EgyMgtNIgy
Series Editor: Elio Agost

Elio Agostoni Editor

Emergencies in
Neuromuscular
Disease

@ Springer



Emergency Management
in Neurology

Series Editor

Elio Agostoni

Department of Neurosciences

ASST Grande Osp Metropolitano Niguarda
Milano

Italy



This book series provides the reader with detailed informa-
tion and guidance on the practical multidisciplinary manage-
ment of the neurological patient in the emergency setting. A
wide range of neurological emergencies are covered, and
attention is also focused on management in specific patient
groups. Numerous clinical cases are referred to in order to
explain more clearly different aspects of practical manage-
ment, and flow charts of the diagnostic and therapeutic
approach are presented for all of the neurological conditions
considered. The multidisciplinary nature of patient care is
highlighted, with inclusion of a specific algorithm for each
professional figure involved in the management.

More information about this series at http://www.springer.com/
series/13912


http://www.springer.com/series/13912
http://www.springer.com/series/13912

Elio Agostoni
Editor

Emergencies in
Neuromuscular Disease

@ Springer



Editor

Elio Agostoni

Department of Neurosciences

ASST Grande Osp Metropolitano Niguarda

Milano

Italy

ISSN 2367-1076 ISSN 2367-1084  (electronic)
Emergency Management in Neurology

ISBN 978-3-319-56653-5 ISBN 978-3-319-56654-2  (eBook)

DOI 10.1007/978-3-319-56654-2
Library of Congress Control Number: 2017946674

© Springer International Publishing AG 2017

This work is subject to copyright. All rights are reserved by the Publisher,
whether the whole or part of the material is concerned, specifically the rights of
translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduc-
tion on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or
dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service
marks, etc. in this publication does not imply, even in the absence of a specific
statement, that such names are exempt from the relevant protective laws and
regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and
information in this book are believed to be true and accurate at the date of pub-
lication. Neither the publisher nor the authors or the editors give a warranty,
express or implied, with respect to the material contained herein or for any errors
or omissions that may have been made. The publisher remains neutral with
regard to jurisdictional claims in published maps and institutional affiliations.

Printed on acid-free paper
This Springer imprint is published by Springer Nature

The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11,6330 Cham, Switzerland



Presentation of the Series

Emergency in Neurology: A Practical Approach is a series of
books which deal with the most significant chapters in the
scenario of neurological emergencies, in terms of diagnosis,
differential diagnosis, and therapy. One particularity of the
philosophy of all the books is the close integration between
the strictly clinical-scientific aspects and the organizational
elements, which are so important for the efficiency and effec-
tiveness of the treatment.
The themes of the individual volumes are as follows:

e Ischemic stroke

e Hemorrhagic stroke

e Emergencies in neuromuscular diseases

e Acute loss of consciousness

e Neurological emergency during pregnancy

e Neurological emergency in pediatrics

e Delirium, stupor, and coma

e Neurological infections

e Spinal emergencies

e Cerebral hyper-/hypotension syndrome

e Diagnostic tools in neurological emergencies
e Emergency medical network in neurological disease

All volumes are structured in the same way, each contain-
ing the following chapters:

1. The first chapter is an overview of the most recent progress
in diagnosis and therapy, including the clinical, instrumental,
and therapeutic aspects of the acute pathology under discus-
sion, focusing specifically on the best clinical practices.



Vi

2.

Presentation of the Series

A chapter dedicated to clinical pathways and the associ-
ated organizational elements, following principles which
inspired the international guidelines.

. A review of clinical cases that are typical of the diverse

clinical situations presented daily to the doctors involved
in managing neurological emergencies. After the presenta-
tion of each clinical case, the reader finds a series of ques-
tions and topics regarding the case’s management and
some observations by the coordinator of the series.

. A section dedicated to the differentiated algorithms used

for decision-making, based on the organizational, struc-
tural, and technological features of the hospital receiving
the clinical case. This final section of each book is extremely
important for the day-to-day handling of neurological
emergencies. This chapter aims to supply the reader with
all the elements necessary to apply the guidelines and send
the patient on the best clinical pathway, taking into consid-
eration the diagnostic and therapeutic opportunities
available.

The aim of this series is to provide the specialist with a

useful tool for improving the outcome for patients with acute
and/or time-dependent neurological pathologies, by choosing
a dedicated clinical pathway according to the best practices
and scenarios of the professional and organizational opportu-
nities offered by the clinical centers.

Elio Agostoni

Department of Neurosciences
ASST Grande Ospedale
Metropolitano Niguarda
Milano, Italy



Preface

Some neuromuscular diseases involve rapid and progressive
muscle weakness and represent real clinical emergencies.
Being able to hypothesize the etiopathological mechanism of
hyposthenia is essential from the earliest stages of access to
an emergency department. In this regard the role of a neu-
rologist in the emergency department is indispensable. A
detailed analysis of all the conditions that may occur in an
acute phase goes beyond the purpose of this book that is
meant to be a quick reference in the daily management of
neuromuscular emergencies. The book deals with the main
neuromuscular diseases on the basis of anatomo-clinical
localizations. We will analyze the diseases affecting the ante-
rior horns of the spinal cord (tetanus) and those that affect
the nerve roots and the nerves (GBS, multiple mononeuritis,
porphyria), the neuromuscular junction (MG and botulism),
and finally the muscles (rhabdomyolysis, malignant hyper-
thermia, periodic paralysis).

The structure of this volume is different from previous
volumes of the series; the book contains three main sections:
the first one (Part I) is an overview of the most recent prog-
ress in diagnosis and therapy, including the clinical, instru-
mental, and therapeutic aspects of the acute pathology under
discussion, focusing specifically on the best clinical practices.
In Part II real clinical cases are collected, and this part
includes also the clinical pathways and the associate organi-
zational elements, following principles which inspired the
international guidelines. The third section (Part III) includes
the algorithms for decision-making in case of myasthenia
gravis, inspired not only by the clinical aspects but also by the

vii



viil Preface

organizational, technological, and professional characteristics
of the hospital caring for the acute patients and the various
settings (A, B) in which clinicians manage patients. These
algorithms are to be considered as reference material for
helping physicians in selecting the most adequate pathway
according to the hospital facilities available. The decisional
algorithms are organized and diversified into two main situa-
tions that suggest the same number of different practical
behaviors aiming at guaranteeing the best care, albeit in dif-
ferent organizational situations. This really brings to the fore
the concept of network and of organization through the HUB
and spoke model.

This book applies a dynamic methodology to deal with
current diagnostic aspects and the latest directions in the
guidelines. Real clinical cases are introduced which record
the various stages of the problems, the diagnostic-therapeutic
decisions, and the patients’ clinical pathways: the decision to
include these cases derived from observing the daily reality,
which is then presented to the reader in a critical way through
the reflections and comments of clinical experts. The impor-
tance of this book lies in its determination to put the best
clinical practices into real-life contexts, without losing sight of
the organizational characteristics of the hospitals receiving
the patient with acute neuromuscular disease.

Milan, Italy Elio Agostoni
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Part 1

Neuromuscular Disease: Recent
Progress in Diagnosis and
Therapy



Chapter 1

Neuromuscular Disease:
An Overview

S. Jann

Although most patients with neuromuscular diseases can be
treated as outpatients, some of them complain rapid and pro-
gressive muscle weakness and represent real clinical emer-
gencies. Being able to hypothesize the etiopathological
mechanism of hyposthenia is essential from the earliest
stages of access to an emergency department. In this regard
the role of a neurologist in the emergency department is
indispensable. A detailed analysis of all the conditions that
may occur in an acute phase goes beyond the purpose of this
book that is meant to be a quick reference in the daily man-
agement of neuromuscular emergencies. The book deals with
the main neuromuscular diseases on the basis of anatomo-
clinical localizations. We will analyze the diseases affecting
the anterior horns of the spinal cord (tetanus) and those that
affect the nerve roots and the nerves (GBS, multiple mono-
neuritis, porphyria), the neuromuscular junction (MG and
botulism), and finally the muscles (rhabdomyolysis, malig-
nant hyperthermia, periodic paralysis).

S. Jann

Department of Neurology and Stroke Unit, ASST Grande
Ospedale Metropolitano Niguarda, Milan, Italy

e-mail: stefano.jann@ospedaleniguarda.it
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Muscle Weakness

Clinically evaluable Not evaluable
T 1
Generalized Chronic diseases
-Miastenia . Neop|asms
-periodic-paralysis Localized Anemia
-rabdomiolisis .
Infections

Cardiomyopathies
Depression etc

Asymmetrical
-cerebrovascular or medullary disease

-Demyelinating di Symmetrical
-multiple mononeuritis

Proximal Distal
—myopat_hy -polineuropathy
-miastenia -MND
-CIDP

Algorithm 1 Diagnostic algorithm for patients with muscle weakness

In all cases there must be an initial approach aimed at
confirming the diagnosis of muscle weakness, which will be
followed by an attempt to determine the causes of muscle
weakness (Algorithm 1):

— Clinical history analysis

— Clinical exams

— Laboratory exams

The elements of a clinical history that are useful for diag-
nosis are obviously the preexistence of a neuromuscular dis-
ease that may be exacerbated as a result of drugs or bacterial
infections; the pre-existence of systemic diseases, medications,
or food (botulinum toxin infection, e.g., fish infected with
ciguatera, etc.); and the presence of sensory or dysautonomic
symptoms.
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Collecting a proper drug history is very important to
exclude iatrogenic causes:

— Diuretics (hypokalemia)

— Corticosteroids, statins, colchicine, cocaine, cyclo-
sporine, penicillamine (myotoxic effects)

— Amiodarone (demyelinating neuropathy)

— Magnesium-based preparations (hypermagnesemia)

Clinical examination should include evaluation of vital
signs and presence of clinical signs of dysautonomia.
The weakness distribution/localization is very important:
— Proximal (basically myopathic) or distal and length
dependent (basically neuropathic)
— Symmetrical or asymmetrical
— Involvement or lack of involvement of cranial nerves

Presence or absence of reflexes further helps to clarify the
etiology of the symptoms, as well as the presence of dysauto-
nomic sensory disorders. In extremely rapid and acute forms,
the need for hospitalization in an ICU must be assessed.

The laboratory tests required in this phase include:

— Blood count (to assess the presence of significant
anemia)

— Leukocyte formula (e.g., to highlight a possible
eosinophilia)

— ESR and CRP

— CPK (if high it is index of myopathy)

— Indices of hepatic necrosis (transaminases)

— Renal functionality and electrolytes

An EKG should be performed to highlight possible abnor-
malities related to electrolyte imbalances or dysautonomia.
Our clinical reasoning must answer the following questions:
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— Is there a high and imminent risk of respiratory

failure?

— Is it necessary to involve the intensive care unit

(Table 1.1)?

— Are motor, sensitive, and dysautonomic deficits

consistent with our clinical suspicion?

— Is the patient’s medical history consistent with our

clinical suspicion?

TaBLE 1.1 Factors to be considered when deciding to intubate

General

Increasing generalized muscle weakness
Dysphagia
Dysphonia

Dyspnea on exertion and at rest

Subjective

Rapid shallow breathing
Tachycardia

Weak cough

Interrupted speech (gasping for air)
Use of accessory muscles
Abdominal paradoxical breathing
Orthopnea

Weakness of trapezius and neck muscles: inability to
lift head from bed

Inability to perform single-breath count: count from
1 to 10 in single expiration (roughly equal to FVC
<1.0L)
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TaBLE 1.1 (continued)

- Cough after swallowing
Objective

- Decreased level of consciousness (have a lower
threshold to control the airway if patient requires
transfer or movement to unmonitored areas)

- Hypoxemia

- Vital capacity <1 L or 20 mL/kg or 50% decrease in
VCin 1 day

- Maximum inspiratory pressure >-30 cm H,O

- Maximum expiratory pressure <40 cm H,O

- Hypercarbia (a late finding)




Chapter 2

Tetanus

S. Jann, D. Facchetti, and 1. Costi

Tetanus is a disease caused by the action of a neurotoxin pro-
duced by Clostridium tetani and mainly present in the soil.
This neurotoxin enters the body through wounds, ulcers, and
burns and its incubation period is about 1 week. The mortal-
ity rate is approximately 13% in elderly individuals.

The toxin is transported in a retrograde intra-axonal way
to the anterior horn of the spinal cord or brainstem and in a
transsynaptic way to inhibitory interneurons where it pre-
vents the release of inhibitory neurotransmitters. This results
in a state of motor neuron hyperexcitability with extremely
painful muscle spasms and functional impotence.

Initially the patient shows contraction of the masseter
(lockjaw) and the mimic muscles of the face. In severe cases
it leads to an axial hypertonia that determines grotesque pos-
tures (opisthotonus) and extremely painful muscle spasms
triggered by involuntary movements and emotional stimuli.

The main and potentially fatal complications are respiratory
failure linked to muscle spasms, bronchopulmonary infections,

S.Jann (P<) e D. Facchetti e I. Costi

Department of Neurology and Stroke Unit, ASST Grande
Ospedale Metropolitano Niguarda, Milan, Italy

e-mail: stefano.jann@ospedaleniguarda.it
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rhabdomyolysis, acute renal failure, and also hyperadrenergic
autonomic symptoms such as high blood pressure and tachyar-
rhythmias [1].

Electromyography: The rare cases of infection caused by
Clostridium tetani in today’s society accounts for the scarcity
of descriptions of the neurophysiological findings. It is
reported [2] a detectable alteration of inhibitory circuits such
as alteration or suppression of silent time, in particular mas-
seteric silent time (masseter inhibitory reflex, MIR).

The reflex is elicited by electrical stimulation of the II or
III trigeminal branch and it is derived from the jaw muscle
bilaterally. A single electrical stimulation causes two bilateral
distinct inhibitory responses identified as SP1 and SP2, of
which the presence and symmetry of latency are generally
assessed. Both responses can be abolished or altered by teta-
nus [2]. An alteration of R1 responses to the blink reflex and
an increased activity of EMG insertion with difficulty to de-
contract have also been reported [3].

The therapy is based on airway control and treatment of
muscle spasms with high doses of benzodiazepines, baclofen,
and dantrolene, and if necessary the patient is curarized.

Intravenous administration of penicillin and metronida-
zole and anti-tetanus human immunoglobulin complete the
medical treatment of these patients [4]. Recovery is slow and
can take many months.

References
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Chapter 3

Guillain-Barré Syndrome

S. Jann, D. Facchetti, and 1. Costi

The Guillain-Barré Syndrome (GBS) or acute inflammatory
demyelinating polyneuropathy (AIDP) is one of the most
frequent emergencies in the neuromuscular field. With the
almost complete disappearance of poliomyelitis, the GBS is
now the most common cause of acute flaccid paralysis in
healthy individuals.

It has a variable annual incidence between 1.2 and 1.9
cases per 100,000 inhabitants per year. It can occur at any age
even if the incidence tends to increase with age. Both sexes
are involved by the disease even if there is a slight predomi-
nance in male patients [1].

The most likely etiopathogenetic hypothesis is that of an
autoimmune disease. This hypothesis is supported by an
increased frequency of cases after vaccination, during immune
system diseases such as Hodgkin’s lymphoma, SLE, and sar-
coidosis; and the preexistence of infections due to
Campylobacter jejuni (30%), Mycoplasma (5% ), and hepati-
tis E (5%) [2].

S.Jann (P<) e D. Facchetti e I. Costi
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Recently, in French Polynesia, 42 cases of axonal form of
GBS secondary to Zika Virus have been described [3]. A CJ
previous infection is present in about one third of GBS cases,
but only one out of about 5000 patients with gastroenteritis
will develop GBS [4]. This means that a preexistent infection
is not enough to develop the disease, but there must be a spe-
cial host susceptibility.

Some lipo-oligosaccharidic antigens of the CJ outer mem-
brane are in common with the gangliosides of human nerves,
and this molecular mimicry can determine a cross-reactivity
with Ab against CJ that cross-react with the gangliosides of
human nerve [2].

The typical clinical picture is a progressive symmetrical
muscle weakness of the four limbs with potential involvement
of the respiratory muscles and cranial nerves. The clinical pic-
ture can be asymmetric at onset but quickly becomes sym-
metrical. The disease Nadir is achieved in 10-15 days in 98%
of the cases. The pain is a key symptom often present at onset,
and it is usually localized in the lower back and lower limbs.

One third of patients have pain before the onset of hypo-
sthenia (up to 1-3 weeks) and typically a pain with both
nociceptive and neuropathic characteristics. In certain cases
there are some dysautonomic symptoms, characterized by
hypotension or the presence of dangerous cardiac
arrhythmias.

This involvement of small nerve fibers is prognostically
unfavorable and may contribute to the patient’s death [5].
Even a paralytic ileus may complicate the course of GBS and
should be carefully considered.

The term GBS applies to a group of acute polyradiculoneuri-
tis that differ from each other either because of the clinical pic-
ture or of the different pathogenesis (demyelinating or axonal):

— AIDP  (acute inflammatory demyelinating

polyneuropathy)

— AMAN (acute motor axonal neuropathy)

— AMSAN (acute motor and sensory axonal neuropathy)

— MFS (Miller Fisher syndrome)

In Europe almost 90% of GBS is due to AIDP [6].
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GBS variants

Fisher syndrome

Ophthalmoplegia, ataxia, areflexia
+Bilateral facial nerve paresis
Associated with anti-GQ1b Ab

Acute motor sensory axonal neuropathy (5% of GBS

cases)

Severe and diffuse axonal damage
Abrupt and explosive onset

Severe paralysis, minor sensory features
Slow and poor recovery

Pandysautonomia

Severe orthostatic hypotension, anhidrosis, dry eyes
and mouth, fixed pupils, arrhythmia, bowel/bladder
dysfunction

Areflexia without somatic motor/sensory involvement

Other variants

Initial cervico-brachial-pharyngeal muscle involvement
Generalized ataxia without dysarthria or nystagmus
Facial and abducens weakness, distal paresthesias,
proximal leg weakness

13
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The GBS diagnosis is mainly clinical and is based on the
rapid evolution of weakness and the preexistence of an infec-
tious disease. The early loss of deep tendon reflexes is a typi-
cal and necessary feature for the diagnosis. Over the years
several diagnostic criteria have been suggested. The best
known are those of Asbury and Cornblath from 1990 [7], but
recently the Brighton Collaboration [8] has developed other
diagnostic criteria ranging from level 1 (the highest level of
diagnostic certainty) to level 4; diagnosis is possible only
because there are no alternatives (Table 3.1).

Other symptoms instead make the diagnosis dubious. They
are summarized in Table 3.2.

TaBLE 3.1 Key diagnostic criteria and Brighton case definitions for
Guillain-Barré syndrome

Level of diagnostic

certainty
Diagnostic criteria 1 2 3 4
Bilateral and flaccid weakness of limbs + o+ +  +/-
Decreased or absent deep tendon reflexes +  + +  +-
in weak limbs
Monophasic course and time between + o+ + /-
onset-nadir 12 h to 28 days
CSF cell count <50/pL + +° - +/-
CSF protein concentration > normal value + +/—* — +/—
NCS findings consistent with one of the + - = 4+
subtypes of GBS
Absence of alternative diagnosis for + o+ + o+
weakness

+ present; — absent; +/— present or absent

NCS nerve conduction studies, GBS Guillain-Barré syndrome

aIf CSF is not collected or results are not available, nerve electro-
physiology results must be consistent with the diagnosis Guillain-
Barré syndrome
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TaBLE 3.2 Features suggesting another diagnosis

15

Sensory level, severe bladder, or bowel dysfunction
Marked asymmetry
CSF pleocytosis

Very slow nerve conduction velocities, multiple relapses or
chronic course

Persistent abdominal pain and psychiatric signs

TaBLE 3.3 GBS-TREF patients vs. A-CIDP patients [9]

GBS-TRF patients:

More frequent cranial nerve dysfunction

More rapid onset of weakness

More severe weakness

Only one or two TRF’s

First TRF sooner compared to the deterioration in A-CIDP
TRF(s) occurs <2 months from onset

A-CIDP patients:

No ventilatory support

More demyelinating features on EMG

‘When three or more exacerbations

When deterioration occurs >2 months from onset

Some forms of GBS show a fluctuating trend linked to the
administration of therapies (treatment-related fluctuations)
and are not easily distinguished from CIDP with acute onset.
Table 3.3 summarizes the criteria to be applied to distinguish

the two forms.
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In addition to the clinical picture, there are some tests that

can be of support in the diagnosis:

— CSF exam: this is especially useful to exclude infectious
diseases that may initially arise diagnostic doubts. In
that case there is definitely an increase in the number of
CSF cells. GBS can be found in the well-known albu-
mincytological dissociation with increased CSF protein
against absent cells or less than 10/mmc. Eighty percent
of the patients have less than 5 cells/mmc, and 15%
have less than 50 cells/mmc.

