the use of any drugs for myotonia.
Mexiletine and TCAs should be used with caution, in view of the risk of
cardiac conduction abnormalities.
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Inherited non-dystrophic myotonias

The non-dystrophic myotonias are a heterogeneous set of rare skeletal
muscle channelopathies that demonstrate clinical and/or electrical myo-
tonia, and are distinct from myotonic dystrophy. They include the myo-
tonia congenita disorders and paramyotonia congenita.

Myotonia congenita

Myotonia congenita (congenital myotonia) is caused by mutations in
skeletal muscle voltage-gated chloride channel gene (CLCNT), result-
ing in reduced chloride conductance. Thomsen’s disease is transmitted
by autosomal dominant (AD) inheritance, and Becker’s disease by auto-
somal recessive (AR) inheritance. Membrane hyperexcitability leads to
repetitive firing of muscle fibres, which summate to give clinical myo-
tonia. Myotonia develops following voluntary muscle contraction, often
triggered by cold, stress, fatigue, or hunger. Sufferers demonstrate the
‘warm-up’ phenomenon of improved movement after a few contrac-
tions. Patients often have an athletic physique due to muscle hypertrophy
from constitutive contraction.

Paramyotonia congenita

Paramyotonia congenita (Eulenburg’s disease) is caused by AD transmitted
mutations in the SCN4A gene, which encodes a skeletal muscle voltage-gated
sodium channel. The cardinal feature is exercise- or cold-induced myotonia,
which, along with stiffness, worsens with ongoing exercise. This typically
affects the eyelids, face, tongue, neck, and hands. CK is elevated, and EMG
shows a significant fallin CMAP amplitude in cold conditions. Patients should
be advised to avoid exercising in cold conditions.

Treatment

o First line: mexiletine 150-200mg tds.

e Second line: carbamazepine up to 600mg bd or phenytoin
100-250mg daily.

e Third line: imipramine 150-200mg/day or clomipramine 75mg/day.

e Drugs to avoid in myotonia: clofibrate, cholinesterase inhibitors,
propofol, propranolol, and suxamethonium.

Evidence base

Due to the rarity of these conditions, there is a paucity of robust evidence
regarding treatment. Nonetheless, a multicentre RCT of 59 patients with
non-dystrophic myotonia showed that mexiletine significantly improved stiff-
ness, handgrip myotonia, and quality of life after a 4-week treatment course.
There is little controlled trial evidence to support the use of phenytoin and
carbamazepine, but clinical experience supports their effectiveness when
mexiletine fails. Small placebo-controlled cross-over studies have demon-
strated improvement of myotonia with imipramine and clomipramine.
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Periodic paralyses

Hypokalaemic periodic paralysis

Hypokalaemic periodic paralysis is caused by several different rare
AD mutations of genes coding for skeletal muscle calcium (CACNATS
in 70% of patients), sodium (SCN4A), and potassium (KCNE3) channels.
Thyrotoxicosis, renal tubular acidosis, and chronic potassium loss can
cause a similar picture. Incidence is ~1 in 100000. Attacks of extreme
generalised weakness lasting hours to days can occur, in association
with a fall in serum potassium to <2mmol/L. Attacks are precipitated
by carbohydrate- or sodium-rich foods, rest after exertion, cold, and
alcohol. Interictally, there is no myotonia and a normal serum potassium.
Patients may develop proximal weakness in their 40s or 50s, by which
time the acute attacks tend to subside.

Treatment

Acute attacks

e PO potassium replacement: 30mEq potassium chloride (KCI) every
30min, until serum potassium normalizes. Serum potassium should
be monitored for 24h to assess for rebound hyperkalaemia.

Prophylaxis of attacks

Attacks may be prevented by a low-carbohydrate diet and abstinence

from vigorous exercise.

e First line: carbonic anhydrase inhibitors (acetazolamide 250mg bd or
diclofenamide 50mg bd).

e Second line: potassium-sparing diuretics (spironolactone 100mg daily
or triamterene 150mg daily).

Evidence base

Carbonic anhydrase inhibitors reduce frequency and severity of attacks
in most patients. However, in 10% of patients, they may have a paradoxi-
cal effect of worsening symptoms by potentiating potassium uptake into
muscle. This risk is increased with comorbid diabetes and thyrotoxicosis.
Diclofenamide has a significantly beneficial effect on attack frequency
and severity, with a milder side effect profile than acetazolamide, but is
not available in the USA and most European countries. As second-line
therapy, potassium-sparing diuretics may be useful alternatives.

Hyperkalaemic periodic paralysis

Hyperkalaemic periodic paralysis is caused by an AD inherited mutation
of SCN4A, a component of skeletal muscle sodium channels. Incidence
is 1in 200000. Attacks of episodic generalized or focal weakness and
myotonia begin in childhood, increase in frequency up to age 50, and
decline thereafter. Attacks occur in association with a rise in serum
potassium to >5mmol/L. They commonly occur on waking and last for
up to an hour. Interictally, myotonia is present in some patients, but
serum potassium is normal.
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Treatment

Acute attacks

Attacks are brief and often do not need treatment per se. One to two
puffs of salbutamol may attenuate attacks. Severe hyperkalaemia should
be treated as per local protocols.

Prophylaxis of attacks

Attacks may be prevented by frequent carbohydrate-rich meals, and

avoidance of fasting, dietary potassium, or drugs known to increase

serum potassium.

e First line: carbonic anhydrase inhibitors (acetazolamide 250mg bd or
diclofenamide 50mg bd).

e Second line: thiazide diuretics, e.g. hydrochlorothiazide 25-50mg/
day.

Evidence base

Diclofenamide was shown to significantly reduce the rate and severity

of attacks of hyperkalaemic periodic paralysis in a randomized, double-

blind cross-over trial of 31 patients. Acetazolamide and thiazide diuretics

have only anecdotal evidence of efficacy in this setting.
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Acquired neuromyotonia

Acquired neuromyotonia, also known as Isaac’s syndrome is a very rare
condition characterized by painful cramps and impaired muscle relaxa-
tion with or without autonomic dysfunction. There are pathogenic
autoantibodies to CASPR2, a component of the voltage-gated potas-
sium channel, and strong associations with myasthenia and thymoma.
Morvan syndrome, a related condition, refers to a combination of symp-
toms of neuromyotonia (cramps and fasciculation), autonomic dysfunc-
tion, and CNS involvement with insomnia and hallucinations, which is
also associated with CASPR2 antibodies. Thymoma is associated in
50%, and thymectomy may be curative. Both conditions respond well
to immunotherapy. The EFNS guidelines suggest similar immunomodula-
tory regimens to those established for MG. Anticonvulsants can relieve
symptoms by reducing peripheral nerve hyperexcitability.



STIFF PERSON SYNDROME

Stiff person syndrome

Stiff person syndrome is a rare disorder characterized by fluctuat-
ing rigidity and stiffness of the axial and proximal leg muscles, produc-
ing hyperlordosis due to lumbar paraspinal and abdominal muscle
co-contraction, with superimposed painful spasms and continuous
motor activity on EMG. Most cases have circulating autoantibodies
against glutamic acid decarboxylase (GAD), but there are also parane-
oplastic varieties. Common associations include diabetes mellitus and
psychiatric disorders.

Treatment

Symptomatic

e First line: diazepam 5-100mg daily in divided doses; clonazepam 1—
6mg daily; baclofen 20mg tds.

e Second line: gabapentin, levetiracetam, sodium valproate.

Immunosuppression
e Firstline: prednisolone 60mg daily, then taper; periodic IVIg.
e Second line: PLEX, rituximab.

Symptomatic treatment with GABA-ergic or other antispasmodic agents
is generally effective. Benzodiazepines are considered the optimal initial
therapy, but large doses may be required. If escalating doses of benzo-
diazepines are not tolerated, baclofen (20mg bd to tds) can be added or
substituted.

Immunomodulation with prednisolone (60mg daily, tapering according
to response), periodic IVIg or PLEX or rituximab should be considered
in severe or refractory cases.

Evidence base

Striking efficacy of diazepam was first reported in the 1960s. There
are no studies to guide the choice of benzodiazepine. Efficacy of IVIg
was demonstrated in a cross-over study comparing placebo with Vig
therapy. 11 of 16 patients who received immunoglobulin were able to
walk more easily or without assistance, had fewer falls, were able to
perform work-related or household tasks, and anti-GAD antibody titres
declined. Roughly half of patients with refractory stiff person syndrome
described in case reports and case series experienced clinically signifi-
cant improvement with PLEX.
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Disorders of the neuromuscular junction

Myaesthenia Gravis (MG) is by far the commonest NM] disorder. Lambert—
Eaton myasthenic syndrome (LEMS) is also discussed here, and NM] dys-
function due to Clostridium botulinum infection is covered in Chapter 15,
Neurological infection.

Myasthenia gravis

MG is the archetypal antibody-mediated autoimmune disorder and the
commonest disease affecting the NMJ, with a prevalence of 15in 100000.
Up to 90% of cases have circulating pathogenic autoantibodies directed
against the nicotinic acetylcholine receptor (hAChR) at the post-synaptic
membrane, and 30—40% of nAChR-negative cases have muscle-specific
kinase (MuSK) antibodies. Myasthenia is twice as common in females and
has a bimodal age of onset. Early-onset disease typically affects women
under 40, whereas late-onset myasthenia is commoner in older men,
but age of onset can range from 2 to 90 years. Thymic hyperplasia (less
frequently thymoma) is seen in the majority of early-onset cases, and
thymectomy is curative in a proportion.

The typical clinical picture is of fatigable ptosis, external ophthalmo-
paresis, and bulbar, facial, jaw, neck, and proximal limb weakness. Two
broad categories are described: ocular (15% of cases) and generalized,
reflecting the extent of clinical involvement. There is potential for neu-
romuscular respiratory failure, so regular forced vital capacity (FVC)
monitoring should be undertaken in patients with uncontrolled disease.

Diagnosis is primarily clinical and serological, but bedside testing with
the ice pack or edrophonium tests can be a useful adjunct. Characteristic
neurophysiological findings are decremental compound muscle action
potentials (CMAPs) on repetitive nerve stimulation and increased jitter
and block on single-fibre EMG. CT or MRI thorax is required to exclude
thymic hyperplasia or thymoma.

Treatment

Symptomatic therapy

o Firstline: pyridostigmine 30-90mg every 4—8h.

Immunomodulatory therapy

Acute/induction

e First line: prednisolone.

e Second line: [Vig.

Also see Myasthenic crisis, pp. 128-9.

Chronic/maintenance

o First line: azathioprine 50mg daily, increased to a maintenance dose
of 2-3mg/kg at 2- to 4-weekly intervals.

e Second line: mycophenolate mofetil 500mg bd, increased to 1g bd
after 4 weeks, or methotrexate.

e Third line: rituximab, calcineurin inhibitors (ciclosporin, tacrolimus),
or cyclophosphamide.

Surgical

e Thymectomy.

For drugs to avoid, see Box 8.1.
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Box 8.1 Drugs to avoid in myasthenia gravis

Medications exacerbating weakness in myasthenia gravis and potentially
triggering a myasthenic crisis
o Anaesthetics:
« depolarizing neuromuscular blockers: suxamethonium;
« non-depolarizing neuromuscular blockers: pancuronium, etc.
e Antiarrhythmic agents:
« quinidine, quinine, procainamide.
o Antibiotics:
« aminoglycosides: gentamicin, amikacin, etc.;
« quinolones: ciprofloxacin, norfloxacin;
« tetracyclines: doxycycline, minocycline.
o Antihypertensives:
« beta-blockers, calcium channel blockers.
o Antimalarials:
« chloroquine.
Antirheumatics:
« chloroquine, hydroxychloroquine, penicillamine.
Botulinum toxin.
Chemotherapy:
« cisplatin.
Corticosteroids (rapid introduction or dose increase).
Neuropsychiatric drugs:
« lithium, chlorpromazine, phenytoin.

Evidence base
e Symptomatic treatment: pyridostigmine has not been trialled in a
prospective, randomized fashion. However, in view of overwhelming
clinical experience, it remains the first-line therapy. Neostigmine
is occasionally used in intensive care settings. It should be noted
that high doses of pyridostigmine can lead to desensitization of
acetylcholine receptors, inducing muscle weakness and a cholinergic
crisis, difficult to distinguish clinically from a myasthenic crisis
(see details on cholinesterase inhibitors under Myasthenic crisis,
Symptomatic treatment, p. 129).
e Immunomodulation: most patients with generalized disease will not
achieve adequate response to pyridostigmine alone and require
immunosuppression.
Induction of remission: corticosteroids are the definitive short-term
immunosuppressant therapy and are typically used as an interim
measure, while long-term immunosuppressants take effect. It is
recommended that prednisolone is started at a low dose on alternate
days and gradually titrated upwards to avoid the ‘steroid dip’ in
symptoms seen 4—10 days after starting high-dose prednisolone.
Prednisolone produces remission or significant improvement in up
to 80% of patients. Rapid short-term remission can be achieved with
IVlg or PLEX in severely affected individuals or to optimize disease
activity prior to surgery. The two treatments are equally efficacious,
but IVIg is easier to administer.
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e Maintenance immunotherapy: azathioprine is the first-line agent

with good evidence of efficacy in RCTs, but it is very slow to

work (>1 year). Very often, it is commenced concurrently with
prednisolone to allow for earlier steroid tapering. There is conflicting
evidence for the efficacy of mycophenolate and no high-quality
published evidence for the use of methotrexate. Several case
reports describe the utility of rituximab in patients with refractory
MG, particularly those with MuSK-positive disease. Ciclosporin and
cyclophosphamide have a strong evidence base for maintenance
immunosuppression, but their use is limited to refractory cases
because of severe potential side effects. Tacrolimus is a second-line
steroid-sparing agent which has been shown in uncontrolled studies
to induce remission in up to 85% of patients.

Surgery: thymectomy is indicated in all patients with thymoma
(10-15% of patients with MG). In young, fit, ACRA-positive patients
with generalized disease incompletely responsive to immunotherapy
thymectomy is often offered. Its role in non-thymomatous and
ocular myasthenia remains unclear and is the subject of an ongoing
multicentre trial. Retrospective studies suggest significant benefit in
terms of remission and reduced use of immunosupressants in post-
thymectomy patients. The benefits are thought to be higher in young
patients, in the first 3 years of their disease, with generalised ACRA
positive disease. MuSK-positive patients are not thought to benefit
from this procedure.

Myasthenic crisis

This is a life-threatening neurological emergency, characterized by the
development of respiratory and bulbar muscle weakness. Mortality is
around 4%. Commonly, a crisis is triggered by intercurrent illness or
infection, most frequently of the respiratory tract, sometimes occur-
ring as a direct result of aspiration from undiagnosed bulbar dysfunction.
Other precipitants include surgery, pregnancy, tapering of maintenance
immunosuppression, emotional stress, heat, hyperthyroidism, and vari-
ous medications (See Box 8.1).

Supportive management in the form of close monitoring of airway
patency and respiratory function is important. Regular FVC assessments
are essential, and FVCs <1-1.5L or a rapid fall in FVCs will guide the need
for admission to the intensive care unit (ICU) for prompt intubation and
ventilation, if required, while immunotherapy is being instituted.

Treatment

Supportive management

Patients should be admitted to the ICU early, as elective intubation and
ventilation may be required. Should neuromuscular blockade be needed,
succinylcholine can be used, although higher doses than normal will be
necessary. Non-depolarizing neuromuscular blockers should be used
with caution.
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Immunomodulatory therapy

o Firstline: IVIg 0.4g/kg/day for 5 days or PLEX, plus prednisolone
60-80mg od.

e Second line: azathioprine and mycophenolate.

Rapidly acting immunomodulatory therapies, either IVIg or PLEX, are
the preferred modalities of treatment.

Symptomatic treatment

e Cholinesterase inhibitors: IV pyridostigmine 2mg 4- to 6-hourly
if intubation not required. Many units withhold cholinesterase
inhibitors during acute immunomodulatory therapy due to
their propensity to potentiate cholinergic crises and to increase
respiratory secretions, impairing airway clearance in intubated
patients.

Evidence base

A number of large prospective trials have shown no significant difference
in efficacy between IVIgand PLEX for exacerbations of MG, although IVIg
is more likely to be tolerated.

Corticosteroids should be started concurrently with IVlg or PLEX,
as the effects of these acute therapies are not sustained beyond a few
weeks. The risk of a ‘steroid dip’ is mitigated by simultaneous use of PLEX
or IVlg. Steroid-sparing agents, typically azathioprine or mycophenolate,
can be started in the acute phase if glucocorticoids are contraindicated
or if maximal long-term immunomodulation is deemed important.

Lambert-Eaton myasthenic syndrome
LEMS is a rare acquired neuromuscular transmission disorder medi-
ated by antibodies against presynaptic voltage-gated calcium chan-
nels (VGCCs) at the NMJ. It is five times commoner in males. Onset is
usually over the age of 50 years, with slowly progressive proximal limb
weakness, mostly affecting the lower limbs, often mimicking a myopa-
thy, rather than MG, and typically exacerbated by prolonged exercise
or hot weather. A distal, symmetrical, sensory neuropathy and auto-
nomic symptoms of dry mouth, dry eyes, and erectile dysfunction may
be prominent. Ocular and bulbar symptoms occur less frequently than in
myasthenia. Respiratory involvement occurs rarely. About 50% of cases
are paraneoplastic, associated with SCLC (>80%), lymphoproliferative
disorders, and rarely other malignancies. Non-paraneoplastic cases are
of a primary autoimmune aetiology.

Circulating P/Q type VGCC antibodies are detectable in 85% patients.
In contrast to myasthenia, EMG with repetitive stimulation at 10Hz
shows a characteristic increment of CMAP amplitude.

Treatment
Treatment of the underlying malignancy may cause symptom regression.
Symptomatic therapy

o Firstline: 3,4-DAP 15mg/day, increasing up to 60mg/day.
e Second line: pyridostigmine 60-90mg every 4—6h.



130

cHAPTER 8 Disorders of muscle & NM)

e Third line: guanidine 5-10mg/kg/day, increasing up to a maximum of
30mg/kg. Patients should be monitored for the development of bone
marrow suppression.

Immunomodulatory therapy

e Firstline: trial of IVIg (2g/kg), acutely or as maintenance therapy,
every 1-3 months.

e Second line: prednisolone 1mg/kg/day * azathioprine (50mg bd) or
mycophenolate mofetil (1g bd).

e Third line: ciclosporin, rituximab, PLEX.

Evidence base

e Symptomatic therapy: 3,4-DAP has been shown to improve muscle
strength and resting CMAP amplitude in up to 79% of patients.
Adjunctive treatment with pyridostigmine may confer additional
benefit. Pyridostigmine, when combined with low-dose guanidine
(<1g/day), is a safe and effective alternative.

Immunotherapy: most patients with non-paraneoplastic LEMS
require long-term immunosuppression, usually with steroids and
azathioprine. There are no large-scale trials firmly demonstrating
the magnitude of clinical improvement with oral prednisolone or
azathioprine, but their use is widespread, following several case
reports. Corticosteroids also appear to be of benefit in patients
with LEMS due to underlying SCLC. In a randomized cross-over
trial, IVIg was shown to significantly improve limb, respiratory, and
bulbar muscle strength, compared to placebo. Patients with LEMS
do not respond as well to PLEX as those with myasthenia, and its use
is marred by a short duration of action and continued production
of antibodies, particularly in paraneoplastic disease. Isolated case
reports support the use of rituximab for resistant cases.
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Introduction

Parkinsonism, a syndrome characterised by the presence of bradyki-
nesia, accompanied by tremor, rigidity, and/or postural instability, has
several different causes. Identifying the underlying aetiology is particu-
larly important, as idiopathic Parkinson’s disease (PD), the commonest
akinetic rigid syndrome, is very amenable to therapeutic intervention. In
addition to idiopathic PD and the Parkinson plus syndromes, there are
several other causes of secondary parkinsonism, including drug-induced
parkinsonism, Wilson’s disease (WD), vascular parkinsonism, and the
Westphal variant of Huntington’s disease (HD).

In this chapter, we will discuss the commonest akinetic rigid syndromes
and their treatment.



PARKINSON’S DISEASE

Parkinson’s disease

PD is one of the commonest movement disorders. It has a prevalence of
160 per 100000 in the general population, higher in the elderly where it
affects almost 4% of those over 80 years of age. Although initially consid-
ered to be solely a disorder of motor control, non-motor features have
become increasingly recognized as important and critical to a patient’s
quality of life. These non-motor features include constipation, pos-
tural hypotension, neuropsychiatric disturbance (cognitive dysfunction,
depression, and psychosis), and disorders of sleep.

Management of Parkinson’s disease

To aid management decisions in the treatment of PD, guidance has been
produced by NICE in the UK and the AAN in the USA. A comprehen-
sive evidence-based review of the efficacy of PD treatments has also
been created by the International Parkinson and Movement Disorder
Society (MDS).

As a general rule, patients should be referred to a specialist for assess-
ment and confirmation of the diagnosis prior to initiation of treatment. If
confirmed, appropriate counselling should be given and advice provided
regarding the risks and benefits of medication, as well as the likely natural
course of the disease. A minimum of a yearly review is essential, in order
to ascertain the rate of disease progression, as well as the ongoing effec-
tiveness and side effects of medications.

Patients benefit from access to specialist nurses, as well as physiother-
apists, occupational therapists, and speech and language therapists, as
appropriate. For most patients, PD is a slowly progressive disease giving
patients the opportunity to plan for an inevitable deterioration in their
condition. This can be facilitated by referral to palliative care teams and
advanced care planning with their specialist or family doctors.
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Treatment of motor symptoms

Early disease

‘Early disease’ refers to PD in people who have only begun to develop
functional disability and require symptomatic therapy.

Treatment

The decision to initiate treatment is based on clinical and lifestyle fac-
tors and the patient’s preference. No particular agent has been identified
as the best first choice, but dopamine agonists (DAs) and other alterna-
tives to levodopa are often used with the hope of delaying the onset of
motor complications seen with prolonged levodopa treatment. However,
levodopa remains the most effective drug treatment for PD, and patients
who are started on other drugs will often experience significant benefit
when levodopa is started. If patients gain no benefit from levodopa or
DAs, then the diagnosis of idiopathic PD should be reconsidered.

With all symptomatic treatments, the lowest effective dose of any
agent should be used to avoid side effects. The following agents are used
in early PD.

1. DAs:
« non-ergot agonists are now preferred over ergot-derived
agonists;
use an alternate agonist or a different drug class if unable to titrate
to an effective tolerable dose;
as the disease progresses, most patients will require the addition
of levodopa.
2. Levodopa:
« it provides the greatest degree of symptom control;
« use the lowest effective dose.
3. Monoamine oxidase B (MAO-B) inhibitors:
« monotherapy has only modest symptomatic benefit.
4. Anticholinergics/B-blockers (typically propranolol) to alleviate
tremor:
« valuable, particularly in young patients with early PD and severe
tremor. Avoid anticholinergic use in the elderly, due to greater
susceptibility to confusion and other side effects.

Later disease

‘Later disease’ refers to people with PD on levodopa who have devel-
oped motor complications. Motor complications occur in up to 60% of
patients after 5-10 years of levodopa therapy. They include motor fluc-
tuations, ‘off’ periods, dyskinesias, and dystonia. Those with a younger
age at onset or taking higher doses of levodopa are at higher risk of devel-
oping complications earlier.

Treatment

Adjunctive treatments that may be used with levodopa:
e DAs: see Early disease, p. 136;

e MAO-B inhibitors: see Early disease, p. 136;
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catechol-O-methyltransferase (COMT) inhibitors: entacapone may be
used first-line, in combination with levodopa and dopa decarboxylase
(DDC) inhibitors. Tolcapone can be used if entacapone is ineffective.
Due to the rare risk of fulminant hepatitis, close monitoring of liver
function is required.

Management of complications of therapy/progressive
disease

1. Drug-induced dyskinesias.

Sixty per cent of levodopa-treated patients develop dyskinesias by
10 years of treatment. During ‘on’ periods, dyskinesias are commonly
choreiform when mild but can be ballistic when severe. ‘Off’ period dys-
kinesias are often dystonic.

Dyskinesias often occur at peak dose (60—90min after the last
levodopa dose) or may be biphasic (just before: trough; and after a
dose: peak) when concentrations of levodopa are just below or above
the effective range.

Treatment

e Reduce fluctuations in serum levels of levodopa by giving smaller
doses more frequently. A compromise should be reached between
adequate motor control and dyskinesias.

Switching from controlled-release (CR) to immediate-release (IR)
preparations of levodopa may allow easier adjustment of treatment
regime, with faster onset of action and shorter half-life.
Introduction of DAs or other dopaminergic agents, with a reduction
in levodopa.

Amantadine: may be used as an adjunct to levodopa in those with
dyskinesias.

2. Increasing ‘off’ periods.

Almost all advanced PD patients ultimately experience worsening ‘off’
periods. ‘Off’ periods describe instances where it appears that levodopa
has stopped having effect, also known as end-of-dose off periods.

Treatment

Simply increasing the overall levodopa dose may decrease the frequency

and severity of ‘off’ periods but will increase peak dose side effects,

including dyskinesias, hallucinations, and confusion. Smaller doses of lev-

odopa administered more frequently will limit this problem to an extent.
Sustained-release levodopa preparations (e.g. Sinemet® CR) may simi-

larly reduce fluctuations, but their use may be complicated by a lack of

predictability of effect. Due to the reduced bioavailability of sustained-

release levodopa, compared to IR, the dose may need to be increased by

up to 30%. A sustained-release preparation given at night may be of use if

patients experience poor nocturnal mobility, with difficulty turning over

in bed, or ‘off’ periods on waking, which can be accompanied by painful

dystonic posturing of the feet.

e DAs: see Early disease, p. 136.

e MAO-B inhibitors: see Early disease, p. 136.

e COMT inhibitors: see Late disease, pp. 136—7.
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e Apomorphine:
« SCinjections can be very useful as rescue therapy for freezing and
unpredictable ‘off” periods;
« continuous SC infusions are used in patients with severe motor
fluctuations despite optimal oral therapy.

Surgical interventions

Neurosurgery

Surgical interventions have been shown in several high-quality trials to be

an effective treatment for motor fluctuations and dyskinesias in advanced

PD, when compared to best medical therapy.

e Surgery is indicated only in those with disabling motor fluctuations
and/or dyskinesias that are unresponsive to medical therapy.

e The main targets for DBS are the subthalamic nucleus (STN) or the

globus pallidus (GPi).

STN DBS allows for greater reduction in medication but may be

associated with worsening of non-motor symptoms and falls.

All levodopa-responsive symptoms, except for axial symptoms (such

as freezing of gait and falls), respond to DBS.

Thalamic stimulation may be valuable in patients with severe tremor.

The EARLYSTIM trial of STN DBS found significantly improved quality

of life at 2 years in patients with early motor complications, compared

to those treated with best medical therapy alone. This study has

highlighted a possible role for DBS earlier in the disease course of PD.

Enterally administered levodopa/carbidopa

gel (Duodopa®)

Duodopa®is a levodopa-based gel administered via percutaneous endo-
scopic gastrostomy (PEG) or jejunostomy (PEJ). It provides continuous
intestinal infusion of levodopa, thereby avoiding fluctuations in absorp-
tion that are due to delayed gastric emptying and diet-related competi-
tion for intestinal uptake in advanced PD. It is considered after failed
medical treatment for motor complications. Trials have suggested that it
reduces the rate and severity of levodopa-related motor complications
and improves quality of life. The MDS evidence-based review supported
its use in the treatment of motor fluctuations and dyskinesia. However,
stronger evidence is required to label the treatment as clearly efficacious.
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Non-motor symptoms

Autonomic disturbance

Autonomic disturbance occurs early in PD. Dysfunction spans the
sympathetic, parasympathetic, and enteric nervous systems. Common
symptoms include constipation, sialorrhoea (drooling), postural hypo-
tension, urinary urgency and urge incontinence, hyperhidrosis, and
sexual dysfunction.

Treatment
e Postural hypotension:
« conservative measures: increased dietary salt, adequate fluid
intake, and compression stockings;
« fludrocortisone;
. midodrine.
e Constipation:
« dietary advice;
« macrogol (e.g. Movicol®).
e Sexual dysfunction:
« sildenafil.
e Sialorrhoea:
« glycopyrronium bromide;
« hyoscine hydrobromide;
« botulinum toxin A (BTX-A);
« botulinum toxin B (BTX-B).

Evidence base

1. Fludrocortisone and midodrine (see drug monographs
Fludrocortisone, pp. 465—6, and Midodrine, pp. 526—8).

2. Macrogol has been assessed in one RCT in PD patients (n = 57).
There was a significant improvement in constipation in the macrogol
grouped, compared to placebo.

3. Sildenafil was assessed in one randomized, double-blind cross-over
study for safety and efficacy in erectile dysfunction related to PD.
Subjects (n = 10) treated with 25-100mg of sildenafil 1h prior to
sexual intercourse showed significant improvements in the ability to
achieve and maintain an erection, compared to placebo.

4. Glycopyrronium bromide (1mg bd for 1 week) was assessed in a
randomized, double-blind, placebo-controlled trial for drooling
in PD (n = 23). It achieved >30% decrease in sialorrhoea score,
compared to placebo. There have been no trials of hyoscine
hydrobromide in PD-related sialorrhoea. However, small, short-
term studies have shown it to be effective. It is available as a
transdermal patch and tablet.

5. BTX-A (50 units in each parotid gland) was assessed in a double-
blind, randomized, placebo-controlled trial over 1 month (n = 32).
BTX-B (each parotid gland received 1000 units of BTX-B, and each
submandibular gland 250 units of BTX-B) was assessed in a 4-week,
double-blind, randomized, placebo-controlled, parallel-group
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study (n = 16). Both significantly reduced drooling. Dysphagia due
to diffusion into nearby muscles was experienced as a side effect;
however, often there was no difference from placebo. It should be
noted that only patients with mild or no dysphagia were included in
studies.

Parkinson’s disease dementia
PD dementia (PDD) occurs in up to 40% of patients during the course
of the disease. Executive dysfunction, and visuoperceptive and visuo-
constructive deficits are prominent features, with relative preservation
of memory, compared to Alzheimer’s dementia. Visual hallucinations
occurring earlier in the course of PD increase the risk of developing cog-
nitive dysfunction. Importantly, dementia developing before, concurrent
with, or shortly after the onset of parkinsonism suggests dementia with
Lewy bodies (DLB), rather than PDD.

PDD and its management are discussed further in Chapter 11,
Dementia.

Depression
Depression is present in up to 50% of PD patients. ‘Off’ period-related
depression has also been described; it is important to differentiate this
from global depression, as this will generally respond to dopamine
replacement.

Treatment

No clear first-line agent has been identified to treat depression in PD.
Frequently used agents include:

e SSRI (fluoxetine, sertraline, citalopram, and paroxetine);

o TCA (nortriptyline, desipramine, and amitriptyline);

e DAs (pramipexole and ropinirole).

Evidence base

SSRIs are often used first-line, as they have a better side effect profile,
avoiding the anticholinergic and pro-arrhythmogenic effects associated
with TCAs. However, in patients with significant tremor and no cognitive
deficit, the anticholinergic activity of TCAs may result in improvements
in tremor, alongside improvement in mood.

Selective serotonin reuptake inhibitors

Several small RCTs have assessed the efficacy of SSRIs in the management

of PD-associated depression, with varying results. Citalopram, sertra-

line, paroxetine, and fluoxetine were reviewed in the most recent MDS

evidence-based review, which concluded that there was an absence of

strong evidence demonstrating efficacy of these agents. However, over-

all use was supported, and it does not require specialized monitoring.
Cautions with SSRls:

. asmall body of literature has highlighted the rare occurrence of
worsening motor symptoms with SSRIs (most notably with fluoxetine
and paroxetine). Therefore, introduction of these agents should be
undertaken cautiously, with regular review of motor symptoms;

-
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2. combinations of SSRIs and MAO-B inhibitors pose the theoretical
risk of serotonin syndrome. Caution should be taken if using
both agents together (see drug monograph Monoamine oxidase
inhibitors, pp. 314-17).

Dopamine agonists

A double-blind, placebo-controlled RCT (n = 287) of pramipexole
(0.125-1.0mg tds) showed a significant reduction in Beck Depression
Inventory (BDI) scores, compared to placebo. The MDS evidence-based
review concluded that pramipexole was efficacious and clinically use-
ful in the treatment of PD-related depression. Ropinirole has not been
assessed by means of an RCT for this indication; however, a prospective
cohort study (n = 44) showed significant improvement in depression and
anxiety scores after 6 months.

Psychosis

A study of 230 patients with PD found that 60% of patients exhibited
features of psychosis, particularly visual hallucinations, over the study
period. Risk factors include older age at onset, need for high doses of
dopaminergic drugs, and REM sleep behaviour disorder.

Treatment

1. Review medications: a reduction in antiparkinsonian therapy
may alleviate psychotic symptoms. Anticholinergics, amantadine,
COMT inhibitors, and DAs may be discontinued or reduced, in
this order, reflecting the relative likelihood of each agent causing
or exacerbating psychosis. Levodopa dose reduction can also be
considered as a last resort.

2. Antipsychotics: typical antipsychotics commonly aggravate motor
symptoms in PD, because of their antidopaminergic activity. For this
reason, atypical antipsychotics are preferred:

« firstline: quetiapine;
. second line: clozapine.

Evidence base

Although the available evidence for clozapine (several double-blind con-
trolled trials) is stronger than for quetiapine (conflicting results from
open-label and double-blind, placebo-controlled trials), quetiapine
is often used in preference because of its more favourable side effect
profile.

Sleep disturbance

Excessive daytime sleepiness is a common non-motor feature of PD,
affecting 51% of patients in one study. It may result from the disease pro-
cess itself or as a consequence of dopaminergic therapy. Sudden-onset
sleep or ‘sleep attacks’ are an infrequent, but important, side effect of
dopaminergic therapy (particularly DAs; see drug monographs Ergot-
based dopamine agonists, pp. 310—13, and Non-ergot-based dopamine
agonists, pp. 318-22). Both somnolence and sudden onset of sleep will
impair the patient’s quality of life and impact on their ability to drive.
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Treatment

1. Lifestyle interventions: assess sleep hygiene, and provide advice to
ensure adequate sleep.

2. Modafinil.

Evidence base

Three small RCTs have investigated the use of modafinil (200-400mg/
day) for excessive daytime sleepiness in PD. Only one showed a signifi-
cant difference from placebo. No long-term efficacy or safety data are
available, as no study lasted >4 weeks. The MDS evidence-based review
emphasizes that modafinil for this indication remains under review and
that larger, high-quality studies are needed.
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Parkinsonism plus syndromes

Multisystem atrophy

Multisystem atrophy (MSA\) is a rare neurodegenerative disorder, char-
acterized by the combination of parkinsonism, dysautonomia, cerebellar
dysfunction, and corticospinal degeneration. It has been estimated to
occurin 3'in 100000 people aged over 50, with an average age of onset
of 56. Both men and women are affected equally. Symmetrical extrapy-
ramidal signs and rapid deterioration of mobility with early falls help dis-
tinguish it from idiopathic PD. Diagnosis is based on clinical findings and
poor response to levodopa, and supported by neuro-imaging, such as
abnormal DaTscan and characteristic MRI findings, although the latter
are often normal in early disease.

Treatment

There are no curative or disease-modifying treatments for MSA. Therapy
is symptomatic.

1. Parkinsonism:

« firstline: a trial of levodopa (up to 1000mg/day for 3 months). This
will also help differentiate MSA from idiopathic PD. Classically,
MSA is resistant to dopaminergic therapy, although 30% of
patients may experience a transient improvement. Worsening
postural hypotension, dyskinesias (in particular facial or cervical
dystonia), nausea, and vomiting may limit its use.

« second line: amantadine and DAs are sometimes used.

2. Autonomic dysfunction:

« postural hypotension: drug therapy is used, in addition to
conservative measures, ensuring adequate salt and water intake,
review of medications, and elastic stockings:

—first line: fludrocortisone;
— second line: midodrine.

. overactive bladder (OAB):

— first line: muscarinic acetylcholine receptor (AChR)
antagonists (e.g. oxybutynin or tolterodine);

« erectile dysfunction:

— first line: sildenafil.

Evidence base

1. Levodopa: there are no controlled trials of levodopa for the
treatment of MSA. Case series suggest ~30% of patients exhibit some
benefit with levodopa therapy. This benefit is rarely sustained, and
most patients experience deterioration in their symptoms after a few
years. Some patients report subjective benefit following levodopa
therapy, without objective improvement in motor examination.
Levodopa is less likely to cause psychiatric side effects and motor
fluctuations in MSA than in PD, but dyskinesias may still occur
without improvement in parkinsonism.
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2. DAs: there have been no controlled trials of DAs in MSA. Due to
their increased side effect profile, compared to levodopa, they are
not generally used. A double-blind, placebo-controlled trial showed
no benefit of amantadine in MSA. However, 5% of patients in an
older series showed a ‘good or excellent response’, as rated by
subjective assessment of the patient or their family or clinician.

3. Alternative agents: the use of SSRIs in MSA has also been investigated.
A double-blind, placebo-controlled trial investigated the use of
paroxetine (30mg tds for 2 weeks) and concluded that there was a
small, but statistically significant, improvement in motor symptoms
during treatment.

Progressive supranuclear palsy

Progressive supranuclear palsy (PSP) is the commonest of the atypical
parkinsonian syndromes, affecting up to 6.4 per 100000 people, with an
average age of onset at 62 years. Patients exhibit early gait disturbance
with falls and significant axial rigidity, dysarthria, pseudobulbar palsy, and
a characteristic eye movement abnormality (initially slowing of vertical
> horizontal saccadic velocities, with later complete supranuclear gaze
palsy). Insomnia and frontal cognitive abnormalities are common, but
REM sleep behaviour disorder (RBD) is not.

Treatment

Thereare no curative or disease-modifying treatments for PSP. Therapies
are symptomatic. As with other atypical parkinsonian syndromes, PSP is
generally not responsive to levodopa, although a proportion of patients
experience transient benefit.

e First line: levodopa trial (up to 1000mg/day for 3 months).

e Second line: amantadine.

Evidence base

There is a lack of clinical trial evidence of efficacy of levodopa in PSP.
Small retrospective series have reported temporary benefitin up to 54%
of patients, with doses as high as 9000mg/day. ‘Modest improvement’
was noted in four out of 12 patients in a series of post-mortem confirmed
cases. Visual hallucinations are a common side effect of levodopa use in
PSP. There is a lack of clinical trial evidence for the efficacy of amantadine
in PSP. Small retrospective series have noted transient therapeutic ben-
efitin up to 29% of patients.

Corticobasal degeneration

Corticobasal degeneration (CBD) describes a progressive neurodegen-
erative disorder, characterized by asymmetrical onset of rigidity, apraxia,
tremor, stimulus-sensitive myoclonus, and dystonia. Patients often com-
plain of symptoms initially affecting one limb and may experience the alien
limb phenomenon. Sensory symptoms are common, including significant
pain. Cognitive and behavioural abnormalities are an important feature
and often precede motor symptoms. The condition has been estimated
to occur in 5=7 in 100000 and has an average age of onset of 63.
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Treatment
There are no curative or disease-modifying treatments for CBD.
Management is with symptomatic treatment.
e Parkinsonism:
« firstline: trial of levodopa (up to 1000mg/day for 3 months). Lack
of response or a short-lived response is typical.
e Myoclonus:
« clonazepam, sodium valproate, piracetam, or levetiracetam.

Evidence base

There are no RCTs investigating the efficacy of treatments used in
CBD. Small retrospective case series note transient mild to moderate
improvement in parkinsonism with levodopa. Dyskinesias are a reported
side effect.

Dementia with Lewy bodies

DLB is a syndrome characterized by a triad of fluctuating cognition,
recurrent visual hallucinations, and spontaneous motor features of par-
kinsonism. Dementia must precede or accompany the spontaneous
onset of parkinsonism, to differentiate this disease entity from PDD
which manifests >1 year after the typical motor symptoms of PD.

DLB and its management are discussed further in Chapter 11,
Dementia.
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Drugs to avoid in parkinsonism

A number of medications used in everyday clinical practice have the
potential to worsen the symptoms of PD.

Drug-induced parkinsonism is the second commonest cause of an
akinetic rigid syndrome and is often the result of treatment with anti-
dopaminergic medications (e.g. antipsychotics, antiemetics). Classically,
drug-induced parkinsonism is thought to be reversible on stopping the
offending agent. However, up to 10% of patients develop persistent or
progressive parkinsonism. A review of medications in all patients pre-
senting with parkinsonism is important to ensure causative or exacerbat-
ing agents are stopped.

Below is a list of commonly used antidopaminergic agents which
should be avoided or used with caution in patients with PD. For pharma-
cokinetic and further pharmacodynamic interactions of drug treatment,
see individual drug monographs.

Antidopaminergic agents include:

e antiemetics:

« metoclopramide;

« prochlorperazine.
e antihistamines:

« promethazine;

. alimemazine.

e antipsychotics:

« chlorpromazine;

« clozapine;*
flupentixol;
fluphenazine;
haloperidol;
olanzapine;’
pericyazine;
pimozide;
quetiapine;’
risperidone;
thioridazine;
tiotixene;
trifluoperazine;
zuclopenthixol.

e dopamine degradation:

. tetrabenazine.

* Medications frequently used in PD patients.
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Impulse control disorders

Impulse control disorders (ICDs) are common in PD. They are patho-
logical behaviours thought to be the result of altered reward or incentive
mechanisms, likened to addiction. The Diagnostic and Statistical Manual
of Mental Disorders, fourth edition (DSM-1V) describes ICDs as ‘a group
of psychiatric disorders characterised by a failure to resist an impulse, drive
or temptation to perform an act that is harmful to the individual or to others’.
They are associated with dopaminergic treatment, particularly DAs.

Management of impulse control disorders

Recognition of ICDs is often difficult, due to a patient’s lack of insight
into pathological behaviours and their association with dopaminergic
therapy. Patients and families should be made aware of common ICDs
and advised to alert their physician of possible symptom onset. Due to
embarrassment, patients may not be forthcoming about ICD-related
activities, and hence these need to be discussed actively.

Following diagnosis, management should be undertaken in a multidisci-

plinary setting, with involvement of a PD nurse specialist and psychologi-
cal support services.

Patients with ICDs should have their dopaminergic replacement therapy
(DRT) gradually reduced, with close monitoring of motor performance.
Withdrawal symptoms may be noted if dose reduction is too abrupt.
Where possible, DA should be discontinued, and levodopa or
alternative therapies, e.g. DBS, used in its place.

For some patients, changing dopaminergic agonists may be effective.
As explained above, those with higher D3 receptor affinity should
theoretically be more likely to induce ICDs (e.g. pramipexole >
ropinirole). However, any difference clinically between these two
agents was not apparent in the DOMINION study.
Other agents which may be effective include:

1. antidepressants (e.g. SSRIs) for pathological gambling;

2. atypical antipsychotics (e.g. quetiapine, clozapine).

Evidence base

1.

There have been very few robust studies on pharmacological
treatment of ICDs in PD. Case reports and case series have reported
improvement in ICDs following reduction and/or discontinuation of
DA therapy, with suggestion of improvement in some patients when
switching from agents with relatively high D3 affinity.

. Treatment of pathological gambling with SSRIs, including fluvoxamine

(n =10) and paroxetine (n = 45), has been assessed in small RCTs.
Short-term benefits were shown by both agents, compared to
placebo. It should be noted that these studies were not specific for
PD-related ICDs.

. Case reports have suggested a role for atypical antipsychotic

treatment in cases of hypersexuality.

. DBS has been used to treat ICDs, with conflicting results. The

STN was the most reported target of lead placement. Often,
improvements could not solely be ascribed to surgical intervention,
due to confounding reduction in DRT post-operatively.
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Dopamine agonist withdrawal syndrome

Dopamine agonist withdrawal syndrome (DAWS) is a constellation of
autonomic and neuropsychiatric symptoms that can occur following
reduction and discontinuation of DA treatment. Autonomic symptoms
include postural dizziness and sweating, and neuropsychiatric symptoms
include depression, anxiety, fatigue, and insomnia.

Management of dopamine agonist withdrawal syndrome
Management of DAWS is through gradual reduction of DA, early rec-
ognition, and substitution of alternative dopaminergic therapy where
necessary. There are several case reports describing successful use
of off-licence drugs (e.g. apomorphine). Published series indicate that
DAWS resolves within 6 months in the majority of cases. In a small pro-
portion of patients, the DA cannot be completely discontinued. Patients
and carers should be informed about the possibility of DAWS prior to
commencement of DA treatment.

Evidence base

There are no RCTs investigating the management of this condition; thus,
treatment recommendations are based on case reports and expert
consensus.
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Serotonin syndrome

Serotonin syndrome is a potentially fatal condition which results from
excess serotonergic activity. It may occur either through overdose of
serotonergic drugs, administration of two or more drugs with seroton-
ergic activity, or co-administration of a drug which acts to elevate plasma
levels of serotonergic drugs or serotonin directly. Onset of symptoms
and signs most often occurs within 24h of changes in medication.

The commonest offending medications are SSRIs. Other offending
agents include: analgesics such as fentanyl and tramadol, TCAs, MAOIs,
SNRIs, triptans, lithium, linezolid, carbamazepine, valproate, herbal sup-
plements including St John’s wort, ginseng, methylphenidate, and illicit
drugs including LSD, cocaine, ecstacy, and amphetamines.

At toxic levels of serotonergic activity, a triad of changes may occur:
1. changes in mental status, e.g. agitation and confusion;

2. autonomic hyperactivity, e.g. diaphoresis, diarrhoea, dilated pupils,
and hyperthermia, as well as changes in heart rate and BP;

3. neuromuscular abnormalities, e.g. clonus, tremor, hyperreflexia, and
muscle rigidity, occur.

Not all features need to be present to make the diagnosis.

Management of serotonin syndrome

1. Stop offending medication(s).

2. Supportive management: aim to correct abnormal vital signs
(e.g. with IV fluids and cooling).

3. Benzodiazepines, e.g. diazepam or lorazepam, for myoclonus and
agitation.

4. Cyproheptadine may be used in moderate to severe cases (SHT2A
antagonist). The initial dose is 12mg, followed by 2mg every 2h, or
4-8mg every 6h, if the patient remains symptomatic.

Most patients improve within 24h of stopping the offending agents.
Severe cases should be managed in an intensive care setting.
Evidence base

There are no RCTs investigating the management of this condition; thus,
treatment recommendations are based on expert consensus.
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Neuroleptic malignant syndrome/
Parkinson’s hyperpyrexia syndrome

Neuroleptic malignant syndrome (NMS) is a life-threatening neurologi-
cal emergency. NMS or an NMS-like syndrome may develop in the set-
ting of PD, in relation to the use of antidopaminergic agents, or with
dose reduction, treatment withdrawal, or change in dopaminergic agent.
Here, the term Parkinson’s hyperpyrexia syndrome (PHS) is often used.
The syndrome consists of fever, rigidity, change in mental status and
dysautonomia in the form of fluctuating BP, tachycardia, sweating, and
urinary incontinence.

Management of neuroleptic malignant syndrome/
Parkinson’s hyperpyrexia syndrome
Treatment
Management is primarily supportive, aiming to reverse any changes in
dopaminergic drugs, including terminating the use of antidopaminergics
where possible, and to prevent complications such as aspiration pneu-
monia and renal failure.
In moderate to severe cases, dopaminergic agents can be added:
e bromocriptine: 2.5mg every 6—8h PO or via nasogastric tube, then
titrated over 48h up to 30—40mg/day.
e apomorphine: if PO administration is not possible, SC apomorphine
may effective as an alternative.

Muscle relaxants are used for severe rigidity:
e dantrolene: 25mg every 8h PO or 1-2.5mg/kg IV (can be repeated to
a maximum dose of 10mg/kg/day).

Severely ill patients may require intubation and ventilation in an intensive
care setting.

Evidence base

There are no RCTs investigating the management of NMS/PHS, and
treatment recommendations are based on published reports and expert
consensus.

Prognosis

Most cases resolve within 2 weeks, with little residual deficit. Poorer
outcomes are noted in those with complicating renal failure or a back-
ground history of drug or alcohol abuse. The clinician needs to be aware
that patients with NMS are at risk of arrhythmia, aspiration pneumonia,
metabolic abnormalities, respiratory failure, rhabdomyolysis, physical
injuries, and VTE. Prolonged periods of severe hypoxia or hyperthermia
may also result in persistent neurological disability.
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Introduction

Hyperkinetic movement disorders are those in which there is an excess of
involuntary movement. They can be classified by the clinical phenomenol-
ogy and include ataxia, chorea, dystonia, myoclonus, restless legs syndrome,
tics, and tremor. Treatment options have grown rapidly in number, and
there are now a wide variety of both pharmacological and neurosurgical
approaches to long-term management of these conditions. This chapter
will discuss the clinical features, management, and evidence base for the
treatment of the various hyperkinetic movements, focusing on those ame-
nable to symptomatic treatment. Each hyperkinetic movement may have
multiple aetiologies; we have emphasized notable causes (e.g. essential
tremor, dopa-responsive dystonia) where significant evidence exists for
their treatment.
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Tremor

Tremor is diagnosed based on the presence of rhythmic and oscillatory

movements of a body part. Tremors can be divided by the presence or

absence of characteristic features, including whether they occur at rest (e.g.

parkinsonian tremor) or on action (postural, kinetic, and intention tremors).

1. Resting tremor: this is most often seen with PD and parkinsonism. It is
present at rest, is terminated on action, and most commonly affects the
arms, legs, and chin.

2. Postural tremor: this tremor occurs when a body part is used to maintain
a position against gravity. The underlying cause may be enhanced
physiological tremor, essential tremor (ET), dystonic tremor, or PD. It
most often affects the arms, head, and neck.

Enhanced physiological tremor has a frequency of 8-12Hz. Causes

may be broadly classified into those due to hormones (stress,

anxiety, thyrotoxicosis, phaeochromocytoma, and hypoglycaemia),
drugs (e.g. B2-adrenergic agonists, sympathomimetics, lithium, and
sodium valproate), and toxins (e.g. alcohol and benzodiazepine
withdrawal, caffeine, mercury, and lead).

3. Kinetic tremor: this tremor is present upon movement of a body part.
The commonest cause is ET.

4. Intention tremor: this tremor arises on moving a body part (most
commonly the arms) towards a target. The amplitude of the tremor
will increase, as the body part nears its target. It is often a sign of
cerebellar pathology but may also be present in ET.

The effect of tremor on function will depend upon its amplitude and the
limbs involved. Treatment options depend on the type of tremor, the
likely underlying pathophysiology, the level of functional disability, and the
patient’s tolerance to medication.

Essential tremor

ET is characterized by an 8-10Hz tremor, which commonly affects the
hands and arms, and may be asymmetrical at onset. Males and females are
equally affected. Alcohol consumption can often lead to transient resolu-
tion of ET, with rebound worsening of tremor described when the effects
wear off. Those that receive treatment often struggle with the side effects
of commonly used agents.

Treatment

e First line: propranolol.

Second line: primidone.

Third line: gabapentin or topiramate.

Other: benzodiazepines (e.g. clonazepam), zonisamide, levetiracetam,
or botulinum toxin.

