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Thomas Willis 1621-1675

Officially Named in 1895

'At this time I had under my charge a prudent and
honest Woman, who for many years hath been
obnoxious to this sort of spurious Palsie, not only 1n
the members, but also in her tongue: she for some
time can speak freely and readily enough, but after
she has spoken long, or hastily, or eagerly, she 1s not
able to speak a word but becomes mute as a Fish, nor
can she recover the use of her voice under an hour or

N o'

Two Discourses Concerning the Soul of Brutes (1685)

— Myasthenia: muscle and weakness

— G@Gravis: heavy or grievous

wiy

CEREBRITIS, HYSTERIA. AND BULBAR

PARALYSIS,

AS ILLUSTRATIVE OF

ARREST OF FUNCTION OF THE CEREBRO-SPINAL CENTRES.

By SAMUEL WILKS, M.D.

Case. Bulbar paralysis ; fatal ; no disease found.—A stont
girl, looking well, came to the hospital on account of general
weakness ; she could scarcely walk or move about, she spoke
slowly and had slight strabismus. The house-physician was
inclined to regard the case as one of hysteria ; as he possessed a
special knowledge of eye affections, he saw nothing in the
strabismus incompatible with this view. She remained in this
state about a month, being neither better nor worse ; she was
able to walk about, but every movement of her limbs and
speech was performed so slowly and deliberately that the case
seemed rather one of lethargy from want of will than an actual
paralysis. At the end of this period all the symptoms became

Bulbar Paralysis. 55

aggravated, and in about threc days they had assumed all the
well-marked characters of bulbar paralysis. She spoke most
indistinctly, swallowed with great difficulty, and was quite
unable to cough. The limbs were, however not paralysed, as
she was able to get out of her bed. It was shortly afterwards
secn that her respi was b ing affected, the difficul
of which rapidly increased, and i in a few hours she died. The
medulla oblongata was very ined, and no disease
was found It uppenmd qulte heulthy to the naked eye, and
the ifest change in the tissue.

P

Photos courtesy of: https://neuromuscular.wustl.edu/mtime/mgddx.htm
Keesey, John. Myasthenia Gravis. Archives of Neurology, Volume 55, 1998
|


https://neuromuscular.wustl.edu/mtime/mgddx.htm

Wilks (London, England) described a death
of respiratory paralysis without CNS
disease pathology
1877

Oppenheim (Berlin, Germany) reported another
respiratory paralysis death without CNS abnormality &
called out hysteria as a problem

1887

Indian Chief Opechankanough
(Jamestown, Colonial America) may have
been the first recorded case of MG

1640

Thomas Willis (Oxford, England) documented
“the habitual and spurious palsies“ which he |

Eisenlohr (Hamburg, Germany) reported a
death of diaphragmatic respiratory
paralysis without post-mortem abnormality
1887

Goldflam (Warsaw, Poland) distinguished MG
from progressive bulbar palsy

Walker (Greenwich, England)
demonstrated "The Miracle at St.
Alfege's” with physostigmine
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Fambrough et al. (Baltimore, USA) showed postsynaptic
AchRs were reduced in MG; Patrick & Lindstrom (San

1934 Diego, USA) showed immunizing rabbits with purified

Dale (London, England) reported ACh release

1893 at motor nerve endings in striated muscle 1973
theorized might “depend upon the fault of the 1937
explosive Copula suffused everywhere from the Jolly (Beﬂm‘ Gennany) suggested lhe name |
blood into the moving fibres™ gravis Blalock (Nashville, USA) linked thymus to
1672 1895 MG (first thymectomy)
"Myasthenia gravis” was adopted by Berlin Society of i
ychiatry and gy; O (Berlin, Eaton & Clagett (Rochester, USA) reported
connected "bulbar paralysis without analomlcal flndlngs (hymec!omy had no benefit for MG
wgm N ia gravis d 1950
1899
Keynes (London, England) established
Erb (Heidelberg, Germany) Elllot (Cambridge, England) suggested a as the most for
first described classic triad of is at nerve ings to cause select MG patients <50 yo
MG symptoms muscle fiber contractions
1879 1907
Smithers (London, England) | hed concept