It is important to remember that in most cases the CSF is
normal in the first week. In the first 3 days, only 50% of the
patients show high protein levels; this percentage reaches 88%
at 10 days.

— Antiganglioside antibodies search at the time is only
useful to diagnose the MFS, since nearly 90% of the
patients show Ab anti GQ1b [10]. Antibodies to
GM1 and GD1a have been described in axonal vari-
ants (AMAN and AMSAN) that are infrequent in
Europe.

— ENG/EMG: it helps to discriminate between demyelin-
ating and axonal forms and to assess the involvement of
not yet clinically compromised limbs.

The results may be markedly different in relation to earli-
ness or not of the examination regarding the onset of symp-
toms and the different variants. Early diagnosis is complicated
by the fact that:
— Asfar as we know, there are no internationally accepted
criteria for GBS electrodiagnosis [11, 12].

— Unfortunately, the various criteria proposed over the
years in the literature are different in terms of sensitiv-
ity and specificity [11-13]

— Some criteria include only the presence of demyelin-
ation without distinguishing between acute and chronic
forms and excluding axonal variants



Chapter 3. Guillain-Barré Syndrome 17

— Even the most sensitive neurophysiological tests do not
reach 100% and are not specific enough in the early
stages.

In recent decades many different diagnostic criteria have
been proposed for the different forms (acute inflammatory
demyelinating neuropathy or AIDP, or acute motor axonal
neuropathy AMAN, acute motor and sensory axonal neu-
ropathy or AMSAN) (Tables 3.4,3.5 and 3.6).

In typical AIDP forms, the early detection is the increase
of the minimum F wave latency and/or a reduced persistence
due to demyelination of the roots; the increase entity consid-
ered significant for demyelination varies in different case
series; the same reason leads to the early disappearance of H
response of the tibial nerve.

The following signs are generally detected later: increase
of motor distal latencies (the significance of increase of distal
latency varies in different series), temporal dispersion defined
as an increase in the duration of proximal CMAP> 30% com-
pared to distal CMAP, and nerve conduction blocks defined
as an amplitude ratio of the proximal/distal CMAP less than
0.7 (or 0.5 in other series) which is considered significant if
found outside the common compression sites (ulnar nerve at
the elbow, peroneal nerve at the fibula capitellum).

The slowing of motor conduction velocity is not generally
evident before 2-3 weeks from onset and may be of little
significance in the differential diagnosis of patients with con-
comitant diseases (diabetes, kidney failure), which may
account for a preexistent neuropathy.

In such cases, comparing the sural nerve’s sensory action
potential (SAP) with that of the median and ulnar nerves
seems to be particularly useful.

A normal SAP of the sural nerve with altered SAP of the
median and/or ulnar nerve (sural sparing) [14], suggests an
inflammatory form (especially a demyelinating form, although
the sural sparing finding has been described even in cases of
ASMAN), rather than a chronic length-related neuropathy.
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TaBLE 3.5 Criteria for AMAN [13]
Ho et al. (1995)

(both necessary) Hadden et al. (1998) (both necessary)
No signs of No signs of demyelination according
demyelination according to criteria in Table 3.1, but for one in a
to criteria in table nerve with cMAP amplitude<10% LLN
cMAP amplitude<80% cMAP amplitude<80% LLN in two
LLN in at least two nerves

nerves

TaBLE 3.6 Criteria for AMSAN [15]
No evidence of demyelination

Distal cMAP amplitude <80% LLN as AMAN

Sensory action potential amplitude (SAP) <50% in at least two
nerves

In AMAN, in addition to the detection of CMAP of an
already distally reduced amplitude, the so-called reversible con-
duction failure (RCF) can be detected in cases with positive anti-
ganglioside antibodies (anti-GM1 and anti GD1 a). This RCF
consists of a temporary nerve conduction block, which is not due
to segmental demyelination but to a blocked conduction in the
node of Ranvier. This in turn is caused by the presence of anti-
ganglioside antibodies that resolve without evidence of temporal
dispersion, which is typical of demyelination processes.

RCF can occur at a distal level with a cMAP which initially
has a reduced amplitude and normal or only slightly increased
latency, which recovers amplitude within a few days, unlike
what occurs in axonal degeneration and subsequent regen-
eration. This poses a further problem in the early formulation
of prognosis regarding recovery.

The absence or reduced persistence of the F waves (but
not the presence with increased latency) is described and is
frequent in the acute phase of AMAN, as in AIDP forms.

The study of sensory nerve conductions is not included in
the criteria for AIDP and AMAN, although in AIDP (and
forms of chronic immune-mediated demyelinating neuropa-
thy, CIDP) the sural sparing finding has an important role in
differential diagnosis with other types of neuropathy.
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In the Miller Fisher variant, conduction velocity in the
limbs may be normal or only slightly altered with possible
detection of a slight reduction in cMAP amplitude; conduc-
tion blocks and temporal dispersion are rarely detected. In
SAPs, reduced amplitude generally ranges from moderate to
marked, with frequent sural sparing.

At the beginning, EMG with coaxial needle may show only
a reduced recruitment which is proportional to the degree of
muscle weakness in involved muscles; this element appears
suggestive of peripheral nerve dysfunction when a reduced
number of recruited motor units are observed, in association
with an increase in the firing rate (high firing rate).

Albers et al. [16] have reported the frequent presence of
myokymic discharges, or discharges of 3-10 potentials of
high-frequency motor unit (30-60 Hz), at regular intervals of
0.5-3 s, in the acute phase of the GBS.

The onset of denervation activity in the form of fibrillation
potentials and positive slow waves occurs later: it takes
2-3 weeks from the occurrence of an axonal degeneration; it is
detected earlier in the muscles next to the lesion location and
subsequently in more distal muscles.

In summary, strong elements of suspicion which have an
impact on diagnosis in emergency, regardless of subtype
which often cannot be determined in the acute phase, are:

e Increased latency, absent F waves or waves of
reduced persistence where conduction velocity and
motor amplitudes are preserved

e Increased distal motor latencies with preserved
velocity conduction (and not a hypothermic limb)

e Conduction blocks

e Sural sparing

e Where detectable using needle examination, a
reduced recruitment of motor unit action potentials,
with increase of the discharge frequency, distin-
guishes peripheral paralysis from central paralysis
(and also from antalgic or “functional”).
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In spite of the improvements in the management of GBS
patients, mortality and disability rates remain high. Up to
25% of severe cases may experience respiratory insufficiency
which requires invasive ventilation.

Knowing the outcome of GBS cases is important in decid-
ing the most appropriate treatment and directing more
resources toward cases which have a poor long-term progno-
sis. In order to clarify this aspect, Dutch neurologists have
validated a scale (MEGOS—modified Erasmus GBS out-
come scale; Table 3.7), which can be used to predict little or
no recovery at 6 months from the first week of hospitaliza-
tion. The parameters taken into consideration are advanced
age, previous gastroenteritis, and the presence of a low score
on the MRC scale both on admission and at 1 week [17].

TABLE 3.7 Modified Erasmus GBS outcome scores [17]

Prognostic factors Score  Prognostic factors Score
Age at onset, years Age at onset, years

<40 0 <40 0
41-60 1 41-60 1

>60 2 >60 2
Preceding diarrhea® Preceding diarrhea®

Absent 0 Absent 0
Present 1 Present 1

MRC sum score (at hospital MRC sum score (at day 7 of

admission) admission)

51-60 0 51-60 0
41-50 2 41-50 3
31-40 4 31-40 6
0-30 6 0-30 9
mEGOS 0-9 mEGOS 0-12

mEGOS modified Erasmus GBS outcome score, MRC Medical
Research Council
“Diarrhea in the 4 weeks preceding the onset of weakness
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The management of GBS patients requires a totally multi-
disciplinary approach. The presence of neurologists, physiat-
rists, resuscitators, nurses, and physiotherapists is required.
The objective of these specialists is to reduce the disabling
symptoms of the patient, improve their quality of life, and
decrease the risk of complications. A nasogastric tube must be
inserted to prevent inhalation in cases of dysphagia; wearing
elastic stockings and administering LMWH can be helpful in
preventing deep venous thrombosis; respiratory functions
must be monitored closely to prevent respiratory failure.

3.2 Therapy

Several meta-analyses and the Cochrane review confirmed
that plasmapheresis and IVIg are equally effective in reduc-
ing the degree of disability at 4 weeks and the need for and
duration of assisted ventilation, mortality, and residual
disability [18].

Plasmapheresis must be initiated between 2 and 4 weeks
after the onset of symptoms, with sessions every 2/3 days for
plasma exchange with a total of about five volumes of plasma.

IVIg are administered according to the usual pattern of
0.4 g/kg/day for 5 consecutive days. The convenience, avail-
ability, and minor invasiveness of IVIg have transformed it
into the preferred treatment in neurology.

Clinicians must often answer the following questions:

e IVIG after plasmapheresis? There is no evidence of
efficacy.

e Steroids alone or in combination with plasma exchange or
IVIg? There is no evidence of efficacy.

e To treat or not to treat patients with mild symptoms and
mild disability or the Miller Fisher benign variant? There
are no studies on this issue and normally the decision is
made case by case.

e What is the best thing to do for patients who do not
respond or worsen after an initial improvement? It is not
yet clear what should be done. Some data, however, are
known: PE after IVIg and IVIg after PE are not more
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effective than single treatments. A second IVIg cycle
seems to have a positive effect, but an international study
is currently in progress (I-SID-GBS).
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Chapter 4
Porphyria

S. Jann, D. Facchetti, and 1. Costi

The porphyrias are a group of metabolic diseases caused by
an enzyme defect involved in heme biosynthesis which is the
main product of porphyrin metabolism.

In addition to hemoglobin and myoglobin, heme is a
metalloprotein integrated in microsomal cytochrome P450 in
the liver and is involved in the transport chain of mitochon-
dria electrons. It participates in the metabolism of many
substances and drugs, some of which can trigger porphyria
attacks [1].

The reduction of heme concentration leads to activation of
8-aminolevulinic acid (ALA) synthetase enzyme, which
increases the metabolic pathway of porphyrins. The induction
of cytochrome P450 by some substances, such as barbiturates,
alcohol, or the reduced supply of carbohydrates, determines
a stimulation of ALA synthetase.

The accumulation of precursors of the heme metabolism,
ALA and porphyrins, and the reduction of the heme synthe-
sis itself are responsible for the porphyrias, some of which are
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characterized by neuropathies.Acute neuropathy during a
porphyria attack is usually secondary to delays in diagnosis
and therefore in the treatment of acute attacks. Neuropathy
usually occurs after several attacks which are characterized
by unexplained abdominal pain, nausea and vomiting, emis-
sion of dark urine, possible episodes of psychomotor agita-
tion, possible seizures, and frequent bullous skin lesions.

This neuropathy is predominantly motor and mostly axo-
nal, with rapid onset. It predominantly affects the proximal
limb muscles and can worsens up to a complete tetraplegia
with dysphagia and respiratory failure.

It is associated with autonomic neuropathy, which is respon-
sible for abdominal pain, constipation, and pseudo-obstruction
as well as tachycardia and orthostatic hypotension. There are
seldom sphincter disorders. The mechanism of the neuropathy
is not known but appears to be associated with a neurotoxicity
of accumulated precursors or with a disorder of the fast axonal
transport which is heavily energy dependent [2].

There are three forms of porphyria of neurological interest:
they can be differentiated by the different enzyme deficiency
involved and are transmitted through an autosomal dominant
disorder. They are acute intermittent porphyria, hereditary
coproporphyria, and variegate porphyria. These are called
acute porphyrias and are characterized by acute attacks with
the characteristics mentioned above, alternated by periods of
quiescence.

The attacks are usually triggered by drugs (mainly cyto-
chrome P450 inductors), alcohol, and fasting. Attack preven-
tion is therefore linked to the removal of these risk factors,
but acute attack management involves the administration of
glucose and intravenous hematine.

The diagnosis involves dosage of urinary porphobilinogen.

The characteristics of the electrodiagnostic study are those
of an axonopathy, reduced amplitude of motor potential com-
pounds (AMPC), motor conduction velocity preserved or
slightly reduced (CV), and normal distal latency of CMAP [1].

Conduction blocks or time dispersion is usually absent. If
present, F waves and H reflex have normal latencies [2]. The
sensory action potentials (SAP) and sensitive CV can be pre-
served even in nerves with marked motor involvement.
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Electromyographic examination with needle concentric
electrode (EMGQG) in the initial stages shows only a reduction
in the recruitment of motor units, which are activated at high
frequency. This reduction is proportional to loss of strength.

The signs of active denervation characterized by abundant
fibrillation activities appear after approximately 3 weeks.
They start from the proximal muscles and often display a
patchy distribution of affected and spared muscles. In the
recovery phase short, polyphasic, low-amplitude rising poten-
tials may be recorded.

In the acute phase, potentials in the proximal muscles are
reported as having reduced amplitude and duration and as
being quickly recruited. These features, together with the
presence of fibrillation and positive slow waves, may be con-
fused with a myopathic picture (1). Electromyographic stud-
ies after clinical recovery may show findings of a residual
chronic subclinical neuropathy.

Acute neuropathy during a porphyria attack needs the
same attention and multidisciplinary management that is
used for other acute neuropathies, such as GBS. It is not rare
to find that some patients who have been diagnosed with
Guillain-Barre syndrome actually suffer from porphyria neu-
ropathy. Where necessary, admission to an ICU is required.

The neuropathy should be treated with i.v. heme arginate as
soon as possible because although this does not improve the
previous nerve damage, it prevents further damage. A daily
infusion of 3 mg/kg is initially required and must therefore be
reduced in both dose and frequency in accordance with clinical
improvement.
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Vasculitis

S. Jann, D. Facchetti, and 1. Costi

The neuropathies associated with vasculitis occur more often
as multiple asymmetric mononeuropathies of the four limbs,
less frequently as asymmetric axonal polyneuropathies and
even more rarely take on the characteristics of axonal, sym-
metrical, distal, length-dependent polyneuropathy [1].

The symptoms usually evolve gradually, but sometimes the
onset is very rapid and the patient quickly deteriorates to
tetraplegia, sometimes associated with respiratory failure.

The prevalence of neuropathy in positive ANCA vasculitis
is 8% at onset, substantially identical both in microscopic
polyangiitis and granulamatosis with polyangiitis (Wegener’s
syndrome). The cumulative prevalence at a 5-year follow-up
is 15% [4].

In polyangitis granulomatosis with eosinophilia, or Churg-
Strauss syndrome, the incidence of neuropathy is higher and
reaches 55-75% of cases [5]. Peripheral neuropathy is one of
the most frequent and most severely disabling complications
of Churg-Strauss syndrome (CSS).
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The pathological mechanism is a granulomatous vasculitis
resulting in a focal ischemic necrosis which is multiple and
asymmetric in the nerves involved, and results in axonal dam-
age. In addition to ischemic damage, the effect of neurotoxic
substances released by eosinophils has been observed.
Fragmented areas of demyelination may be associated. On
the whole, the incidence of neuropathy in these three forms
of systemic vasculitis is 47% [6].

Polyarteritis nodosa and mixed cryoglobulinemia may also
involve the peripheral nervous system with an inflammatory-
ischemic mechanism in 25-75% of cases, consisting mainly of
multiple mononeuropathy and less frequently symmetric
axonal polyneuropathy [7].

Vasculitic neuropathies which complicate diseases of the
connective tissues, such as rheumatoid arthritis, lupus erythe-
matosus and Sjogren’s syndrome, are rare and mostly repre-
sented by symmetric axonal polyneuropathy [7]. The
multineuropathy of the cranial nerve in Sjogren’s syndrome
must be remembered, as well as the sarcoidosis and sensory
neuronopathy (ganglionopathy) in Sjogren’s syndrome [7].

Finally, there may be non-systemic vasculitic neuropathies
(that is to say vasculitis which are limited to the peripheral
nervous system) [7], with the same clinical and electrophysi-
ological characteristics which can reach 30% of cases, depend-
ing on the different series.

Unlike distal symmetric neuropathies and chronic acute
inflammatory demyelinating neuropathies, there are no
established diagnostic criteria for multiple mononeuropa-
thies, even if an extensive examination of the nerves of the
four limbs is usually required and the involvement of at least
two nerves in both sensory and motor components must be
demonstrated.

The purpose of the electrodiagnostic examination is to
demonstrate the involvement of the peripheral nervous sys-
tem, describe the distribution, confirm the nature of axonal
injury and show a possible subclinical involvement in some
apparently spared regions. The neurophysiological examina-
tion is moreover useful as a guide for a possible biopsy.
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The neurophysiolgical follow-up then allows the initial
diagnosis to be confirmed, the first hypothesis can be re-
directed and the evolution and response to treatment fol-
lowed.The electrodiagnostic study must follow strict guidelines
such as those defined in the American Academy of
Electrodiagnostic Medicine [2], and meet the diagnostic crite-
ria for diagnosis of polyneuropathy, as regards also the elec-
tromyographic assessment [3].

Neuropathies during vasculitis usually lead to the involve-
ment of both motor and sensitive axons, which initially cause a
focal axonal damage that is then followed by Wallerian degen-
eration. This damage results in sensory and motor disorders
distributed in the territory of one or more nerves, which are
clinically displayed as paresthesia, anesthesia, muscle weakness,
areflexia in different regions, and followed by muscle atrophy
of denervated muscles.

The neurophysiological study in multineuropathies
involves an extensive evaluation of sensory and motor con-
duction in various nerves of the upper and lower limbs and
should cover at least the peroneal, tibial, sural nerves bilater-
ally as well as the median and ulnar nerves on both sides,
including stimulation to axilla and to Erb’s point in the search
for proximal lesions. Radial, axillary and musculocutaneous
nerves might be studied later for clinical interest.

More frequently (59%) the findings show a multiple mono-
neuropathy with cMAP and SAP reduction or disappearance,
which is associated with preserved or slightly reduced motor
and sensory CV and absence of significant temporal disper-
sion. F waves are absent or reduced in amplitude and, if pres-
ent, with normal latency. cMap and SAP distal latencies are
normal.

The distribution of these findings is typically asymmetrical;
it affects some regions of the upper or lower limbs, even
proximal, and spares others completely.

Less frequent (41%) are the ubiquitous findings of reduced
cMAP and SAP, asymmetrical or symmetrical, with a predomi-
nance of the lower limbs and a distal-proximal gradient as
observed in length-dependent distal axonal neuropathy [6].
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In Churg-Strauss syndrome there is a more marked preva-
lence of multineuropathy, which is found in 68% of cases
compared to the symmetric polyneuropathy that accounts for
24%, and a minority of other neuropathies such as mononeu-
ropathy or neuropathy of the cranial nerves [8].

A distinctive feature of neuropathies during vasculitis are
the pseudo conduction blocks, due to ischemic lesions caused
by vasa nervorum, which may constitute a confounding factor
with inflammatory demyelinating polyneuropathy.