Surgical: DBS or ablation of the ventral intermediate (VIM) nucleus

of the thalamus, contralateral to the most severely affected limb.
Bilateral thalamotomy is not performed, due to the high risk of speech
disturbance and other side effects.
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Evidence base

Propranolol and primidone have the strongest evidence base for use in the
management of ET. Multiple RCTs have demonstrated their effectiveness.
Both agents reduce tremor by 50%, as measured by accelerometry. As a
result, the AAN has given both these agents the highest level of recom-
mendation of efficacy. Primidone is usually used second-line to 3-blockers,
due to its broader side effect profile—sedation and vomiting are the com-
monest dose-limiting side effects, although depression, as well as cognitive
and behavioural disturbances typical of barbiturates, can also be a problem.
If patients have a history of asthma or experience bronchospasm with pro-
pranolol, a selective B1-adrenergic receptor blocker is preferred such as
atenolol. RCTs, including comparative studies with propranolol, have shown
that atenolol is effective in the management of ET, but there is no evidence
that it is more effective than propranolol. Sotalol, nadolol, and metoprolol
have also demonstrated efficacy in RCTs.

Alternative treatments include the anticonvulsants gabapentin and topira-
mate, which have demonstrated efficacy in small RCTs. RCTs of botulinum
toxin had varying results. These trials have shown that, when wrist exten-
sors and flexors are treated, a 57-68% improvement in postural hand
tremor can be expected; however, arm weakness occurred in >90%. The
lack of strong evidence and the occurrence of arm weakness mean that
botulinum toxin is rarely used for this indication.

Holmes’ tremor

The Holmes’ or rubral tremor is classically associated with a lesion of the
red nucleus and most often seen with ischaemic or inflammatory (e.g. MS)
lesions. The tremor is typically low frequency (3—5Hz) and may have rest,
intention, and postural components. Other signs of brainstem involvement
are usually present, including eye movement abnormalities, hemiparesis,
and ataxia.

Treatment

Brainstem tremors may be very disabling and respond poorly to pharma-
cological treatment. There is only case series-level evidence for the use of
common pharmacological agents (e.g. trihexyphenidyl, primidone, propran-
olol, and levodopa). Surgical treatments have gained popularity, with thala-
motomy and DBS of the contralateral nucleus ventralis intermedius (Vim)
showing positive results in small series. Tremor suppression in MS occurred
in 94% (n = 161) and 96% (n = 97) of patients treated with thalamotomy or
DBS, respectively, in one systematic review. However, the overall contribu-
tion of tremor to functional impairment may be minimal, as most patients
did not find functional improvement with successful tremor suppression. It
was noted that ataxia may be worsened by surgical intervention. Due to the
reversibility and ability to adjust stimulation with symptom severity, DBS is
preferred; yet robust comparative evidence between surgical techniques
is lacking.
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Dystonia

Dystonia is characterized by sustained muscle contraction of one or more
muscle groups, resulting in abnormal posturing, with or without abnormal
movements of the affected limbs. It can be classified based on aetiology,
age at onset, and by the areas of the body affected (focal: one body part;
segmental: at least two adjoining body parts; multifocal: at least two non-
contiguous body parts; hemidystonia: unilateral arm, leg, and face involve-
ment; and generalized: involving the trunk and two other limbs). Additional
features include ‘gestes antagonistes’ or a ‘sensory trick’ whereby touching
an affected body part may result in temporary resolution of the symptoms.

Treatment

The treatment of dystonias is predominantly symptomatic, with medica-

tions aimed at promoting muscle relaxation. Only rarely are drugs used

which target the underlying condition, e.g. dopa-responsive dystonia

(DRD). Pharmacological treatments can be divided into two main groups.

1. Botulinum toxin can provide significant symptom relief in isolated
muscle groups and is very effective in focal forms of dystonia or
generalized forms where symptoms from one or a few muscle groups
predominate.

2. Systemic treatments may be required in more widespread forms of
the condition or instances where botulinum toxin is either ineffective
or not tolerated in the treatment of focal dystonia. Due to the nature
of these treatments and their potential for systemic side effects, trials
of treatment should be used to establish which therapies can provide
maximal symptom relief, with minimal adverse effects.

In addition to drug treatment, physiotherapy is invaluable. Targeted ablation
and DBS are also becoming increasingly popular. They are highly effective,
even in dystonias refractory to pharmacological interventions, and often
mean that systemic treatments for dystonia can be stopped or significantly
reduced, avoiding or minimizing their potential side effects.

Focal

Focal dystonia affects one body part and is more commonly seen in adults.
The commonest focal dystonia is cervical dystonia, e.g. torticollis; other
forms include blepharospasm, limb dystonia, and task-specific dystonia.

Treatment

Botulinum toxin, unless large muscles are involved (e.g. lower limb).
e First line: botulinum toxin.

e Second line: oral agents (see Generalized, p. 158).

Evidence base

Botulinum toxin is highly effective in the management of focal dystonias.
An estimated 90% of patients with blepharospasm will demonstrate clear
symptomatic improvement with treatment. Further RCTs have also con-
firmed significant improvements when used in the management of cervical,
oromandibular, limb, and laryngeal dystonias.
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Generalized

Generalized dystonias encompass a wide group of conditions, with a
diverse aetiology, including genetic disorders, brain injury (e.g. at birth or
stroke), infection, drug-related, or idiopathic (often believed to be a genetic
condition where a mutation has not yet been found). Early-onset general-
ized dystonias usually present in late childhood, often beginning as a focal
limb dystonia and then generalizing. Primary generalized dystonia is often
caused by a mutation in the DYT1 gene. Where a definitive aetiology has not
been identified in early-onset dystonia, a diagnostic trial of levodopa should
be undertaken (see Dopa-responsive dystonia, p. 159).

Treatment
Oral medication is often preferred to botulinum toxin. A combination of
agents may be required for optimum symptom control.
o First line:
« diagnostic levodopa trial (DRD);
« trihexyphenidyl.
e Second line/adjuncts:

« baclofen (PO/intrathecal) (may be used as monotherapy, as
tolerated better in the elderly than trihexyphenidyl);

« benzodiazepines (e.g. clonazepam);

« botulinum toxin if symptoms from one or a few muscles
predominate;

« triple therapy with an anticholinergic, tetrabenazine, and a dopamine
antagonist (atypical antipsychotics such as clozapine) may be
beneficial in severe generalized dystonia.

e Surgery: localized ablation or DBS.

Evidence base

e Due to the variable presentation of DRD, a trial of levodopa for

4 weeks is often undertaken. Following this, symptomatic treatment may
be started with trihexyphenidyl, the anticholinergic with the greatest
evidence for the treatment of dystonia. Sustained benefit was noted
after 2 years in 41% of patients treated in one RCT. PO baclofen may
improve dystonia-related gait disorder, with intrathecal preparations
being of benefit for significant lower limb spasticity. In cases of
myoclonus dystonia, additional clonazepam may be helpful.

Surgery: surgical options can be broadly categorized into lesional surgery
(pallidotomy and thalamotomy) and DBS. Due to the permanent nature
of its potential side effects, lesional therapy is now less commonly used
and reserved for instances where DBS is not suitable or where prior use
has resulted in complications. It is used where there is a lack of sufficient
response to oral agents or botulinum toxin, particularly in those with
primary dystonia. The globus pallidus internus (GPi) has been shown to
be the optimal target for lead placement. The results from RCTs suggest
improvement can be expected in 40—-60%.
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Dopa-responsive dystonia

DRD is a rare childhood-onset progressive dystonic syndrome, which
shows a significant response to low-dose levodopa treatment. Symptoms
usually begin in the legs and become generalized, with many later devel-
oping parkinsonism. Often symptoms are improved after sleep. DRD may
also rarely present in adulthood, and this can be with parkinsonism before
dystonia.

Treatment
e First line: levodopa.

Evidence base

The characteristic feature of DRD is the dramatic and sustained effect of
low-dose levodopa treatment. Several series have highlighted that most
DRD patients usually require around 300mg/day of levodopa. Rarely,
doses from 600 to 1000mg/day are required. Patients have been shown
to be stable on low-dose levodopa for up to 22 years. Motor complica-
tions, as seen with levodopa treatment in PD, do not occur in DRD. Those
who developed ‘wearing off’ phenomena or dyskinesias may represent
childhood-onset parkinsonism.
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Tics and Tourette’s syndrome

Tics are sudden, brief, ‘involuntary’ movements (motor tics) or vocaliza-
tions (phonic tics). An important distinction between tics and the other
hyperkinetic movements (e.g. myoclonus and dystonia) is the ability of
patients to suppress them, during which time patients often describe a rising
urge or an internal unrest. This may be followed by a rebound exaggeration
of their tics.

Tourette’s syndrome

Tourette’s syndrome (TS) is a chronic neurodevelopmental disorder, char-
acterized by the presence of:

1. multiple motor and one or more vocal tics;

2. onset before the age of 18;

3. tics for at least 1 year.

The decision to commence treatment of tics or TS should be made based
on the degree to which manifestations of these conditions intrude into a
patient’s life. Severe tics describe those that result in self-injurious behav-
iour, affect academic performance, or result in bullying. Patients and their
families should be counselled on the realistic outcomes of treatment and
the potential side effects of medications. Often mild tics do not require
pharmacological treatment, and reassurance may be all that is required. If
treatment is considered, psychological support and behavioural therapy
should be offered, alongside medications.

Treatment

Tics (mild to moderate)

e First line: a2-adrenergic agonists (clonidine or guanfacine).

e Second line: antipsychotics (atypical: aripiprazole or risperidone;
typical: haloperidol, pimozide, or sulpiride).

e Third line: tetrabenazine.

o Other: benzodiazepines (e.g. clonazepam) or topiramate (particularly if
there is co-morbid obesity)

Tics (moderate to severe)

e First line: antipsychotics (as above).

e Adjunct: botulinum toxin (focal motor or simple vocal tics).
e Surgical: DBS and brain lesion surgery for serious cases.
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Evidence base

A meta-analysis of RCTs established that antipsychotics are the most effec-
tive agents for the management of tic disorders—the standardized mean
difference (SMD), compared to placebo, is 0.58 (95% CI 0.36-0.80).
However, due to their side effect profile (extrapyramidal symptoms and
weight gain), they are reserved for those with moderate to severe tics.
Studies investigating the use of a2-agonists suggest that patients with co-
morbid attention-deficit/hyperactivity disorder (ADHD) are most likely to
benefit from treatment, as trials that excluded patients with ADHD dem-
onstrated only a small, non-significant benefit. Clonazepam has only been
trialled in open-label studies in adults where it has shown some benefits
in the treatment of tics. Due to development of tolerance, sedation, and
memory problems, there is limited long-term use of these agents. A survey
conducted by the European Society for the Study of Tourette Syndrome
found risperidone, clonidine, aripiprazole, pimozide, and sulpiride are the
agents most preferred by experts.
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Chorea, ballism, and athetosis

Chorea is a disorder characterized by involuntary, irregular, and random
movements that appear to flow from one muscle to the next. It may affect
any body part but is most commonly generalized. Ballism is more explosive
and proximal in nature. When affecting one side, it is termed hemiballism
or hemiballismus, and is traditionally associated with, but not limited to, a
lesion of the contralateral STN. Athetosis often accompanies chorea and is
a slower writhing and twisting movement that presents distally.

Treatment

In some cases, the underlying disorder may be treated (e.g. SLE, rheumatic

fever, thyrotoxicosis, polycythaemia), however often treatment is aimed at

symptom relief through reduction in central dopaminergic activity. Often

patients are unaware of the extent or the presence of athetosis or cho-

rea. Indications to start treatment may include physical injury, gait instability,

interference with daily activities, stigma, and sleep disturbance. Medication

trials should be undertaken to achieve best symptomatic control with mini-

mal side effects. In addition to pharmacological treatment of the move-

ment disorder, co-morbid psychiatric and psychological illness should be

addressed.

o First line: amantadine or tetrabenazine.

e Second line: atypical antipsychotics (e.g. olanzapine, risperidone, and
sulpiride) or typical antipsychotics (e.g. haloperidol).

e Surgical: DBS.

Evidence base

The evidence base for the pharmacological treatment of chorea is largely
based on studies in HD (see Huntington’s disease, pp. 162-3). Evidence for
DBS treatment is from small case series which suggest benefit. However,
further work is required to establish if these findings are accurate and which
patients are likely to derive most benefit from this form of treatment.

Huntington’s disease

HD is the commonest cause of inherited chorea, which manifests as
dementia, psychiatric disturbance, and a mixed movement disorder (dysto-
nia, parkinsonism, and chorea).

Treatment
e First line: tetrabenazine or antipsychotics.
e Second line: amantadine or riluzole.

Management of mood and behavioural disturbances that commonly occur
is important. Treatment is with antidepressants, antipsychotics, and anxio-
lytics, in addition to counselling. Patients and their carers should be offered
psychological support. Care by a specialist multidisciplinary team, where
available, can help at all stages of the disease. Social isolation and motor
disability are both indications for treatment.

Evidence base

Tetrabenazine will reduce chorea in ~80% of HD patients. It is the only
drug that has been approved in the UK or USA for HD-related chorea.



CHOREA, BALLISM, AND ATHETOSIS

Parkinsonism (commoner at high doses >100mg), drowsiness, and depres-
sion (which can be severe and associated with suicidal ideation) are impor-
tant and common side effects (present in over 80% in some studies). They
are reversible with treatment withdrawal. Active psychiatric disease or
depression are a contraindication for use. Here an atypical antipsychotic,
such as risperidone, olanzapine, or clozapine, may be more appropriate.
Classical antipsychotics, such as haloperidol, are also effective but are asso-
ciated with an increased risk of extrapyramidal side effects and should not
be used first-line. The AAN states that there is ‘insufficient evidence to give
formal guidance on the use of antipsychotics in HD’, but the combination of
behavioural disorder and chorea make them a reasonable treatment choice.

RCTs investigating the use of amantadine and riluzole for HD-related
chorea have failed to demonstrate clear beneficial effects. Small RCTs have
suggested that riluzole (50mg bd) can provide a mild to moderate reduction
in choreiform movement; however, this effect was lost when the results
were reanalysed, excluding patients on antipsychotics, and larger and longer
studies have not demonstrated beneficial or neuroprotective effects. One
RCT investigating the use of amantadine (100mg tds for 2 weeks) dem-
onstrated only subjective improvement in quality of life scores reported
by patients, with no changes in objective measures of choreiform activ-
ity. Another RCT reported an 18% improvement in chorea by amantadine
treatment, compared to 5% with placebo. Based on these findings, the AAN
suggests these agents may be considered as second-line agents in the treat-
ment of HD chorea.

Unfortunately, there are no effective treatments available for motor
impersistence (the ability to maintain a sustained voluntary action, e.g.
tongue protrusion), abnormal eye movements, and gait, speech, and coor-
dination disturbance.

Sydenham’s chorea (St Vitus’ dance)

Sydenham’s chorea is an infrequent manifestation of rheumatic fever in chil-
dren. The condition is usually self-limiting. In over 50% of patients, complete
remission occurs in 2—6 months. However, half of the remaining patients
may have mild to moderate persistent symptoms after 2 years, and recur-
rence has been reported in up to 25% of patients. Where chorea is trouble-
some or there is psychiatric disturbance, patients may benefit from a trial of
sodium valproate or carbamazepine.

Treatment and evidence base

There have been no RCTs investigating the treatment of Sydenham’s cho-
rea. The evidence for pharmacological therapy is based on case reports and
small unblinded prospective studies without control arms. A study in 15
children found valproic acid (10-15mg/kg/day) resulted in improvement
in 13 children within 1 week. Carbamazepine (4-10mg/kg/day) was also
shown to have a beneficial effect in one small prospective study of nine chil-
dren; the majority improved within 4 weeks. Carbamazepine and valproate
have been compared in an un-blinded prospective study (n = 24). Both
agents resulted in clinical improvement; however, no significant difference
was noted in time to clinical improvement, time to complete remission,
duration of therapy, or recurrence rates between the two drugs.
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Myoclonus

Myoclonus is the sudden involuntary jerking of a muscle group, caused
by the rapid contraction of agonist and antagonist muscles (positive myo-
clonus) or loss of tonic muscle tone (negative myoclonus, e.g. seen in
hepatic encephalopathy).

The origin of myoclonus may be cortical, subcortical, spinal, or periph-
eral. Clinical features may help to differentiate one from the other.
e Cortical myoclonus: the commonest form; predominantly affects the
face and distal limbs (arms > legs, reflecting sites of greatest cortical
representation, as myoclonus is generated in the contralateral prefrontal
cortex) and is often stimulus-sensitive.
Subcortical myoclonus: this often affects multiple muscle groups and is
frequently bilateral, affecting the axial or proximal muscles. Contractions
are often of longer duration than those seen in cortical myoclonus and
are frequently stimulus-sensitive (e.g. auditory).
Spinal: these are jerks of groups of muscles innervated by the same
nerve root. They can be stimulus-sensitive and may occur during sleep
as well as when awake.
Peripheral: caused by a lesion to a nerve, plexus, or root. The onset of
myoclonus by denervated muscles may be delayed post-injury.

Treatment
Any underlying medical condition should be treated first (e.g. liver or renal
disease resulting in a metabolic encephalopathy). Symptomatic treatment is
achieved through increasing GABA-ergic neurotransmission. All treatments
should be commenced at a low dose and gradually increased to achieve
adequate control. Combination therapy is frequently required, with treat-
ment often being only partly successful.
e Cortical myoclonus:
« firstline: levetiracetam or piracetam;
« second line: sodium valproate, primidone, or clonazepam.
e Subcortical and spinal myoclonus:
« first line: clonazepam.
e Peripheral myoclonus (e.g. hemifacial spasm):
« first line: botulinum toxin.
e Drugs to avoid: carbamazepine, gabapentin, and phenytoin are known
to exacerbate myoclonus and myoclonic epilepsy.

Evidence base

As cortical myoclonus is related to myoclonic epilepsy, antiepileptic agents
are often the first drug of choice. There is little strong evidence for the treat-
ment of myoclonus. Piracetam (2.4-16.8g/day) has been shown in a small
placebo-controlled, double-blind, cross-over trial of cortical myoclonus (n =
21, duration 14 days) to improve motor impairment, writing, and functional
disability. It is well tolerated; however, large doses (up to 24g/day) may be
required for adequate control. Levetiracetam (2-3g/day), which is an ana-
logue of piracetam, may be effective and is better tolerated with fewer side
effects. Small observational studies and expert opinion highlight clonazepam
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(up to 15mg/day) and sodium valproate (up to 1200-2000mg/day) are also
effective for cortical myoclonus. Standard antiepileptic medications do not
appear to be effective in subcortical myoclonus. Clonazepam has been tri-
alled in small studies and is used first-line in subcortical myoclonus, based on
expert opinion.

A Cochrane review investigating the use of botulinum toxin for hemifacial
spasm established that there was only one small RCT that has investigated
this application (n = 11). The trial found that objective improvements were
reported in 84% of botulinum-treated patients.
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Restless legs syndrome

Patients with restless legs syndrome (RLS) typically describe an intense

restlessness and unpleasant creeping sensation deep inside the lower legs.

Symptoms appear when the legs are at rest and are worst in the evening

and at night. Patients are forced to move their legs, often getting out of

bed to do so. This can affect sleep quality and often results in insomnia. An

AD-like inheritance is noted in a majority of cases. RLS can be of primary

(idiopathic) or secondary origin. Secondary RLS may be caused by:

e iron deficiency;

e chronic renal disease (especially those on dialysis);

e peripheral neuropathy (vitamin B12 and folic acid deficiency, especially in
older individuals or pregnant women);

e PD;

® pregnancy.

Treatment

The need for treatment should be based on the frequency of troublesome
symptoms and the effect that these have on sleep quality. For patients with
infrequent bouts of RLS, treatment on an as-required basis may be appro-
priate. Avoidance of aggravating substances, such as nicotine, caffeine, and
alcohol, should be advised. Stretching and light exercise may also help. The
following recommendations are in line with advice provided by the American
Academy of Sleep Medicine and the EFNS/European Neurological Society
(ENS)/European Sleep Research Society (ESRS) joint guidelines:

o first line: DAs (e.g. pramipexole, ropinirole, and rotigotine);

e second line: levodopa, gabapentin enacarbil, or opioids;

e third line: cabergoline, pregabalin, or carbamazepine;

e Other: benzodiazepines (short term to improve sleep quality).

Additionally, iron supplementation in those known to be deficient can
improve symptoms.

Seventy per cent of patients treated with levodopa, and to a lesser extent
DAs, are associated with the phenomenon of ‘augmentation’. Patients
report the onset of symptoms earlier in the day, spread to the trunk and
upper limbs, and reduced duration of treatment effect.

Evidence base

e DAs: DAs pramipexole, ropinirole, and transdermal rotigotine have been
shown to be effective in RCTs for the short- and long-term treatment
of RLS. Their longer half-lives and lower incidence of augmentation
mean that they are preferred to levodopa as first-line treatment. Of
the DAs, rotigotine appears to be associated with the lowest incidence
of augmentation (13%). Cabergoline (0.5-3mg/day) is one of the
most studied agents for RLS and is highly effective. Its use, however, is
not advised due to the risk of ergot-related side effects (e.g. valvular
fibrosis), particularly at doses over 3g/day. Patients already taking
cabergoline require regular echocardiography and X-rays to monitor for
the onset of valvular dysfunction and pulmonary fibrosis.

e Antiepileptics: gabapentin enacarbil (600—1200mg daily), gabapentin
(800—1800 mg daily), and pregabalin (150—-450mg daily) have all have
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been shown to be very effective and well tolerated in treating RLS, with

the strongest evidence for gabapentin enacarbil. This is a new prodrug

of gabapentin with greater bioavailability and is indicated in those

who cannot take dopaminergic agents and may be of particular use in

patients with co-morbid neuropathic pain.

Levodopa: due to the significant risk of augmentation with levodopa (in

particular at doses >200mg/day), it is now mainly used in diagnosis

of RLS and for patients requiring intermittent treatment. A Cochrane

review of nine RCTs investigating the use of levodopa in moderate to

severe RLS found that it improved symptoms, sleep, and clinician ratings,
compared to placebo. Active comparison trials between levodopa and

DAs suggest that DAs may be better at controlling RLS symptoms and

improving quality of life; however, Cls in these trials were large, meaning

that firm conclusions could not be made.

o Opioids and benzodiazepines: opioids may be effective where other
treatments have failed; however, their potential for abuse and side effect
profile should be considered before use. Short-term benzodiazepines
may also be useful to improve quality of sleep in refractory cases.
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Introduction

Dementia is a progressive neurodegenerative condition which affects 5-7%
of people aged over 65 throughout the world. The commonest subtype
is Alzheimer’s disease (AD), estimated in the UK to account for 62% of
disease. This is followed by vascular dementia (VaD) (17%), then DLB (4%),
frontotemporal dementia (FTD) (2%), PDD (2%), and rarer forms. It is
quite common for patients to suffer from dual, or even three, pathologies,
most commonly a combination of AD and VaD (mixed dementia accounts
for ~10% of cases).

The DSM-5 defines dementia (specifically termed as a ‘major neurocogni-
tive disorder’ in this edition) as an acquired significant cognitive impairment
in a minimum of one of the following domains:

e learning and memory;

® social cognition;

® language;

e executive function;

e complex attention;

e perceptual motor function.

The deficit must lead to an impairment of activities of daily living and involve
a continuous cognitive decline from a previous high level of functioning.
Dementia should only be diagnosed in the absence of delirium and psychi-
atric illness.

The management of dementia is multidisciplinary, with pharmacological
treatment playing a relatively small role. Care should be focused on ensur-
ing appropriate coordination of health and social services. Drug treatments
are used to allow patients to maintain their functional independence for as
long as possible and then to aid management of troublesome behaviours
in late disease.



ALZHEIMER’S DISEASE

Alzheimer’s disease

AD is the commonest form of dementia, affecting as many as 30% of those
aged over 90. AD occurs sporadically and insidiously, and typically affects
patients’ episodic memory first, with relentless, slow progression to involve
other domains—patients may ultimately experience a combination of prob-
lems, including language difficulties, visuospatial difficulties, dyspraxia, loss of
executive functioning, and neuropsychiatric features.

The severity of AD needs to be assessed, as this will guide pharmacologi-
cal treatment options. The most widely used method of assessing severity
is the mini mental state examination (MMSE), which assesses orientation,
recall, attention, calculation, language manipulation, and constructional
praxis. The severity of AD is then stratified (maximum 30):

e mild: 21-26;
e moderate: 10-20;
e severe: <10.

Treatment
e Mild or moderate AD:
« first line: donepezil, galantamine, or rivastigmine;
« second line: memantine (moderate AD).
e Severe AD:
« memantine (donepezil and rivastigmine can be used in the USA).

In the UK, NICE recommends that these drugs should be started by spe-
cialists and only continued if cognitive, functional, global, or behavioural
symptoms are improving on serial follow-up. NICE suggests that cost, side
effects, drug adherence, co-morbidities, drug interactions, and dosing pro-
files should be considered when choosing the most appropriate of the three
anticholinesterase inhibitors (AChEls) (see Anticholinesterase inhibitors,
pp. 261-7). Cost-effectiveness comparisons undertaken by NICE show little
difference between the three AChEls for mild to moderate AD. Memantine
is less cost-effective in moderate AD than AChEls and hence should be
used second-line for this indication. The AChEls are relatively safe drugs;
however, they can exacerbate bradycardia and cardiac arrhythmias, which
should be borne in mind before offering treatment. The risks are thought to
be equivalent among all available drugs.

Treatment withdrawal

Clinically, improvement on AD medication, within the first 6 months of
initiation, warrants long-term continuation for at least a year, with one
retrospective study suggesting the treatment effect may last up to 5 years
for some patients. However, most patients will return to pre-treatment
levels of cognition 12—-18 months after initiation. It is important to stress
that AChEIs can have a pronounced effect on domains other than cognition
that may justify continuation. There is, however, no consensus on how to
estimate the clinical efficacy of treatment in severe AD (as the MMSE is a
poor tool for discerning changes in cognitive ability at such severe levels
of impairment) and when it may be appropriate to discontinue AChEls or
switch to memantine. In general, clinicians in the UK withdraw most AChEls
on a trial basis, to simplify drug regimes, as marketing authorization for
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AChElIs stops, and when an MMSE score of 10 or less is reached. If there is
a sudden or drastic decline, treatment is restarted. In the USA, licensing for
donepezil and rivastigmine is extended into severe disease, primarily due to
the recognized benefits on domains outside cognition.

Evidence base

AChEIls and memantine have been extensively investigated in AD. Multiple

RCTs and meta-analyses have shown benefits of varying magnitude on cog-

nition, behavioural symptoms (e.g. agitation, aggression), and functional

outcomes (e.g. activities of daily living). Their safety and tolerability, in addi-

tion to clinicians’ rating of patients, have also been assessed.

1. Cognition: in a 2014 meta-analysis of RCTs assessing the efficacy
of AChEls and memantine in patients with mild to moderate AD,
statistically significant improvements in cognition, measured by
differences in the Alzheimer’s Disease Assessment Scale cognitive
subscale (ADAS-Cog) score, were seen with treatment, when
compared to placebo, for all medications. The score ranged from —1.29
points mean difference with 20mg/day of memantine to —3.2 points
mean difference with 32mg/day of galantamine. Clinical experience
suggests most patients are started on donepezil in the first instance,
but head-to-head comparisons of AChEIs have not shown significant
differences in efficacy between drugs of this class. A meta-analysis of
two RCTs comparing AChEls and memantine demonstrated that, in
mild to moderate disease, memantine has a smaller impact on cognition
than AChEls. Hence, it is used second-line to the AChEls for this
indication.

2. Neuropsychiatric symptoms: there is conflicting evidence on the effect
AChEIls and memantine have on behavioural components of AD
(i.e. depression, anxiety, sleep disturbance, and aggression). Donepezil
and galantamine have both been found to improve behavioural
outcomes in some, but not all, trials. Two meta-analyses published in
2014 agreed that there may be a small improvement of behavioural
symptoms with galantamine, but only one concluded that this was the
case for donepezil. Memantine and the other AChEls were not found
to have a beneficial effect on behaviour in both of these meta-analyses.
As such, AChEls and memantine are not licensed for treatment of
these symptoms specifically. However, the benefits can be used to
justify continuing treatment in those already taking it, as is the case in
the USA.



VASCULAR DEMENTIA

Vascular dementia

VaD is the second commonest cause of dementia. Diagnosis is made on
the basis of a combination of clinical features, the presence of vascular risk
factors, and supportive neuro-imaging. The condition may be characterized
by a stepwise progression of cognitive deficits, although onset can be subtle,
probably due to accumulation of infarcts in non-eloquent areas of the brain
or mixed pathology.

Treatment and evidence base
The treatment of VaD focuses on the prevention of recurrent strokes by
modifying risk factors for cerebrovascular disease.

Risk factor management

1. Hypertension: very high or consistently low BP is associated with
the development of VaD. There is some evidence suggesting that
hypertension, particularly untreated hypertension in midlife, has a
negative effect on cognition and can contribute to the development of
dementia. In older adults, the importance of maintaining a high enough
BP to provide adequate cerebral perfusion has been highlighted, with
studies suggesting that, in patients with persistently low BP, the relative
risk of dementia is increased.

There are no published clinical trials assessing the effect of anti-
hypertensive medication on reducing the risk of dementia or cogni-
tive decline, as a primary endpoint, although several have looked at
dementia as a secondary outcome measure. The SYST-EUR (Systolic
Hypertension in Europe study), a randomized, placebo-controlled trial
of nitrendipine, a calcium channel blocker, (n = 2418) found that active
treatment reduced dementia risk by 50% (3.8 vs 7.7 per 1000 person
years; p = 0.05), with a median follow-up of 2 years. The PROGRESS
study (Perindopril Protection against Recurrent Stroke study) (n =
6105) showed a non-significant reduction in risk of dementia by 12% in
the treatment group. In a subgroup analysis of patients with recurrent
stroke, there was a significant reduction in the risk of dementia by 34%.
Hence, it is reasonable to manage hypertension in patients who have
had a stroke to prevent the occurrence of VaD.

2. Diabetes: diabetes is an important risk factor for cardiovascular disease and
stroke. One systematic review of 14 longitudinal studies found a 2.5-fold
increase in the risk of developing VaD in patients with diabetes. Although
there have been no RCTs investigating the effect of controlling blood
glucose on the risk of developing, or the rate of progression of, VaD,
observational studies have shown that rigorous control of blood glucose
has been inversely correlated with cognitive decline.

3. Hypercholesterolaemia: epidemiological links between
hypercholesterolaemia and VaD have been identified in several
observational studies. There may also be a link with elevated
cholesterol and the risk of AD; however, this evidence is less clear.
Although there is no clear evidence that statins and other lipid-lowering
agents lower the risk of VaD in patients with high cholesterol, they
do lower the risk of cardiovascular disease and stroke, and hence
intuitively should reduce the risk of VaD.
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Antiplatelet agents

Aspirin is widely used in the management of VaD; however, there are no
RCTs to confirm that its use can reduce the risk of developing dementia or
reduce the rate of cognitive decline in patients with existing VaD.

Cholinesterase inhibitors and memantine

The justification for the use of cholinergic agents in VaD is based on the
profound reduction in cholinergic markers found in the hippocampus, fron-
tal areas, and temporal cortex in patients with this condition. Several meta-
analyses show small cognitive improvements with AChEls and memantine in
patients with VaD. However, the benefits are not clinically significant enough
to warrant licensing for VaD. Given the possible association of VaD with
AD and the difficulty that lies in excluding AD in patients with VaD, off-label
use is often seen.



DEMENTIA WITH LEWY BODIES

Dementia with Lewy bodies

DLB is a syndrome characterized by progressive cognitive decline, com-
bined with a triad of fluctuating cognition, recurrent visual hallucinations,
and motor features of parkinsonism. It is also often accompanied by REM
sleep disorder and severe neuroleptic sensitivity. Dementia must precede
or accompany the spontaneous onset of parkinsonism, to differentiate DLB
from PDD. Management includes early detection, investigation, diagnosis,
and treatment of cognitive impairment. Behavioural and neuropsychiatric
symptoms, movement disorders, autonomic dysfunction, and sleep disor-
ders should also be addressed. Cognitive dysfunction and neuropsychiatric
symptoms can be improved by educating patients and caregivers on the
nature of the disease and increasing social interaction and environmental
stimuli.

Treatment
e First line: rivastigmine.

The pharmacological management of DLB is challenging because of the
mixture of autonomic, neuropsychiatric, cognitive, and motor dysfunction
not seen in AD. These features tend to be unpredictable, and treatment of
one may exacerbate the other. This particularly applies to the treatment of
neuropsychiatric symptoms and parkinsonism, which may exacerbate each
other (for further information on the management of motor aspects of
DLB, see Chapter 9, Parkinson’s disease and parkinsonism).

Rivastigmine is licensed for use in PDD in the UK and USA for its behav-
joural, rather than cognitive, benefits. As many see DLB and PDD as a
spectrum of disease, it is also frequently used in DLB. Although donepezil
appears to be of greater benefit than rivastigmine, in terms of improve-
ments in cognition and caregiver burden, it is not licensed for use in DLB but
is often used off-licence in these patients. Galantamine has not been studied
in DLB but can also be used off-licence for the same reason.

Evidence base

1. Rivastigmine: in one 20-week, double-blind, placebo-controlled trial
of 120 patients with DLB given either 6-12mg/day of rivastigmine
or placebo, 63% of the rivastigmine arm showed at least a 30%
improvement in baseline neuropsychiatric testing, compared to placebo
(p =0.001). Symptom domains improving on rivastigmine included
apathy, anxiety, indifference, delusions, hallucinations, aberrant motor
activity, and attention. There was no effect on the MMSE or clinical
global change-plus scale.

2. Donepezil: in a 12-week RCT of 140 patients (Donepezil-DLB Study),
mean changes in MMSE scores were significantly higher in the donepezil-
treated groups (5mg: 3.4, p <0.0001; 10mg: 2.0, p <0.001) than placebo
(—0.4). Statistically significant improvements in behaviour were also noted,
compared with placebo (5mg: —5.80, 95% Cl —=12.4 to 0.8, p = 0.047;
10mg: —8.3, 95% CI —15.8 to —0.9, p = 0.019). Caregiver burden was
significantly reduced with 10mg/day of donepezil, compared with placebo
(mean change in Zarit caregiver burden inventory of —9.2, 95% CI —15.3
to —3.0), but not with 5mg/day.
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3. Memantine: there is no substantial evidence for efficacy of memantine
in DLB. One industry-funded, double-blind, randomized, placebo-
controlled trial in 41 patients showed improvements in behavioural
symptoms (difference —5.9, 95% CI —11.6 to —0.2; p = 0.041) and
improved clinical global impression of change scores (difference —0.6,
95% Cl =1.2 to —0.1; p = 0.023) in patients taking 20mg/day,
compared with placebo. No significant benefits were noted for
cognition or reduction in caregiver burden. Moreover, there are
anecdotal data suggesting a worsening of delusions and hallucinations in
patients with DLB taking memantine.



PARKINSON'’S DISEASE DEMENTIA

Parkinson’s disease dementia

Dementia is thought to occur in 31-41% of patients with PD. Increasing age,
duration and motor severity of PD, and the presence of visual hallucina-
tions, as well as specific genetic mutations, including the ATPase gene and
apolipoprotein gene, have been positively correlated with PDD.

PDD is diagnosed when a patient who has had PD for 1 year or more
develops dementia. Compared to AD, the cognitive decline is character-
ized predominantly by attention, visuo-perceptive, and visuo-constructive
deficits.

Treatment
e First-line: rivastigmine.

Evidence base
Of the anti-dementia drugs, rivastigmine has the strongest body of evi-
dence. The EXPRESS study (EXelon in PaRkinson’s disEaSe dementia study)
was a parallel-group, double-blind, placebo-controlled trial (n = 541) inves-
tigating the use of rivastigmine in patients with PD and mild to moderate
dementia (MMSE 10-24). Those on the treatment arm showed an 8.8%
improvement from baseline cognitive scale scores, while the placebo arm
showed a 2.9% worsening (p <0.001). Worsening of parkinsonian symp-
toms (particularly tremor) was reported more frequently in the treatment
arm (27%, compared to 16%); however, this was not statistically significant.
Trials investigating the effects of donepezil, galantamine, and memantine
have not shown convincing evidence of cognitive improvement with these
drugs. Of the drugs used to treat PDD, the MDS evidence-based review
found only rivastigmine to have proven efficacy in PDD.
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Frontotemporal dementia

The FTDs are a group of clinical syndromes in which degeneration of the
frontal and anterior temporal lobes is seen. Although the syndromes are
clinically and pathologically heterogeneous, abnormal behaviour predomi-
nates in FTD.

Treatment

There is some evidence to suggest that multimodal rehabilitation for
patients and education for caregivers are useful. There is very little evidence
that pharmacological interventions help, although SSRIs and antipsychotics
may be used for the management of behavioural problems, on the basis
of evidence from small trials and case series. CNS stimulants, e.g. dexam-
fetamine and methylphenidate, have also been used for the management
of behavioural problems. However, different trials have given conflicting
results, hence their use is still considered experimental. There is no convinc-
ing evidence that AChEls or memantine are useful in modifying behaviour or
improving cognition in FTD.



MIXED DEMENTIA

Mixed dementia

Pathological studies have suggested that coexisting vascular pathology exists
in around 25% of patients with AD. Additionally, pathological PD is present
in around 25% of AD patients, and 50% of cases of DLB are associated
with AD pathology.

Treatment

There have been a relatively small number of trials of AChEls in mixed
dementia. However, given that mixed dementia is an overlap of patholo-
gies, treatment benefits may be extrapolated from trials in other forms of
dementia. Mixed dementia should be managed according to the condition
that is thought to be the predominant cause of the dementia.

Evidence base

There is very little evidence from controlled trials for the management
of mixed dementia. Evidence for use of different agents are derived from
purer forms of dementia. There are small placebo controlled studies of
patients with Alzheimer’s disease and vascular risk factors and Alzheimer’s
with cerebrovascular disease suggesting both rivastigmine and galantamine
respectively, result in significant improvement in both cognitive scores and
scales of activities of daily living. Hence it is reasonable to use cholinester-
ase inhibitors on at least a trial basis if there is suspicion that the patient’s
dementia syndrome is at least in part as a result of Alzheimer’s pathology.
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Mild cognitive impairment

The National Institute on Aging—Alzheimer’s Association has sug-

gested the following features as core clinical criteria for mild cognitive

impairment (MCl):

1. afallin cognition reported by a patient or informant, or observed by a
clinician;

2. an objective impairment in one or more cognitive domains, usually
including memory;

3. no change in functional independence;

4. no dementia.

MCl is believed to be a precursor to AD, particularly the amnestic subtype,
with 5-10% of patients progressing to AD annually. It remains, however,
a somewhat contentious diagnosis, and some studies have reported that
around 40% of those diagnosed will revert to normal over 1-3 years. There
are no licensed treatments for MCI. Trials have produced conflicting data.
A 2012 Cochrane review of nine double-blind, placebo controlled trials
assessing the use of AChEls in patients with MCI (n = 5149) established that
AChEIs did not significantly improve cognitive test scores or convincingly
prevent progression to dementia.
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Introduction

Spasticity can be defined as a velocity-dependent increase in muscle tone
seen in a UMN syndrome. It is most commonly seen in MS, stroke, and
cerebral palsy, but it may also occur in brain and spinal cord injury or indeed
any pathology that involves descending motor pathways. In general, spastic-
ity develops gradually over days, weeks, and months, following the develop-
ment of a UMN lesion.

In a patient with spasticity, the neurological examination reveals increased
tone of the affected limb(s). Resistance is increased on passive stretch in a
velocity-dependent manner, as exemplified by the supinator catch. Spasticity
is usually accompanied by other UMN signs, including pyramidal pattern
weakness, brisk reflexes, clonus, spastic dystonia, and extensor plantar
responses. Sometimes, a ‘clasp-knife’ phenomenon is seen where more
sustained force leads to a sudden, paradoxical reduction in tone. Spasticity
can generally be distinguished clinically from other causes of increased tone,
including rigidity, gegenhalten, and catatonia. The severity of spasticity may
vary considerably, from being a clinical sign with no functional impact to a
gross increase in tone interfering with mobility, transfers, and personal care.
Severe untreated spasticity may result in secondary biomechanical effects,
including tendon shortening, contractures, and heterotopic ossification.



TREATMENT

Treatment

Not all patients with spasticity require pharmacological treatment. Spasticity
is not always detrimental and can have some benefits. Trunk muscle stiff-
ness can help with sitting upright and with transfers, and spasticity of hip
and knee extensors can aid standing, transferring, and walking. Commonly
used agents, such as baclofen and tizanidine, can cause muscle weakness
and sedation. Hence, patients with mild spasticity and stable symptoms may
derive little benefit from oral anti-spasticity agents, and treatment could
actually be detrimental. In general, patients with problematic spasticity are
best managed by a multidisciplinary rehabilitation team using a goal-centred
approach.

Non-pharmacological methods of treatment

e Physical aids and mobility training: occupational therapists and
physiotherapists may make progress with splinting and positioning
programmes (such as with a T roll or an upper limb splint), and
regular standing in a standing frame has also been shown to be helpful.
Stretching and exercise, however, do not appear to have a significant
effect on spasticity per se, although exercise may improve strength and
function. A specialist wheelchair and seating assessment may also help
with tone management of the limbs and trunk.

Treatment of exacerbating factors: it is important to consider factors
which may be exacerbating spasticity. Nociceptive, visceral, or

somatic stimuli, including pressure sores, chronic urinary retention, or
constipation, may all have an impact upon spasticity.

Surgery: operative interventions can be useful in specific circumstances.
A selective dorsal rhizotomy may be an option for young people with
cerebral palsy. Usually several lumbar laminectomies are performed,
and the dorsal nerve roots are isolated and tested with EMG. If they are
shown to be associated with problematic spasticity, they are ablated.
Other surgical options include tendon lengthening procedures to
improve range and movement.

Pharmacological methods of treatment
As spasticity worsens, there comes a point when medical treatment
needs to be started. A goal-orientated approach is generally adopted. For
instance, in a patient with a spastic paraparesis, the aim might be to relieve
nocturnal spasms which disrupt sleep or to alleviate leg stiffness and clo-
nus when standing and walking. Following a stroke, spasticity at the elbow,
or elsewhere in the affected arm, which has not responded adequately to
early physiotherapy and splinting, may greatly benefit from botulinum toxin
injections.

When oral anti-spasticity agents are used, a ‘start low and go slow’
approach can avoid unwanted side effects of sedation and weakness often
seen with inappropriate dose escalation.
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Systemic agents

e First line: baclofen or tizanidine.

e Second line: dantrolene.

e Gabapentin or pregabalin.

e Additional adjuncts: cannabinoids, benzodiazepines, or carbamazepine.

The GABA, receptor agonist baclofen or the «2-adrenergic antagonist tiza-
nidine are usually first-line options. The efficacy of both drugs is compara-
ble, but their side effect profiles differ; and, if a patient is intolerant of one,
it may be worth a trial of the other. Liver function tests (LFTs) need moni-
toring with tizanidine, but blood tests are not required with baclofen. Either
drug should be started at a low dose and titrated slowly (generally over sev-
eral weeks), and occasionally patients will end up taking both. Dantrolene
is an alternative. It acts directly on muscle tissue, and it can have a useful
role as a second-line agent when baclofen and tizanidine are not tolerated.
It does carry a risk of hepatitis, and careful monitoring of LFTs is required.
Other drugs that can be used include:

. benzodiazepines such as clonazepam. These may be particularly useful
for intermittent spasms, especially when sleep is disrupted;

. gabapentin and pregabalin can be used as an adjunct to first-line
therapies but are particularly useful when myelopathic pain is a
problem;

. carbamazepine is useful for paroxysmal tonic spasms in MS (when
intermittent motor and/or sensory symptoms occur due to ephaptic
conduction within a demyelinated lesion);

4. a cannabinoid oromucosal spray is licensed for the treatment of

spasticity in MS.

-

N

w

Evidence base

A 2003 Cochrane database meta-analysis of anti-spasticity agents in MS
included 26 placebo-controlled studies and 13 comparative studies. Only
15 of these studies used the Ashworth scale (a reliable measure of spastic-
ity used to gauge the effectiveness of an anti-spasticity agent), and only
three of the eight placebo-controlled trials showed a statistically significant
difference. Many studies were of low quality. The authors concluded that
no recommendations could be made for prescribing. There are even fewer
data for the use of oral anti-spasticity agents in other conditions (with only
a very limited number of small controlled studies in stroke, cerebral palsy,
and spinal cord injury). A meta-analysis of studies investigating tizanidine
concluded that there was insufficient evidence to recommend tizanidine
over baclofen, or vice versa.

Localized treatments

1. Botulinum toxin: botulinum toxin injections are commonly used to treat focal
or multifocal spasticity. Botulinum toxin may be useful in a stroke patient
with a spastic upper limb (where the elbow, wrist, and fingers are held in
a flexed position) when there is inadequate response to splinting and oral
agents. Alternatively, children with cerebral palsy and spastic diplegia may
benefit from botulinum toxin injections to treat a plantiflexed and inverted
foot. Injections are given to a specific muscle or to several muscles. The
effect wears off over 3—4 months, as nerve terminals re-sprout, and serial
splinting during therapy is generally required.



TREATMENT

Evidence base

The UK Royal College of Physicians has published guidelines listing 13 stud-
ies (ten placebo-controlled trials) using botulinum toxin to treat upper limb
spasticity in stroke, traumatic brain injury, or in a mixture of CNS disorders,
with evidence for a reduction in tone and some evidence for an improve-
ment in function. Eight studies (six controlled trials, with one parallel study)
investigated lower limb spasticity. Again there was some evidence for a
reduction in tone and for an improvement in function.

2. Phenol and alcohol ablation: these neurolytic agents are sometimes used
to treat focal spasticity, usually when lower limb regional spasticity
involves large muscles and when the dose limits for botulinum toxin
injections would be exceeded. Nerves targeted with phenol might
include the obturator nerve for adductor spasm and the sciatic nerve
for hamstring spasms. Spasticity may recur after several months.

Evidence base

A randomized-controlled pilot study comparing phenol and alcohol neu-
rolysis of the tibial nerve after stroke found that both were effective at
reducing spasticity but that alcohol neurolysis seemed to have more sus-
tained benefits.

3. Baclofen pump and intrathecal phenol injections: when a patient continues
to be severely affected by lower limb spasticity, despite a trial of oral
agents at adequate doses and a period of rehabilitation, an intrathecal
baclofen pump or intrathecal phenol administration may be indicated.
In general, such a patient may have severe hamstring spasticity which is
preventing them from being seated and/or severe hip adductor spasm,
leading to difficulty in maintaining perineal hygiene and skin integrity.

A baclofen pump is implanted surgically within the subcutaneous
tissue overlying the abdomen. A catheter tracks subcutaneously from
the pump to the lumbar subarachnoid space, and baclofen is infused
continuously into this compartment. This reduces the systemic side
effects, while allowing concentrated doses to be infused into the lumbar
intrathecal space. The pump is programmed by a computer-controlled
handheld device, and refilled with a needle every few months.
Complications include pump infection, and there is a danger of severe
rebound spasticity, akin to the NMS, if the pump is allowed to run out.

Intrathecal phenol injections involve administration of phenol into
the lumbar subarachnoid space. Typically, 1-2 injections are required,
and this should result in a long-term reduction in spasticity. As impaired
bladder and bowel function may also result, it is reserved for patients
without any functional lower limb movement and who have already lost
bladder, bowel, and sexual function and when other options have failed.

Evidence base

Many case series of intrathecal baclofen treatment have shown improve-
ments in Ashworth scores in patients previously unresponsive to oral ther-
apy. A small RCT (children with cerebral palsy randomized to receive an
intrathecal baclofen pump either at 1 month or 6 months) found in favour
of intrathecal baclofen vs continuing oral therapy. A case series of patients
with quadriplegia showed that lower limb spasticity was reduced in most
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patients, following an intrathecal phenol injection, but that it eventually
returned in 80% (12 out of 15) of patients, although only as severe as previ-
ously in three.
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Introduction

Primary central nervous system tumours

In the UK, primary CNS tumours account for 2% of adult, and 20% of
childhood cancers. They are second only to stroke as a cause of neu-
rological death and place an enormous burden of suffering on patients,
their families, and carers.

Brain metastases

Brain metastases are ~3—4 times more prevalent than primary CNS
tumours. The commonest sources are lung cancer (30—60% of all cases,
and the commonest primary source in men), breast cancer (20-30% of
all cases, and the commonest primary source in women), melanoma,
renal, and colorectal cancer. Overall 20-40% of patients with newly
diagnosed cancer develop brain metastases.
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Classification

Primary central nervous system tumours

There are over 150 different types of primary CNS tumours, according
to the most recent WHO classification of brain tumours (2007). These
are primarily divided by histological appearance into six main groups:

1. tumours of neuro-epithelial tissue, e.g. glioma;

2. tumours of cranial and paraspinal nerves, e.g. schwannoma;

3. meningeal tumours, e.g. meningioma;

4. haematopoietic neoplasms, e.g. lymphoma;

5. germ cell tumours, e.g. germinoma;

6. tumours of the sellar region, e.g. pituitary adenoma.

Gliomas are the commonest primary CNS tumour, accounting for ~60%
of cases. These are thought to arise from glial cells. The most frequently
occurring subtypes are astrocytomas, ependymomas, and oligodendro-
gliomas. They vary from low-grade benign tumours, such as pilocytic astro-
cytoma, to high-grade malignant tumours such as glioblastoma multiforme.

Glioblastoma multiforme (GBM) is the commonest primary CNS tumour
in adults. It is a rapidly growing, destructive tumour, characterized histo-
logically by vascular proliferation and/or necrosis. Prognosis is very poor,
with median survival of 3—6 months if untreated and 15 months if treated
optimally with surgery and chemoradiation.

Meningioma is the second most frequently occurring CNS tumour,
accounting for ~20% of cases, and is the commonest benign primary brain
tumour in adults. It arises from the meninges and typically grows slowly.
Only a very small proportion are malignant. Most cases are curable by
surgery alone or controllable with radiotherapy.

Primary CNS lymphoma (PCNSL) accounts for 3% of primary brain
tumours and is associated with acquired immune deficiency syndrome
(AIDS) and post-transplant patients. PCNSL shrinks rapidly with corticos-
teroids, hence these should be avoided, where possible, before definitive
surgical biopsy (although complete radiological resolution with corticoster-
oids is unusual). In the majority of cases, PCNSL is rapidly progressive, and
untreated median survival is ~6 weeks from diagnosis. Fitness for potentially
toxic chemotherapy regimes is determined on the basis of organ function
and comorbidities rather than chrononological age. Performance status
often improves following initial therapy and may allow subsequent inten-
sification of treatment. Schedules based around high-dose methotrexate
are used for first-line remission induction in good performance patients and
either oral temozolomide, whole brain radiotherapy, or corticosteroids
alone in poorer performance patients. Some patients will be offered high-
dose therapy followed by autologous stem cell transplantation. The 5-year
survival rates can be as high as 80% in this group, but, for the majority of
patients, median survival is about 60% at 2 years.