Shaw (London England) flrst Loewu (Graz, Austria) suspected ACh was of MG as autoimmune disease

reported artificial ponsible for nerve in heart 1958

for MG crisis . muscle, but not striated muscle
1890 ‘ ‘ MG

Discovery milestones

Surgical approaches

Pharmaceuticals/biologics

> b b <«

Blood-derived treatments

Welger( (FranklurL Germany) first
reported thymus tumor in MG patient
| 1901 |

1913
Partial
thymectomy

1912
Organic extracts of

and thyroid glands

1900
Tonics of iron and arsenic,
calcium lactate, iodide of
potassium and mercury,
strychnine; avoidance of
muscle fatigue

| |
Edgeworth (Tucson, USA) discovered

may be cause by autoantibody agalns( motor end-
plate protein; Nastuk et al. (New York City, USA)

relieved MG

pituitary, parathyroid,

linked serum complement levels to MG disease status
1930 1960

AchR led to muscle weakness (reversible by
acetylcholinesterase inhibitors)

Noda et al. (Okazaki, Japan) elucidated structure
of AChR of Torpedo californica

1982

1
Beeson et al. (Oxford, England) described
the structure of human muscle AChR

1993
|
Hoch et al. (Tii ) reported il ies to
MuSK in MG without AChR antibodies

‘ 2001

|
Liyanage et al. (Oxford, England) discussed
targeting agrin/MuSK pathway
‘ 2002

Vaccaro et al. (Dallas, USA) engineered IgG Fc region
to block FcRn-IgG interactions, decreasing IgG in mice
‘ ‘ 2005

Aarli et al. (Bergen, Norway) found autoantibodies Wolfe et al. confirmed mymecmmy
against titin in patients with MG &

1990 |

2019

1971 1979 2002 2018
T Acetvicholi Hemodialysi Mg P T FcR
I
1935 1954 1968 ‘ l 1976 1984 2000 2013
Neostigmine Pyri igmil Cy i PLEX Vig Rituximab Eculizumab
bromide | |
1934 ‘ ‘ 1976 1998
Physostigmine Reintroduction of corticosteroids Mycophenolate
‘ ! mofetil
1930 1973
Ephedrine Lymph duct drainage 1990
| Combined
1969 cervicothoracic
Transcervical total thymectomy thymectomy

Nguyen-Cao, T. M., Gelinas, D., Griffin, R., & Mondou, E. (2019). Myasthenia gravis: h%gr;cal achievements and the “golden age” of clinical trials. Journal of the neurological

sciences, 406, 116428.
Cervical thymectomy

1967
Azathioprine

Nguyen-Cao, T. M., Gelinas, D., Griffin, R., & Mondou, E. (2019). Myasthenia gravis: historical achievements and the “golden age” of clinical trials. Journal of the neurological sciences, 406, 116428.
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* A rare autoimmune neurological disorder
— 10-20 cases per 100,000

* Age distribution
— Peak around 30 years old, another peak at 50 years old
— Younger patients more commonly female

SERERE

SRR

Dresser, L., Wlodarski, R., Rezania, K., & Soliven, B. (2021). Myasthenia gravis: epidemiology, pathophysiology and clinical manifestations. Journal of clinical medicine, 10(11), 2235.
Punga, A. R., Maddison, P., Heckmann, J. M., Guptill, J. T., & Evoli, A. (2022). Epidemiology, diagnostics, and bi rkers of autoimmune neuromuscular junction disorders. The Lancet
Neuroloav. 21(2). 176-188.
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 QOcular vs Generalized e Early vs Late Onset
66% of patients will have _
purely ocular symptoms at — Early: <50yrs old at time
onset of diagnosis

* Antibody Positive vs

50-70% of patients with .
ocular symptoms at onset — Late: >50yrs old at time of

will generalize, typically in diagnosis
the first 2-3 years
— Early onset: may have

more aggressive disease

Seronegative — Late onset: medical

AchR AbS_i 80-535% comorbidities may have
EARU|§4KAA|;>P.15-27°//O more impact on disease
P e course and treatment

Hehir, M. K., & Li, Y. (2022). Diagnosis and Management of Myasthenia Gravis. CONTINUUM: Lifelong Learning in
Neurology, 28(6), 1615-1642.
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« Myasthenia Gravis Exacerbation

— A worsening of any MG symptom/symptoms
— Range in severity

e Myasthenia Gravis Crisis

— A severe exacerbation resulting in respiratory failure
requiring ventilatory support

MYASTHENIC

CRISIS
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EXACERBATION & CRISIS

