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Abstract

Introduction: Myasthenia Gravis (MG) is an autoimmune, heterogeneous
disease that affects neuromuscular transmission, with approximately 50%
of patients with ocular MG progressing to generalized disease within two
years. We present a comprehensive case study detailing the natural history
of MG progression in a young woman over a four-year period.

Conclusions: Most of our revised cases illustrate the complete spectrum
of MG presentation, emphasizing the importance of early recognition,
appropriate risk stratification, and proactive management to prevent a
crisis. The progression from ocular to generalised disease and ultimately
to crisis highlights critical decision points in MG management.

Keywords: Myasthenia gravis; Myasthenic crisis; Acetylcholine receptor
antibodies; Ocular myasthenia; Muscle-specific kinase; Thymectomy

Introduction

Myasthenia Gravis (MG) is a relatively common
neuromuscularjunctiondisorder, withrecentepidemiological
data indicating an increasing global recognition and
diagnosis [1-4]. Recent large-scale population studies have
demonstrated considerable variations across studies, with
prevalence ranges of 15-329 per million, and a diagnosed
prevalence of 37.0 per 100,000 persons in the United States
in 2021. This autoimmune condition is characterised by
fluctuating Weakness affecting ocular, bulbar, limb, and
respiratory muscles, resulting from antibody-mediated
disruption of neuromuscular transmission [2,5,6].

These distinct antibody profiles aid diagnosis and influence
clinical phenotype, treatment response, and prognosis,
forming the basis for personalised therapeutic approaches
[5,7,8].

The clinical spectrum of MG ranges from isolated ocular
involvement to life-threatening myasthenic crisis [5,6,9].
Ocular Myasthenia Gravis (OMG), characterized by ptosis
and diplopia without generalized weakness, represents
the initial presentation in approximately 85% of cases.
However, the risk of progression to generalised disease
remains substantial, with studies demonstrating that 50-
60% of OMG patients develop systemic involvement
within two years if left untreated [7].

This comprehensive review aims to illustrate key
diagnostic challenges, therapeutic decision points, and
practical management strategies that can guide clinicians
in recognising and treating this autoimmune condition.

The differential diagnosis for isolated ocular symptoms
included thyroid eye disease (excluded by normal thyroid
function and absence of proptosis or lid retraction),
oculopharyngeal muscular dystrophy (excluded by age
and lack of family history), mitochondrial myopathy
(excluded by normal lactate and absence of other systemic
features) [8,10,11]. Given the diagnosis of ocular MG with
positive AChR antibodies, treatment was initiated with
pyridostigmine 30 mg three times daily, gradually titrated to
60 mg four times daily based on symptom response [5,12].

Materials and Methods
Treatment decision rationale

The most common modalities of treatment can be seen in
Figure 1.
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Treatment options of MG

Symptomatic: ¢ Pyridostigmine 30-90 mg Q4-6H.

* Prednisone
azathioprine/mycophenolate.

Chronic
immunotherapy:

Rapid

. B * PLEX or IVIG during crisis.
immunomodulation:

¢ Thymectomy for thymoma and selected
AChR+ patients between 18-50 yrs.

Surgical:

Figure 1: Shows different modalities of therapies

The decision to initiate immunosuppressive therapy is
based on established risk factors for disease progression,
including a young age (<40 years), positive AChR
antibodies, thymic hyperplasia, and the development of
generalized symptoms [12,13]. Contemporary evidence
suggests that early immunosuppression in such patients
may prevent further progression and reduce the risk of
myasthenic crisis [12,14]. The choice of prednisone as the
first-line immunosuppression was based on international
consensus guidelines, with azathioprine added as a
steroid-sparing agent to minimize long-term corticosteroid
exposure [12,14].

The six-month delay to thymectomy was due to patient
preference for completing her academic semester and the
need for multidisciplinary evaluation. Current guidelines
support thymectomy in patients aged 18-65 years with
generalized MG and thymic abnormalities, regardless of
antibody status [12,15].

