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THE HISTORY OF AUTOIMMUNE NEUROLOGY
Vanda A. Lennon
Mayo Clinic Rochester MN, USA
lennon.vanda@mayo.edu
Myasthenia gravis (MG) is the earliest documented and proven autoimmune neurological
disorder. Described clinically in 1672, its immunological and neoplastic associations were
described in 1905, and its improvement following removal of a thymic tumor was recorded
in 1939. The first neural-specific IgG was discovered in association with MG at the dawn of
tissue-based immunofluorescence microscopy (striational autoantibody, 1960), and was
recognized in 1965 to be most frequent in paraneoplastic cases. A second neural-specific IgG
(type 1 anti-neuronal nuclear autoantibody) was discovered that year, in association with
small-cell lung cancer-related sensory neuronopathy; it was re-discovered in 1985 as “antiHu”. The first-discovered synaptic plasma membrane-reactive autoantibody (muscle
nicotinic acetylcholine receptor-specific, 1970s), made MG the first neurological disorder to
benefit from plasmapheresis therapy. Subsequent pathogenic neuronal synaptic
autoantibodies (discovered using radioimmunoprecipitation assays, and specific for voltagegated calcium channels, potassium channel complexes and ganglionic acetylcholine
receptors) enabled earlier diagnosis and rational therapies for Lambert-Eaton syndrome,
limbic encephalitis and dysautonomias, previously treated empirically and symptomatically.
Tissue-based immunofluorescence assays continued to reveal novel neural-specific
cytoplasmic and nuclear autoantibodies serving as surrogate markers for CD8+-cytotoxic T
lymphocytes in both paraneoplastic and idiopathic disorders. Accelerating autoimmune
neurological discoveries in the past 2 decades have been aided by rapidly evolving second
generation molecular-cell-based immunoassays. Neurological autoimmunity is now
recognized as a distinct subspecialty encompassing disorders of the central, peripheral and
autonomic nervous system. The frequency and diversity of paraneoplastic cases, and our
understanding of their pathogenesis, are increasing in parallel with the advent of immune
check point intercepting therapies to treat cancer.
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NOCICEPTIVE AND MOTOR HYPEREXCITABILITY DISORDERS – CHRISTOPHER J. KLEIN

Pseudomyotonia
(acquired and inherited)

Nociceptive and Motor Hyperexcitability Disorders:
Central versus peripheral and differential diagnosis

Jarcho and Tyler JAMA 1958

Hypothyroidism with myxedema

Christopher J. Klein MD
Professor of Neurology
Mayo Clinic Rochester
February 17th 2000 Tel Aviv

100 ms

Calveolin 3 mutations

Objectives

Vorgerd et al. Neurology 1999, 2001

Neurophysiology
• PNH thought to be due to hyperexcitability of the LMN
somewhere along its course
• Localization at the peripheral motor neuron/axon is supported
– Persistence during sleep
– Abolishment by curare
– Distal nerve blocks can diminish their intensity
• Implies that some cases may be more proximal, and
others more distal (nerve terminal)

• Review peripheral nerve hyperexcitability (PNH)
disorders and recent developments
– Peripheral and central mechanisms
• Identify electrophysiologic findings that are frequent:
• Explore differential diagnosis PNH disorders
• Somatic and nociceptive
• Acquired and inherited

However none are specific to peripheral alone involvement and
genetics and immunology are providing clues to true
localization

Electrophysiological spontaneous discharges

Clinical Findings in PNH
• George Isaac’s descriptions (1961)
– Muscle cramps
– Fasciculations
– Muscle stiffness
– Pseudomyotonia (not of muscle origin)
• All entities altering nerve excitability can produce the above
clinical findings
Now recognized in associations
(seizures, myoclonus, encephalopathy, parasomnias, pain,
dysautonomia)
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Defining discharges
EMG
Discharge

Generator/
Firing
Source
Frequency

Stability

Sound on
Loudspeaker

Therapy and EMG

Motor axon

1-5 Hz
(interburst),
5-60 Hz
(intraburst)

Stable, but
number of
intraburst
potentials may
change

Neuromyotonic
discharge

Motor axon

150-250 Hz

Wax and wane in Pinging
frequency and
sound
amplitude

Isaacs syndrome, Morvan
syndrome

Myotonic
discharge

Muscle
membrane

20Y50 Hz

Wax and wane in Dive
frequency and
bomber
amplitude

Myotonic dystrophies.
nondystrophic myotonias,

Complex
repetitive
discharge

Muscle fiber 5Y100 Hz

Stable

Marching
band

Industrial
machine

• Antibody positive push for immunotherapy
• EMG negative for PNH are less responsive to membrane
stabilizing drugs independent of autoimmune status

Clinical Setting

Myokymic
discharge

Radiation plexopathy, Isaacs
syndrome, Morvan
syndrome

72 patients 74% with electro diagnostic PNH had good Rx response vs 37% w/o
Pos NC/EMG

Pompe disease, SchwartzJampel syndrome,
myotubular myopathy, use of
statins or colchicine

CMAP

Neg NC/EMG

Chronic myopathies and
chronic neurogenic
disorders (radiculopathy,
polyneuropathy)
Hurst and Hobson-Webb J.C. Neurophysiology 2016

Sawlani et al. Continuum 2017

Types and causes of myokymia

Hyperexcitability Disorders: Localization

Focal Myokymia (Face)
Multiple sclerosis
Brainstem mass lesion (eg, glioma)
Cerebellopontine angle mass lesion
Basilar invagination Syringobulbia
Obstructive hydrocephalus
Guillain-Barre´ syndrome Bell’s palsy
CASPR2 autoimmunity

• Final common pathway through lower motor neuron
(LMN) but excess activity originates at multiple levels:
– CNS: activation or dis-inhibition of the LMN
– PNS: disorders of the motor unit
– lower motor neuron, neuromuscular junction, muscle

Focal Myokymia (Limb) Radiation plexopathy, Carpal tunnel syndrome Ulnar
mononeuropathy, Peripheral nerve injury, Radiculopathy
Generalized Myokymia
Isaacs
Morvan Guillain-Barre´
Schartz Jampel
Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP)
Charcot-Marie-Tooth
Amyotrophic lateral sclerosis
Thyrotoxicosis
Heavy metal exposure (eg, gold, platinum compounds, lithium, mercury, or manganese)
Penicillamine therapy
Timber rattlesnake venom

• Why not also pain pathways:

Sawlani et al. Continuum 2017

Alpha Motor Neuron

Cramp-fasciculation syndrome:
hyperexcitable peripheral nerve disorder

Somatotopically organized
Large receptive
dendritic surface
(multiple inputs)

• Identified 150 consecutive patients presenting
with myalgias and cramps as well as 25
“normal”
• Performed repetitive stimulation at 0.5, 1, 2 and
5 HZ on several nerves
– Noted presence of “afterdischarges”

Factors affecting
excitability:
• Inputs
• Segmental
location
• Myelin
• Ion Channels

• Defined as number of electrical potentials
occurring within 500 us of last stimulus

Tahmoush et al. 1991
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Activation via
voltage-gated Na+
channels at axon
hillock

Large myelinated
with fast CV

Low firing frequency
(10-50 Hz) because of
relatively long K+
induction afterhyperpolarization

K+ current is
Ca2+
dependent

Alpha Motor Neuron Excitability

Impaired masseter inhibitory reflex tetanus

• Excitability increased by fast and slow
glutamate receptors and by VGCC-induced
plateau potential (monoamines)
• Excitability reduced by pre- & post-synaptic
inhibition (glycine and GABA)
• Small AMN innervate type I muscle fibers: more
likely to generate plateau potential + higher
density of glutamate receptors--size principle

Acoustic startle reflex also increased

Kinetic Abnormalities of AChR SCCMS

Motor endplate in hyperexcitability

acetylcholine excess

Functionality:
•
•

k
k

•
•
•

1:1 firing ratio
Wide dynamic
range
Frequency
Duration
Self contained
synthesis and
recycling

Slow channel congenital
myasthenia syndrome (SCCMS)

mito

Factors affecting
excitability:
Myelin
Ion Channels
ACh release
ACh metabolism
Glial basement
membraine

basement membrane

nuc

mito

Repetitive CMAP

nuc

Muscle membrane
1. Myotonia (ion
channelopathy)
2. CRDs
Sarcoplasmic reticulum
1. Rippling muscle
disease
2. Malignant
hyperthermia
Myofibrils
1. Metabolic
contracture

Neuromuscular cholinergic hyperexcitability

1. Increase ACh
release

3. AChE
inhibition

Milone et al 1998

NMJ:
1. Some snake
and spider
toxins
2. Some
Congenital
myasthenic
syndromes
(SCCMS,
AChE
deficiency)
3. Cholinesterase
inhibitor
intoxication

2. Altered AChR
kinetics

4

Molecular localization of muscle hyper excitability

Amphiphysin and stiff person spectrum
21 amphiphysin-IgG autoimmune “neuropathy” cases (n=21)
Proximal localizations:
1. Polyradiculoneuropathy (62%)
2. Diffuse sensory neuronopathy (35%)
3. Facial neuropathy with gastroparesis (3%)
Accompaniments:
Pain (80%), breast cancer (63%) and Stiff person spectrum (57%)
Therapeutics:
76% were on narcotics as well anxiolytics and antispasmodics
58% on immunotherapies had treatment response
Morbidity:
Modified-Rankin score median was 3.5 (range 2-6)