 Atleast 70% of patients will experience an
exacerbation

A myasthenia gravis crisis occurs in about
15% of patients

— Typically, in the first 2 years after symptom onset
— May be the initial presentation for some patients

* Majority of patients who suffer a crisis will R
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Neumann, B., Angstwurm, K., Mergenthaler, P., Kohler, S., Schénenberger, S., Bosel, J., ... & German Myasthenic Crisis Study Group. (2020). Myasthenic crisis demanding mechanical ventilation: a multicenter analysis of 250 cases. Neurology, 94(3), e299-e313
Wendell LC, Levine JM. Myasthenic crisis. The Neurohospitalist 2011;1:16-22.

Zochodne DW. Emergency Neurologic Consultation In The Intensive Care Unit: Neuromuscular Disorders. CONTINUUM: Lifelong Learning in Neurology 2003;9:62-79.
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e Patients were more likely to experience a crisis if:

— Older age
— Late onset MG
— Higher MGFA class
— Other medical comorbidities including other autoimmune
conditions
Subgroups
EOMG &AID— 50 3 (6) 1
EOMG & AID - 12 2 (16) 3.13 (0.46-21.27) 0.242
LOMG & AID— 26 10 (39) 9.79 (2.39-40.08) 0.002
LOMG & AIDA 8 6 (75) 47.00 (6.49-340.65) <0.001

de Meel, R. H., Lipka, A. F., van Zwet, E. W., Niks, E. H., & Verschuuren, J. J. (2015). Prognostic factors for exacerbations and emergency treatments in my:
gravis. Journal of neuroimmunology, 282, 123-125.

asthenia



Table 1. Myasthenia Gravis Foundation of America Clinical Classification [18].

m Clinical symptoms

I
I
A

B

A

B

v

VA

IV B

Any ocular weakness
Mild Weakness. May also have ocular muscle weakness of any severity

Predominantly affecting limb, axial muscles, or both. May also have lesser involvement of
oropharyngeal, respiratory muscles or both

Predominantly affecting ororpharyngeal, respiratory muscles, or both. May also have lesser or
equal involvement of limb, axial muscles or both

Moderate weakness affecting other than ocular muscles. May also have ocular muscle
weakness of any severity

Predominantly affecting limb, axial muscles, or both. May also have lesser involvement of
oropharyngeal, respiratory muscles or both

Predominantly affecting ororpharyngeal, respiratory muscles, or both. May also have lesser or
equal involvement of limb, axial muscles or both

Severe weakness affecting other than ocular muscles. May also have ocular muscle weakness
of any severity

Predominantly affecting limb, axial muscles, or both. May also have lesser involvement of
oropharyngeal, respiratory muscles or both

Predominantly affecting ororpharyngeal, respiratory muscles, or both. May also have lesser or
equal involvement of limb, axial muscles or both

Defined by intubation, with or without mechanical ventilation, except when employed during
routine postoperative management

Heldal, A. T., Eide, G. E., Romi, F., Owe, J. F., & Gilhus, N. E. (2014). Repeated acetylcholine receptor antibody-concentrations and association to clinical myasthenia gravis development. PLoS One, 9(12), e114060.
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TABLE 2 Comparison of patients with and without exacerbation

Patients with Patients with no Patients with Patients with no
exacerbation exacerbations exacerbation exacerbations
Patients 77 50 Total MAUC-MG 119 67
Seropositive 53 (69%) 27 (54%) prescribed
Zith 21 (18% 10(15%
Thymectomy 16 (21%) 7 (14%) hromax (18%) (15%)
MG treat A Fluoroquinolones 29 (24%) 20 (30%)
reatment at time
of exacerbation Gentamycin 1(1%) 7 (10%)
Steroids 98 (46%) Magnesium 15 (13%) 13(19%)
Plasma exchange 20 (9%) Beta-blocker 45 (38%) 16 (24%)
VIG 73 (34%) Prednisone 8 (7%) 1(1%)
Q
Mycophenolate 32 (15%) Abbreviation: IVIG, intravenous Immunoglobulin.
mofetil
Azathioprine 95 (45%)
Pyridostigmine 32 (15%)
(<120 mg/day)
Pyridostigmine 136 (61%)
(2120 mg/day)