Results and Discussion

The progression from isolated ocular symptoms to
generalised Weakness and ultimately to life-threatening
crisis over four years illustrates several critical aspects
of MG management that warrant detailed discussion
considering contemporary understanding and therapeutic
advances.

The most important elements to be considered for MG
diagnosis are summarized in Figure 2.

Diagnosis of MG

Serology: AChR (+ in 85-90%), MuSK, LRP4.

Electrodiagnostics: Repetitive Nerve Stimulation (RNS), Single Fiber EMG.

Ice Pack Test: Bedside tool for ptosis.

Edrophonium: Historical.

Figure 2: Diagnosis

The clinical classification of MG can be seen in Table 1.

Table 1: Clinical presentation of MG

Any ocular muscle weakness; may have weakness
of eye closure. All other muscle strength is normal.
Mild weakness affecting muscles other than ocular
muscles; may also have ocular muscle weakness of
any severity.

Class I

1I a) Predominantly affecting limb, axial muscles,

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

Class 1T

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

III a) Predominantly affecting limb, axial muscles,

or both. May also have lesser involvement of
oropharyngeal muscles. III b) Predominantly affecting
oropharyngeal, respiratory muscles, or both. May

also have lesser or equal involvement of limb, axial
muscles, or both.

Class III

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

IVa) Predominantly affecting limb, axial muscles,

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

Class IV

Defined as intubation, with or without mechanical
ventilation, except when employed during routine
postoperative management (The use of a feeding
tube without intubation places the patient in class
IVb)

Class V

Early recognition and the ocular phase

The predilection for ocular muscle involvement in MG
reflects the distinct physiological properties of extraocular
muscles, including smaller motor units, higher firing
frequencies, and a reduced safety factor for neuromuscular
transmission compared to limb muscles [10].

Contemporary validation studies support that the ice pack
test’s diagnostic procedure has high utility, with sensitivity
and specificity for MG when properly performed [11].

Some of the most common disorder to be differentiated
with MG are summarized in Figure 3.

Differential Diagnosis to consider

LEMS,

Botulism,
ALS,

Miller Fisher Syndrome,
Stroke,

Oculopharyngeal muscular dystrophy.

Figure 3: Differential diagnosis of MG
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Progression to generalised disease: Risk stratification

The progression from ocular to generalised MG within
two years aligns with established natural history data.
Current research demonstrates that 50-60% of untreated
OMG patients develop generalised Weakness within this
timeframe. Contemporary risk stratification models have
identified several predictors of generalisation, including
positive AChR antibodies, abnormal repetitive nerve
stimulation, and thymic abnormalities factors in our patient
[12,13].

Recent therapeutic approaches suggest that early
intervention with immunosuppression in high-risk
ocular MG patients may prevent or delay progression to
generalised disease, representing a paradigm shift from the
traditional “wait and see” approach. The decision to initiate
immunosuppressive therapy in our patient followed current
evidence-based guidelines, with prednisone as the first-line
immunosuppressive agent [12,14].

Myasthenic Crisis (MC): Contemporary management

Summary of the most relevant features of MC can be seen
in Figures 4 and 5.

Myasthenic Crisis

P . * Myasthenic crisis is acute respiratory failure due to MG,
Definition: requiring ventilatory support.
. * Infection, surgery, medication triggers (aminoglycosides,
RISk Fa cto fluoroquinolones, beta-blockers), pregnancy.
. * Severe NMJ transmission failure compromises bulbar and
OphySIO respiratory muscle function.
Cll n a'- * Respiratory distress, bulbar dysfunction, poor secretion
Presentati handling, impending respiratory failure.

Figure 4: Clinical features
Myasthenic Crisis

* Bedside FVC and single-breath count, ABG, chest imaging,
screen for infection triggers.

Workup:

* ICU admission, non-invasive or invasive ventilation,
plasma exchange or IVIG, high-dose steroids or
immunotherapy. Avoid offending drugs.

Management:

* Aspiration pneumonia, prolonged ventilation, ICU-
acquired weakness.