A pseudo conduction block is a reduction in the amplitude
of the cMAP resulting from an electroneurographical study of
motor conductions following a proximal stimulus, with ampli-
tude of CMAP preserved upon distal stimulus. The difference
in amplitude disappears in the following days or weeks when
the distal cMAP is also reduced.

Although pseudo conduction blocks initially correspond
to the more restrictive criteria of the electrophysiological
definition of conduction blocks, they are not [9] caused by
focal demyelination but by axonal damage. Pseudo conduc-
tion blocks may be confused with conduction blocks, but an
examination performed in the next days (5-7 days) shows
that the reduction of the cMAP amplitude extends along the
whole nerve distally to the lesion [10].

This phenomenon is due to Wallerian degeneration result-
ing from focal axonal damage. It is neither usually associated
with the slowing of motor CV caused by injuries, nor with
cMAP temporal dispersion.

It is therefore necessary to carry out serial electroneuro-
graphic examinations that can demonstrate Wallerian
degeneration, which is the expression of ischemic axonal dam-
age, in the days following the onset of neuropathy, in order to
evaluate the differential diagnosis with conduction blocks that
characterize acquired demyelinating neuropathies.

There have however been reports of electrophysiological
findings of true conduction blocks, and pathological findings
of focal demyelination during nerve ischemia, both in animal
models and in human beings, and they have been attributed
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to segmental demyelination or a block of rapidly reversible
metabolic conduction [1, 10].

Early electromyographic examination of the involved mus-
cles does not show any fibrillation or positive slow waves,
which appear after 15-20 days, initially in the proximal muscles
and then in the distal ones, as a characteristic of axonal injury.

The EMG findings in the acute phase are limited to a reduction
of the recruitment of motor units with a high-frequency pattern,
as can be observed in lesions of the peripheral nervous system.

Signs of chronic neurogenic damage with increased MUAP
amplitude and duration, polyphasic morphology and reduced
recruitment, appear only later. In the initial phase of reinner-
vation, which proceeds in the proximal-distal direction as it is
linked to an axonal regeneration, MUAP are characterized
by reduced amplitude and duration and marked polyphasia.
They can be confused with potentials caused by myopathic
damage, if not for the reduced recruitment.

Among the complications of diabetes, usually type II,
there is acute onset of lumbar radiculo-plexopathy which is
sometimes bilateral and which may extend distally and be
extremely painful. The marked proximal weakness may be
severely disabling.

The cause is a vasculitis of roots and nerve trunks of the
lumbar plexus, resulting in axonal damage and Wallerian
degeneration that lead to muscle atrophy, which is sometimes
permanent and disabling [7].

The electromyographic findings in the acute phase are
pseudo conduction blocks and the disappearance of the F
responses in the nerves of the leg, followed by an axonopathy
of the major nerves of the lumbosacral plexus. The motor
nerve conduction of the femoral nerve need to be studied for
groin stimulation and derivation from the quadriceps.

The study of sensory antidromic conduction of the saphe-
nous nerve to the medial surface of the leg allows the differen-
tial diagnosis with an L3 radiculopathy. Electromyographic
examination at 15-21 days will confirm and quantify the extent
of axonal damage.
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In all cases of vasculitis of the peripheral nervous system,
both primitive and associated with other diseases, a nerve
biopsy can be useful. In this case it may be useful to take
either the sural nerve at the lateral malleolus or the superfi-
cial peroneal nerve in the middle of the tibial region.

There are neither guidelines nor RCT, but only treatment
recommendations with regard to the therapy.

The most useful drug is steroid, either administered orally
(prednisone 1 mg/kg) or intravenously (methylprednisolone
1 g/day for 5 days). The steroid treatment should be contin-
ued for several months and should usually be associated with
immunosuppressive drugs from the very beginning.

Cyclophosphamide (1000 mg/m? i.v. monthly for at least 6
months), azathioprine (1.5-2 mg/kg orally daily), methotrex-
ate (10 mg sc per week) are the most widespread. Worth
mentioning are the excellent results achieved with rituximab
(anti-CD20) in cryoglobulinemia, either alone or combined
with antiviral treatment for HCV.

References

1. Sandbrink F, Klion AD, Floeter MK (2001) “Pseudo-conduction
block” in a a patient with vasculitic neuropathy. Electromyogr
Clin Neurophysiol 41:195-202

2. England JD, Gronseth GS, Franklin G, Miller RD et al (2005)
Distal symmetric polyneuropathy: a definition for clinical
research. Report of the American Academy of Neurology, the
American Association of Electrodiagnostic Medicine, and the
American Academy of Physical Medicine and Rehabilitation.
Muscle Nerve 31:113-123

3. American Association of Electrodiagnostic Medicine (1999)
Guidelines in electrodiagnostic medicine. Muscle Nerve 22(suppl
8):53-S300

4. Suppiah R, Hadden RDM, Batra R, Arden NK, Collins MP,
Guillevin L et al (2011) Rheumatology 50:2214-2222

5. Wolf J, Berger R, Mutallib S, Buggle F, Grau AJ (2010)
Neurologic complications of Churg-Strauss syndrome: a pro-
spective multicentric study. Eur J Neurol 17:582-588



10.

Chapter 5. Vasculitis 37

. Cattaneo L, Chierici E, Pavone L, Grasselli C, Manganelli P,

Buzio C, Pavesi G (2007) Peripheral neuropathy in Wegener’s
granulomatosis, Churgh-Strauss syndrome and microscopic
polyangiitis. J Neurol Neurosurg Psychiatry 78:1119-1123

. Gorson KC (2007) Vasculitic neuropathies. An Update.

Neurologist 13:12-19

. Nagashima T, Cao B, Tacheuchi N, Chuma T, Mano Y, Fujimoto

M et al (2002) Clinicopathological studies of peripheral neurop-
athy in Churg-Strauss syndrome. Neuropathology 22:299-307

. Olney RK (1999) Guidelines in electrodiagnostic medicine:

consensus criteria for the diagnosis of partial conduction block.
Muscle Nerve 22(suppl):S225-S229

McCluskey L, Feinberg D, Cantor C, Bird S (1999) “Pseudo-
Conduction block” in vasculitic neuropathy. Muscle Nerve
22:1361-1366



Chapter 6

Myasthenia Gravis

A. Rigamonti

Myasthenia gravis (MG) is an acquired autoimmune disease
of the neuromuscular junction characterized by fluctuating
weakness and fatigability of the striated skeletal muscle [1,2].

Myasthenia is part of the group of autoimmune channelo-
pathies, diseases characterized by the presence of antibodies
directed against the receptor structures of the neuromuscular
junction. In addition to myasthenia gravis, they include
Lambert-Eaton myasthenic syndrome and neuromyotonia.

Most patients present IgG1 antibodies directed against the
acetylcholine receptor (AChRs) located on the postsynaptic
membrane [3]. A variable portion of patients, defined as sero-
negative, do not have antiAchRr antibodies but have anti-
bodies against a muscle-specific tyrosine kinase (MuSK) [4,
5]. Other antibodies directed against different antigens tar-
gets, such as LRP4 (low-density lipoprotein receptor 4) [6]
and agrin [7], have been recently identified in patients who
tested negative for Ab antiAchR and Ab anti-MuSK.
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6.1 Epidemiology

Myasthenia gravis is a rare disease. According to a review of
55 studies [8] conducted between 1950 and 2007 it has an
estimated incidence of 5.3 cases per million person-years and
a prevalence of 77.7 cases per million. The prevalence of the
disease has increased since the middle of last century: this is
due to an improvement in diagnostic accuracy, an aging popu-
lation and increased longevity of the patients affected.

The incidence of the disease in boys and girls before
puberty is similar, whereas after puberty the male:female
ratio is 4:6. The disease can start at any age: the incidence in
female patients peaks in the third decade and in the sixth to
seventh decades in male patients [9].

6.2 Pathophysiology

Myasthenia gravis is a disease that meets the criteria of auto-
immune diseases mediated by autoantibodies [1, 2], more
specifically:

1. Most patients have pathogenic antibodies which react
against a specific antigen;

2. There are animal models of the disease created by passive
transfer of antibodies;

3. The disease responds to immunomodulatory/immunosup-
pressive therapies.

Eighty to 90% of patients with generalized MG have anti-
bodies against the acetylcholine receptor (Ab antiAchR).
The receptor is a protein, consisting of five different subunits,
which assemble to form a ion channel [10]. The antibodies
interact with different antigenic epitopes of the receptor and
belong to the class of immunoglobulins IgG1. These antibod-
ies have the ability to functionally inhibit the AchR, acceler-
ate degradation and promote lysis by complement activation
[11]. The factor which causes the immune system to loose
tolerance against AchR is still unknown; however it is
believed that the thymus plays an important role, given the
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presence in its context of myoid cells, which expresses the
receptor and can act as antigen presenting cells [12].

Ten percent of patients with generalized myasthenia gravis
don’t have Ab-antiAchR and are defined as seronegative. In
40-70% of seronegative Caucasian patients, antibodies
against a muscle-specific tyrosine kinase receptor (MuSK)
have been identified. [4, 5, 13] Similar values have been
reported in the Japanese case series [14]. This tyrosine kinase
is located at the neuromuscular junction and is involved in
the stabilization processes of AchR at the level of post-
synaptic membrane [15]. MUSK antibodies positive myasthe-
nia gravis might recognize pathophysiological mechanisms
different from Ab antiAchR positive myasthenia. The anti-
MuSK antibodies belong mainly to the IgG4 subclass which
does not activate complement, however IgG1 subclasses are
present in low concentrations and are able to activate com-
plement when they bind to MuSK [16].

In patients who test negative for Ab antiAchR and anti-
MusK, the presence of antibodies directed against protein 4
related to lipoprotein (LRP4) has been recently reported. In
larger series [17-19] antibodies against LRP4 have been
reported in 2.09% of double seronegative cases.

These antibodies are IgG1, which are able to activate the
complement and thus they are potentially pathogenic.
However, more research is needed to confirm this
hypothesis.

6.3 Clinical Features

The basic clinical features of the disease are fluctuating
weakness and fatigability of the striated voluntary muscles.
Two main forms can be distinguished with reference to the
districts involved: ocular MG, which affects only the extra-
ocular muscles, and generalized MG involving the striated
skeletal muscles with possible involvement of the bulbar
district [9].

Typically, muscle weakness fluctuates during the day: it
tends to be worse in the afternoon or evening, increases
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during physical work and is relieved by rest. In the early
stages of the disease, symptoms may be absent upon awaken-
ing, whereas they tend to be constantly present with the pro-
gression of the disease, even if moderate to severe fluctuations
are possible [20]. Despite the fact that myasthenia gravis can
produce weakness in any muscle group, there are some mani-
festations that are quite characteristic [20]:

— More than 50% of patients show ocular symptoms (ptosis
and diplopia): about half of these will develop generalized
symptoms within 2 years;

— Approximately 15% of patients present bulbar symptoms
(dysarthria, dysphagia, fatigability when chewing);

— Less than 5% of patients present isolated proximal muscle
weakness.

Less commonly presenting patterns include: isolated neck
weakness (dropped head); isolated weakness of the respira-
tory muscles; distal muscle weakness.

Ocular muscles. Weakness of the eyelid muscles can cause
ptosis. Ptosis can occur bilaterally and then improve in one of
the eyes causing unilateral ptosis, or it may be unilateral at
the beginning and then become bilateral. Involvement of the
extraocular muscles causes binocular diplopia which can be
horizontal or vertical, in more severe cases it can lead to oph-
thalmoparesis/ophthalmoplegia. Pupils are always spared.

Bulbar muscles. The mandibular musculature is often
involved causing weakness during chewing. The patient often
reports that this occurs halfway through the meal. When
mandibular weakness is present at rest, patients hold their
fingers under the jaw to keep the mouth closed. Weakness of
the oropharyngeal muscles causes dysarthria and dysphagia.
The patient is affected by rhinolalia because of the weakness
of palatal muscles. The symptoms worsen with prolonged
speech. Dysphagia may be relevant, and there is often nasal
regurgitation.

Facial muscles. Facial muscles are often involved, causing
reduced expression, weak eye closure, difficulty in whistling,
puffing out cheeks and a typical smile called a “snarl smile”:
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the central part of the lips is lifted while the corners of the
mouth can not be lifted

— Axial musculature. The flexors and extensors of the neck
are commonly affected and this can lead to the head fall-
ing forwards.

— Limb muscles. Weakness predominantly affects the proxi-
mal muscles (deltoids, quadriceps and psoas) of the upper
and lower limbs. In addition to the proximal muscles, the
extensor muscles of the fingers and wrist are also com-
monly involved.

Respiratory musculature. Involvement of respiratory mus-
cles (diaphragm, intercostal) can cause respiratory failure.

The natural history of the disease is characterized by exac-
erbations and remissions. The most active phase of the dis-
ease usually coincides with the first 5-7 years. Symptoms
usually peak in the first 2-3 years of the disease. In a U.S. case
study carried out on 1976 patients, the symptoms reached
maximum severity within 2 years in 82% of the cases [21].

In an Italian retrospective study carried out on 1152
patients, the symptoms of 77% of the patients reached their
nadir in the first 3 years [22]. Spontaneous remissions occur
in 10-15% of cases in the first 10 years of illness. About 50%
of patients presenting with ocular symptoms developed gen-
eralized symptoms within 2-3 years. There are no predictive
factors; in particular the presence of Ab antiAchR, a positive
response to the decremental repetitive stimulation or a posi-
tive single fiber elctromyography are not predictive of
generalization.

The life expectancy of a myasthenic patient is currently
comparable to the life expectancy of the general population.
The mortality rate is 20-30% at 10 years in untreated cases.
Most clinicians believe that the disease involves three phases,
although these are modified and influenced by the current
immunotherapies:

— An active phase characterized by large fluctuations and
severity of symptoms, which occurs in the first 5-7 years of
onset; most myasthenic crises occur in this period,
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— A period of stability in which symptoms persist but are
stable enough and can be worsened by intervening factors
such as infections, reduction of drug dose, surgical stress;

— A third phase in which remission of the disease is possible
in the course of immunotherapy or after its suspension.

In literature there are different MG classifications, more
precisely Osserman and Jenkins’ classification [23] and the
classification of the Myasthenia Gravis Foundation of
America (MGFA) [24]. The Osserman and Jenkins’ classifi-
cation [23] distinguishes the following forms:

Group I: pure ocular MG

Group ITA: mild generalized MG

Group IIB: generalized MG with bulbar disorders

Group III: “fulminant” MG (rapidly evolving MG reach-
ing maximum severity within 6 months and involving
respiratory muscles)

e Group IV: chronic MG (severe evolution of patients with
modest disease for 2 or more years).

The Myasthenia Gravis Foundation of America (MGFA)
stressed the importance of a grading system and standardized
clinical evaluation, which is why in 2000 it proposed some
standard recommendations in clinical research on myasthe-
nia, recommendations drawn up by an ad hoc Task Force
(Task Force of the MGFA, 2000) [24]. Here, in summary, is
the classification of MG currently proposed by MGFA:

e (lass I: ocular MG;
e (Class II: mild generalized Myasthenia:

ITA: with predominant involvement of the limb muscles
I1B: with predominant involvement of the limb and preva-
lent involvement of bulbar-respiratory muscles

e (Class III: mild generalized Myasthenia:

IITA: with prevalent involvement of limb muscles
IIIB: with involvement of the limb and predominant
impairment of bulbar-respiratory muscles
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Class IV: severe generalized Myasthenia:

IVA: with predominant involvement of the limb muscles;
IVB: with involvement of the limbs and prevalent impaired
bulbar muscles.

Class V: Defined by the need for intubation, with or with-
out mechanical ventilation, with the exception of intuba-
tion used during the routine postoperative period; the
nasogastric tube falls into the IVB category.

6.4 Diagnostic Tests

The diagnostic tests are intended to confirm the clinical diag-
nosis formulated on the basis of clinical history and physical
examination. We distinguish:

1.
. Serological tests;

. Neurophysiological tests;

. Radiological examinations;

= A N

Tests at the patient’s bedside (ice test and tensilon test);

. The ice test and the Tensilon test (edrophonium chloride)

can be considered as clinical examination extensions,
rather than as true laboratory tests.

(a) The ice test is used in patients with ptosis. It is based
on the physiological principle that neuromuscular
transmission improves by cooling the muscle. In prac-
tice, a bag containing ice is placed on the eyelids, which
are kept closed for 2 min. The bag is then removed and
it is immediately assessed whether there has been an
improvement in the ptosis. The sensitivity of the test is
about 80% in patients with severe ptosis [25, 26].

(b) Edrophonium chloride (Tensilon), available in 10 mg
vials, is an acetilcolinesterasis inhibitor that has a rapid
and short duration of action (5-10 min). The test
should be given to patients with evidence of ptosis or
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ophthalmoparesis, in whom it is easy to observe
improvement after administration of the drug. Ten
milligrams of the drug are intravenously administered
while the heart rhythm is checked for the possible
onset of a slowdown in atrio-ventricular conduction.
The drug is administered as follows: a first dose of
2 mg followed by another dose of 2 mg every 60 s up to
a total dose of 10 mg. The clinical response is then
assessed. This test has 80-90% sensitivity, but its speci-
ficity is rather low [3].

2. Serological test:

(a)

(b)

Antireceptor acetylcholine antibody dosage: the dos-
age of anti-AChR antibodies is performed in serum
according to the radioimmunoassay (RIA) method
using human acetylcholine receptor as antigen [27].
These antibodies are present in about 85% of patients
with generalized disease [3]; furthermore almost all
patients with myasthenia gravis and thymoma are
seropositive for these antibodies [28]. However, they
are present only in 40-55% of patients with ocular
myasthenia [3]. These antibodies are highly specific for
myasthenia gravis, rare cases of false positives low titer
have been reported in the Lambert Eaton syndrome
(5%), in motor neuron disease (3-5%) and in poly-
myositis (<1%)

Anti-MuSK antibodies dosage. Antibodies against
specific muscle receptor tyrosine kinase (MuSK) have
been reported in 38-50% of patients with generalized
MG who tested negative for Ab antiAchR [4,5,14,17,
29]. These antibodies are not usually present in patients
who only have ocular myasthenia, although rare cases
have been described [30].

Typically, patients with generalized forms positive
for Ab antiAchR do not have anti-MuSK antibodies,
even if one case study reported that 11 % of the patients
showed double positivity [14]. The analysis of available
clinical case studies regarding MuSK positive patients
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showed that these antibodies define a category of
patients with some special features. They are usually
female patients with prevalent involvement of the ocu-
lar and bulbar areas (oculo-bulbar form) and a high
incidence of respiratory failure. Furthermore, there is a
low incidence of thymic pathology.

It is also reported that these patients display a poor
response to inhibitors of acetylcholinesterase but a
good response to plasmapheresis and immunosup-
pressive therapies [4, 5, 14,17,29].

(c) Anti-titin antibodies and ryanodine antibodies: in
addition to the anti-AchR antibodies, patients with
MG may have antibodies directed against the striated
muscle components, in particular against the titin pro-
tein and against the ryanodine receptor (component
of the sarcoplasmic reticulum involved in calcium
release).

The pathogenic role of these antibodies has not
yet been defined. A correlation has been observed
between positivity of these antibodies and the pres-
ence of thymoma. Their presence can be considered
as a tumour marker. Therefore, they are useful in
patients with uncertain evidence of thymic enlarge-
ment or when recurrence of a thymic tumor is sus-
pected [31, 32].

(d) Lastly,in cases of seronegative myasthenia, specialized
laboratories can search for the presence of low affinity
antiAchR IgG or anti LPR4 antibodies.

. Neurophysiological tests.