Gummi, R. R., Kukulka, N. A., Deroche, C. B., & Govindarajan, R. (2019). Factors associated with acute exacerbations of myasthenia gravis. Muscle & nerve, 60(6), 693-699.
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0% of cases are provoked by an identifiable cause
— Infection
— Surgery
— Medications

Diagnostic error 9 (4%)
Social stress 10 (4%)
Inadequate treatment — 14 (5%)
Procedure accompanied 16 (6%)
Medical non-compliance 21 (8%)
VPI 39 (15%)
VNPI 39 (15%)

Exacerbation category

MAUC-MG | : | : : N 48 (19%)

Unknown 62 (24%)

0 10 20 30 40 S0 60 70

Exacerbation frequenc
Gummi, R. R., Kukulka, N. A., Deroche, C. B., & Govindarajan, R. (2019). Factors associated with acute exacerbations of myasthenia gravis. Muscle & nerve, 60(6), 693-699.



Cautionary Drugs in Myasthenia Gravis®

Drugs with US Food and Drug Administration (FDA) boxed warnings for use in myasthe~"-
gravis

+ Telithromycin (no longer available in the United States)
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Autoantibodies

. . . . . . Mg+ /
+ Fluoroquinolones (ciprofloxacin, moxifloxacin, levofloxacin) \ Motoneuron //lk
Drugs to use with caution, if at all, in myasthenia gravis \‘\\"*'
Verapamil
Botulinum toxin . = vece pype
G o channels (Cav2.1)
D-penicillamine BONT-A / -,
Chloroquine \’SNARE complex
‘ Corticosteroids )
Hydroxychloroguine \ :'- / Pyridostigmine
‘\\/ %; :.' .. Choline /
Quinine p o Acetylcholine  Aceiare *
* L]
; Fluoroquinolones N N
Magnesium i
g Chloroquine Antibiotics .
! Anesthetics, NMBA

Macrolide antibiotics (erythromycin, azithromycin, clarithromycin)
Aminoglycoside antibiotics (gentamicin, neomycin, tobramycin)
Corticosteroids”

Procainamide

Desferrioxamine

Beta-blockers

Statins

* ¢ ¢ 4 & ¢ 4 4 ¢ 4 0 * o+ o

Immune checkpoint inhibitors (pembrolizumab, nivolumab, atezolizumab, avelumab,
durvalumab, ipilimumab)

% D-Penicillamine / i . ‘
; s Telithromycin  class la Colq ‘&
\ \ k\ : Curare antiarrhythmics

" ] \/ o J- " Phenytoin
£

.
. . . . . ’X‘.
C =) N Muscle

AChR clustering Voltage-gated membrane

R
J T \ PN Na+ channel
Downstream signalling/'

B2 adrenergic B2 adrenergic
SHP2- inhibitors agonists antagonists

2 Data from Myasthenia Gravis Foundation of America.*”

P Corticosteroids may cause transient worsening of symptoms in the first 2 weeks but are part of the
standard treatment for myasthenia gravis. Close monitoring should be in place when initiating steroids.

Birch, T. B. (2021). Neuromuscular Disorders in the Intensive Care Unit. CONTINUUM: Lifelong Learning in
Neurology, 27(5), 1344-1364.

Krenn, M., Grisold, A., Wohlfarth, P., Rath, J., Cetin, H., Koneczny, I., & Zimprich, F. (2020).
Pathomechanisms and clinical implications of myasthenic syndromes exacerbated and induced by medical
treatments. Frontiers in Molecular Neuroscience, 13, 156.
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* Drooping Eyelids (Ptosis)  Limb
— Can be unilateral or bilateral Weakness/Fatigability

e Neck Weakness — Difficulty with walking/rising
— Head drop from seated position/using
stairs

* Facial Weakness — Difficulty raising arms

— Decreased facial
expressions

— Jaw Fatigue
— Impaired eye/lip closure

* Blurry Vision/Double Vision
(diplopia)

Gilhus, N. E., Socrates, T., Amelia, E., Jacqueline, P., & Burns, T. M. (2019). Myasthenia gravis (Primer). Nature Reviews: Disease Primers, 5(1).