Complications:

* Early use of targeted biologics and standardised crisis

Advances: algorithms improves outcomes.

Figure 5: Other elements to consider in MC

Contemporary research has refined our understanding
of crisis triggers, with respiratory infection remaining
the most common precipitant, accounting for 30-40% of
crises, followed by medication nonadherence and exposure
to drugs that impair neuromuscular transmission [16,17].

Recent advances in critical care management of MC support
the relevance of prompt diagnosis and adequate supportive
care. The “20-30-40 rule” for respiratory parameters
remains a helpful guideline. However, contemporary
practice increasingly emphasizes the clinical assessment

of bulbar function and the ability to protect the airway, as
demonstrated in our case [16,17].

Contemporary therapeutic advances

The strategic therapy for MG has been significantly
enhanced by novel therapeutic approaches, particularly
for refractory disease. Recent developments focus on
personalised treatments based on analysis of immune
cells from individual MG patients. Complement inhibition
with eculizumab and ravulizumab has shown rapid and
sustained improvement in refractory generalised MG.
FcRn antagonists such as efgartigimod represent a new
therapeutic class that reduces pathogenic IgG levels,
including AChR antibodies, with recent trials showing
meaningful clinical improvement [18,19].

The duration of pharmacological effect of the therapeutic
drugs prescribed in MG are listed in Table 2.

Table 2: Shows time of onset and maximal effect of the listed medications

Time to onset of | Time to maximal
effect effect
Symptomatic therapy
Pyridostigmine 10 to 15 minutes 2 hours
Chronic oral immunotherapies
Prednisone 2 to 3 weeks 5 to 6 months
Azathioprine ~12 months 1 to 2 years
Mycophenolate mofetil 6 to 12 months 1 to 2 years
Cyclosporine ~6 months ~7 months
Tacrolimus ~6 months ~12 months
Antibody-based biologic therapies
Fc receptor inhibitors
Efgartigimod alfa 2 to 3 weeks ~4 weeks
Rozanolixizumab 2 to 3 weeks ~4 weeks
Complement inhibitors
Eculizumab 2 to 3 weeks ~4 weeks
Ravulizumab 2 to 3 weeks ~4 to 10 weeks
Zilucoplan 2 to 3 weeks ~4 weeks
B-cell depletion therapy
Rituximab 4 weeks NB weeks
Rapid immunotherapies
Plasmapheresis 1 to 7 days 1 to 3 weeks
Ig?;fgﬁgous rmmune 1 to 2 weeks 1 to 3 weeks
Surgery
Thymectomy ‘ 1 to 10 years ‘ 1to 10 years

Clinical implications and future directions
Clinical pearls:

e Ice pack test: A Simple bedside diagnostic tool with a
specificity of greater than 95% for MG when positive

[11].

* Risk stratification: Young age+positive AChR
antibodiestthymic abnormalities=High risk for
generalization [12,13].

*  Crisis prevention: Respiratory infections are the most
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common triggers; aggressive treatment of intercurrent
illnesses is crucial [17].

Bulbar assessment: The capacity to protect the airway
and handle secretions is more critical than isolated
FVC measurements [16].

Post-thymectomy approach: Temporal worsening
occurs in 10-15% of patients and should not discourage

surgery [15].

Management algorithm

The emergence of targeted biologics

Ocular phase: Establish diagnosis — Risk stratify
— Consider early immunosuppression in high-risk
patients [12—14].

Generalised phase: Optimise medical therapy —
Consider thymectomy — Monitor for crisis triggers
[12,15].

Crisis management:  Airway protection —
Immunomodulation — Gradual medication reintroduction
[16,17].

(complement

inhibitors, FcRn antagonists) offers new hope for refractory
cases. However, some instances demonstrate that traditional
approaches, when applied systematically with careful
attention to risk factors and clinical progression, remain
highly effective for most patients [18-20].