The neurophysiological tests (repetitive nerve stimula-
tion and single fiber EMG) can show a deficit of neuro-
muscular transmission and thus significantly contribute to
the diagnosis. In generalized myasthenia gravis, the sensi-
tivity of repetitive nerve stimulation (RNS) and single-
fiber electromyography (SF-EMG) is respectively 75%
and 95% (34-35). In the ocular forms RS can be negative
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in up to 50% of cases while the SF-EMG has a sensitivity
of 85-95%. (34-35)

(a)

(b)

Repetitive stimulation (RNS). This is the neurophysi-
ological test which is most commonly used when
myasthenia gravis is suspected. The examination is
performed placing a recording electrode on the mus-
cle and stimulating the corresponding motor nerve.

The nerve is repeatedly stimulated at low fre-
quency (2-5 Hz) and then the corresponding com-
pound muscle action potential (CMAP) is recorded.
Myasthenia patients typically show a reduction of the
CMAP amplitude between the I and IV/V response
(decremental response). The test is considered posi-
tive if there is a decrease of at least 10%.

The study can be carried out on different muscles;
it is generally useful to test symptomatic districts. In
addition, sensitivity appears to be greater in the prox-
imal muscles than in the distal muscles (e.g. trapezoid
more sensitive than abductor V), even if stimulation
is better tolerated on distal muscles.

Single fiber electromyography (SF-EMG). The SF-
EMG is technically more challenging than the
RNS. The method allows the simultaneous recording
of the action potential of two muscle fibers innervated
by the same motor axon.

The time interval between the two potentials is
defined as ‘jitter’. In myasthenia gravis, the loss of the
safety factor of neuromuscular transmission deter-
mines an increase in jitter. The increase in jitter is not
specific to myasthenia gravis, because it can also be
found in other conditions such as motor neuron dis-
ease, polymyositis, peripheral neuropathies, Eaton-
Lambert. However, these diseases have other
associated electroneurographic and electromyo-
graphic findings, such as to allow an adequate neuro-
physiological differential diagnosis.
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To maximize SFEMG sensitivity, a facial district
muscle and a limb are typically tested.

We report the recommendations regarding neuro-
physiological tests proposed by the AAM (American
Association of Electrodiagnostic Medicine) [34] based
on a review of the literature:

e The RNS must be carried out on a nerve corresponding to
a symptomatic district and the resut is considered positive
when a reproducible decrease of at least 10% of the ampli-
tude of the potential between the I and IV/V response is
detected in at least one district.

Please respect the following conditions:

— Discontinue anticholinesterase therapy at least 12 h
before the test;

— Immobilize the limb if possible;
— Adjust stimulating rate between 2 and 5 Hz;

— Adjust basal stimulation, post-tetanic stimulation or
post-exercise at 2-5 Hz followed by stimulation at regu-
lar intervals from 30 s to 1 min, for 5 min;

— Maintain skin temperature as close as possible to 35 °C.

e If RNS is normal, but there is a strong suspicion of MG, an
examination by SF-EMG must be carried out, at least in
one symptomatic region; if this is negative but there is a
strong clinical suspicion, the investigation must be per-
formed on a second region. The results are considered
pathological if more than 10% of the pairs of potential
have a higher jitter than normal, the average jitter exceed
the standard limits or impulse blocking is present.

4. Radiological investigations. Radiological investigations
refer to the radiological assessment of the mediastinum.
More than 75% of generalized MG patients who test posi-
tive for Ab antiAchR show abnormalities of the thymus. In
about 85% of cases thymic hyperplasia and in 15% of cases
thymic tumors, mainly thymoma [35].
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A chest CT scan with contrast or magnetic resonance
imaging for mediastinal evaluation is part of the diagnostic
workout in patients with myasthenia gravis. There are no
controlled litterature study comparing the two methods, in
order to determine which is the most suitable for the diag-
nosis of thymoma and thymic hyperplasia.

In case of doubts in radiological results antitina/ryano-
dine antibody testing may be usefull, as they are associated
with the presence of thymoma.

. Collateral investigations: autoimmune pathologies of the

thyroid are quite frequently associated with MG (3-8% of
cases), dosing TSH and antithyroid antibodies is therefore
useful, regardless of the presence of symptoms attributable
to thyroid dysfunction. Furthermore, it can be associated
with many other autoimmune diseases, but the need for
further investigation in the field of autoimmunity will be
dictated by the clinical features of each patient.

Recommendations on the use of diagnostic tests:

— Clinical data is of great importance, particularly the
association between weakness, fatigability, and fluctua-
tion of symptoms (in the absence of muscle atrophy
and preserved tendon reflexes) are a crucial aspect in
guiding diagnostic suspicion;

— The dosage of specific autoantibodies has the highest
sensitivity and specificity in generalized MG; their posi-
tivity can make the neurophysiological assessment
unnecessary;

— In patients showing generalized symptoms and negativ-
ity for Ab antiAchR dosage, repetitive stimulation
should be performed, and antiMuSK antibodies should
be dosed; in patients with seronegative ocular MG and
a proceed with a SFEMG test, which has the highest
sensitivity;

— Dosage of acetylcholine antireceptor antibodies has a
purely diagnostic use, and variations in antibody titer is
not usefull for therapeutic approach.
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6.5 Differential Diagnosis

The main differential diagnoses in Myasthenia Gravis, keep-
ing in consideration both the purely ocular form and the
generalized form, include:

Thyroid ophtalmopathy

Eaton-lambert myasthenic syndrome

Myopathies with involvement of the ocular area (oculo-
pharyngeal dystrophy, myotonic dystrophy, mitochon-
drial myopathies with or without progressive
ophthalmoplegia);

Acute poliradicolonevritis;

Motor neuron diseases;

Alteration of one or more cranial nerves;

Encephalic trunk diseaes;

Organophosfate poisoning, botulism;

Congenital myasthenic syndrome;

Myasthenia induced by penicillamine.

6.6 Therapy

There are several treatment stategies in the management of
patients with Myasthenia Gravis. The therapeutic approach
follows some basic principles, but it is largely individualized
according to the clinical characteristics of the patient. Therapy
is generally decided on the basis of age, severity of illness, and
possible involvement of the bulbar and/or respiratory
system.

Neither the autoantibody titers, nor the entity of decre-
mental response of RNS influence the therapeutic approach,
that is clinically determined.

The available therapeutic strategies are:

1. Anti-acetylcholinesterase drugs (AntiAChE);
2. Immunosuppressive therapy;
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3. Immunomodulatory therapies;
4. Surgical treatment (thymectomy).

1. AntiAChE drugs play a purely symptomatic role; they
inhibit the metabolism of acetylcholine thus increasing its
availability at the neuromuscular junction, facilitating the
link with the specific receptor, and favoring muscle con-
traction [36].

There are no randomized controlled trials on the use of
antiAChEs, but individual case studies and clinical experi-
ence have demonstrated a proven effectiveness. The dura-
tion of action is maximal within 2-3 h, for this reason they
must be administered repeatedly during the day.
AntiAChEs usually represent the first line of treatment,
also because of their relative safety and ease of use.

Pyridostigmine (Mestinon) is the usual choice; neostig-
mine is commercially available but it is not generally used.

It is important to note that:

— Most of the patients who suffer from generalized
MG, at least in the initial phase, show good/excellent
clinical response to AntiAChEs;

— In purely ocular MG forms, the patients’ response is
often unsatisfactory or completely absent;

— The response to AntiAChEs can vary in different
muscle groups; the dosage must therefore be adjusted
according to the relative importance of the most
compromised and functionally relevant regions;

— The failure to find a significant clinical effect does
not justify a progressive increase of dosage, but sug-
gest that an immunosuppressive treatment must be
started.

The dosages used range from 60 to 120 mg in four
administrations per day (every 3.5-4 h). There is also
a 180 mg modified-release form which can be admin-
istered before going to bed when it is necessary to
reduce fatigue on awakening.

Side effects: muscarinic (diarrhoea, upset stom-
ach, increased bronchial secretions and saliva) occur
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most frequently. Particular attention must be paid to
the increase in bronchial secretions and drooling in
patients who already have difficulty swallowing and
wheezing. Increasing the dose in an attempt to reduce
muscle deficiency is not recommended for these
patients. Nicotinic-type side effects can include mus-
cle cramps and twitching and more rarely an accen-
tuation of muscle weakness (cholinergic crisis,
difficult to observe at commonly used doses).

2. Immunosuppressive therapy.

Immunosuppressive drugs are necessary for patients
who are symptomatic despite treatment with pyridostig-
mine, or whose symptoms return after a temporary
response to pyridostigmine. The choice of immunosuppres-
sive drug type is based on considerations that take into
account the clinical picture, the speed of the drug’s action,
its side effects, the patient’s comorbidities. Here below we
report the levels of evidence and recommendation regard-
ing each form of treatment, followed by some general
considerations.

(a) Corticosteroids:

Remission or improvement of the clinical picture is
reported in 70-80% of myasthenic patients treated
with corticosteroids. Observational studies and clini-
cal experience support the efficacy of glucocorticoids
in the treatment of myasthenia gravis. Limited evi-
dence from randomized, controlled trials likewise sug-
gests that glucocorticoid treatment offers significant
short-term benefit in MG compared with placebo.
[36-39].

Indications:

— Patients with generalized or bulbar myasthenia;

— Patients with purely ocular disabling forms;
— Moyasthenic crisis.

Prednisone (0.75-1 mg/kg daily) is administered in
a single dose in the morning; this dosage is maintained



54

A. Rigamonti

up to the maximum clinical improvement achievable
(average within 2 months) [38]. In purely ocular
forms, a starting dose of 25-50 mg/day is quickly effec-
tive in most cases.

Glucocorticoid tapering can be done with the final
goal of achieving either a daily or alternate-day regi-
men. We usually reduce the dose of 10% every 6-8
weeks. The same diagram also applies to purely ocu-
lar forms. It is important to note that the start of ste-
roid treatment in patients with generalized
MG —especially in those with bulbar impairment—
requires hospitalization, given the possible clinical
deterioration that could significantly impair chewing
and swallowing and could worsen respiratory failure;
in these patients it is useful to associate treatment
with plasmapheresis or immunoglobulin (see below).

Ocular MG does not require hospitalization. The
most frequent side effects related to steroid therapy
are cushingoid appearance, cataracts, weight gain,
metasteroid diabetes, hypertension and osteoporosis.
The patients rarely develop mental disorders. If the
glucocorticoids cannot be tapered below a reasonably
acceptable level without recurrence of symptoms, or
if the patient does not respond satisfactorily, then
other immunotherapeutic agents are usually needed,
either to supplant the glucocorticoids or as a “gluco-
corticoid-sparing” agent.

Some recommendations are important for patients
treated with steroids, in particular:

Follow a diet poor in sodium and carbohydrates;
Check bood pressure periodically;

Check glycemic balance periodically;

Perodically check ocular tension and transparency of
the lens;

Undergo an annual Computed Bone Mineralometry
(in the spine) in order to assess bone mineralization
Establish a preventive therapy for osteoporosis with
calcium, bisphosphonates and Vitamin D.
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(b) Immunosuppressive drugs:
Indications:

— Poor effectiveness of steroids, frequent clinical
relapses;

— Need for a drastic reduction of the steroid dos-
age because of major side effects or in patients
who have contraindications to high-dose
steroids;

Azathioprine:

Azathioprine is the most frequently immunosuppressant used
in the treatment of MG; the drug is metabolized at
6-mercaptopurine, which inhibits the synthesis of DNA
and RNA and interferes with the function of T-lymphocytes.
A randomized controlled trial has demonstrated the effi-
cacy of azathioprine as a steroid-sparing agent [40] and
clinical studies support its efficacy [41, 42]. It is important
to highlight the slowness of the drug’s action, which should
be administered for at least 1 year before establishing
effectivness. Therefore this drug cannot be considered use-
ful for quickly reducing neurological deficits. Azathioprine
is administered at a dosage of 2.5-3 mg/kg per day, in 2-3
doses. The treatment must be started gradually with 50 mg
daily for the first week and increased to 50 mg every week
until the required dose is achieved, according to the
patient’s weight. The drug should be administered on a full
stomach to prevent gastric intolerance. It is important to
check haematology and liver function every week at the
beginning of treatment, then once a month when the
required dose has been reached; blood tests should be per-
formed periodically throughout the duration of the treat-
ment in order to promptly detect the onset of toxicity.

The most frequent side effects are: gastric intolerance, myelo-
suppression and hepatotoxicity. There are no studies that
provide clear information on duration of treatment with
azathioprine after obtaining clinical remission or a satis-
factory clinical improvement; discontinuation of the drug
is therefore a decision to be assessed case by case, bearing
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in mind that it is possible to observe reactivation of the
disease after discontinuation [43].

Cyclophosphamide

Cyclophosphamide is an alkylating agent, with a strong immu-
nosuppressive action on T and B lymphocytes. Evidence of
its effectiveness derives from a controlled study of 23
myasthenic patients [44]. Cyclophosphamide is an alterna-
tive to azathioprine in the following cases: when azathio-
prine is ineffective after an adequate evaluation period (at
least 1 year); when there is azathioprine intolerance; when
it is necessary to establish an immunosuppressive treat-
ment because of serious contraindications to the use of
high-dose prednisone or the appearance of serious side
effects from steroid such as to require a rapid reduction;
when there is prolonged refractoriness to combined treat-
ment (steroid+another immunosuppressive therapy).

An important limitation of the drug derives from its major
side effects, especially from its effect on the reproductive
system in terms of infertility.

This drug can be administered orally at a dose of 2.5-3 mg/kg/
day (split into two to three doses), or alternatively it can be
administered in bolus i.v. monthly, at a dose of 0.750-1 g/m?.

Similarly to what happens with azathioprine, treatments with
this drug should be delivered gradually, blood and urine
tests should be carried out regularly in order to check pos-
sible occurrence of hemorrhagic cystitis: in this respect it is
necessary to force diuresis by increasing the daily fluid
intake and associating the administration of acetylcysteine
two to three times a day in order to protect the bladder
mucosa.

Side effects include alopecia, nausea and vomiting; hemor-
rhagic cystitis, infertility, amenorrhea. As far as haematol-
ogy is concerned, the same considerations made for
azathioprine are valid.

Cyclosporine

Cyclosporine is an immunosuppressant that reduces the pro-
duction of IL-2, inhibits the function of T-helper lympho-
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cytes and dampens T lymphocyte-dependent immune
responses. A randomized controlled study on 20 MG
patients showed that cyclosporine was effective in improv-
ing clinical score compared to placebo [45-46]. These con-
clusions were also reached by open and retrospective
studies [47].

However, the incidence of significant side effects should be
emphasized, in particular nephrotoxicity and blood hyper-
tension. Cyclosporine is considered a third line drug and
its administration is limited to patients who have not
responded to treatment with azathioprine, mycophenolate,
and cannot be treated with cyclophosphamide. The dosage
is 3 mg/kg/day (minimum dose, taking into account that
with higher doses of 5-6 mg/kg/day there is an increased
risk of renal toxicity). There should be periodic monitoring
of blood urea nitrogen, creatinine, creatinine clearance
and blood pressure.

Mycophenolate Mofetil

Mycophenolate mofetil with its active metabolite (mycophe-
nolic acid) is an inhibitor of purine nucleotide synthesis
and has a selective effect on proliferating lymphocytes.

Some open label clinical studies [48,49] and two retrospective
studies [50, 51] suggest the potential efficacy and steroid-
sparing effect of mycophenolate. However, these results
were not confirmed by three randomized clinical trials
[52-54]. Mycophenolate is indicated in patients who have
not responded to treatment with azathioprine.

The recommended dosage is 2 g/day, divided into two doses.
The drug is generally well tolerated and the most common
adverse side effects are gastrointestinal, mostly nausea or
diarrhea. It is necessary to wait at least 5 months before a
clinical benefit can be observed.

Methotrexate

Methotrexate is an immunosuppressive agent that reduces the
synthesis of purines and pyrimidines and interferes with
DNA synthesis. A recent single-blind trial [55] proposed
methotrexate as an alternative to azathioprine; further pro-
spective studies are needed to confirm this finding.
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Tacrolimus (FK500)

Tacrolimus is is an immunosuppressive macrolide molecule
similar in action to cyclosporine; indeed it acts on T lym-
phocyte proliferation by inhibiting the activated pathway
mediated by calcineurin. Tacrolimus is less neprotoxic than
cyclosporine. In a number of uncontrolled studies, tacroli-
mus has been used successfully to treat MG at low doses
(generally 3 to 8 mg/day) [56, 57]. It should be considered
when there is no response to azathioprine, or as an alterna-
tive to mycophenolate or cyclophosphamide. The most
common side effects include hyperglycemia, hypomagne-
semia, tremors and numbness.

Rituximab

Rituximab is a monoclonal antibody against CD20 positive B
cells. There is no randomized trial evidence regarding the
effectiveness of rituximab in MG. However, a large and
growing number of case series support its use in patients
with refractory myasthenia gravis [58, 59]. Some of these
studies suggest its efficacy in MuSK positive patients
[60,61].

Etanercept

Etanercept is a recombinant protein consisting of the recep-
tor for tumour necrosis factor (TNF) joined to the Fc por-
tion of human IgG1. This drug binds TNF and blocks its
interaction with the receptor on the cell surface.
Experimental models of autoimmune myasthenia have
shown that blocking TNF-alpha, a proinflammatory cyto-
kine, suppresses the disease. A pilot study lasting various
months used the drug in 8 MG patients. Seven of them
improved and one of them deteriorated [62]. Further stud-
ies are needed to better define the safety and potential
effectiveness of the drug in MG.

3. Immunomodulatory therapy. The aim of immunomodula-
tory treatments used in MG is to obtain rapid clinical
improvement, especially in patients with bulbar
involvement.
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These treatments include: (a) plasmapheresis, and (b) high-
dose intravenous immunoglobulin.
Indications:

— Serious bulbar or generalized forms, especially in rapid
clinical deterioration;

— Treatment of myasthenic crises;

— Insufficient response to ongoing immunosuppressive
therapy;

— Clinical deterioration at the start of steroid therapy;

— Period of non-effectiveness of immunosuppressive
therapy;

— Preparation for thymectomy (in patients with severe or
generalized bulbar forms).

Therapeutic Apheresis

Plasmapheresis: The rationale of plasmapheresis lies in the
rapid removal of circulating antibodies (by centrifugation
or membrane filtration), with the aim of obtaining rapid
clinical improvement. The clinical response occurs over a
period of days and continues for 4-6 weeks. There are no
adequate RCT studies on the effectiveness of plasmapher-
esis, but many case series have documented the short-term
efficacy in MG, particularly in patients with myasthenic
crisis [63, 64].

Experts believe that the proposal of controlled trials is uneth-
ical in MG and thus plasmapheresis is recommended as a
short-term treatment. As shown in the Cochrane review
[64], there is no uniformity in the apheretic protocols
adopted in the available studies, particularly regarding the
number of sessions, the characteristics of patients included
in the studies, and evaluation methods. It is important to
note that:

— There are no clinical parameters predictive of clinical
efficacy of plasmapheresis in the individual patient;

— There is no correlation between autoantibody titer and
effectiveness of plasmapheresis;
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— Positivity of the acetylcholine antireceptor antibody
titer is not a necessary requirement to indicate the
procedure;

— Plasmapheresis should be considered, in most cases, as
an “acute” treatment which is useful for temporarily
resolving the neurological deficit;

— The minority of patients who do not respond to immuno-
suppressive therapy (assessed for an appropriate period)
may benefit from apheretic treatments repeated at regu-
lar intervals. In this regard the Cochrane review points
out that there are no RCT trials regarding long-term
outcome of MG patients treated with plasmapheresis
[64].