Myasthenia gravis (MG), an autoimmune disease, causes muscles in

the eyes, face, throat, arms, and legs to get weak, Muscles that control
breathing may also be affected. MG affects both sexes
and people of all ages and ethnic X J

groups. Women usually get MG in  ghs
the late teens and 20s, and men

 Speech Changes (Dysarthria)
— Slurred/Nasal Speech

* Difficulty Swallowing
(Dysphagia)
— Liquids and/or solids o vy P |
— Managing secretions s g e e /x/;jf

periods, liness, and stress can affect the weakness,

Other symptoms are eye problems (double vision, o
droopy eyelids), rouble chewing, speaking, or

swallowing: drooling: and shortness of breath.

Jar |

* Shortness of Breath ol
(Dyspnea) 23

— At rest or with activity Ly

— Worsening with laying flat hnipsionspl

make a diagnosis from a
complete physical examination,

(O rt h O p n ea ) with tests of lungs, reflexes, and

muscle weakness. A specialist
may do more tests, including

— Use of accessory muscles when cecumpgosh s
breathing

Gilhus, N. E., Socrates, T., Amelia, E., Jacqueline, P., & Burns, T. M. (2019). Myasthenia gravis (Primer). Nature Reviews: Disease Primers, 5(1).



OUTPATIENT MANAGEMENT
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* Minimal/Mild Exacerbations

— Including ptosis, vision changes, mild extremity
weakness

— Obtain history
— Schedule for virtual or in-office visit, if possible
— Adjustments to treatment regimen

* Pyridostigmine

* Prednisone

* |VIG or PLEX schedule

— Low threshold for ED/hospital evaluation if symptom
worsening



NAVIGATING THE EMERGENCY ROOM




MODERATE & SEVERE

EXACERBATIONS Methalist

* Symptoms: Progressive difficulty swallow and/or
progressive shortness of breath, moderate or severe
muscle weakness

* Called EMS or immediately present to the nearest ER

« Evaluation by ER physician & staff
— Triage
— History & Physical
— Labs & Imaging
— Neurology & pulmonology consults, if available

@
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* Neurological

Prolonged upgaze

Voice changes

Eye movements, facial strength, neck strength
Muscle strength - fatigability

Single Breath Count
Want greater than or equal to 20

NEUROLOGICAL INSTITUTE

@
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* Pulmonary Function
Testing

— Negative Inspiratory
Force (NIF) or Maximum
Inspiratory Pressure
(MIP) * Important Note

* Normal NIF > -25cmH20
 Normal MIP >-60cmH20

— Oxygen saturation is
NOT a reliable measure
of respiratory distress in
patients with
myasthenia gravis

— Functional Vital
Capacity (FVC)
* Normalis > 70-100%
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Antibiotics for potential infection

— Important physician is familiar with antibiotics which
should be used with caution

Intravenous Fluids

Correction of electrolyte abnormalities
— Avoid high doses of magnesium

Nothing by mouth until formal evaluation
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Checklist for a
Myasthenia Gravis Emergency

(3 Take an updated list of all medications & treatments and treating physicians

(J Keep a list of medications to be avoided or used with caution in patients with
myasthenia gravis

O Inform the emergency room staff about your diagnosis of myasthenia gravis,
your symptoms, and name of neurologist

(3 Share any recent changes (e.g. new medications) or symptoms (e.g. signs of
infection, new cough)

(J Make sure you have bedside pulmonary function testing performed including:
o Negative Inspiratory Force (NIF) or Maximum Inspiratory Pressure
(MIP)
=  Normal NIF > -25¢cmH20
= Normal MIP >-60cmH20
o Functional Vital Capacity (FVC)
= Normal is > 70-100 %

(J Make sure to have swallow function evaluated

o Do not eat or drink until cleared by the physician

(O If admitted to hospital, treatment may include intravenous immunoglobulin
(IVIG) or plasma exchange (PLEX)

o The treatment team should include a neurologist and pulmonologist

(3 Once stable, contact your primary neurologist to inform him or her of what
has occurred and your status

(3 At the time of hospital discharge, call your neurologist to make a follow-up
appointment in 1-2 weeks



INPATIENT MANAGEMENT
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e AdmittoanIMU or ICU ¢ Start non-invasive

) ventilation, if possible
* Stop any contributing — Can prevent/delay

medications intubation in over 50% of
patients with myasthenia

— Including
pyridostigmine 4 b b tion
» Regular monitoring of g 7 ooration of elective
PFTs

e Cardiac monitoring

— Severe arrhythmias ~20%
of patients o




Longo, D. L. (2016). Nils E. Gilhus, MD. N Engl J
Med, 375, 2570-81.