Patient perspective

Most of our patients emphasized the importance of early
education about crisis triggers and the need for immediate
medical attention during respiratory infections [16,17]

Figure 6.
MG vs LEMS vs BOTULISM
FEATURES MYASTHENIA GRAVIS LEMS BOTULISM
Anti-AChR antibodies ~ Anti-VGCC antibodies Botulinum toxin
Mechanism

Weakness Pattern

Key Clinical Feature

Associated With

Electrophysiology

Treatment

(postsynaptic) (presynaptic) (presynaptic)

Fatigable (worse with  Facilitating (better with
Descending paralysis
use) use)

Proximal weakness +
Ptosis, diplopia Dilated pupils

dry mouth

Thymoma Lung cancer (SCLC) Food/wound exposure

Decremental RNS Incremental RNS Decremental RNS

Anticholinesterases,
3,4-DAP, treat cancer

Supportive care,

steroids antitoxin

Figure 6: Differences between MG, LEMG and botulism

Brief comments on novel drug therapy for myasthenia
gravis

Before to comment on the novel drug therapy, it is
important to summarize the most important elements to be
implemented in the management of refractory MG as we
represented in Figure 7.

Refractory Myasthenia Gravis

Management:

* Optimizing conventional therapy (steroids +
Immunosuppressants).

* Rescue therapies (plasmapheresis, IVIG).

* Biologics: Eculizumab (anti-C5), Ravulizumab, Efgartigimod
(FeRn antagonist), Rozanolixizumab (subcutaneous FcRn
antagonist).

* Thymectomy if thymoma or generalized early-onset disease.
* Future: Personalized biologics, hiomarker-driven therapy.

Figure 7: Management of RMG

On the other hand, the list of novel drugs used to treat MG/
MC/RMG is shown in Table 3.

Table 3: List of novel therapeutic drug for myasthenia gravis

Drug name Indication Characteristic | Pharmacology
Chimeric
. eMG especially | mouse-human | Depletes range of
Rituximab | \riok Ab+ | anti-CD20 B cells
mAb
EE:I} 5(3:ASA Blocks C5
Jivcoolan | ACHRAb+ including four zi)flvf;é "

P eMG adults unnatural AAs) P
macrolvtic cascade and C5b
popti dey to C6 binding
CART cells
engineered Depletion of

CART cells Adliltlit Mlllgli against MuSK-specific
postive the MuSK B cells
autoantigen
AChR Ab + 1gG2/4 kappa Blocks C5
Eculizumab eMG adults humanized cleavage and
(Refractory in mAb with complement
EU) murine CDRs cascade
AChR Ab + Blocks C5
Ravulizumab gMG adults Humanized cleavage and
(‘Add on’ 1gG4 mAb complement
therapy in EU) cascade
AChRAb+ | IgGl Fe g(‘ifgfmus
.. eMG adults fragment .
Efgartigimod (‘Add on’ binding to {/%L?cfr(rzl)l;(f:eltlirtligve
therapy in EU) | FcRN FSRN blockade
Blocks C5
Bispecific cleavage and
. AChR Ab + miniaturized COl‘l‘lpIel’l’lel:lt
Gefurulimab . cascade. Binds
gMG adults and humanized .
nanobody human albumin

which increases
its half-life
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. Humanized Blocks IL-6
Seropositive mAD to soluble sionaling and T
Satralizumab | gMG 12 + and membrane gnaiing ar
cars bound 1L-6 cell activation of
M B cells
receptors
Stabilized
human mAb
to C5 with Bll‘:fvl;s cs
. AChR/LRP4 | different ceavage,
Pozelimab + . complement
.. Ab + gMG epitope to
Cemdisiran h cascade and
adults Eculizumab/ . .
Ravulizumab liver synthesis of
and siRNA ? complement
to C5
Inhibits
endogenous
Rozanolixizumab| AChR and Humanized IgG recycltlgg
MuSKAb+ | IgG4mAbto | o OPe e
gMG patients FcRN
and lysosomal
pathway
inhibition
Fully human Tnhibit
nhibits
eMG adults ?ggf (:Isl}:gtte: endogenous IgG
Nipocalimab | gMG children g recycling via
endosomal and
2-18 years ) Iul dualcompartment
;X;;\?e ular FcRN blockade
c
Fully human Inhibits
IgG1 mAb to
FeRN with endogenous IgG
Batoclimab eMG adults . . recycling via
modifications
to reduce dualcompartment
L FcRN blockade
cytotoxicity
Humanized
+
Inebilizumab f((j}l;\;l[{G EZIHSSK 1gG1 anti- Depletes B cells
481 CD19 mAb
Fusion protein
formed from Inhibits B cell
Telitacicept %lg/i(goadults TNFRSF13B activators APRIL
and human IgG | and BAFF
Fc receptor