HSP Research Highlights 2017

Dubey et al. Neurology 2019

Neuropathic deficits and amphyphisin-IgG

Dubey et al. Neurology 2019

The study of pain
Proceedings Staff Meeting Mayo Clinic, 1956

Pain (dolor)
Redness (rubor)
Warmth (calor)
Swelling (tumor)

NEJM 1988

Antigenic targets
GAD65, Amphiphysin, Glycine
receptor, GABARA, Gephyrin

PERM
Progressive
Encephalomyelitis
Rigidity and
Myoclonus

Ephesus

Variant Stiff Person Syndrome
Ataxia
Agoraphobia
Brainstem disorders Paroxysmal dysautonomia
Neuropathy
Eye movement disorders
Encephalopathies
Dysphagia
Myelopathies
Pain

Celsus 25 AD, The Medicine

McKeon and Tracy; Muscle and Nerve 2017
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Descartes 1662 AD, Treatise of Man

Innate immunity and nociceptive hyperexcitabilty

Glial network and nociceptive hyperexcitability

Klein, Autoimmune Neurology: 2016

Xu et al. JNNP 2018

Familial Erythromelalgia
(heterozygous mutations)

Erythromelalgia foot pain “rubor, calor”

Yang et al. J. Med Genetics 2004

Xu et al. JNNP in Review

Somatosensory IgG targets in Pain

Xu et al. JNNP in Review
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256 Identified MML & Mayo Patients
LGI1-IgG
n=196

90

80

CASPR2-IgG
n=51

70

(years)

Age

60

50

40

30

Neuropathy
Weakness
Gastroparesis
Movement disorder
Autonomic
Dizziness
Seizures

20

0

Cognitive

Cramps, fasiculations

Seizures
Cognitive

Neuropathy

Weakness
Gastroparesis
Autonomic
Cramps, fasciculations

Movement disorder
Dizziness

LGI1 and VGKC

Caleo, Nature Medicine; 2009

Cancer in LGI1 and CASPR2
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Clinical

LGI1-IgG

CASPR2-IgG

Both

Control

Total
Before neurological
presentation

22/166 (13%)
16/166 (10%)
6 skin non melanoma
2 prostate
2 colon
3 breast
1 melanoma
1 thyroid
1 lymphoma
1 cervical
1 thymoma

8/40 (20%)
4/40 (10%)
2 melanoma
1 thymoma
1 BCC

4/9 (44%)
3/9 (33%)
1 thymoma
1 prostate
1 melanoma

At neurological
presentation

1/166 (<1%)
1 CLL

2/9 (22%)
2 thymoma

Following
neurological
presentation

5/77 (6%)
2 prostate
1 colon
1 skin squamous
1 pancreatic
neuroendocrine

3/40 (8%)
2 thymomab
1 prostate with
neuroendocrine features
1/15 (7%)
1 tonsillar cancer

28/180 (16%)
25/180 (14%)
3 B-cell lymphoma
3 Breast
1 Testicular
1 Bladder
2 Skin
2 Renal
3 Prostate
1 Myeloma
2 Squamous
1 Malignant lipoma
2 Gastric
2 Colon
2/180 (1%)
1 Testicular
1 Breast

N/A

3/180 (2%)
1 B-cell lymphoma
1 Small cell lung
1 Renal

Small fiber dysfunction with LGI1 and CASPR2-IgGs

Klein et al Neurology 2012

Outcomes in immunotherapy responsiveness

Outcomes of CASPR2 & LGI1 Mayo Cohort
• Immune-treatment responsiveness occurred in >90%
• Most had favorable outcome
(Modified Rankin=0-2, Clinical Dementia Rating 0-0.5)
• 9% were severe and refractory

Autonomic testing

Quantitative sensory testing

Gastric emptying

EEG, nerve conductions and EMG

• 20% were asymptomatic at last follow-up
28% remaining on immunotherapy
58% on antiepileptics

Gadoth et al. Ann Neurol 2017

Pathology in LGI1 and CASPR2
CASPR2
CASPR
CASP
C
CAS
ASPR2
ASPR
AS
SPR2
SP
S
PR2
PR
P
R2
R
2

Summary

LGI1
LGI
L
G1

• Clinical suspicion, physical examination and
neurophysiologic testing are essential to make the
diagnosis
• Hyperexcitable disorders affecting the periphery
have diverse phenotypes including CNS disease
• Identified molecular targets are being defined for
both acquired and inherited disorders
• Treatments for metabolic and autoimmune
disorders are effective including for painful
conditions
Lahoria et al. Muscle and Nerve 2017
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STIFF PERSON SYNDROME:
DIAGNOSIS, PITFALLS AND TREATMENT
Anastasia Zekeridou
Mayo Clinic, USA
Zekeridou.Anastasia@mayo.edu
Stiff person syndrome is a rare, often misdiagnosed, autoimmune disorder targeting
inhibitory pathways in the central nervous system. It was first described in 1956 in 14 cases
seen over multiple years at Mayo Clinic. The patients present with fluctuating stiffness,
painful spasms, falls as well as exaggerated startle responses (hyperekplexia). Partial forms,
such as stiff limb or stiff back can also be seen either in the beginning of the disease or as the
only clinical manifestation. Autoantibodies specific for GAD65 are the most commonly
encountered. Patient with these antibodies often have coexisting autoimmunity such as
diabetes, thyroid disease or pernicious anemia as well as other manifestations of neurological
autoimmunity such as cerebellar ataxia and seizures. In paraneoplastic cases, antibodies
specific for amphiphysin are found and patients often have coexisting myeloneuropathies.
Glycine receptors were also identified as targets of autoantibodies in patients with stiff
person syndrome. A more severe phenotype with progressive encephalomyelitis with
rigidity and myoclonus (PERM) can also be seen in these patients. Depending on the
underlying immunological mechanism and the clinical phenotype the patients have various
responses to immunotherapies. Options include IVIG, steroids (to be used with caution in
patients with diabetes), plasma exchange or more long-term immunosuppression options
with Rituximab, mycophenolate mofetil or cyclophosphamide in severe cases among others.
If an underlying malignancy is identified oncological therapy is paramount. Symptomatic
treatment with baclofen and benzodiazepines is often helpful; Stiff person syndrome patients
can tolerate very high doses of benzodiazepines.
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MUSCLE BIOPSY IN 2020. DO WE STILL NEED IT?
Amir Dori
Sheba Medical Center, Israel
amir.dori@sheba.health.gov.il
Muscle biopsy is an important diagnostic procedure for evaluation of neuromuscular
disorders but modern biotechnology enables diagnosis of muscle disorders by immune,
genetic and imaging tests. Immune myopathies may be identified by a growing list of
myositis-specific autoantibodies. Genetic disorders may be diagnosed by analysis of a
suspected gene, multiple genes battery tests or whole exome or genome sequencing. However,
myositis specific antibodies are not identified in all patients, some show conflicting multiple
antibodies, and in some these are non-specific and misleading. Similarly, limb-girdle muscular
dystrophies often present without distinctive features or family history, rending optimal
selection of genetic testing limited. Therefore, in spite of major technological advances, in the
common atypical patient with muscle weakness, a muscle biopsy may provide a simple look
inside, and often provide important clues, which direct the path for detailed diagnosis.
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MUSCLE BIOPSY IN 2020. DO WE STILL NEED IT? – AMIR DORI

Muscle biopsy types
Open muscle biopsy

Muscle Biopsy in 2020
do we still need it?
Amir Dori MD, PhD
Neuromuscle service
Sheba Medical Center

Muscle biopsy types
• Percutaneous

Muscle biopsy types
• Percutaneous

French Neurologist
Guillaume-BenjaminAmand Duchenne
(1806-1875)

Bergstrom
(based on Duchenne’s)

Micro-biopsy
Spring loaded

Muscle biopsy types

Muscle biopsy

• Percutaneous

To:
1. Identify myopathy versus neurogenic disease
2. characterize myopathy, per specific pathology features

Conchotome
Weil-Blakesley

Normal muscle
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Abnormal muscle

Myopathies

Subacute myopathy

• Acute
• Single event

• Suspected immune/inflammatory

• Rhabdomyolysis

• Muscle over-activity (exercise, seizure)
• Dehydration, infection, Metabolic (Thyroid, Adrenal), toxic (Alcohol, Cocaine, Heroin, Amiodarone, Minocycline, Clofibrate,
Statins)
• Recurrent
• Rhabdomyolysis

• Muscle disorder
• Carnitine palmitoyltransferase II (CPT2) deficiency
• Others

temporal progression
Muscle weakness

• Subacute
• Immune/inflammatory
• Chronic
• Muscular dystrophies
• LGMD
• Myotonic Dystrophy
• Congenital
• Myopathies
• Dystrophies

1.
2.
3.
4.
5.