B Proposed Treatment for Severe Exacerbations of Generalized

Myasthenia Gravis

Intensive care

IV immune globulin or plasma exchange

Treatment of infection and other
precipitating events

l

Improvement? — Yes —m
|
No
Plasma exchange or IV immune globulin
Glucocorticoids in megadose
Intensive care
Improvement? — Yes —m
|
No

:

Rituximab

Intensive care

Treatment of complications
Other immunosuppressive drugs
Never give up ¢ ——————

Intensify long-
term immuno-
suppression

Intensify long-
term immuno-
suppression




INTRAVENOUS IMMUNOGLOBULIN

(IVIG)

e Infusion of purified pooled
preparations of 1gG antibody
from plasma

* Immunomodulation through
several mechanisms

« 2g/kg of patient weight divided
over 4-5 days

* Use in caution in patients with
cardiac/vascular history,
including DVT, and in patients
with kidney disease

HOUSTON
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P IV Immunoglobulin

Infusion-related events —
Headache DWQ:F

Shivering

Myalgia
Chest pain

Hyperviscosity (risk of thrombosis,
including arterial events)

Aseptic meningitis
Acute kidney injury
Anaphylaxis (if IgA deficiency)

Transfusion reaction (including
transfusion-related acute
lung injury)

lgA = immunoglobulin A; IV = intravenous.

Farmakidis, C., Dimachkie, M. M., Pasnoor, M., & Barohn, R. J. (2020). Immunosuppressive and immunomodulatory therapies for neuromuscular diseases. Part |: Traditional agents. Muscle & nerve, 61(1), 5-16.
Rabinstein AA. Acute neuromuscular respiratory failure. CONTINUUM: Lifelong Learning in Neurology 2015;21:1324-1345
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PLASMA EXCHANGE (PLEX)

» Plasma Exchange
* Directly removes immune factors Venous catheter-related events
such as autoantibodies, immune
complexes, complement, and other
non-specific inflammatory
mediators

Infection
Pneumothorax
Local hematoma

Hemodynamic instability

5 sessions scheduled every other (hypotension)

day Hemoconcentration
Coagulopathy (mild)
 May require central venous Hy pocalcemia

catheter Removal of highly

protein-bound drugs
* Use for caution in patients with Transfusion reaction (including

infection, high bleeding risk transfusion related acute
lung injury)

Farmakidis, C., Dimachkie, M. M., Pasnoor, M., & Barohn, R. J. (2020). Immunosuppressive and immunomodulatory therapies for neuromuscular diseases. Part |: Traditional agents. Muscle & nerve, 61(1), 5-16.
Rabinstein AA. Acute neuromuscular respiratory failure. CONTINUUM: Lifelong Learning in Neurology 2015;21:1324-1345
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Decision depends on clinical
patient characteristics,
safety/tolerability, previous
response, other patient specific
factors

 Both IVIG and PLEX
have similar
effectiveness in
treating myasthenia
gravis
exacerbation/cCriSiS rigure 1 Treatment and outcome

A B
* PLEX may resultin 30 - 5%
a more rapid effect > g
= 20 1 2 20
* If incomplete effect £10 5 10 T
from PLEX, IVIG
may be given ’ IA/PE MG IAPE+  None =0 IA/PE IVIG  IAPE+  None
IVIG IVIG
S u bseq u e ntly Days in the intensive care unit (ICU) (A) and days of mechanical ventilation (B) of patients who were treated with immunoadsorption (1A) or plasma exchange

(PE) (IA/PE; n = 56), IVimmunoglobulins (IVIg; n = 66), IA or PE in combination with IVIg treatment (IA/PE + IVIg; n = 43), or without |A, PE, or IVIg (none; n = 34).
Decedents (n=30) and cases where the number of days of ventilation was not known exactly (n= 21, e.g., because of ventilation at discharge or transfers from
other hospitals) were excluded. Bars show mean + SD.

Neumann, B., Angstwurm, K., Mergenthaler, P., Kohler, S., Schénenberger, S., Bosel, J., ... & German Myasthenic Crisis Study Group. (2020). Myasthenic crisis demanding mechanical ventila
multicenter analysis of 250 cases. Neurology, 94(3), e299-e313.