Tumour grading

Tumour grade is assigned according to specific morphological criteria,
e.g. cellularity, presence of nuclear atypia, necrosis, and endothelial pro-
liferation (see Table 13.1). Grades | and Il are low-grade, while grades llI
and IV are considered high-grade, malignant neoplasms.
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Table 13.1 WHO grading system for CNS tumours

Grade Features Prognosis (median life
expectancy)
| Slow-growing, usually benign Excellent
Il Relatively slow-growing. Regarded Variable. Depends on
as premalignant, with potential to histological subtype and
progress to higher-grade neoplasms resectability 5-15 years

1] Faster-growing tumours which can 2-3 years
progress to grade [V

\% Rapidly growing malignant neoplasms, 1-2 years
characterized histologically by
necrosis and/or vascular proliferation

Adapted from Louis, D.N., Ohgaki, H., Wiestler, O.D., Cavenee, W.K., WHO Classification
of Tumours of the Central Nervous System, Fourth Edition, Copyright (2007), with
permission from International Agency for Research on Cancer.
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TREATMENT

Treatment modalities used in the management of CNS tumours com-
prise chemotherapy, radiotherapy, and surgery, depending upon a num-
ber of factors, including histology, tumour location and genotype, patient
performance status, and patient preference (see Table 13.2).

Table 13.2 Treatment regimens for common CNS tumours

Tumour

First-line treatment

Treatment of
recurrence”

Low-grade glioma

{1

Anaplastic
astrocytoma/
oligodendroglioma

Glioblastoma
multiforme

Meningioma
(gradeI)

Surgery is potentially curative if
grade | and complete resection.
Radiotherapy if inoperable
followed by chemotherapy with
PCV or temozolomide

Maximal safe resection with
post-operative radiotherapy
+ PCV or temozolomide *
carmustine implant

Maximal safe resection and
chemoradiation with low
dose temozolomide followed
by 6 cycles of adjuvant
temozolomide

Surgery is potentially curative
if complete resection and
low grade, or stereotactic
radiosurgery

PCV or temozolomide if
adequate performance
status

PCV or temozolomide if
adequate performance
status

Further surgery £
carmustine implant +
PCV or temozolomide
+ experimental
agents e.g. anti-VEGF
inhibitors, immune
checkpoint inhibitors

Further surgery or
radiotherapy

Primary CNS
lymphoma

Patients with good
performance status:
polychemotherapy with
high-dose methotrexate or
high-dose chemotherapy with
autologous stem cell transplant
Patients with poor
performance status: less
intensive methotrexate as
part of a regimen, e.g. with
temozolomide

There is no accepted
standard of care for the
treatment of relapsed
PCNSL. Wherever
possible, patients should
be offered participation
in a clinical trial. Outside
of a clinical trial,
treatment should take
account of performance
status, neurocognitive
function, and duration
of response to previous
lines of therapy.

Brain metastases

Whole brain radiotherapy for
multiple lesions. Stereotactic
radiosurgery for 1-4 small
metastases

Chemotherapy usually only if
chemosensitive primary

As per first-line
treatment, depending
on patient performance
status

" Repeat resection of recurrent brain tumours is only considered in a minority and depends
upon accessibility and eloquence of the tumour site and patient performance status.
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1. Surgery: surgery is important for establishing a tissue diagnosis,
resection (potentially curative in low-grade tumours, particularly
grade 1 gliomas and meningiomas, or palliative in higher-grade
tumours), and relief of anatomical complications of tumour mass,
e.g. shunting for obstructive hydrocephalus and debulking surgery
for raised ICP.

Resection is rarely curative in the context of intra-axial adult low-
grade gliomas, because of the degree of localized spread prior to
resection, but radical surgery prolongs progression-free survival.

2. Radiotherapy: radiotherapy can be administered as external
beam radiotherapy, directed at the tumour mass, or whole brain
radiotherapy, the latter usually reserved for brain metastases
or PCNSL. Primary brain tumours are treated with conformal
fractionated radiotherapy, delivered over several weeks, or
with highly focused treatment as either fractionated stereotactic
radiotherapy or single-fraction stereotactic radiosurgery.

Stereotactic radiosurgical techniques (SRT), such as the gamma-
knife, are commonly used to treat small, localized extra-axial brain
tumours, which are situated close to important structures, and cer-
ebral metastases. As a general rule, SRT can only treat tumours up
to a maximum diameter of 3.5-4.0cm and up to a volume of 20cc in
multiple metastases. This technique is not useful in the management
of intra-axial gliomas where tumour spread means that a localized
approach is less effective.

3. Chemotherapy: brain tumour sensitivity to chemotherapy
depends on tumour type. Most high-grade gliomas are relatively
chemoresistant, with the exception of anaplastic oligodendrogliomas
with co-deletions of chromosomes 1p and 19q. The blood—brain
barrier limits access of systemically administered hydrophilic
chemotherapeutic agents to the CNS. Novel routes of
administration are therefore required, e.g. intralesional delivery of
carmustine implants post-surgery.

High-grade gliomas are most commonly treated with combinations
of procarbazine, lomustine, and vincristine (PCV regimen), or the
oral alkylating agent temozolomide. Bevacizumab, a monoclonal anti-
body which blocks the action of VEGF, impairs tumour angiogenesis
and hence proliferation. It has demonstrated limited effectiveness in
the management of recurrent glioblastoma. It does not prolong sur-
vival in newly diagnosed GBM.

Chemotherapy with PCV has been shown to prolong survival
when used adjuvantly with radiotherapy in adult low-grade gliomas.
Chemotherapy is associated with significant side effects, most com-
monly myelosuppression. Patient performance status, tumour grade
and type, side effect profile of the different agents, and patient pref-
erence should inform treatment decisions.
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Management of complications

Raised intracranial pressure

Clinical features of raised ICP include symptoms of headache, vomiting,
and visual disturbance (obscurations, scotomata or enlarged blind spots,
diplopia), progressing to the Cushing’s triad of bradycardia, hyperten-
sion, and respiratory depression, and ultimately depressed conscious-
ness and coma. There may be focal neurological deficits from the
underlying pathology, and false localizing signs, such as cranial nerve VI
palsies, and herniation syndromes.

Aetiology

Raised ICP is the final common pathway for many intra- and extracer-

ebral pathologies, the commonest mechanisms being CSF accumulation,

mass effect, venous congestion, or vasogenic oedema, either alone or
in combination.

Raised ICP in brain tumour patients is usually treated by corticos-
teroids and surgical debulking, the urgency of which is dictated by
the patient’s level of consciousness and neurological deficits. The vast
majority of patients with brain tumours have normal levels of conscious-
ness and therefore can be treated with oral dexamethasone, with the
intravenous route being reserved for the rare patient with depressed
consciousness and peri-operatively. Dexamethasone is the preferred
corticosteroid due to its markedly lower mineralocorticoid effect, lower
risk of psychosis, and long half life. Maintenance therapy is usually given
orally at 2-16mg/day 2—4 divided doses, depending on the degree of
oedema and initial response.

Emergency management of acute rises in intracranial pressure in the
context of CNS malignancy is similar to that in severe vascular and infec-
tive processes. It is best carried out in conjunction with intensive care
and neurosurgical teams, and detailed management is beyond the scope
of this book. The broad principles include:

1. Alleviating factors that can further raise ICP including seizures,
hypercapnoea, hypoxia and high blood pressure secondary to pain,
and agitation. These include paracetamol, cooling, head elevation to
30 degrees, sedation, and controlled ventilation.

2. ICP reduction with hyperosmolar therapy, either intravenous
hypertonic saline or mannitol, can have a short temporising effect.

3. Dexamethasone is often used to control vasogenic oedema. Doses
of 8-16mg intravenously can be used in the acute situation.

4. Definitive surgical management including surgical evacuation/debulking
of brain lesions, CSF drainage/shunting, or decompressive craniectomy
may be indicated depending on the underlying cause of raised ICP.

Seizures

Seizures are common complications of CNS tumours and tumour sur-
gery. An estimated 80% of patients with gliomas experience seizures
during the course of their illness. Seizures are frequently the presenting
symptom of low-grade gliomas and are typically focal, with or without
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secondary generalization. Levetiracetam is now widely used as first-
line treatment for brain tumour epilepsy, although a recent systematic
review recommended more high quality prospective data assessing lev-
etiracetam and other antiepileptic drugs in this population. Alternative
treatments are the same as for focal onset seizures (See Chapter 3,
Epilepsy). Another meta-analysis suggests that levetiracetam is superior
to phenytoin and sodium valproate as a prophylactic anti-epileptic drug
in brain tumor surgery. However, best evidence and the AAN prac-
tice parameters advise against prophylactic treatment in patients with
tumours but who have not as yet had a seizure.
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Introduction

Sleep disorders are very common and usually underdiagnosed. They have
an enormous impact on public health and productivity, with substantial
financial implications for society. Mechanisms regulating normal sleep and
sleep disorders are incompletely understood. This has implications for man-
agement of sleep disorders, as causative mechanisms can rarely be targeted
for treatment. There is a paucity of RCTs for several of the drugs that are
commonly used to treat sleep disorders. Hence, many compounds are
used off-licence, based on case studies and clinical experience, rather than
evidence-based medicine.
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Classification

The International Classification of Sleep Disorders, second edition (ICSD-2)
divides sleep disorders into eight major categories:
. insomnia (including primary and secondary subtypes);
. sleep-related breathing disorders (including sleep apnoea syndromes);
. hypersomnia of central origin (including narcolepsy);
. circadian rhythm sleep disorders;
. parasomnias (including disorders of arousal in non-REM sleep
and RBD);
. sleep-related movement disorders (including periodic limb movements
of sleep (PLMS));
. isolated symptoms;
. other sleep disorders.

A wWN =
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Management of sleep disorders

The commonest sleep disorders are discussed in further detail below. With
all of these conditions it is often equally important to identify and treat co-
morbid conditions such as obstructive sleep apnoea (OSA), nocturia, pain,
and mood disorders, which may further impair the quality of sleep. OSA is
not discussed further below but should be considered in all patients with
poor quality sleep, a typical body habitus and symptoms of excessive day-
time sleepiness, CO, retention, and/or nocturnal apnoeic episodes.

Insomnia

Insomnia is the commonest sleep complaint, affecting up to 10-15% of
the general population. It is defined as difficulty in getting to sleep, staying
asleep, early wakening, or non-restorative sleep, despite adequate oppor-
tunity for sleep, which results in daytime functional impairment or distress.
Treatment

A wide range of drugs are used in the treatment of insomnia, with a variable

level of evidence to support their efficacy.

In the short term, there are several controlled trials that support the use
of both benzodiazepines and the so-called ‘Z-drugs’ (zopiclone, zolpidem,
and zaleplon). Both of these drug classes work by enhancing the inhibitory
effect of y-aminobutyric acid (GABA). Although the Z-drugs were initially
marketed as more effective and less addictive than the benzodiazepines,
meta-analyses and reviews conducted so far have suggested that there is
little added benefit to be derived from the use of Z-drugs, compared to
short-acting benzodiazepines, such as temazepam, although well-controlled
comparative studies are rare. All benzodiazepines and Z-drugs have the
potential for addiction, and hence use of all of these drugs should be
restricted to as short a duration as possible, certainly <2 weeks.

In the longer term, there are several treatment options.

1. Psychological treatment: CBT has been shown to be very effective, but

unfortunately availability is often limited.

2. TCAs: although commonly used, there are currently no studies that
show TCAs improve sleep in the long term, but there are some
indications that other sedating antidepressants, such as trazodone, may
improve insomnia and increase slow-wave sleep.

. Melatonin: more recently, melatonin has been licensed for use in
insomnia in people over 55 years of age. This is usually well tolerated
and can provide substantial improvement in sleep for 50% of patients
(vs 15% with placebo; p = 0.018). It is not clear if the indication will, in
the future, also include younger patients.

4. AEDs: although not licensed for sleep-related problems, the AEDs

gabapentin and pregabalin are increasingly used to treat insomnia, with

good results, in particular if there is concomitant anxiety or RLS.

w

Narcolepsy

Narcolepsy is a chronic neurological disorder, in which the brain is unable to
regulate sleep—wake cycles. Specifically, features of REM sleep intrude into
wakefulness and non-REM sleep. The four cardinal symptoms are:

1. excessive daytime sleepiness;

2. cataplexy;
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3. hypnogogic or hypnopompic hallucinations;
4. sleep paralysis.

Only 10-15% of patients with narcolepsy have all four features. Often there
is also disrupted nocturnal sleep, with frequent arousals and parasomnias,
which contribute to excessive daytime sleepiness.

Treatment
Treatment for narcolepsy is symptomatic.
1. Excessive daytime sleepiness:
« first line: modafinil;
« second line: dexamfetamine or methylphenidate.

Stimulants are used to manage excessive daytime sleepiness. Modafinil is used
as first-line treatment, in view of robust efficacy data, a favourable side effect
profile, and a low risk that tolerance may develop. Amphetamine derivatives
dexamfetamine and methylphenidate are useful second-line agents but are
associated with potentially severe vascular and psychiatric side effects.

2. Cataplexy and other REM-related symptoms (sleep paralysis and
hallucinations) are usually treated with antidepressant medication.
Clomipramine, fluoxetine, and venlafaxine have been shown to be of
benefit in small series of patients only, and the evidence base for this
treatment is limited, despite being common clinical practice. More
recently, sodium oxybate (y butyric acid) has been shown in RCTs
to reduce both cataplexy and excessive daytime sleepiness. Sodium
oxybate works by improving nocturnal sleep and is taken at night only.
Despite good evidence for its efficacy, its wider use is limited by its cost.

Circadian rhythm sleep disorders
Circadian rhythm sleep disorders are characterized by disruption of the nor-
mal timings of sleep and wakefulness. Delayed sleep phase syndrome, where
sleep onset occurs substantially later than conventional sleep, is the com-
monest and can be mistaken for insomnia. In the rare advanced sleep phase
syndrome, the opposite occurs, and sleep is substantially earlier than normal.
Treatment aims to realign the circadian system with the conven-
tional 24h cycle, using a combination of melatonin and light-box therapy
(phototherapy).

Parasomnias

Parasomnias are abnormal events occurring in association with sleep and
are classified according to the sleep stage in which they occur. The com-
monest are non-REM parasomnias, which are incomplete arousals from
deep non-REM sleep and include night terrors, sleepwalking, and confu-
sional arousal. They can sometimes involve violent or complex behaviour.

Treatment

For the majority of patients, medical treatment is not required. The reassur-
ance of a formal diagnosis and avoidance of potential triggers, such as sleep
deprivation, are sufficient. A minority with frequent episodes, resulting in
sleep disruption and excessive daytime sleepiness, or who present with inju-
rious or dangerous behaviour require medical treatment. Clonazepam, a
long-acting benzodiazepine, or less commonly antidepressants, such as par-
oxetine, are used. Both approaches probably work by reducing the number
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of arousals. It should be noted that all of the drugs used to treat non-REM
parasomnias may paradoxically worsen symptoms, so careful monitoring
is essential.

REM sleep behavioural disorder

During REM sleep, muscles are normally atonic. RBD is characterized by
loss of this atonia, resulting in the patient acting out their dreams. RBD is
associated with neurodegenerative conditions, most commonly PD, and can
predate the onset of extrapyramidal symptoms by many years. In younger
patients, RBD may be seen in association with narcolepsy or treatment with
antidepressant medications, or alternatively it may occur in isolation.

Treatment

When treatment is indicated, clonazepam is often effective but can produce
daytime sedation and exacerbate sleep-related breathing disorders, e.g.
obstructive sleep apnoea. Zopiclone was found to be effective in a small
study. Recently melatonin, often at higher doses of 5-10mg nocte, has been
shown to be effective in treating RBD as well.

Periodic limb movements of sleep

PLMS are repetitive, stereotyped limb movements that occur every 5—
90s during sleep. If this results in arousal and sleep maintenance insom-
nia, with consequent excessive daytime sleepiness, it is known as periodic
limb movement disorder (PLMD). There is a strong association with RLS
(see pp. 166—7), which may contribute to sleep-onset insomnia.

Treatment

Iron deficiency can exacerbate both RLS and PLMS, and iron supplementa-
tion should be given if ferritin levels are below 50 micrograms/L. Potential
triggers, such as alcohol, nicotine, and caffeine, should be avoided. Clinical
trials have mainly been performed for RLS, but it appears that PLMD
responds to the same drugs, although this is usually an unlicensed prescrip-
tion. Levodopa is effective but is frequently associated with augmentation,
i.e. when RLS symptoms occur earlier in the day and potentially spread
to other previously unaffected parts of the body. DAs (pramipexole,
ropinirole, and rotigotine) can be effective and are less likely to result in
augmentation. Alternatives include anticonvulsants, mainly gabapentin and
pregabalin, and opioids such as codeine or tramadol.
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Introduction

This chapter considers the common neurological infections and the drugs
available to treat them. Due to constraints of space and the knowledge
that, for the less commonly used antimicrobials, guidance will be provided
by infectious disease specialists, the majority of antimicrobials do not have
individual drug monographs.



PATHOPHYSIOLOGY

Pathophysiology

A wide variety of microorganisms target different components of the
nervous system. In the CNS, this may result in isolated infection of the
brain parenchyma (encephalitis), the meninges (meningitis), or the spinal
cord (myelitis). Some of the organisms which cause encephalitis also cause
an associated meningeal reaction or spinal cord inflammation, and these
terms may be used alone or in various combinations to reflect what part
of the neuroaxis is involved, e.g. meningoencephalitis, encephalomyelitis.
Furthermore, infection may spread into the CNS from adjacent sites (para-
meningeal infections such as brain abscess, subdural empyema) or from the
blood (endocarditis, septicaemia). Infection of components of the PNS is
relatively uncommon. Special consideration needs to be given to neurologi-
cal infections in the immunocompromised, as opportunistic infection by a
different range of microorganisms commonly occurs.
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Meningitis

Meningitis is the commonest CNS infection. In the UK, the majority of cases
are self-limiting viral infections. However, differentiation between bacterial
and viral meningitis on history alone is unreliable. CSF examination is helpful
to distinguish between viral and bacterial meningitis, and may suggest other
causes (see Table 15.1).

Community-acquired bacterial meningitis

The ‘big three’ microorganisms responsible for acute bacterial meningitis
are Streptococcus pneumoniae, Neisseria meningitides, and Haemophilus influ-
enzae. Listeria monocytogenes should be considered in the elderly or immu-
nosuppressed. Empirical therapy with both antibacterials and antivirals is
often advised (see Tables 15.2 and 15.3). In most settings, a third-generation
cephalosporin and aciclovir are used, but meropenem or chloramphenicol
are advised if there are concerns about penicillin allergy. Amoxicillin can be
added if L. monocytogenes is suspected, and vancomycin added if penicillin-
resistant pneumococci are suspected. The duration of antimicrobial therapy
is usually 10-14 days.

Adjunctive steroids

Use of steroids in bacterial meningitis remains controversial. Adjunctive
dexamethasone is thought to confer benefit, particularly in treatment of
H. influenzae and S. pneumoniae meningitis. A large randomized trial of dex-
amethasone (10mg IV 15-20min before or with the first dose of antibiotic,
then 6-hourly for 4 days) in adults with acute bacterial meningitis reduced
the chance of an unfavourable outcome from 25% to 15% and mortality
from 15% to 7%. The benefits were most striking in patients with pneumo-
coccal meningitis.

Table 15.1 Typical CSF findings in CNS infections

Viral Community- Tuberculous Fungal Normal

meningo- acquired meningitis

encephalitis  bacterial

meningitis
Opening Normal/high High High High to very 10—
pressure high 20cmH,0
Colour Clear Cloudy Cloudy/ Clear/ Clear
yellow cloudy

Cells (cells/  5-1000 100-50000 25-500 0-1000 <5
B
Differential ~ Lymphocyte Neutrophil ~ Lymphocyte Lymphocyte Lymphocyte
CSF:plasma Normal Low Low to very Normalto  66%
glucose low (<30%) low

Protein (g/L) 0.5-1 >1 1050  0.2-50 <0.45




MENINGITIS

Table 15.2 Empirical therapy in suspected community-acquired bacterial
meningitis

Patient group Common organisms Initial IV antibiotics
Age 2-50 years N. meningitides and Third-generation
S. pneumoniae cephalosporin
vancomycin
Age >50 years N. meningitides, Third-generation
S. pneumoniae, and cephalosporin  amoxicillin
L. monocytogenes + vancomycin
Immunocompromised N. meningitides, Third-generation
S. pneumoniae, cephalosporin, and
L. monocytogenes, and amoxicillin & vancomycin

Gram-negative bacilli

Table 15.3 General recommendations for IV empirical antibiotic
treatment doses

Treatment Dose

Third-generation cephalosporin Cefepime 2g every 8h

Amoxicillin or ampicillin

Chloramphenicol

Meropenem

Vancomycin 15mg/kg every 12h

Complications of acute bacterial meningitis

Patients with acute bacterial meningitis are at risk of various neurological
and systemic complications and thus need intensive monitoring. Systemic
complications of hypotension, septic shock, and adult respiratory dis-
tress are predictors of poor outcome. Hyponatraemia (serum sodium
<135mmol/L) is found in 30% of patients. Hypernatraemia (serum sodium
>143) occurs in 7% of patients, more commonly in those with severe
disease, and is an independent predictor of poor outcome and mortality.
Cerebral oedema, hydrocephalus (either communicating or obstructive),
cerebral infarction from septic venous thrombosis or endarteritis, and sei-
zures are the major neurological complications seen.
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Chemoprophylaxis of acute bacterial meningitis
Chemoprophylaxis is indicated for close contacts of meningococcal men-
ingitis cases and for patients with meningococcal meningitis treated with
penicillin or amoxicillin monotherapy, as carriage is not reliably eradicated
by these agents. Rifampicin 600mg bd PO for 2 days, ceftriaxone 250mg stat
IM dose, ciprofloxacin 500mg stat PO dose, or azithromycin 500mg stat PO
dose are believed to be equally effective.

Chronic meningitis

Chronic meningitis is defined as meningeal inflammation, diagnosed clinically
and with supporting CSF findings, persisting for at least 4 weeks. Infections
account for a proportion of cases (see Table 15.4), but neoplastic and other
aseptic disorders should also be considered, and no cause is identified in up
to a third of cases.

Table 15.4 Infective causes of chronic meningitis

Bacteria Partially treated bacterial meningitis

Fungal BIastomycosns Candida, coccidiomycosis,
cryptococeus, and histoplasmosis

Protozoa and metazoa Acanthamoeba, Angiostrongylus, parasitic worms, and
toxoplasmosis

Others that mimic Endocarditis/ other embolic foci
chronic meningitis

Parameningeal infection, e.g. epidural abscess/
sinusitis




TUBERCULOSIS

Tuberculosis

TB typically affects the CNS in three ways: TB meningitis, intracer-
ebral tuberculomas, and spinal TB. Treatment requires combination
therapy: rifampicin, isoniazid, pyrazinamide, and either ethambutol or
streptomycin. Pyridoxine must be co-prescribed to prevent peripheral
neuropathy due to isoniazid. A recent trial suggests 2 weeks of high-dose
IV rifampicin may improve outcomes in CNS disease. An ongoing trial is
investigating a role for fluoroquinolones. Treatment is for a minimum of
12 months, administered in conjunction with corticosteroids for the first
6-8 weeks in HIV-negative patients.
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Encephalitis and myelitis

Encephalitis and myelitis may arise from post-infectious or post-vaccination
autoimmune processes, as well as from direct infection of the parenchyma.

Acute encephalitis

Encephalitis means inflammation of the brain parenchyma and typically
presents with a febrile illness, severe headache, nausea and vomiting, and
reduced consciousness, often with seizures and focal neurological signs.
Encephalitis can be caused by a range of viruses, the herpesviruses and
arthropod-borne (arbo-) viruses being the most important (see Table 15.5).
Other microorganisms can also cause encephalitis, particularly protozoa,
such as Toxoplasma gondii, and bacteria, including L. monocytogenes and
M. tuberculosis (see Table 15.6).

As a significant proportion of infectious encephalitis in the UK and USA
is caused by herpesviruses, aciclovir is the treatment of choice. It is usually
commenced if the initial CSF and/or radiological investigations are sugges-
tive of viral encephalitis. However, if a delay of 26h is likely before an LP can
be done or if the patient is deteriorating, it should be started empirically.
In confirmed diagnoses, treatment is for 14-21 days or longer if the CSF
viral polymerase chain reaction (PCR) remains positive. Steroids may be
beneficial in the management of varicella-zoster virus (VZV) encephalitis,
but their use in HSV encephalitis is currently subject to investigation in a
large multicentre trial.

Table 15.5 Causes of acute viral encephalitis

SPORADIC
Herpesviruses HSV 1 and 2, VZV, EBV, cytomegalovirus (CMV), human
herpesvirus (HHV) 6 and 7

Enteroviruses Coxsackie viruses, echoviruses, enteroviruses,
hovi d poliovi

Others (rare) Adenovirus, influenza viruses, lymphocytic
choriomeningitis virus, parvovirus, and rubella

GEOGRAPHICALLY RESTRICTED (mostly arboviruses)

Africa Rabies and West Nile

Asa Dengue, Japanese encephalitis, Murray Valley
encephalitis, rabies, and West Nile

Australasia Japanese encephalitis and Murray Valley encephalis

Europe/Middle East  Rabies, tick-borne encephalitis, and Tosana

The Americas | Dengue, Eastern and Western equine encephalitis,

rabies, St Louis, and West Nile




ENCEPHALITIS AND MYELITIS

Table 15.6 Other infectious causes of encephalitis

Bacteria Actinomycosis, bacterial meningitis, Brucella, cat scratch fever,
erlichiosis, Leptospira, Listeria, Lyme disease, Mycoplasma, Nocardia,
relapsing fever, Rocky Mountain spotted fever, Q fever, syphilis, TB,
typh0|d fever typhus and Whlpple s dlsease

Fungi Candidiasis, cocad|0|domyc05|s Cryptococcus, h|stoplasmosns, and
North Amencan blastomyc05|s

Parasites AmoeblaS|s cerebral malaria, cyster|c05|s Echlnococcus,
toxoplasmosis, trichinosis, and trypanosomiasis

Myelitis

Commonly, myelitis is a primary or post-infectious autoimmune phenome-
non, but occasionally direct infection can be the cause, in which case organ-
isms to consider include viruses (VZV, HSV, CMV, EBV, West Nile, influenza,
echovirus, HIV, hepatitis A, rubella, measles), Mycoplasma, Lyme disease,
syphilis, and parasites.
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Lyme disease

Manifestations of neuroborreliosis (Borrelia burgdorferi) include encephalitis,
myelitis, and cerebral vasculitis and should be treated with IV ceftriaxone.
Lyme disease may also cause optic neuropathies, painful radiculoneuri-
tis, often affecting the upper trunk and back which may resemble AIDP
or a plexopathy (Bannwarth’s syndrome), or cranial nerve palsies, treated
with PO doxycycline. There may be a late mild chronic polyradiculoneu-
ropathy, with or without acrodermatitis chronica atrophicans (a charac-
teristic progressive fibrosing skin rash caused by ongoing active infection).
Guidance varies but typically early neuroborreliosis (symptoms present for
<6 months) is treated for 14 days, and late neuroborreliosis for 21 days.



BRAIN ABSCESSES AND PARAMENINGEAL INFECTIONS

Brain abscesses and parameningeal
infections

Brain abscesses

Brain abscesses arise by two main routes: local spread (from sinusitis, otitis
media, mastoiditis, dental sepsis, penetrating head injury, or neurosurgery)
or haematogenous spread (from valvular heart disease with right-to-left
shunt, pulmonary arteriovenous fistula in hereditary haemorrhagic telangi-
ectasia, suppurative pulmonary infection, or endocarditis). The commonest
causative microorganisms are streptococci, staphlyococci, and anaerobes.
In immunosuppressed individuals, opportunistic infection should also be
considered.

Treatment

Empirical treatment is guided by the likely source of infection. Given the fre-
quency of anaerobic organisms, metronidazole plays a key role. Treatment
is usually for a minimum of 4—6 weeks and depends upon whether the
abscess has been excised, aspirated, or managed solely with antibiotics.
Duration can be guided by serum CRP measurements, with switch from
parenteral to oral therapy once clinical improvement occurs and the CRP
has begun to fall.

Subdural empyema

Subdural empyemas usually arise by local spread from frontal sinusitis, oti-
tis media £ mastoiditis. Spread tends to be faster, and mortality is conse-
quently high, ranging from 6% to 20%. The commonest organisms vary with
initial site of infection, but are typically staphylococci or streptococci.

Epidural abscess

Spinal epidural abscesses usually arise from vertebral osteomyelitis or disci-
tis, but other causes include spinal surgery or spinal anaesthesia, drug use,
or local trauma. Intracranial epidural abscesses can also occur. In 60% of
cases, the responsible organism is S. aureus, but Gram-negative anaerobic
rods, streptococci, and M. tuberculosis are occasionally implicated.

Septic intracranial sinus thrombosis

Septic cavernous sinus thrombosis, and lateral or sagittal sinus thrombosis
arise from facial infections in 50% of cases, sphenoid sinusitis in 30%, dental
infection in 10%, and occasionally from otitis media, mastoiditis, or other
local infections. Diabetes mellitus is a significant risk factor.
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Neurological infections in the
immunocompromised

Patients with compromised immune systems are prone to a range of
opportunistic infections not commonly seen in immunocompetent patients.
A wide variety of microorganisms can cause opportunistic infections, most
commonly viruses and fungi, but occasionally bacteria and protozoa. Those
of most relevance to clinicians in developed countries are summarized in

Table 15.7.

Table 15.7 Opportunistic neurological infections in the

immunosuppressed
Organism Clinical syndrome Treatment
Viruses
CMV Encephalomyelitis, brainstem  Highly active antiretroviral
encephalitis, radiculitis, therapy (HAART) for
retinitis HIV, ganciclovir, foscarnet,
cidofovir
JC virus PML in HIV, transplant No known treatment
recipients, natalizumab Responds to immune
treatment for MS, other reconstitution in MS (PLEX
biological agents to remove natalizumab),
and HAART for HIV but not
usually in immunosuppressed
transplant recipients
HIV HIV encephalopathy HAART
\7AY Reactivation—shingles, Aciclovir, famciclovir
post-herpetic neuralgia,
myelitis, meningoencephalitis,
vasculopathy with stroke,
cranial neuropathies,
cerebellitis
Fungi See Table 15.8
Protozoa
Toxoplasma Commonly presents Sulfadiazine plus
with headache, fever, and pyrimethamine, or
neurological deficit associated  clindamycin plus
with multifocal lesions, pyrimethamine
less commonly as unifocal
lesions or as an encephalitic
syndrome
Acanthamoeba Granulomatous amoebic Amphotericin B, rifampicin,

spp (Naegleria
fowleri, Balamuthia
mandrillaris)

meningoencephalitis
(freshwater swimming)

fluconazole

(Continued)
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Table 15.7 (Contd.)

Organism

Clinical syndrome

Treatment

Bacteria

M. tuberculosis

L. monocytogenes

.'.I"reponema
pallidum

Meningitis, brain abscess,
spinal epidural abscess

Quadruple anti-TB therapy
plus corticosteroids

Meningitis, brainstem
encephalitis

High-dose amoxicillin

Meropenem

eurosyphilis—meninges,
brain, brainstem, spinal cord,
nerve roots, and cerebral and
spinal blood vessels

IV benzylpenicillin, or IM
procaine benzyl penicillin
plus probenecid od
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Fungal infections

Risk factors include immunocompromise of any cause and living in endemic
areas. Fungal pathogens encountered in the CNS include yeasts (Candida,
Cryptococcus), moniliaceous moulds (Aspergillus spp., Fusarium spp.), dimor-
phic fungi (Blastomyces, Coccidioides, Histoplasma), and zygomycetes (Mucor
spp., Rhizopus spp.). CNS infection occurs through haematogenous spread,
CSF seeding, or direct extension. Untreated, these are rapidly fatal infec-
tions, and mortality is high, even with early aggressive treatment.

See Table 15.8 for typical clinical presentations and treatments of the
commoner fungal CNS infections.

Table 15.8 Fungal infections of the CNS

Organism Clinical Treatment
Coccidioides Meningitis with basal cistern Fluconazole
enhancement
Candida Meningitis in the immunosuppressed, Amphotericin B plus
organ transplant recipients, or flucytosine
patients following neurosurgery, Fluconazole,
especially if with prosthesis. posaconazole
Numerous microabscesses on MRI
Aspergillosis Rhinocerebral infections, especially  Surgical debridement
in diabetics, immunosuppressed High-dose
Angioinvasive—multifocal amphotericin B
haemorrhagic infarcts, cavernous Posaconazole,
sinus thrombosis voriconazole
Cryptococcus Cryptococcal meningitis in In HIV—flucytosine plus
neoformans immunosuppressed, often with amphotericin induction,

raised ICP. Rarely focal signs from
cryptococcoma

Gelatinous pseudocysts in basal
ganglia on MRI

then fluconazole
maintenance

Mucormycosis

Invasive and highly aggressive, with
high mortality. Often rhino-orbital
sinus infection, frontal lobe lesions,
cavernous sinus lesions

Risk factors: diabetes (diabetic
ketoacidosis), neutropenia,
malnutrition, iron overload in
dialysis, IV drug users

Amphotericin B,
posaconazole




Parasitic infections

Parasitic CNS infections are relatively common worldwide but rarely
encountered in clinical practice in the UK, Europe, and the USA. The typical
clinical presentations and treatment of the commoner CNS parasites are
briefly outlined in Table 15.9.

Table 15.9 Parasitic infections of the CNS

PARASITIC INFECTIONS

Organism

Clinical syndrome

Treatment

Schistosomiasis

Trypanosomiasis

Plasmodium spp.

Cysticercosis

Cerebral disease (Schistosoma
japonicum), myelopathy
(Schistosoma mansoni and
Schistosoma haematobium)
Early infection asymptomatic
or acute encephalitis/myelitis
(Katayama fever)

Praziquantel
Corticosteroids for
Katayama fever

American trypanosomiasis
(Chagas’ disease, Trypanosoma

cruzi)—acute meningoencephalitis

West and East African
trypanosomiasis (sleeping
sickness, Trypanosoma brucei)—
encephalopathy with headache
and prominent somnolence

Suramin, melarsoprol,
pentamidine, eflornithine

Cerebral malaria—rigors, fever,
encephalopathy with raised
ICP, delirium, seizures, focal
neurological signs, and coma

IM or IV artesunate plus
doxycycline

(IV quinine is an
alternative to artesunate
if the latter is not

Single or multiple brain lesions

Sulfadiazine,
pyrimethamine, and
folic acid
Co-trimoxazole

Clindamycin

Multiple parenchymal,
intraventricular, or subarachnoid
(racemose) cysts—epilepsy,
headache, hydrocephalus, stroke,
neuropsychiatric symptoms
Vasculitis, arachnoiditis,
encephalitis

Albendazole
corticosteroids.
Anticonvulsants
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Bacterial neurotoxins

In the developed world, botulism and tetanus are rare, but important,
causes of neuromuscular disease. Both result from the production of neu-
rotoxins from clostridial species—Clostridium botulinum and Clostridium
tetani, respectively.

Botulism

Botulism is an important differential for flaccid paralysis and is commonly
mistaken for AIDP or MG. Botulinum toxin acts at the NM)J, preventing
acetylcholine release. Botulism is characterized by progressive descending
weakness, typically affecting the cranial nerves, without associated sensory
involvement. In adults, the two main routes of exposure are ingestion of
contaminated food and via wounds (including ‘skin popping’). Diagnosis is
by identification of toxin in serum or faeces. Wound swabs, faecal sam-
ples, and suspected food products should also be cultured for C. botulinum
bacteria. Management should be undertaken in an ICU, as respiratory
paralysis is common. Antibiotics (IV or IM benzylpenicillin 2.4—4.8g/day in
divided doses every 6h; in penicillin-allergic patients, use IV metronidazole
500mg every 8h for 7 days), in addition to wound debridement, should
be used in the management of wound-acquired botulism but avoided in
food-borne disease due to concerns of bacterial cell rupture and release of
more neurotoxin. In food-borne disease, laxatives, enemas, and, if caught
early enough, gastric lavage have been tried to reduce gastrointestinal levels
of neurotoxin. IV botulinum antitoxin should be administered as soon as
possible.

Tetanus

Tetanus is caused by toxin secreted by wound-borne C. tetani, which binds
peripheral nerve terminals and is subsequently transmitted to the CNS
where it blocks the release of inhibitory neurotransmitters GABA and gly-
cine. This results in spasms, commonly of the jaw (trismus), which may
subsequently spread to other striated muscle groups, leading to sustained
contraction. Autonomic dysfunction and respiratory failure occur in severe
disease. Diagnosis is predominantly clinical, as wound culture for C. tetani
has low sensitivity. Reported case fatality varies but can be as high as 80%.
Treatment requires a combination of disease-specific therapy and sup-
portive measures. The antitoxin and appropriate antibiotics, usually a com-
bination of metronidazole and penicillin, should be administered as soon
as possible. Adequate wound debridement is essential. Benzodiazepines
+ magnesium sulfate are used to control muscle spasm, and sympathetic
overactivity may require both a- and -blockade.
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Introduction

Metabolic disorders with neurological involvement can be divided
into three broad categories: inborn errors of metabolism, acquired
nutritional deficiencies, and neuro-metabolic disorders due to toxins
or drugs.
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Inborn errors of metabolism

The conditions discussed in this chapter are those most commonly
encountered in adult neurology practice and/or are amenable to specific
treatments. A typical classification is given in Table 16.1.

Table 16.1 Neuro-anatomic classification of inherited neuro-

metabolic disorders

Distribution of pathology

Disorders

Poliodystrophies (cortical grey

matter: myoclonus, seizures, dementia,

retinopathy)

Neuronal ceroid lipofuscinoses,
GM2 gangliosidosis (Tay—Sachs),
mucopolysaccharidoses (MPS),
Gaucher s, Nlemann Pick

Leukodystrophles (white
matter: spasticity & ataxia, optic
atrophy, cortical blindness, deafness)

Adrenoleukodystrophy (ALD)
metachromatic leukodystrophy
(MLD), Pelizaeus—Merzbacher,
globoid cell dystrophy (Krabbe),

phenylketonuria with dysmyelination

Corencephalopathles (deep
telencephalon, diencephalon, and
m encephalon movementdlsorders)

Wilson’s disease, Huntington’s
disease

Splnocerebellopathles (spinal cord,
cerebellum, pons, medulla: spasticity,
ataxia)

Hereditary spastic paraplegias,
Friedreich’s ataxia, spinocerebellar
ataxia (SCA), olivopontocerebellar
atrophy

Hyperammomas Iactlc amdaemlas,
homocystelnurla

Metabolic myopathles (muscle:
rhabdomyolysis, exercise-induced
myalgia, cramps, muscle weakness)

Acid maltase deﬂC|ency (Pompe)
phosphofructokinase (PFK)
deficiency, myophosphorylase
deFC|ency (McArdIe s)

Metabolic perlpheral neuropathles
(peripheral nerve: distal weakness and
paraesthesiae)

Fabry disease, porphyria, SCA
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Lysosomal storage disorders

Inlysosomal storage disorders, deficiencies in specific enzymes cause the
accumulation of non-degraded macromolecules within lysosomes that
ultimately cause pathological changes to normal cell biology. The clinical
phenotype of each disorder depends on which tissues have the highest
turnover of accumulated macromolecule. To date, enzyme replacement
therapy (ERT) has been approved worldwide for six lysosomal storage
diseases: Gaucher’s; Fabry; MPS types |, II, and VI; and Pompe disease.

Gaucher’s disease

Gaucher’s disease (glucosylceramide lipidosis) is the most prevalent of
the lysosomal storage disorders, affecting 1 in 50000 of the popula-
tion worldwide, but 1 in 800 individuals of Ashkenazi Jewish descent.
The primary metabolic defect is deficiency of glucocerebrosidase (also
known as acid B-glucosidase), which leads to accumulation of glucocere-
broside (glucosylceramide) within lysosomes. Lipid-laden macrophages,
Gaucher’s cells, are stored throughout the reticuloendothelial system
and are useful in diagnosis. Diagnosis is confirmed by measurement of
white cell glucocerebrosidase levels.

Several phenotypes are described. Type IlIA (chronic neuronopathic
form) may present in adulthood with slowly progressive neurological
deterioration, with the hallmark supranuclear horizontal gaze palsy,
progressive myoclonic encephalopathy with seizures and dementia, and
variable ataxia and spasticity.

Treatment

ERT with recombinant human glucocerebrosidase is effective for treating
systemic manifestations, but the enzyme does not cross the blood—brain
barrier, and there is no evidence that ERT reverses or slows the progression
of neurological involvement. Haematopoietic stem cell transplantation may
have a role in neuronopathic Gaucher’s disease before neurological manifes-
tations occur, and gene therapies are in development.

Fabry/Anderson-Fabry disease

Fabry disease is the commonest lysosomal storage disease, after
Gaucher’s disease, affecting ~1 in 100000 of the population and 1 in
40000 males. Itis transmitted by X-linked recessive inheritance. Reduced
activity of a-galactosidase A (a-Gal A) leads to accumulation of globo-
triaosylceramide in endothelial, vascular smooth muscle, and other cells,
with multisystem consequences. The typical clinical picture is a ‘bathing
trunk’ purpuric rash (angiokeratoma corporis diffusum) developing dur-
ing childhood or adolescence. A painful sensory small-fibre peripheral
neuropathy * autonomic features is common in childhood or early adult
life. Renal failure, strokes, cardiovascular disease, or hypertrophic car-
diomyopathy can occur, generally by middle age. Life expectancy is typi-
cally reduced by 20 years.

Treatment
Management includes symptom relief for neuropathic pain, optimiza-
tion of vascular risk factors, renal transplant for renal failure, and ERT.
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Two different ERT products are available: Replagal® (agalsidase alfa) and
Fabrazyme® (agalsidase beta).

Evidence base

Limited data are available on the effect of ERT on disease progression
and survival. A meta-analysis of six studies showed that ERT did not pre-
vent the development of cerebral white matter lesions but did reduce
the rate of increase in left ventricular mass and risk of end-organ com-
plications (stroke, cardiac or renal complications and death). The latest
review from the Cochrane database concluded that, even though there is
no robust evidence suggesting ERT provides prognostic benefits, it does
have a significant effect on neuropathic pain.

Mucopolysaccharidoses

The MPS are a group of rare inherited disorders caused by specific lyso-
somal enzyme deficiencies, resulting in accumulation of incompletely
degraded mucopolysaccharides in the cornea, cartilage, connective tis-
sue, and reticuloendothelial system. There are seven subtypes, but all
exhibit some period of normal development, followed by gradual decline
of visceral, skeletal, and neurological function, the latter commonly
including neurodevelopmental delay, cognitive and behavioural decline,
seizures, sleep disorders, and optic neuropathy. There may also be high
cervical cord compression from atlanto-axial instability and odontoid
dysplasia, communicating hydrocephalus, and carpal tunnel syndrome.
Diagnosis is made by detection of elevated urinary glycosaminoglycans
(GAGs) and analysis of white cell enzymes.

Treatment

ERT is currently available for MPS types I, Il, and VI. Haematopoietic
stem cell transplantation has been used successfully in type | and is under
investigation for the other types. Substrate reduction and gene therapies
are in early development.

Acid maltase deficiency (Pompe)

An AR disease caused by deficiency of acid maltase (acid a-glucosidase),
a lysosomal enzyme found in the CNS and skeletal muscle, which is
involved in the conversion of maltose to glycogen. There are four clinical
phenotypes, distinguished by age at onset: infantile, late infantile, juve-
nile, and adult. The later-onset forms present as motor developmental
delay and/or progressive myopathy, often with prominent cardiorespira-
tory involvement. Visceromegaly is common in younger cases.

Treatment

ERT with alglucosidase alfa (Lymizyme® or Myozyme®) is effective, well
tolerated, and attenuates progression. Two-thirds of patients stabilize or
demonstrate improvement in CK levels and muscular and/or respiratory
function on treatment.

Evidence base
The Late Onset Treatment Study (LOTS) demonstrated benefit of ERT in
terms of walking speed and FVC, sustained for 104 weeks.
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Peroxisomal disorders

Peroxisomes are cell organelles that are mainly involved in lipid metabo-
lism and are responsible for the synthesis of B-oxidase very-long-chain
fatty acids (VLCFAs), and play an important role in early myelination and
neuronal migration.

X-linked adrenoleukodystrophy/adrenomyeloneuropathy
This is the commonest peroxisomal disorder, with an incidence between
1in 20000 and 1 in 50000. Impaired activity of lignoceroyl-CoA ligase
results in the accumulation of saturated VLCFA, resulting in severe
inflammatory CNS demyelination. There is also adrenal gland and tes-
ticular atrophy.

There are four phenotypes: childhood cerebral X-ALD, adrenomy-
eloneuropathy (AMN), adolescent cerebral X-ALD, and adult cerebral
X-ALD. Onset of AMN is usually in young adults, with slowly progres-
sive spastic paraparesis and sphincter dysfunction, mild peripheral neu-
ropathy, and subtle cognitive change. Up to 50% of female heterozygotes
manifest a mild neurological syndrome resembling AMN. Diagnosis is
made by detection of elevated serum VLCFA levels. Adrenal insufficiency
is very common.

Treatment

Adrenal insufficiency should be treated with corticosteroid replacement.
Early haematopoietic cell transplantation (HCT) can arrest the progres-
sion of, or even reverse, cerebral demyelination and is emerging as the
treatment of choice for individuals with early stages of cerebral involve-
ment in ALD. The mixture of oleic and eruric acid, known as Lorenzo’s
oil (LO), reduces the synthesis of VLCFAs by competitive inhibition of the
enzyme responsible for elongation of saturated fatty acids. It normalizes
plasma levels of VLCFA, but results of clinical studies are conflicting, and
currently LO is recommended for presymptomatic ALD (without neu-
rological symptoms or MRI abnormalities), but HCT should be offered
early if neurological symptoms or MRI abnormalities develop. LO is also
recommended for AMN and Addison’s only phenotypes.

Refsum’s disease

Refsum’s disease is a rare AR peroxisomal disorder, in which abnormal
fatty acid metabolism results in pathological accumulation of phytanic
acid, a branched-chain fatty acid, in tissues, including myelin sheaths and
internal organs. The onset of symptoms is usually during childhood or
adolescence. Neurological manifestations include peripheral neuropa-
thy, retinitis pigmentosa, cerebellar ataxia, sensorineuronal hearing loss,
and anosmia. Clinical diagnosis is confirmed by elevated serum phytanic
acid levels.

Treatment

Management involves dietary restriction of phytanic acid. When this is
not sufficient, intermittent plasmapheresis targeting LDL- and very-low-
density lipoprotein (VLDL)-bound phytanic acid results in long-term
improvement or stabilization.



WILSON'S DISEASE 227

Wilson’s disease

This is an AR-inherited condition in which mutations in the hepatic
ATPase ATP7B result in reduced excretion of copper into bile and con-
sequent gradual accumulation of copper in the liver, brain, and cornea.

Clinical manifestations are predominantly hepatic (18—84% at presen-
tation), neurological (18—-73%), and psychiatric (10-100%). Neurological
manifestations usually occur in the teens or 20s and typically include
dysarthria, dystonia, tremor, and/or parkinsonism. A common pres-
entation is deterioration in handwriting and loss of fine motor control
which may then progress to tremor, rigidity, and dysphagia with drool-
ing. Deposition of copper in the cornea produces the Kayser—Fleischer
(KF) rings seen on careful slit-lamp examination in 98% of individuals with
neurological features of WD.

Diagnosis requires LFTs, FBC, serum caeruloplasmin and copper lev-
els, 24h urinary copper excretion, and ocular slit-lamp examination to
detect KF rings. Urinary copper excretion in response to a penicillamine
(0.5g) challenge and liver biopsy with copper quantification may be nec-
essary. Genetic confirmation of ATP7B mutations in the patient and sib-
lings is recommended.

Treatment
Asymptomatic patients
e Initial treatment (duration ranges from 6 months to 5 years):
« trientine 750—1500mg/day in two or three divided doses; or
penicillamine 250-500mg/day, increasing by 250mg every
4-7 days to 1000—-1500mg/day in two divided doses;
« zinc 50mg tds if chelator not tolerated or declined.
e Adjunctive treatment: avoid copper-rich foods (shellfish, nuts,
chocolate, mushrooms, organ meats), especially during year 1;
pyridoxine 25—-50mg daily (penicillamine inactivates pyridoxine).
Maintenance (lifelong):
« zinc 50mg tds or lower dose (approximately two-thirds initial
dose) of chelating agent.

Symptomatic patients
e Initial treatment (duration ranges from 6 months to 5 years):
« penicillamine 250-500mg/day, increasing by 250mg every
4—7 days to 1000-1500mg/day in two divided doses; or trientine
750-1500mg/day in two or three divided doses (although
unlicensed, ammonium tetrathiomolybdate should be considered
in patients with prominent neurological involvement, in light of its
low incidence of initial neurological deterioration);
« zinc 50mg tds can be added to chelating agent in severe disease.
e Adjunctive treatment as above.
e Maintenance (lifelong):
« zinc 50mg tds or low (two-thirds) dose of chelating agent.
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Acute liver failure or decompensated cirrhosis unresponsive to
chelating agent
e Liver transplantation.

Routine monitoring
Serum copper and caeruloplasmin, LFTs, international normalized ratio
(INR), FBC, and urinalysis at least 6-monthly. Annual 24h urinary copper
excretion. Estimated serum non-caeruloplasmin-bound copper should
be measured if non-adherence or over-treatment is suspected.
Untreated, WD is universally fatal, with the development of progressive
cirrhosis, severe dystonia, and akinetic mutism. Prognosis for patients who
adhere to treatment s excellent, evenin some who already have advanced
liver disease. Life expectancy is normal in patients without advanced liver
disease, but treatment must not be discontinued. Treatment involves
lowering copper levels with chelating agents. Penicillamine was the first
agent used. Its use is limited by side effects in up to a quarter of patients,
including early sensitivity reactions and late nephrotoxicity, bone mar-
row toxicity, and dermatological disorders. Trientine hydrochloride has
better tolerability and similar efficacy. Both penicillamine and trientine
can cause permanent neurological deterioration (in 2-22% and 10.5—
26% of patients, respectively) during the initial phase of treatment. Zinc
interferes with copper uptake from the gastrointestinal tract and pro-
motes copper excretion through faeces by inducing metallothionein, an
endogenous metal chelator. It is well tolerated and may have an increas-
ing role ininitial treatment in combination with penicillamine or trientine.
Ammonium tetrathiomolybdate is a powerful chelating agent recently
advocated for use in WD, although as yet unlicensed. It is particularly
suitable for those with neurological involvement because of a consider-
ably lower (~4%) incidence of neurological deterioration after treatment
initiation, compared to penicillamine and trientine.