Dermatomyositis
Overlap myositis (including anti-synthetase syndrome)
Immune-mediated necrotizing myopathy
Sporadic inclusion-body myositis (sIBM)
Polymyositis (a diagnosis of exclusion)

Age

Overlap myositis / anti-Synthetase Syndrome

Dermatomyositis
• Often a clinical diagnosis based on dermal features
• Weakness
• Proximal > Distal
• Symmetric
• Bulbar (Dysphonia or Dysphagia): 20%
• Muscle discomfort
• Pain (25% to 50%)
• Tenderness
• Swelling
• Muscle atrophy: 45%
• CK - elevated
• EMG: Myopathy

• Autoimmune myopathy + connective tissue diseases
• SLE
• RA
• Sjögren’s syndrome
• Systemic Sclerosis

V sign
heliotrope rash

Telangiectasia
hemorrhages

Gottron’s papules

• Extra-muscular manifestations
• Interstitial lung disease
• Arthritis
• Raynaud syndrome
• Fever
• Mechanic’s hands
• Dermatomyositis rash

Shawl sign

Raynaud syndrome

Interstitial lung disease

Mechanic’s hands

• Symmetric weakness (can be very mild!)
• CK - elevated

Perifascicular atrophy

Perivascular
inflammation

Sporadic inclusion-body myositis (sIBM)

Immune-mediated necrotizing myopathy
• Severe proximal symmetric weakness

• Men:Women 2:1

• Rare extra-muscular involvement

• Onset age > 50 years

• CK - elevated

• Slowly progressive

• EMG: Myopathy with fiber denervation
• Associated with
• Statin treatment
• Malignancy
• breast=hematologic>other

Perifascicular atrophy/necrosis
Perivascular inflammation
Perimysial fragmentation

Goyal. Immune-Mediated Myopathies. 2019

CT: Quadriceps atrophy

• Weakness
• Asymmetric

finger
flexor
weakness

• Knee extensor
• Deep finger flexors

Myofiber necrosis or regeneration
No inflammatory
No perifascicular atrophy

• Wrist flexors

Quadriceps
atrophy
MRI: Quadriceps atrophy

• Ankle dorsiflexors
• Dysphagia

• CK: ~500
• EMG: Myopathy
Endomysial
inflammation
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Focal invasion to
non-necrotic fiber

Phenotype-Specific Myositis Autoantibodies
• Dermatomyositis
• Anti-Mi2
• Anti-NXP2
• Anti-TIF1
• Anti-SAE
• Anti-MDA5
• Overlap myositis
• Antisynthetase syndrome

Myositis diagnosis
• Clinical presentation – acute/subacute/relapsing/chronic
• Clinical findings – if distinctive

JAMA Neurol. 2018

• CK – non-specific
• EMG – non-specific
• Muscle Imaging – if distinctive

• Anti-Jo1
• Anti-PL7
• Anti-PL12

• Antibodies – if positive

• Anti-Pm/Scl autoantibodies
• Anti-Ku autoantibodies
• Anti-U1RNP autoantibodies

• Muscle biopsy – when clinical/lab findings are non-specific

• Immune-mediated necrotising myopathy
• Anti-SRP
• Anti-HMGCR
• Antibody-negative – associated with cancer
• Sporadic inclusion-body myositis
• Anti-cytosolic 5ʹ-nucleotidase 1A (NT5C1a)
30–60% of patients

• Question:
• Treatable (DM, OS, IMNM) or Untreatable (IBM) immune ?
• Immune or Genetic ?

Patterns of weakness distribution

Muscular Dystrophies

Duchenne
Becker

Emery-Dreifuss

LGMD

Duchenne and Becker

FSHD

• Duchenne
• Childhood onset

• Face (90% by age 30)

• Becker

• Asymmetric weakness (40%)

• Usually childhood

• Foot drop (13%)

• Rarely adult

• Proximal leg (7%)

• Rarely Duchenne manifesting females

• Distal posterior leg (1%)
• Pectoralis and abdominal muscle atrophy

• Suspect FSHD
• Focused genetic

investigation

Becker

Distal
muscular
dystrophy

OPMD

Mercuri & Muntoni. Lancet 2013

Mercuri & Muntoni. Lancet 2013

Normal

FSHD

Duchenne
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Myotonic dystrophy (type 1)

Emery-Dreifuss muscular dystrophy

• Ptosis

• Severe elbow contractures

• Frontal baldness

• Cardiac Disease
• A-V conduction defects
• Require pacing

• Temporal muscle atrophy
• Face muscle weakness
• Slurred speech and tongue myotonia
• Distal muscle weakness

• EMG – myopathy

• Myotonia
• Tongue

• Suspect Emery-Dreifuss

• Hands

muscular dystrophy
• Focused genetic
investigation

• EMG – myotonia
• Suspect Myotonic Dystrophy (type 1)
• Focused genetic investigation
CTG repeats expansion in the DMPK gene

Oculopharyngeal muscular dystrophy (OPMD)

GNE myopathy

• Bukhara Jews in Israel (1:600)

• Prevalence in Jews of Persian ancestry: 1:500

• Age of onset

• Weakness

• Heterozygotes: 40-70

• Age of onset: 2nd or 3rd decade

• Homozygotes: 10-40

• Early: Foot drop
• Later Proximal

• Ptosis (Often asymmetric)
• External ophthalmoplegia mild or
absent ("Astrologist's posture“)
• Dysphagia & Tongue weakness
• Mild limb weakness

• Hands: Intrinsic muscles; Grip
• Quadriceps sparing

• CK: Mild elevation
• EMG: Myopathy

• Lower extremity (71%)
• Upper extremity (38%
Bork et al FEBS 2005

• Suspect GNE:
• Focused genetic investigation: UDP-N-Acetylglucosamine
2-Epimerase/N-Acetylmannosamine kinase (GNE)

• Suspect OPMD:
• Focused genetic investigation: Polyadenylate-binding
protein, Nuclear, 1 (PABPN1)

LGMD

What kind of muscle disorder?
• No family history
• Subacute, maybe chronic
• No diagnostic clinical features
• No diagnostic antibodies
• No distinctive imaging pattern

Khadilkar et al. Pract. Neurol. 2018
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Myopathy without distinctive abnormalities

Why do a muscle biopsy?
• Diagnosis of myopathies:
• Inflammatory myopathies and their sub-types
• Muscular/myotonic dystrophies
• Congenital myopathies
• Metabolic myopathy
•
•
•
•

Genetic evaluation
Panel
WES
Specific test

Muscle biopsy
Immune staining
Metabolic
Dystrophy panel

Glycogen storage diseases
Lipid storage
Mitochondrial
Amyloid

• Neurogenic disorders
• Acute
• Chronic
• Active denervation

Thank you
Neuromuscle lab

amir.dori@sheba.health.gov.il

Sheba, Tel-HaShomer
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NECROTIZING AUTOIMMUNE MYOPATHY
STATINS AND BEYOND
Shahar Shelly MD
Mayo Clinic, USA
Shelly.Shahar@mayo.edu
Introduction: Necrotizing autoimmune myopathy (NAM) manifests with subacute
symmetric proximal muscle weakness, persistently elevated CK levels and requires
aggressive immunotherapy. In contrast to other immune-mediated inflammatory
myopathies, NAM muscle biopsies often reveal no or minimal inflammation with prominent
muscle fiber necrosis and regeneration. Anti-SRP and anti-HMGCR myopathy are subtypes
of NAM characterized by disabling severe muscle weakness (SRP>HMGCR). They thought
to account for up to 60% of NAM cases. The method used for detection and associations with
statins is important to recognize as early diagnosis will determine prognosis. It is also
believed that cancer rates among NAM patients are higher compared to the general
papulation, especially in certain subgroups of NAM.
Objective: (1) Recognize risk factors and clinical characteristics of NAM. (2) Identify the
current diagnostic platforms available to make the serological or histological diagnosis and
their clinical sensitivity and specificity. (3) Expand the knowledge for the associations
between NAM and statins, and (4) lastly to understand the importance of early an aggressive
treatment for better outcomes.
Conclusion: Necrotizing autoimmune myopathy occurs mostly in females (60-70%) with the
mean age of onset ranges 40-55 depending on the serological status. Thirty percent of
patients will have no antibodies (e.g double negatives) for SRP and HMGCR and will also
have higher chance of cancer and more aggressive disease. Antibodies titer correlates with
CK levels in disease severity, and considers to be pathogenic in small passive transfer animal
study done recently by be Bergua et al. Statins use is the main risk factor developing NAM as
well as the use of ICI and some viral diseases.
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NECROTIZING AUTOIMMUNE MYOPATHY: STATINS AND BEYOND – SHAHAR SHELLY

DISCLOSURES
No Relevant Financial Relationship(s)
Off Label/Investigational Usage: None

Necrotizing Myopathy Statins and Beyond

Shahar Shelly M.D
Muscle disease

Mayo Clinic Rochester
February 17th 2020 Tel Aviv

©2019 MFMER | slide-1

©2019 MFMER | slide-2

Learning objectives

Classifying immune myopathies: A constant
challenge

Following this activity, a participant should be able to:
• Recognize risk factors and clinical characteristics for
Necrotizing Autoimmune Myopathy (NAM)**
• Identify the current test platforms available to make the
diagnosis and their clinical sensitivity and specificity
• Recognize the association between NAM and statins
• Recognize the importance of early and aggressive
treatment in NAM for better outcomes

©2019 MFMER | slide-3

©2019 MFMER | slide-4

Necrotizing Autoimmune Myopathies
Necrotizing
myopathy(1963)

1897 1891

Anti
SRP(1986)

1978

Paraneoplastic
necrotizing
myopathy (1990) NAM and
statins(2007)

1990

Anti
HMGCR
Abs(2010)

2010

Myotonia in NAM: nature of the beast

NAM and
ICI (2016)

Electrophysiologic finding:
• Myotonic discharges are common (50%) in NAM, (50%) associated with
statins
• Long duration motor units with poor recruitment can occur in chronic NAM

2017

Shelly S, Triplet J, Klein C. et al. unpublished data

In permission from Dr. Liewluck
©2019 MFMER | slide-5
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Epidemiology of immune mediated
myopathies

NAM antibodies

• 9-14 cases per 100,000; 15% of the Idiopathic IIM are actually
NAM cases.