Assessment and preparation of patient for apheresis

treatment:

. Verification of clinical indication according to strictly neu-

rological criteria (medium to severe myasthenic patients,
especially with a deficit of bulbar muscles, respiratory fail-
ure patients, intensive care patients);

Internist’s evaluation in order to rule out any contraindi-
cations, in particular cardiovascular diseases, coagulation
deficit, ongoing anticoagulation therapy, concomitant
infectious processes;

Evaluation of vascular access in order to predict the need
for central access

Informing the patient about the procedure and obtaining
an informed consens.

Side effects: Hypotension and/or bradycardia, bleeding

complications, possible onset of general perioral numbness or
cramping due to temporary hypocalcemia induced by citrate.
Multiple plasmapheresis cycles can lead to inadequate
peripheral venous access leading to the need for central
access; chronic catheter-related complications such as infec-
tion and thrombosis may occur.

IgG selective immunoadsorption is a plasma treatment

technique which can selectively remove IgG immunoglobu-
lins (and thus autoantibodies which are relevant from a
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pathogenic viewpoint). This method involves the use of a)
filters containing protein A derived from staphylococcal wall
or b) filters containing sheep polyclonal anti-human IgG.

High-dose intravenous immunoglobulin. Several open
studies have supported the short-term effectiveness of immu-
noglobulin administered intravenously at high doses; the
main ongoing studies are also re-evaluated in the Cochrane
review on the topic [65]. Two randomized studies comparing
immunoglobulin and plasmapheresis did not show a signifi-
cant difference in the effectiveness of the procedures within
15 days of their administration [63, 66]. Immunoglobulins
have the same rationale and indications mentioned above for
therapeutic plasmapheresis. They represent a useful alterna-
tive where there are inadequate vascular accesses and where
there are cardiovascular-related contraindications to
plasmapheresis.

Administration schedule: 2 g/kg total dose, administered in
2-5 days. It is worth pointing out that, especially in patients
with severe bulbar disorders, plasmapheresis seems to pro-
vide faster clinical improvement compared to
immunoglobulins.

Side effects: immunoglobulins are generally well tolerated.
Patients frequently report headaches, which tend to reduce
by slowing the rate of administration. The most serious
effects, though rare, include the possible occurrence of asep-
tic meningitis, thrombotic phenomena, anaphylaxis, blood
hyperviscosity. Particular attention should be paid to the
administration of high doses of immunoglobulins in patients
with pre-existing cardiovascular diseases, kidney failure,
paraproteinemia. As already noted for plasmapheresis, in
selected patients refractory to conventional therapy, an
approach with periodic administration of immunoglobulins
should be offered; however, this practice has not been vali-
dated by controlled studies.

4. Surgical therapy: thymectomy
Thymectomy aims at removing the potential source of
origin and/or maintenance of the autoimmune process
underlying the disease. Pending the results of the MGMTX
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trial [67], there are no RCT studies that unequivocally
demonstrate the effectiveness of thymectomy. This is a ran-
domized, multicenter comparative study between thymec-
tomy versus no surgery in severe generalized Ab antiAchR
positive patients treated with steroid therapy.

The role of thymectomy and its impact on the natural
history of the disease was reviewed by an ad hoc Task
Force sponsored by the Myasthenia Gravis Foundation of
America (MGFA) [68]. The literature taken into consider-
ation was not homogeneous in regard to clinical evaluation
methods, associated therapies and especially the definition
clinical remission. This systematic analysis led to the fol-
lowing conclusions:

e Detection of a higher relative median remission rate for
operated patients compared to non-operated patients;

e Presence of bias in all studies, with different prognostic
variables regarding the basic characteristics of the
patients in the study populations;

e Positive association between thymectomy and improved
outcome after univariate analysis (taking into account
individual variables such as gender, age and severity of
disease;

e Absence of clearcut evidence of improvement after
thymectomy in multivariate analysis.

Hence, the authors “are not able to determine from available
studies whether the association found between thymectomy
and clinical improvement is due to thymectomy or if it is sim-
ply the result of differences in the basic characteristics
between operated and non-operated patients”. On this basis,
the authors conclude that for patients with autoimmune
myasthenia without thymoma, thymectomy can be recom-
mended as an option to increase the likelihood of improve-
ment or remission.
Thymectomy currently has the following indications:

(a) Patients with radiologic evidence of thymic enlargement
(especially in case of thymomas), regardless of age at
onset of the disease;
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(b) Patients suffering from generalized and/or bulbar forms,
even without radiological signs of thymic enlargement
with onset in middle age (<60 years) or at a young age;

(c) There is yet insufficient evidence to justify thymectomy
in myasthenia patients with late onset and no signs of thy-
mic enlargement;

(d) Data concerning thymectomy in seronegative patients
with antiMuSK antibodies are still limited; usually these
patients did not present thymic pathology, however some
cases associated with thymic hyperplasia have been
reported in literature [69].

It is important to remember that thymectomy is not an
urgent therapeutic procedure and the patient should there-
fore undergo surgery in the best clinical conditions to avoid
any possible post-surgical deterioration.

The objective of thymectomy is to ensure the greatest pos-
sible removal of thymic tissue: in addition to the thymus, the
adipose mediastinal and cervical tissue must be removed as it
may contain thymic tissue islands.

There are four different surgical procedures: transcervical
thymectomy, transternal thymectomy, combined thymectomy
(transternal + transcervical) and minimally invasive thymec-
tomy (video-assisted or robotic-assisted).

All methods ensure the removal of the thymus; the differ-
ence lies in the amount of adipose perithymic tissue removed.

The video-thoracoscopic enlarged thymectomy (VATET)
was introduced some years ago. This technique enables wide
visualization and exploration of the mediastinal space and
the removal, in addition to the thymus, of the adipose tissue
from the pericardium to the thyroid, without sternotomy. This
method is much less invasive and better tolerated by the
patient than the traditional technique [70].

A minimally invasive thymectomy can be proposed as the
method of choice in all patients with a radiologically normal
thymus, or with an enlarged thymus due to hyperplasia; in
cases of thymoma the methodology should be discussed case
by case considering the size of the lesion and its radiological
features [70].



64 A. Rigamonti
6.7 Myasthenic Crisis

6.7.1 Definition

Myasthenic crisis is a life-threatening condition that involves
a rapid deterioration of neuromuscular function with respira-
tory failure and severe impairment of bulbar innervated
muscles. It is a critical condition that requires hospitalization
in an intensive care unit (ICU) and may lead to intubation
and mechanical ventilation.

6.7.2 Epidemiology

Approximately 10-20% of myasthenic patients experience at
least one myasthenic crisis during the course of the disease
[71], the annual risk of developing a crisis being approxi-
mately 2-3% [72]. In 15-20% of patients a myasthenic crisis
may be the first manifestation of the disease [72]. Most myas-
thenic crises occur in the first years after diagnosis, when the
disease is in its most active phase.

6.7.2.1 Clinical Picture

Patients who develop a myasthenic crisis generally experi-
ence an exacerbation of weakness and fatigability of bulbar
and limb muscles before the crisis. In some cases however,
patientsmay showrespiratory failure whichis disproportionate
in comparison with bulbar/generalized symptoms and
more rarely, respiratory failure may be the only clinical mani-
festation [73].

A myasthenic crisis can be determined by several precipi-
tating factors including inflammatory/infectious processes,
surgery, pregnancy, breastfeeding, reduction of immunosup-
pressive therapy. Several drugs may also interfere with neu-
romuscular transmission and are considered precipitating
factors. Finally, in some casesa myasthenic crisis occurs spon-
taneously as part of the natural history of the disease.
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6.7.3 Management of Myasthenic Crisis

The approach to myasthenic crisis involves:

— Admission to ICU;

— Evaluation of swallowing and placement of nasogastric
tube;

— Evaluation of respiratory function and elective intubation
if the clinical evaluation or pulmonary function tests indi-
cate respiratory insufficiency;

— Immunomodulatory treatment (plasmapheresis or immu-
noglobulin) which will be associated (or

— modified if already in progress) with an immunosuppres-
sive treatment. The severity of the clinical picture gener-
ally imposes the start of steroid treatment or its increase
up to full dose as described above.

— Identification and treatment of any precipitating factors
(e.g. intercurrent infectious processes, contraindicated
drugs ...)

— Start weaning off mechanical ventilation when lung func-
tion has improved and only after starting treatment with
plasmapheresis or immunoglobulin.

Evaluation of respiratory function is based both on clinical
signs/symptoms and on respiratory muscle function tests
[74-76]. Clinical signs or symptoms of respiratory failure are
breathlessness, hypophonia, increased respiratory rate,
involvement of accessory respiratory muscles, abdominal flail
chest.

Vital capacity (VC) and maximum inspiratory pressure
(MIP) are the main parameters used to monitor the strength
of respiratory muscles. VC reflects the mechanical function of
both the inspiratory and expiratory muscles; it is assessed by
asking the patient to take a big breath and then exhale force-
fully into a spirometer.

On the other hand MIP provides information on the inspi-
ratory force; it is assessed by asking the patient to inhale
against a closed valve and measuring the pressure that is
generated at mouth level.
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Typically, intubation is recommended when VC drops
below 15-20 mL/kg and MIP is less than—30 cm H,O; in the
presence of clinical signs of respiratory distress; in the case of
metabolic acidosis or ineffective removal of secretions.
[74-76].

In intubated patients it is preferable to suspend anticholin-
esterases medications in order to avoid excessive secretions.
Plasmapheresis and intravenous immunoglobulins are used
in the treatment of myasthenic crisis in order to achieve rapid
improvement of the clinical picture: the effectiveness of these
treatments is however limited in time (3-4 weeks); it is there-
fore necessary to add appropriate steroid treatment.

The rationale for plasmapheresis lies in the rapid removal
(by centrifugation or membrane filtration) of circulating anti-
bodies. As shown in the Cochrane review on the subject [64]
there is no uniformity in apheretic protocols. One classic
scheme provides five exchanges (3-5L of plasma each) in 7 or
14 days. Although done daily in some circumstances,
exchanges done every other day are probably more effective
in reducing the antibody levels due to the time it takes for the
extravascular immunoglobulin to re-equilibrate after each
plasma exchange. Intravenous immunoglobulins, like plasma-
pheresis, allow rapid clinical improvement. The total adminis-
tered dose is 2 g/kg in 2-5 days.

There are no randomized studies that have compared plas-
mapheresis or intravenous immunoglobulins with placebo in
the treatment of myasthenic crisis. On the contrary a random-
ized controlled trial [66,77] showed a comparable efficacy for
plasmapheresis and intravenous immunoglobulins in case of
myastenic crisis. After 2 weeks a similar number of patients
improved in both groups. Although at 2 weeks a larger num-
ber of patients in the immunoglobulin group (17.5%) had a
QMGS score (quantitative myasthenia gravis score) which
was worse than patients treated with plasmapheresis (2%),
this difference was not significant. This data is also confirmed
by a systematic review on the subject [65].

Many experts, however, prefer plasmapheresis as first line
treatment, since it is more rapid in determining clinical
improvement. Others, by contrast, prefer intravenous immuno-
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globulins because they are easier to administer and with lower
incidence of severe side effects. The decision to start weaning
off mechanical ventilation should be individualized for each
patient. Generally, in the myasthenic patient, some spontaneous
breathing trials should be attempted:

— After the patient begins treatment with plasmapheresis/;

— When there is evidence of improvement in respiratory
muscle strength (CV > 15-20 mL/kg, MIP more negative
than—30 cm H,0);

— When the secretions are manageable;

— With adequate cough.

The complications most commonly associated with myas-
thenic crisis are fever, infections (pneumonia, bronchitis, uri-
nary tract infection, sepsis), deep venous thrombosis, heart
failure, cardiac arrhythmias and cardiac arrest.

Improved therapies and intensive treatments have dra-
matically improved the prognosis of myasthenic crisis, whose
mortality rate has decreased from 75% in the 1950s to 5% in
the 1990s [78].

6.8 General Scheme for Treating
the Myasthenic Patient

1. The initial treatment involves the use of antiAChE;in case
of poor response, especially in cases with bulbar signs, it is
worth starting a steroid treatment; antiAChE is very
quickly effective, so if it does not have an effect, steroid/
immunosuppressive  therapy must be prescribed
prematurely;

2. If there is a clinical relapse, if the steroid is ineffective, or if
major side effects appear, consider the combined therapy of
steroid + immunosuppressant (first choice: azathioprine);

3. The presence of thymoma represents an absolute indica-
tion to thymectomy; stabilize the patient with proper treat-
ment using antiAChE and/or immunosuppressive drugs
before surgery; do not perform urgent surgery.
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4. Except for patients with thymoma, thymectomy is recom-
mended for patients with disease onset in middle age or at
a young age; there are no data to support the efficacy of
thymectomy in patients with exclusively bulbar myasthe-
nia; if possible, consider a minimally invasive technique;

5. Plasmapheresis and immunoglobulins represent an emer-
gency therapeutic options for patients with serious gener-
alized and/or bulbar forms (including patients already on
assisted ventilation, for whom the time spent in intensive
care can be reduced); in rare cases refractory to drug ther-
apy, a chronic treatment with plasmapheresis, intravenous
immunoglobulin or selective immunoadsorption should be
used.

6. In patients with partial or total respiratory failure consider,
apart from mechanical ventilation, the early use of immu-
nomodulatory therapy (plasmapheresis and high-dose
immunoglobulins) in conjunction with immunosuppres-
sive therapy at full doses;

7. Instruct the patient to come to regular follow-up outpa-
tient visits, especially patients receiving chronic steroid
treatment, so as not to prolong every single current dose;

6.8.1 Drugs Contraindicated in Myasthenic
Patients

Aminoglycoside antibiotics, antiarrhythmic drugs belonging
to quinidines and beta-blockers, curare drugs and others
releasing non-depolarizing substances, can directly interfere
with neuromuscular transmission and thus cause deteriora-
tion of the disease.

Because of their muscle relaxant action, benzodiazepines
can accentuate an existing ventilatory defect. Clinical deterio-
ration was also reported during treatment with chloroquine
and penicillamine, which can induce the synthesis of specific
antibodies as well as the disease in susceptible individuals
(symptomatology ceases several weeks after discontinuation
of the drug). There is no contraindication to local anesthesia.
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Algorithm for the early management of myasthenia gravis
exacerbation.
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Chapter 7

Botulism

A. Rigamonti

7.1 Definition

Botulism is a potentially fatal neuroparalytic syndrome
caused by the action of a neurotoxin produced by the bacte-
rium Clostridium botulinum. Clostridium botulinum is a
diverse group of anaerobic gram-positive bacteria that pro-
duces spores. The spores are resistant to approximately 100°C
for 5 h. These bacteria are ubiquitous and can be easily iso-
lated from the surface of fruit, vegetables, and fish and are
present in soil and in marine sediment around the world [1].
Botulism can occur in different forms, which can be distin-
guished on the basis of the acquisition mode [2]:
— Food botulism: caused by the ingestion of food contami-
nated with botulinum toxin
— Infant botulism: caused by the ingestion of spores which
then colonize the host gastrointestinal tract and release
toxin produced in vivo (this can occur, though more
rarely, in adults)
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— Wound botulism:infection of a wound by the Clostridium
botulinum with subsequent in vivo production of the
neurotoxin

— Inhalation botulism: linked to inhalation of the toxin in
aerosol form, as can happen in cases of bioterrorism

— Tatrogenic botulism: linked to the use of the botulinum
toxin for cosmetic purposes

7.2 Pathogenesis

There are eight different types of toxins produced by C. botu-
linum, indicated by the letters A to H. Of these eight types A,
B, E, and rarely F, G, and H cause disease in humans. The
toxin is composed of a light chain and a heavy chain.
Regardless of the route of entry into the body, the toxins
spread through the bloodstream and reach the peripheral
cholinergic synapses both at the neuromuscular junction and
the ganglia level of the autonomic nervous system, where
they bind to a specific receptor (synaptotagmin II) localized
at the level of presynaptic membrane [3, 4].

The heavy chain binds to the receptor, allowing the light
chain to be translocated within the nerve cell by means of an
endocytosis mechanism [5]. Once entered into the cell cyto-
plasm, the toxin inhibits the normal acetylcholine release
mechanism at the presynaptic terminal. Restoration of the
normal transmission mechanism requires the appearance of
new axon terminals and the formation of a new synapse, a
process that occurs over approximately 6 months.

Botulinum toxin is the most powerful bacterial toxin and
one of the most powerful existing poisons. It is estimated that
1 g of botulinum toxin in aerosol form can kill 1.5 million
people.

7.3 Epidemiology

In the United States, an average of 110 cases of botulism is
reported per year by the Centers for Disease Control and
Prevention (CDC). Infant botulism accounts for about 72%
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of the cases, food-related botulism accounts for 25%, and the
remaining 3% is due to wound botulism. In cases where botu-
lism is suspected, it is essential to collect a detailed history of
the patient in order to search for possible sources of expo-
sure, referring in particular to the preparation of food stored
in the home, exposure to other possible food sources, the use
of drug injecting, and the use of botulinum toxin for cosmetic
purposes.

7.4 Clinical

Botulism generally has an acute onset involving bilateral
impairment of the cranial nerves associated with a descend-
ing flaccid quadriplegia [6]. In food contamination the symp-
toms usually occur between 12 and 36 h after ingestion of the
toxin. Prodromal gastrointestinal symptoms such as nausea,
vomiting, abdominal pain, diarrhea, and dry mouth can be
present. Cranial nerve involvement occurs early and compro-
mises both intrinsic (mydriasis fixed) and extrinsic (paralysis
of the III, IV, and VI cranial nerves) ocular mobility which
results in blurred vision, ptosis, diplopia, dysphagia, and dys-
arthria. Facial weakness may also appear. The descending
muscle weakness usually progresses to affect the trunk, the
upper limbs, and finally the lower limbs up to tetraparesis/
flaccid plegia. The involvement of the diaphragmatic muscles
can cause respiratory failure requiring intubation. Infant
botulism rarely appears with such a dramatic picture as in the
adult forms and is typically characterized by hypotonia,
weakness, weak cry, and constipation.

Some American CDCs suggest that the following should
be considered as core elements of botulism:

— Absence of fever

— Preserved state of consciousness

— Absence of sensory deficits except for blurred vision

— Symmetrical motor deficit

— Normal heart rate or bradycardia and normal blood

pressure.
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Wound botulism can have different characteristics from
food contamination, as there are no gastrointestinal prodro-
mal symptoms, and it may be associated with high fever, the
latter probably determined by coinfection of the wound by
non-clostridial bacteria species.

7.5 Diagnostic Tests

Clinical suspicion is of fundamental importance in diagnosing
botulism.

There are serological tests for detecting the toxin and
analysis of vomit and feces, and the suspected food source
can reveal the presence of the toxin. Often in cases of infant
botulism, the search for the toxin in the serum is negative. It
is therefore necessary the isolation of spores of C. botulinum
from stool cultures or to identify toxins on stools. Nevertheless,
anaerobic cultures can take up to 6 days to allow growth and
identification of the microorganism, and identification of the
toxin on stools may take from 1 to 4 days.

Dosage of the toxin in the serum can also be negative in
the case of wound botulism: it is therefore necessary the iso-
lation of the microorganism from wound swabs.

The neurophysiological tests are important to support the
clinical suspicion and, from a pathophysiological point of
view, they are the expression of a presynaptic blockade of
acetylcholine release.

The sensory conduction studies are normal. The motor
conduction studies show a reduced amplitude of the com-
pound muscle action potential (CMAP) with normal distal
latency and motor conduction velocity. The needle examina-
tion (EMG) in botulism is peculiar. Signs of denervation in
the form of fibrillation and sharp waves are quite common;in
fact, the toxin is a powerful blocker of the neuromuscular
junction so that the muscle fibers are chemo-denervated. The
motor unit potentials (MUAP) may be normal or small, of
short duration and polyphasic such as myopathic MUAP.