OTHER MANAGEMENT

Methalist
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e Corticosteroids
— Often a part of the treatment plan for MG crisis

— Must be used with caution as rapid administration or
high dose steroids may cause worsening
* Less likely in patients being treated with IVIG or PLEX

— For non-intubated patients, doses should be started
lower (10-20mg) and increased by bmg every 2-3 days;
goal typically 60-80mg/day

— For intubated patients, higher initial doses may be
tolerated

Farmakidis, C., Dimachkie, M. M., Pasnoor, M., & Barohn, R. J. (2020). Immunosuppressive and immunomodulatory therapies for neuromuscular diseases. Part I: Traditional agents. Muscle & nerve, 61(1),
5-16.
Rabinstein AA. Acute neuromuscular respiratory failure. CONTINUUM: Lifelong Learning in Neurology 2015;21:1324-1345
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TREATMENT OF MYASTHENIA GRAVIS WITH
PHYSOSTIGMINF
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*  Symptomatic Treatment
— Pyridostigmine
* Acetylcholine esterase inhibitor
* Dosing variable

» Side Effects: Gl upset, increased saliva, increased tearing, runny
Vincent, A. (2002). Unravelling the pathogenesis of myasthenia . . .
gravis. Nature Reviews Immunology. 2(10), 797-804 nose, muscle cramping, muscle twitching
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Nguyen-Cao, T. M., Gelinas, D., Griffin, R., & Mondou, E. (2019). Myasthenia gravis: historical achievements and the “golden age” of clinical trials. Journal of the neurological sciences, 406, 116428.

https://www.google.com/url?sa=i&url=http%3A%2F%2Fneurothai.org%2Fmedia%2Fnews_file%2F339-
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* (Can be considered to improve long-term
control of MG symptoms

Article

— Recommended for patients under 65yo November 1, 1941
and either AchR Ab+ or seronegative THE TREATMENT OF MYASTHENIA GRAVIS BY
status REMOVAL OF THE THYMUS GLAND

PRELIMINARY REPORT

ALFRED BLALOCK, M.D.; A. McGEHEE HARVEY, M.D.; FRANK R. FORD, M.D.; et al

— Usually earlier on in disease course and/or
in patients with more severe and harder to
control myasthenia gravis

— Patient should be stable enough for
surgery
— Endoscopic surgery is preferred approach

— May have preoperative use
immunomodulatory therapy

e Surgery is recommended for thymoma
regardless of age, disease severity, or
antibody status

Hehir, M. K., & Li, Y. (2022). Diagnosis and Management of Myasthenia Gravis. CONTINUUM: Lifelong Learning in
Neurology, 28(6), 1615-1642.
https://www.verywellhealth.com/thymus-anatomy-4800309
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Randomized Trial of Thymectomy in Myasthenia Gravis

Gil I. Wolfe, M.D., Henry ). Kaminski, M.D., Inmaculada B. Aban, Ph.D., Greg Minisman, M.A., Hui-Chien Kuo, M.S., Alexander Marx, M.D., Philipp Strébel, M.D., Claudio
Mazia, M.D., Joel Oger, M.D., ). Gabriel Cea, M.D., Jeannine M. Heckmann, M.B., Ch.B., Ph.D., Amelia Evoli, M.D., et al., for the MGTX Study Group®