• Anti-HMGCR (3-hydroxy3-methyglutaryl CoA
reductase) in 2010, ratecontrolling enzyme of the
cholesterol biosynthesis in
ER

• 60-70% Female
• Mean age at onset:
• Anti HMGCR: 55
• 2/3 Statin-exposed
• Duration of exposure 2 months-10 years (mean, 3 years)
• 1/3 Statin-naïve (mean age at onset 40)
• More severe than statin-exposed patients

• Anti-SRP (signal
recognition particle) in
1986 ribonuceloprotein
complex recognizing and
targeting nascent
polypeptides to ER

• Anti SRP: 40
• Seronegative: 40
• Both Anti-HMGCR and Anti-SRP myopathies can also occur in children
Day, Jessica A., and Vidya Limaye. 2019.
Milone M. Mayo clinic preceding's 2017
Pinal-Fernandez et al. Cur Rheumatol Rep 2018; 20: 21

Turner et al. Cardiovascular Genetics and Genomics 2018
©2019 MFMER | slide-7
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NAM antibodies

Anti SRP and HMGCR autoantibodies

45
40

Pathogenicity

Statin exposed

• Antibodies titer correlate with CK levels and disease
severity.
• Necrotic fibers in SRP>HMGCR and correlate with CK
levels.
• Both are ubiquitously expressed proteins- why only
myositis ?

70%

35

18%

30

Mayo
34
24
42

Allenbach et al.
Neurology 2018; 90:

0

HMG-CoR
SRP-Abs
Double Neg

Neg

5

HMG-CoR
SRP-Abs
Double Neg

SRP

10

HMG-CoR

15

Neg

20

SRP

25

HMG-CoR

%

Milone M. Mayo clinic preceding's 2017

50

Japan
26
39
35
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Animal model of anti-SRP and anti-HMGCR NAM

Anti SRP and HMGCR autoantibodies

SRP+

HMGCR+

FKRP-LGMD

Passive transfer of IgG from anti-SRP and
anti-HMGCR positive patients to C57BL/6,
Rag2 deficiency or C3 complement deficiency
mice

DMD

• Reduced grip strength
• Necrotic fibers and C5b9 deposition of nonnecrotic fibers
• Milder phenotype in complement deficiency
mice

C1q+SRP

Bergua et al. Ann
Rheum Dis 2019; 78:
131

Allenbach et al. Neurology 2018; 90: e507

Pathogenicity
Scattered sarcolemmal expression of C5b-9,
but no T cell invasion of non necrotic fibers

IgG

©2019 MFMER | slide-11
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NAM Autoantibodies

Risk factors

• False negative ELISA:
• SRP: targeting only SRP-54

1. Statins
2. Genetics

• False positive ELISA:
• HMGCR: 0.7% (e.g. up to 10% of IBM)
• Coexisting disease?

3. Connective tissue disease
4. Viral infection
5. Paraneoplastic
6. ICI

Anquetil et al. Autoimmunity Reviews 2019; 18: 2223
©2019 MFMER | slide-13
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NAM: Statins risk factors

Natural Sources of Statins

60 million people are statin eligible Rx (2013)
Statin use was the largest risk factor for
NAM(70% of HMGCR and 20% of SRP) in a
Mayo Clinic study
Toxic myopathy in 10-30% of patients with
non specific myalgia or weakness that
resolves (W-M) after cessation of statins. All
are negative HMGCR Abs
Rhabdomyolysis:0.4-0.9 per 10,000 person
years
NAM: Estimated incidence of anti-HMGCR
NAM is 2 per million per year.

Mohassel P, Mammen AL. Muscle Nerve. 2013 Oct;48(4):477-83.
Tiniakou et al. Curr Opin Rhuem 2017; 29: 604-611
Mohassel P et al. Curr Opin Neurol 2013; 25:747-752
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NAM: risk factors

Statin: When to worry about NAM
• Self-limited statin related muscle symptoms
NAM

• Statin induced Necrotizing Autoimmune myopathy

vs statin induced

• 2–3 new cases in every 100,000 patients exposed to statins
• Statin withdrawal does not usually improve the patient’s symptoms
• Duration of exposure: inconsequential
• Patients can develop weakness after statin withdrawal

Grable-Esposito P et al. Muscle Nerve. 2010.Feb;41(2):185-90
*Kassardjian, Charles D.JAMA Neurology 2015. 72 (9): 996–1003..

Mohassel P et al. Curr Opin Neurol 2013; 25:747-752
©2019 MFMER | slide-17

©2019 MFMER | slide-18

19

Genetic-risk factors

NAM: risk factors

• HLA allele DRB1*11:01 associated with anti-HMGCR myopathy in
adults whereas DRB1*07:01 is associated with same antibodies in
children

• Connective tissue disease

• HLA allele DRB1*08:03 have been reported in association with
anti-SRP myopathy

• Necrotizing myopathy has been described in patients in
scleroderma

• HLA class II alleles DQA1 and DQB6 appear to be protective
against developing anti-HMGCR+ IIM

• In one retrospective series of 42 patients, nonspecific myositis and
necrotizing myopathy were the most common types
• Other cases reported in associated with SLE

Paika JJ et al. Spectrum of Muscle Histopathologic Findings in Forty-Two Scleroderma Patients With Weakness.
Arthritis Care Res (Hoboken). 2015 Oct;67(10):1416-25

Miller FW, Lamb JA, Schmidt J, Nagaraju K. Risk factors and disease mechanismsin myositis. Nat Rev Rheumatol. 2018 Apr 20;14(5):255-268.
©2019 MFMER | slide-19

©2019 MFMER | slide-20

Viral-risk factors

NAM and Cancer

• Reports of NAM in context of HIV

• Malignancy identified within 3 years of
NAM (n=115) diagnosis.
• 21% seronegative
• 11% HMGCR
• 8% SRP

• Seasonal patterns of anti SRP positive patients
• Subunits of SRP and HMGCR share homology with varicella
zoster virus and a strain of the human papillomavirus

Incidence of cancer in seronegative
and anti-HMGCR cases are higher
than general population
• Lower median survival in patients
with cancer

©2019 MFMER | slide-21
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ICI-associated NAM

NAM in ICI-treated Patients
• Immune mediated myopathies (IMM) in <1%
• Median onset 3-4 weeks after the 1st dose
• NAM is the most common IMM
• All ICI-associated NAM are double
seronegative
• Anti-striational antibodies in 70%

• Myalgia (50%-80%), ptosis/ophthalmoparesis
(50%-80%), facial weakness (40%), myocarditis
(20%-40%), and respiratory (30%) involvement
> Anti-SRP NAM (p<0.05)
• 30% no limb weakness
• 30%-50% bulbar weakness THAT IS refractory
to treatment
• HLA-C*12:02 in 30% of Japanese cohort
(p=0.01)

©2019 MFMER | slide-23
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NAM in ICI-treated Patients

NAM Mimicking Muscular Dystrophies

• Ocular involvement (ptosis or ophthalmoparesis):
• Orbital myositis versus co-existing MG
• Most reported MG cases had hyperCKemia and did
not have electrophysiologic correlate of NMT defects

All 6 responded to IVIg, 2 normalized

Mohassel P et al. Neurol Neuroimmunol Neuroinflamm 2019; 6: e523
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NAM Treatment

NAM Treatment

Follow-up data on 32/63 patients
No randomized control trial yet

• 60% required 3 immunomodulating agents
Median follow-up 13.5 months
High rate of relapse (55%) during medication taper or discontinuation
• Predictors of favorable outcomes:
Male sex
≥ 2 immunomodulating agents
Rx within 3 months from onset

Kassardjian et al. JAMA Neurol 2015; 72: 996-1003

©2019 MFMER | slide-27
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EMG AND NERVE CONDUCTION IN DEFINING
CENTRAL AND PERIPHERAL HYPEREXCITABILITY:
A CASE-BASED APPROACH
Christopher J. Klein, USA
Mayo Clinic, USA
klein.christopher@mayo.edu
Neural hyperkinetic or hyperexcitability can localize within central nervous system
pathways. This has historically translated into recognized disorders under the umbrella of
movement disorders, e.g. tremor, chorea, myoclonus, dystonia and spasticity. However, in
the neuromuscular clinics neural hyper excitability can be a primary peripheral
manifestation identified during EMG and nerve conduction testing and provide helpful
direct or inferential clues to the underlying specific diagnosis. The provided lectures will
discuss the evaluation and emerging concepts of neural hyperexcitability disorders with
peripheral manifestations including both acquired and inherited disorders. The attendees
will be provided an overview of recognized and emerging syndromes and their
electrophysiologic correlates as well as emerging concepts in autoimmune pain. A second
lecture will be case based showing instructive unknown cases illustrating the role of EMG in
finding clues to the underlying diagnosis.
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EMG & NERVE CONDUCTION IN DEFINING CENTRAL & PERIPHERAL HYPEREXCITABILITY – CHRISTOPHER J. KLEIN
Illustrative unknown case presentations

EMG and nerve conductions defining central and
peripheral hyperexcitability:

Conductions videos and teaching points will be presented

A case based approach

Case 1
62 yr. women “cant swallow” with fibromyalgia
Case 2
72 yr. women “I cant see”
Case 3
65 yr. man with “tongue spasms”
Case 4
65 yr. man with “pain everywhere” wife says “he’s driving me crazy”
Case 5

Christopher J. Klein MD

52 yr. man with “dancing fingers”

Professor of Neurology
Mayo Clinic Rochester
February 17th 2000 Tel Aviv

Case 6
38 yr. woman with “finger toe fractures” from cramps
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AUTOIMMUNE MOVEMENT DISORDERS
Anastasia Zekeridou
Mayo Clinic, USA
Zekeridou.Anastasia@mayo.edu
Movement Disorders can be seen as a manifestation of autoimmune/paraneoplastic
neurological syndromes. One of the first paraneoplastic neurological diseases studied was
paraneoplastic cerebellar degeneration in women with gynecological malignancies and antiYo/PCA 1 antibodies. Since then multiple neural antibodies have been discovered and are
present in the serum and CSF samples of patients with autoimmune cerebellar degeneration,
such as PCA-Tr/DNER in patients with lymphoma, PCA2/MAP1B-IgG in patients with
small-cell lung cancer or GAD65-IgG that is not associated with an underlying malignancy.
While subacute cerebellar ataxia is one of the “classic” paraneoplastic syndromes recognized,
with the introduction of neural autoantibody testing in clinical practice, we now identify
multiple autoimmune hyperkinetic movement disorders as well. Opsoclonus-myoclonus,
myoclonus, chorea, dyskinetic and dystonic movements have all been seen either as part of a
more widespread autoimmune encephalitis or in isolation, as in the case of basal gangliitis
and autoimmune chorea in patients with CRMP5 antibodies. Management of patients with
autoimmune movement disorders is based on treating the underlying malignancy, when
found, as well as immune-modulation/immunosuppression.
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THE PRECYTOLYTIC EVOLUTION OF
CNS LESIONS IN AQP4 AUTOIMMUNITY
V.A. Lennon, T. Chen, L. Wu
Mayo Clinic Rochester MN, USA
lennon.vanda@mayo.edu
AQP4-specific IgG targeting astrocytes causes severe relapsing CNS inflammation,
prominently affecting spinal cord and optic nerves (NMO spectrum disorders). Myelin loss
is secondary. AQP4 is concentrated at astrocyte end-feet embracing capillaries, glutamatergic
synapses, nodes-of-Ranvier, ventricular walls and pia-glial interfaces. IgG binding to AQP4
stimulates astrocytic synthesis and secretion of complement components, cytokines and
chemokines. A hallmark of established NMO lesions is loss of AQP4 and linked glutamatetransporters, and deposition of Ig and complement membrane-attack-complex in formerly
AQP4-rich sites. Microglia are activated histopathologically, but their role in lesion evolution
is unknown. We established a murine NMO model by continuously infusing patient-derived
IgGs or monoclonal-IgG (AQP4-extracellular-domain-specific) into the spinal subarachnoid
space. Both IgGs (without exogenous complement) induced motor impairment and NMOconsistent pathology in wild-type but not in AQP4-null mice; control IgGs had no effect. In
vivo spinal cord imaging by 2-photon microscopy revealed striking physical interaction of
microglia with astrocytes, without astrocyte death. In mice depleted of microglia, motor
impairment and characteristic NMO immunohistopathology were abrogated. We
demonstrated that early complement components mediate this astrocyte-microglia crosstalk. Previously, the only roles assigned to complement in NMO lesion evolution were
chemotactic signaling and target cell lysis. Our findings identify microglia as a new target for
NMO therapeutic interception.
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THE PRECYTOLYTIC EVOLUTION OF CNS LESIONS IN AQP4 AUTOIMMUNITY – VANDA LENNON

“The Precytolytic Evolution of
CNS Lesions in AQP4
Autoimmunity”

DISCLOSURE

Vanda A. Lennon, MD, PhD

I receive royalties from Mayo Clinic licensing of
AQP4-IgG diagnostic tests

Dorothy A. Adair Professor
Neuroimmunology Research Laboratory
Departments of Laboratory Medicine/Pathology,
Immunology & Neurology
Mayo Clinic Rochester, MN
16th Annual Conference on Neurology & Neurophysiology, Tel Aviv,
2.18.2020

Autoimmune Gliopathies

Autoimmune AQP4 Astrocytopathy

(IgG-defined MS mimics)

An NMO spectrum disorder

1. Oligodendrocytic:

• Serum AQP4-IgG positive; predicts relapse

- plasma membrane (MOG) optic neuritis, myelitis,
pediatric ADEM
- cytoplasm (CRMP5) progressive, relapsing
myelitis, optic neuritis-retinitis (lung ca, thymoma)

• Attacks severe, recovery incomplete
• IgG-mediated, inflammatory
• Female & non-Caucasian predilection
• Not responsive to MS therapies (may worsen)

2. Astrocytic:

• Myelin loss secondary

- plasma membrane (AQP4) myelitis, optic neuritis

•

(breast ca, lung ca, thymoma, carcinoid…)

- cytoplasm (GFAP) meningoencephalomyelitis

Attack CSF, GFAPĹ

• Affects optic nerves and spinal cord preferentially,
but not exclusively

(adenoca, teratoma..)

䇾NMO-typical䇿㻌

Core Component of NMO

brain lesions
AQP4-rich sites
Myelitis:
central, long lesion

Amiry-Moghaddam & Ottersen,
Nature Reviews, 2003
Pittock et al, Arch Neurol, 2006
Wingerchuk et al, 1999
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IgG/IgM & complement at
C9 neo antigen

Selective
Killing of
AQP4+ Cells
by NMO-IgG
Requires
Active
Complement

NMO-IgG

IgG

Control-IgG

Astrocyte-endothelial interface

Active C’

Hinson et al, Neurol, 2007

Lucchinetti et al, Brain, 2002

Astrocyte activation
AQP4 cross-linking triggers complement, chemokine and
cytokine synthesis/secretion Æ microglial activation

....but the quiescent nervous
system lacks ambient
complement

Howe, Glia 2014;
Walker-Caulfield , JNI 2015
Hinson, PNAS 2017
Chen, Lennon & Wu,
submitted 2020

Other potentially pathogenic
outcomes of IgG binding to AQP4?
…and AQP4 internalization

NMO-IgG initiated internalization of M1-AQP4

Hinson, Neurol 2007;
Hinson, PNAS 2012, 2017

Demonstrated AQP4-IgG Pathogenicity:

rapid and reversible; M23-AQP4 resists internalization

1. Promotes inflammation (via astrocytic activation, C’ synthesis,
& secretion)

2. C’ activation; lyses membranes expressing AQP4
(Rx: anti-C5 [Eculizumab])

3. Internalizes water channels
4. Reduces water flux

16 h
Serum
removed,
fresh medium
added

Æ myelin edema
(?)
2º demyelination

5. Impairs glutamate transport Æ death of neurons &
oligodendroglia (potential Rx: GluR antagonist??)

Hinson et al, Neurol 2007
©2015 MFMER | 3448277- 13

27

NMO-IgG targets AQP4 on spinal cord astrocytes

A mouse model of NMO
IgG 0 1 2 3 4 5
pump

Day -5
Implant
catheter,
i.t.

Behavioral tests

Spinal cord

Tissue harvest

Wild-type mouse

AQP4-null mouse
AQP4-/-

AQP4+/+

Latency to fall from Rotarod:
400

IgG, μg/ day

AQP4-/-

Seconds

Control 10
300

NMO 1

**

200

******

NMO 3
***

***

100

***
***

0

NMO 10
Day0

0

Chen, Lennon & Wu, manuscript under revision

Day1

Day2

Day3

Day4

Day5

Chen, Lennon & Wu, manuscript under revision

1
2
3
4
5
Days of IgG infusion ©2016 MFMER | slide-26
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NMO-IgG induces NMO-like pathology in WT mice

Spinal cord AQP4 immunoreactivity is lost
in NMO-IgG-infused mice

AQP4

AQP4

AQP4
DAPI

Control-IgG

Control IgG

GFAP

NMO-IgG

NMO-IgG
Iba1

NMO-IgG

Iba1

Control-IgG
GFAP
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Transient microglia ablation:

NMO-IgG subarachnoid infusion activates
astrocytes & microglia
Iba1+

Day-27-25 -23 -21

500

s
er
m
b
u
n
l
ce
c
l
ia
l
g
o
c
icr
M

-2

0 1 2 3

5

Before

Day 1

Day 2

Day 3

Day 5

Day 7

7

DTx Immunostain

Tamoxifen
***

400

150

300

200

100

0

Control
Control

NMO
NMO

Iba1+ Cell Number

Microglia cell number

NMO-IgG

Control-IgG

GFAP+

Diphtheria toxin protocol

100

**
***

50

***
***

0

-3

1

2

3

5

7

Days after Diphtheria Tx
Chen, Lennon & Wu, manuscript under revision
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Microglia ablation before NMO-IgG infusion
Reduces motor impairment

NMO-IgG
Control IgG (n=4)

Tamoxifen

NMO-IgG

NMO-IgG (n=5)

300

200

Shannon
Hinson

P < 0.001*

DTx

Control IgG

Vehicle

0123456 7

100

0

0

1

2

3

4

5

6

7

Days after IgG
Chen, Lennon & Wu, manuscript submitted

Claudia
Lucchinetti

P < 0.001*

-2

Latency to Fall (seconds)