Chapter 7. Botulism 81

Low-frequency repetitive stimulation (EMG-SR) deter-
mines a decremental response, while after brief exercise
(10 s) or after high-frequency stimulation (30-50 Hz), an
incremental response is observed. This relief is present in
moderate forms or in the early stage of botulism; it must still
be emphasized that even in these cases, the increase is never
equal to that observed in the Lambert-Eaton syndrome and
a less than 100%.

In cases of severe botulism, when acetylcholine release
falls below the threshold, neither brief exercise nor high-
frequency stimulation determines an incremental response.
Therefore, the absence of an incremental response does not
completely rule out the diagnosis of botulism. The single-
fiber electromyography (SF-EMG) shows an increased jitter
and blocking phenomena, indicative of a dysfunction of the
neuromuscular junction [7].

7.6 Differential Diagnosis

The main differential diagnosis of botulism includes:

Myasthenia gravis

Lambert-Eaton myasthenic syndrome
Acute inflammatory polyradiculoneuritis
Poliomyelitis

Brainstem stroke

Poisoning from heavy metals

Poisoning from tetrodotoxin or shellfish

7.7 Therapy

Patients with signs and symptoms suspicious for botulism
should be hospitalized immediately and subjected to moni-
toring of their respiratory function in order to identify early
signs of respiratory failure, which is the major cause of death
in affected individuals.
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Monitoring of respiratory function includes evaluation of
pulse oximetry, arterial blood gas analysis, spirometry and
clinical evaluation of ventilation and protection of the upper
airways.

Intubation should be performed in patients with an inad-
equate defense of the upper airway or vital capacity of less
than 30% of the appraised value. In dysphagia patients, the
placement of a nasogastric tube is necessary in order to avoid
the risk of aspiration; in cases of paralytic ileus, it is also nec-
essary to start with parenteral nutrition.

From the point of view of pharmacological treatment, two
botulinum antitoxin therapies are available: heptavalent anti-
toxin from equine serum and immunoglobulins derived from
human serum [8, 9].

The first is used to treat children over 1 year of age and for
adults, and the other for children under 1 year of age.

In cases of suspected botulism poisoning, the Poison
Control Center must be contacted for assistance, in order to
receive indications on how to treat the patient with antitoxin
and how to find it.

If clinical suspicion is high, and the clinical picture is rap-
idly deteriorating, treatment should be started as early as
possible, without waiting for the results of the diagnostic tests.

The heptavalent antitoxin contains antibodies with 7 of
the 8 toxins produced by Clostridium botulinum (A to G) and
is administered intravenously. The most common side effects
include headache, fever, shivers, rash, itching, and nausea.
Since the antitoxin is derived from horse serum, anaphylaxis
and serum sickness can occur. Some studies have reported an
incidence of 20% for serum sickness and 3% for anaphylaxis
[10]. Immunoglobulins derived from human serum are admin-
istered intravenously in cases of infant botulism in children
younger than 1 year.

Treatment with antibiotics is not supported by clinical trials:
however, antibiotics are recommended in the case of wound
botulism after administering antitoxin [11]. Penicillin G is gen-
erally used (three million units I'V every 4 h for adults), which
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provides adequate coverage against other clostridial species. In
patients who are allergic to penicillin, an alternative is metro-
nidazole (500 mg IV every 8 h). However, antibiotics are not
recommended in cases of infant botulism or gastroenteric
contamination in the adult, as the lysis of intraluminal C. botu-
linum could increase the amount of absorbed toxin.

7.8 Prevention

Since most botulism cases come from food contamination,
the most critical aspect of prevention is the proper handling
and preparation of food. Respecting appropriate standards
for cooking times, pressure, and temperature when preparing
canned and preserved foods at home will help to destroy the
spores. Food contained in damaged cans (cans with cracks,
holes, dents, or bulges) should not be consumed. Finally, botu-
linum toxin is highly heat sensitive; home-canned food must
therefore be boiled for at least 10 min before eating it, in
order to make it safe.

Children who are less than 1 year old should not eat honey
to prevent infant botulism. The most important measure for
preventing wound botulism is to properly assess and treat
infected wounds.

7.9 Prognosis

Patients with botulism generally require prolonged periods
of hospitalization—from 1 to 3 months. Thanks to the sup-
portive care and early treatment of respiratory failure, mor-
tality has been reduced and accounts for 5-8% [12]. The
death rate for infant botulism, the most common form in the
United States, is less than 1% [13]. In minor cases we gener-
ally see a complete recovery, while in severe cases, long-term
ventilation may be needed, and dysautonomic disorders and
fatigue may persist for years.
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7.10 Guidelines and Management Aspects
in Neuromuscular Junction Diseases

In recent years, guidelines have been drafted about ocular
and generalized myasthenia gravis (myasthenia gravis during
pregnancy) [14-16]. There appear to be no guidelines regard-
ing botulism. In the following table, we have summarized the
most important points of these guidelines.

Myasthenia gravis in pregnancy: guidelines of a
multidisciplinary working group of the United Kingdom (UK)

Norwood et al. [14]
Key points
Importance of preconception planning

Pyridostigmine, cortisone (at lower doses), and azathioprine
can be used

Mycophenolate and methotrexate are teratogenic and
contraindicated in pregnancy

Monitoring of gestational diabetes in patients on steroid
therapy

Aim for vaginal delivery supported by an experienced
multidisciplinary team

Monitoring of the newborn baby after giving birth because of
the risk of transient neonatal myasthenia

Giving birth at home is not recommended
EFNS/ENS guidelines for treating ocular myasthenia
Kerty et al. [15]
Key points

Start pyridostigmine

Add steroid if the symptoms are not controlled (necessary in
most cases)
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Next step azathioprine

Some reports suggest that thymectomy can reduce the risk of
secondary generalization

Generalized myasthenia: Guidelines from the Association of
British Neurologists

Sussman et al. [16]
Key points

First-line tests: anti-AChR antibodies, thyroid function tests,
radiological study of the thymus

Second-line tests: anti-MuSK antibodies, neurophysiology,
brain NMR

The guidelines provide protocols of “dosage to increase”

for pyridostigmine and steroids both for ocular and
generalized myasthenia, including the option of alternate-day
administration

Attention is given to the prevention of osteoporosis

Azathioprine as a first-line treatment in patients who do not
achieve remission with prednisolone or who require long-term
therapy with doses above 15-20 mg every other day

Use of IVIg and plasmapheresis in myasthenic crisis

Thymectomy should be performed in a specialized center by
an experienced surgeon

Thymectomy in MG not associated with thymoma is a
“reasonable” option for patients <45 years who test positive
for anti-AChR Ab

7.10.1 Criteria for Patient Management

The management needs of myasthenic patients vary accord-
ing to their clinical conditions:

(a) With exclusive involvement of the ocular district, the
patient can start both a diagnostic and therapeutic path.
(b) Patients suffering from mild/severe generalized weak-
ness, especially if associated with symptoms concerning
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bulbar and respiratory innervated musculature, must be
hospitalized in order to quickly define the diagnosis and
to start the appropriate treatment protocol.

(c) Patients without severe bulbar impairment and requiring
periodic immunomodulatory treatment with immuno-
globulin (e.g., IV immunoglobulin) can be managed in an
outpatient setting. A brief period of hospitalization may
be taken into consideration in the case of chronic apher-
etic treatment through plasmapheresis/immunosorbent.

Emergency treatment is suitable for patients who have defi-
cits in bulbar muscle innervation which pose a danger to the
patient’s safety; patients suffering from swallowing and breath-
ing deficits are included in this category. Under these condi-
tions, hospitalization is necessary for an adequate clinical
assessment, to define the degree of ventilatory autonomy and
to position nasogastric tube for feeding and therapy adminis-
tration. However, treatment with steroids must be given when
the patient is hospitalized because of possible further deterio-
ration of the clinical picture due to therapy initiation.

Patient follow-up provides a periodic reassessment by
means of outpatient visits; the reassessment deadlines depend
on the clinical picture and the type of treatment undertaken.
In particular, patients on steroid treatment are reassessed
every 2-3 months for the appropriate changes in current dos-
age of the steroid in progress. Patients exclusively treated
with immunosuppressant medication may be reassessed at
less frequent intervals; periodic monitoring of blood counts is
necessary, in order to highlight the specific side effects of the
drug being administered.

The myasthenic patient is managed through an interdisci-
plinary approach which involves many professionals and
several departments and services. In particular:

— The department of neurology and neuromuscular dis-
eases outpatients service, as points of reference for the
diagnosis and therapy of the myasthenic patient

— Neurophysiological services, for the neurophysiological
diagnosis
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— Radiology/meuroradiology facilities, to study the medi-
astinum by chest CT or MRI scan or to perform brain
NMR when a differential diagnosis is needed for
patients with complex disorders of the brain stem, or in
any case with relevance to the central nervous system

— Dialysis services or transfusion centers, when plasma-
pheresis treatments are necessary

— The intensive care unit, for assessing patients with
respiratory failure and managing patients who require
mechanical ventilation

— Analysis laboratories for detecting antibodies

— Day-hospital service for immunomodulatory treatment
with immunoglobulin.
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Chapter 8
Malignant Hyperthermia

E.P. Verrengia

8.1 Definition

Malignant Hyperthermia (MH) is a pharmacogenetic disor-
der of skeletal muscle, a “pharmacogenetics” myopathy [1,2].
Patients are predisposed to develop a serious state of muscle
hypermetabolism during general anaesthesia, such as
halogen-containing  volatile  anaesthetics  and/or
succinylcholine.

The discovery of a gene-related pathogenesis, particularly
if related to mutations in the gene encoding the ryanodine
receptor, and possible treatment with a specific antagonist of
the ryanodine receptor (Dantrolene), has meant that MH is
now a condition which is potentially treatable in Emergency.
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8.2 Epidemiology

MH is prevalent in young male adults. The incidence of epi-
sodes of malignant hyperthermia ranges from 1:5000 to
1:50,000/100,000 anaesthesias [2]. The average age ranges from
39 years according to [1] to 23 years according to the Canadian
study [3], with a prevalence in the male population [3, 4].

8.3 Pathogenesis

The physiological and biochemical mechanisms that deter-
mine malignant hyperthermia are to be found in the regula-
tion of calcium in skeletal muscle. According to recent
epidemiological studies, the agents that trigger the disorder
of calcium homeostasis are succinylcholine alone or in asso-
ciation with volatile anaesthetics. The latter are hypnotic
inhalers used in general anaesthesia, including sevoflurane,
desflurane, isoflurane, enflurane and halothane.

MH episodes depend on a functional alteration of the
ryanodine receptors which affect uncontrolled release of cal-
cium through the sarcoplasmic reticulum, with an increased
concentration of cytoplasmic calcium. This mechanism deter-
mines muscle activation with an abnormal increase of cell
metabolism and consequent high consumption of oxygen,
carbon dioxide production and heat generation.

In the skeletal muscle, calcium channels are regulated by a
protein: the ryanodine receptor (RYR1). Cav 1.1 is a voltage-
dependent channel that activates RYR1 [5]. Mutations (varia-
tions) of genes that encode these two proteins are responsible
for the increased susceptibility of some patients to the devel-
opment of MH. In 70-75% of cases it involves one of the
RYRI1 gene variant [5, 6]; less frequently a CACNA1S variant
is detected which encodes an alpha Cav 1.1. subunit.

Finally, there are cases in which no variant has been identified
furthermore, some RYR1 mutations are associated with rare
myopathies and some have been described in association with
both MH and “central core” myopathies. Given the co-existence
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or association of MH with rhabdomyolysis other genes have
been identified, which may possibly be involved in the pathogen-
esis of the disease, such as CPT2, PYGM, ACADM, AMPDI1,
VLCAD. Next Generation Sequencing (NGS), a technology
which allows rapid sequencing of human DNA, will identify new
mutations and their correlation with MH [5-7].

Relatives of patients who have an increased susceptibility
to MH should not, if possible, be treated with anaesthetics.
When the diagnosis is genetic and transmission of the disease
is autosomal dominant, children of the affected patients have
a 50% chance of developing MH.

An association is frequently found between exercise hyper-
thermia (exertional heat illness) and MH. The alteration of
calcium homeostasis is common to both diseases. Exertional
heat illness is a subclinical myopathy that appears after
extreme physical exertion.

Some myopathies have an increased susceptibility to malig-
nant hyperthermia: myotonia associated with sodium channels,
hypokalemic periodic paralysis, myopathy multiminicore.

8.4 Diagnosis

European Guidelines [8] have been developed in Europe,
and there is a US registry [9] with guidance on the diagnosis
and management of malignant hyperthermia.

The history is important not only for investigating any pre-
vious episodes, but also because there are some associated
diseases such as “Central Core” myopathy.

Diagnosis of MH is primarily based on clinical suspicion
and on bio-humoral exams.

The main clinical characteristics of the MH patient are
muscle rigidity, tachycardia, acidosis, hyperthermia, hyperka-
lemia and an increased concentration of carbon dioxide
(CO,) at the end of expiration. These parameters, and their
importance according to the normal values, are summarized
in the Clinical Grading Scale developed in 1994 by Larach
et al. [10] (Table 8.1), which allows a certain or possible diag-
nosis to be reached.
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TasLE 8.1 MH diagnostic tool

Item Score
Rigidity

Generalized muscular rigidity (in absence of shivering 15
due to hypothermia, or during or immediately following
emergence from general inhalational anaesthesia)

Masseter spasm shortly following succinylcholine 15
administration

Muscle breakdown

Elevated creatine kinase >20,000 IU after anaesthetic 15
that included succinylcholine

Elevated creatine kinase >10,000 IU after anaesthetic 15
without succinylcholine

Cola colored urine in perioperative period 10
Myoglobin in urine >60 pg/L 5
Myoglobin in serum >170 pg/L 5
Blood/plasma/serum K+ >6 mEq/L (in absence of renal 3
failure)

Respiratory acidosis

PETCO, > 55 mmHg with appropriately controlled 15
ventilation

Arterial PaCO, > 60 mmHg with appropriately 15
controlled ventilation

PETCO, > 60 mmHg with spontaneous ventilation 15
Arterial PaCO, > 65 mmHg with spontaneous 15
ventilation

Inappropriate hypercarbia (in anaesthesiologist’s 15
judgment)

Inappropriate tachypnea 10
Increase in temperature

Inappropriately rapid increase in temperature 15

(in anaesthesiologist’s judgment)
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TaBLE 8.1 (continued)

Item Score

Inappropriately increased temperature 10
>38.8 °C (101.87F) in the perioperative period
(in anaesthesiologist’s judgment)

Cardiac involvement
Inappropriate sinus tachycardia 3
Ventricular tachycardia or ventricular fibrillation 3

Other indicators that are not part of a single process.
(These should be added without regard to double-

counting)

Arterial base excess more negative than ?8 mEq/L 10
Arterial pH <7.25 10
Rapid reversal of MH signs of metabolic and/or 5

respiratory acidosis with [.V. dantrolene

The Canadian study reports that the most frequent symp-
toms are: hyperthermia (>38.8) (66.7%), sinus tachycardia
(>120 bpm) (62%), hypercapnia (51.9%), rigidity of the mas-
seter muscle (34.9%) and generalized muscle stiffness in
25.6% of the patients.

The symptoms may occur during anaesthesia or in the post-
operative period. The rise in temperature can be transient
(lasting 20 min) or late, in which case body temperature must
be carefully monitored in the ICU. The hyperpyrexia can
reach 44°. The temperature may increase by 1-2° every 5 min
in patients with a poor prognosis. This condition causes
increased oxygen consumption, high CO, production due to
dysfunction of vital organs, and an increased risk of DIC (dis-
seminated intravascular coagulation). These parameters (met-
abolic/respiratory acidosis, oxygen and carbon dioxide) can be
evaluated on an arterial level by hemogasanalysis (HGA).

Clinical Grading Scale for IM: raw score

Interpreting the raw score: MH rank and qualitative
likelihood
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Raw score MH Description of likelihood
range rank

0 1 Almost never

3-9 2 Unlikely

10-19 3 Somewhat less than likely
20-34 4 Somewhat greater than likely
35-49 5 Very likely

50+ 6 Almost certain

Hypermetabolism and hypoxia lead to widespread muscle
damage. Among the bio-humoral diagnostic tests, the
Guidelines suggest that the creatinine-kinase (CK) value test
is one of the bio-humoral diagnostic tests to be carried out.
The persistence of increased values of CK, even higher than
10,000-20,000 IU/L, is shown in association with a greater
susceptibility to MH. There are numerous pathological condi-
tions that can determine an increase in CK; the test therefore
has low sensitivity and specificity.

If muscle damage is extensive it is also possible to detect
myoglobinuria, which causes renal failure.The in vivo con-
tracture test (IVCT) is a validated and useful method for
diagnosis. Two modes of execution and interpretation of
results have been developed by the European Group for the
Study of Malignant Hyperthermia (EMHG) [8] and the
North American group for Malignant Hyperthermia
(NAMHG). Both protocols are based on muscle response to
halothane and caffeine, both with induction of muscle con-
traction properties.

The EMHG protocol distinguishes four diagnostic labora-
tory groups: MHShc (malignant hyperthermia susceptible to
halothane and caffeine), MHSh (malignant hyperthermia sus-
ceptible to halothane), MHSC (malignant hyperthermia sus-
ceptible to caffeine) and MHN unchanged (normal: no
susceptibility to caffeine or halothane). NAMHG considers as
positive those patients with an abnormal response to both (halo-
thane and caffeine) and negative those patients whose tests are
both negative.
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RYRI1 and CACNAIS molecular genetic diagnosis should
be indicated as diagnostic tests confirming the predisposition to
MH. The European Guidelines [8] indicate a possible parallel
diagnostic path which includes both DNA screening and mus-
cle biopsy, with the contracture test in vivo. The decision as to
which procedure to follow depends on the characteristics of the
patient’s condition, the characteristics of the hospital where he
or she is under treatment, and the urgency with which test
results are awaited (e.g. the patient is awaiting surgery).In
urgent cases, the mainstay of diagnosis is clinical suspicion
based on the signs and symptoms reported by the patient.

Patients with a persistent increase in CK, or patients symp-
tomatic for possible muscle pain, should undergo a neurologi-
cal evaluation which includes an electromyographic
examination as part of the diagnostic tests to rule out myopa-
thy, before the administration of anaesthesia agents that may
cause malignant hyperthermia.

Results which suggest the patient is suffering from myopa-
thy, to be looked for in the proximal muscles of the four limbs,
are: CMAP amplitude and reduced duration associated with
a recruiting interference at submaximal contraction, and
sometimes in the presence of spontaneous fibrillation activity
and positive slow waves. In myopathic forms there may be
some bizarre high-frequency discharges.

8.5 Differential Diagnosis

There are several conditions that can mimic MH during anaes-
thesia: sepsis, anaphylaxis, thyroid dysfunction, serotonin syn-
drome, pheochromocytoma, increased iatrogenic temperature,
cocaine overdose, neuroleptic malignant syndrome.

8.6 Management and Treatment

Prognosis of an MH crisis depends on how early treatment is
started.
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Crisis management of malignant hyperthermia should be
rapid: it consists of interrupting exposure to a trigger (succi-
nylcholine and/or volatile anaesthetics), administration of a
specific therapy (Dantrolene) and adoption of supportive
and prevention measures against possible complications [11].

When exposure to trigger agents is interrupted, anaesthesia
must be ensured through 1.V. administration of sedatives or
opioids.

Hyperventilation with 100% O, must be carried out until
end-tidal CO, values decrease and become normal.

Dantrolene, a derivative of hydantoin, acts as a specific
antagonist of the ryanodine receptor by inhibiting the release
of calcium from the sarcoplasmic reticulum. Side effects are
rare, but there have been reports of prolonged breathing
problems, tissue necrosis after accidental extravascular injec-
tion, nausea, vomiting, headache and dizziness.