s . . Table 2. Pri d Sub; Anal fthe Pri Out £
A Quantitative Myasthenia Gravis Score R e LU L
15+ Thymectomy Estimated Difference
Outcome Prednisone Alone plus Prednisone (95% CI)f P Valuei:
no. of no. of
124 value patients value patients
[ Primary analyses
S Prednisone alone Time-weighted average QMG score over 3yr  8.99+4.93 56 6.15:4.09 62 2.85 (0.47 10 5.22) <0.001
2 9 period
[}
° Time-weighted average alternate-day predni- 5429 56 32423 61 22 (12t0 32) <0.001
[ sone dose over 3-yr period (mg)
§ 6 Subgroup analyses
= Time-weighted average QMG score
3 Thymectomy plus prednisone Prednisone use at enrollment 0.86
Yes 9.10+£5.06 46 6.30+3.89 47 2.80 (0.11 to 5.49) 0.004
No 3.84:4.60 9 2.66:4.79 15 3.18 (-3.03 to 9.39) 0.12
0 5 :; T T T T T |8 T T T 310 313 1 Sex 0.57
4 6 9 12 15 1 21 24 27 36
Female 9.73+5.16 38 6.47+4.13 46 3.26 (0.34t06.18) 0.002
Visit Month Male 7.45:+4.11 18 5.2313.95 16 2.22 (~1.96 to 6.40) 0.12
Age at disease onset 0.74
B Prednisone Dose <40yr 9.60£5.32 34 6.50+4.41 2 3.10 (-0.13 0 6.33) 0.007
100+ =40 yr 7.85£3.50 18 5.33£2.79 18 2.52 (-0.65 t0 5.69) 0.02
sone dose (mg)
80 Prednisone use at enrollment 0.91
Yes 56+31 46 35£25 46 22 (10to 33) <0.001
%D predii | No 45422 9 25x17 15 20 (4to 37) 0.02
rednisone alone
o 604 Sex 0.79
§ Female 54+27 37 33425 45 21 (9t0 32) <0.001
S 40 Male 55434 19 31+18 16 24 (Sto42) 0.01
g Age at disease onset 0.81
Thymectomy plus prednisone <40yr 55430 33 35125 41 20 (8 to 33) 0.002
204 240 yr 49:29 19 27+18 18 23 (7t039) 0.007
* Cl denotes confidence interval.
T We used 95% confidence intervals in all analyses except for analyses involving the QMG score, for which we used 99.5% confidence inter-
[ o e T T T T T T T T T T 1 vals, per protocol.
01234 6 9 12 15 18 21 24 27 30 33 36 P values for between-group comparisons are based on two independent sample Student’s t-tests. P values for interaction with treatment
were based on fitting a general linear model separately for each variable.
Visit Month
Wolfe, G. I., Kaminski, H. J., Aban, I. B., Minisman, G., Kuo, H. C., Marx, A,, ... & Cutter, G. R. (2016). Randomized trial of

thymectomy in myasthenia gravis. New England Journal of Medicine, 375(6), 511-522.
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* Fatigue present in about
80% of patients with MG

* Management can include

— Cognitive behavioral therapy
— Weight Reduction
— Pain control

Physical
inactivity

Disease

. Fatigue Comorbidity
severity

Quality of life

Depression

Hehir, M. K., & Li, Y. (2022). Diagnosis and Management of Myasthenia Gravis. CONTINUUM: Lifelong Learning in
Neurology, 28(6), 1615-1642.

Ruiter, A. M., Verschuuren, J. J., & Tannemaat, M. R. (2020). Fatigue in patients with myasthenia gravis. A systematic
of the literature. Neuromuscular Disorders, 30(8), 631-639.
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* Exercise * Diet

— Able to be tolerated in most — Low gluten, avoid processed
patients with MG sugars, increased fruits and

— Aerobic exercise performed vegetables
with more rest periods — Plant based

— Balance and stretching — Evaluation of the gut
exercises microbiome

— Avoidance of high
temperatures

— Type and length of exercise
dependent on clinical/physical
status

Hehir, M. K., & Li, Y. (2022). Diagnosis and Management of Myasthenia Gravis. CONTINUUM: Lifelong Learning in Neurology, 28(6), 1615-1642.
Ruiter, A. M., Verschuuren, J. J., & Tannemaat, M. R. (2020). Fatigue in patients with myasthenia gravis. A systematic review of the literature. Neuromuscular Disorders, 30(8), 631-
639.
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RECOMMENDATIONS
* Early and accurate * Management of
diagnosis Comorbidities
* Close outpatient e« \accinations
monitoring

. . — Including COVID-19
* Especially early in _ :
disease course vaccination & booster

* Patient and Provider
Education | £
— Early identification of y_
exacerbation symptoms

VACCINATION
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 Myasthenia gravis exacerbations are common though most
are mild

 About 15% of patients with MG will experience a
myasthenia gravis crisis requiring respiratory support

* Be prepared with medication list, medications to avoid,
name of neurologist, and information on recent health
changes

 Close monitoring of pulmonary function
— Oxygen saturation is not a reliable measure of respiratory distress
— May include elective intubation
The majority of patients who experience an exacerbation or
crisis will make a full recovery
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 Older patients and those with another
autoimmune condition are more likely to
experience an exacerbation

e Prevention includes

— Establishing care with a neurologist/neuromuscular
specialist early

— Management of comorbidities, vaccination, and
education

— Achieving effective long-term treatment
* Recommend exercise and healthy diet
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