Evidence base
Guidelines for treatment include a 2008 consensus guideline from the

American Association for the Study of Liver Diseases and a 2012 guide-
line from the European Association for the Study of the Liver.
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Porphyria

The porphyrias are a group of disorders of haem synthesis, resulting in
accumulation of porphyrin precursors aminolevulinic acid (ALA) and
porphobilinogen (PBG) and of porphyrin intermediates uroporphyrin,
coproporphyrin, and protoporphyrin. The AD-transmitted hepatic por-
phyrias have neuropsychiatric features. The commonest is acute inter-
mittent porphyria (AIP), caused by a lack of PBG deaminase. Attacks
of severe abdominal pain and vomiting, with diarrhoea or constipation
and autonomic activation, commonly coincide with psychiatric features
and sometimes seizures. In about half of cases, acute attacks are associ-
ated with a subacute axonal peripheral neuropathy. Attacks are precipi-
tated by many commonly prescribed drugs (see websites of American
Porphyria Foundation and European Porphyria Network for compre-
hensive and regularly updated lists), alcohol, reduced calorie intake, fluc-
tuating sex hormones, stress, infection, smoking, and recreational drugs.
Diagnosis is made by measuring urine PBG and porphyrins, and, if neces-
sary, urine ALA and plasma and faecal porphyrins.

Treatment
Prompt diagnosis and treatment greatly improve prognosis and may pre-
vent development of chronic neuropathic symptoms.

Supportive measures
1. Eliminate precipitating factors.
2. Ensure optimal hydration and nutrition.
3. Treat symptoms with safe medications:
« pain: opiates (not pethidine);
« vomiting: ondansetron or prochlorperazine;
« agitation: chlorpromazine;
« hypertension/tachycardia: beta-blockers;
« seizures: clonazepam, diazepam, or magnesium sulfate.

Acute treatment of attacks

e Firstline: IV haematin 3—4mg/kg for 4 days.

e Second line: carbohydrate loading (IV glucose 300-500mg as
10% solution) only for attacks with mild pain and without severe
manifestations.

Prophylaxis

e First line: avoid precipitating factors.

e Second line: regular haematin, gonadotrophin-releasing hormone
(GnRH) analogue.

e Third line: liver transplantation.
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IV haematin therapy, available in Europe as Normosang® (haemargin-
ate) or in the USA as Panhematin® (lyophilized haematin), inhibits
hepatic ALA synthetase and produces significantly improved outcomes
when given early (within 24h of admission) in acute, severe attacks. Most
attacks of acute porphyria should be treated promptly with IV haematin,
certainly acute attacks associated with severe or prolonged pain, per-
sistent vomiting, hyponatraemia, convulsions, psychosis, or neuropathy.
Carbohydrate loading is only appropriate for mild attacks or until hae-
matin becomes available, and haematin therapy should not be delayed
because of ongoing carbohydrate loading.

The small proportion of AIP sufferers who develop recurrent attacks
may benefit from prophylactic, regular haematin infusions, GnRH ana-
logues, or liver transplantation.
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Phenylketonuria

Phenylketonuria is the commonest of the inherited disorders of amino
acid metabolism. Its inheritance is AR, and nearly all cases are due to the
absence or mutation of the gene encoding hepatic phenylalanine hydrox-
ylase (PAH), needed for the metabolism of phenylalanine into tyrosine.
Large-scale screening programmes allow for diagnosis at birth. Another
cause of hyperphenylalaninaemia (HPA) is tetrahydrobiopterin (BH4)
deficiency. BH4 is a molecular chaperone for PAH, and its loss results
in an impaired ability to convert phenylalanine to tyrosine. Untreated,
HPA results in progressive psychomotor decline in the first decade of life.
The predominant feature is intellectual disability, with impairment of IQ
ranging from severe to moderate. Other neurological features include
epilepsy and abnormalities of gait, sitting posture, and stance.

Treatment
e Firstline: a low phenylalanine amino acid diet.
e Second line: sapropterin dihydrochloride.

A low phenylalanine amino acid diet is the mainstay of management and
prevents progressive psychomotor decline. Sapropterin dihydrochloride
is a synthetic analogue of BH4.

231



232

CHAPTER 16 Metabolic disorders

Vitamin and nutrient deficiency
syndromes

Vitamin deficiencies may occur as a result of inborn errors of metabo-
lism, limited dietary intake, or failure of absorption. Several vitamin and
micronutrient deficiencies have specific neurological manifestations (see
Table 16.2). Malabsorption syndromes may cause multiple deficiencies,
with resultant neurological dysfunction. Treatment of neurological defi-
ciency syndromes is with replacement, which prevents progression and
may or may not reverse established manifestations.
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NEUROLOGICAL TOXICITY SYNDROMES

Neurological toxicity syndromes

The nervous system is susceptible to damage from a wide variety of
environmental agents. Exposure may be deliberate or accidental and can
occur via ingestion, inhalation, or absorption through the skin or mucous
membranes. Table 16.3 includes the more commonly encountered neu-
rotoxins, their typical neurological syndromes, and available treatment

options.
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Introduction

Urinary and sexual symptoms associated with neurological disease have
a tremendous impact on a patient’s quality of life and are common in
disorders such as MS, extrapyramidal disorders, spinal cord dysfunction,
and dementia.

Two broad categories of neurogenic bladder dysfunction occur,
depending, to an extent, on the site of the neurological lesion(s). These
are detrusor overactivity and voiding dysfunction. These can occur
individually or in combination. Appreciation of this is essential for suc-
cessful tailoring of therapies. For example, patients with MS not uncom-
monly have symptoms of urinary urgency, micturition frequency, urge
incontinence, and voiding difficulties, due to a combination of detrusor
overactivity and incomplete bladder emptying from detrusor—sphincter
dyssynergia. Hence, treatment of detrusor overactivity in these circum-
stances can worsen incomplete bladder emptying.

This chapter outlines the management of urogenital dysfunction of
neurological origin and specifically covers overactive bladder, non-
obstructive urinary retention, and erectile dysfunction.



NEUROGENIC LOWER URINARY TRACT DYSFUNCTION

Neurogenic lower urinary
tract dysfunction

History taking and a bladder diary form the cornerstone of assessment
of the patient with suspected neurological urinary dysfunction. Urine
dipstick testing is important to rule out infection, and post-micturition
bladder ultrasound to detect incomplete bladder emptying is often use-
ful, as 50% of patients are unaware of incomplete voiding. Additionally,
urodynamic testing can help to clarify the pattern of lower urinary tract
dysfunction.
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Overactive bladder

The commonest type of neurogenic lower urinary tract dysfunction is
an OAB, also referred to as detrusor overactivity or detrusor instability.
Typical symptoms include urinary urgency and frequency, nocturia, and
urge incontinence. Detrusor overactivity can also be demonstrated in
urodynamic studies. An OAB occurs as a result of lesions of the spinal
cord or suprapontine pathways. Typical causes include spinal cord injury,
MS, cerebrovascular disease, dementia, and extrapyramidal disorders,
e.g. PD.

Treatment

All patients should be given advice to avoid exacerbating factors, i.e. to
limit fluid intake to the recommended 1.5-2L/day and to avoid caffein-
ated drinks and alcohol. In addition to these, therapies used to treat the
underlying disease may help to address urinary symptoms.

Pharmacological

e First line: antimuscarinic medications (see Table 17.1).

e Second line: B3-adrenoceptor agonists (mirabegron) or
desmopressin.

e Third line: intravesicular botulinum toxin.

Neuromodulation
1. Percutaneous tibial nerve stimulation (PTNS).
2. Sacral neuromodulation.

Surgical
1. Augmentation cystoplasty.
2. Urinary diversion.

Evidence base

1. Antimuscarinic agents: these are very effective drugs, typically used
first-line for OAB symptoms. Meta-analyses have demonstrated
there are no major differences in efficacy between the different
agents, and they share a similar side effect profile, which includes
central effects such as dry mouth and cognitive impairment.
Individual variations relate to their muscarinic receptor selectivity,
pharmacokinetics, and metabolism (see Table 17.1). Importantly,
antimuscarinics may worsen the efficiency of bladder emptying
so should be used with caution in those with mixed OAB and
incomplete bladder emptying.

2. Desmopressin: a synthetic form of the antidiuretic hormone (ADH)
vasopressin, which works by temporarily reducing urine production
by promoting reabsorption of water by the renal collecting ducts.
It can be effective for troublesome nocturia associated with OAB
not responsive to antimuscarinics, but its use is limited by side
effects of hyponatraemia, fluid retention, and seizures. One RCT
demonstrated that 34% of patients with OAB had the number of
nocturia episodes halved with desmopressin, compared to 3% with
placebo.



Table 17.1 Antimuscarinic medications

OVERACTIVE BLADDER

Generic Dose Frequency Receptor Elimination
(mg) subtype half-life (h)
Tolterodine bd (od) Non-si 24 (8.4
Trospium bd Non-s
Oxybutynin bd to qds Non-selective
od
Oxybutynin XL~ 5-30 bd to qds Non-selective 13.2
od
Propiverine 15 od to qds Non-selective 41
Darifenacin 7.5-15 od Selective M3 31
Solifenacin 5-10 od Selective M2 40-68
plus M3
Propantheline 15 tds Non-selective <2
Fesoterodine 4-8 od Non-selective 7

247

bd, twice daily; od, once daily; qds, four times daily.

3. Mirabegron: this is the first of a new class of drugs for OAB. Itis a
33-adrenergic receptor agonist that induces direct relaxation of the
detrusor smooth muscle. Two phase 2 and five phase 3 RCTs show
that mirabegron is efficacious and appears to be well tolerated in the
treatment of OAB (see drug monograph Mirabegron, pp. 529-31).

4. BTX-A: cystoscopy-guided botulinum toxin injections into the
detrusor muscle significantly improves urinary urgency, incontinence,
bladder capacity, and detrusor pressures in patients with OAB. The
beneficial effect of each procedure lasts for ~8—11 months. Up to
40% of patients need to perform intermittent self-catheterization
(ISC), following botulinum toxin injection (compared to 10% at
baseline); hence, patients should be made aware of this, prior
to treatment. In one RCT, onabotulinum toxin A reduced mean
incontinence by 23 episodes per week, compared to nine episodes
per week in the placebo group (p <0.001). Quality of life scores
were also significantly improved.

Neuromodulation
This most commonly involves PTNS or sacral neuromodulation. The
mechanism by which these techniques work is unknown. PTNS is a mini-
mally invasive technique involving electrical stimulation of the posterior
tibial nerve with a fine-gauge needle.

Sacral neuromodulation is a two-stage surgical procedure whereby
the S3 nerve root is electrically stimulated. It has been shown to be
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beneficial in treating detrusor overactivity/urge incontinence, as well as
non-obstructive urinary retention.

Evidence base

Sacral neuromodulation has been studied in a small number of neuro-
logical patients and has shown benefit in patients with MS. In patients
with early spinal cord injury, it can reduce bladder pressures and prevent
the development of detrusor overactivity, when compared to controls.
In a double-blind, randomized-controlled study comparing 12 weeks of
PTNS to a sham treatment, 55% of patients had response to treatment,
compared to 21% of the control group (p <0.001).



NON-OBSTRUCTIVE URINARY RETENTION

Non-obstructive urinary retention

Urinary retention may occur in the context of neurological disease
affecting the spinal or infraspinal pathways. When it occurs in the con-
text of spinal cord disease, it is usually due to incoordination of detrusor
and sphincter contraction and relaxation (detrusor—sphincter dyssyn-
ergia). Incomplete bladder emptying arising from lesions of infraspinal
pathways is usually because of poorly sustained detrusor contractions
* non-relaxation of the sphincters. Causes include lesions of the conus
medullaris, cauda equina, lumbosacral roots, and less commonly periph-
eral nerves. Spina bifida and MS commonly cause a mixture of OAB and
incomplete bladder emptying.

Treatment

Compared to OAB, there are fewer management options for patients
with urinary retention.

o First line: catheterization is the mainstay of management. Patients
may opt for intermittent catheterization or an indwelling urethral or
suprapubic (preferable) long-term catheter.

Second line: sacral neuromodulation is useful in some patients with
chronic non-obstructive urinary retention, especially with a primary
disorder of urethral sphincter relaxation (Fowler’s syndrome).

Evidence base

Catheterization has been demonstrated to reduce deterioration of kid-
ney function in patients with urinary retention after spinal cord injury.
However, potential side effects include urinary tract infection and
trauma. With regards sacral neuromodulation, one systematic review
of 14 studies (one RCT and 13 observational studies), the mean differ-
ence in post-void residual decreased by 236mL (p <0.0001), and voided
volume increased by 299mL (p <0.0001), suggesting that this is a highly
effective treatment. However, there is a high complication rate, with 53%
needing surgical revision of their implant at some point.

249



250

cHAPTER 17 Uro-neurology

Disorders of sexual function

Sexual function is a complex neurovascular process. Only disorders of
male sexual function will be discussed in this section.

Erectile dysfunction

Neurological conditions, such as traumatic brain injury, stroke, spinal
cord injury, MS, PD, MSA, and epilepsy, can predispose an individual
to erectile dysfunction. However, it can often be multifactorial, and
the common causes, such as depression, antidepressant use, diabetes,
B-blockers, and peripheral vascular disease, must be ruled out first.

Treatment

Factors that influence sexual function in patients should be addressed

individually. Treatments range from psychological therapies to pelvic

floor exercises, medication, and local interventions.

e First line: phosphodiesterase 5 (PDES) inhibitors are effective in
treating erectile dysfunction of neurological origin. There are various
formulations with variable potency, including sildenafil, tadalafil, and
vardenafil.

e Second line: vacuum constriction devices.

e Third line: intracavernous prostaglandin E2 injections.

Evidence base

All three PDES inhibitors have statistically similar efficacy and safety pro-
files. The commonest side effects are headache and flushing. One RCT
of sildenafil for erectile dysfunction in patients with MS demonstrated
significantly increased erectile function scores, compared to placebo
(p <0.001). Vacuum constriction devices can improve erections and
sexual intercourse in up to 80% of patients in one retrospective study;
however, trials have demonstrated a dropout rate of around 30%, due to
complaints of bruising, pain, and numbness of the penis. Intracavernous
injections have a similar efficacy rate in patients but have a higher drop-
out rate, due to the continued use of needles which lends itself to
complications.
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CHAPTER 18 Drugs causing neurological disease

Drugs causing neurological disease

Listed below are medications known to cause or aggravate neurological
disease. Drugs causing parkinsonism and MG are listed in their respec-
tive chapters.

Cerebellar syndrome

Aminoglycosides (e.g. gentamicin).
Amiodarone.

Barbiturates (e.g. phenobarbital).
Carbamazepine.

Cytarabine.

Fluorouracil.

Lithium.

Phenytoin.

Piperazine.

Chorea

Amiodarone.

Amphetamines.

Antihistamines.

Antipsychotics.

Levodopa (associated dyskinesias).
Metoclopramide.

Oral contraceptives.

Phenytoin with lamotrigine.

Dystonia

e Antidopaminergic agents (causing tardive dyskinesias, e.g.
tetrabenazine, reserpine, antipsychotics).

o Antihistamines.

e Antiemetics (domperidone, metoclopramide, and prochlorperazine).

e Antimalarials (e.g. chloroquine).

e Phenytoin.

e Phenobarbital.

Myoclonus

e Anticonvulsants (e.g. gabapentin, pregabalin, lamotrigine, phenytoin,
phenobarbital).

o Antidepressants.

e Antidiarrhoeal (bismuth subsalicylate).

e Benzodiazepines.
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e Calcium channel blockers.
e Cephalosporin antibiotics (e.g. ceftazidime).
e Clozapine.
o Contrast media.
e Levodopa.
e Lithium.

e Opioids (e.g. morphine).

e Propofol.

e Quinolone antibiotics (e.g. ciprofloxacin).

Myopathy

e Aminocaproic acid.

e Amiodarone.

e Antimalarials—chloroquine, hydroxychloroquine.

e Colchicine.

e Emetine (in ipecac).

e Etretinate.

e Glucocorticoids—especially 9-a-fluorinated (dexamethasone,
betamethasone, triamcinolone).

Lipid-lowering drugs—statins, fibrates, nicotinic acid, ezetimibe.
Penicillamine (myositis).

Perhexiline.

Recreational drugs—alcohol, cocaine.

Streptokinase.

Vincristine.

Zidovudine (inhibits mitochondrial DNA replication).

Peripheral neuropathy

e Amiodarone.

e Antibacterials—metronidazole, misonidazole, nitrofurantoin,
ethambutol.

Antineoplastic agents—vincristine, adriamycin, taxanes (paclitaxel,
docetaxel).

Antirheumatics—gold, chloroquine (plus myopathy).
Bortezomib.

Dapsone.

Disulfiram.

HAART—=zalcitabine, didanosine, stavudine.

Nitrous oxide (plus myelopathy).

Phenytoin.

Pyridoxine.

Suramin.

Thalidomide.
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Posterior reversible encephalopathy
syndrome (PRES)

Anti-angiogenic agents (e.g. bevacizumab).

Antiretroviral (e.g. indinavir).

Chemotherapy (e.g. cisplatin, gemcitabine, methotrexate, vincristine).
Cocaine.

Immunosuppressive agents (e.g. tacrolimus, ciclosporin).

IV immunoglobulins:

« monoclonal antibodies (e.g. rituximab).

Seizures

AChEIs (e.g. donepezil, memantine, rivastigmine).

Antibacterials (e.g. cephalosporins, quinolones, fluoroquinolone).
Anticholinergics (e.g. tolterodine, oxybutynin, trihexyphenidyl).
Antifungals (e.g. amphotericin B).

Antiretrovirals (e.g. efavirenz, zidovudine).

Antivirals (e.g. aciclovir, ganciclovir).

Baclofen (withdrawal).

Benzodiazepines (withdrawal).

Chemotherapy (e.g. busulfan, cisplatin, methotrexate, vincristine).
Immunomodulators (e.g. ciclosporin, mycophenolate, prednisolone,
tacrolimus).

Isoniazid.

Methylphenidate.

Recreational (alcohol, cocaine, amphetamines).

Tics

Cocaine.

Tremor

Amiodarone.

Antidepressants.

Sodium valproate.

Sympathomimetics (e.g. bronchodilators, theophylline,
pseudoephedrine).
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A-Z index of
neurological drugs

Drug classes
Acetylcholinesterase
inhibitors 261
a2-adrenergic agonists 268
Anticholinergics 272
Antihistamines 277
Atypical antipsychotics 281
Benzodiazepines 287
Carbamazepine and related
antiepileptic drugs 294
Catechol-O-methyltransferase
inhibitors 300
Corticosteroids 304
Ergot-based dopamine
agonists 310

Individual drugs
3,4-diaminopyridine
(amifampridine) 372
Acetazolamide 375
Aciclovir 378
Alemtuzumab 381
Alteplase 384
Amantadine 388
Ammonium
tetrathiomolybdate 391
Apixaban 393
Aspirin 396
Azathioprine 399
Baclofen 402
Betahistine 408
B-interferon 410
Bevacizumab 413
Botulinum toxin A (and B) 416
Candesartan 420
Cannabinoids (Sativex®) 423
Capsaicin 426

Monoamine oxidase inhibitors 314

Non-ergot-based dopamine
agonists 318

Non-steroidal anti-inflammatory
drugs 323

Opioids 327

Phenytoin and fosphenytoin 332

Selective serotonin and noradrena-
line reuptake inhibitors 337

Statins 342

Tricyclic antidepressants 348

Triptans 354

Typical antipsychotics 362

Z-drugs 366

Carmustine implant 428
Clopidogrel 431
Cyclophosphamide 434
Dabigatran 437
Dantrolene 440
Desmopressin 443
Dexamfetamine (dexampheta-
mine) sulfate 446
Diclofenamide 449
Dimethyl fumarate 451
Dipyridamole
(modified-release) 453
Fampridine (4-aminopyridine) 456
Felbamate 459
Fingolimod 462
Fludrocortisone 465
Gabapentin (including gabapentin
enacarbil) 467
Glatiramer acetate 472
Glyceryl trinitrate 474
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Haem-like therapies 477 Pizotifen 561
Intravenous immunoglobulin 480 Pregabalin 563
Labetalol 483 Primidone 566
Lacosamide 486 Procarbazine 569
Lamotrigine 489 Propranolol 572
Levetiracetam 493 Quinine 575
Levodopa 496 Retigabine (ezogabine) 578
Lidocaine 500 Riluzole 581
Lomustine 503 Rituximab 583
Low-molecular-weight heparin, Rivaroxaban 586

e.g. tinzaparin 506 Rufinamide 588
Melatonin 508 Sodium oxybate
Memantine 511 (y-hydroxybutyrate) 591
Methotrexate 515 Temazepam 594
Methylphenidate 518 Temozolomide 596
Methysergide 521 Teriflunomide 599
Mexiletine 524 Tetrabenazine 602
Midodrine 526 Tiagabine 605
Mirabegron 529 Tizanidine 608
Mitoxantrone 532 Topiramate 611
Modafinil 534 Trientine dihydrochloride 615
Mycophenolate mofetil 537 Unfractionated heparin 617
Natalizumab 540 Valproate 619
Nimodipine 544 Verapamil 624
Paroxetine 546 Vigabatrin 627
Penicillamine 549 Vincristine 630
Perampanel 552 Warfarin 633
Phenobarbital 555 Zinc acetate 636

Piracetam 559 Zonisamide 639



ACETYLCHOLINESTERASE INHIBITORS

Acetylcholinesterase inhibitors

AChElIs, also known as cholinesterase inhibitors or anticholinesterases, are a
large group of drugs that bind to and inhibit cholinesterase, thereby elevat-
ing levels of acetylcholine within the synaptic cleft. Only reversible AChEls
are used therapeutically, as irreversible AChEls are highly toxic and used as
insecticides or in chemical warfare. Reversible AChEls are used in the symp-
tomatic management of NM] disorders and dementia, most commonly AD.

Three cholinesterase inhibitors are used for the treatment of NM]
pathology. These are edrophonium, neostigmine, and pyridostigmine.
Pyridostigmine is the most widely used AChElIs for this indication, as it has a
longer duration of action and superior side effect profile. Edrophonium and
neostigmine have shorter durations of activity. Edrophonium, in particular,
has such a short half-life that it is predominantly used as a diagnostic test for
MG (the Tensilon® test). Neostigmine is four times as potent as pyridostig-
mine and hence has more pronounced cholinergic side effects.

Reversible AChEIls which cross the blood-brain barrier include done-
pezil, galantamine, and rivastigmine. These medications are licensed for
use in the treatment of mild to moderate AD. They differ in terms of
their pharmacokinetics, their specificity for acetylcholinesterase, and their
affinity for acetylcholinesterase in different parts of the CNS. This may
contribute to differences in their efficacy and side effect profiles. The
advantages and disadvantages of different AChEls used in dementia are
given in Table A.1.

Table A.1 A comparison of AChElIs used in the treatment of dementia

Preparations Advantages Disadvantages
Donepezil Orodispersible Renal impairmentisnota  Potential for drug
and standard contraindication; beneficial  interactions by
tablet. Donepezil effects on behaviour; CYP450 enzyme
is also available as  orodispersible formulation inhibitors/
a solution aids compliance inducers
Galantamine  Oral solution, Prolonged-release versions  Cautionary
prolonged- allow od dosing. Least use in hepatic
release capsules  expensive treatment impairment and
and tablets,and  for AD potential for drug
standard tablets interactions by
CYP450 enzyme
inhibitors or
inducers
Rivastigmine  Capsules, oral Available as a patch, no May be
solution, and interaction with CYP450 associated
patch enzyme inhibitors/ with more

inducers, beneficial effects  gastrointestinal
on behavior, and licensed side effects than
in PDD (and DLB in UK) donepezil
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Mechanism of action

o NM]J disorders: reversible inhibition of cholinesterase serves to increase
synaptic concentrations of acetylcholine, potentiating the action of
acetylcholine on muscarinic and nicotinic AChRs. The former group

of receptors contribute to the side effect profile, and the latter to the
therapeutic effect.

Dementia: AChEls were initially developed on the basis of the
‘cholinergic hypothesis’, i.e. post-mortem studies of the brains of
patients with AD were found to be deficient in acetylcholine. In light of
increased knowledge of the pathology of AD, this is now felt to be an
oversimplification. AChEls are thought to exert their beneficial effects
in a number of ways, including activation of neurotrophic mechanisms,
modulation of amyloid plaque and neurofibrillary tangle synthesis, and
potential protection of the brain from glutamate-induced excitotoxicity.
In addition to anticholinesterase activity, donepezil independently
interacts with neuronal nicotinic AChR; rivastigmine forms temporary
covalent bonds with the AChR, and galantamine may enhance the
intrinsic action of acetylcholine on nicotinic receptors. The clinical
significance of these variations in activity profile is unclear.

Toxicity and side effects

Side effects shared by all cholinesterase inhibitors

e Common—gastrointestinal: abdominal cramps, diarrhoea,
dyspepsia, increased salivation, nausea, vomiting, and weight loss.
Urological: incontinence.

e Serious—cardiovascular: arrhythmias, bradycardia, heart block,
hypotension, and syncope.

Side effects shared by donepezil, galantamine, and rivastigmine

o Common—musculoskeletal: arthralgia and muscle cramps.

Neurological: dizziness, fatigue, headache, insomnia, and weakness.
Psychiatric: abnormal dreams, agitation, depression, and hallucinations.

o Serious—gastrointestinal: hepatitis and gastric/duodenal ulcers.
Haematological: anaemia and thrombocytopenia with galantamine.
Neurological: seizures and worsening of symptoms of PD. NMS has been
reported with donepezil and rivastigmine use.

Side effects shared by edrophonium, neostigmine, and pyridostigmine

e Serious—neurological: paralysis and weakness.

Respiratory: bronchoconstriction and increased bronchial secretions.

o Cholinergic crisis: with overdose, there is a risk of cholinergic crisis
developing as a result of a depolarizing neuromuscular blockade. This
can cause potentially lethal bulbar and respiratory muscle weakness. It
is important to distinguish this from a worsening myasthenic crisis, as
management is very different.

Contraindications

Contraindications shared by all acetylcholinesterase inhibitors

e Absolute: hypersensitivity to the individual drug or its excipients. AChEls
should not be given to patients with mechanical intestinal or urinary
obstruction.
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Relative: caution is advised in patients with asthma and chronic
obstructive pulmonary disease (COPD), co-morbid bradycardia,
arrhythmia, sick sinus syndrome, peptic ulcer disease, epilepsy, and
parkinsonism.

Contraindications shared by edrophonium, neostigmine, and pyridostigmine

Hyperthyroidism and recent coronary artery occlusion. In patients with
chronic kidney disease, elimination of AChEI may be prolonged; hence dose
reduction may be required. No dose alteration is required in hepatic failure.

Efficacy
Central acetylcholinesterase inhibitors for dementia
o Donepezil: a 2006 Cochrane review of donepezil use in AD (n = 5769,
from 24 RCTs) concluded that cognition, assessed with the ADAS-Cog
scale, improved with donepezil use at 24 weeks. For 5mg and 10mg doses,
there was an improvement of —2.01 points mean difference (95% ClI
—2.69 to —1.34; p <0.00001) and —2.80 points mean difference (95% CI
—3.74 to —2.10; p <0.0001), respectively, compared with placebo. The
study also concluded that there was a non-significant improvement of 1.84
points in the MMSE score at 52 weeks, when compared to placebo (95%
C10.53-3.15; p = 0.006). Studies suggest that there is marked inter-patient
variability in patients’ response to donepezil. However, there are as yet no
indicators to suggest the extent of response in individual patients.
Evidence from open-label extension trials of up to 3 years suggests
that the rate of cognitive decline in treated patients may be less than
that of untreated patients. In addition, donepezil has also been shown
to reduce non-cognitive features of AD, such as low mood, hallucina-
tions, and delusions, in mild to moderate disease. A trial of 10mg vs
23mg donepezil in patients with moderate-severe AD did not show a
significant difference in global functioning. Although post-hoc analyses
have suggested some benefit in more severe AD, for some of the rat-
ings scales used (see p. 267). Patients taking the higher dose developed
a higher incidence of dizziness and Gl side effects.
Galantamine: a 2014 meta-analysis of three placebo-controlled trials of
galantamine in patients with mild to moderate AD showed a pooled
weighted mean difference (WMD) in change between intervention
and placebo of —3.03 (95% Cl —3.66 to —2.41) and —3.2 points (95%
Cl —3.28 to —3.12) in the ADAS-Cog score at 24mg and 32mg doses of
galantamine, respectively. Current head-to-head trials have not shown
a difference between galantamine and donepezil. Adjusted indirect
comparison studies suggest that non-cognitive features, such as behaviour,
respond better to donepezil and rivastigmine than galantamine, and that,
in general, galantamine is less well tolerated than the other AChEls.
Rivastigmine: in 2009, the Cochrane collaboration systematically
reviewed the use of rivastigmine in mild to moderate AD. They
included nine double-blind, placebo-controlled, randomized trials of
4775 patients receiving 6—12mg of rivastigmine and showed a 2-point
improvement in cognitive function on the ADAS-cog score vs placebo
(WMD —1.99, 95% ClI —2.49 to —1.50; p <0.00001) on an intention-
to-treat basis at 26 weeks. A 2.2-point improvement in the activities of
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daily living, assessed on the Progressive Deterioration Scale, was also
seen (WMD —2.15, 95% Cl —3.16 to —1.13).

In severe AD, several randomized, placebo-controlled trials showed reduc-
tion in cognitive decline in moderately severe (Geriatric Depression Scale
(GDS) less than or equal to 5) AD. Mean change from baseline ADAS-
Cog scores was significantly improved in patients receiving 6—12mg/day
of rivastigmine (2.3, 95% Cl 0.09-3.84; p <0.001) and 1-4mg/day of
rivastigmine (—=1.2, 95% Cl —2.61 to 0.31; p <0.001) at 26 weeks in one
placebo-controlled trial of 159 patients.

A 2012 Cochrane review assessed the use of AChEls in PDD and
DLB (1236 participants in six randomized, placebo-controlled trials). An
improvement in cognitive function, as measured by MMSE scores, was
noted for PDD (mean difference 1.09, 95% CI 0.45-1.73; p = 0.0008), but
not for DLB. In PDD, cholinesterase inhibitors were also demonstrated to
have a positive effect on behavioural assessment and activities of daily liv-
ing, with no significant impact on Unified Parkinson’s Disease Rating Scale
(UPDRS) scores. The Cochrane review concluded that the effects in DLB
remained unclear.

Peripheral acetylcholinesterase inhibitors

for neuromuscular junction disorders

e Edrophonium: the edrophonium test for diagnosing MG is positive if a
substantial improvement in muscle power occurs in an objectively visible
muscle group, most commonly interpreted by resolution of ptosis. The
test has a sensitivity of 95% for generalized MG, although a variety of
neuromuscular disorders, such as LEMS, can yield a false-positive result.
Neostigmine: there have been no good-quality RCTs regarding the use
of neostigmine in MG, other than one small and inconclusive trial using
intranasal neostigmine in ten participants. Nonetheless, there is a wealth
of clinical observational experience which points to the efficacy of
neostigmine in treating MG. Its side effect profile and relatively short
duration of action means it is less widely employed than pyridostigmine
for this purpose.

Pyridostigmine: although there are no randomized, placebo-controlled
trials of the use of oral pyridostigmine in the treatment of MG, there is
a wealth of clinical observational evidence which points to its efficacy.
As such, guidelines state that pyridostigmine is the first-line treatment
for all forms of MG, with the caveat that patients with anti-MuSK
antibodies likely have a reduced benefit when compared to ACRA
positive patients.

Dosing and monitoring

Central acetylcholinesterase inhibitors for dementia

e Donepezil: start treatment at 5mg od at night. This can be increased to
10mg after 4-6 weeks. The 23mg dose (available in the USA, not UK)
can be administered to patients with severe AD, once patients have
been established on 10mg for at least 3 months.

e Galantamine: for oral solution and standard tablets, start treatment at
4mg bd, increasing to 8mg bd after 4 weeks. This can again be increased
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to 12mg bd after a further 4 weeks, depending on individual tolerability.
For extended-release preparations, start treatment at 8mg od dose,
taken in the morning with food. Increase to 16mg after 4 weeks and, if
tolerated, 24mg after a further 4 weeks.

e Rivastigmine: for oral rivastigmine, start treatment at 1.5mg bd. This can
be increased by 1.5mg/dose every 2 weeks to a maximum of é6mg bd.

For transdermal preparations, start treatment with a 4.6mg/24h
patch applied od and increasing to 9.5mg/24h patch after a minimum
of 4 weeks. If well tolerated and there is evidence of benefit, this can
be further increased to 13.3mg/24h after 6 months. When dosing is
omitted for >3 days, reinitiation at the lowest dose is recommended.

o Monitoring of central AChEls for dementia: activities of daily living,
behaviour, cognitive function, and mood should be monitored during
treatment.

Peripheral acetylcholinesterase inhibitors for neuromuscular junction disorders
e Edrophonium:

diagnosis of MG: a test dose of 2mg IV is administered over 15-30s.
If no reaction is noted after 60s, an 8mg bolus is given into a large IV
line, followed by a saline flush. If cannulation is unsuitable or unsafe,
10mg IM can be given as an alternative. Oral cholinesterase inhibitors
should be withheld for 24h prior to testing;

assessment of treatment adequacy of MG: a test dose of 2mg IV

is administered >1h after the last administration of the patient’s
usual pyridostigmine dose. If the patient has been over-treated

with pyridostigmine, administration of edrophonium will transiently
worsen symptoms; conversely, if the patient has been receiving
insufficient pyridostigmine, transient improvement in symptoms will
be seen;

monitoring: severe cholinergic reactions can result from the
administration of edrophonium, particularly in the form of life-
threatening bradycardia, arrhythmias, and hypotension. Cardiac
telemetry is advised. Resuscitation facilities, particularly IV atropine
(1-2mg) for urgent reversal of bradyarrythmia, should always be
available for diagnostic procedures involving edrophonium.

o Neostigmine: should be commenced at a dose of 15mg every 3—4h and
doubled every few days, according to response and side effects, up to a
maximum of 75-300mg total daily dose. In severe disease, neostigmine
can be given more frequently, usually in an inpatient setting.

Monitoring: clinicians should monitor for the development of
muscarinic side effects such as colic, hypersalivation, and diarrhoea.
These often limit the total daily dose patients can tolerate to
around 180mg.

e Pyridostigmine: start treatment at 30mg tds, doubling every few days,
according to response and side effects, up to a total daily dose of 1.2g
(UK) or 1.5g (USA). A typical regimen is 60-90mg every 4—6h during
the day.

Monitoring: clinicians prescribing pyridostigmine should monitor for
the development of gastrointestinal muscarinic side effects.
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Pharmacokinetics and interactions
Pharmacokinetics See Table A.2.

Interactions See Table A.3.

Table A.2 Pharmacokinetics of AChEls

Pyrido- Neo- Edro- Donepezil Galanta-  Riva-
stigmine  stigmine  phonium mine stigmine
Indication NM]J disorders Dementia
Admini- PO, IV IV, PO, SC IV, IM PO PO PO, TD
stration
Onset of 15min 1min 1-2min ~ NA NA NA
action
Duration 360min 20-30min  10min NA 3h NA
of action
Oral 10-20% 5% NA 100% 88% 36%
bioavail-
ability
T, (h) 1-2 1-2 NA 34 1 1 (PO)
8-16
.................................................................................................................... m
Affected Yes Yes NA No Yes Yes
by food
Protein 81% 15-25% NA 95% 18% 40%
binding
Cross BBB? No No No Yes Yes Yes
Metabolism Negligble Hepatic ~ Choline- CYP2D6/ CYP2D6/ Choline-
sterases  3A4 3A4 sterases
Excretion  Urine 80% Urine 50% 75% Urine Urine Urine
urine; 5% 57% 90% >90%
bile
Elimination 3—4h 77min 33— 70h 7h 1.5h
half-life 110min

BBB, blood-brain barrier; IM, intramuscular; IV, intravenous; NA, information not available; PO,
oral; TD, transdermal.
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Table A.3 Interactions of AChEls

Pharmacodynamic interactions

With aminoglycosides: effects of neostigmine and pyridostigmine antagonized.
With anticholinergics: diminished therapeutic effect.

With antipsychotics: enhanced neurotoxic effects, e.g. extrapyramidal
symptoms (particularly donepezil and rivastigmine).

With B-blockers and other negative chronotropic agents: risk of arrhythmia
and bradycardia.

With cholinergic agonists: enhanced toxicity.

With non-depolarizing neuromuscular blockers: AChEls reduce
neuromuscular-blocking effect.

With depolarizing neuromuscular blockers: AChEls enhance neuromuscular-
blocking effect.
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a2-adrenergic agonists

a2-adrenergic agonists are recognized as first-line agents for the treatment
of moderate to severe tics, due to their relatively mild safety profile, when
compared to antipsychotics. The latter, however, are regarded as the more
effective agents by experts. The newer agent guanfacine is presumed to be
better tolerated than clonidine; however, definitive comparative studies are
lacking. They have been shown to be particularly effective in patients with
co-morbid ADHD. Guanfacine is not widely available in European countries.

Uses

Off-licence uses
1. Clonidine: tics and TS.
2. Guanfacine: tics and TS.

Mechanism of action

Clonidine and guanfacine are centrally acting a2 receptor agonists. The a2-
adrenoceptor is autoinhibitory and therefore inhibits the firing of noradren-
ergic neurons in the CNS. Clonidine has non-specific activity at a2A, B, and
C receptors, as well as imidazoline receptors, while guanfacine preferen-
tially binds a2A receptors. Their action in the locus caeruleus is thought to
reduce sympathetic activity, resulting in their antihypertensive effect. Their
beneficial effects in the management of tic disorder are less clear, although
animal studies suggest that tic suppression and improved attention may be
the result of improved connectivity of prefrontal cortical networks.

Toxicity and side effects

e Common—cardiovascular: bradycardia. Dermatological: application site
reaction (transdermal clonidine). Gastrointestinal: anorexia, constipation,
decreased appetite, dry mouth, elevated LFTs (alanine aminotransferase
(ALT)), nausea, and vomiting. Musculoskeletal: weakness.

Neurological: dizziness, drowsiness, fatigue, and headache.
Serious—cardiovascular: arrhythmias, atrioventricular (AV) block,

cardiac failure, M, rebound hypertension, and tachycardia.
Dermatological: exfoliative dermatitis. Gastrointestinal: colonic pseudo-
obstruction. Neurological: convulsions and stroke. Ophthalmological: iritis.
Psychiatric: hallucinations and mania.

Contraindications

e Absolute: known hypersensitivity to the drug or its constituents.

o Relative: bradycardia due to second- or third-degree AV block. Use
with caution in patients with cardiovascular, cerebrovascular, or
peripheral vascular disease and Raynaud’s syndrome. Dose adjustment
is advised in severe hepatic or renal impairment for both agents. Use
the lowest effective dose, and assess for side effects which are more
likely in patients with renal and liver disease (bradycardia, sedation, and
hypotension).
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Uses in special populations

e Elderly: no specific dose alterations are routinely required. Caution
should be taken, as the elderly experience an age-related decline in renal
and hepatic function and may be more prone to cardiovascular side
effects.

Pregnancy: limited data are available for the safety of these agents in
pregnancy. Clonidine can cross the placenta and may lower fetal heart
rate. The use of these agents in pregnancy should only be considered, if
essential.

Lactation: clonidine is present in breast milk; it is not known if guanfacine
is too. The manufacturers advise avoidance in nursing mothers, as there
are insufficient data as to whether these agents are harmful to infants.

Efficacy

A meta-analysis of six RCTs found a2-agonists to be beneficial in treat-
ing tic disorders in children (SMD = 0.31, 95% Cl 0.15-0.48; p <0.001).
However, subgroup analysis identified greatest efficacy in children with con-
comitant ADHD, and minimal benefit in those without ADHD. Significant
publication bias is reported, based on funnel plot analysis. Correction for
this still resulted in moderate, yet still significant, efficacy (SMD = 0.18, 95%
C10.03-0.33). Comparative subgroup analysis showed no significant differ-
ence in efficacy between clonidine and guanfacine (p = 0.44). This may be
the result of a relative lack of guanfacine trials.

Dosing and monitoring

1. Clonidine: start treatment at 25-50 micrograms/day, and increase every
2-3days by 25-50 micrograms/day. The normal maintenance dose is
100-300 micrograms/day.

2. Guanfacine: start treatment with the standard-release preparation at
0.5mg od at night for 3 days, then increase to 0.5mg bd for 4 days,
and then to 0.5mg tds after a further week. This can be increased, as
required, to 0.75-3mg/day in three divided doses.

Routine monitoring Consider ECG at baseline if risks factors or known car-
diovascular disease. Treatment should be withdrawn gradually, due to the
risk of rebound hypertensive crisis.

Pharmacokinetics and interactions

Pharmacokinetics See Table A.4.

Interactions See Table A.5.
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Table A.4 Pharmacokinetics of a2-adrenergic agonists

Clonidine Guanfacine
Main routes of PO/TD PO
administration
Bioavailability 70-80% (TD: 60%) 80-100%
Tm“ ................................... o .. ! e
Protein binding 30-40% ea%
Metabollsm .................. Hepaticu Hepatic, mainly CYP3A4
Pharmacologically ~ No N
active metabolites
Elminadon hatife 12161 e

Urine, mainly as uachanged :
drug (70%), faeces (20%)

Excretion

Urine ~50% as unchanged
drug

NA, information not available; PO, oral; TD, transdermal.

Table A.5 Interactions of a2-adrenergic agonists

Medications which alter
plasma levels

Pharmacodynamic interactions

Guanfacine

(clonidine none):

levels decreased: CYP3A4
inducers, e.g.
carbamazepine,
phenytoin, and St

John’s wort

levels increased: CYP3A4
inhibitors, e.g.
clarithromycin and
fluoxetine

With antihypertensives: increased

hypotensive effect

With B-blockers and TCAs: risk of rebound
hypertension on withdrawal—will need to be
withdrawn slowly, if used together

With B-blockers, calcium channel blockers, cardiac
glycosides: may increase the risk of AV block
Clonidine (not guanfacine) with
methylphenidate: some reports have suggested
an increased risk of death with this combination,
although causality has not been established
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Anticholinergics

Anticholinergics act to inhibit the action of acetylcholine at nicotinic and
muscarinic adrenergic receptors. Their main uses in neurology are as
antimuscarinic agents in the treatment of PD tremor, other movement
disorders (such as dystonia), and OAB associated with several neurologi-
cal conditions such as MS. There are a large number of different antimus-
carinics in clinical use which differ, depending on their muscarinic receptor
selectivity and their ability to cross the blood—brain barrier. Only the drugs
commonly used in the management of movement disorders and OAB syn-
drome are discussed further.

Anticholinergics were the first pharmacological agents used in the treatment
of PD. In modern practice, they are usually used as adjuncts to levodopa, par-
ticularly in the treatment of tremor. Trihexyphenidyl is the most commonly
used anticholinergic for treatment of PD in the UK, although clinically significant
differences in efficacy and tolerability have not been established through clinical
trials to help guide drug choice. The most commonly used agents benztropine,
orphenadrine, procyclidine, and trihexyphenidyl have less peripheral effects
than other antimuscarinics, but CNS side effects, both neuropsychiatric and
cognitive, can limit their use in the elderly.

An increasing number of antimuscarinics are used in the management
of OAB; the commonest antimuscarinics in use for this indication are oxy-
butynin, solifenacin, and tolterodine, and are mentioned in further detail in
later text and compared further in Chapter 17, Uro-neurology. These are
first-line medical agents for OAB. They can significantly improve a patient’s
quality of life and are generally safe and well tolerated. Side effects are often
predictable and dose-dependent.

Uses
Licensed uses

In the UK
e Parkinsonism:

1. benztropine is not available in the UK;

2. orphenadrine is licensed for the treatment of all forms of parkinson-
ism, including drug-induced extrapyramidal side effects in individuals
aged 18 years and older;

3. procyclidine is licensed for use in the management of all forms of
parkinsonism in individuals aged 18 years and older.

In the USA
e Parkinsonism:
1. benztropine is licensed for use as an adjunct in the treatment of all
forms of parkinsonism in individuals aged 18 years and older.
e Drug-induced extrapyramidal disorder:
1. benztropine is used for the control of acute and chronic extrapyrami-
dal symptoms in individuals aged 18 and older.
o Muscle spasm:
1. orphenadrine is licensed for the treatment of painful musculoskeletal
conditions, as an adjunct to rest and physical therapy, in individuals
aged 18 years and older.
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In the UK/USA
e Parkinsonism and drug-induced extrapyramidal disorder:

1. procyclidine is licensed for the management of extrapyramidal
symptoms induced by neuroleptic drugs in individuals aged 18 years
and older;

2. trihexyphenidyl is licensed in the treatment of extrapyramidal disor-
ders due to neuroleptic drugs in individuals aged 18 years and older.

Off-licence uses

e Dystonia (generalized or as an adjunct to botulinum toxin in focal
forms), ET, and Holmes’ tremor.

e DRD.

Mechanism of action

o PD: with the loss of inhibitory dopaminergic drive in PD, there is excess
excitatory cholinergic activity within the striatum. Anticholinergics in PD
and other extrapyramidal movement disorders are thought to rebalance
the cholinergic and dopaminergic activity of the striatum, thereby
improving extrapyramidal symptoms.

o OAB: muscarinic antagonists act through inhibition of types 2 and 3
muscarinic receptors to relax detrusor muscle.

Toxicity and side effects

e Common—cardiovascular: hypotension and tachycardia.
Gastrointestinal: constipation, decreased gastric motility, dry mouth,
nausea, and vomiting. Dermatological: rash. Endocrine: decreased
sweating. Neurological: dizziness and memory impairment.
Ophthalmological: blurred vision, diplopia, dry eyes, and mydriasis.
Psychiatric: agitation, confusion, euphoria, and hallucinations.
Respiratory: reduced bronchial secretions. Urological: prostatism and
urinary retention.

e Serious—cardiovascular: angina. Ophthalmological: angle-closure glaucoma.

Contraindications

e Absolute: hypersensitivity to drug and closed-angle glaucoma.

o Relative: gastrointestinal obstruction, prostatism, tachycardia, and
cognitive impairment. May exacerbate tardive dyskinesia and MG. As
anticholinergics are metabolized by the liver and excreted in the urine,
caution is advised in liver and renal impairment; however, no dose
alteration is routinely recommended.

Uses in special populations

o Elderly: the elderly are more susceptible to cognitive and psychiatric side
effects of anticholinergics, which may preclude their use in this group of
patients.

Pregnancy: safety in pregnancy has not been studied. There are case

reports of the safe use of trihexyphenidyl in pregnancy, but there has been
reproductive toxicity in animal studies of antimuscarinics used for OAB;
hence the manufacturer advises against use in pregnancy, where possible.
Lactation: excretion into breast milk is not known for most
anticholinergics. Use with caution.



274

cHAPTER 19 A-Z index of neurological drugs

Efficacy

OAB: meta-analyses have demonstrated there are no major differences
in efficacy between the different agents, and they share a similar side
effect profile, which includes effects such as dry mouth and cognitive
impairment. Individual variations relate to their muscarinic receptor
selectivity, pharmacokinetics, and metabolism. Eighty-five per cent of
patients who have failed dosage-escalated monotherapy were shown
to benefit from combined high-dosage antimuscarinic medications.
Combination ISC and antimuscarinic agents may provide greatest
benefit.

A Cochrane systematic review of anticholinergics for the treatment
of MS-related urinary symptoms identified 33 articles, of which three
were of sufficient quality to be appraised. Based on these trials, they
conclude that anticholinergic use could not be advocated for the treat-
ment of MS-related urinary symptoms. However, this conclusion is
likely the result of a lack of high-quality research in this area, and these
agents remain commonly used in MS. A high rate of adverse events was
noted by the review, with one in five trial patients withdrawing because
of them.

PD: a Cochrane review of anticholinergic drug treatments, including
benzhexol/benztropine and orphenadrine, in PD was published in 2009.
Eight of the nine studies included showed significant improvements in
motor symptoms from baseline. The largest cause of patient withdrawal
from trials was neuropsychiatric side effects. The MDS evidence-

based review concluded anticholinergics were ‘likely efficacious’ as
symptomatic monotherapy and as an adjunct to levodopa. In the

UK, NICE guidelines suggest anticholinergics should only be used as
monotherapy in young-onset PD or in patients with severe tremor, and
should not be the first choice outside of these cases due to a lack of
evidence for their efficacy and a propensity for neuropsychiatric side
effects.

Trihexyphenidyl (benzhexol)

Dystonia: trihexyphenidyl is the only anticholinergic assessed in a double-
blind trial (n = 31, 32 years or younger) for the treatment of dystonia
(torsion dystonia). Seventy per cent had a clinically significant response,
with sustained benefit noted in 42% after a mean follow-up of 2.4 years.
Parkinsonism: there are minimal robust efficacy data for the use of
trihexyphenidyl in PD. A 6-month randomized, double-blind study (n =
30) with either levodopa alone or in combination with trihexyphenidyl
concluded there was no additional benefit to combination treatment.
However, methodological flaws in trial design cast doubt on the validity
of this result.

Benztropine

Parkinsonism: there is limited evidence from small trials suggesting
benztropine is effective in the management of PD. One randomized,
double-blind, placebo-controlled, cross-over study (n = 29) found
benztropine used as an adjunct in patients on levodopa significantly
improved activities of daily living, rigidity, speed of walking, and
movement of upper extremities. A further non-randomized,
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double-blind, cross-over trial (n = 22) comparing benztropine (mean
dose 3g/day) and clozapine for tremor in PD found both agents to be
equally effective, with a 30% reduction in tremor.

Orphenadrine

e Parkinsonism: a randomized, double-blind, cross-over study of
orphenadrine (titrated to 300mg/day) vs placebo (n = 16) found
significant benefits in balance, posture, walking, rigidity, household tasks,
and total physical signs and disabilities (p <0.05). These were rated on
the author’s own 4-point scale. No significant improvement in tremor
was noted.

Procyclidine

e Parkinsonism: there are minimal robust trial data for the efficacy
of procyclidine in parkinsonism. A 2-month non-randomized trial
that investigated the use of procyclidine as an adjunct to other
antiparkinsonian medication in patients with parkinsonism (n =
70) showed improvement in tremor (40%), rigidity (53%), akinesia
(42%), gait (44%), and sialorrhoea (58%).

Dosing and monitoring

Trihexyphenidyl (benzhexol)

o Parkinsonism: start treatment at 1mg, and increase every 4—7 days by
2mg until maximal symptomatic relief and tolerability. The total daily
dose can be divided over the day (tds to qds) and should be given
before or after meals. In PD, a dose of 6~10mg/day is usually adequate.
Post-encephalitic parkinsonism may require up to 15mg/day. Up to half
of patients may initially experience minor side effects that will resolve,
as they develop tolerance, although, in some cases, this will preclude
continued use or dose escalation.

Dystonia and ET: start at 1mg daily, and increase by 1mg every 4—7 days
to reach 1mg tds. Then increase by 1mg every 4—7 days to reach a usual
maintenance dose of 2—4mg tds. Stop dose escalation if side effects
occur, and consider restarting after 1-2 weeks.

Benztropine

o Parkinsonism: start treatment at 0.5mg/day. Increase every 5-6 days
by 0.5mg to achieve maximal symptomatic relief. This can be given
once at night or in 2—4 divided doses throughout the day. The usual
maintenance dose is 1-2mg/day. Maximum daily dose is 6mg. Higher
doses are often required for drug-induced extrapyramidal disorders.

o Acute dystonic reactions: 1-2mg IV/IM every 8—12h. Switch to PO after
management of acute reaction, and withdraw after 1-2 weeks to assess
the need for continued therapy.