Dantrolene dosage varies, depending on the patient’s clini-
cal response or the amount needed to alleviate symptoms.
The dosage must return the monitored parameters to a stan-
dard range. A dosage of 5 mg/kg of Dantrolene over 24 h is
recommended if the initial loading dose was of 2.5-5 mg/kg.
A higher dose is recommended over the 24 h (10 mg/kg) if
the initial dose is 7.5-10 mg/kg. The maximum cumulative
dose is 20 mg/kg [11].

If there is hyperthermia, ice packs can be placed on the
groin, under the armpits and on the neck, or nasogastric lavage
can be performed with iced solutions. If there is arrhythmia,
calcium channel blockers must not be administered.

It is important to perform blood tests with blood count,
blood gas analysis, serum CPK, myoglobinaemia, myoglobin-
uria with clotting profile every 6-12 h. If hyperkalemia is
detected, continue hyperventilation and correct blood glu-
cose with insulin (if necessary).

Use diuretics and mannitol to achieve the following diure-
sis value: 2 mL/kg/h.

DIC occurs when body temperature exceeds 41°.

Despite treatment with Dantrolene, the syndrome may
recur; therefore the patient must be monitored in an inten-
sive care unit for at least 36 h.
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8.7 Outcome and Mortality

The main complications that can lead to death are: renal fail-
ure, heart failure, DIC, pulmonary edema and compartment
syndrome. Renal failure is reported in some studies [3] as the
most frequent complication; on the contrary, in the American
registry Larach et al. report altered state of consciousness
and cardiac dysfunction as the main consequences of malig-
nant hyperthermia [4].

An unfavourable outcome is associated with either a delay
in the administration of Dantrolene [3] or inadequate moni-
toring of hyperthermia [9].

Mortality, which in the past could reach 42.3% [12], cur-
rently ranges from 6.5 to 15% according to the most recent
studies [1-12].
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Chapter 9
Rhabdomyolysis

E.P. Verrengia

9.1 Definition

In 2002, the American College of Cardiology (ACC), the
American Heart Association (AHA) and the National Heart,
Lung and Blood Institute (NHLBI) issued a joint definition of
rhabdomyolysis in connection with the use of statins and their
toxicity. Rhabdomyolysis appeared to be characterized by mus-
cular symptoms with a substantial elevation of creatine kinase,
typically greater than 11 times the normal limit, together with
kidney disease and, usually, with brown urine and myoglobin-
uria [1]. Rhabdomyolysis is, more simply, a condition character-
ized by an injury or an insult to the skeletal muscle which
determines the release of the myocellular components [2], lead-
ing to an increase in the blood levels of the intracellular compo-
nents of the major muscles such as CK, aldolase, LDH, GOT,
myoglobin, potassium, and moreover hyperuricaemia and
hyperphosphatemia. As rhabdomyolysis is a potentially fatal
condition, it requires rapid recognition and early treatment.
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9.2 Diagnosis

Diagnosis is made collecting the patient’s medical history, the
clinical picture, the presence of dark urine (myoglobinuria)
and an increase in the levels of creatine phosphokinase (CPK).

Through a detailed medical history, emergency doctors may
be able to identify what triggered the symptoms, as, for exam-
ple, in the case of drug toxicity or intercurrent infections.

The clinical pictures with which rhabdomyolysis occurs
vary from subclinical or mild disease, in which there are no
muscular symptoms but only an increase in intracellular
muscle components in the blood, to severe syndromes [3] in
which the muscle damage is expressed by pain, weakness and
swelling of the affected muscles. In a study which included 77
hospitalized patients, 50% of them reported muscle pain and
15% had muscle swelling [4]. Symptoms may develop over a
few hours or a few days. The commonly reported classical
triad includes myalgia, muscle weakness and myoglobinuria
(tea-coloured urine). These characteristics are, however,
present in fewer than 10% of cases [5].

Diagnosis

Triad features: myalgia, muscle weakness, myoglobin-
uria (tea-coloured urine)

Medical history (triggers)

Clinical features

Common symptoms: myalgia, muscle weakness, fever
Other symptoms: muscle swelling, nausea, vomiting,
confusion, arrhythmias, coma

Blood tests

Increased CPK, aldolase, LDH, GOT, myoglobin,
potassium, uric acid, phosphate

Increase in renal function tests (urea, creatinine)

Urinalysis
Myoglobinuria
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Diagnostic elements at an early stage.

Blood tests may be abnormal in the early stage.

CPK is active in skeletal muscle and catalyses the trans-
portation of a phosphate group from creatinine to adenosine
diphosphate (ADP), determining adenosine triphosphate
(ATP) and creatinine (C). There are three CPK isoenzymes.

CPK-MM is mainly present in skeletal muscle but little in
the myocardium, and it is the value that mostly rises in the
case of rhabdomyolysis. CPK-MB is present in the myocar-
dium; CPK-BB is present in the brain and kidney [2]. After
muscle insult, the plasma level of serum CPK-MM increases
after 2-12 h and reaches a peak after 3-5 days.

CPK-MM values are the most reliable and are considered
gold-standard values in the identification of rhabdomyolysis.
Typically, CPK values greater than at least five times the
upper normal value are considered significant [6].

Myoglobin, an iron-containing protein capable of binding
oxygen and contained in the muscle cells, rises rapidly in the
blood after the muscle damage. The serum myoglobin values
increase within the first 1-3 h, peak at 8-12 h and fall within
the normal range within 24 h. The sensitivity of myoglobin
decreases after 24 h from muscle insult. Myoglobinuria is the
result of the inability of the kidney to retain excess myoglo-
bin. Urine may be dark, “tea-coloured”, when the myoglobin
values are above 100 mg/dL. Diuresis can be contracted with
the risk of acute renal failure. In a case series, 80% of hospi-
talized adult patients had dark urine [7].

CBC can be useful for counting leukocytes, which increase
in the presence of inflammation/infection, and platelets,
which are reduced in the case of disseminated intravascular
coagulation (DIC). Hypoalbuminaemia and anaemia may
indicate damage to the muscle exerted on the capillaries, with
passage of fluid into the interstitial space and possible hypo-
volemic shock.

The levels of aldolase, lactic dehydrogenase and hydrobu-
tyric aminotransferase are high in cases of rhabdomyolysis.

There are several guidelines, studies and case studies on
the usefulness of electromyography in rhabdomyolysis.
Performing an electromyographic examination in the acute
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phase of the disease is still good practice and provides impor-
tant information about the severity of muscle damage.
Furthermore, the EMG examination should be repeated,
especially in patients who remain symptomatic or with a per-
sistent hyperCKaemia after removing the triggering cause.

The neurophysiological study of rhabdomyolysis patients
shall primarily rely on electromyographic examination with a
concentric needle electrode.

In forms caused by a systemic agent, and in generalized
forms, the proximal muscles are symmetrically analysed and
in particular: biceps, deltoids and quadriceps and some distal
muscle including in particular the gastrocnemius.

In forms with focality such as trauma, crush syndromes
and forms of prolonged immobilization, the electromyo-
graphic study will be directed mainly at affected areas such as
a limb or a whole half-body.

Regardless of the cause —traumatic, toxic, infectious or sec-
ondary to metabolic diseases—the electromyographic study
findings are characterized by an activity similar to that found
in myopathies and in inflammatory myopathies in particular.
The very early presence of spontanecous activity (fibrillation
type) will be observed, as well as the recording of a polyphasic
motor unit potential of low amplitude and short duration.

In patients who suffer repeated episodes of rhabdomyoly-
sis and recurrent myoglobinuria or exertional myoglobinuria,
especially if they are associated with fatigue, myalgia and
persistent hyperCKaemia, an electromyographic examina-
tion should be performed, even outside the episode, in order
to find possible predisposing myopathies such as inherited
metabolic myopathies.

In traumatic forms caused by prolonged immobilization,
and in forms associated with compartment syndrome, mono-
neuropathies may overlap mononeuropathies or compression-
related sensor-motor multineuropaties. In these cases an
electroneurographic examination is recommended, targeted
at the affected nerves, for the evaluation of neuropathies by
direct injury.
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Additional tests may be muscle investigation, such as a
muscle MRI or biopsy, possibly brain CT scan in the case of
impaired sensitivity and X-rays if bone fractures are
suspected.

9.3 Etiopathogenesis

Regardless of the cause, what happens within the muscles is
the direct damage to myocells, with an alteration of energy
production which supports muscle cells function. In resting
muscle, ion channels (sodium/potassium pump and sodium/
calcium exchangers) maintain a low concentration of intra-
cellular calcium and sodium and high potassium levels within
the myocell.

Depolarization of the muscle cell is linked to the influence
of calcium from the sarcoplasmic reticulum to the cytoplasm,
providing muscle contraction by binding actin-myosin. All
these processes are mediated via energy in the form of ade-
nosine triphosphate (ATP). Any insult that affects the myo-
cell causes an alteration in the balance between intracellular
and extracellular electrolytes.

This situation causes an intracellular influx of sodium and
calcium ions, resulting in a recall of intracellular water.
Intracellular calcium causes a myofibrillar contraction with
additional depletion of ATP. Calcium also determines the
activation of a series of processes with further damage to the
ion channels. These processes result in a necrosis of muscle
fibres and the release into the blood stream of the elements
normally contained in the muscle [5].

Cases of rhabdomyolysis have been described in Second
World War soldiers who were subjected to severe physical
trauma.

There are various causes for rhabdomyolysis: from
acquired forms to drugs, concomitant disease or forms that
can be associated with rhabdomyolysis. The main etiologies
are summarized in Table 9.1.
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TaBLE 9.1 Main causes of rhabdomyolysis

Aetiology

Alcohol

Drugs Heroin, cocaine, methamphetamine
Antidepressants (tricyclic antidepressants,
venlafaxine, sertraline, escitalopram),
antihistamines, antipsychotics (haloperidol,
clozapine, olanzapine, risperidone,
quetiapine), statins, antiretroviral,
colchicine, lithium, INF-alpha, levofloxacin

Electrolyte Hypokalemia, hypophosphatemia,

imbalance hyponatremia

Endocrine disorders

Renal tubular
dysfunction

Toxins, pesticides,
fish, venom of some
snakes

Autoimmune
myopathies

Metabolic
myopathies

Muscular
dystrophies

Channelopathies

Intolerance to
physical exercise

Sickle cell anaemia

Traumas and
compressions

Diabetes, thyroid dysfunction, primary
aldosteronism, adrenal insufficiency, central
diabetes insipidus, pituitary dysfunction

Polymyositis, dermatomyositis, inclusion
body myositis

Disorders of glycogen metabolism, fatty
acid oxidation disorders, mitochondrial
disorders

Duchenne Muscular Dystrophy

Crushes, immobilization
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TABLE 9.1 (continued)

Aetiology

Strain Prolonged exercise, seizure, delirium
tremens

Muscle hypoxia Occlusion of major artery, clamping of
vessels during surgery

Changes in body Malignant hyperthermia, neuroleptic

temperature malignant syndrome, hypothermia

9.4 Complications and Outcome

The main complications of rhabdomyolysis are represented
in the graph below.

disseminated
intravascular
coagulation (DIC)

electrolyte

hypovolemia abnormalities

Acute kidney
failure (AKI)

compartment
syndrome

Major complications of rhabdomyolysis

The release of components which are normally present
within the muscle can also create significant electrolyte
disorders such as hyperkalaemia and changes in the levels of
calcium and inorganic phosphate.
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Hyperkalaemia is an important key for the diagnosis of
rhabdomyolysis and correlates to cardiac toxicity with pro-
longed QT interval, high T-waves, nodal arrhythmias, up to
ventricular fibrillation and asystole. Neurological symptoms
may go from numbness up to flaccid paralysis.

In an early stage of rhabdomyolysis, hypocalcemia may be
present, related to the deposit of calcium in necrotic muscle
tissue. Typically, such hypocalcemia is not symptomatic and
does not need treatment. In the later stages, on the contrary,
calcium is released from damaged muscle into the blood-
stream, also in response to elevated levels of parathyroid
hormone related to the initial hypocalcemia.

The inorganic phosphate which is normally present in the
muscle is released and causes hyperphosphatemia. Uric acid
is derived from conversion of purines in the liver. Therefore
the levels of uric acid will be increased by the release of
purines from the damaged muscle.

Hypovolemia may occur in relation to what happens in the
muscles. In the intracellular compartment, water is recalled
from the blood vessels because of the low potassium level.
There may be swelling of the cells, causing a reduction in the
circulating blood volume. This situation can evolve and lead
to hypovolemic shock.

In rhabdomyolysis, compartment syndrome is caused by
the fact that the damage occurs to the muscles that belong to
a non-distensible strip. What follows is an increase in pressure
with a congestion of fluids: the subsequent edema compro-
mises lymphatic drainage and arterial perfusion. When the
arterioles collapse, perfusion of muscles and nerves fails.

Prolonged ischaemia and the resulting muscle infarction
can lead to the replacement of the latter with non-elastic and
fibrous tissue, which is involved in severe contractures
(Volkmann’s contracture).

Acute renal failure is the result of nephrotoxic myoglobin.
The damage that occurs in the kidney is related to the inabil-
ity of glomerular cells to retain the myoglobin which is pres-
ent in excessive amount in the blood. For this reason,
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myoglobin may be present in the urine (myoglobinuria).
Severe forms can be related to acute renal failure, a condition
that must be treated promptly. It is estimated that between 10
and 46% of adults with rhabdomyolysis will experience acute
renal failure [3] and that 15-33% of ARF can be caused by
rhabdomyolysis [8].

Disseminated intravascular coagulation (DIC) is related to
the dissolution of clots and subsequent uncontrolled
bleeding.

9.5 Management and Treatment

Rhabdomyolysis should be treated promptly, especially con-
sidering the complications and, above all, in order to prevent
kidney failure.

First of all it is necessary to assess the vital signs by apply-
ing the ABC method (airway-breathing-circulation).

If possible, use the patient’s history to identify the aetiol-
ogy of the muscle disorder in order to eliminate the cause.

During the diagnostic and therapeutic pathway, vital signs
and EKG must be monitored. To check the fluid and electro-
lyte balance, placement of a Foley catheter is recommended.

The patient should be given the most important biochemi-
cal tests to confirm the diagnosis, particularly potassium lev-
els, CPK and myoglobin tests.

Depending on the patient’s condition, the following spe-
cialized physicians may be contacted: nephrologists,
anaesthetist-resuscitators and orthopaedics.

Early intravenous hydration and the consequent forced
diuresis are a mainstay in preventing or at least reducing the
severity of kidney damage and in removing the nephrotoxic
elements.

Hydration, which may be ensured via a normal saline solu-
tion, can already be initiated in the pre-hospital phase or
immediately upon arrival at the hospital. The earlier the infu-
sion of fluids, the better the outcome. The amount of intrave-
nous fluids must be calculated on the base of the vital
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parameters, urine output and objective physical examination.
An output of urine of at least 200/300 mL/h [5, 6] is
recommended.

Treatment with sodium bicarbonate is under discussion at
the moment as some clinicians believe that alkalinization of
urine reduces the percentage of serum calcium. Alkalinization
of urine through sodium bicarbonate is useful for avoiding
the damage caused by myoglobin on metabolites in the kid-
ney and for preventing the crystallization of uric acid. The
urinary pH must be maintained above 6.5.

Hyperkalaemia occurs early (within 12-36 h of onset) and
must be corrected promptly to avoid cardiac consequences.
The first-line treatment is with calcium; other measures may
be either infusion of insulin with glucose, intravenous admin-
istration of sodium bicarbonate and inhalation of beta2-
agonists. Kayexalate removes potassium from the cycle, but it
takes some hours to act. If hyperkalaemia persists after these
treatments, dialysis is useful.

The use of diuretics such as furosemide or mannitol is rec-
ommended when there is blood loss or dehydration, even if it
increases the hypovolemia. Diuretics dilute nephrotoxic sub-
stances and ensure a higher urine output. Furosemide can be
used, but it may acidify the urine. Mannitol, an osmotic
diuretic, ensures increase of urine flow and dilution of neph-
rotoxic metabolites and creates a hyperosmolar gradient
which facilitates the passage of fluid from the interstices into
the bloodstream. The dosage is 1 g/kg intravenously in 30 min
or 25 g intravenously followed by 5 g/h up to a maximum
total dose of 120 g/day. Mannitol increases the flow and glo-
merular filtration rate. Therefore it is not recommended in a
very early phase because it can increase kidney damage.

DIC treatment through coagulation factors, fresh frozen
plasma or platelet transfusions should be carefully
evaluated.

Compartment syndrome requires an orthopaedic consul-
tation for a possible fasciotomy.

Hemodialysis is indicated in hyperkalaemia and metabolic
acidosis patients. It is just as useful in acute congestive heart
failure conditions or in pulmonary edema.
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9.6 Outcome

The outcome depends on the type of population, causes and
comorbidities.

The prognosis is closely related to how early measures
were taken to prevent renal failure (in particular, hydration
within 24 h). Acute renal failure is associated with a higher
risk of mortality [9]. In the different studies, mortality ranges
from 1.7 to 46% [3-9].
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Chapter 10

Periodic Paralysis

E.P. Verrengia

10.1 Definition

Periodic paralysis related to potassium levels is included in
the context of channelopathies or disorders related to the
dysfunction of ion channels. In their severe form, these dis-
eases require prompt treatment in an emergency/urgency
regime.

An epidemiological study conducted in England recruited
all patients suspected of having non-dystrophic myotonia and
periodic paralysis in the period between 1997 and 2011. Five
hundred and ninety-three patients were analyzed with the
following prevalence data: hyperkalemic periodic paralysis
0.13/100,000 (95% CI 0:13 to 0:20), hypokalemic periodic
paralysis 0.17/100,000 (95% CI 0:10 to 0:17), and Andersen-
Tawil Syndrome 0.08/100,000 (95% CI 0:05 to 0:10) [1].

Hypokalemic periodic paralysis is described as a sporadic form
(20% of cases), while the remaining patients show an autosomal-
dominant inheritance with a mutation of the CACNA1S (70% of
cases), and less frequently the SCN4A gene [2].
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Triggers, or the factors that cause this disease, are fasting
and resting after exercise. The disease is most frequently
diagnosed in young adults [2].

SCN4A is the most frequently detected gene in periodic
hyperkalemic paralysis. SCN4A is involved in coding the
Sodium channel. This gene is also involved in congenital
paramyotonia, although in different loci. The mode of trans-
mission of the disease is, as for the hypokalemic form,
autosomal-dominant.

Onset of symptoms is typically in childhood, most com-
monly in the first decade of life, or in the second decade at
the latest.

Factors facilitating the onset of this disease are physical
effort, ethanol, foods rich in carbohydrate, emotions, and
stress [2]. Andersen-Tawil syndrome is a combination of a
periodic paralysis which is sensitive to potassium levels, ven-
tricular arrhythmias, and characteristic physical aspects (short
stature, hypertelorism, scoliosis, syndactyly, micrognathia)
with KCNJ2 (ATS1) gene mutation, which encodes potas-
sium channel Kir2.1 in 66% of cases.

There are secondary forms of periodic paralysis related to
increased or decreased potassium levels. Hyperkalemia may
occur in connection with Addison’s disease, hypoaldosteron-
ism, potassium-sparing diuretics or excessive support with
potassium, chronic renal failure, or rhabdomyolysis. Similarly
we also consider reductions in potassium levels during thyro-
toxicosis, renal tubular acidosis, hyperaldosteronism, overuse
of diuretics, corticosteroids, or alcoholism.

10.2 Clinical Features

In both diseases, the patient complains muscle weakness that
is worse in the morning upon waking but can appear at any
time of day or night. The phenotype expression ranges from
mild to severe, from focal forms to a more widespread muscle
involvement [2].
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In periodic hyperkalemic paralysis, the symptomatology
has a variable duration from some minutes to a few hours
(typically <2 h); attacks rarely persist for days. Complete
paralysis is rare, the legs are the limbs most frequently
involved, and bulbar impairment is rarely present.