Tamoxifen

-5

J Grell

Rotarod test

Surgery
Day -27 -25 -23 -21

N Luo

J Fryer
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NEW TREATMENT APPROACHES TO
NEUROMYELITIS OPTICA
BASED ON DISEASE MECHANISMS
Anastasia Zekeridou
Mayo Clinic, USA
Zekeridou.Anastasia@mayo.edu
Neuromyelitis optica (NMO) is an autoimmune neurological disorder primarily affecting the
spinal cord, the optic nerves and the circumventricular organs. The non-Caucasian
populations and women are disproportionately affected. The discovery of the antibody
targeting the aquaporin-4 water channel in patients with NMO, has given insight into the
disease pathogenesis and has revolutionized its diagnosis and treatment. AQP4-IgG, which
is mainly of IgG1 subclass, upon binding on the astrocyte leads to AQP4 internalization/loss,
complement activation, water channel dysfunction as well as antibody-dependent
cytotoxicity. Based on the disease pathogenesis, three targeted immunotherapy drugs
including eculizumab (anti-C5, a terminal complement inhibitor), inebilizumab (anti-CD19,
B-cell depleting agent) and satralizumab (anti-IL-6 receptor) were tested in phase III,
randomized-control trials and all demonstrated significant benefit in attack prevention
which is the main mechanism of deficit accumulation in NMO.
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CHALLENGES IN PREVENTIVE MEDICINE
Paul Rizzoli
Harvard Medical School, USA
prizzoli@bwh.harvard.edu
This talk is derived from a standard talk on prevention with additional attention to some
challenges that come up in the preventive management of migraine. Prevention is a favorite
topic because we feel that, at times, we can actually modify the disease with prevention instead
of just treating individual events.
We first discuss diagnosis, especially with relationship to the ICHD classification. Then
follows a discussion of when to use prevention, then goals and principles of prevention.
The underlying principle of management is perhaps that this is a step by step process that
requires some level of involvement and cannot be rushed, compressed or delegated to a
template, form or computer logic.
We then discuss both the preventive medications themselves and the guideline information
on efficacy of these agents. It is also helpful to consider the migraine patient herself in this
discussion. Psychiatric comorbidities in migraine prevention and the approach to
management of these are discussed next.
In conclusion, headache care should be nuanced. It is not the same for everyone. Providers are
encouraged to break the rules at times. We should not be slaves to guidelines. Treatment
templates won’t work for everyone and variations and exceptions should be allowed, even
encouraged.
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CHALLENGES IN MIGRAINE PREVENTION – PAUL RIZZOLI

John R. Graham Headache Center

Disclosures
• Many discussed preventive medications are not US FDA‐
approved for this use.
• Otherwise no relevant disclosures

Challenges in Migraine Prevention
February 18, 2020
Tel Aviv, Israel
Paul Rizzoli, MD
Assistant Professor of Neurology
Clinical Director, Graham Headache Center
Brigham and Women’s Faulkner Hospital
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Objectives

Migraine Talking Points

•

Recognize the clinical situation in which preventive treatment
for migraine should be used

• Migraine is a common, disabling neurological condition

•

Discuss several challenges of preventive therapy

• 40 Million affected in U.S.

•

List 4 treatment goals and principles to improve the likelihood of
successful preventive migraine treatment

• Second leading cause of years lived with disability
• Plenty of preventive options available, but few loved by
patients or designed specifically for migraine
3
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International Classification of Headache Disorders
(ICHD)

John R. Graham, MD

• Every headache is included

“The successful treatment of migraine is difficult
but worth the effort. It taps every resource of the
physician. Probably more hours of suffering are
caused by migraine than by any other human
affliction...For these reasons it presents a unique
challenge.”

• Operational Rules
– Explicit criteria
– Clear and reliable

• Classifies the headache itself
• Good for research
• Updated periodically

The Treatment of Migraine, 1955

• www.ichd‐3.org

5
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Syndrome

Migraine Without Aura
A.
B.

Lasting 4 to 72 hours
Two of the following

C.

At least one of the following:

D.
E.

At least five attacks fulfilling the three bullet points above
No evidence of organic disease

•
•
•
•

Unilateral location
Pulsating quality
Moderate or severe intensity
Aggravation by or causes avoidance of routine physical activity

•
•

Nausea and/or vomiting
Photophobia and phonophobia

….a group of signs and symptoms that occur
together (in a patient) and characterize a
particular abnormality or condition

7
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Classification

Classification

9
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Classification

Case
•
•
•
•
•
•
11

35‐year‐old female account executive
Maternal side family history of migraine
Childhood carsickness
Onset of headache with menarche
Menstrual worsening
Recent progression in the past year to 1‐2 headache events
per week
12
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Goals and Principles
• Reduce attack frequency, intensity and duration
• Improve responsiveness to acute abortive treatment
• Improve overall functional level
• Reduce reliance on abortive treatment
• Return control to patient

Principles
13

Goals

• Start with a low dose and increase slowly
• Adequate treatment duration and dose
• Consider comorbid conditions
• Monitor for medication interactions, adverse effects, MOH
• Monitor results and reevaluate
14
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Common Preventive Medications in the US

Oral preventive migraine medication

15

Evidence
Level

Medication
 = FDA Indication

B

Atenolol

A

Propranolol 

80‐240 mg

? Avoid in migraine w aura

A

Metoprolol

50‐150 mg

? Avoid in migraine w aura

U

Verapamil

180‐480 mg

Cluster, migraine w prolonged aura,
vestibular migraine

A

Divalproex sodium

250‐1500 mg

FDA pregnancy category D

U

Gabapentin

300‐1800 mg

Downgraded, favorable AE profile

A

Topiramate

25‐150 mg

B

Amitriptyline

10‐150 mg

Downgraded but clinically strong

B

Venlafaxine

37.5‐150 mg

Well tolerated, not sedating

C

Cyproheptadine

2‐8 mg

Pediatric population, sedating

Medication
 = FDA Indication

Usual Daily Dose

Comments

B

Atenolol

50‐100 mg

A

Propranolol 

80‐240 mg

A

Metoprolol

50‐150 mg

U

Verapamil

180‐480 mg

Downgraded, favorable AE profile

A

Divalproex
sodium

250‐1500 mg

FDA pregnancy category X

U

Gabapentin

300‐1800 mg

Downgraded, favorable AE profile

A

Topiramate

25‐150 mg

FDA pregnancy category D

B

Amitriptyline

10‐150 mg

Downgraded but strong clinical
impression of benefit

B

Venlafaxine

37.5‐150 mg

Well tolerated, not sedating

C

Cyproheptadine

2‐8 mg

Pediatric population, sedating

Rizzoli, P. Acute and Preventive Treatment of Migraine, Continuum Neurol 2012;18(4):764‐82

50‐100 mg

Comments

? Avoid in migraine w aura

FDA pregnancy category D

16

Guidelines

Common Migraine Preventives in the US
Evidence
Level

Usual Daily Dose

17

Guidelines
Comparison

AAN/AHS

Canadian

EFNS

Search dates

Through 5/09

Through 6/11

Through 1/09

Planned update

Not reported

“at least every 2
years”

“should be done
every 3 years”

Inclusion criteria

“…randomized adult
patients with
migraine to agent
under study or
comparator”

“prospective,
randomized,
controlled trials…”

“Papers published in
English or German..a
review book..the
German treatment
recommendations…”

Methods of
classification

Level A, B , C, U
A: established
efficacy B: Probably
effective, C: Possibly
effective, U:
uncertain,
insufficient

Level of evidence
rated high,
moderate, low or
very low; then
graded based on
balance of benefits
and harms

Grade A, B, C
(drugs of first
choice, drugs of
second choice, drugs
of third choice)

18
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Are Migraineurs at Increased Risk of ADRs?

How Well do Migraine Meds Work?
•

•
•
•
•

Meta‐analysis of ADRs to topiramate in migraine patients compared
with epilepsy patients:

Dec 1‐2 HA/month from 6/month with
preventives.
NTT =7 for a 50% reduction in 1.
Significant early placebo effects
Med persistence (CM)‐ Poor at 1 mo, 6
mos and declined further at 12 mos
Survey ‐ almost no patients were willing to
take FDA‐approved drugs.

• Migraine patients in general noted more and more severe ADRs on
comparable doses of topiramate.
• They were also more likely to drop out of the studies due to ADRs.