Orphenadrine

o Parkinsonism: start treatment at 150mg daily in divided doses. Increase
gradually in steps of 50mg every 2-3 days, according to response. The
usual maintenance dose range is 150-300mg daily in divided doses. The
maximum dose is 400mg/day.
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Procyclidine

o Parkinsonism: 2.5mg tds, increased gradually in steps of 2.5-5mg daily
every 2-3 days, if necessary. Maximum 30mg/day in 2—4 divided doses
(60mg daily in exceptional circumstances).

e Acute dystonic reactions: 5-10mg IM/IV, usually effective in 5-10min but
may need 30min for relief.

Routine monitoring No routine monitoring is required.
Drugs used in the management of OAB.
Pharmacokinetics and interactions
Pharmacokinetics See Table A.6.

Interactions See Table A.7.

Table A.6 Pharmacokinetics of anticholinergics

Benz-  Orphena- Pro- Trihexy- Oxy-  Soli-  Toltero-

tropine drine cyclidine phenidyl butynin fenacin dine
Indication Extrapyramidal disorders OAB
Main routes PO/IV/ PO/IV/IM PO IM/ PO PO PO PO
of admini-  IM \%
stration
Oral NA 90% 75% 100% 10% 90% 77%
bioavail-
ability
L. 7h 2h 1h 2-3h 1h 1-2h  1-3h
Protein NA 95% 100% NA 93% 98% 96%
binding
Metabolism Hepatic Hepatic ~ Hepatic NA
Elimination NA 13-20h  12h NA

half-life
Elimination
routes

and and
faeces faeces

IM, intramuscular; IV, intravenous; NA, information not available; PO, oral.

Table A.7 Interactions of anticholinergics

Pharmacodynamic interactions

With AChEls, e.g. donepezil, galantamine, and rivastigmine: may reduce the
anticholinergic effects
With other anticholinergics: may increase risk of anticholinergic side effects

With sublingual tablets, e.g. nitrates: may reduce absorption due to failure to
dissolve in dry mouth

With drugs that prolong QT interval, e.g. erythromycin: may prolong QT interval
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Antihistamines

The antihistamines are a large group of drugs commonly used in the
management of vertigo and nausea associated with vestibular disorders.
The agents most commonly used for vertigo in the UK are cinnarizine
and cyclizine. In the USA, cyclizine, diphenhydramine, and meclizine are
favoured. Diphenhydramine is often used in combination with a weak theo-
phylline to form dimenhydrinate. Theophylline is a weak stimulant and is
used to counteract sedative side effects.

All of these drugs are antagonists at the H1 receptor, the majority also
having strong anticholinergic activity which probably contributes to their
therapeutic activity, as well as their side effect profile. Their main differ-
ences arise from their pharmacological structure and pharmacokinetic pro-
files (see further text). Betahistine is a histamine-like agent commonly used
in the management of Méniére’s disease in Europe. Its dominant actions are
H1 receptor agonism and H3 receptor antagonism; hence it is discussed
separately in its own monograph (see Betahistine, pp. 408-9).

The dominant side effect of these agents is sedation, and patients should
be warned of this and advised to avoid the use of heavy machinery while on
treatment. Unlike the newer second-generation antihistamines, the older
agents used in the treatment of vertigo cross the blood—brain barrier and
interact with histaminergic pathways involved in sleep and alertness, so
causing sedation. This central action is thought to be important for anti-
vertigo efficacy, as the beneficial effects are not routinely seen in the newer
less sedating agents. Use is typically restricted to 24-48h, depending on the
extent and duration of symptomes, as there are concerns that the vestibular
suppressive effect of these medications may prevent the natural process of
vestibular compensation, thereby prolonging symptoms.

Uses
Licensed uses

In the UK
o Vertigo:

1. cinnarizine is licensed for the treatment of vestibular disorders,
including vertigo, tinnitus, nausea, and vomiting, in individuals aged
5 years and older;

2. cyclizine is licensed for the treatment of vomiting and attacks of ver-
tigo in disorders of vestibular disturbance in individuals aged 6 years
and older;

3. dimenhydrinate is not licensed for use in the UK;

4. diphenhydramine is not licensed for the treatment of vertigo in
the UK;

5. meclizine is not licensed for use in the UK.

In the USA
o Vertigo:
1. cinnarizine is not licensed for use in the USA;
2. cyclizine is licensed for the treatment of vertigo associated with
motion sickness in individuals aged 6 years and older;
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3. dimenhydrinate is licensed for the treatment of nausea, vomiting, and
vertigo associated with motion sickness in individuals aged 2 years
and older;

4. diphenhydramine is licensed for nausea, vomiting, and vertigo associ-
ated with motion sickness in individuals aged over 1 month;

5. meclizine is licensed for the treatment of vertigo associated with
diseases affecting the vestibular system in individuals aged 12 years
and older.

Off-licence uses
e Migraine-associated vertigo and vertigo of vestibular origin.

Mechanism of action

Cinnarizine, cyclizine, diphenhydramine, and meclizine are all H1 receptor
antagonists and are believed to reduce the symptoms of vertigo by blocking
the effects of histamine on smooth muscle in the hair cells of the vestibular
canal, thereby rendering the organs less sensitive. Some of their beneficial
effects may also be mediated by central anticholinergic and antihistaminer-
gic activity. Cinnarizine may additionally act as an L-type calcium channel
blocker and a pressure-sensitive potassium channel blocker, thereby inhib-
iting the release of neurotransmitters at synaptic terminals supplying the
vestibular organs and minimizing vertigo.

Toxicity and side effects

o Common—gastrointestinal: dry mouth, dyspepsia, and nausea.
Neurological: drowsiness and headache. Ophthalmological: blurred vision.
Serious—cardiovascular: arrhythmias, hypotension, and QT prolongation.
Gastrointestinal: hepatic dysfunction. Haematological: agranulocytosis.
Immunological: anaphylaxis, angio-oedema, bronchospasm, and lupus-
like skin reactions. Neurological: convulsions and extrapyramidal effects,
including psychomotor impairment. Ophthalmological: angle-closure
glaucoma.

Contraindications

e Absolute: hypersensitivity to the individual antihistamine or its excipients.
All antihistamines mentioned in this section should be avoided in
porphyria.

e Relative: use with caution in patients susceptible to angle-closure
glaucoma and in patients who suffer from epilepsy, obstructive disease
of the gastrointestinal tract, parkinsonism, prostatic hypertrophy, or
urinary retention.

No specific studies have been performed in patients with hepatic and renal
dysfunction; hence antihistamines should be used with caution in these
groups and avoided in patients with moderate to severe hepatic impair-
ment, as they may precipitate coma.
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Uses in special populations

o Elderly: dosing is typically the same as adult doses; however, the elderly
are more prone to sedative and anticholinergic side effects.

Pregnancy: animal studies have not shown teratogenicity. However,
there have been no controlled studies in humans; hence as a precaution,
manufacturers advise avoidance of antihistamines in pregnancy, where
possible.

Lactation: for many of the antihistamines, it is not known whether they
are excreted into breast milk; hence, as a precaution, the manufacturers
advise avoidance, where possible, by nursing mothers.

Efficacy

Evidence for efficacy of most antihistamines comes from small early studies
demonstrating good effect in reducing the severity and frequency of vertigo
attacks. Rationale for use is based on these studies and expert consensus.
There is no conclusive evidence that any one antihistamine is more effec-
tive than another in the management of vertigo. There is some evidence
that combining two antihistamines, specifically dimenhydrinate and cinnar-
izine, may be more effective than either agent alone; one RCT investigating
acute unilateral vestibular loss found that combination treatment with 20mg
cinnarizine and 40mg dimenhydrinate was significantly more effective than
either agent alone (p <0.001) after 1 and 4 weeks of treatment. Within
the context of Méniére’s disease, one small, non-randomized trial of 37
patients concluded that betahistine was more effective than cinnarizine for
the relief of vertigo at 4 weeks. Further larger and better-quality studies are
needed to corroborate these findings.

Dosing and monitoring

e Cinnarizine: 30mg up to tds.

e Cyclizine: 50mg up to tds.

e Diphenhydramine: 25-50mg every 6h. Up to 100mg can be given qds, if
required.

e Dimenhydrinate: 50-100mg up to qds. Maximum daily dose is 400mg.

o Meclizine: treatment is 25-100mg/day in divided doses.

Routine monitoring None is required.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.8.

Interactions See Table A.9.
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Table A.8 Pharmacokinetics of antihistamines

Cinnarizine Cyclizine Diphenhydramine Meclizine
Main routes of PO IV/IM/PO/SC  PO/IM/IV PO
administration
Oral Highly ~50% 40-60% NA
bioavailability variable
L. .
Protein binding  91%
Metabolism Hepatic: Hepatic: Hepatic:
CYP2D6 demethylation CYP2D6
Elimination 3-6h ~14h Sh 5-6h
half-life
Elimination 1/3 urine;  Urine as Urine as Urine and
2/3 stool metabolites metabolites faeces—
exact
proportion
not known

NA, information not available.

Table A.9 Interactions of antihistamines

Pharmacodynamic interactions

With alcohol and other CNS depressants: increased risk of sedation
With betahistine and histamine: antagonism (theoretical in the case of
betahistine) of effects of these drugs

With monoamine oxidase inhibitors (MAOlIs) and TCAs: increased risk of
anticholinergic and sedative side effects
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Atypical antipsychotics

The atypical antipsychotics (risperidone, olanzapine, quetiapine, clozapine, and
aripiprazole) are associated with a reduced rate of tardive dyskinesia, com-
pared with their typical predecessors. For this reason, they are now favoured
for the treatment of several neurological conditions. Risperidone, olanzapine,
and aripiprazole has largely replaced the use of haloperidol and pimozide in
the management of tic disorders; quetiapine and clozapine are widely used
in the treatment of PD psychosis and olanzapine; risperidone and sulpiride
can be used second-line in the management of chorea. Although having an
improved neurological side effect profile, atypical antipsychotics carry a signifi-
cant risk of metabolic syndrome, as characterized by obesity, insulin resistance,
hypertension, and dyslipidaemia, parameters which require regular monitoring
and management. Clozapine, although a very effective drug for PD psychosis,
is associated with agranulocytosis, which requires registration to a clozapine
monitoring service and regular monitoring of FBC.

Uses
Licensed uses

In the UK
e PD.
1. Clozapine is licensed for the treatment of psychotic disorders aris-
ing in PD where standard therapies have failed in individuals aged
18 years and older.

Off-licence uses

1. Aripiprazole: tics and TS.

2. Clozapine: chorea and dystonia.

3. Risperidone: chorea, tics, and TS.

4. Quetiapine: psychosis present in PD and DLB.

Mechanism of action

Their action is primarily through inhibition of dopaminergic receptors.
Compared to typical antipsychotics, they are associated with a reduced inci-
dence of extrapyramidal side effects, which may be the result of their additional
affinity for serotonergic receptors. The wider receptor profiles of each agent
are highlighted in Table A.10 and can be used to predict likely side effects.

Table A.10 Relative receptor affinities of atypical antipsychotics

Drug D1 D2 D3 D4 S5HT1 5HT2 S5HT2A ot a2  ACh H1
Aripiprazole  + ++++ 7 ? ++ ? +++ - o ++ o
Clozapine  + 4+ 7+ 4 i TR PRI
Olanzapine  ++ +4+ + + = 4+ 44 44t o+ 4 ded
Risperidone  +  +++ 1 4+ 4 = dhd ed ks
Quetiapine + P + - - + et dbdndh db _ e+

++++, very high; +++, high; ++, moderate; +, low; 2, unknown.

Adapted from CNS Spectrums, 10(510), Fernando Cafas, Mechanisms of Action of Atypical
Antipsychotics, pp. 5-11, Copyright (2005), with permission from Cambridge University Press.
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Toxicity and side effects

Common—cardiovascular: peripheral oedema and tachycardia.
Gastrointestinal: abdominal pain, appetite increased, constipation,
drooling, elevated liver enzymes, nausea, vomiting, and weight gain.
Neurological: akathisia, anxiety, dizziness, fatigue, headache, insomnia,
sedation, and somnolence.

Serious—cardiovascular: arrhythmia, AV block, cardiac arrest, chest
pain, and ischaemic heart disease. Gastrointestinal: aspiration,

hepatic failure, hypercholesterolaemia, intestinal obstruction,

and pancreatitis; haematological: agranulocytosis and thrombotic
thrombocytopenic purpura. Neurological: akinesia, NMS, seizures,
stroke, and tardive dyskinesia. Ophthalmological: angle-closure glaucoma.
Psychiatric: depression, homicidal ideation, intentional injury.

In addition, with clozapine:

serious—cardiovascular: cardiomyopathy, myocarditis, and QT
prolongation. Haematological: agranulocytosis (rare—0.38% in one
cohort, not dose-dependent).

Contraindications

Absolute: hypersensitivity to drug or its excipients.

Relative: use with caution in patients with epilepsy, predisposition to long
QT syndrome, cardiovascular disease, cerebrovascular disease, or other
conditions predisposing to hypotension.

1. Aripiprazole: pathological gambling has also been associated with
aripiprazole use, so use with caution in patients with a prior history
of gambling. No dosage adjustment in renal or mild to moderate
hepatic impairment. Use with caution in severe impairment.

2. Clozapine: due to anticholinergic effects, caution should be taken
with those with prostatic hypertrophy and susceptibility to angle-
closure glaucoma. No dosage adjustment in mild to moderate renal
impairment or mild hepatic impairment.

3. Risperidone: patients with impaired hepatic or renal function should
have their doses halved, and uptitration should occur cautiously with
minimal increments in doses.

4. Quetiapine: no dose alteration in renal dysfunction. In hepatic impair-
ment, start at a lower dose, due to extensive liver metabolism.
Immediate-release: 25mg daily; increase dose by 25-50mg daily to
effective dose. Extended-release: 50mg od; increase dose by 50mg/
day, as tolerated.

Uses in special populations

Elderly: no dosage alteration is routinely recommended; however,

the elderly are more prone to orthostatic hypotension, and trials of
antipsychotics in elderly patients with dementia have suggested that
there is an increased incidence of cerebrovascular events.

Pregnancy: adverse events have been noted in animal studies;
however, teratogenicity has not been identified so far in limited human
data. Neonates born to mothers taking antipsychotics may exhibit
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extrapyramidal signs or withdrawal signs. Atypical antipsychotics should
only be used in pregnancy if the benefits outweigh the risks.

Lactation: all of the atypical antipsychotics mentioned are excreted

in breast milk; the manufacturers recommend avoidance by nursing
mothers.

Efficacy

1. Aripiprazole: a 10-week multicentre, double-blind, randomized,
placebo-controlled trial (n = 61) of aripiprazole in children and
adolescents with TS found that there was a significant reduction in
Yale Global Tic Severity Scale (YGTSS), compared to placebo (—15.0
vs —9.6, respectively; p = 0.0196). A further RCT (n = 60) comparing
aripiprazole with risperidone over 2 months of treatment suggested
there was little difference in improvement of YGTSS and health-related
quality of life scores between medications, although risperidone was
found to improve patient social functioning more than aripiprazole.

2. Clozapine: has been shown in several double-blind RCTs to be effective
in the treatment of PD psychosis. The first study to demonstrate its
effectiveness reported that the Clinical Global Impression score (a
score of symptom severity in disorders of mental health) improved
by 1.8, compared to 0.6 in the placebo group (p = 0.001). It was well
tolerated at 6.25-50mg/day (doses used in schizophrenia being far
higher at 300-800mg/day). Both this study and a further European
RCT have suggested that the symptoms of parkinsonism were not
worsened at these doses; in fact, tremor may improve with treatment.
The recent MDS review classed it as efficacious and that the associated
risks are acceptable so long as treatment is carefully monitored.

3. Risperidone: is the best studied atypical antipsychotic for treatment of
tics and TS. Efficacy vs placebo has been demonstrated in two RCTs of
both children and adults with mean daily doses of about 2.5mg (range
1-6mg/day). In two randomized, double-blind, cross-over studies, it
was at least equally effective and possibly slightly more effective than
pimozide. Risperidone may also be beneficial for coexistent aggressive
behaviour and obsessive—compulsive symptoms. A survey of expert
opinion, published within the European guidelines for treatment of TS,
highlights risperidone as the first-line treatment of choice for tics in
children and adolescents. However, due to the wider side effect profile
of antipsychotics, a2-adrenergic agonists are often used first-line in
patients with moderate-severity tics.

4. Quetiapine: has been studied in several trials (open-label and double-
blind, placebo-controlled trials) with conflicting results. Open-label
studies showed it to be ineffective but well tolerated, without motor
worsening. Small, low-quality double-blind trials have suggested it
may be effective. Expert consensus suggests it is useful in treating
PD psychosis when used at low doses; it only carries limited risk of
motor worsening, and its side effect profile is significantly better than
clozapine, and hence it is often used first-line for this indication.
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Dosing and monitoring

1. Aripiprazole: start treatment at 2.5mg; this can be increased by 1.25—
2.5mg in 1-week intervals, as required/tolerated, to a maximum daily
dose of 30mg. The largest case series to date (n = 100) found great
variation in maintenance dose, with mean doses of 17.0 + 9.6mg.

2. Clozapine: start treatment at 6.25-12.5mg at night, and increase by
12.5mg no more than twice a week. The minimal effective dose is
usually 25-37.5mg/day. The maximum recommended dose is 50mg/
day, although rarely doses of 100mg/day in 1-2 divided doses
have been used. Once maintenance dose is reached, this should be
maintained for 2 weeks before PD medications are altered.

« Clozapine monitoring: all patients should be registered with a clozapine
monitoring service. An FBC should be taken at baseline, then
weekly for 18 weeks, and monthly thereafter, in view of the risk of
agranulocytosis. Stop the drug if absolute neutrophil count is <1.5 X
10°/L or WCC <3.0 X 10°/L.

Patients should be advised that, if they experience flu-like symptom:s,
arash, or a fever, which may indicate a low WCC or agranulocytosis,
they should stop the drug and seek urgent medical advice.

If stopping for a reason other than a serious or life-threatening side
effect, the dose should be tapered over 1-2 weeks, with 12.5mg inter-
val reductions. Monitor for rebound psychosis.

3. Risperidone: start treatment at 0.25mg od for 2 days, then increase to
0.5mg/day in two divided doses for 3 days, then 1g/day in two divided
doses for 3 days. Thereafter, increase in increments of 0.5mg/day
every 3—4 days, as required/tolerated, up to a usual maintenance dose
of 2.5mg/day. The maximum dose used in trials was 6mg/day.

4. Quetiapine: start treatment at 12.5-25mg at night. Increase every 1—

2 days, until symptoms improve. The usual effective dose is 75-200mg

in 2-3 divided doses. The maximum dose is 200mg/ day.

Routine monitoring Monitor body mass index (BMI), BP, FBC, glucose, and
thyroid, renal, and liver function, as well as lipid panels, on a regular basis.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.11.

Interactions See Table A.12.
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Table A.11 Pharmacokinetics of atypical antipsychotics

Aripiprazole  Clozapine Quetiapine Risperidone

Main routes of PO PO PO PO
admini X

Metabolism Hepatic Hepatic Hepatic Hepatic
CYP2D6, CYP1A2, CYP3A4 CYP2D6,
CYP3A4 CYP3A4 CYP3A4
Pharmacologically ~ Yes, dehydro- Yes, Yes, N-desalkyl- Yes, 9-
active metabolites  aripiprazole  norclozapine quetiapine hydroxy-
risperidone
Elimination half-life ~ 75h 8-12h 3h 3h
Excretion Urine (27%),  Urine (50%), Urine (73%), Urine (70%),

faeces (60%) faeces (30%) faeces (21%) faeces (14%)

PO, oral.

Table A.12 Interactions of atypical antipsychotics

Medications which alter atypical ~ Pharmacodynamic interactions
antipsychotic plasma levels

Levels increased: CYP3A4, With CNS depressants, e.g. alcohol: enhanced
CYP2D6, and CYP1A2 sedative effects

inhibitors With agents known to prolong QTc,

Levels decreased: CYP3A4, e.g. chlorpromazine and macrolide

CYP2Dé6, and CYP1A2 antibiotics: increased risk of ventricular
inducers arrythmia

(dependent on method With other antipsychotics (e.g. sulpiride): may
of metabolism; see increase the risk of antipsychotic toxicity
pharmacokinetics, Table A.11) With tetrabenazine: increased risk of

extrapyramidal side effects
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Benzodiazepines

Chlordiazepoxide was the first benzodiazepine to be synthesized in 1955,

shortl
range
sleep

y followed by diazepam in 1963. Benzodiazepines are used for a wide
of indications within neurology, including epilepsy, insomnia and other
disorders, spasticity, and movement disorders. While being highly

effective for the majority of these indications, the drawbacks of all ben-
zodiazepines are that they carry the risk of rebound seizures if withdrawn
too rapidly, sedative side effects are common, and they are all potential

drugs

of abuse.

Within the context of epilepsy, there are two main groups of benzodiaz-
epines. The first group, comprising diazepam, lorazepam, and midazolam,
is primarily used in the early management of status epilepticus. They are

highly

effective, and have a rapid onset of action and multiple routes of

administration. The second group includes clobazam and clonazepam,

drugs

more commonly used in the longer-term management of chronic

epilepsy, typically as an adjunct when first- and second-line treatments have

failed.

They are useful against a wide range of seizure types and can result in

dramatic seizure reduction in apparently refractory cases, or, in the case of
clobazam, when used short-term, to manage acute flares of seizure activ-
ity. However, a large proportion of patients will develop tolerance if used

in the

medium to long term. Temazepam is the final benzodiazepine to be

discussed in this book; unlike the aforementioned drugs, it has not found a

use in

epilepsy, but rather it is used for its sedative effects in the short-term

management of insomnia.

Uses
Licensed uses

In the
o Epil
1

UK
epsy:

. clobazam is licensed for the treatment of non-convulsive status epi-

lepticus and as intermittent adjunctive therapy in the treatment of
partial or generalized seizures in individuals over 3 years old;

. clonazepam is licensed for the treatment of generalized seizures,

including absence, clonic, myoclonic, tonic, and tonic—clonic types. It
is also licensed in the treatment of focal-onset seizures with or with-
out secondary generalization. As an |V infusion, it is licensed in the
treatment of status epilepticus. All of its licences are for individuals
of all ages;

. diazepam: the oral/rectal form is licensed for the treatment of epi-

leptic and febrile convulsions. The oral form is licensed as an adjunct
in certain types of epilepsy, e.g. myoclonus. The IV form is licensed
in the treatment of status epilepticus and febrile convulsions;

. lorazepam is licensed for the treatment of status epilepticus in its IV

form in individuals of all ages;

. midazolam: the oromucosal form is licensed for the treatment

of prolonged, acute, convulsive seizures in individuals aged from
3 months to <18 years of age.
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In the USA

Epilepsy:

1. clobazam is licensed for adjunctive therapy of LGS in patients 2 years
or older;

2. clonazepam is licensed for the treatment of akinetic, absence, and
myoclonic seizures, as well as LGS, in individuals of all ages;

3. diazepam: the rectal form is licensed for the treatment of refractory
epilepsy as an intermittent therapy to control bouts of increased sei-
zure frequency. The oral form is licensed for use as an adjunct in the
treatment of convulsive disorders. The IV form is licensed for use in
status epilepticus;

4. lorazepam is licensed for the treatment of status epilepticus in its IV
form in individuals of all ages;

5. midazolam is not licensed for the treatment of epilepsy in the USA.

Off-licence uses

1.

2.

Clobazam is used in the management of catamenial epilepsy and
withdrawal epilepsy.

Clonazepam is used in the management of ET, myoclonus (both cortical
and subcortical), nocturnal spasm, parasomnias (non-REM and RBD),
RLS, short-term relief of spasticity, and tic disorders.

. Lorazepam is used in the management of myoclonic seizures.

. Midazolam can be used as intermittent therapy to control acute
repetitive seizures and for the control of status epilepticus in adults.

Mechanism of action
The benzodiazepines share certain pharmacological properties. As a group,
they bind to ionotropic GABA-A ligand-gated chloride channel complexes,

p

otentiating the action of GABA by increasing transmembrane chloride

conductance. The resulting post-synaptic hyperpolarization inhibits the

p

ropagation of action potentials.
Certain benzodiazepine agents are used preferentially in epilepsy, and

others as anxiolytics or hypnotics, for two reasons:

1.

2.

differences in pharmacokinetic profile (determined, in large part, by the
varying degree to which a benzodiazepine is lipid-soluble);

individual benzodiazepines have varying activity at different GABA-A
receptor subunits; GABA-A channels are synthesized from a number
of different subunits, which are uniquely distributed throughout the
nervous system. Individual subunits have different clinical impacts. For
example, the a-1-GABA-A subunit mediates anticonvulsant activity and
some sedative side effects of benzodiazepine treatment, while the a-2-
GABA-A subunit is important in anxiolysis.

Toxicity and side effects

Common—gastrointestinal: anorexia, constipation, and dry mouth.
Neurological: fatigue and drowsiness are common and can sometimes
be severe—this is often minimized by smaller doses and giving the
medication at night, and confusion and ataxia can occur, particularly
in the elderly. Psychiatric: behavioural disturbances are also relatively
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common—aggression, depression, insomnia, and hyperactivity can
occur, particularly in the elderly.

Serious—cardiovascular: acute IV administration may result in
hypotension. Haematological: blood dyscrasias have rarely been
reported. Neurological: withdrawal syndrome following chronic use,
including rebound seizures, if suddenly stopped. Psychiatric: dependence,
tolerance, and withdrawal phenomena. Respiratory: rarely respiratory
depression and apnoea can occur.

Contraindications

o Absolute: individuals with a risk of respiratory depression,

including: acute pulmonary disease, obstructive sleep apnoea, marked
respiratory muscle weakness, and pre-existing respiratory depression.
They are also contraindicated in severe hepatic impairment.

Relative: pre-existing mood disorders, e.g. chronic psychosis, depression,
and obsessional/phobic disorders. A history of drug or alcohol abuse
and in those with muscular weakness, including MG. Smaller doses are
recommended in patients with renal impairment, as benzodiazepines are
renally excreted, and these individuals tend to be more sensitive to side
effects. Reduce the dose in mild to moderate hepatic impairment.

Uses in special populations

o Elderly: the elderly have an age-related deterioration in their renal

and hepatic function and benefit from lower dosing regimens. Co-
prescription of other medications is also more likely in the elderly, and
hence the risk of pharmacokinetic interactions is high.

Pregnancy: human studies have demonstrated teratogenic potential for
many of the benzodiazepines. Neonates are at risk of flaccidity and
withdrawal. Use in pregnancy involves weighing up the potential benefits
and side effects (see Antiepileptic drugs in young women, pp. 37-9).
Lactation: all of the benzodiazepines are present, to varying extent,

in mammalian breast milk. If used by nursing mothers, infants should
be monitored for potential side effects such as drowsiness and poor
interaction. They should be switched to alternative methods of feeding
if these are identified.

Efficacy

1. Clobazam: several RCTs have shown a 50% or greater reduction in
seizure frequency, compared to placebo, in 52-57% of patients treated
for refractory partial epilepsy. A 2008 Cochrane review concluded
that it may have most benefit in focal-onset seizures. Thirty per cent
of patients treated with clobazam never develop tolerance. One large
Canadian retrospective study found that, in up to 50% of patients,
clobazam can be used for 4 years or more prior to the development of
clinically significant tolerance.

2. Clonazepam: evidence for the use of clonazepam for any of its
indications are typically based on observational studies, and there is
little concrete evidence of efficacy in the form of RCTs. Many case
series and trials have noted high levels of dropout due to side effects,
predominantly ataxia, confusion, and sedation.
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Epilepsy: clonazepam is thought to be particularly effective in the

management of myoclonic seizures.

« ET: evidence is conflicting, with some studies suggesting no effect and
others minimal improvement in tremor.

« Myoclonus: strong conclusions cannot be drawn from studies;
however, expert opinion suggests clonazepam is probably effective.

« Parasomnias: the best practice guide for management of RBD (2010)
identified from 22 studies (predominantly case series) that 306 out
of 339 patients had a complete or partial response to treatment.
There is less evidence for use in non-REM parasomnias, although
some case series of patients with injurious sleepwalking and sleep
terrors showed that patients could have a sustained response to
clonazepam over a mean period of 3.5 years.

« RLS: clonazepam improves sleep quality but does not have an effect

on the core clinical symptoms of RLS. One small RCT (n = 6) found

significant improvement in RLS-related sleep efficiency (89% vs 73%

with placebo) with 1mg of clonazepam.

Spasticity: small observational studies from the 1970s and 1990s

suggest a beneficial clinical and electrophysiological effect in patients

with spasticity associated with cerebral palsy and MS.

. Diazepam/lorazepam: see Status epilepticus, pp. 41-5.
. Midazolam: for status epilepticus, evidence for use of midazolam is

predominantly extrapolated from children to the adult population.

A large meta-analysis of children and young adults (n = 774) established
that buccal midazolam was both more effective at terminating seizures
than rectal diazepam (RR 1.54, 95% CI 1.29-1.85) and could be
administered faster (mean difference in time to administration 2.46min).

Dosing and monitoring

1.

Clobazam: for the treatment of epilepsy, age >12 years—start
treatment at 5-10mg/day at night. This can be increased by 5mg/day
in weekly intervals. The normal maintenance dose is 20-30mg/day, as
either one dose at night or two divided doses with the larger dose at
night. The recommended maximum dose is 60mg/day.

. Clonazepam:

« epilepsy: Tmg at night for 4 days. This can be increased over 2—4
weeks to a maintenance dose of 4-8mg. Doses of >4mg/day
require bd dosing;

« ET/myoclonus/nocturnal spasms/spasticity: start treatment at 0.5mg

at bedtime. Doses can be increased cautiously in 0.5mg increments

every 3—4 days to a maximum of émg for ET and 4mg for nocturnal
spasms. If used as an adjunctive therapy in the treatment of spasticity
or in the management of myoclonus, much higher doses of 20mg/
day and 15mg/day in 3—4 divided doses has been used in case series

(few patients are able to tolerate doses this high);

status epilepticus (1V): Tmg given over 2min into a large vein. This can

be repeated up to three times in 3h;

« parasomnia: recommended doses are between 0.25mg and 2mg at
night prior to sleep. This has been increased to 3mg in case studies
of non-REM parasomnia and 4mg in case studies of RBD;

« RLS: 0.5-1mg at bedtime is the typical dose.
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3. Diazepam: within the context of epilepsy, diazepam is predominantly
used for status epilepticus where the need for rapid administration is
paramount. Oral dosing would mean that maximum plasma levels are
attained between 30 and 90min post-dose. Rectal solution (gels are
slower) reaches maximum plasma concentration at 10-60min. Hence
IV injection is first-line in status epilepticus, and rectal administration
used only if IV access is unavailable.

« |Vinjection in status epilepticus, age >12 years: 10mg (5mg/mL)
given over Tmin, and repeated once after 10min, as necessary.

« Rectal administration as solution in status epilepticus, age
>12 years: 10-20mg; repeat once after 10min, as required. Doses
limited to 10mg are recommended in the elderly.

4. Lorazepam: IV injection in the treatment of status epilepticus, age
>12 years—4mg by slow IV infusion, not exceeding 2mg/min. This can
be repeated once after 10min, if required. This should be into a large
vein to minimize local irritation and thrombophlebitis. In ongoing status,
PO or IV maintenance at 4mg, tds to qds, can be continued.

5. Midazolam: buccal administration for emergent status epilepticus, age
>18 years—10mg, repeated once at 10min, if required.

Therapeutic drug monitoring (rarely required with benzodiazepines)

1. Clobazam: optimum seizure control occurs at plasma clobazam levels of
0.03-0.30mg/L and N-desmethylclobazam levels of 0.3-3.0mg/L.

2. Clonazepam: optimum seizure control when used in monotherapy
occurs at plasma concentrations of 0.013—-0.070mg/L.

3. Diazepam: therapeutic drug monitoring is rarely necessary. Diazepam is
primarily intended for use in epilepsy acutely, and not as maintenance
therapy. For initial seizure control, plasma levels of ~550ng/mL are
recommended.

4. Lorazepam: therapeutic drug monitoring is rarely necessary. Lorazepam
is primarily intended for use in epilepsy acutely, and not as maintenance
therapy. If used as maintenance therapy, optimum seizure control
when used as monotherapy occurs at plasma concentrations of 20-30
micrograms/L.

5. Midazolam: therapeutic drug monitoring is rarely necessary. Midazolam
is primarily intended for use in epilepsy acutely, and not as a
maintenance therapy.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.13.

Interactions See Table A.14.

As a rule the benzodiazepines used in epilepsy undergo extensive hepatic
metabolism, are eliminated by the renal tract, and do not display autoinduc-
tion of liver enzymes.

Diazepam is rapidly and extensively metabolized in the liver to several
pharmacologically active metabolites: N-desmethyldiazepam, oxazepam,
and temazepam. Of these, N-desmethyldiazepam can accumulate to levels
far in excess of diazepam and contributes to much to the anticonvulsant
action of diazepam. Diazepam is circulated around the entero-hepatic sys-
tem, and, as a result, plasma levels can rise again 6-8h post-dose, as the
diazepam is reabsorbed.
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Table A.13 Pharmacokinetics of benzodiazepines

Cloba- Clona- Diazepam Lora- Midazolam Temazepam

zam zepam zepam
Main routes PO IV/PO  IV/PO/PR IV/PO  Buccal/IV/ PO
of admini- PO
stration
Oral >95% >80%  ~100% >90% 75% buccal, ~100%
bioavailability <50% oral
T o 1-3h  1-4h 30-90min  1.5-2h  0.5-1h 1h

PO, 10— PO, 25min
60min PR buccal

Protein 85% 86% 97-99% 90% 96-98% 75-95%
binding
Time to 2-7 2-10 6-11days ~3days NA 3 days
steady state days days
Distribution NA 30min 2-13min  <11min  4-19min 1-2h
half-life
Pharma- Yes, No Yes, strong No Yes, weak  No
cologically  strong
active
metabolites
Elimination ~ 10-30h 17-56h 28-54h" 8-24h  1.5-4h 3.5-18h
half-life

" Plasma concentrations reduce rapidly initially, with a plasma half-life of ~1h, due to redistribution
into adipose tissue.

1V, intravenous; NA, information not available; PO, oral; PR, per rectum.

Table A.14 Interactions of benzodiazepines

Medications which alter
benzodiazepine plasma
levels

Medications whose
plasma levels are altered
by benzodiazepines

Pharmacodynamic
interactions

Levels decreased:
cytochrome P450 inducers,
e.g. carbamazepine,
cimetidine, phenobarbital,
and primidone. Oestrogens
and progestogens may also
reduce temazepam plasma
concentrations

Levels increased:
cytochrome P450 inhibitors,
e.g. felbamate, ritonavir, and
stiripentol

Levels increased: the
benzodiazepines may
increase plasma levels

of carbamazepine,
phenytoin, primidone,
stiripentol, and valproate

With CNS depressants,
e.g. alcohol,
antihistamines,
antipsychotics, opioids,
and TCAEs: increased
sedative effects

With antihypertensives,
e.g. ACE inhibitors, a-
blockers, etc.: enhanced
hypotensive effects
With levodopa:
levodopa effects may be
antagonized
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Carbamazepine and related
antiepileptic drugs

Carbamazepine, eslicarbazepine acetate, and oxcarbazepine are most
commonly used in the management of focal epilepsy. Carbamazepine is
also used first-line in the treatment of trigeminal neuralgia and vestibular
paroxysmia, and second-line in the management of rare forms of TACs
(SUNCT). The use of carbamazepine is complicated, to some extent, by its
side effects and drug interaction profile, due, in part, to its active metabo-
lite carbamazepine-10,11-epoxide. Eslicarbazepine acetate and oxcarbaz-
epine are carbamazepine derivatives. Neither compound is metabolized
to carbamazepine-10,11-epoxide. This reduces the risk of liver toxicity
and haematological disorders, and means there is little involvement of the
cytochrome P450 enzyme system, and thus this decreases the level of auto-
induction and interaction with other AEDs. Hence eslicarbazepine acetate
and oxcarbazepine have similar actions to carbamazepine and can be used
to manage focal epilepsy, and RCTs of oxcarbazepine suggest trigeminal
neuralgia when carbamazepine is not tolerated.

Of note, eslicarbazepine acetate has the added benefit that it only
requires od dosing, while carbamazepine is the only medication in this
group that can be given as a suppository. None of these agents can be
given parenterally.

Uses
Licensed uses

In the UK/USA
1. Carbamazepine.

« Epilepsy: carbamazepine is licensed for the treatment of generalized
tonic—clonic and focal-onset seizures, with or without secondary
generalization, in individuals of all ages.

« Trigeminal neuralgia: carbamazepine is also licensed for the treatment
of trigeminal neuralgia in individuals of all ages.

2. Eslicarbazepine acetate.

« Epilepsy: eslicarbazepine acetate is licensed as an adjunct for the
treatment of focal-onset seizures, with or without secondary
generalization, in individuals aged 16 years and older.

3. Oxcarbazepine.

« Epilepsy: oxcarbazepine is licensed as a monotherapy (UK: age
6 years and older; USA: age 4 years and older) or an adjunct
(UK: age 6 years or older; USA: age 2 years and older) for the
treatment of focal-onset seizures, with or without secondary
generalization.

Off-licence uses
1. Carbamazepine: neuropathic pain, SUNCT, and vestibular paroxysmia.
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Mechanism of action

The predominant mechanism of action is use-dependent block of neuronal
voltage-gated sodium channels. A reduction in glutamate release has also
been shown. Carbamazepine may also stabilize neurons by exerting an
inhibitory action on L-type calcium channels.

Toxicity and side effects

Many of the side effects are shared within this group of drugs. Theoretically,
eslicarbazepine acetate may result in fewer side effects, as peak levels are
lower than that of oxcarbazepine.

e Common—dermatological: rash is common. Dermatological
manifestations are commoner in patients of Han Chinese or Thai

origin associated with HLA-B*1502 allele which can be tested for and

in whom carbamazepine should be avoided. Skin reactions are less
common with eslicarbazepine acetate (1.1%) and oxcarbazepine (5%),
compared with carbamazepine (15%). ~25% of patients experiencing a
rash with carbamazepine will also experience one with oxcarbazepine.
Endocrine: carbamazapine and related AEDs share an ADH-like effect,
resulting in fluid retention, hyponatraemia, oedema, and weight increase.
Gastrointestinal: dry mouth, increased -y glutamyl transferase and

alkaline phosphatase (ALP), nausea, and vomiting. With carbamazepine
suppositories, rectal irritation can occur. Neurological: ataxia, blurred
vision, diplopia, drowsiness, dizziness, fatigue, and headache are
relatively common and most likely due to excessive action at voltage-
sensitive sodium channels.

Serious—cardiovascular: arrhythmias and AV block can occur.
Thromboembolism and an exacerbation of coronary artery disease

has been reported with carbamazepine. Dermatological: angio-

oedema, Stevens—johnson syndrome, and toxic epidermal necrolysis

have been reported. Gastrointestinal: hepatitis and pancreatitis rarely

occur. Haematological: blood dyscrasias, including aplastic anaemia and
pancytopenia, can occur. Exacerbations of porphyria have been seen

with carbamazepine. Immunological: SLE and a multiorgan hypersensitivity
syndrome have also been reported. Psychiatric: rarely acute psychosis.

Contraindications

o Absolute: these AEDs are ineffective and can even worsen some primary
generalized seizure types i.e. absence, atonic, and myoclonic seizures.
They should be avoided in patients with AV conduction block. Avoid
carbamazepine in patients with porphyria.

Relative: these AEDs should be used with caution in patients with bone
marrow depression, open-angle glaucoma, pre-existing hyponatraemia,
and heart failure. Carbamazepine should be avoided if the patient has
developed previous hypersensitivity reactions to AEDs in this group.
Eslicarbazepine acetate and oxcarbazepine should be used with caution
if previous hypersensitivity reaction to carbamazepine. Reduced doses
should be used in those with hepatic and/or renal impairment. The
manufacturers of eslicarbazepine acetate recommend it is avoided in
severe hepatic impairment and in renal impairment with an estimated
glomerular filtration rate (eGFR) <30mL/min/1.73m?.
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e Eslicarbazepine acetate: if the eGFR is 30—60mL/min/1.73m?, then the
initial dose should be reduced to 400mg on alternate days, increasing to
400mg daily after 1-2 weeks.

e Oxcarbazepine: if the eGFR is <30mL/min/1.73m?, halve the initial
dose, and increments should occur in at least once-weekly intervals.

Uses in special populations
e Elderly: the elderly have an age-related deterioration in their renal

and hepatic function and benefit from lower dosing regimens.

Pharmacodynamic drug interactions are more likely; the risk of

symptomatic hyponatraemia is increased in the elderly who may also

take NSAIDs or sodium-lowering antihypertensives.
® Pregnancy: for carbamazepine, there is clear evidence, from human
studies, of an increased rate of fetal teratogenicity, although this may be
minimal, compared to other AEDs. Use in pregnancy involves weighing
up the potential benefits and side effects (see Antiepileptic drugs in
young women, pp. 37-9). Pregnant patients should be prescribed folic
acid throughout pregnancy, and vitamin K prior to birth to reduce the
risk of haemorrhage. Elimination of carbamazepine can increase during
pregnancy. Total plasma concentration can be reduced by up to 40%.
However, for many women, carbamazepine levels may not decline or
decline by an average of only 9-12%.

For eslicarbazepine acetate and oxcarbazepine’s side effects in preg-
nancy have not been adequately explored, although a similar level of
teratogenicity to carbamazepine can be expected. Similar precautions to
those taken when using carbamazepine are recommended.

Lactation: plasma levels of carbamazepine and oxcarbazepine in infants
are 10-20% of that of their mothers (figures for eslicarbazepine acetate
are not known). If used, infants should be monitored for potential side
effects such as gastrointestinal disturbance, seizures, and respiratory
depression. If identified, switch to alternative methods of feeding.

Efficacy
1. Carbamazepine.

« Epilepsy: carbamazepine is one of the most effective drugs used in
focal-onset epilepsy. Recent studies demonstrate that it is at least as
effective as the newer agents. Its main disadvantage, when compared
to other AEDs, e.g. lamotrigine, is the rate of treatment failures due
to adverse events. About a third of patients experience symptoms
of lethargy and an allergic rash, both approximately twice commoner
than in patients initiated on lamotrigine. Five years after starting
treatment with carbamazepine as a monotherapy, 45% of patients
will enjoy continuing treatment success; 30% of the initial population
will have stopped treatment because of side effects, and 25%
because of failure of seizure control.

Trigeminal neuralgia: the majority of data for the efficacy of
carbamazepine in trigeminal neuralgia are from small open studies
dated from the 1960s. Two RCTs, with the majority of patients
suffering from trigeminal neuralgia (98 participants), showed
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carbamazepine provided better analgesia than placebo, with an
NNT of 2 (95% Cl 1-2). It is generally recognized (including by
NICE) that there is a lack of good trial evidence for the efficacy
of carbamazepine in neuropathic pain. Both the EFNS and NICE
recommend carbamazepine first-line for trigeminal neuralgia. The
EFNS does not recommend carbamazepine is used for any other
type of neuropathic pain disorder.

2. Eslicarbazepine acetate.

« Eslicarbazepine acetate use in focal-onset seizures has been the
subject of a recent Cochrane review. It concluded that, as an adjunct,
eslicarbazepine acetate can reduce seizure frequency in the short
term. However, there are little data on longer-term outcomes.

A further integrated analysis of three phase 3, double-blind, placebo-
controlled studies in patients with focal-onset epilepsy refractory

to up to three medications showed that over a third of patients

can experience at least a 50% reduction in seizure frequency when
eslicarbazepine acetate is used as an adjunct.

3. Oxcarbazepine.

« A multinational, multicentre, double-blind trial investigated the
effectiveness of oxcarbazepine in refractory focal epilepsy. It
demonstrated a reduction in seizure frequency in 40% at doses of
1.2g and 50% at doses of 2.4g daily. The frequency of rash with
oxcarbazepine is two-thirds lower than with carbamazepine.

Dosing and monitoring
Dosing

1.

Carbamazepine (all indications): start treatment at 100-200mg od to
bd, and increase every 1-2 weeks by 100—200mg in divided doses.
The sustained-release preparations require bd dosing, and the normal
preparations three divided daily doses. For epilepsy, the dose in adults
is normally titrated up to about 800-1200mg/day, although this can go
up to 2g/day, if required. For other indications, the usual maintenance
dose is 600-800mg/day.

. Eslicarbazepine acetate: start treatment at 400mg od (tablets will

need to be split). The tablets can be increased by 400mg increments
1- to 2-weekly up to 1.2g, although 800mg is normally a sufficient
maintenance dose.

. Oxcarbazepine (all indications): start treatment at 300mg bd; increase

weekly in steps of up to 600mg to a maximum dose of 2.4g. The
usual daily dosage range in adults is between 0.6g and 2.4g in two
divided doses.

Routine monitoring
e Carbamazepine: prior to initiation of treatment, FBC, and renal and

liver function should be assessed. An FBC is recommended 2-weekly
for 2 months, then 3-monthly throughout treatment. Liver and renal
function should be assessed 6- to 12-monthly throughout treatment.

o Fslicarbazepine acetate/oxcarbazepine: before initiation of treatment,

liver and renal function tests are recommended. These should be
repeated yearly.
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Therapeutic drug monitoring

e Optimum seizure control when used in monotherapy for carbamazepine
occurs at plasma concentrations of 4—12mg/L, and for eslicarbazepine
acetate and oxcarbazepine at 3-35mg/L.

Pharmacokinetics and interactions

Pharmacokinetics

Oxcarbazepine and eslicarbazepine acetate are both prodrugs which are

converted to eslicarbazepine in the liver.

1. Carbamazepine: oral bioavailability of carbamazepine is ~85%. Peak
plasma concentrations are reached at different time points, depending
on the formulations used: conventional tablets at ~12h, chewable tablet
at ~6h, and liquid at ~2h. This is not affected by food co-ingestion.
Bioavailability varies between preparations. Due to reduced
bioavailability, a 125mg suppository is equivalent to a 100mg oral
tablet. Steady-state plasma concentrations are reached within 1-2
weeks, depending on autoinduction of cytochrome P450 enzymes
and interaction with other AEDs. 70-80% of carbamazepine is
bound to plasma protein. Carbamazepine is metabolized by the liver
into a number of derivatives, including the pharmacologically active
carbamazepine-10,11-epoxide. The metabolites are then excreted ~70%
in the urine and ~30% in the stool. The half-life varies with duration
of therapy. At initiation, the half-life is 36h; after a few weeks, hepatic
enzyme autoinduction means that the half-life decreases to 16-24h.

2. Eslicarbazepine acetate: eslicarbazepine acetate is a prodrug, rapidly
converted by hepatic first-pass metabolism to the active metabolite
eslicarbazepine. The bioavailability is >90%, and T occurs 2-3h post-
dose. The half-life of eslicarbazepine acetate is 2h; that of the active
metabolite eslicarbazepine is 20-24h. A third of eslicarbazepine is
conjugated with glucuronic acid in the liver. The majority of the rest is
excreted unchanged; >90% is excreted renally.

3. Oxcarbazepine: oral bioavailability is ~100%. T__ occurs 3—6h
post-dose. This is rapidly metabolized by the liver into its active
metabolite 10-hydroxycarbazepine (also known as eslicarbazepine),
which, in turn, reaches its steady-state plasma level in 2-3 days. 10-
hydroxycarbazepine is metabolized by conjugation with glucuronic acid
in the liver; and, unlike with carbamazepine, there is no autoinduction;
hence pharmacokinetics are linear. The half-life of oxcarbazepine is 2h,
and that of 10-hydroxycarbazepine 8-15h. Over 95% of the drug and
its metabolites are excreted in the urine.

Interactions See Table A.15.
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Table A.15 Interactions of carbamazepine and related AEDs

Medications which alter
AED plasma levels

Medications whose plasma
levels are altered by AED

Pharmacodynamic
interactions

1. Carbamazepine

Levels decreased: CYP3A4
inducers, e.g. oxcarbazepine
and rifampicin

1. Carbamazepine

Levels decreased: CYP3A4
substrates, e.g. amitriptyline,
benzodiazepines,

1. Carbamazepine
with lamotrigine

and levetiracetam:
headache, nausea,

Levels increased: CYP3A4  ketoconazole,” and quetiapine’ ~ and ataxia
inhibitors, e.g. cimetidine, Levels increased: verapamil 2. Eslicarbazepine
clarithromycin, and 2. Eslicarbazepine acetate acetate: nil
filgaizeelte Levels decreased: lamotrigine, - OXcarbazepine
2. Eslicarbazepine acetate  topiramate, valproate, and With lithium
Levels decreased: warfarin and lamotrigine:
enhanced

carbamazepine, phenytoin,
and topiramate

3. Oxcarbazepine

Levels decreased:
carbamazepine, lacosamide,
oral contraceptives,
phenobarbital, phenytoin,
and verapamil

Levels increased: viloxazine

Levels increased: phenytoin
3. Oxcarbazepine

Levels decreased:
carbamazepine, felodipine,
lamotrigine, levetiracetam,
rufinamide, and topiramate
Levels increased:
phenobarbital and phenytoin

neurotoxicity

" As a result of the magnitude of the interaction between carbamazepine and ketoconazole and
between carbamazepine and quetiapine whereby ketoconazole and quetiapine plasma levels
are decreased to almost non-detectable values, these drug combinations can be considered
contraindicated.
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Catechol-O-methyltransferase inhibitors

COMT inhibitors have been used in the treatment of PD since the mid
1990s. They include entacapone and tolcapone. The latter is used second-
line due to the rare, but significant, risk of severe liver dysfunction. COMT
inhibitors are used as an adjunct to levodopa therapy, particularly in patients
with motor fluctuations, as they may improve the wearing-off phenomenon
and may also permit a reduction in the required levodopa dose.

Uses
Licensed uses

In the UK/USA
e PD.

1. Entacapone is licensed as an adjunct to levodopa for the treatment
of end-of-dose motor fluctuations in patients with PD in individuals
aged 18 years and older.

2. Tolcapone is licensed for use as an adjunct to levodopa therapy in
patients with levodopa-responsive PD who are intolerant of, or
have failed to show improvement with, an alternative COMT inhibi-
tor in individuals aged 18 years and older.

Off-licence uses
e None.

Mechanism of action

When levodopa is taken with a peripheral dopa-decarboxylase inhibitor,
metabolism by COMT (found in the liver, gastrointestinal tract, and eryth-
rocytes) becomes the major pathway of levodopa metabolism. Selective
reversible inhibition of peripheral COMT by entacapone and tolcapone
results in increased bioavailability of levodopa by preventing conversion to
3-O-methyldopa and provides increased dopaminergic input to the stria-
tum. As well as inhibiting peripheral COMT, tolcapone also acts to inhibit
central COMT; the significance of this is unclear.

Toxicity and side effects

e Common—cardiovascular: orthostatic hypotension and syncope.
Gastrointestinal: abdominal pain, constipation, diarrhoea, dry

mouth, dyspepsia, gastritis, nausea, taste disturbance, and vomiting.
Genitourinary: urine discoloration (red-brown). Neurological: dizziness,
dyskinesia (managed with 10-30% reduction in levodopa dose),
hallucinations, somnolence, and weakness. Respiratory: dyspnoea.
Serious—gastrointestinal: abnormal LFTs (rarely fulminant hepatic failure
with tolcapone) retroperitoneal fibrosis. Musculoskeletal: rhabdomyolysis.
Neurological: neuroleptic malignant-like syndrome on withdrawal.
Respiratory: pulmonary fibrosis.