Flaccid and generalized paralysis is more common in
hypokalemia. The duration of symptoms varies, but the symp-
toms can persist for several days.

In both forms the neurological examination shows, in addi-
tion to a muscle weakness, a reduction, or abolition of tendon
reflexes (ROT) during attacks, with restoration of normal
reflexes outside the attacks. Some patients may experience
weakness involving the proximal muscles of the limbs and the
shoulder and/or pelvic girdle as neurological sequelae, espe-
cially in hyperkalemic forms of paralysis.

Cardiac arrhythmias associated with generalized weakness
are usually attributed to less frequent entities of periodic
paralysis, such as Andersen-Tawil syndrome.

10.3 Diagnosis

Diagnosis is made in the acute phase on the basis of the
patient’s history (search for triggers), symptomatology, gen-
eral and neurological examination, biohumoral exams, and
electrocardiogram (EKG). The need for electromyography
(EMG), muscle biopsy, and stress testing can be evaluated in
order to confirm the diagnosis in asymptomatic patients or in
the acute phase in differential diagnosis [3].

In addition to the clinical picture, the biochemical tests
carried out during attacks can detect an increase or decrease
in serum potassium levels. Less frequently, an increase in
potassium occurs at the end of the attack and the diagnosis
can be retrospective.

In the asymptomatic phase, patients present electrolytes
within normal range.
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EKG alterations in relation to reduced levels or increased
potassium are very useful: in hypokalemia there may be pro-
longation of QT or PR, bradycardia, or T-wave flattening,
whereas in hyperkalemia there may be an increase in wave
amplitude.

Electrophysiological study during an acute episode of
hypokalemic paralysis is characterized by a reduction or non-
excitability of compound muscle action potential (CMAP) in
the affected muscles. In the most severe forms, EMG signs of
rhabdomyolysis may be associated.

Outside the acute episode, the neurophysiological study
results are usually normal or the EMG may show nonspecific
signs of myopathy.

The specific neurophysiological examinations of periodic
paralysis are the McManis test or compound muscle action
potential test. Therapy should be discontinued before the test
(for at least 72 h).

The examination consists in assessing the decrease of
CMAP of a hand muscle, usually the muscle abductor V fin-
ger, after a fatigue test. It determines the amplitude of CMAP
at rest, with a supramaximal stimulation of the ulnar nerve at
the wrist. The patient then performs maximal isometric con-
traction for 5 min, interspersed every 15 sec by 3 sec of relax-
ation to prevent ischemia of the muscle. CMAP amplitude is
measured every minute during the contraction and then
every 1-2 min for 30 min.

The test is positive if it shows a 40% decrease of CMAP
from baseline.

The test sensitivity is 63% in the whole group of muscle
disorders of ion channels, with maximum sensitivity in pri-
mary periodic paralysis (83%). It is not however specific for
hypokalemic paralysis as a positivity is observed even in
hyperkalemic forms and in channelopathies of the chloride
channel, as well as in the proximal form of myotonic dystro-
phy (PROMM) [3, 4].

Muscle biopsy may show vacuoles or tubular aggregates.
These aspects are not characteristic, however, and their use-
fulness relates to the formulation of the diagnosis in
emergency.
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Stress tests can be conducted by increasing or reducing the
values of potassium in the blood while ensuring a careful
monitoring of cardiac function.

10.4 Management and Treatment
10.4.1 Periodic Hyperkalemic Paralysis

Potassium levels can be lowered via administration of a thia-
zide diuretic [3, 4]: hydrochlorothiazide 25-50 mg/day or
chlorothiazide 250-1000 mg/day.

Acetazolamide has a known efficacy: the mechanism is
however unknown. The starting standard dosage is 125 mg/
day, which may be increased up to a maximum of 1500 mg/
day divided into three doses, alternatively, diclofenamide
50 mg twice daily, or 100 mg divided into two doses.

Different measures can be taken, depending on the clinical
picture. For mild clinical pictures, oral administration of car-
bohydrates can be useful, as well as intravenous administra-
tion of glucose; for moderate to severe forms, administration
of a beta-adrenergic receptor agonist, intravenous insulin
(with glucose), and calcium carbonate can be useful.

10.4.2 Hypokalemic Periodic Paralysis

It is necessary to ensure the support of potassium (40 mEq of
potassium chloride slow release) or potassium-sparing diuret-
ics (triamterene or spironolactone 25-100 mg/day) [3-5].
In emergency they can be used in an alternative way:
— Potassium chloride intravenously (0.05-0.1 mEq/kg or
20-40 mEq/L in 5% of mannitol)
— Potassium salts orally (0.25 mEq/kg) every 30 min until
the strength disorder resolves

In both cases, cardiac monitoring via ECG is essential.
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Case Study: Atypical GBS

Elena Pinuccia Verrengia, Stefano Jann,
and Andrea Rigamonti

RDL,60-year-old male. Negative family history. Entrepreneur.
Normal living habits.

Type 2 diabetes mellitus since 1998 in sufficient compensa-
tion compensation (glycosilated Haemoglobin 7.8%). Patient
was treated with metformin and diet. In 2002 heterologous bone
marrow transplantation for NH large cell lymphoma. Earlier
treatment with chemotherapy. Patient was later treated with
cyclosporine and steroids because of GVHR. In October 2002
lymphoma was considered in remission. In December 2002
acute onset of burning, stabbing, distal pain in the lower limbs,
with inability to maintain upright position. The blood tests car-
ried out in the ER were normal except for fasting glucose:
148 mg%, glycosilated haemoglobin 7.4%. RX LS spine was
normal. Neurological examination was normal except for bilat-
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eral lower limb areflexia. No pain relief with NSAIDs, even
intravenously. He was Hospitalized in the department of hema-
tology. Blood test results were normal except for fasting glucose.
Plasma assay of cyclosporine was normal. Neurophysiological
tests(motor and sensory CV and needle examination) were nor-
mal. CSF examination was normal (absence of atypical cells).
Spine MRI was normal. No evident signs of recurrence of lym-
phoma. Neurological examination: negative Las¢gue test, nor-
mal strength at the four limbs, normal evaluation of the
large-caliber sensory fibers, hyperalgesia and allodynia involving
the feet, bilateral areflexia at the lower limbs. Pain made deam-
bulation impossible. Presence of dysautonomic symptoms.

Quality and intensity of pain: VAS 10/10. Burning, stabbing,
and lancinating pain that was worsened by contact with the
sheets. It was associated with vasomotor phenomena and dyshi-
drosis. No results from i.v. morphine infusion (except major
sedation). Three days after onset of symptoms, there was the
onset of bilateral facial paralysis. Seven days later the neuro-
physiological control showed proximal conduction blocks, pro-
longed F-waves, and early denervation in the distal muscles. CSF
control detected albumin-cytological dissociation. The diagnosis
of Guillain-Barre-Syndrome with atypical onset was made.
Treatment with IVIg 2g/kg in five days and pain treatment with
oral Gabapentin 2400 mg daily and oral Oxcarbazepine 1800 mg
daily was started. Rapid and progressive pain relief was
achieved. At 6 months the patient was again asymptomatic.

Neuropathic pain is a frequent initial symptom in GBS,
mainly in children (approximately 40% of cases). In one series
of 223 adult patients with GBS, pain was present in 55% of
cases, but only 18% of these had neuropathic pain. In the
remaining cases, the pain was nociceptive and related to mus-
cular or osteoarticular problems. Burning dysesthesia may last
many months. Methylprednisolone does not seem to show any
effect on the presence and intensity of pain.

11.1 Case Study 2 (Atypical)

MR, 17-year-old female. Born with normal childbirth.
Birth weight 4.200 kg, preeclampsia. No parental consan-
guinity. One cousin with Down syndrome (possibly mosaic).
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No other information of genetic interest. Retroperitoneal
hemangioma operated at birth. A general examination
showed four light coffee-colored patches of varying diam-
eter (one on the neck made of other small spots) as well as
foot dysmorphism characterized by flat feet with asym-
metrical toes (Il and I'V toes longer bilaterally), prominent
instep, and tendency to internal rotation. The patient
arrived in the emergency department because of the sud-
den onset of flaccid paralysis of the right arm. Physical
examination showed:

— Mild dysphonia.

— Right arm falling alongside the right shoulder lower
than the left.

— Abduction and elevation plegia of the right upper limb,
valid adduction.

— Severe weakness of forearm flex and plegia of the
extension of the same limb. No other neurological defi-
cits to the remaining limbs.

— Areflexia of the right arm. Reflexes were weak in the
left arm and absent in the lower limbs. An MRI of the
spine was performed in the emergency room with
negative results, as well as an ENG/EMG showing the
absence of SAP in the right arm, which also had severe
alteration of the proximal and distal cMAP . No
spontaneous activity was detected at the needle exam-
ination. Neurophisiological examination was nor-
mal in the left arm or in the legs. A CSF test was
performed. Results were normal regarding cell count
(absent) and proteins. Blood tests showed the pres-
ence of Epstein-Barr virus genome 1720 copies/mL
and cytomegalovirus genome 380 copies/mL. Two days
after admission, the clinical picture was changing dra-
matically: the patient was dysphagic, especially for
liquids, and dysphonic, requiring NIV. No deficit of
intrinsic or extrinsic ocular motility. No deficit of the
facial nerve. Muscle weakness of the upper limbs still
appeared asymmetrical. The right arm appeared
almost completely plegic. The left arm had a slight
predominantly distal weakness, notably on the dorsal
flexion of the hand.
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Deep tendon reflexes disappeared everywhere. She com-
plained complete weakness of the right leg with areflexia. The
left leg showed severe weakness mainly proximal with are-
flexia (the patient was unable to raise it up off the bed).
Plantar response was normal bilaterally. Sensory examination
was normal. The patient could discriminate touch and punc-
ture adequately throughout the body.

The patient received an IVIg cycle (2 g/kg for 5 days), which
lead to a slight improvement in dysphagia and dysphonia. After
a week she underwent a new CSF analysis and a new ENG/
EMG, the results of which confirmed the diagnosis of AIDP
(GBS). We believed the nadir of the disease had been reached
and that a slow and gradual improvement may then follow.

After a further 4 days, the patient again had dyspnea and
dysphagia and was therefore intubated and the nasogastric
tube reinserted. Fourteen days after the end of the first IVIg
cycle, the patient was deteriorating clinically, and so a second
IVIg cycle was delivered at the same dose (2 g/kg 5 days).
After the end of the second cycle, the patient appeared to be
improving. She was extubated and could breathe adequately.

The patient’s voice was stronger, she could take fluids
orally without difficulty and move her left arm easily lifting it
off the bed. The strength was normal in the left leg.

The strength of the right limbs was substantially unchanged
and there was an almost complete hemiplegia of the limbs
themselves. Two months after the onset of symptoms, the
patient shows a marked weakness of the right limbs, which
she could lift up 15-20 cm off the bed. Only mild or no weak-
ness of the left limbs. No sensory deficits, no sphincter prob-
lems. The patient was eupneic and not dysphagic.

11.2 Clinical Case

11.2.1 Clinical History

Fifty-five-year-old man with a medical history of arterial
hypertension and dyslipidemia. He was admitted to the emer-
gency department complaining of a dry mouth, blurred
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vision, and difficulty swallowing solid and liquid food, which
started after dinner. Within a few hours, there was rapid pro-
gression of symptoms with developement of ptosis, diplopia,
dysarthria, weakness of facial muscles and respiratory diffi-
culties. The neurological examination showed slightly reac-
tive mydriatic pupils, limitation of eye movements in the
horizontal plane, bilateral ptosis, dysarthria, dysphagia, and
weakness of the proximal muscles of four limbs. Deep tendon
reflexes were widely hypovalid; all sensory modalities and
coordination were normal. There was no history of recent
infection, vaccinations, tick bites, journeys, or exposure to
toxins.

11.2.2  Synthesis

This is the clinical history of a man who presented with acute
onset of rapidly progressive weakness involving extraocular,
bulbofacial, respiratory, and axial muscles. Weakness was
associated with pupillary involvement and hypovalid deep
tendon reflexes.

The main diagnostic hypotheses included Guillain-Barré
syndrome, myasthenia gravis, Eaton- Lambert myasthenic syn-
drome, botulism, porphyria, Lyme disease, and organophos-
phorus intoxication. Blood tests and cerebrospinal fluid (CSF)
examination were normal. The patient underwent a series of
neurophysiological investigations:

Nerve conduction studies

Mortor NCS
Latency Amplitude  Velocity F-wave
Nerve/position  (ms) (mV) (m/s) (m/s)
S facial —ORB oculi
Anterior NR NR
tragus
S ulnar— ADM
Wrist 2.75 2.5 NR
B elbow 6.35 2.3 58.3

(continued)
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(continued)

Latency Amplitude  Velocity F-wave
Nerve/position  (ms) (mV) (m/s) (m/s)
R median— APB
Wrist 32 35 NR
Antecubital 6.8 32 54.1
fossa
S COMM peroneal —-EDB
Ankle 4.10 2.1 NR
Fib head 9.60 1.9 43.1

D COMM peroneal —-EDB

Ankle 3.90 1.3

Fib head 9.75 1.1 41.5

D tibial (knee)—AH

Ankle 5.20 22 NR
Knee 14.30 1.8 42.3

SENSORY NCS

Nerve/ Latency Amplitude Velocity (m/s)
position (ms) (A%

S ulnar —digit V

Wrist 2.7 30.1 49.1

R median —digit II

Wrist 32 25 473
R sural —lat malleolus

Calf 34 7.5 43.1

L sural—Ilat malleolus
Calf 3.3 8.1 44.1
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REPETITIVE NERVE STIMULATION

Stimulation Decrement/increment
frequency/
Nerve Recording exercise
Left ADM 3 Hz 12% decrement
| .
umnar 20 Hz 150% increment
10 s exercise 200% increment
Right  Nasalis 3 Hz 15% decrement
facial .
20 Hz 200% increment
10 s exercise 250% increment

11.2.3 What Kind of information Did We Obtain
from Neurophysiological Data?

The combination of widely reduced CMAP amplitude with
normal distal latency and conduction velocity, associated with
normal sensitivity conduction, suggested among the possible
diagnostic hypotheses: myopathies, motor axonal neuropathy,
motor neuronopathies, polyradiculopathies, or neuromuscular
junction disorders.

To assess the hypothesis of a neuromuscular junction dis-
ease, an EMG with repetitive nerve stimulation was performed.
Low-frequency stimulation showed a decremental response;
howeverfacilitation and high-frequency stimulation showed an
incremental response, suggesting a presynaptic disorder of the
neuromuscular junction.

The electromyographic examination documented increased
insertional activity and the presence of spontaneous activity in
the form of fibrillation and jasper in various muscles, suggest-
ing acute denervation. Furthermore, myopathic features were
detected in some muscles.In summary, the neurophysiological
findings were consistent with a presynaptic disorder of the
neuromuscular junction with denervating features.

The clinical picture of a rapidly progressive descending
paralysis, together with electrophysiologic findings were com-
patible with a diagnosis of botulism. Subsequently, the patient
revealed that he had consumed homemade fruit jam. The triva-
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lent antitoxin was administered within 24 h, with a slow and
gradual improvement of the clinical picture over the following
weeks. Botulinum toxin type B was isolated in the patient’s
serum and stools.

11.2.4 Why Were Myasthenia Gravis
and Lambert-Eaton Myasthenic
Syndrome Excluded?

MG may present with an acute onset of extraocular, bulbar,
axial, and respiratory weakness. However, autonomic dysfunc-
tion does not characterize MG. Furthermore, even if a decre-
mental response to low frequency repetitive nerve stimulation
is typical for MG, an incremental response to high fre-
quency stimulation or after brief exercise and the presence of
reduced CMAP amplitude are not consistent with the diagno-
sis of MG. Furthermore, although MUAPs may be small and
short with early recruitment, the presence of spontaneous
activity is unusual in MG.

The combination of reduced CMAP amplitude and incre-
mental response to high frequency repetitive nerve stimulation
or after brief exercise is typical of Lambert-Eaton myasthenic
syndrome (LEMS). However, needle examination is usually
normal in LEMS. There are also important clinical differences
between LEMS and botulism. LEMS typically presents with
proximal weakness and areflexia with progressive deteriora-
tion over months,on the contrary botulism is characterized by
acute onset and rapid progression of symptoms.

11.2.5 What Other Diagnoses Might Be Taken
into Consideration?

Neurophysiological tests help distinguish botulism from other
causes of acute paralysis— Guillain-Barré syndrome, por-
phyria, tick paralysis, poliomyelitis—which may present
reduced CMAP amplitude but do not present incremental
response to repetitive nerve stimulation.
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Furthermore, Guillain-Barré syndrome reveals typical signs
of demyelination on nerve conduction studies (increase in dis-
tal latencies, F-wave elongation, reduced conduction velocity,
conduction blocks) and a reduced recruitment of MUAPs on
needle EMG. Other important clinical aspects to bear in mind
in differential are that tick paralysis presents with rapidly
ascending weakness and porphyria is accompanied by abdom-
inal pain and psychiatric disorders, while organophosphorus
intoxication is accompanied by miosis and fasciculations.

As far as intoxication by organophosphorus is concerned,
conduction studies can document repetitive CMAPs after a
single stimulus, but there is no incremental response after high-
frequency repetitive stimulation or after brief exercise.

11.2.6 How Do You Explain
the Electrodiagnostic Signs
Associated with Botulism?

Botulinum toxin binds to the presynaptic terminals and
reduces the release of acetylcholine from autonomic and motor
nerve terminals. This causes the detection of low-amplitude
CMAP, with normal values of distal latencies and motor con-
duction velocity. Sensory nerve action potentials are not
altered. High-frequency repetitive stimulation, or brief exer-
cise, determines an increased release of acetylcho-
line quanta and higher endplate potentials: consequently, a
greater number of muscle fibers reach the threshold value and
this leads to an increase in CMAP amplitude. In the most
severe cases of botulism however, the neuromuscular junction
may be so blocked that even facilitation from brief exercise or
high frequency repetitive stimulation may not be able to raise
the endplate potentials above threshold. In such cases muscle
fiber are chemo-denervated from the botulinum toxin and
fibrillation potentials are noted on needle EMG examination.
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Chapter 12

Differentiated Decisional
Algorithms Based on the
Technical and Organizational
Characteristics of the Hospital
Receiving the Clinical Case

Elena Pinuccia Verrengia, Stefano Jann,
and Andrea Rigamonti

This chapter presents the algorithms for decision-making in
case of myasthenia gravis, inspired not only by the clinical
aspects but also by the organizational, technological, and pro-
fessional characteristics of the hospital caring for the acute
patients. A summarizing table (decisional algorithm) classifies
the various settings (A, B) in which clinicians manage patients.
These algorithms are to be considered as reference material
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for helping physicians in selecting the most adequate pathway
according to the hospital facilities available.

The decisional algorithms are organized and diversified
into two main situations that suggest the same number of dif-
ferent practical behaviors aiming at guaranteeing the best
care, albeit in different organizational situations. This really
brings to the fore: the concept of network and of organization
through the hub and spoke model.

Legend for the Algorithms

Ab AchR: autoantibodies against acetylcholine receptor
Ab MuSK: autoantibodies against muscle-specific kinase
RNS: repetitive nerve stimulation

SFEMG: single-fiber EMG

ICU: intensive care unit

PE: plasma exchange

IVIg: intravenous immunoglobulin

MG: myasthenia gravis

12.1 Differentiated Decisional Algorithms

12.1.1 Decisional Algorithms

Setting A:

Emergency department 24/7
Radiology services 24/7
Laboratory services 24/7
Department of medicine
Consultant neurologist

Setting B:

Emergency department 24/7

Radiology services 24/7

Laboratory services 24/7

Department of neurology with specialist in neuromuscular
disorders

Neurologist 24/7
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