19
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Prevention and Psychiatric Comorbidity

Prevention and Psychiatric Comorbidity

• Main ones are:
o Mood disorders: depression, bipolar disorder
o Anxiety disorders
o Personality disorders
• Non‐adherence with treatment regimens 3x more likely
if comorbid mood or anxiety disorder
• Reduced response to pharmacologic and behavioral
Rx’s
• Poorer drug tolerability
• Is a risk factor for migraine chronification

• > 50% with major depression present with exclusively physical sx
• Strong relationship between migraine and bipolar spectrum disorder
• Anxiety added to depression increases complexity of diagnosis and worsens
treatment response
• Borderline personality disorder:
complicates treatment response
more prone to medication overuse
• “Anxiety is the driver of distress across most emotional disorders.”
21
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Combination Preventive Therapy in Refractory Headache – Ninan
Mathew, MD

Should we all become psychiatrists?
• Comorbid psychiatric conditions are common
• They may change evaluation, pharmacotherapy and monitoring
of the patient
• Multiple potential medication interactions
• Often no psychiatrist to help plan management
• We should be able to recognize the conditions ourselves
• Like sleep issues in headache: critical to treatment, though we
may not be sleep specialists

• Combination therapy is standard of care in other chronic
conditions: DM, HTN, HIV
• In migraine is mostly for refractory or chronic migraine
• Can help address comorbid conditions: depression, anxiety, bipolar
disorder, fibromyalgia, etc
• Targets multiple pathophysiologic mechanisms

23
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Suggested Combinations ‐ N. Mathew, MD
Drug

PLUS Drug

Ref Migraine with:

Beta‐blocker

+

Tricyclic

Depression and
insomnia

Beta‐blocker

+

SNRI

Depression

Beta‐blocker

+

Topiramate

Obesity

Topiramate

+

Antidepressants

Serotonin

Comments

• Long thought involved in migraine; effects though are complex
• Some of most effective agents modify serotonin: methysergide,
pizotifen, triptans, amitriptyline, etc
• Migraine possibly a central dysfunction of the pain‐modulating
system
• Chronic low level in between attacks could lead to disinhibition
of pain signals and lower the threshold to trigger an event

Selection depends on
type of depression

Topiramate

+

Pregabalin

Valproate

+

Lithium or lamotrigine Bipolar illness

Fibromyalgia

Amitriptyline at low + ???
dose

=/‐ an SNRI

Baseline drug
25
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The Heroism of Incremental Care

Amitriptyline ‐ as an example
•Good clinical evidence, though suffers when guideline
methodology is applied
•Best serotonergic preventive available. Equally effective in migraine
and TTH
• Doses of 10‐25 mg used in most studies, but even lower doses and
timing of dose may help
• Multiple antinociceptive effects
• Very helpful for fragmented sleep
• AEs: AM sedation, tachycardia, weight gain, vivid dreams
• Great baseline choice at low dose nightly at 7‐8 PM

Atul Gawande MD

“Success, therefore, … is about
the longer view of incremental
steps that produce sustained
progress. That is what making
a difference really looks like.”
http://www.newyorker.com/magazine/2017/01/23/the‐heroism‐of‐incremental‐care
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The Graham Headache Center

prizzoli@bwh.harvard.edu
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BOTULINUM TOXIN TREATMENT OF NEUROPATHIC PAIN – ROBERT D. GERWIN
Botulinum Mechanism of Action

Botulinum Toxin Treatment of
Neuropathic pain
Robert D. Gerwin, MD, FAAN
Johns Hopkins University
Baltimore, MD, USA

Kumar et al. Seminars in Neurology 2016;10:‐9 doi: 10.1055/s‐0035‐1571215

Exocytosis
•

Mechanism of Action

Normal exocytosis requires 3 proteins:
•

SNAP‐25 (synaptosomal‐assoc protein 25 kDa)

•

BoNTX light chain cleaves the SNARE proteins

•

Syntaxin

•

The vesicle cannot dock on the membrane

•

VAMP (vesicle‐assoc membrane protein)

•

No exocytosis can occur

•

All 3 together: SNARE proteins
Matak et al. Toxins 2019;11(8):459. doi: 10.3390/toxins11080459

Botulinum Toxin action in Pain:
mechanisms

Botulinum Toxin

•
•

Antinociceptive

•

Anti‐inflammatory

•

These 2 effects are dissociated

Matak et al. Toxins 2019;11(8):459. doi: 10.3390/toxins11080459
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Prevents release of
•

ACh

•

neurotransmitters

•

nociceptive neuropeptides (subs P, CGRP,
glutamate) and proinflammatory kinins

Botulinum Toxin action in Pain:
mechanisms
•

Effect of BoNTX

Reduces the release of neurotransmitters:
•

Norepinephrine

•

Serotonin

•

Glutamate

•

Substance P

•

Retrograde axonal transport
•

Cleavage of SNA‐25 in spinal cord dorsal horn

Park & Park. Toxins(Basel)
2017 Aug 24, 9(9)
doi: 10.3390/toxins9090260

Matak et al. Toxins 2019;11(8):459. doi: 10.3390/toxins11080459

Botulinum Toxin action in Pain:
mechanisms
•

Site of action: spinal segment dorsal horn related to
site of toxin injection

•

Attenuation of microglial activation in dorsal horn

•

Decreased proinflammatory mediators
•

Anti‐inflammatory Effect of BoNTX
•

IL‐1Ɓ, IL‐18, IL‐6, NOS2 (nitric oxie synthase)

BoNTX inhibits neurogenic inflammation by reducing such
substances as:
•

CGRP

•

Substance P

•

COX‐2

•

Glutamate

Park & Park. Toxins(Basel)
2017 Aug 24, 9(9)
doi: 10.3390/toxins9090260

Matak et al. Toxins 2019;11(8):459. doi: 10.3390/toxins11080459

Standard Mean Difference in Pain
Score, BTA vs Placebo

Number Needed to Treat for Benefit

1 month

2 Months

3 months

Wei et al. Brain Behav 2019 Oct;9(10) doi:10.1002brb3.1409

Wei et al. Brain Behav 2019 Oct;9(10) doi:10.1002brb3.1409
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Note that each form of botulinum toxin (there are 7 serotypes;
types A and B are the only forms for human use) has its own
dosage schedule, and the same is true for each brand. 50 mouse
units of one brand is not the same as 50 mouse units of a
different type or brand. Be familiar with the dosage schedule of
the brand that you are using.

Effect of BoNTX

Park & Park. Toxins(Basel)
2017 Aug 24, 9(9)
doi: 10.3390/toxins9090260

Factors affecting the Therapeutic
Effect of BoNTXA on Trig. Neuralgia
•

Factors affecting the Therapeutic
Effect of BoNTXA on Trig. Neuralgia

152 subjects; retrospective study 2011‐2016
Disease duration

•

Follow‐up 6 months

•

1 treatment 102; 2nd Rx (2 wks) 50

•

Overall effective rate: 89.4%; benefit up to 6 months

Dose: low <40; medium 40‐70; high
>70

Zhang et al. Ex Ther Med 2019; 18: 3375‐82

Zhang et al. Ex Ther Med 2019; 18: 3375‐82

Factors affecting the Therapeutic
Effect of BoNTXA on Trig. Neuralgia

Botulinum toxin treatment of trigeminal neuralgia

gender (57% F)

Age

Zhang et al. Ex Ther Med 2019; 18: 3375‐82

•

87 patients

•

1 division Trigeminal neuralgia

•

injected in pain area (15‐20 sites)

•

Relief after 4 weeks: 80%

•

Side effects:7 patients had “relaxed muscles” that
cleared by 6 weeks.

Xia et al. Int J Neuroscience 2016;126:348‐53
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Botulinum Treatment of painful neuropathies
Trigeminal Neuralgias

•

Morra et al, 2016: Systematic reveiw and meta‐
analysis of botulinum toxin in trigeminal neuralgia

•

4 RCT totaling 178 subjects

•

Paroxysms per day significantly lower for BTX‐A (mean
difference MD = ‐29.79, 95 % CI [‐38.50,‐21.08], p <0.00001) with no
significant heterogeneity (p = 0.21; I(2) = 36 %).

Botulinum Toxin as Monotherapy in Symptomatic Trigeminal Neuralgia

Schematic drawing showing injection sites for Onabotulinumtoxin A (BTX‐A). ○: The nonfilled
circles represent 2.5 U of BTX‐A. ●: The filled circles represent 5 U of BTX‐A. Onset of relief
after 2 weeks. Complete relief last 12‐14 weeks off all medications

Headache: The Journal of Head and Face Pain
Volume 56, Issue 6, pages 1035‐1039, 17 MAR 2016 DOI: 10.1111/head.12791
http://onlinelibrary.wiley.com/doi/10.1111/head.12791/full#head12791‐fig‐0002

Transient Facial Weakness from BoNTX

100 units total in 6 sites of
about 17 units per site;
dryness, drooping of smile

Botulinum Treatment of painful neuropathies
Post‐herpetic neuralgia

100 units total, 25 units in each
of 4 sites; dryness, drooping
smile

Herrero et al. Oral Surg Oral Med Oral Path Oral Radiol 2016;121:e14853 doi: 10.1016

•

Post‐herpetic neuralgia: 30 subjects
randomized to treatment or placebo.