Patients may experience increased dopaminergic side effects (e.g. dyskine-
sia, postural hypotension, etc.), due to the increased serum concentration
of levodopa. Reduction in levodopa dose may help in this instance.
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Contraindications

Absolute: known hypersensitivity to COMT inhibitor, severe liver
disease, phaeochromocytoma, previous NMS, and rhabdomyolysis.
Relative: concurrent non-selective MAOI use due to theoretical risk

of excess catecholinergic activity. No dosage alteration is required in
renal impairment. Monitor closely in cases of mild to moderate hepatic
impairment, although no dose alteration is routinely recommended.

Uses in special populations

Elderly: no dose adjustment is routinely required.

Pregnancy: animal reproduction studies report adverse events. There
is a lack of safety data for use in pregnancy. The manufacturers advise
avoidance, where possible, in this patient group.

Lactation: excretion in breast milk is not known. The manufacturers
advise avoidance, where possible, in nursing mothers.

Efficacy

Entacapone: STRIDE-PD (STalevo Reduction in Dyskinesia Evaluation)
was a double-blind RCT comparing the effect of Stalevo® (levodopa/
carbidopa/entacapone) to levodopa/carbidopa in patients with early
PD who had not previously been treated with levodopa and did not
have motor complications. Although outcomes were improved in

both groups (UPDRS-II and IIl), no significant difference was noted
between the groups. The LARGO (Lasting effect in Adjunct therapy with
Rasagiline Given Once daily) study was a double-blind RCT (n = 687)
which randomized patients to rasagiline (1g/day), entacapone (200mg
with each levodopa dose), or placebo over an 18-week period. Thirteen
per cent of patients did not complete the study, due to withdrawal of
consent and adverse events. The trial showed a significant increase in ‘on’
time in both rasagiline and entacapone arms (0.85h vs placebo 0.03h;

p = 0.0005) and reduction in ‘off” time (—1.18h rasagiline and —1.2h
entacapone vs placebo —0.4h; p = 0.0001, p <0.0001, respectively).

The MDS review found entacapone efficacious as a symptomatic
adjunct to levodopa only in patients with motor fluctuations. There
is no evidence that use early in the disease course prevents or delays
motor complications.

Tolcapone: a double-blind, placebo-controlled trial of tolcapone as

an adjunct to levodopa (n = 298) found the treatment group had a
significant reduction in levodopa usage and improvement in motor
scores (100mg tds, p <0.05; 200mg tds, p <0.01). Activities of daily
living, as part of the UPDRS, was the primary outcome measure and
was found to have significant improvements from baseline in both
tolcapone groups, compared to placebo (p <0.01). Greatest effect
was noted in those with most severe impairment at baseline. The most
important non-dopaminergic side effect was diarrhoea.

The MDS review found tolcapone efficacious as a symptomatic
adjunct to levodopa only in patients with motor fluctuations. There is no
evidence that use early in the disease course prevents or delays motor
complications.
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Dosing and monitoring

e Entacapone: start treatment at 200mg, taken with each levodopa dose.
Maximum 2g/day (ten tablets). Levodopa dose often needs to be
reduced by approximately one-third, or the dosing interval may need to
be extended.

Tolcapone: start treatment at 100mg tds. Only in exceptional
circumstances can this be increased to 200mg tds. If there is no clinical
benefit within 3 weeks, it should be stopped.

Routine monitoring

e Entacapone: routine monitoring of liver function is not necessary.

e Tolcapone: LFTs are measured every 2 weeks for the first year of
treatment, 4 weeks for the next 6 months, and every 8 weeks
thereafter.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.16.

Interactions See Table A.17.

Table A.16 Pharmacokinetics of COMT inhibitors

Entacapone Tolcapone
Main routes of administration PO PO
Oral bioavailability 35°; """""""""" 6 5% ..........
i " 2h .................
Protein binding 98°o 998°o ........
Time to steady state 27dys 2-10days
Metabolism Hepatic CYP2C9  Hepatic
Pharmacologically active metabolites Yes (cts-lsomer) No ............
Elimination half-life 3h 2—3h ..........
Elimination routes 8(%90% faeces 40%faeces

10-20% urine 60% urine

Table A.17 Interactions of COMT inhibitors

Medications Medications whose  Pharmacodynamic interactions
which alter plasma levels are

COMT inhibitor  altered by COMT

plasma levels inhibitors

Levels Levels increased: With other CNS depressants: may
decreased: warfarin with increase risk of CNS depression

iron (oral) with entacapone Caution advised with MAOIs, TCAs,
entacapone SNRIs, and drugs metabolized by

COMT, e.g. adrenaline: limited
experience with these drugs (selegiline
can be used, but maximum dose 10mg)
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Corticosteroids

Corticosteroids (CS) are hormones synthesized from cholesterol in the
adrenal cortex. They have diverse physiological and molecular effects on
the body. They can be broadly divided into two classes—glucocorticoids
(GGCs), which control carbohydrate and fat metabolism, and mineralocor-
ticoids (MCs) which principally regulate sodium balance (see Table A.18).
The anti-inflammatory properties of GCs are exploited in neurology, and
there are several empirical and evidence-based uses in the field. Far from
being a panacea for neurological disease, GCs often form part of complex
immunosuppressive treatment regimens. Unfortunately, their diverse side
effect profile limits their long-term use.

Several qualitative and clinically relevant differences exist between CS.
Cortisol is made by the zona fasciculata of the adrenal cortex and is the
active endogenous GC. This is metabolized to cortisone which is largely
inactive. Hydrocortisone is the synthetic form of cortisol and is used IV on
a short-term basis for emergency management of inflammatory conditions.
Prednisolone is the most commonly administered oral steroid. It is the
active metabolite of prednisone (itself inactive) and is used for long-term
disease suppression. Methylprednisolone is often used as IV pulsed therapy
for suppression of inflammatory disorders, e.g. MS. Dexamethasone pos-
sesses negligible MC activity therefore is highly useful in clinical situations
in which fluid retention would be deleterious. Aldosterone is the active
endogenous MC, and fludrocortisone is its synthetic, exogenously admin-
istered analogue. For comparison of relative GC and MC effects of com-
monly used CS, see Table A.18.

Table A.18 Relative glucocorticoid (GC) and mineralocorticoid (MC)
effects of commonly used corticosteroids

Drug GC effect MC effect  Anti-inflammatory dose
equivalent to 5mg prednisolone

Hydrocortisone 1 1 20mg

Dexamethasone 30 - 750 micrograms

Fludrocortisone 10 125 NA

NA, information not available.

Uses

1. Methylprednisolone and prednisolone: the uses of methylprednisolone
and prednisolone are very broad. In general, IV pulsed
methylprednisolone is used acutely for any condition in which a rapid
and intense CS effect is required. Oral prednisolone is used in the
management of all conditions deemed likely to benefit from short- or
long-term GC therapy:
« ADEM; « Behget’s;
« autoimmune limbic encephalitis; « Bell’s palsy;
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. CIDP; « neurosarcoidosis;

. DMD; « optic neuritis;

.« GCA; . PM/DM;

« IBM (trial); « Sjogren’s syndrome;
« LEMS; « Susac’s syndrome;
. MOH; . TACs;

. MS; . T™;

. MG; « status migrainous;
« neurolupus; « vasculitis.

. NMO;

2. Dexamethasone.

Licensed uses

In the UK/USA

o Cerebral oedema: in the UK, dexamethasone is licensed for use as an
adjunct in the control of raised ICP secondary to cerebral tumours and
infantile spasms in individuals of all ages. In the the USA, it is licensed
for use in the management of cerebral oedema associated with primary
or metastatic brain tumour, craniotomy, or head injury in individuals of
all ages.

Off-licence uses
e Adjunctive treatment in acute bacterial meningitis and VZV encephalitis.

3. Fludrocortisone
See further information on pp. 465-6.

Mechanism of action

o Neuro-inflammatory conditions: the anti-inflammatory properties of GCs
arise through multiple mechanisms; they bind to intracellular cytoplasmic
receptors, inducing a range of cellular responses, including modification
of transcription and protein synthesis. This leads to modulation of
leucocyte activation, migration, cytokine production, and overall
suppression of humoral responses.

Cerebral oedema: dexamethasone reduces cerebral oedema formation
by upregulation of cell membrane tight junctions, thereby reducing
endothelial permeability at the blood—brain barrier. Several mediators
are thought to be involved via steroid—receptor complex effects on
gene transcription. These include downregulation of VEGF production,
phospholipase A2 inhibition, and stabilization of lysosomal
membranes.

Toxicity and side effects

Short courses of steroids are typically associated with minor and transient

side effects. These include dyspepsia, sleep disturbance, mood changes,

confusion, infection risk, and impaired glucose tolerance. Repeated courses,

higher doses, and chronic use are associated with the following side effects:

e Common—cardiovascular: hypertension. Dermatological: acne,
ecchymosis, impaired healing, and skin atrophy. Endocrine: Cushingoid
appearance, hypokalaemia, impaired glucose tolerance,
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increased appetite, sodium and water retention, and weight gain.
Gynaecological: menstrual irregularity. Haematological: leucocytosis.
Immunological: hypersensitivity and increased susceptibility to
infections. Musculoskeletal: osteoporosis and proximal myopathy.
Ophthalmological: subcapsular cataracts. Psychiatric: affective disorder.
Serious—cardiovascular: deterioration in cardiac failure.

Dermatological: Kaposi’s sarcoma. Endocrine: adrenal insufficiency on
withdrawal of treatment. Gastrointestinal: gastrointestinal ulceration
and pancreatitis. Musculoskeletal: avascular necrosis of the hip is an
important, but rare, potential side effect, which can occur after a single
course. Immunological: anaphylaxis, increased susceptibility to infections,
and reactivation of latent TB. Neurological: increased risk of seizures.
Ophthalmological: glaucoma. Psychiatric: psychosis and suicidal

ideation.

Dexamethasone has a lower propensity to cause psychosis but is more likely
to cause steroid myopathy and weakness due to its fluorinated chemical
composition. IV administration of dexamethasone is associated with per-
ineal paraesthesiae, beginning within seconds of dose commencement and
clearing soon after stopping. This is thought to be a chemical effect of the
CS phosphate ester and can be avoided by administering the drug in a more
dilute form or more slowly.

Contraindications

e Absolute: hypersensitivity and systemic infections (unless with concurrent
anti-infective treatments).

o Relative: live virus vaccines (e.g. measles, VZV). In hepatic and renal
impairment, caution is advised with the use of CS, due to increased risk
of fluid retention in these patients.

Uses in special populations

e Elderly: age-related impairment of renal and hepatic function

is commoner in the elderly. In addition, side effects, including
osteoporosis, hypertension, hypokalaemia, diabetes, skin thinning, and
infection, may be more severe in the elderly. These patients require
frequent monitoring for complications, and lower dosing may be
necessary.

Pregnancy: there is weak evidence of an increased risk of cleft palate

or lip in the fetus with maternal CS use, and prolonged use may lead

to intrauterine growth retardation. CS have a very low teratogenic
potential but may cause transient adrenal suppression in the neonate.
Generally, however, the risks of CS use in pregnancy are far outweighed
by the benefits to the mother, especially in active inflammatory or
immune-mediated disease.

Lactation: prednisolone is excreted into breast milk. Although doses

of <40mg/day are unlikely to cause systemic effects in the infant, it is
recommended that adjustments are made to the dosing interval to allow
4h before breastfeeding.
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Efficacy
1. Methylprednisolone and prednisolone are used to treat a large number of
autoimmune and inflammatory conditions. For a list of uses, see p. 306.
For a discussion of the evidence base for its use in these indications, see
the individual conditions.
2. Dexamethasone.
« Acute bacterial meningitis: dexamethasone reduces the risk of
severe hearing loss and short-term neurologic sequelae in bacterial
meningitis by 33% and 17%, respectively. It does not affect overall
mortality, but subgroup analysis has shown that it reduces mortality
in meningitis caused by S. pneumoniae (RR 0.84, 95% CI 0.72-0.98).
It is associated with an increase in recurrent fever, but not in other
adverse events.
Cerebral oedema associated with malignancy: there is a paucity of high-
quality evidence showing that dexamethasone improves prognosis
in cerebral oedema associated with malignancy. Nonetheless, up
to 75% of patients treated with dexamethasone show neurological
improvement at 48h, and practical guidelines provide low-level
recommendations of use, based on symptom severity. The practice
is now widespread.

Dosing and monitoring
Dosing
1. Dexamethasone.

« Bacterial meningitis: start treatment before or with the first antibiotic
dose: 0.15mg/kg every 6h for 4 days. This can be stopped earlier if
an alternative organism to S. pneumoniae is identified.

Cerebral oedema: the dosage of dexamethasone used in the
management of brain tumour-related cerebral oedema depends
upon the speed of onset and severity of symptoms. In the acute,
unstable situation, dexamethasone can be given by IV injection at
8-16mg; then 5mg may be given by IM or IV injection 6-hourly
thereafter for 2—4 days, prior to taper. In a more stable situation
with slow onset of symptoms, dexamethasone can be given by oral
tablets in doses of 2—6émg bd to qds, with or without a higher loading
dose of 4-16mg, depending on symptom severity. Dexamethasone
should be withdrawn as rapidly as feasible, although in some patients
with widespread cerebral oedema or particularly aggressive tumours,
a slower taper may be required. In patients with good performance
status, then taper by 50% every 4 days, aiming to complete
withdrawal in 2-3 weeks. In those with a worse clinical condition,
then taper more slowly, e.g. reduction by 25% every 7-8 days, and
a low level of maintenance dexamethasone may be required to
prevent return of symptoms.
2. Methylprednisolone.
« A wide range of dosing regimens can be used. Three days of daily
IV doses of 1000mg methylprednisolone or 5 days of daily PO
doses of 500mg methylprednisolone are commonly used for acute
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exacerbations of MS and other acute inflammatory conditions. In the
context of an acute MS relapse some clinicians employ a short taper
of prednisolone, following IV methylprednisolone, although there is
no evidence base to support this practice.
3. Prednisolone.

« See individual conditions for the usual dose. The general principles
are that prednisolone can be started at high doses of 1mg/kg od, but
a maximum dose of 60mg is recommended for most conditions. MG
is a notable exception to this regimen where a low dose on alternate
days is gradually titrated upwards to avoid the ‘steroid dip’ in
symptoms seen 4-10 days after starting high doses. Such high doses
can be used in the longer term in some conditions but are usually
tapered after the first week or month. This typically involves dose
reductions of 10mg/week, until a daily dose of 30mg is reached.
Reductions of 2.5mg can then be made every 1-2 weeks, until a
daily dose of 10mg is reached, after which 1mg decrements may
be needed. This taper may need to be titrated to symptoms, and
slower decrements of Tmg/month may be initially needed in certain
conditions such as neurosarcoidosis.

Monitoring

Patients should be monitored for the development of common side effects
noted above, with provisions made to reduce the total steroid dose as soon
as possible with steroid-sparing anti-inflammatory medications. In patients
on high-dose steroids, consideration should be given to the co-prescription
of medications for bone and gastric protection. If GCs have been admin-
istered for <3 weeks, treatment can be ceased without tapering. Tapering
doses of GCs are required for longer, higher-dose (>40mg/day predniso-
lone), or repeated treatment courses or in patients who may have adrenal
suppression from another cause.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.19.

Interactions See Table A.20.
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Table A.19 Pharmacokinetics of corticosteroids

Hydrocortisone Prednisolone Methyl- Dexa-
prednisolone  methasone

Main routes of IV, PO PO IV, PO IV, PO
administration
Onset of action  |V: immediate; Unknown IV: immediate; [V: 1; PO:
(h) PO: 1-2 PO: 1-6 unknown
Duration of 8-12 12-36 12-36 36-72
action (h)

Elimination half-
life (min)

80-115

150-210

78-188 190

IV, intravenous; PO, oral.

Table A.20 Interactions of corticosteroids (CS)

Medications which
alter CS plasma
levels

Medications whose
plasma levels are
altered by CS

Pharmacodynamic interactions

Levels decreased:
carbamazepine,
phenobarbital,
phenytoin,
rifampicin,
primidone

Levels increased:
aprepitant (MP),
asparaginase
(dex), ciclosporin,
diltiazem (MP),
erythromycin,
itraconazole,
ketoconazole, oral
contraceptives
containing
oestrogen,
ritonavir and
related protease
inhibitors

Levels decreased:
aspirin, axitinib
(dex), aquinavir
(dex), calcium salts,
caspofungin (dex),
cobicistat (dex),
elvitegravir (dex),
indinavir (dex),
isoniazid, lopinavir
(dex), phenytoin
(dex), rilpivirine
(dex), sodium
benzoate, sodium
phenylbutyrate,
telaprevir (dex),
ticagrelor (dex),
triazolam (dex)
Levels increased:
ciclosporin,
phenytoin (dex)

With antihyperglycaemics,
antihypertensives, and pancuronium/
vecuronium: antagonizes
hypotensive, hypoglycaemic, and
muscle relaxant effects

With aspirin and NSAIDs: increased
risk of gastrointestinal bleeding
With drugs causing hypokalaemia,
e.g. diuretics, [B-agonists: increased
risk of hypokalaemia

With warfarin: increased
anticoagulant effect

With mifepristone: reduced

CS effect

With aldesleukin and mifamurtide:
reduced antineoplastic effect
Dexamethasone with lenalidomide/
thalidomide: increases thrombogenic
effects when used in combination as
chemotherapy for multiple myeloma

dex, dexamethasone; MP, methylprednisolone.
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Ergot-based dopamine agonists

DAs were firstintroduced as a treatment for PD in the 1970s. Bromocriptine
was synthesized in 1965, and other ergot-based DAs soon followed (caber-
goline, pergolide, and lisuride). Due to the risk of fibrosis (retroperitoneal,
cardiac, and pulmonary), ergot-based DAs are now only rarely used in the
treatment of PD. Non-ergot DAs (apomorphine, pramipexole, ropinirole,
and rotigotine) are preferred, due to their safer side effect profile.

Uses
Licensed uses

In the UK/USA
e PD.

1. Bromocriptine: is licensed for the treatment of idiopathic PD
(USA: and post-encephalitic parkinsonism) as a monotherapy or an
adjunct to levodopa. It can be used first-line in previously untreated
patients, in patients with disabling on—off phenomena, to reduce the
dose of levodopa and hence minimize associated side effects, and
in those with poor or declining response to levodopa, in individuals
aged 7 years and older in the UK, and those aged 16 years and older
in the USA.

2. Cabergoline (UK only): is licensed for use as a second-line therapy
for the management of patients with PD who are intolerant of, or
fail, treatment with a non-ergot compound, as a monotherapy or
as adjunctive treatment to levodopa in individuals aged 18 years
and older.

Cabergoline is not licensed for the management of PD in the USA.

Off-licence uses
1. Bromocriptine: NMS/PHS and RLS.
2. Cabergoline: RLS.

Mechanism of action

The predominant mechanism of action for this group of drugs is through
activation of post-synaptic dopamine receptors to restore nigrostriatal
dopaminergic output. Bromocriptine and cabergoline are long-acting ago-
nists selective for D2 receptors, having no significant affinity at D1 recep-
tors. Bromocriptine is also an agonist at serotonergic receptors (SHT1
and 5HT?2).

Toxicity and side effects

e Common—cardiovascular: digital vasospasm, orthostatic hypotension,
Raynaud’s phenomenon, and syncope. Endocrine: hypoglycaemia.
Gastrointestinal: abdominal pain, constipation, diarrhoea, dry mouth,
nausea, and vomiting. Neurological: drowsiness, dizziness, headache,
and somnolence. Psychiatric: anxiety and depression. Respiratory: nasal
congestion, flu-like symptoms, and sinusitis.

Serious—cardiovascular: arrhythmia, constrictive pericarditis,
hypertension, M, pericardial effusion, peripheral oedema, syncope,
valvular fibrosis, and ventricular tachycardia. Gastrointestinal: dysphagia,
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gastrointestinal ulcer, gastrointestinal haemorrhage, and retroperitoneal
fibrosis. Neurological: increased CSF pressure, paraesthesiae, seizure, and
sudden-onset sleep (patients should be counselled and advised not to
drive if experiencing this side effect). Psychiatric: depression, ICDs, and
psychomotor agitation.

Contraindications

Absolute: hypersensitivity to ergot alkaloids; unstable coronary artery
disease and peripheral vascular disease; uncontrolled hypertension,
hypertensive disorders of pregnancy (including eclampsia, pre-eclampsia,
or pregnancy-induced hypertension), hypertension post-partum and in the
puerperium, and pulmonary fibrosis.

Relative: abnormal liver function may result in reduced clearance and
accumulation requiring dose reduction. No dose alteration is required in
renal impairment.

Uses in special populations

Elderly: no dose alterations are routinely required.

Pregnancy: teratogenic effects were not noted in animal studies.
Limited data show no increase in congenital malformations in early
pregnancy. Bromocriptine is favoured for the treatment of prolactinoma
in pregnancy. Available data on women taking bromocriptine during
pregnancy (for prolactinoma) did not show adverse outcomes.
However, use in pregnancy is not advised unless for treatment of
prolactinoma.

Lactation: bromocriptine is secreted into breast milk and inhibits
lactation; it is unclear if cabergoline behaves in a similar fashion. The
manufacturers advise avoidance in nursing mothers, where possible.

Efficacy

1.

Bromocriptine: a large meta-analysis (n = 5247 patients) of the use

of ergot- and non-ergot-based DAs in early PD found that patients
were less likely to develop motor complications (dyskinesia, dystonia,
and motor fluctuations) with DAs than levodopa; however, there

was a greater incidence of other non-motor side effects (oedema,
constipation, somnolescence, dizziness, nausea, and hallucinations).
Patients treated with DAs were also more likely to discontinue
treatment. A 10-year follow-up study found that bromocriptine in early
PD did not reduce mortality or motor disability. The initial reduced
frequency in motor complications was not sustained.

. Cabergoline: a double-blind RCT, which investigated the use of levodopa

(n =211) or cabergoline (n = 209) in early PD patients over the course
of 5 years, found that cabergoline delayed the onset and frequency

of motor complications. The final average cabergoline dose was

2.9mg, with 431mg of supplemental levodopa, compared with 784mg
of levodopa alone. The MDS review concluded that cabergoline is
efficacious as a symptomatic monotherapy, as an adjunct to levodopa,
and as treatment to prevent/delay motor complications (fluctuations
and dyskinesias).
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Dosing and monitoring
1. Bromocriptine.

« PD: start treatment at 1-1.25mg at night; at 1 week, increase to
2-2.5mg at night; at 2 weeks, increase to 2.5mg bd, then to 2.5mg
tds a week later. This can be increased by a further 2.5mg daily
every 3-14 days, according to clinical response, to a usual range of
10-30mg daily.

NMS: give at a dose of 2.5mg every 6-8h, and continue for 10 days
after NMS becomes well controlled. Subsequent gradual reduction,
with monitoring for relapse of symptoms or rising CK.

2. Cabergoline: start treatment at 0.5mg/day, and increase by 0.5mg every

2 weeks. Maintenance dose 2—4mg. Maximum dose 6mg/day.

Routine monitoring
See ergot-based DAs.

Regular review for the presence of ICDs, DAWS, sudden-onset sleep
attacks, and ergot-associated fibrotic side effects is advised with ausculta-
tion for cardiac murmurs and pulmonary fibrosis. Regular monitoring by
CXR, ECG, echocardiogram, ESR, and renal function is needed in those on
long-term treatment.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.21.

Interactions See Table A.22.

Table A.21 Pharmacokinetics of ergot-based DAs

Bromocriptine Cabergoline

Main routes of administration PO PO

Oral bicavailability ” <% Unknown
o B ! . 173h 054}h .....................
Protein binding ” %% aa%
Time to steady state 10 days dweeks
Metabolism ” cvpad crpad
Pharmacuologicall)"‘active : Yes Yes ....................
metabolites

Elimination half-life ” 280 e3-68h
EIiminadon route; : .éi%'%;eces ....... 6 O%faeces ...........

6% urine 22% urine




Table A.22 Interactions of ergot-based DAs

ERGOT-BASED DOPAMINE AGONISTS

Medications which
alter ergot-based
DA plasma levels

Medications whose
plasma levels are altered
by ergot-based DAs

Pharmacodynamic
interactions

Levels increased:
CYP3A4 inhibitors,
e.g. protease
inhibitors, macrolides,
and azole antifungals
Levels decreased:
CYP3A4 inducers,
e.g. carbamazepine,

Levels increased:
CYP3A4 substrates, e.g.
statins and TCAs

With sympathomimetics

such as pseudoephedrine: can
cause psychosis or cardiac
arrhythmias (ventricular
tachycardia) (rare)

With antihypertensives: can
worsen orthostatic hypotension

With tramadol, trazodone, and

dexamethasone, and
phenytoin

other serotonergic agonists:
may increase the risk of
serotonin syndrome
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Monoamine oxidase inhibitors

MAOQIs are used as an adjunct in the management of PD. They are typi-
cally used later in the disease course to minimize the use of levodopa and
hence reduce motor side effects of levodopa treatment. Early MAOIs were
non-selective in their action, inhibiting monoamine oxidase A (MAO-A)
and B. Their inhibition of MAO-A, an isoenzyme responsible for tyramine,
adrenaline, noradrenaline, serotonin, and dopamine metabolism, meant that
their use was limited by the hypertensive ‘cheese reaction’ whereby inges-
tion of tyramine, as found in cheese, led to marked elevation in tyramine
and catecholamines, leading to hypertension. The MAO-B enzyme mainly
metabolizes dopamine and has little role in metabolism of other catechola-
mines, and hence, with newer MAO-B selective inhibitors, the ‘cheese reac-
tion’ should not occur. The phenomenon can still occur with selegiline, due
to some MAO-A inhibition at higher doses, but not with rasagiline where
there is little MAO-A inhibition.

Uses
Licensed uses

In the UK/USA
e PD.

1. Rasagiline is licensed for the treatment of idiopathic PD as mono-
therapy or as adjunct therapy with levodopa in individuals aged
18 years and older. In the UK, the licence is restricted to patients
with end-of-dose fluctuations.

2. Selegiline is licensed as an adjunct to levodopa therapy in the man-
agement of PD, specifically for the treatment of fluctuating motor
symptoms, including dyskinesias, and ‘end-dose’ and ‘on—off’ phe-
nomena in individuals aged 18 years and older.

Off-licence uses
e None.

Mechanism of action

Rasagiline and selegiline are selective irreversible inhibitors of MAO-B.
MAQO-B metabolizes dopamine and phenylethylamine. Inhibition results in
increased synaptic concentration of dopamine within the PNS and CNS.

Toxicity and side effects

o Common—cardiovascular: hypotension (including postural).
Gastrointestinal: abdominal pain, diarrhoea, dry mouth, dyspepsia,
nausea, and stomatitis. Neurological: confusion, dizziness, dyskinesia,
hallucinations, headache, insomnia, and vivid dreams.

o Serious—cardiovascular: arrhythmias. Psychiatric: psychosis.
Systemic: serotonin syndrome and tyramine-induced hypertensive crisis.
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Contraindications

e Absolute: hypersensitivity to MAOIs, severe liver disease, active peptic
ulcer disease, concomitant use of other MAQIs, SSRIs (e.g. fluoxetine—
5-week washout period advised), and pethidine.

o Relative: no dosage adjustment in renal and hepatic impairment. Use
with caution in severe impairment.

Uses in special populations

o Elderly: no dose adjustment is routinely required.

o Pregnancy: adverse events were observed in some animal reproduction
studies. The manufacturers advise avoidance, if possible, in this group.
Lactation: inhibition of prolactin secretion may inhibit lactation. Excretion
in breast milk unknown; hence, as a precaution, the manufacturers
advise avoiding use in nursing mothers.

Efficacy

o Rasagiline: there is a good evidence base from several RCTs that
rasagiline is effective as both a monotherapy and an adjunct in the
management of PD. For example, the TEMPO study (TVP-1012 in
Early Monotherapy for PD Outpatient trial), an RCT of rasagiline
use in levodopa-naive early PD patients (n = 404), lasting 26 weeks,
demonstrated that, at Tmg, there was a reduction of 4.20 units in the
UPDRS score, compared to placebo (95% Cl —5.66 to —2.73 units;
p <0.001), and, at 2mg, a reduction of 3.56 units (95% CI —5.04 to
—2.08 units; p <0.001).

Researchers have suggested that rasagiline may also have a neuropro-
tective effect, based on its antiapoptotic and antioxidant activity. The
ADAGIO (Attenuation of Disease Progression with Azilect Given Once-
daily trial) RCT used a delayed-start design to assess whether rasagiline
has disease-modifying properties in early untreated PD. Phase 1 lasted
36 weeks and assigned patients to either rasagiline 1mg, 2mg (the early-
start groups), or placebo. In phase 2, the early-start groups continued
their assigned treatments, and the placebo groups were randomly
assigned to either 1mg or 2mg rasagiline. The trial suggested there was a
beneficial neuroprotective effect of early treatment with rasagiline, com-
pared to delayed treatment, and suggested a disease-modifying effect
at the Tmg dose. However, this was not seen with the 2mg dose. Due
to the conflicting results and the debated validity of the delayed-start
trial design in proving neuroprotection, it remains unclear as to whether
these results are clinically valid.

Selegiline: DATATOP (Deprenyl And Tocopherol Antioxidative Therapy
Of Parkinsonism)—a multicentre, placebo-controlled trial (n = 800) that
investigated the effect of selegiline (10mg/day), tocopherol 2000iu/day
(a compound with vitamin E activity), or placebo in early PD. Selegiline
delayed the need for commencement of dopaminergic therapy, and
tocopherol did not demonstrate any therapeutic benefit.
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A meta-analysis of 17 RCTs (n = 3525) concluded that MAO-B inhibitors
reduce disability, the need for levodopa (0.57, 0.48-0.67; p <0.00001), and
the incidence of motor fluctuations (0.75, 0.59-0.95; p = 0.02), without
substantial side effects or increased mortality (OR 1.13, 95% Cl 0.94-1.34;
p=0.2).

The MDS review found selegiline to be efficacious as a monotherapy.
There is insufficient evidence to support a neuroprotective effect of
selegiline.

Dosing and monitoring

e Rasagiline: treatment is with 1mg od. Levodopa dose may be reduced
based on symptom control.

Selegiline: start treatment at 5mg in the morning. This dose can be
increased to a maximum of 10mg/day, either as a single dose or bd,
after 2—4 weeks (1.25mg of the dissolvable tablet is bioequivalent to
10mg standard tablet). Levodopa dose may subsequently be reduced
based on symptom control.

Routine monitoring
e None.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.23.

Interactions See Table A.24.

Table A.23 Pharmacokinetics of MAOIs

Selegiline Rasagiline

Main routes of administration PO PO

Metabolism Hepatic, primarily Hepatic, primarily via
via CYP2B6 CYP1A2

Pharmacologically active Yes No

metabolites

Elimination half-life 10h 1-3h

PO, oral.
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Table A.24 Interactions of MAOIs

Medications which alter MAO-B Pharmacodynamic interactions
inhibitor plasma levels

1. Selegiline With sympathomimetics: may enhance
Levels increased: contraceptives hypertensive effects
2. Rasagiline: With antidepressants: may increase the
Ll aliamh EYP1AD risk of serotonin syndrome. (see product
inducers, e.g. cyproterone literature for recommended washout

e eriods
Levels increased: CYP1A2 P i ) . .
inhibitors, e.g. ciprofloxacin With tramadol: may increase the risk of

’ seizures

With antihypertensives: may increase the
risk of orthostatic hypotension

References

Fox S, Katzenschlager R, Lim S, et al. The Movement Disorder Society Evidence-Based Medicine
Review Update: treatments for the motor symptoms of Parkinson’s disease. Mov Disord
2011;26(Suppl 3):52-41.

Ives NJ, Stowe RL, Marro J, et al. Monoamine oxidase type B inhibitors in early Parkinson's dis-
ease: meta-analysis of 17 randomised trials involving 3525 patients. BMJ 2004;329(7466):593.
Olanow C, Rascol O, Hauser R, et al. A double-blind, delayed-start trial of rasagiline in Parkinson's

disease. N Engl | Med 2009;361(13):1268-78.

Parkinson Study Group. A controlled trial of rasagiline in early Parkinson disease: the TEMPO Study.
Arch Neurol 2002;59(12):1937-43.

Shoulson . Effects of tocopherol and deprenyl on the progression of disability in early Parkinson’s
disease. N Engl | Med 1993;328(3):176-83.

317



318

cHAPTER 19 A-Z index of neurological drugs

Non-ergot-based dopamine agonists

Non-ergot-based DAs have now superseded the ergot-derived agents due
to their better side effect profiles. They are most commonly used in early
PD, in order to minimize motor complications seen with levodopa use.
They are also preferred to levodopa in the management of RLS, as there is
a lower chance of augmentation. Pramipexole and ropinirole are available
in oral formulations, while rotigotine is available as a transdermal patch, and
apomorphine as an SC infusion/injection.

Uses
Licensed uses

In the UK/USA
e PD.

1. Apomorphine is licensed for the treatment of ‘on—off’ phenomena in
PD not adequately controlled by oral medication in individuals aged
18 years and older.

Typically, SC injections into the lower abdomen or outer thigh are
used if there are <10 sudden off periods per day. Continuous SC
infusion is used if there are 210 sudden off periods in a day or pain-
ful end-of-dose dyskinesia/dystonia.

2. Pramipexole is licensed for the treatment of PD as a monotherapy or
as an adjunct to levodopa throughout the course of the disease in
individuals aged 18 years and older.

3. Ropinirole is licensed for the treatment of PD as a monotherapy or
as an adjunct to levodopa throughout the course of the disease in
individuals aged 18 years and older.

4. Rotigotine is licensed for the treatment of PD as a monotherapy in
early disease or as an adjunct to levodopa over the course of the
disease when the effect of levodopa becomes less consistent in indi-
viduals aged 18 years and older.

e RLS.

1. Pramipexole is also licensed for the treatment of moderate to severe
RLS in individuals aged 18 years and older.

2. Ropinirole (standard tablet) is also licensed for the treatment of mod-
erate to severe primary RLS in individuals aged 18 years and older.

3. Rotigotine is also licensed for the treatment of moderate to severe
primary RLS in individuals aged 18 years and older.

Off-licence uses
e None.

Mechanism of action

The antiparkinsonian effects of the non-ergoline-derived DAs arise from
action at primarily central post-synaptic D2 receptors within the striatum.
This is also thought to be the mode of action when treating RLS. Due to
action at presynaptic D2 receptors, which inhibit the release of dopamine,
there may be an initial deterioration in PD symptoms. Apomorphine has
affinity for D1 and D2 receptors, while the other agents act primarily on
D2 and D3.
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Toxicity and side effects

e Common—cardiovascular: orthostatic hypotension, peripheral oedema,
and syncope. Gastrointestinal: constipation, nausea, and vomiting.
Neurological: dizziness, dyskinesias, fatigue, hallucinations, headache,
insomnia, sleep disorder, and somnolence (may be sudden onset).
Serious—cardiovascular: AF, chest pain, long QT syndrome,

and tachycardia. Haematological: haemolytic anaemia has been
reported with apomorphine. Musculoskeletal: rhabdomyolysis (only
pramipexole). Psychiatric: aggression, agitation, DAWS, ICDs, paranoia,
and psychosis.

Contraindications

o Absolute: hypersensitivity to a drug or any of its excipients.
Apomorphine should not be used in patients with respiratory
depression, dementia, psychotic diseases, and hepatic insufficiency, in
patients whose ‘on’ response to levodopa has significant dyskinesia/
dystonia, or alongside 5HT3 antagonists (e.g. ondansetron), as this may
lead to significant hypotension. The rotigotine patch should be removed
prior to MRI and cardioversion, as it contains aluminium. Ropinirole
should not be used if the creatinine clearance (CrCl) is <30mL/min
without dialysis (no dose adjustment required in mild to moderate
renal impairment). The ropinirole prolonged-release tablet should not
be used in any degree of hepatic impairment, and the standard-release
tablet should not be used in severe hepatic impairment.

Relative: for apomorphine, reduce the test dose and starting dose to
1mg in moderate to severe renal impairment.

Cardiovascular disease, patients at risk of long QT syndrome, and
neuropsychiatric illness are relative contraindications for pramipexole,
ropinirole, and rotigotine.

Pramipexole dose should be lowered in renal dysfunction, as this is the
primary route of elimination. CrCl 20-50mL/min: initiate at 0.088mg
base (0.125mg salt) bd, and increase to a maximum daily dose of 1.57mg
base (2.25mg salt). CrCl <20mL/min: initiate at 0.088mg base (0.125mg
salt) od, and increase to maximum daily dose of 1.1mg base (1.5mg salt).
Pramipexole dose does not need to be adjusted in hepatic impairment.

Rotigotine does not require dose adjustment in renal impairment
but should only be used with caution in patients with severe hepatic
impairment.

Uses in special populations

o Elderly: no dose alteration is routinely required; however, extra caution
should be taken when first starting treatment (particularly apomorphine),
as the elderly are at increased risk of postural hypotension.

Pregnancy: no safety data exist from human studies. No teratogenicity
has been noted in animal studies, although some DAs have been shown
to be embryotoxic. Use of these drugs should be avoided, unless the
benefits outweigh risks.

Lactation: excretion into breast milk is not known for most of these
agents; DAs may reduce lactation; hence manufacturers advise against
use by nursing mothers.
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Efficacy

Apomorphine: several double-blind studies have evaluated the efficacy
of SC apomorphine in providing rescue from ‘off” episodes in patients
with advanced PD. APO202, a double-blind, placebo-controlled study,
evaluated the efficacy of apomorphine (n = 18) administered, as
needed, as rescue therapy from spontaneous ‘off” episodes in patients
with advanced PD who were experiencing >2h ‘off” time per day,
despite optimal oral therapy. ~95% of ‘off’ episodes per patient were
successfully treated, compared with 23% with placebo (p <0.001).
Pramipexole: a 12-week randomized, double-blind, placebo-controlled
trial of pramipexole in early PD (n = 311) found a significant reduction in
UPDRS at all doses, compared to placebo, of 4.4-4.7 points, depending
on the dose used (p < 0.0001 for each comparison to placebo). Quality
of life, as measured by Parkinson’s disease questionnaire-39 (PDQ-
39), was significantly improved in the 0.75mg bd and 0.5mg tds groups
(p <0.05), but not in the 0.5mg bd group. Long-term efficacy and
tolerability of pramipexole was confirmed in a 57-month open-label
extension of a double-blind RCT (n = 262).

Ropinirole: a double-blind RCT evaluated the effect of ropinirole (0.75—
24mg/day), sumanirole (a highly selective D2 agonist not approved for
medical use, 1-16mg/day), and placebo over 40 weeks in patients with
PD (n = 614). There were significant improvements in UPDRS from
baseline (—5.2), compared to worsening with placebo (0.38). The main
adverse events were somnolence and nausea.

Rotigotine: a randomized, double-blind, controlled trial compared the
effect of rotigotine (8mg/day), ropinirole (24mg/day), and placebo

on patients with early PD (n = 561). Rotigotine was significantly more
effective than placebo, with a reduction of 52% vs 30% with placebo in
UPDRS scores (p <0.0001). Rotigotine was not inferior to ropinirole;
however, the study was not sufficiently powered to differentiate which
medication was more effective.

Dosing and monitoring
e Apomorphine.

« PD: SCinjection: the ‘threshold dose’ needs to be established
before treatment can begin. Other PD medications should be firstly
withheld to establish this dose. To prevent nausea and vomiting,
patients should be pre-treated with domperidone 20mg tds for
3 days, and testing should be performed in a specialist clinic. Start
treatment at Tmg, and assess response at 30min. Increase the
dose by Tmg, and continue to assess the level of response and
tolerability. The effective dose will result in >20% improvement
in UPDRS score. The manufacturer advises that the total daily
dose should not exceed 100mg and that individual bolus injections
should not exceed 10mg. When the threshold dose is established,
it can be administered SC at the first signs of an off period.
Continuous SC infusion: start treatment at Tmg/h. Increase the dose
by 0.5mg/h every 4h, up to a maximum of 4mg/h, depending on
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clinical response. The infusion should be stopped overnight to
prevent tolerance from developing. The infusion site should be
changed 12-hourly. The dose of levodopa and other dopaminergic
agents required may be reduced.

o Pramipexole.

« PD: start treatment at 0.088mg base (0.125mg salt) tds. The dose
can be increased after 1 week to 0.18mg base (0.25mg salt) tds,
and then to 0.35mg base (0.5mg salt) tds after another week. The
maximum daily dosage is 3.3mg base (4.5mg salt). Dose escalation
should balance symptom improvement with the onset of side
effects.

« RLS: start treatment at 0.088mg base od, and increase, according to
symptoms and tolerability, to a maximum dose of 0.54mg base od.

e Ropinirole.

« PD:increase by 0.25mg tds each week to 1mg tds over 4 weeks. This
is usually presented as a ‘starter pack’. Following this, larger increases
in dose can be made. A ‘follow-on’ pack is available which increases
the daily dose from 1mg to 3mg tds over 4 weeks, as tolerated.
Maximum dose 24mg/day. Prolonged-release tablets allow for od
dosing. Start treatment at 2mg od for the first week; this can be
increased every 2 weeks by 2mg, until adequate symptom control is
reached. Maximum dose 24mg/day. Levodopa dose may be reduced
when DAs are used as adjuncts.

RLS: start treatment at 0.25mg od prior to sleep. If tolerated, this
can be increased at 0.5mg after 2 days, then to 1mg after a further
5 days, then by 0.5mg every week up to a usual maintenance dose
of 2mg od. A maximum dose of 4mg od can be used, if required.
e Rotigotine.

« PD: start treatment at 2mg/24h (advanced PD: 4mg/24h), and

increase weekly by 2mg/24h. Usual treatment dose 6—16mg/24h.

« RLS: start treatment at Tmg/24h. Increase weekly by Tmg/24h. The
maximum recommended dose is 3mg/24h.

Monitoring

e Treatment withdrawal: gradual dose reduction should occur to minimize
the risk of NMS and DAWS.

e With apomorphine: FBC, renal, hepatic, and cardiovascular function
should be monitored at baseline and 6-monthly thereafter.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.25.

Interactions See Table A.26.
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Table A.25 Pharmacokinetics of non-ergot-based DAs

Apomorphine  Pramipexole Ropinirole  Rotigotine

Main routes of SC PO PO Patch
administration

Oral bioavailability ~ 100%

T 10min

max

Protein binding

Metabolism Negligible Hepatic Hepatic CYP
(<10%) CYP1A2, isoenzymes
CYP3A4

Pharmacologically NA No No No

active metabolites

Elimination half-life ~ 40min 8.5h 6h 5-7h

ER, extended release; NA, information not available; PO, oral; SC, subcutaneous.

Table A.26 Interactions of non-ergot-based DAs

Medications which alter non-ergot-based Pharmacodynamic interactions
DA plasma levels

1. Pramipexole With antidopaminergic agents,
Levels increased: drugs which inhibit e.g. antipsychotics: can antagonize
secretory transport at the renal tubules, the effect of DAs

e.g. cimetidine With antihypertensives: increased
2. Ropinirole risk of hypotension

Levels decreased: CYP1A2 inducers, e.g. Apomorphine, with agents known
cyproterone to prolong QTc, e.g. macrolide
Levels increased: high-dose oestrogens and f'mtlblotlcs: may increase QTc
CYP1A2 inhibitors iRl
References

Dewey RBJr, Hutton JT, LeWitt PA, Factor SA. A randomized, double-blind, placebo-controlled
trial of subcutaneously injected apomorphine for parkinsonian off-state events. Arch Neurol
2001;58(9):1385-92.

Giladi N, Boroojerdi B, Korczyn AD, et al. Rotigotine transdermal patch in early Parkinson’s dis-
ease: a randomized, double-blind, controlled study versus placebo and ropinirole. Mov Disord
2007:22(16):2398-404.

Kieburtz K. Twice-daily, low-dose pramipexole in early Parkinson’s disease: a randomized, placebo-
controlled trial. Mov Disord 2011;26(1):37-44.

Moller J, Oertel W, Késter |, Pezzoli G, Provinciali L. Long-term efficacy and safety of prami-
pexole in advanced Parkinson’s disease: results from a European multicenter trial. Mov Disord
2005;20(5):602-10.

Singer C, Lamb J, Ellis A, Layton G; Sumanirole for Early Parkinson’s Disease Study Group. A com-
parison of sumanirole versus placebo or ropinirole for the treatment of patients with early
Parkinson’s disease. Mov Disord 2007;22(4):476-82.



NON-STEROIDAL ANTI-INFLAMMATORY DRUGS

Non-steroidal anti-inflammatory drugs

NSAIDs are central to the treatment of many headache disorders. Aspirin,
or acetylsalicylic acid, was the first NSAID to be synthesized in the mid-
nineteenth century. There are >20 NSAIDs available today. Those licensed
for use in migraine include diclofenac, ibuprofen, and tolfenamic acid.
Indometacin is also commonly used in headache disorders. It has a promi-
nent role in specific headache disorders, including TACs. For aspirin see
pp. 396-8.

Uses
Licensed uses

In the UK
o Migraine.
1. Diclofenac: is licensed for the treatment of migraine in individuals
aged 18 years and older.
2. Ibuprofen: is licensed for the management of acute migraine in indi-
viduals aged 12 years and older.

In the USA
o Migraine.
1. Diclofenac: is licensed for the treatment of migraine in individuals
aged 18 years and older.
e Analgesia.
1. Ibuprofen: is licensed for the management of mild to moderate pain
in individuals aged 6 months and older.

In the UK/USA
1. Indometacin has no licensed neurological use.

Off-licence uses

1. Diclofenac: other headache disorders.

2. Ibuprofen: none.

3. Indometacin: can be used in the acute management of indometacin-
responsive headaches, including HC, PHs, primary stabbing headache,
and Valsalva-induced headache.

Mechanism of action

NSAIDs inhibit the cyclo-oxygenase (COX) enzymes COX-1 and COX-2.
The COX enzymes convert arachidonic acid to prostanglandins and throm-
boxanes, both of which are the end-products of fatty acid metabolism and
are involved in a number of biologically important processes, including gas-
tric protection, inflammation, pain, fever, platelet aggregation, and vascu-
lar homeostasis. Inhibition of COX-2 is believed to be responsible for the
anti-inflammatory, analgesic, and antipyretic properties of NSAIDs. COX-1
is found in almost all tissues and has a number of roles, including gastric
protection. Inhibition of this enzyme is thought to result in the majority
of use-limiting side effects of NSAIDs, including gastric ulceration. NSAIDs
differ with respect to their differential activity at COX enzymes and their
pharmacokinetics.
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Toxicity and side effects: class effects

o Common—dermatological: maculopapular rash, urticaria.
Gastrointestinal: diarrhoea, dyspepsia, nausea, vomiting.
Neurological: dizziness, drowsiness, headache, tinnitus, vertigo.
Serious—cardiovascular: M, fluid retention resulting in new or
worsening heart failure. Dermatological: Stevens—Johnson syndrome,
toxic epidermal necrolysis. Gastrointestinal: peptic ulcer disease.
Haematological: aplastic anaemia. Neurological: aseptic meningitis is
sometimes seen, usually in patients with connective tissue disorders
such as SLE. Cognitive impairment, convulsions, and stroke.

Renal: interstitial nephritis, papillary necrosis, renal cell cancer.
Respiratory: anaphylaxis, bronchospasm. Psychiatric: psychosis.

Contraindications

e Absolute: active gastrointestinal bleeding/ulceration, asthma if known to
experience bronchospasm with NSAIDs, coagulopathy, hypersensitivity
to aspirin or any other NSAID.

e Relative: inflammatory bowel disease can be worsened by NSAIDs.
NSAIDs should be avoided in patients with pre-existing heart failure,
ischaemic heart disease, and liver and renal failure.

Uses in special populations

e Elderly: NSAIDs should be used with caution in the elderly, as they

are more likely to have renal impairment and cardiovascular disease.
Polypharmacy is also commoner in the elderly population, and NSAIDs
have numerous drug interactions. NSAIDs should only be used if
absolutely necessary and in the smallest effective dose for the shortest
time possible.

Pregnancy: NSAIDs should be avoided in the last trimester, due to

a risk of early closure of the ductus arteriosus, oligohydramnios,

renal dysfunction, and, particularly in premature infants, intracranial
haemorrhage. With regard to the rest of pregnancy, NSAIDs should be
avoided, unless benefits outweigh risks.

Lactation: NSAIDs are present in small amounts in breast milk but are
not believed to pose a risk to the neonate. It should, however, be used
with caution in lactating mothers.

Efficacy

1. Diclofenac—migraine: a Cochrane review looking at diclofenac
potassium 50mg vs placebo in the acute management of migraine found
that the NNT for patients to be pain-free at 2h was 6.2, and to be
pain-free at 24h 9.5. There was no difference between diclofenac 50mg
and placebo for adverse events. In about half of those treated (55%),
there was a significant reduction in pain at 2h from moderate/severe
to mild, while 22% of patients had no pain at 2h. The review concluded
that diclofenac potassium 50mg was a suitable oral treatment for acute
migraine attacks.

2. Ibuprofen—migraine: a Cochrane review of ibuprofen in the
management of acute migraine found that a single 400mg dose of
ibuprofen significantly reduced headache from moderate/severe to no
headache at 2h in 26% of patients, compared with 12% for placebo.
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The NNT was 7.2. Twenty per cent of patients were headache-free
at 2h with ibuprofen 200mg (NNT 9.7). The 400mg dose was more
effective than 200mg at reducing headache severity (p = 0.0002).
Adverse effects were minimal, and there was no significant difference
between placebo and ibuprofen. In a meta-analysis of ibuprofen in
acute migraine, the 400mg dose was found to significantly reduce
photophobia by 30% (p <0.01) and phonophobia by 49% (p < 0.0001),
compared with placebo.

3. Indometacin: there are no RCTs assessing the use of indometacin in
headache syndromes. PH: a retrospective case note study looking at
indometacin use in 74 patients with chronic PH found that 30 patients
had a reliable response to indometacin therapy, while the rest either
had inconsistent responses or data were unavailable. Of the 30 who
responded to indometacin, 24 responded completely.

Dosing and monitoring

1. Diclofenac: 50mg of diclofenac should be given at the onset of
headache, and, if needed, a repeat dose can be given 2h later.

2. Ibuprofen: a single dose of 200mg or 400mg should be taken as soon as
possible after the start of migraine.

3. Indometacin: start treatment at 75mg daily in divided doses, usually 25mg
TDS. If there is no response or only a partial response after 48—72h,
then the dose can be increased to a total of 150mg daily, and then to
a further 225mg/day if no response after another 48—72 hour period.
The drug is typically trialled for ~2 weeks at the highest tolerated dose

before absence of a beneficial response is considered a treatment failure.

A response is usually seen within 48—72h of initiation.

Routine monitoring

1. Diclofenac: routine monitoring is not required for diclofenac in the acute

management of migraine.