•

13 treated subjects: 50% or greater reduction
in pain; placebo: no subjects had any pain
relief

•

NNT = 1.2, 95% CI, 2‐1;ARR = =0.87, 95% CI,
055‐096;P<0.001
Apalla et al. Clin J Pain 2013;doi:10.1097AJP.0b013e31827

Subcut BoNTX‐A for Treatment of Postherpetic Neuralgia

Effect of BoNTX: PHN

13 patients; pain duration 4‐48 weeks
VAS 1,2,4,8,12,16 weeks after treatment
VAS pain scores dropped significantly starting week 2
Significant difference compared to gabapentin
Adverse effects: skin erythema, increase in pain, all cleared
within 3 days. No lasting adverse events.
Park & Park. Toxins(Basel)
2017 Aug 24, 9(9)
doi: 10.3390/toxins9090260

Hu et al. Subcut Botulinum toxin‐A injection for treating postherpetic neuralgia. Dermatol Ther 2019
Nov 26 e13181. doi: 10.1111/dth.13181
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Subcut BoNTX‐A for Treatment of Postherpetic Neuralgia

Subcut BoNTX‐A for Treatment of Postherpetic Neuralgia

VAS pain score over 16 weeks. BTX‐A compared to
oral gabapentin

Hu et al. Subcut Botulinum toxin‐A injection for treating postherpetic neuralgia. Dermatol Ther 2019
Nov 26 e13181. doi: 10.1111/dth.13181

Hu et al. Subcut Botulinum toxin‐A injection for treating postherpetic neuralgia. Dermatol Ther 2019
doi: 10.1111/dth.13181

Botulinum Treatment of painful neuropathies
Diabetic neuropathy

Grid Pattern for
injection of BoNTXA;
Note underlying skin
erythema

Postherpetic
Neuralgia;
RD Gerwin
2016

•

Two studies, one a cross‐over study

•

one used a pain threshhold scale and the other used
a pain intensity scale

•

pooled standard mean difference: ‐0.8 (95% CI ‐1.3; ‐
0.4), significant improvement

Given the small effect size, BTX‐A may serve best as an
adjunctive treatment for PDN to first‐line modalities (see
Dworkin et al. for a review) [32]. More class I research with
large sample sizes are needed before this therapy can be
universally accepted.

Park & Park. Toxins(Basel)
2017 Aug 24, 9(9)
doi: 10.3390/toxins9090260

Lakhan et al. Pain Med 2015;16:1773‐80
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Systematic Review of Treatments for Diabetic
Peripheral Neuropathy

Systematic review of treatments for diabetic peripheral neuropathy

BoNTXA: 2 studies

Çakici et al. Diabet Med 2016;33(11):1466‐76

Diabet Med. 2016 Nov;33(11):1466‐1476. doi: 10.1111/dme.13083. Epub 2016 Feb 21.

Systematic review of treatments for diabetic peripheral neuropathy.
Çakici N1, Fakkel TM2, van Neck JW2, Verhagen AP3, Coert JH2.

Erythromelalgia

•

Treatment of erythromelalgia with
OnabotulinumtoxinA

An inherited Nav1.7
channelopathy or a sporadic
channelopathy with intense pain
and cutaneous erythema

Leprosy

Treatment of Neuropathic Pain in
Leprosy
•

15 subjects

•

refractory pain

•

Open label

•

Decreased Pain, improved QOL

Sousa et al. Arq Neuropsiquiatr 2019;77(5):346‐51

Sousa et al. Arq Neuropsiquiatr 2019;77(5):346‐51
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CRPS

Spinal Cord Injury

Park & Park. Toxins(Basel)
2017 Aug 24, 9(9)
doi: 10.3390/toxins9090260

Park & Park. Toxins(Basel)
2017 Aug 24, 9(9)
doi: 10.3390/toxins9090260

Botulinum Treatment of painful
neuropathies

Effect of BoNTX on Post‐Surgical Neuralgia

•

Strong evidence (Class A) for the treatment of
trigeminal neuralgia, postherpetic neuralgia,

•

and low evidence (Class B) for diabetic neuropathy

•

Pellet S, Yaksh TL,
Ramachandran R. Current status and future directions of botulinum neurotoxins for
targeting pain processing. Toxins (Basle) 2015;7(11):4519‐4563.
Finnerup NB, Attal N, Haroutounian S, et al. Pharmacotherapy for neuropathic pain in
adults:systematic review, meta‐analysis and updated NeuPSIG recommendations. Lancet Neurol
2015;14(2):162‐173.

Park & Park. Toxins(Basel)
2017 Aug 24, 9(9)
doi: 10.3390/toxins9090260
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OPTIC NEUROPATHY AFTER SUBSTITUTION OF
AMIODARONE WITH DRONEDARONE
FOR TREATMENT OF ATRIAL FIBRILLATION
Idit Maharshak, Michael Paul, Hillel Steiner
Wolfson Medical Center, Israel
imaharshak@gmail.com
Significance: Amiodarone and dronedarone have recognized ophthalmological side effects
including optic neuropathy. The recognition of optic neuropathy as a complication of
amiodarone and dronedarone treatment may enable withdrawing the drug and accordingly
preventing permanent vision loss.
Purpose: To describe a case of optic neuropathy after substitution of amiodarone with
dronedarone for treatment of atrial fibrillation.
Case report: An 81-yo male treated with dronedarone for atrial fibrillation after amiodarone
had caused tremor developed sequential permanent vision loss in both eyes.
Conclusion: The importance of timely recognition of optic neuropathy as a complication of
amiodarone and dronedarone treatment as well, may enable discontinuing the drug thus
preventing permanent vision loss.
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THE ROLE OF HEAT SHOCK PROTEIN (HSP) 70
IN TREATMENT OF ALZHEIMER’S DISEASE
Natalia Mikhailichenko1,2, James Cheng-Chung Wei2, Te-Jen Lai2
1 Nevron International Medical Center, Russia
2 Chung Shan Medical University, Taiwan
nevronoffice@gmail.com
Introduction: Alzheimer’s Disease (AD) is a nervous system disease, correlated with protein
structure space damage. Misfolded proteins aggregate and cause dysfunction of neurons and
synapses. Recent studies shown molecular chaperons (heat shock proteins, HSP) in AD
patients can increase and restore native state of non-native proteins, preventing irreversible
aggregation under stress.
Enzyme-Treated Asparagus Extract (ETAS) is a source of unique hydroxymethyl furfural
derivatives that produces HSP expression.
The aim is to investigate the effects of ETAS on early stage of AD by double-blind placebocontrolled study.
Methods: 30 older patients (mean age 66 yo) with early stage of AD and mild cognitive
disorders, divided in two groups (ETAS and placebo), 12 months study. Before and after the
treatment subjects had neurological examination, neuropsychological testing (MMSE, FAB,
HADS, Clock test), HSP70 (ELISA) and CD4/CD8 blood tests, EEG and brain MRI.
Results: Patients, who took ETAS, shown significant improvement (P-value = 0.05): MMSE
mean score increased 2,8; FAB increased 2,5 while in placebo group 1,6 and 1,0 respectively.
HSP70 expression in patients with mild disorders (16-18 FAB scores) of both groups shown no
significant changes but in patients with lower (8-15) FAB scores increased 21%.
In patients of both groups with high HSP70 and low FAB scores hyperexpression or decrease
CD4/CD8 was registered, perhaps as a signal of growth of autoimmune response and fast
disease progression.
All patients of ETAS group shown significant increase amplitude and frequency of alpha
rhythm on EEG, decrease of anxiety (72%) and depression (40%), sleep improvement (84%)
while 15%, 18% and 16% respectively in placebo group.
Conclusion: ETAS is effective neuroprotective remedy for optimization of HSP70 expression
that significantly improves higher cortical functions, emotional sphere, sleep, personal
psychological constitution, reduces intensity of cognitive and behavioral disorders. It is
recommended for treatment of early stage of AD.
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BENIGN COURSE OF DYSTONIA-PARKINSONISM
SECONDARY TO INHERITED MANGANESE ACCUMULATION:
IS CHELATION THERAPY ALWAYS REQUIRED?
Montaser Namnah1, David Arkadir1, Max Bauer1, Hagar Mor Shaked1,
Susan B. Bressman2, Deborah Raymond2, Laurie J. Ozelius3
1 Hadassah Medical Center and the Hebrew University, Israel
2 Mount Sinai Beth Israel, USA
3 Massachusetts General Hospital, USA
copra_goldberg@hotmail.com
Dystonia-parkinsonism, associated with inherited errors in manganese metabolism, is caused
by biallelic pathogenic variants in the SLC30A10 (1) or SLC39A14 (2) genes. Chelation therapy
is administered for this condition, based on few reports indicating clinical improvement in
young patients with a progressive disease (2). To demonstrate possible benign course of some
patients with this condition and the difficulty in recommending chelation therapy in elderlydiagnosed patients with clinically stable disease we present here a patient with manganese
brain accumulation due to SLC39A14 homozygous mutation, diagnosed in late adulthood.
A 65-year-old woman was evaluated in our clinic for long-term dysarthria and general
dystonia. The patient is of consanguineous family of Ashkenazi origin. She reported a change
in her handwriting at the age of 18 years, as her first noticeable symptom, and impaired gait
and balance, frequent falls and illegible speech gradually developing in the subsequent year.
This deterioration was followed by four decades of clinical stability.
Brain MRI revealed a prominent T1 hyperintense, diffuse and non-enhancing signal, involving
the basal ganglia and subcortical white matter, compatible with manganese accumulation.
Whole exome sequencing revealed a homozygous missense variant, g. 8:22273712G>A
(GRCh37) c.1066G>A (p.G356S), exclusively found in Ashkenazi Jews in the SLC39A14 gene.
Increased manganese blood level was also demonstrated (60.4 µg/L, normal range 4.2-16.5
µg/L).
Chelation therapy by either intravenous EDTA (3) was recommended to the patient. The
patient chose to avoid this therapy. A clinical follow-up lasting two years and repeated brain
MRI scans did not demonstrate any clinical progression.
The natural history of dystonia-parkinsonism secondary to pathogenic variants of SLC39A14
is unknown. Although the clinical benefit of chelation therapy was anecdotally reported (2).
We show that in some clinically stable cases, withholding chelating therapy is a reasonable
course of action. This case report raises the need for further research to establish the natural
history of patients with a genetic error in manganese metabolism and the appropriate
conditions for administering chelation therapy.
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