2. Ibuprofen: only advised in the acute management of migraine and should

not be used regularly for >10 days due to the risk of adverse effects,
particularly gastrointestinal ulceration.

3. Indometacin: the regular use of indometacin is associated with severe
toxicity, with 10% of patients experiencing a serious adverse effect.
Patients should be monitored for hepatic, renal, gastrointestinal, and
haematological toxic effects. In particular, patients are at risk of aplastic
anaemia and agranulocytosis, and should be monitored for this with
regular FBCs.

Pharmacokinetics and interactions
Pharmacokinetics

NSAIDs are absorbed fully, and have little first-pass metabolism and small
volumes of distribution. Most are highly bound to albumin. They differ in
their half-lives: diclofenac (~1h), ibuprofen (~2h), and indometacin (~4.5h).
NSAIDs are eliminated by the kidney, after glucuronidation and/or trans-
formation by the liver cytochrome P450 system. Very little of the drug is

excreted unchanged (<5%).

Interactions See Table A.27.
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Table A.27 Interactions of NSAIDs

Medications Medications Pharmacodynamic interactions
which alter whose plasma
NSAID plasma levels are altered
levels by NSAIDs
Levels increased:  Levels increased: With ACE inhibitors/angiotensin
diclofenac: baclofen, digoxin, receptor blockers, calcineurin inhibitors,
ciclosporin warfarin, lithium, diuretics: renal toxicity
and imatinib; and methotrexate  With antidepressants (SSRls and
ibuprofen: azole venlafaxine), anticoagulants, antiplatelets,
antifungals; and corticosteroids: increased risk of
indometacin: bleeding
diflunisal Z,md With antihypertensives: NSAIDs
probenecid antagonize hypotensive effect
With potassium-sparing diuretics:
increased risk of hyperkalaemia
With quinolones: increased risk of
seizures
With sulfonylureas: concomitant use can
induce hypoglycaemia
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Opioids

Opioids are among some of the oldest known drugs. The medical and rec-
reational use of opium dates back to at least 4000 Bc. Morphine and other
opioid drugs, both naturally occurring opiates and synthetic opioids, act by
binding to the opiate receptors p, k, and 8. Morphine predominantly pro-
duces its analgesic and euphoric effects through the p-opioid receptor.

In neuropathic pain, the most studied opioid drugs are fentanyl, mor-
phine, oxycodone, and tramadol. Although opioid drugs generally provide
very good analgesia, their long-term use is restricted by their side effect
profile and the risks of substance misuse and tolerance.

Uses
Licensed uses
e Pain.

In the UK/USA

1. Fentanyl.

Fentanyl is licensed for malignant and non-malignant chronic intractable pain
in individuals above the age of 2 years. IV preparations are only licensed for
use in individuals above the age of 12 years. Buccal preparations are licensed
for chronic cancer pain in opioid-tolerant patients above the age of 16.

2. Morphine.

In the UK, PO morphine is licensed for the treatment of moderate to severe
pain in individuals above the age of 1 year. Note that Oramorph® solu-
tion and MXL® capsules are not licensed for use in children under 1 year;
Filnarine® SR and Sevredol® tablets are not licensed for use in children under
3 years, and MST Continus® preparations are only licensed in children to
treat cancer pain. In the USA, oral morphine is licensed for the treatment of
moderate to severe pain in adults.

3. Oxycodone.

Oxycodone is licensed for moderate to severe pain in individuals above
18 years of age.

4. Tramadol.

Tramadol is licensed for moderate to severe pain in individuals over the age
of 12 years (UK)/16 years (USA).

Mechanism of action

Morphine and oxycodone are the most studied opioids in the context of
neuropathic pain. Both are p-opioid receptor agonists, although oxycodone
also antagonizes k-opioid receptors. Fentanyl is a very potent p-opioid
receptor agonist. The overall effect of opioid drugs is to reduce spinal noci-
ceptive transmission.

Toxicity and side effects: class effects

o Common—cardiovascular: bradycardia, oedema, palpitations, postural
hypotension, tachycardia. Dermatological: flushing, pruritus, rash,
sweating, urticaria. Gastrointestinal: biliary spasm, constipation, dry
mouth, nausea, vomiting. Neurological: confusion, dizziness, drowsiness,
headache, vertigo. Ophthalmological: miosis, visual disturbance.
Psychiatric: dependence, dysphoria, euphoria, hallucinations,
mood changes, sleep disturbances. Respiratory: bronchospasm.
Urological: difficulty with micturition, ureteric spasm, urinary retention.
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Note: With larger doses, muscle rigidity and hypotension occur. Tolerance
and substance abuse preclude long-term usage.
e Serious—gastrointestinal: paralytic ileus. Neurological: seizures.

Respiratory: respiratory depression.

Contraindications

e Absolute: any patients with acute respiratory depression, paralytic ileus,
raised ICP, and head injuries (affect assessment of pupillary responses);
comatose patients.

Relative: reduce dose in hepatic impairment (risk of precipitating
encephalopathy); reduce dose in renal impairment (increased and
prolonged effect, and increased cerebral sensitivity), impaired
consciousness, COPD, acute asthma, hypotension, shock, MG, prostatic
hypertrophy, obstructive or inflammatory bowel disorders, diseases of
the biliary tract, and convulsive disorders. Reduce dose in the elderly,
debilitated, hypothyroidism, and adrenocortical insufficiency. Caution

is recommended while prescribing opiates to patients with a history of
drug dependence. Tramadol can lower the seizure threshold and should
be avoided in epilepsy.

Uses in special populations

e Elderly: the elderly have an age-related deterioration in their renal and
hepatic function, and benefit from halving the adult dosing regimen.
Pregnancy: opiates depress neonatal respiration; withdrawal effects in
neonates of dependent mothers. Use with caution in pregnancy.
Lactation: therapeutic doses of morphine, tramadol, and fentanyl are
unlikely to affect the breastfeeding infant; however, there is the small
potential of withdrawal symptoms in infants of dependent mothers.
Use if benefits outweigh risks. Oxycodone is present in breast milk.
Infant sedation occurs commonly with maternal use, and there is a
risk of infant CNS depression and death. Neonates have a reduced
clearance of oxycodone. Only use if benefits outweigh risk, and there
is no alternative analgesic. A maximum maternal dose of 30mg/day
is recommended, and the infant should be monitored for drowsiness,
adequate weight gain, and developmental milestones.

Efficacy

A Cochrane review evaluated the efficacy of opioid drugs in relieving
neuropathic pain. Thirty-one trials were identified, but the majority were
short-term, and heterogeneity precluded cross-study quantitative analy-
sis. However, 14 longer-term trials (lasting up to 12 weeks), involving 845
patients, demonstrated efficacy for opioids with various types of neuro-
pathic pain. A meta-analysis revealed that, of the patients taking an opioid
drug, 57% received >33% pain relief, compared to 34% of those receiving
the placebo, with an NNT of 4.0 (95% Cl 3.0-5.6). A recent systematic
review demonstrated that both [V and PO morphine were effective in the
treatment of phantom limb pain both in the short and long term. Opioid
drugs are viewed as non-superior to TCAs by both the EFNS and NICE. Itis
recommended that they are used second- or third-line and only for a short
duration when antidepressants and anticonvulsants have failed.
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Tramadol: a systematic review identified five placebo-controlled trials,

which all showed tramadol to be more effective than placebo in treating
neuropathic pain. A meta-analysis of these trials (303 total participants)
showed that tramadol was more effective than placebo in achieving >50%
pain relief, with an NNT of 3.8 (95% Cl 2.8-6.3). Tramadol is recom-
mended by the EFNS as a second- or third-line analgesic for the long-term
treatment of neuropathic pain, but it can be used as a first-line option for
acute exacerbations of painful diabetic neuropathy.

Dosing and monitoring
Consideration of the following factors must be taken into account when
starting a patient on an opioid drug: total daily dose, potency, patient’s
degree of opioid tolerance, patient co-morbidities, concurrent medications,
and type and severity of pain.

For converting between opioids, see Table A.28.

Dosing

1.

Fentanyl—for fentanyl transdermal patches: start treatment at 12-25
micrograms/h patch every 72h. Base dose increments on the daily dose
of supplementary opioid analgesics. Maximal analgesia will be achieved
after 24h, so consider using a short-acting opioid as breakthrough
analgesia until this time.

. Morphine—starting dose: po 5-10mg every 4h, as required. The

parenteral dose is approximately three times as strong as the oral dose.
Initially, titrate with short-acting formulations; when an average daily
dose is established, convert to longer-acting opioids or transdermal
applications. To convert to extended-release preparations, administer
50% of the patient’s 24h requirement bd or one-third of the daily
morphine dosage tds.

. Oxycodone—starting dose: for immediate-release preparations, 2.5-5mg

po every 4—6h. Trial 4-6 weeks. Increase the dose slowly, as required.
Doses >30mg daily are rarely needed. Maximum dose 400mg/24h, but
some patients will require higher doses. Patients on high long-term doses
of oxycodone should be converted to a sustained-release preparation.
Halve the oral dose if administering parenterally.

. Tramadol—for the treatment of neuropathic pain, start treatment at

25mg every morning. Uptitrate by 25mg every 3 days, in separate
doses, to reach a qds regimen (25mg qds). Then increase the total daily
dose by 50mg every 3 days. Trial for 4 weeks. Note, if a more rapid

Table A.28 Opioid drug dose conversions

Fentanyl: transdermal Morphine: oral Oxycodone: oral Tramadol: oral

12.5 micrograms/h ~ 30-59mg/24hrs  15-29.5mg/24hrs  150-300mg/24hrs

25 micrograms/h 60—134mg/24hrs  30-67mg/24hrs 301-600mg/24hrs

50 micrograms/h 135-224mg/24hrs  67.5-112mg/24hrs  NA

75 micrograms/h 225-314mg/24hrs  112.5-1 57mg/£4hrs NA

100 micrograms/h 315-404mg/24hrs  157.5-202mg/24hrs  NA

NA, information not available.
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onset of analgesic effect is required, patients can be started on 50—
100mg tramadol every 4—6h. Maximum dose 400mg daily. In patients
with chronic pain, sustained-release preparations can be used, with
an initial dose of 100mg daily, increased every 5 days by 100mg to a
maximum dose of 300mg daily.

Routine monitoring None required.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.29.

Table A.29 Pharmacokinetics of opioids

Fentanyl Morphine Oxycodone Tramadol

Main routes BC/IN/IV/ IV/IM/SC/PO IV/IM/SC/PO PO (IV/IM)
of admini- SC/SL/TD
stration

Oral bio- 50-90% for 20-40% 95-100% 75-95%
availability BC/SL/TD

SL: 45min For modified-
to 1.5h release prepa-
TD: 20-72h rations: PO, 3h
Protein 80-85% 30-35% 45% 20%
binding
Time to IV: 18-24h 24h 18-24h 4 days
steady state TD: 144h
Pharma- No Yes, strong Yes, strong Yes, strong
cologically activity activity activity
active
metabolites
Elimination  IV: 219min 2-4h 3—4h 6-10h
half-life BC: 2-11h
SL: 7-15h
TD: 13-22h
Metabolism CYP3A4 UDP-glucurono-  CYP2D6, CYP2B6,
syltransferase- CYP3A4 CYP2D6,
2B7 CYP3A4
Excretion As As metabolites:  As As
metabolites: urine 80%, metabolites: metabolites:
urine >90%, faeces 10% urine 65% urine 60%
faecal 1% Unchanged: Unchanged: Unchanged:
Unchanged: urine 10% urine 20% urine 30%
urine 7%

BC, buccal; IN, intranasal; IV, intravenous; PO, oral; PR, per rectum; SC, subcutaneous; SL,
sublingual; TD, transdermal.



Interactions See Table A.30.

Table A.30 Interactions of opioids
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Medications which
alter opioid drug

plasma levels by opioid drugs

Medications whose
plasma levels are altered

Pharmacodynamic
interactions

Levels decreased:

CYP450 enzyme Levels increased:
inducers, e.g. fentanyl: etomidate;
carbamazepine, morphine: esmolol and
phenytoin gabapentin

Levels increased:
fentanyl: CYP450
enzyme inhibitors,
e.g. cimetidine,
macrolide antibiotics,
ritonavir, and
triazoles; oxycodone:
voriconazole

Levels decreased: none

With alcohol, antihistamines,
antipsychotics, baclofen, and
benzodiazepines: enhanced
sedative and often hypotensive
effects

With coumarins:

tramadol enhances the
anticoagulant effect

With MAOIs, SNRIs, and
SSRls: tramadol enhances
serotonergic effects

With domperidone and
metoclopramide: antagonism
of gastric emptying
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Phenytoin and fosphenytoin

Phenytoin is a widely used broad-spectrum AED. Its main disadvantages are:

1. non-linear pharmacokinetics requiring regular monitoring of plasma
levels;

2. high levels of pharmacokinetic interactions;

3. IV injections are associated with local toxic effects, due to the fact that
phenytoin is water-insoluble and hence administered with alcohol and
propylene glycol at a pH of 14;

4. long-term use is associated with dysmorphism, hirsutism, and
hypertrichosis.

Fosphenytoin is a phenytoin prodrug, and hence the majority of its side
effects and interactions are identical to phenytoin. Its main advantage over
phenytoin is that it is water-soluble, and the concentrate for injection is at a
physiological pH. This avoids injection site toxicity of phenytoin and allows
it to be given IM if IV administration is not an option (although IM injection
should not be used in the treatment of status, as T__ can take >24h by
this route of administration). It can be administered faster than phenytoin
when given IV. It is only available by injection; hence its main use is in status
epilepticus. Its main clinical effects are attributable to phenytoin, with which
it shares many pharmacokinetic characteristics and side effects.

Uses
Licensed uses

In the UK/USA
1. Fosphenytoin.

« Epilepsy: fosphenytoin is licensed for the treatment of tonic—clonic
status epilepticus, for the prevention and treatment of seizures
during or following neurosurgery (UK: and/or head trauma), and as
a substitute for oral phenytoin if oral administration is not possible in
individuals of all ages.

2. Phenytoin.

* Epilepsy: phenytoin is licensed for the treatment of tonic—clonic seizures,
focal-onset seizures with or without secondary generalization, and
seizures occurring during or following neurosurgery (UK: and/or head
injury) as a monotherapy or as an adjunct in individuals of all ages.
Phenytoin as an injection or infusion is licensed for the treatment of
tonic—clonic status epilepticus in individuals of all ages.

Mechanism of action

The mechanism of action of phenytoin has not been fully established. It is
thought that its main antiepileptic activity is via use-dependent blockade of
voltage-sensitive sodium channels. It also regulates calmodulin and second-
ary messenger systems, enhances post-synaptic GABA-mediated inhibition,
and inhibits the action of calcium channels presynaptically in order to block
the release of neurotransmitters. Fosphenytoin has no known pharmaco-
logical activity prior to conversion to phenytoin.
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Toxicity and side effects
e Common—dermatological: rash can occur, and treatment should be
stopped and only restarted if settling and mild in nature. If it reoccurs,
then stop treatment permanently. Acne, hirsutism, hypertrichosis,
and dysmorphism in the form of coarse facial features are common
with long-term treatment. Gastrointestinal: anorexia, constipation,
gingival hypertrophy, nausea, and vomiting. Neurological: headache,
paraesthesiae, sedation, and tremor are common.
In addition, the following side effects have been reported with
fosphenytoin use.
Common—gastrointestinal: dry mouth and taste disturbance.
Neurological: dysarthria, tinnitus, visual disturbances, and weakness.
Psychiatric: euphoria. Dermatological: bruising and pruritus.

Serious—cardiovascular: IV injection can cause hypotension, arrhythmias,
and cardiovascular collapse, particularly if given too rapidly. BP and
continuous cardiac monitoring are mandatory during [V administration.
Dermatological: Stevens—Johnson syndrome and toxic epidermal
necrolysis have rarely been reported. Purple glove syndrome: a

purple discoloration and oedematous change to the skin, followed by
subsequent necrosis. It is caused by phenytoin extravasation around
the cannula site. There are no reports of purple glove syndrome with
fosphenytoin use. Gastrointestinal: rarely, a toxic hepatitis can occur.
Haematological: rarely aplastic anaemia, lymphoma, and pancytopenia
have been reported. Immunological: PAN and SLE have rarely been
reported. Neurological: rarely, irreversible cerebellar dysfunction can
occur. Psychiatric: psychosis and suicidal ideation have been reported.
Renal: interstitial nephritis is rare. Respiratory: pneumonitis and rapid [V
administration can cause respiratory arrest.

Of note, less commonly, anaemia (often related to folic acid deficiency),

osteomalacia, and weight gain can occur with long-term use.

Contraindications

o Absolute: hypersensitivity to phenytoin or its excipients.

o Relative: phenytoin is ineffective in the treatment of absence seizures,
myoclonic jerks, childhood epileptic encephalopathy, and the progressive
myoclonic epilepsies. Phenytoin undergoes extensive hepatic metabolism
and is renally excreted; hence the dose should be lowered in hepatic
and renal impairment. Monitoring of free non-protein-bound phenytoin
plasma concentrations should guide dosing in these circumstances.

There is a cross-over with the rash associated with carbamazepine
treatment (up to 50% of patients who had a skin rash with carba-
mazepine also developed one with phenytoin in small studies); hence
phenytoin should be used with caution in individuals with a history of
carbamazepine-induced rash.

Uses in special populations

o Elderly: the elderly have an age-related deterioration in their renal
and hepatic function and benefit from lower dosing regimens.
Co-prescription of other medications is also more likely in the elderly,
and hence the probability of pharmacokinetic interactions is high.
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Pregnancy: There is demonstrable evidence of teratogenic risk to the
human fetus. Phenytoin impairs endogenous vitamin K synthesis and
hence increases the risk of haemorrhagic disease of the newborn.

A prophylactic injection of vitamin K should be given. In addition, free
phenytoin levels can reduce by 30-80% during pregnancy; hence doses
may need to be increased. Use in patients during pregnancy involves
weighing up the potential benefits and side effects (see Antiepileptic
drugs in young women, pp. 37-9).

Lactation: it is not known if fosphenytoin is present in human breast
milk, but phenytoin is. Plasma levels are <10% of those of the mothers.
If used, infants should be monitored for potential side effects such as
sedation and irritability. The infant should be switched to an alternative
feeding regimen if these are identified.

Efficacy

1.

Fosphenytoin: minimal evidence exists that looks specifically at
fosphenytoin efficacy. One open-label study looked at the time to
seizure cessation in patients with status epilepticus and found no
significant difference between those given phenytoin or fosphenytoin.
The maximal rate of fosphenytoin infusion is three times faster than
that of phenytoin. However this does not necessarily correlate with
faster attainment of effective plasma phenytoin levels, which may be
delayed as fosphenytoin needs to be converted by phosphatases to
phenytoin.

. Phenytoin: there are relatively little data from high-quality studies

regarding efficacy of phenytoin, but to date no AED has been shown
to be superior. Current trials are investigating whether IV valproate

or levetiracetam may be safer to use in status epilepticus. A 2001
Cochrane review demonstrated that phenytoin was effective at
preventing post-traumatic seizures arising before 1 week but not after
1 week following brain injury. Hence administration of short-term
phenytoin following moderate to severe head injuries to prevent early
post-traumatic seizures is common. There is as yet little evidence

to recommend routine prophylaxis of patients with cerebral space-
occupying lesions or cerebral haemorrhage, thrombosis, and stroke.
See Status epilepticus, pp. 41-5, and seizures in neuro-oncology under
Management of complications, pp. 195—6 for discussion of the evidence
in these scenarios.

Dosing and monitoring
Routine monitoring

Hepatic and renal function should be assessed prior to initiating treatment
and yearly thereafter. Measure folate and vitamin D levels on a regular basis.

Therapeutic drug monitoring Both AEDs should be monitored using phenytoin
plasma levels: Optimum seizure control when used in monotherapy occurs
at plasma concentrations of 10-20mg/L. Trough samples should be taken.
When phenytoin is used as maintenance therapy outside of status epilepticus,
take the sample when steady state is reached at 1-3 weeks post-dose
adjustment.
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In settings where protein binding is affected, e.g. concomitant administra-
tion of phenylbutazone, salicylates, tolbutamide, and valproate, or when
albumin concentration is altered, dosing is best guided through measure-
ment of free non-protein-bound plasma concentrations.

Dosing

1. Fosphenytoin: doses are expressed as phenytoin sodium equivalent (PE).
Fosphenytoin sodium 1.5mg = phenytoin sodium 1mg. IM injection
should not be used in status epilepticus.

For the treatment of status epilepticus—age >18 years: start treatment
with a bolus dose by IV infusion of 20mg (PE)/kg at a rate of 100—
150mg (PE)/min. Then give 4-5mg (PE)/kg daily, divided into 1-2
doses. Administer the maintenance doses at a rate of 50-100mg
(PE)/min. Then adjust dosing according to clinical response and
plasma phenytoin levels. BP, heart rate, and respiratory function
monitoring are a requirement of IV administration.

For prophylaxis or treatment of seizures associated with neurosurgery

or head injury—age >18 years: start treatment with a bolus dose

by IM injection or IV infusion (at a rate of 50—-100mg (PE)/min) of
10-15mg (PE)/kg. Then give 4-5mg (PE)/kg in total daily, divided
into 1-2 doses, by IM injection or IV infusion (at a rate of 50-100mg
(PE)/min). Then adjust dosing according to clinical response and
plasma phenytoin levels.

For use as a substitute to oral phenytoin—age >18 years: use the same
dose and frequency as oral phenytoin by IM injection or IV infusion
(at a rate of 50-100mg (PE)/min).

2. Phenytoin.

For the treatment of all forms of epilepsy, except absence seizures, age
>18 years: start treatment at 3—4mg/kg/day or 150-300mg/day in
1-2 divided doses. If given as a single dose, this should be given at
night. The dose should be increased gradually, with plasma phenytoin
monitoring, to a usual maintenance dose of 200-500mg daily.
Dosage changes should not occur faster than at 1-week intervals

and should be ideally increased at 3- to 4-week intervals. There is no
documented difference in the bioavailability of tablets vs capsules.
Oral doses should be taken with or after food.

For the treatment of status epilepticus: a loading dose of 20mg/kg
(maximum of 2g) is used and given by IV injection or infusion at a
rate <1mg/kg/min. Then maintenance doses of 100mg every 6-8h
can be given PO or parenterally, and adjusted according to phenytoin
concentration. BP and cardiac monitoring are a requirement of IV
administration. A wide-bore cannula should be used with a large
flush pre- and post-dose to minimize consequences of extravasation.

Pharmacokinetics and interactions
Pharmacokinetics

e Fosphenytoin: the bioavailability and T

of fosphenytoin by the IM route

max

is 100% and 0.5h, respectively. Fosphenytoin undergoes hydrolysis to
form phenytoin by phosphatase enzymes mostly present in the liver and
red blood cells. The half-life for fosphenytoin conversion to phenytoin

335



336

cHAPTER 19 A-Z index of neurological drugs

is 8-15min. T__ for phenytoin following administration of fosphenytoin
is 0.5—1h by the IV route, and 1.5—4h by the IM route; Phenytoin

steady state is reached in 621 days. The rest of pharmacokinetics of
fosphenytoin are as per phenytoin.

Phenytoin: different formulations have slightly different T__ and
bioavailability values. The oral bioavailability is on average >80%. T__
varies between 1h and 12h. Steady state is reached in 1-3 weeks. Ninety
per cent of phenytoin is protein-bound, predominantly to albumin.
Between 75% and 100% of phenytoin is metabolized hepatically.
Metabolites are inactive. The major metabolite is 5-(p-hydroxyphenyl)-
5-phenylhydantoin, the majority of which is subsequently glucuronidated
and eliminated via the renal system. Hydroxylation is mainly mediated

by CYP2C9 and CYP2C19, which, alongside CYP1A2 and CYP3A4
isoenzymes, undergo autoinduction. This may necessitate an increase in
dosage when steady state is reached. The phenytoin half-life increases at
higher doses and in the absence of enzyme-inducing AEDs. The half-life
averages 22h. The majority of metabolites of phenytoin are eliminated
by the kidneys; <5% is eliminated as unchanged drug.

Interactions

See Table A.31. As a result of the magnitude of the interaction between
diazoxide and phenytoin, whereby phenytoin plasma levels are decreased
to almost non-detectable values, this drug combination can be considered
contraindicated.

Table A.31 Interactions of phenytoin and fosphenytoin

Medications which alter phenytoin Medications whose plasma levels are
plasma levels altered by phenytoin

Levels decreased: CYP3A4, CYP2C9, Levels decreased: CYP3A4, CYP2C9,
CYP2C19, and CYP1A2 inducers, e.g.  CYP2C19, and CYP1A2 substrates,
rifampicin and St John’s wort e.g. albendazole, amiodarone, and
Levels increased: CYP3A4, CYP2C9,  lamotrigine

CYP2C19, and CYP1A2 inhibitors, e.g.  Levels increased: chloramphenicol,
cimetidine, indinavir, and voriconazole  clobazam (metabolite), and phenobarbital
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Selective serotonin and noradrenaline
reuptake inhibitors

SNRIs are a group of drugs most commonly used in the management of
mood disorders. However, several of the SNRIs have also been dem-
onstrated to have neurological applications. Three SNRIs (duloxetine,
milnacipran, and venlafaxine) have been found to be effective in treating
various forms of neuropathic pain. In addition, venlafaxine is used in the
management of narcolepsy.

These drugs are generally very specific, only acting to increase the syn-
aptic levels of 5-hydroxytryptamine (5HT) and noradrenaline (NA), with
virtually no inhibition of monoamine oxidase. Duloxetine and venlafaxine
are more potent inhibitors of serotonin uptake than NA, while milnacipran
has a 3-fold higher inhibition of NA reuptake, compared to serotonin.

Uses
Licensed uses

In the UK/USA

1. Duloxetine: neuropathic pain—duloxetine is licensed for pain relief in
diabetic neuropathy in adults.

2. Milnacipran: fibromyalgia—milnacipran is licensed for the treatment of
fibromyalgia in individuals aged 18 years and older; it is not licensed for
use in the UK.

3. Venlafaxine: venlafaxine is licensed for treatment of mood disorders in the
UK and USA. There is no licensed neurological use in either country.

Off-licence uses
Venlafaxine is used off-licence for the treatment of narcolepsy and
neuropathic pain.

Mechanism of action

o Narcolepsy: the mechanism of action of venlafaxine in the management
of narcolepsy is unclear. Venlafaxine and other antidepressants

may work through their combined noradrenergic and serotonergic
activity. This may inhibit REM-on neurons in the brainstem, preventing
spontaneous attacks of REM sleep.

Neuropathic pain: SNRIs block SHT and NA reuptake transporters,
achieving analgesia in a similar fashion to TCAs. They have a narrower
spectrum of activity than TCAs, which minimizes the extent of their side
effect profile.

Toxicity and side effects

e Common—cardiovascular: hypertension, palpitations.

Dermatological: flushing. Gastrointestinal: appetite change, constipation,
dry mouth, nausea, vomiting, and weight change. Neurological: dizziness,
headache, tremor. Psychiatric: abnormal dreams, insomnia.

o Serious—cardiovascular: hypertensive crisis. Dermatological: Stevens—
Johnson syndrome. Duloxetine has been reported to cause anaphylaxis
and angio-oedema. Metabolic: rhabdomyolysis. Neurological: seizures.
Ophthalmological: angle-closure glaucoma. Psychiatric: suicidal behaviour.
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With venlafaxine: additional side effects to be aware of include:

serious—cardiovascular: QT prolongation. Gastrointestinal: pancreatitis.
Psychiatric: NMS.

NB. Withdraw gradually. Symptoms of withdrawal include anxiety, dizzi-
ness, headache, nausea, paraesthesiae, sleep disturbances, tremor; and
vomiting. In patients treated with venlafaxine for narcolepsy, abrupt cessa-
tion of venlafaxine has been associated with status cataplecticus, i.e. recur-
rent attacks of cataplexy with little or no refractory period.

Contraindications
All SNRIs.

Absolute: concomitant use of MAOIs.
Relative: angle-closure glaucoma, bleeding disorders, cardiac disease,
elderly, mania, seizures, and uncontrolled hypertension.

In addition:

1.

Duloxetine.
« Absolute: hepatic impairment and renal impairment eGFR <30mL/
min/1.73m2

2. Milnacipran.

3.

« Relative: renal impairment eGFR <30mL/min/1.73m? reduce the
dose by 50%. No dose adjustment is neccessary in hepatic failure.

Venlafaxine.

« Absolute: eGFR <10mL/min/1.73m?

« Relative: eGFR 10-30mL/min/1.73m? (halve the dose) and hepatic
impairment.

Uses in special populations

Elderly: no dose adjustment is required in the elderly, although care with
increasing doses is recommended.

Pregnancy: there are no controlled data for use of SNRIs in pregnancy.
There have been individual reports of increased neonatal complications,
including feeding difficulties, irritability, and respiratory and neurological
complications such as hyperreflexia, hypo-/hypertonia, and seizures. It
is advised that the SNRIs should only be given in pregnancy, particularly
in the third trimester, if the benefit outweighs the risk.

Lactation:

1. duloxetine is present in breast milk, although the effects on the
developing infant are unknown. There is a small risk of neonatal
withdrawal syndrome with duloxetine. Mothers are advised to avoid
breastfeeding while on treatment;

2. milnacipran: there are no studies available reporting the safety of
milnacipran in breastfeeding. Manufacturer advises to avoid;

3. venlafaxine and its metabolite O-desmethylvenlafaxine are both pre-
sent in breast milk. No proven reports of side effects to date. Both
the American Academy of Pediatricians and the National Institute of
Health in the UK consider venlafaxine safe for breastfeeding.
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Efficacy

1. Duloxetine: there is very good evidence from three high-quality
systematic reviews. The most recent review identified 18 trials,
including 6407 participants in total, 2728 patients with diabetic
neuropathy and 2249 with fibromyalgia. For a >50% reduction in
pain over a 12-week period in diabetic neuropathy, the NNT was 5
(95% Cl 4-7), and in fibromyalgia it was 8 (95% Cl 4-21). One small
high-quality trial found no effect from duloxetine in treating central
neuropathic pain.

2. Milnacipran: a recent systematic review identified five RCTs, with a total
of 4138 participants, comparing milnacipran to placebo for pain relief in
fibromyalgia. Doses of 100mg and 200mg provided >30% reduction in
pain to 40% of those treated, compared to 30% of participants in the
placebo arm. The NNT was 8.6 (95% Cl 6.3—14). Milnacipran has not
been studied in other forms of neuropathic pain.

3. Venlafaxine.

« Narcolepsy: the evidence for venlafaxine in the management of
narcolepsy comes purely from case study evidence and expert
consensus statements. In case studies, symptoms of cataplexy,
excessive daytime sleepiness, and hypnagogic hallucinations improved
with the use of venlafaxine in the majority of subjects.

Neuropathic pain: a systematic review identified six studies

investigating the effectiveness of venlafaxine in treating neuropathic

pain. Three studies showed venlafaxine to be superior to placebo

in significantly reducing global pain relief measurements, with an

NNT of 3.1 (95% Cl 2.2-5.1). These studies included patients with

post-mastectomy pain, painful polyneuropathy, and experimentally

induced pain. Three other studies only reported mean data.

Venlafaxine has not been adequately studied in other forms of

neuropathic pain, including painful diabetic neuropathy, post-herpetic

neuralgia, and central pain.

Dosing and monitoring

Dosing

1. Duloxetine: start treatment at 30mg. Increase to 60mg od after 1 week.
Maximum dose 120mg daily.

2. Milnacipran: start on day 1 with a single 12.5mg dose; on days 2-3,
administer 12.5mg bd; on days 4—7, administer 25mg bd; after day 7,
administer 50mg bd. Based on patient response, the dosage may be
increased to 100mg bd.

3. Venlafaxine: starting dose: 37.5mg od. Increase the dose by 37.5-75mg
each week, as tolerated. Usual maintenance dose is 75-225mg/day for
neuropathic pain. In narcolepsy, maintenance doses of 150-375mg have
been used in case studies.

Routine monitoring None routinely required for duloxetine and
milnacipran. Venlafaxine was found to cause a dose-related increase in BP,
particularly with doses >200mg. Controlling pre-existing hypertension
before starting venlafaxine and routine BP monitoring thereafter is
recommended.



340 cHAPTER 19 A-Z index of neurological drugs

Pharmacokinetics and interactions
Pharmacokinetics See Table A.32.

Interactions See Table A.33.

Table A.32 Pharmacokinetics of SNRIs
Duloxetine Milnacipran  Venlafaxine

Main routes of PO PO PO
administration

Time to steady

state
Pharmacologically No Yes, strong Yes, strong
active metabolites
Elimination half-life ~ 8-17h 6-8h Standard: 3-7h
MR: 9-13h
Metabolism CYP1A2, CYP2D6  glucuronide CYP2Dé metabolism
conjugation  forms O-
desmethylvenlafaxine
(ODV)
Excretion As metabolites: urine  Unchanged: ~ As metabolites:
70%, faecal 20% urine >50% urine 80%
Unchanged: urine Unchanged urine 5%

<1%

MR, modified release; PO, oral.

Table A.33 Interactions of SNRIs

Medications which alter Pharmacodynamic interactions
duloxetine plasma levels

Levels increased: With antiplatelets, anticoagulants, and NSAIDs:

duloxetine: ciprofloxacin increased risk of bleeding

and fluvoxamine; With S5HT receptor agonists, e.g. SSRIs, TCAs,

venlafaxine: lclozapine tramadol: increased serotonergic side effects

and haloperidol With MAOIs/adrenaline/NA: risk of hypertensive
crisis. Do not start until at least 5 days after stopping
duloxetine

With atomoxetine: increased seizure risk
With methylthionium: increased risk of CNS toxicity
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Statins

Statins are a group of widely used lipid-regulating drugs that work by inhib-
iting 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA) reductase, the rate-
limiting enzyme in cholesterol synthesis. Statins have been demonstrated
to have utility in the primary and secondary prevention of cardio-/cerebro-
vascular disease.

There are a number of statins of varying potencies available on the mar-
ket. At present, atorvastatin, pravastatin, rosuvastatin, and simvastatin have
evidence regarding their use in ischaemic stroke.

Currently, simvastatin and atorvastatin are the most frequently used
agents in routine clinical practice. However, no studies have compared the
relative efficacies of the different statins in ischaemic stroke.

Mechanism of action

All statins act by inhibiting HMG-CoA reductase, the rate-limiting enzyme of
the HMG-CoA reductase pathway. This metabolic pathway is responsible
for the hepatic production of cholesterol. This reduced hepatic cholesterol
pool triggers increased expression of the LDL receptor and subsequent
lowering of plasma LDL-cholesterol (LDL-C). The SATURN trial has also
demonstrated that high-dose atorvastatin and rosuvastatin can lead to ath-
eroma regression. Statins have also been demonstrated to exert additional
pleiotropic effects, such as improving/restoring endothelial function and
anti-inflammatory effects, and they may reduce the chance of developing
AF. Thus, the effects of statins may reduce occlusive thrombotic events,
irrespective of the initial cholesterol concentration.

All statins are given po in tablet form. They are typically given at night
when peak cholesterol synthesis occurs. Little is known about IV administra-
tion of statins and their effects in the acute situation. However, a recent ani-
mal study that utilized IV rosuvastatin demonstrated protection from focal
cerebral ischaemia for up to 4h after a cerebrovascular event. Thus, this is
certainly a route of administration to be explored in future studies.

Toxicity and side effects

Statin-induced myopathy encompasses a wide clinical spectrum, ranging
from myalgia (reported in up to 13% of patients commenced on statin
therapy) to rhabdomyolysis. Muscle-related side effects have been dem-
onstrated to have a higher prevalence with lipophilic statins (simvastatin,
atorvastatin), in comparison to those with a hydrophilic structure (pravas-
tatin, rosuvastatin).

e Common—dermatological: pruritus and rash. Gastrointestinal: abdominal
pain, constipation, diarrhoea, dyspepsia, flatulence, nausea, vomiting.
Immunological: allergic reaction. Musculoskeletal: muscle cramps, myalgia,
and myopathy. Neurological: dizziness, headache, and paraesthesiae.
Respiratory: bronchospasm.

Serious—gastrointestinal: hepatic failure, hepatitis, and pancreatitis.
Immunological: angio-oedema. Musculoskeletal: rhabdomyolysis.
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Statin therapy in acute ischaemic stroke
National recommendations, including NICE guidelines, advise that statins
should be commenced 48h after the onset of ischaemic stroke.

The 48h delay before initiation of statins arose due to theoretical con-
cerns of an increased risk of haemorrhagic conversion if used hyperacutely.
This is based on the SPARCL trial of 2006, which suggested an increased
risk of haemorrhagic stroke in those taking 80mg/day of atorvastatin, in
comparison to placebo (2.3% vs 1.4%; p = 0.002). However, it is important
to note that: (1) the benefits of atorvastatin on preventing further ischaemic
strokes far outweighed the increased risk of haemorrhagic stroke, (2) post-
hoc analysis demonstrated that increased risk was primarily observed
in elderly men with a history of haemorrhagic stroke, (3) further meta-
analyses have not shown any increased risk of ICH with statin use, following
ischaemia, and (4) there is no direct evidence of harm in giving early statins
in acute stroke.

Recent studies suggest that patients may benefit from statin treatment
from stroke onset. A meta-analysis of 27 studies by Chroinin et al. demon-
strated that patients who were on a statin prior to the onset of symptoms
had improved functional outcome at 90 days (OR 1.41, 95% Cl 1.29-1.56;
p <0.001). A significant reduction in mortality was reported at both 90 days
(OR 0.71, 95% CI 0.62-0.82; p <0.001) and at 12 months (OR 0.80, 95%
Cl 0.67-0.95; p = 0.01). Furthermore, Flint et al. demonstrated, in a ret-
rospective analysis, that withdrawal of statin therapy following ischaemic
stroke was associated with a significantly greater risk of death (hazard ratio
2.5,95% Cl 2.1-2.9; p <0.001).

In conclusion, given the significant benefit demonstrated in these studies,
patients already on statin therapy should continue on it, without interrup-
tion, following an acute stroke. For patients not previously on a statin, this is
usually initiated at 48h, with further studies needed to assess if there is any
added benefit from starting therapy de novo at stroke onset.

Statin therapy following intracerebral haemorrhage
It is unclear whether statins should be initiated in patients at high risk of
ICH. Post-hoc analyses from the SPARCL trial and other studies suggest that
statins may increase the risk of ICH in some patient groups, typically men
who have already suffered from ICH. Having said this, several medium-sized
meta-analyses have demonstrated that patients on statins prior to ICH have
better outcomes and reduced mortality at 90 days. Furthermore, ICH survi-
vors do not appear to be at increased risk of recurrence. A decision model
created by Westover et al. suggested that, on the basis of available evi-
dence, statins should be avoided in those with previous lobar ICH and used
only with caution in those with previous ‘deep’ ICH.

Overall, given the current evidence, it appears sensible to exercise cau-
tion when utilizing statin therapy in those with previous ICH, particularly
those of lobar location.
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Monitoring
Caution should be exercised in patients with predisposing factors for
rhabdomyolysis. In order to establish a reference baseline value, a CK
level should be measured before starting a statin in the following situ-
ations: elderly (age 265 years), female gender, renal impairment, uncon-
trolled hypothyroidism, personal or family history of hereditary muscular
disorders, previous history of muscular toxicity with a statin or fibrate and
alcohol abuse. If muscle pain, weakness, or cramps occur, while a patient
is receiving treatment with a statin, their CK levels should be measured. If
these levels are found, in the absence of strenuous exercise, to be signifi-
cantly elevated (>5 times the upper limits of normal), treatment should be
stopped. If symptoms resolve and CK levels return to normal, then reintro-
duction of the statin or introduction of an alternative statin may be consid-
ered at the lowest dose and with close monitoring. Those who experience
sensitivity to one statin do not necessarily experience adverse effects with
other statins.

LFTs should be measured before commencing treatment and be
repeated at 3 and 12 months (unless there are clinical symptoms or signs
of hepatotoxicity).

Contraindications

e Absolute: hypersensitivity to the drug or its excipients. Active liver
disease or unexplained persistent elevations of serum transaminases
that are >3 times the upper limit of the reference range. Pregnancy and
lactation. Concomitant administration of potent CYP3A4 inhibitors
(e.g. itraconazole, ketoconazole, HIV protease inhibitors, erythromycin,
clarithromycin, telithromycin, and nefazodone). Acute porphyria.
Relative: use statins with caution in those with risk factors for
rhabdomyolysis or myopathy (personal or family history of muscle
disorders, a high alcohol intake, renal impairment, hypothyroidism, and in
the elderly). All statins should be used with caution in hepatic impairment.

Uses in special populations

o Elderly: the elderly have a higher risk of rhabdomyolysis and myopathy,
and thus statins should be used cautiously and titrated carefully.
Pregnancy: statins should be avoided in pregnancy, as congenital
abnormalities have been reported and the reduction in cholesterol
synthesis may affect fetal development. Thus, appropriate contraception
is advised both during and for 28 days following cessation of treatment.
Lactation: it is not known whether statins are present in breast milk.
Manufacturers advise avoidance.

Efficacy

o Atorvastatin: the SPARCL (Stroke Prevention by Aggressive Reduction in
Cholesterol Levels) trial randomly assigned 4731 ambulatory patients
with no known coronary heart disease (CHD) who had had a stroke or
TIA within the preceding 6 months to treatment with either atorvastatin
80mg/day or placebo. Atorvastatin was associated with a reduction in
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fatal or non-fatal stroke, as well as a significant reduction in all coronary
events (5.2% vs 8.6%). Subgroup analysis of this study identified that,
despite a relative reduction of non-fatal and fatal stroke by 21% in

the group treated with atorvastatin (5-year absolute reduction in risk
2.2%; p = 0.03; unadjusted p = 0.05), there was a statistically significant
difference in the incidence of intracranial haemorrhage (2.3% with
atorvastatin vs 1.4% with placebo) between the two cohorts. However,
post-hoc analysis of this study demonstrated that this increased risk
was primarily observed in elderly men with a history of intracranial
haemorrhage.

Simvastatin: the HPS trial (Heart Protection Study) enrolled 3280 adults
with cerebrovascular disease who had previous non-disabling ischaemic
stroke, TIA, and/or a history of carotid endarterectomy or angioplasty,
but excluded patients who had had a stroke within 6 months. An
additional 17 256 subjects with other occlusive arterial disease or
diabetes were also enrolled. Patients were allocated to either 40mg
simvastatin or placebo and monitored over a 5-year treatment period.
Simvastatin treatment was associated with a significant reduction in all
first stroke, compared with placebo (4.3% vs 5.7%), reflecting a 28%
RRR in ischaemic strokes (p <0.0001).

Pravastatin: in the CARE trial, pravastatin has being shown to reduce the
incidence of stroke in patients who were prescribed pravastatin after
MI. Compared with placebo, pravastatin resulted in a 27% reduction in
stroke or TIA (95% Cl 4-44%; p = 0.02).

Rosuvastatin: the JUPITER study was a double-blind RCT that
investigated the use of rosuvastatin in the primary prevention of
cardiovascular disease. The trial appraised 17802 patients with no
previous history of cardiovascular disease and low-normal LDL-C but
an elevated high-sensitivity CRP (hs-CRP) to either 20mg rosuvastatin
or placebo. hs-CRP is a biomarker of inflammation and has shown to
be an independent predictor of future vascular events (statin therapy
has previously been shown to reduce hs-CRP levels). Rosuvastatin was
shown to reduce LDL-C levels by 50% and reduce hs-CRP by 37%.
Rates of stroke were found to be 0.18 and 0.34 per 100 person-years
follow-up (48% relative risk reduction) in the rosuvastatin and placebo
groups, respectively (hazard ratio 0.52, 95% CI 0.34-0.79).

Dosing and monitoring

e Simvastatin: following acute ischaemic stroke or TIA—start treatment at
40mg od.

e Atorvastatin: following acute ischaemic stroke or TIA—80mg od.

e Pravastatin: following acute ischaemic stroke or TIA—80mg od.

o Rosuvastatin: following acute ischaemic stroke or TIA—20mg od.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.34.

Interactions See Table A.35.
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Table A.34 Pharmacokinetics of statins

Simvastatin ~ Atorvastatin  Pravastatin Rosuvastatin

Main routes of PO PO PO PO
admini X

T 1.3-2.4h 2-3h 0.9-1.6h 3-5h

Yes (minor)

CYP2C9,
2C19
Elimination 80% faeces, 96% faeces, 70% faeces, 90% faeces,
13% urine 2% urine 20% urine 10% urine
Table A.35 Interactions of statins
Medications which alter Medications whose  Pharmacodynamic
statin plasma levels plasma levels are interactions
altered by statins
Levels decreased: CYP3A4/  Levels increased: With other agents that
CYP2C9 inducers, e.g. atorvastatin, may cause myopathy, e.g.
carbamazepine, efavirenz, coumarins, digoxin,  antiretrovirals, ciclosporin,
rifampicin, St John’s ethinylestradiol, corticosteroids, fibrates,
wort, etc. midazolam, and etc.: increased risk of
Levels increased: CYP3A4/  norethisterone myopathy
CYP2C9 inhibitors, e.g. With antipsychotics, SSRIs,
indinavir, fluconazole, zidovudine, colchicine, and
clarithromycin, and lithium: increased risk of

erythromycin rhabdomyolysis
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Tricyclic antidepressants

TCAs are dibenzazepine derivatives of chlorpromazine. The first TCA imi-
pramine was used in 1955. Due to their unfavourable side effect profile,
they have largely been replaced by newer antidepressants for the treatment
of depression, e.g. SSRIs and SNRIs. However, TCAs still have an important
role in the treatment of several neurological conditions, including headache,
insomnia, narcolepsy, and neuropathic pain. Notably, the analgesic and
sedative effects desired in neurological conditions are often independent of
their antidepressant effect. In general, the time to achieve an analgesic effect
is days, compared to weeks for an antidepressant effect, and the effective
dosage required is typically lower for many of the neurological indications.

There are a large number of different TCAs. Only those used in the man-
agement of neurological conditions are discussed further. These comprise
clomipramine and imipramine, which preferentially inhibit 5HT reuptake;
desipramine and nortriptyline, which preferentially inhibit NA reuptake; and
amitriptyline, which produces a balanced inhibition of NA and 5HT reup-
take. In addition to classification in terms of their pharmacological action,
TCAs can also be grouped by their chemical structure. Amitriptyline, clo-
mipramine, and imipramine are tertiary amines, whereas desipramine and
nortriptyline are demethylation products of imipramine and amitriptyline,
respectively, and are hence termed secondary amines.

Which tricyclic antidepressant to use?

Amitriptyline has been used in the majority of trials for neuropathic pain
and therefore has the biggest evidence base and is often used first-line. If
amitriptyline fails, due to intolerable side effects, NICE guidance recom-
mends switching to an alternative TCA such as nortriptyline. All TCAs have
a similar side effect profile however, nortriptyline is generally better toler-
ated than amitriptyline, particularly in the elderly, as it causes less sedation
and dry mouth. However, if one TCA is ineffective, rather than not toler-
ated, then NICE recommends a trial of a drug from a different class, e.g. an
antiepileptic.

Uses
Licensed uses

In the UK/USA

1. Amitriptyline is licensed for a wide range of psychiatric disorders. There
are no licensed neurological uses.

2. Clomipramine is licensed as an adjunct in the management of cataplexy
associated with narcolepsy in individuals aged 18 years and older in the
UK. In the USA, clomipramine has no licensed neurological indications.

3. Desipramine is licensed for a wide range of psychiatric disorders. There
is no licensed neurological use, and desipramine is no longer marketed
in the UK.

4. Imipramine is licensed for a wide range of psychiatric disorders, as well
as childhood enuresis. There is no licensed neurological use.

5. Nortriptyline is licensed for a wide range of psychiatric disorders. There
are no licensed neurological uses.
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Off-licence uses

1. Amitriptyline: insomnia, MOH, neuropathic pain, and the prophylaxis of
migraine and TTH.

2. Clomipramine/ despiramine/imipramine: migraine prophylaxis and
neuropathic pain.

3. Nortriptyline: neuropathic pain and prophylaxis of migraine and TTH.

Mechanism of action

The majority of TCAs work as 5HT and NA reuptake inhibitors, increasing
synaptic levels of these neurotransmitters. They also have a broad but variable
spectrum of activity at multiple other receptors, including action as antagonists
at serotonin receptors, a1-adrenergic receptors, NMDA receptors, H1 and H2
histamine receptors, and muscarinic acetylcholine receptors, and as agonists at
sigma receptors. Actions at these sites contribute to their significant side effect
profile. Most TCAs also potently inhibit sodium channels and L-type calcium
channels, which causes cardiotoxicity and a high mortality rate in overdose.

e Headache/narcolepsy/neuropathic pain: it is unclear how TCAs reduce
the severity of headache and neuropathic pain, or reduce the incidence
of cataplexy. Their action is likely to be multimodal by interaction in the
aforementioned neurotransmitter pathways. In neuropathic pain, they
may modulate neurotransmission of the descending pain pathways and
thus inhibit nociceptive signals, while, in headache, they are believed to
reduce the cortical spreading depression seen in migraine.

Insomnia: the sedating effect of amitriptyline is predominantly mediated
by its antihistamine action at the H1 receptor. It may also promote sleep
by antagonistic effects at 5HT2 and muscarinic receptors. Treatment

of underlying anxiety and depression may also contribute, as these are
frequently associated with insomnia, although doses used in insomnia
are much reduced, compared to doses used routinely in the treatment
of these conditions.

Toxicity and side effects

o Common—antimuscarinic: blurred vision, constipation, dry mouth,
urinary retention. Neurological: dizziness, drowsiness, paraesthesiae.
Psychiatric (particularly in the elderly): agitation, anxiety, confusion, sleep
disturbance, irritability.

Serious—cardiovascular: arrhythmia, heart block, risk of cardiotoxicity,
and death in overdose. Gastrointestinal: paralytic ileus. Haematological:
desipramine has been reported to cause agranulocytosis. Neurological:
convulsions, NMS.

Contraindications

e Absolute: immediate recovery from Ml, arrhythmias, acute mania, acute
porphyria. Desipramine is contraindicated in patients with a family
history of sudden cardiac death.

o Relative: TCAs reduce the seizure threshold and can exacerbate
prostatic hypertrophy, urinary retention, and angle-closure glaucoma.
They should be avoided with tramadol, due to the risk of serotonin
syndrome (rare). TCAs should be started with care in patients with
phaeochromocytoma, hyperthyroidism, and diabetes.

No dose alteration is required in hepatic or renal impairment.
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Uses in special populations

e Elderly: the elderly are more susceptible to anticholinergic systemic and
cognitive side effects, and benefit from lower dosing regimens.

e Pregnancy: no proven reported side effects when used in pregnancy, but
limited evidence. Use if benefit outweighs risk.

e Lactation: present in low quantities in breast milk. There is limited
evidence for neonatal side effects with any of the TCAs.

Efficacy
1. Amitriptyline.

Headache: amitriptyline has been shown to be consistently effective
in migraine prophylaxis but, due to its side effect profile, is a second-
line agent. In a systematic analysis of four RCTs, amitriptyline was
found to be more effective than placebo in all the trials. It significantly
reduced the number of headache days by 6.9 for TTH and 1.4 for
migraine. In TTH, amitriptyline is a first-line agent, with one RCT

(n = 203) demonstrating that headache severity was significantly
reduced in 38% of patients on amitriptyline, compared to 29% with
placebo. In MOH, amitriptyline has been shown to be effective

in open-label studies, but superiority over placebo has not been
shown in RCTs. In an RCT, it was shown to non-significantly reduce
headache, when compared to placebo (45% vs 28%; p = 0.3).
Insomnia: no controlled studies have been undertaken. Evidence for
use of amitriptyline in insomnia is predominantly based on expert
consensus guidelines and known sedative side effects identified from
studies of its action in mood disorders.

Neuropathic pain: the effectiveness of amitriptyline in neuropathic
pain has been established through a number of systematic reviews.
In one systematic review, involving ten studies with a total of 588
patients suffering from diabetic neuropathic pain, post-herpetic
neuralgia, or cancer neuropathic pain, the NNT was 3 (95% Cl 2.5—
4.2). A further systematic review evaluated the use of amitriptyline in
the management of diabetic neuropathy, fibromyalgia, post-herpetic
neuralgia, and post-stroke pain in a total of 687 participants over
eight studies. The NNT was 4.6 (95% Cl 3.6-6.6).

2. Clomipramine.

Narcolepsy: evidence for use of clomipramine in the treatment of
cataplexy is mostly based on case studies. One small comparative
cross-over study compared clomipramine with fluvoxamine in the
management of narcolepsy and demonstrated, out of 11 patients
treated with clomipramine, ten of these patients demonstrated
some improvement in frequency of cataplexy attacks. In four of
these patients, attacks of cataplexy ceased altogether, and there
was a >50% reduction in cataplexy attacks in a further three patients.
Sleep paralysis was also dramatically reduced; however, there was
little improvement in excessive daytime sleepiness. Numbers were
insufficient to suggest which out of clomipramine and fluvoxamine
was the more effective drug.
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« Neuropathic pain: the efficacy of clomipramine has only been studied
in small clinical trials. One such study of 19 patients showed a
significant reduction in all patients’ report of neuropathic pain in
diabetic neuropathy, with a 39% reduction in pain score, compared
to placebo (p <0.05).

3. Desipramine: a systematic review identified two studies, involving 100
patients, demonstrating that desipramine offers pain relief to patients
with post-herpetic neuralgia. The NNT was 2.6 (95% Cl 1.9-4.5).

4. Imipramine: evidence for the effect of imipramine in treating
neuropathic pain has been summarized in a systematic review. This
included three studies investigating the use of imipramine in 114
patients with painful diabetic neuropathy. The NNT was 2.2 (95% ClI
1.7-3.22).

5. Nortriptyline.

« Headache: there is no trial evidence to support the use of

nortriptyline in the prophylaxis of migraine or TTH. However, it

is the active metabolite of amitriptyline and hence thought to be

similarly effective. In addition, when compared to amitriptyline, it

has a more favourable side effect profile, with less sedation and
weight gain.

Neuropathic pain: two cross-over studies have looked at nortriptyline

in the treatment of post-herpetic neuralgia. One study compared

the efficacy of nortriptyline to amitriptyline and found both to be
equally effective, providing 21 of the 33 participants with moderate
pain relief. Another study of 71 patients compared desipramine or
nortriptyline treatment to placebo for painful herpetic neuralgia.

The individual TCAs were not analysed separately, but a significant

reduction in pain was found overall with both treatments. The NNT

was 4.0 (95% Cl 2.6-8.9).

Dosing and monitoring
Dosing

o Neuropathic pain: is the same for all TCAs—starting dose: 10mg at night.

Increase by 25mg every 3—7 days. Maximum dose 150mg daily. Greater
than 75mg requires specialist supervision. Trial for 6-8 weeks, with at
least 2 weeks at the maximum tolerated dose.
. Amitriptyline.
Headache: start treatment at 10mg, given at night. This can be increased
at weekly/fortnightly intervals by 10-25mg to 50-100mg at night,
according to response. The maximum recommended dose is 150mg for
migraine and 50mg in MOH.
Insomnia: 10mg or 25mg given at night. This has been used for long
periods.
Clomipramine.
Narcolepsy: start treatment at 10mg od at night; this can be increased up
to a maximum of 75mg/day in divided or single doses gradually over a
course of 2 weeks. Low doses (<20mg) are often effective.

-

e
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3. Nortriptyline.

e Headache: the starting dose is 10-25 mg at night, increased at
weekly/fortnightly intervals by 10-25mg, according to response. The
therapeutic dose ranges from 10mg to 150mg daily. It can be given in
divided doses.

Routine monitoring

None routinely required. In patients who have, or are at risk of, cardiovas-
cular disease, consider baseline ECG/repeat ECG at dose changes. TCAs
should be withdrawn gradually to avoid discontinuation side effects.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.36.

Interactions See Table A.37.

Table A.36 Pharmacokinetics of TCAs

Amitrip- Clomi- Desi- Imi- Nortri-
tyline pramine pramine pramine ptyline
Main routes PO PO PO PO PO
of admini-
stration
Oral bio- 30-60% 50% 73-92% 94-96% 51%
availability
L. 4h 2-6h 2-6h 2-6h 5h
Protein 96% 97-98% 73-92% 86% 93-95%
binding
Time to 3-8 days 3 weeks 19 days 19 days 10-14
steady days
state
Pharma- Yes, strong Yes, strong No Yes, strong  Yes,
cologically strong
active
metabolites
Elimination 30h 21-36h 15-24h 20h 8-28h
half-life
Metabolism CYP2Dé, CYP2D6, CYP2D6 CYP2D6, CYP2D6
CYP2C19 CYP2C19 CYP2C19
Excretion Urine 95% Urine 60%, Urine 70% urine 80%,  Urine
faeces 30% faeces 20%  90%,
faeces
10%
PO, oral.

Most TCAs undergo extensive hepatic first-pass metabolism, a large volume of distribution, and
binding to plasma proteins. All TCAs are metabolized by P450 2D6. Seven to 10% of Caucasians
are poor metabolizers. Any drug that interacts with P450 2Dé will alter the plasma concentration
of TCAs.
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Table A.37 Interactions of TCAs

Medications which alter
TCA plasma levels

Pharmacodynamic interactions

Levels decreased:
carbamazepine,
phenobarbital, phenytoin,
St John’s wort

Levels of sublingual
medications, e.g. nitrates,
are reduced due to poor
absorption with dry mouth
Levels increased:
CYP2D6 inhibitors, e.g.
antipsychotics and SSRIs

With CNS depressants, e.g. alcohol, antihistamines,
anxiolytics, and opioids: enhanced sedative side
effects

With methylthioninium, rasagiline, selegiline, and
tramadol: increased CNS side effects

With MAOI: TCAs should not be started until 2-3
weeks after stopping an MAOI. MAOIs should not
be started for 1-2 weeks after stopping a TCA
With antiarrhythmics, e.g. amiodarone,
disopyramide, flecainide, sotalol; antimicrobials,
e.g. moxifloxacin; antipsychotics, e.g. droperidol

and pimozide; antivirals, e.g. saquinavir; and
sympathomimetics: increased risk of arrhythmias
With hypotensive agents: increased risk of low BP

With antimuscarinic agents, e.g. antihistamines:
increased antimuscarinic side effects

With lithium: increased toxicity
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Triptans

The triptans are a large group of 5HT agonists, which have been shown to
be highly effective in the treatment of migraine and cluster headache. There
are a number of triptans available, the advantages and disadvantages for

which are outlined in Table A.38.

Uses

Licensed uses

In the UK
o Migraine.

1. Almotriptan is licensed for the acute management of migraine (with
or without aura) in individuals aged 18 years and older.

Table A.38 Advantages and disadvantages of different triptan

medications
Preparations Advantages Disadvantages
Almotriptan  12.5mg tablet Highest bioavailability, ~ Renally excreted—
lower incidence of needs dose reduction
chest pain in renal impairment
Eletriptan 40mg tablet Most effective triptan  Has the most side
effects. Not licensed
for use in the >65s
Frovatriptan ~ 2.5mg tablet Licensed for MAM, Theoretical risk of
prolonged therapeutic  ophthalmic toxicity.
effect (long half- Not licensed for use
life), possible better in the >65s
cardiovascular risk
profile
Naratriptan 2.5mg tablet Licensed for MAM, Slow onset of action,
better side effect dose reduction in
profile renal impairment.
Not licensed for use
in >65s
Rizatriptan 10mg Dispersible tablet Dose reduction in
dispersible/ useful if nausea and renal impairment
standard tablet  vomiting during attacks
Sumatriptan Oral Most supportive Not licensed for use
tablet: 50mg evidence. in the >65s
Nasal Multiple routes of
spray: 5-20mg administration
SC injection: 6mg
Zolmitriptan  Dispersible Rapidly absorbed, Not licensed for use
and standard licensed for in the >65s

tablet and nasal
spray: 2.5mg

adolescents, licensed
for MAM
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In the USA
o Migraine.
1. Almotriptan is licensed in the acute management of migraine (with or
without aura) in individuals aged 12 years and older who experience
migraine lasting 24h without treatment.

In the UK/USA
(Licensing is the same.)
o Migraine.

1. Eletriptan is licensed for the acute treatment of migraine (with or
without aura) in individuals aged between 18 and 65 years of age.

2. Frovatriptan is licensed for the acute treatment of migraine (with or
without aura) in individuals aged between 18 and 65 years of age.

3. Naratriptan is licensed for the acute treatment of migraine (with or
without aura) in individuals aged between 18 and 65 years of age.

4. Rizatriptan is licensed for the acute management of migraine (with
or without aura) in individuals aged 18 years and older (UK) and in
individuals aged 6 years and older (USA).

5. Sumatriptan is licensed for use in the acute management of migraine
(with or without aura) in individuals aged between 18 and 65 years.
The SC injection is also licensed for use in the acute management of
cluster headache.

6. Zolmitriptan is licensed for the acute management of migraine (with
or without aura) in individuals aged between 18 and 65 years of age.

Off-licence uses
e None.

Mechanism of action

Triptans are believed to have a variety of targets in the CNS. They are
thought to cause cerebral vasoconstriction, most likely via activation of
5HT,, receptors present on the smooth cells of the cerebral vasculature.
They are also believed to act on 5HT, receptors present on trigeminal
neurons, thus preventing the release of vasoactive peptides. They may also
block the transmission of nociceptive signals from reaching the thalamus
through activity at SHT, | receptors in the dorsal horn.

Toxicity and side effects

e Common—cardiac: the ‘triptan sensations’ are a constellation of adverse
effects commonly experienced with triptan administration. They
include flushing, dizziness, and transient throat and chest tightness.
Dermatological: injection site reactions include bleeding, bruising, and
erythema. Gastrointestinal: epistaxis (nasal spray), diarrhoea, nausea,
unpleasant taste. Neurological: paraesthesiae may be experienced as part
of the triptan sensations.

Serious—cardiac: arrhythmias, myocardial ischaemia.

Gastrointestinal: bowel obstruction, deranged LFTs, mesenteric
ischaemia. Immunological: anaphylaxis.
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Contraindications
e Absolute: history of coronary vasospasm, ischaemic heart disease,

MI, hepatic or renal failure, severe hypertension, stroke, or TIA.
Hypersensitivity to triptans or any of their components is also a
contraindication. Triptans should not be used in hemiplegic or basilar
migraines.

Relative: triptans can be used in elderly patients but are unlicensed and
should be used with caution.

Uses in special populations

Elderly: triptans should be used with caution in the elderly, due to the
increased prevalence of cardiovascular disease in this group. Almotriptan
and rizatriptan, although efficacy and safety are not well established,
can be used in individuals aged 265 years. Eletriptan, frovatriptan,
naratriptan, sumatriptan, and zolmitriptan are not licensed for patients
aged 265 years, due to a lack of efficacy and tolerability data.
Pregnancy: in animal studies, almotriptan, naratriptan, and rizatriptan
have been shown to cause fetal harm, but there have been no
confirmed cases of harm to a human fetus. There are limited data on
the safety of the other triptans. The current recommendation is that
the triptans should only be used in pregnancy if the expected benefit
outweighs the risk of harm.

Lactation: the triptans are all present in breast milk, but in quantities
thought to be too small to be harmful. The current advice is that
breastfeeding should be stopped until 24h (12h for sumatriptan) after
the last dose was taken.

Efficacy

1.

Almotriptan: migraine—in a randomized, double-blind study of
almotriptan (6.25mg and 12.5mg) vs placebo, both doses of almotriptan
were found to be more effective than placebo at reducing the severity
of attacks at 2h (number of attacks relieved 60% and 70% vs 38%,
respectively; p <0.001), and less than one-third of patients had
headache recurrence in 24h. Almotriptan was also well tolerated, with
no significant difference in adverse effects between treatment and
placebo groups. The 12.5mg dose was found to be the most efficacious,
with few additional adverse effects, compared with the lower dose.

. Eletriptan: migraine—20mg, 40mg, and 80mg doses were found to

be superior to placebo at reducing headache severity at 2h in several
RCTs. Eletriptan 20mg has a similar efficacy to sumatriptan 100mg,
while the higher doses 40mg and 80mg were found to be superior
to sumatriptan 100mg at reducing headache severity at 2h and at
maintaining a sustained response at 24h. Cost-effectiveness of the
40mg dose was felt to be equivalent to sumatriptan 50mg or 100mg.
It is generally well tolerated, with commonly reported side effects
including nausea, drowsiness, and dizziness (similar to other triptans).
The 80mg dose had a greater rate of adverse events than sumatriptan,
while the other doses (20mg and 40mg) produced a comparable rate
of adverse events to sumatriptan.
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3. Frovatriptan: migraine—there have been several RCTs comparing
frovatriptan 2.5mg with placebo in migraine. All have demonstrated
a clear benefit of frovatriptan. Response rates for frovatriptan have
ranged from 37% to 53%, compared with 21-34% with placebo.
Patients were significantly more likely to be pain-free with frovatriptan,
compared with placebo (9—-19% vs 2—6%, respectively). In comparisons
with almotriptan and rizatriptan, frovatriptan was significantly less likely
to result in headache recurrence at 48h (27% for frovatriptan vs 49%
for other triptans; p <0.001). Frovatriptan was generally well tolerated,
with only 1% of patients stopping the drug because of adverse effects.
Side effects were similar to other triptans and included dizziness,
fatigue, and numbness.

4. Naratriptan: migraine—2.5mg and 1mg have been shown to be superior
to placebo in several RCTs. In one trial, headache relief at 4h was
reported in 60% of patients taking 2.5mg of naratriptan, compared
with 50% for Tmg and 34% for placebo (2.5mg and 1mg vs placebo,

p <0.05). Efficacy of naratriptan is measured at 4h due to its longer
onset of action. Naratriptan 2.5mg has been shown to be less effective
than sumatriptan 50mg or 100mg but has fewer side effects. It has

the lowest rate of migraine recurrence of the triptans (excluding
frovatriptan). An advantage of naratriptan is its tolerability, with a
similar side effect profile to placebo.

5. Rizatriptan: migraine—a Cochrane review of rizatriptan in acute
migraine found that both the 5mg and 10mg doses were superior to
placebo in all endpoints. For headache reduction at 2h, the NNT for
5mg was 3.9 (3.3-4.7), and for 10mg 2.7 (2.4-2.9). A dose—response
relationship was demonstrated, with the 10mg dose showing greater
efficacy, than 5mg. Compared with other triptans, rizatriptan is the
second most effective at reducing headache severity at 2h (after
eletriptan).

6. Sumatritan: migraine—a Cochrane review of the use of oral sumatriptan
in migraine found that both the 25mg and 50mg doses of sumatriptan
were superior to placebo in achieving a pain-free state at 2h. The
NNT was 6.1. The 100mg dose was superior to both placebo and
the lesser doses, reducing pain from moderate/severe to nil at 2h
in 32% of patients, compared with 11% for placebo. SC sumatriptan
is sometimes preferred in the acute management of migraine, due
to delayed gastric emptying and nausea and vomiting. A Cochrane
review of SC sumatriptan found it to be superior to placebo for all
outcomes. 59% of patients were pain-free at 2h after a single 6mg
dose of sumatriptan, compared with 15% with placebo. It is also more
effective than the oral equivalent but associated with a higher incidence
of side effects. Intranasal sumatriptan has a quicker onset of action
than the oral equivalent and fewer side effects. Cluster headache—SC
sumatriptan has been shown in randomized, placebo-controlled trials
to be effective at reducing cluster headache pain at 30min in about 75%
of patients. Sumatriptan nasal spray is also effective in cluster headache.
In a Cochrane review of triptans in cluster headache, the NNT with SC
sumatriptan 6mg for headache freedom at 15min was 3.3.
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7. Zolmitriptan: oral zolmitriptan has been shown to be more effective

than placebo in a number of RCTs. In one trial comparing zolmitriptan
with placebo, all doses of zolmitriptan were more effective than
placebo at reducing migraine severity at 2h (53-67% vs 34%,
respectively; p <0.001). Complete headache resolution was more likely
with the higher doses of zolmitriptan (22.5mg). The higher doses were
associated with a higher rate of adverse events, but there were no
reports of serious side effects. In trials comparing triptans, zolmitriptan
5mg had a similar efficacy to sumatriptan 100mg but was more effective
than the lower doses of sumatriptan (25mg and 50mg). The dispersible
tablets are useful in patients who are unable to take oral tablets
because of nausea and vomiting, but there is no evidence that they
work faster than the standard tablets. A Cochrane review concluded
that zolmitriptan nasal spray in cluster headache was more effective
than placebo at achieving pain freedom at 15min (NNT 11, 6.4—49) but
was less effective than SC sumatriptan.

Dosing and monitoring

1

. Almotriptan: a single dose of 12.5mg should be given at the beginning

of the migraine. If the headache recurs, a repeat dose can be given
after 2h. The maximum dose of 25mg should not be exceeded within
24h. If there is no effect with the initial dose, a repeat dose should not
be given.

. Eletriptan: 40mg of eletriptan should be given at the beginning of

headache onset. If headache continues, then a repeat 40mg dose can
be give 2h after the initial dose. No more than 80mg should be given in
24h. Some patients may require an initial dose of 80mg. If there is no
response to the first dose, a repeat dose should not be given.

. Frovatriptan: 2.5mg should be given as soon as possible after the

headache has started. If it recurs, a repeat dose can be given 2h after
the initial dose. No more than 5mg to be given in 24h. If there is no
response to the first dose, a second dose should not be given.

For MAM, 2.5mg should be started bd 2 days before the onset of
menstruation and should be continued for a total of 6 days.

. Naratriptan: 2.5mg should be given as early as possible at the onset of

headache. If headache recurs, a repeat dose can be given at least 4h
after the initial dose. If there is no response to the first dose, a repeat
dose should not be given.

For MAM, 1mg should be started bd 2 days before the onset of men-
struation and should be continued for 5 days.

. Rizatriptan: 10mg should be given as soon as possible after the onset of

headache. A repeat dose can be given at least 2h after the initial dose
if headache recurs. A second dose should not be given if there is no
response to the first dose. The maximum dose in 24h is 20mg in the
UK and 30mg in the USA. If the patient is also taking propranolol, both
the dose given to terminate and the maximum dose in 24h should be
halved.
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6. Sumatriptan—oral. UK: the initial dose is 50mg. This can be repeated at
2h if there is some response to the first dose but the pain recurs. Some
patients may require an initial dose of 100mg. The maximum dose in
24h is 300mg. USA: an initial dose of 25mg is recommended, with a
maximum dose in 24h of 200mg. A repeat dose should not be taken if
there has been no response to the first dose. SC: for the SC route, 6mg
should be given for both migraine and cluster headache. This dose can
be repeated after 1h if headache returns; no more than 12mg should
be given in 24h. Intranasal: the dose is typically a single dose of 5-20mg,
repeated at 1h if there is headache recurrence. No more than 40mg
should be given intranasally in 24h.

7. Zolmitriptan: 2.5mg should be given as soon as possible after the onset
of headache. A repeat dose can be given 2h after the initial dose if
headache recurs. Some patients may require an initial dose of 5mg.

A second dose should not be given if there is no response to the first
dose. The maximum dose in 24h is 10mg.

For MAM, 2.5mg should be started bd to tds 2 days before the onset
of menstruation and should be continued for 7 days (5 days after the
start of menses).

With the nasal spray, one spray of 2.5mg or 5mg should be given into
one nostril and should only be repeated after 2h if headache recurs. The
maximum dose is 10mg in 24h.

If the patient is also taking cimetidine, the maximum dose in 24h
is 5Smg.

Routine monitoring

Patients should be monitored for cardiac adverse effects, notably chest/
throat tightness. If severe, triptan should be discontinued. If there are risk
factors for ischaemic heart disease, an ECG should be considered before
commencement.

Pharmacokinetics and interactions
Pharmacokinetics See Table A.39.

Interactions See Table A.40.

As a rule, the triptans undergo hepatic metabolism, are eliminated mainly
by the renal system, and do not display induction of liver enzymes.
Eletriptan and frovatriptan are exceptions—10% and 36% renally excreted,
respectively. Almotriptan, naratriptan, sumatriptan, and zolmitriptan are
not affected by food ingestion. The peak concentration of eletriptan is
increased 20-30% with a high-fat meal. The time to peak of frovatriptan
and rizatriptan is delayed by 1h if given with food, but there is no effect on
bioavailability.
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Table A.39 Pharmacodynamics of triptans

Almo-  Eletri- Frovatri- Naratri- Rizatri- Sumatri- Zolmitri-
triptan ptan ptan ptan ptan ptan
Main PO PO PO PO IN/PO/ IN/PO
routes of SC
admini-
stration
Bioavail- ~70% 50% 20% in 40-45% 16% IN  40% PO
ability men, 14% PO 100% IN
Sl 97% SC
women
T o 1-3h  0.75- 2-4h 1-2.5h  1.5h IN, 3hIN,
1.5h (3—4hin 2h PO, 1.5-3h
(28hin migraine) 25min PO
migraine) SC
Protein 35%  85% 15% 28-31% 14% 14-21% 25%
binding
Pharma- No Yes, Yes, No No Yes,
cologically weak weak strong
active
meta-
bolites
Elimin- 3.5h  4h 26h 2-3h 2h 2.5-3h
ation
half-life

IN, intranasal; PO, oral; SC, subcutaneous.

Table A.40 Interactions of triptans

Medications which alter triptan
plasma levels

Pharmacodynamic interactions

Levels increased:

Almotriptan: azole antifungals, fluoxetine,
ritonavir, verapamil

Eletriptan: macrolide antibiotics, ritonavir
Frovatriptan: oral contraceptives,
propranolol

Rizatriptan: propranolol

Zolmitriptan: cimetidine, moclobemide,
quinolone antibiotics

Levels decreased:

Frovatriptan: ergotamine

With ergot alkaloids: triptans
should not be given within 24h of
receiving this class of compounds;
increased risk of vasospasm

With metoclopramide and SSRIs/
SNRIs: avoid concomitant use due
to risk of serotonin syndrome
With MAQIs: increased risk of
toxicity; avoid for 2 weeks after
MAOQIs stopped
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Typical antipsychotics

Typical antipsychotics are characterized by their propensity to cause extrap-
yramidal side effects. This gave rise to the name ‘neuroleptics’, meaning to
‘seize the neuron’. In addition to the treatment of psychosis, these agents
are used to treat severe tics, chorea, and behavioural disturbance associ-
ated with late-stage neurodegenerative disease such as dementia.

Uses
Licensed uses

In the UK/USA
o Tic disorders.
1. Haloperidol: is licensed for the treatment of severe tics and TS
in individuals aged 3 years and older (UK), and 18 years and
older (USA).

In the USA
o Tic disorders.
1. Pimozide: is licensed for the treatment of motor and phonic tics in
TS in individuals who have not responded adequately to first-line
therapy in individuals aged 12 years and older.

Pimozide is used in the management of psychotic disorder but has no
licensed neurological use in the UK.

Off-licence uses
1. Haloperidol: chorea.
2. Sulpiride: chorea, tics, and TS.

Mechanism of action

Their action in TS and other tic disorders is thought to be the result of
dopamine (D2) receptor antagonism. A lower affinity for H1 histaminergic
and a2-adrenergic receptors means these drugs cause less sedation, ortho-
static hypotension, and weight gain than atypical antipsychotics. There is,
however, a greater incidence of extrapyramidal side effects.

Toxicity and side effects

o Common—cardiovascular: orthostatic hypotension. Dermatological: rash.
Endocrine: hyperprolactinaemia and menstrual disorder.

Gastrointestinal: constipation, dry mouth, nausea, vomiting, and

weight gain. Neurological: dizziness, extrapyramidal symptoms (tardive
dyskinesia and parkinsonism), insomnia, and sedation. Urological: erectile
dysfunction, urinary retention.

Serious—cardiovascular: prolonged QT and VTE. Neurological: NMS.
Respiratory: bronchospasm.

Contraindications

e Absolute: hypersensitivity to drug or its excipients, prolonged QT, and
co-administration with medications known to prolong the QT interval
(e.g. TCAs). Haloperidol should also be avoided in CNS depression, PD,
and other lesions of the basal ganglia.
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Relative: epilepsy (reduction in seizure threshold). Caution should be
taken in hepatic and renal impairment. Start with small doses, and
increase slowly.

Uses in special populations

Elderly: no dosage alteration is routinely recommended; however,

the elderly are more prone to orthostatic hypotension, and trials of
antipsychotics in elderly patients with dementia have suggested that
there is an increased incidence of cerebrovascular events.

Pregnancy: adverse events have been noted in animal studies;
however, teratogenicity has not been identified so far in limited human
data. Neonates born to mothers taking antipsychotics may exhibit
extrapyramidal side effects or withdrawal. Typical antipsychotics should
only be used in pregnancy if the benefits outweigh the risks.

Lactation: all of the typical antipsychotics mentioned are excreted

in breast milk; the manufacturers recommend avoidance by nursing
mothers.

Efficacy

1.

Haloperidol: a double-blind, placebo-controlled RCT (n = 57)
established that both haloperidol and pimozide were effective in
controlling tic disorders. Due to similar efficacy and better tolerability,
pimozide is often used first-line. Greater than 70% of tic suppression
can be anticipated in approximately two-thirds of patients with either
of these agents.

. Pimozide: a Cochrane review of six RCTs found pimozide to be more

effective than placebo, slightly less effective than haloperidol, but also
associated with fewer side effects. It was as effective as risperidone,
with no significant difference between side effect profiles.

. Sulpiride: short-term sulpiride treatment for TS in children and

adolescents was assessed over 6 weeks in a recent open-label
prospective trial (n = 189). The trial reported significant reduction
in vocal (64%) and motor (49%) tics and in the total Yale Global Tic
Severity Score (59%) score (p <0.05). In addition to its efficacy in tic
disorders, small studies have suggested that its mood-stabilizing and
antidepressant effects may also be useful in the management of co-
morbid obsessive—compulsive disorder.

Dosing and monitoring

1.

Haloperidol: start treatment at 0.25-0.5mg/day in two divided

doses, and increase gradually, as required/tolerated, to a usual
maintenance dose of 0.5-3mg/day in 2-3 divided doses. The maximum
recommended dose is 6mg.

. Pimozide: start treatment at 1-2mg/day in divided doses. Increase by

1mg every other day, as required/tolerated, to a usual maintenance
dose of 6-8mg/day. The maximum recommended dose is 10mg/day.

. Sulpiride: start treatment at 50—100mg/day, and increase every 2—4

weeks by 100-200mg, as required/tolerated. The usual maintenance
dose is 100—400mg bd. The maximum recommended dose is 2g.
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Routine monitoring An ECG should be performed at baseline. Monitor
BMI, BP, FBC, glucose, and thyroid, renal, and liver function, as well as lipid

panels, on a regular basis.

Pharmacokinetics and interactions

Pharmacokinetics See Table A.41.

Interactions See Table A.42.

Table A.41 Pharmacokinetics of typical antipsychotics

Haloperidol Pimozide Sulpiride
Main routes of IM, IV, PO PO PO
administration
50% 2540%
68 2 6h
99% 40%

Metabolism

Hepatic Hepatic CYP3A4, Minimal
CYP3A4 CYP1A2, CYP2D6  metabolism
Pharmacologically No Undetermined No
active metabolites
Elimination half-life ~ 18h 55h 6-8h
Excretion Urine (30%),  Urine 95% urine and

faeces (20%)

faeces unchanged

PO, oral.

Table A.42 Interactions of typical antipsychotics

Medications which alter typical
antipsychotic” plasma levels

Pharmacodynamic interactions

Levels decreased: CYP3A4 and
CYP2D6 inducers

Levels increased: CYP3A4 and
CYP2D6 inhibitors (dependent
on method of metabolism; see
pharmacokinetics in Table A.41)

With CNS depressants, e.g. alcohol:
enhanced sedative effects

With agents known to prolong QTc, e.g.
chlorpromazine and macrolide antibiotics:
increased risk of ventricular arrhythmia
With other antipsychotics (e.g. atypicals)/
tetrabenazine: may increase the risk of
extrapyramidal side effects

With antihypertensive agents: increased risk
of hypotension

* Haloperidol, pimozide, and sulpiride.
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Z-Drugs

The Z-drugs are a group of hypnotic benzodiazepine-like drugs that were
first marketed in the 1980s. They share a similar mechanism of action
and side effect profile to benzodiazepines. They were initially marketed
as benzodiazepine alternatives with what was thought to be lower risks
of dependence and tolerance; however this has not been borne out in
clinical trials. Physical and psychological dependence can occur with ther-
apeutic use of any of the Z-drugs. As a result courses should be kept
to a minimum duration, ideally less than 2 weeks including taper. Meta-
analyses and reviews conducted so far have suggested that there is little
additional benefit from the use of Z-drugs compared to short acting ben-
zodiazepines such as temazepam, although well controlled comparative
studies are rare.

There is significant difference in the half-lives of different Z-drugs which
gives them their different uses in insomnia. Zaleplon and unmodified
zolpidem have very short half-lives making them useful in sleep initiation
insomnia. Zaleplon can also be used in patients with early awakening as
it can be taken closer towards morning than other drugs with minimal
effects on next day cognitive ability. In contrast modified release zolpidem
and zopiclone have longer half-lives. This makes them useful agents in
the management of patients with sleep initiation and sleep maintenance
insomnia.

Eszopiclone and Zopiclone

Zopiclone is a racemic mixture of 2 stereoisomers, only one of which is
pharmacologically active. It was initially classified as a schedule IV controlled
substance in the USA due to its addictive properties and hence not licensed
for therapeutic use. In 2005 the isolated active stereoisomer: termed
eszopiclone was licensed in the USA—little is known about the clinical
differences, other than dosing, between the two drugs. In light of their
pharmacological similarities they are believed to be alike in most respects.

Uses
Licensed uses

In the UK

Insomnia:

1. Zaleplon and Zolpidem are licensed for the management of insomnia
associated with difficulty falling asleep where this disorder is severe
enough to be disabling or cause the individual extreme distress, in
individuals aged >18 year old.

2. Zopiclone is licensed for the short-term treatment of insomnia,
including difficulties getting to sleep, maintaining sleep, and waking early
in situations where insomnia is debilitating or causes severe distress, in
individuals aged >18 years old.
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In the USA

1. Eszopiclone is licensed for the treatment of insomnia in individuals aged
>18 years old.

2. Zaleplon: is licensed for the short term treatment of insomnia in
individuals aged >18 years old.

3. Zolpidem (license varies depending on formulation—all for adults
>18 years old): Ambien®: short-term treatment of insomnia where
there is difficulty of sleep initiation. Ambien CR®: short term
treatment of insomnia where there is difficulty of sleep onset or
sleep maintenance. Intermezzo® (sublingual): short-term treatment
of insomnia where middle-of-the night wakening is associated
with difficulty returning to sleep, provided there are 4h of bedtime
remaining.

Off-licence uses
1. RBD (zopiclone used in case studies)

Mechanism of action

As with benzodiazepines, the Z-drugs bind with high specificity to GABA-A
ligand gated chloride channel complexes. On binding to these receptors
they potentiate the action of GABA, increasing chloride conductance. The
Z-drugs are thought to bind specifically to the a1 subunit whilst benzo-
diazepine drugs are less subunit selective. This is believed to account for
their reduced anticonvulsant and anxiolytic activity compared to certain
benzodiazepines.

Toxicity and side effects

e Common—neurological: anterograde amnesia, fatigue, headache and
paraesthesiae. Genitourinary: dysmenorrhoea reported with zaleplon.

e Serious—dermatological: angio- oedema has been reported.
Psychiatric: paradoxical reactions, ranging from mood disorders and
nightmare to psychosis.

Contraindications

Absolute: Hypersensitivity to the Z-drug or its excipients, MG, sleep apnoea
syndrome, severe respiratory and hepatic impairment. Zaleplon is also con-
traindicated in severe renal impairment.

Relative: Patients with a history of alcohol or substance abuse, chronic res-
piratory disease and depression.

In mild to moderate hepatic impairment, the maximum dose should be
5mg for zaleplon and zolpidem and 3.75mg zopiclone. In mild to moderate
renal impairment patients should be monitored closely and lower doses
used initially, as clearance may be reduced.
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Uses in special populations

e Elderly: the elderly have an age- related deterioration in their renal

and hepatic function, and are also more prone to adverse psychiatric
‘paradoxical’ reactions, e.g. agitation, confusion, and psychosis. They
benefit from lower dosing regimens (Eszopiclone: starting dose of 1Tmg;
usual maintenance dose of 1-2mg if difficulty getting to sleep is the
primary problem. If difficulty staying asleep is the main problem, then
2mg can be used from the outset. Zaleplon: maximum dose is 5Smg.
Zolpidem: maximum dose is 6.25mg with extended release tablet, 5mg
standard tablet and 1.75mg with the sublingual tablet. Zopiclone: the
maximum dose is 3.75mg).

Pregnancy: There are no controlled studies in humans. Animal studies
suggest that eszopiclone results in increased rates of post-implantation
loss and reduced birthweight, although this hasn’t been demonstrated
with other drugs of this class. The manufacturers advise against use

in pregnancy. If they are used in pregnant mothers near term, then
neonates should be monitored for side effects, including hypothermia,
hypotonia, respiratory depression, and sedation.

Lactation: Z-drugs are excreted into breast milk; hence the manufacturer
advises against use in nursing mothers.

Efficacy

Zaleplon: As a result of its short duration of action is most effective at
reducing sleep latency, with variable impact on total sleep duration. A ran-
domised, double-blind study published in 1999 compared zaleplon with
placebo. Sleep latency was reduced by 15-20 minutes vs. placebo. Further
studies looking at memory, learning and psychomotor ability in healthy
subjects administered zaleplon, zolpidem, triazolam or placebo at bedtime
demonstrated that 10mg of zaleplon failed to impair any of this abilities
even as soon as 1.25 hours post dose. Zolpidem and triazolam did impair
these abilities.

Zolpidem: A randomised placebo-controlled trial of standard tablet zolpi-
dem used for 35 nights at therapeutic doses demonstrated that zolpidem
at 10mg resulted in a statistically significant improvement in sleep latency
but had no significant impact on sleep maintenance. The modified release
version of zolpidem has been shown in a further randomised, placebo-
controlled trial to have the additional impact of significantly improving sleep
maintenance when compared to placebo. Studies differ as to whether psy-
chometric tests performed the day after treatment show impairment, it is
likely subtle and more prominent in the elderly.

Zoplicone/Eszopiclone: A randomised, double-blind, placebo controlled
trial of eszopiclone for the treatment of primary insomnia demon-
strated that patients treated with high doses eszopiclone (3mg) reported
improved sleep and daytime function compared to placebo (P<0.001).
Insomnia severity index scores were reduced below clinically significant
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levels in 50% of patients treated with eszopiclone vs 19% with placebo
(P<0.05). Randomised controlled studies have compared zopiclone with
benzodiazepine hypnotics including nitrazepam although none have com-
pared it with the most commonly used dose of temazepam at 10mg,
hence it is difficult to establish superiority between the benzodiazepines
and Z-drugs for this indication. Night time dosing of both eszopiclone
and zopiclone is associated with impaired performance in healthy adults
the next morning in several psychometric tests. With regards the older
adult where the impacts of zopiclone on cognitive impairment and psy-
chomotor performance whilst on treatment are more pronounced CBT
has been demonstrated to provide better short and longterm outcomes
when compared to zopiclone. Sleep efficiency improved for 81.4 to 90.1%
with CBT compared to a decrease from 82.3 to 81.9% with zopiclone
according to polysomnographic studies.

Evidence for the use of zopiclone in the treatment of RBD is based
on case study evidence, one case series demonstrated that 8 out of 11
patients with RBD found zopiclone effective in managing RBD symp-
toms. Compared to clonazepam the case series suggested there were
less adverse events and episodes of treatment discontinuation because
of side effects, which they attributed to the shorter half-life of zopiclone
compared to clonazepam.

Dosing and monitoring
Zaleplon: Treatment is 10mg once at night. This should be for as short a
period as possible and certainly for no longer than 2 weeks.

Zolpidem: Extended-release tablet: Treatment is 12.5mg once at
night. Standard tablet: Treatment is 10mg once at night. Sublingual tab-
let: Treatment is 1.75mg for women and 3.5mg for men once at night.
Treatment should be for as short a period as possible, usually between
3-14 days, and not exceeding 4 weeks including taper.

Zoplicone/Eszopiclone: Zopiclone: Usual dose is 7.5mg prior to bed (dos-
ing regimen is the same in insomnia and RBD). Eszopiclone: Start treat-
ment at 2mg prior to sleep, increase to 3mg if required. Treatment duration
should not be longer than 4 weeks. For management of transient insomnia
2-5 days should be sufficient, short term insomnia 2-3 weeks.

Routine monitoring: Patients should be monitored for confusion, particularly
the elderly and those with hepatic impairment.

Pharmacokinetics: See Table A.43
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Table A.43 Pharmacokinetics of Z-drugs

Eszopiclone Zaleplon Zolpidem Zopiclone
(unmodified)

Bioavailability =~ Not available ~ ~30% 70% >75%

Protein ~55% ~60% ~92.5% ~45%

Binding

Metabolism Hepatic: Hepatic: Hepatic: Hepatic:
CYP3A4, Aldehyde ~ CYP3A4, lesser  CYP3A4,
CYP2E1and  oxidase >  degree CYP1A2Z  CYP2E1 and
CYP2C8 CYP3A4 CYP2C8

Pharmacologi-  Yes, weak No No Yes, weak

cally active

metabolites

Elimination ~6 hours ~1 hour 2.4 hours ~5 hours

half-life

Excretion ~75% urinary  71%urine  56% urinary and ~ ~75% urinary

mechanism (<10% as (<1% as 37% faeces as (<10% as
unchanged unchanged metabolites unchanged
drug) drug) drug)

Interactions: See Table A.44

Food co-ingestion reduces oral bioavailabilty of zaleplon and zolpidem.
Food also delays Tmax for eszopiclone and zolpidem but has no identified
effect on zopiclone pharmacokinetics.

Table A.44 Interactions of Z-drugs

Medications which alter Z-drug Pharmacodynamic interactions
plasma levels

Levels decreased: CYP3A4 inducers With CNS depressants e.g. alcohol,
e.g. carbamazepine and phenobarbital. anaesthetics, antihistamines,

Levels increased: CYP3A4 inhibitors antipsychotics, opioids and TCAs:
e.g. cimetidine, erythromycin. Zaleplon Increased sedative side effects.

only: Aldehyde oxidase inhibitors e.g.
ondansetron, raloxifene and TCAs.
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3,4-diaminopyridine (amifampridine)

3,4-DAP was first used in clinical practice in the 1980s and is now the main-
stay of symptomatic treatment for LEMS. Unlicensed preparations were
widely used, before amifampridine phosphate (Firdapse®) was licensed in
Europe in 2010. They differ from Firdapse® only by minor alterations in
chemical structure and are still used in many regions where the cost of
Firdapse® is considered prohibitive.

Uses
Licensed uses

In the UK
o LEMS: Firdapse® is licensed for symptomatic treatment in individuals
aged 18 years and older.

No 3,4-DAP formulation is licensed in the USA.

Off-licence uses
e Congenital myasthenic syndrome and DBN.

Presentation
e Trade name: Firdapse®. Generic amifampridine is not widely available.
o Formulation: oral scored tablets, 10mg.

Mechanism of action

3,4-DAP prolongs presynaptic cell membrane depolarization by blockade
of presynaptic voltage-gated potassium channels. This increases the influx
of calcium into nerve endings and facilitates exocytosis of acetylcholine-
containing vesicles. This action overcomes the effect of VGCC blockade
in LEMS, resulting in successful neuromuscular transmission. In DBN, the
same mechanism is believed to result in increased excitability of the Purkinje
cells of the cerebellum, which may restore their inhibitory function on deep
cerebellar and vestibular nuclei.

Toxicity and side effects

e Common—cardiovascular: arrhythmias, palpitations. Gastrointestinal: non-
specific Gl upset. Neurological: anxiety, blurred vision, chorea, dizziness,
drowsiness, fatigue, headache, myoclonia, oral paraesthesiae, sleep
disorders, weakness. Respiratory: exacerbation of asthma.

Contraindications

e Absolute: epilepsy (3,4-DAP lowers seizure threshold), uncontrolled
asthma, and congenital long QT syndromes.

e Relative: in renal and hepatic impairment, the manufacturer recommends
a smaller starting dose of 5-10mg and gradual uptitration.

Uses in special populations

o Elderly: no separate data on safety and efficacy in this group, but this
group has an age-related decline in renal and hepatic function, and
reduced doses may be required.
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e Pregnancy/lactation: no safety data. The manufacturer advises avoidance
and effective contraception for men and women during treatment with
3,4-DAP.

Efficacy

e DBN: a prospective, placebo-controlled study evaluated the effect
of a single dose of 3,4-DAP (20mg) on DBN (n = 17, of various
aetiologies). Mean peak slow-phase velocity was reduced from 7.2
(SD: 4.2) degrees/s before treatment to 3.1 (SD: 2.5) degrees/s 30min
after treatment (p <0.001). Subjects reported less oscillopsia and felt
more stable, while standing and walking. Recently, 3,4-DAP (10mg) and
4-AP (10mg) were compared in a double-blind, prospective cross-over
study (n = 8) for the treatment of DBN. 4-AP was shown to be more
effective at 45 and 90min, as shown by significant reductions in slow-
phase velocity.

o LEMS: four randomized, placebo-controlled trials of 3,4-DAP have been
undertaken, showing an improvement on a validated myasthenia score
of 2.44 points (95% Cl 1.22-3.6) when measured between 3 and 8 days
of treatment, and of CMAP amplitude by 1.36mV (95% Cl| 0.99-1.72)
when compared with placebo. Clinical improvement lasts for up to
8 weeks.

Dosing and monitoring

Dosing

e DBN: as 3,4-DAP is an expensive drug, an observed test dose is often
given first where patients are given either the medication or a placebo,
and then the degree of nystagmus, gait, and dynamic visual acuity
are assessed pre- and post-dosing. If the test dose is successful, then
treatment can be started at 10mg od, and increased by 10mg every 1—
2 weeks, as required/tolerated, up to 20mg tds.

e LEMS: 15mg od; 5mg increments every 4-5 days, up to a maximum of
60mg/day in 3—4 divided doses.

Monitoring Perform an ECG at baseline. Commonly, the first test dose is
given, while the patient is attached to a cardiac monitor, to assess for the
presence of arrhythmia.

Pharmacokinetics and interactions

Pharmacokinetics

Well-absorbed orally, with a bioavailability of 93-100%. Peak plasma
concentration by 0.6—1.3h. Absorption is affected by food, with a 2-fold
increase in T__ . Time to steady state has not been described in the manu-
facturer’s literature. Metabolized to an inactive 3-N-acetylated metabolite.
Half-life is around 2.5h. Amifampridine is fully renally excreted within 24h,
19% as the parent molecule and 81% as the metabolite.

Interactions See Table A.45.
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Table A.45 Interactions of 3,4-DAP (amifampridine)

Pharmacodynamic interactions

With medications which prolong the QT interval, e.g. sultopride: risk of
ventricular arrhythmias
With medications which reduce seizure threshold: increased risk of seizures
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Acetazolamide

Acetazolamide was first marketed in the UK as an AED in 1953. It can be
used as a broad-spectrum AED (predominantly as an adjunct) and is also
commonly used in the management of idiopathic intracranial hypertension.
It benefits from a rapid onset of action and few pharmacological interac-
tions. Its usefulness in epilepsy is limited by tolerance which can develop
within 1-6 months of initiating therapy.

Uses
Licensed uses

In the UK

o Epilepsy: acetazolamide is licensed for treatment as an adjunct of atonic,
atypical absence, myoclonic, tonic, and generalized tonic—clonic seizures
in individuals of all ages.

Acetazolamide is not licensed for use in the treatment of epilepsy in
the USA.

Off-licence uses
e Catamenial seizures, episodic ataxias, idiopathic intracranial
hypertension, and periodic paralyses.

Presentation

e Trade names: Diamox® and Diamox® SR. Generics are available.

e fFormulations: Diamox® is available as a modified-release capsule,
a powder for reconstitution, IM or IV injection (as a sodium salt),
and as a tablet. Modified-release capsule: 250mg. Powder for
reconstitution: 500mg per vial. Tablet: 250mg.

Mechanism of action

e Epilepsy: acetazolamide is a carbonic anhydrase inhibitor. The exact
mechanism of action in epilepsy is unclear. Its action may be mediated
by inhibition of cerebral carbonic anhydrase enzymes or by systemic
lowering of the pH, resulting in lowering of intracellular pH and
suppression of neuronal activity. When used as an adjunct, a proportion
of its effect may be due to increased tissue absorption of other AEDs
such as phenytoin and phenobarbital.

Idiopathic intracranial hypertension: acetazolamide is believed to reduce
the formation of CSF by inhibiting the action of choroid plexus carbonic
anhydrase activity.

Toxicity and side effects

Carbonic anhydrase inhibitors reduce intracellular pH, resulting in an

increased incidence of hypokalaemia, metabolic acidosis, nephrolithiasis,

paraesthesiae, polydipsia, and polyuria.

o Common—dermatological: allergic rash. Endocrine: reduced libido.
Gastrointestinal: anorexia, diarrhoea, nausea, and parageusia.
Neurological: dizziness, headache, and paraesthesiae.

o Serious—dermatological: Stevens—Johnson syndrome and toxic epidermal
necrolysis have been reported. Haematological: rarely blood dyscrasias
and bone marrow suppression.
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Contraindications

Absolute: pre-existing adrenocortical insufficiency due to its

tendency for potassium loss, cirrhosis due to its predisposition for
hyperammonaemia, pre-existing metabolic acidosis, and severe renal
impairment. In addition, it should be avoided in patients treated with
high-dose aspirin, as the combination has been reported to result in
tachypnoea, loss of appetite, coma, and even death.

Relative: the dose should be lowered in mild to moderate renal
impairment (eGFR <60mL/min/1.73m?). It should be used with caution
in patients with hyponatraemia, hypokalaemia, a history of sulfonamide-
induced allergic rash, and those with a previous history of nephrolithiasis
or on treatments predisposing to stone formation, including topiramate
and zonisamide. It should not be given to patients who are undergoing
sustained treatment for chronic angle-closure glaucoma.

Uses in special populations

Elderly: the elderly have an age-related deterioration in their renal

and hepatic function, and benefit from lower dosing regimens.
Co-prescription of other medications is also more likely in the elderly,
and hence the risk of pharmacokinetic interactions is high.

Pregnancy: some animal studies have demonstrated teratogenic effects;
however, there are no controlled studies in humans. Use in pregnancy
involves weighing up the potential benefits and side effects. Most would
use alternative means of controlling CSF pressure in IIH, including
weight control, regular lumbar puncture, or a neurosurgical procedure.
The pharmacokinetics of acetazolamide during pregnancy have not been
adequately studied.

Lactation: acetazolamide is present in breast milk. Infant’s plasma levels
are 4-9% of maternal plasma levels, and this is thought to be too low
to be harmful. If used, infants should be monitored for potential side
effects. They should be switched to alternative methods of feeding if
these are identified.

Efficacy

Epilepsy: there is little good-quality evidence available as to the clinical
efficacy of acetazolamide in epilepsy. What evidence there is comes
from the 1950s and suggests that acetazolamide is a broad-spectrum
AED, prone to the development of tolerance after 1-6 months. The
tolerance is eliminated by intermittent use, making it useful if an AED is
needed for short periods, e.g. catamenial epilepsy.

Idiopathic intracranial hypertension: For discussion of the evidence base
for use in [IH, please see the IIH section, pp. 14-5.

Dosing and monitoring
Dosing

Epilepsy: the PO and IV dosages are between 0.25g and 1g daily in
divided doses.

Idiopathic intracranial hypertension: acetazolamide can be started at
250-500mg bd for BIH (or 15-25mg/kg/day in 2-3 divided doses),
and increased according to response. Suggested dose increments are
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15-25mg/kg at weekly intervals. Doses of up to 2—4g/day may be used.
Side effects are dose-related, and higher doses may not be tolerated by
some patients.

Routine monitoring Not recommended routinely. Serum bicarbonate can be
monitored, if necessary.

Therapeutic drug monitoring Optimum seizure control occurs at plasma
acetazolamide levels of 10-14mg/L.

Pharmacokinetics and interactions

Pharmacokinetics

Acetazolamide has good oral absorption, with bioavailability >90%. It
reaches maximum plasma concentrations (T ) at 2—4h, and steady state
in 2 days. It does not undergo hepatic metabolism. Hundred per cent of
the dose is ultimately excreted unchanged by the kidneys. The half-life is
10-15h.

Interactions See Table A.46.

Table A.46 Interactions of acetazolamide

Medications whose plasma levels Pharmacodynamic interactions

are altered by acetazolamide

Levels increased: carbamazepine, With other carbonic anhydrase inhibitors

ciclosporin, phenobarbital, and and bicarbonate: increased risk of

phenytoin nephrolithiasis

Levels decreased: lithium and With high-dose aspirin: risk of tachypnoea,

primidone anorexia, sedation, and even death
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Aciclovir

Aciclovir has been used in the management of herpes virus infections since
the 1980s. It is most effective against HSV 1 and 2, to a lesser extent herpes
zoster, and has only minimal effectiveness against CMV and EBV. It needs to
be started without delay if herpes encephalitis is suspected, and continued
for at least 2-3 weeks, potentially longer in the immunosuppressed.

Uses
Licensed uses

In the UK/USA

e Viral encephdlitis: IV aciclovir is licensed for the treatment of herpes
encephalitis in individuals of all ages. In the USA, the IV licence only
includes herpes simplex encephalitis.

Off-licence uses
e None.

Presentation

o Trade names: Zovirax®. Generics are available.

e formulations: aciclovir is available as multiple enteral and parenteral
formulations. For the purposes of herpes encephalitis, only the IV form
should be used. This is available as a powder for reconstitution and IV
infusion and as a sterile concentrate. Powder for reconstitution and IV
infusion: 250mg. Sterile concentrate: 10mL, 20mL, and 40mL at 25mg/mL.

Mechanism of action

Aciclovir is a purine nucleoside analogue. It specifically interacts with the
viral thymidine kinase enzyme, leading to the creation of aciclovir triphos-
phate, a false substrate for viral DNA polymerase, which, w