However, here we are going to highlight only the available
ones in our setting. Rituximab (RTX) is the most prescribed
in our region. In 2022, we published our findings using
RTX in patients presenting with Refractory MG (RMG)
and comorbidity of MG and polymyositis in HIV-positive
patients. Our results, as well as those reported in the
medical literature through a systematic review, confirm
the improvement of symptoms and signs associated with
MG/RMG after initiating RTX therapy. We also included
two hypotheses on how the Fc portion of RTX (IgG class
antibody) binds to CD20 (Figure 8).

AXON FROM THE ALPHA MOTOR NEURON ?ﬂ“”u’w“‘\"ﬁm on cell

INTHE ANTERIOR HORN OF SPINAL CORD aQ
- @

SIGNAL ATTRACT

AUTOIMMUNE «ai>d
ceus =R

JZ TNF-a

st
il a— o€ ST

o

o ‘(DC " MACROPHAGE

%3
mf}“g;i 030 KCELL

OF MUSCLE FIBER

RITUXIMAB

Figure 8: Show our graphical hypothesis of how the Fc portion of RTX
(IgG class antibody) binds to CD20 by C1 protein at the surface of
lymphocyte B leading to Membrane Attack Complex (MAC) and cytolysis

RTX has been well tolerated in AChR-MG and MuSK-
MG, providing a better QOL in most patients, and at single
doses not more than 500 mg can be used at the first stage
of the disease instead of azathioprine and steroids. Fatal
complications were not reported in those publications, and
adverse reactions ranged from 26.4% to 42.8% [21,22],
mainly in MUSK-MG patients (Figure 9).

CLASSICAL COMPLEMENT ACTIVATION

;

Fabwgl & LIGHT CHAIN (k) [FRAGMENT ANTIGEN
BINDING]

HEAVY CHAIN (y) [CONSTANT REGION]

COMPLEX

(MAC) FC-PART

-

4751 RITUXIMAB

Figure 9: Antigen-Presenting Cell (APC), Vascular Cell Adhesion
Molecule 1 (VCAMI), Transforming Growth Factor beta (TGF-3), Tumor
Necrosis Factor-alpha (TNG-a), and Interferon gamma (INFy)

Apart from successful results obtained from the drug
therapy, the role played by thymectomy in MG has
demonstrated an excellent response in nonthymomatous
MG and is a cornerstone of MG therapy in cases with
AChR antibodies. The primary modalities of treatment
include complement inhibition (which drug of choices
are Eculizumab, Ravulizumab, and Zilucoplan), B cell,
offering Neuromuscular Junction (NMJ) protection from
chronic atrophy/fatty infiltration and sustained remission in
long-term MG [23]

The new reported medications for the treatment of MG will
provide the best protection of the NMJ, a better therapy
response in older patients, and a permanent effect on
Chimeric Antigen Receptor (CAR) T cells [23].

Another drug that should be highlighted is Ravulizumab
(RVZ), a humanized anti-C5 monoclonal Antibody (mAb),
which has demonstrated its benefits on the outcome of
cases presenting generalized MG, as has been reported by
other authors [24]

Another listed medication is Zilucoplan, a cyclic peptide that
has the advantage of being administered Subcutaneously
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(SC), like Rozanolixizumab, which can target the FCRN
(humanized IgG4 mAb) through the lysosomal pathway
[25,26].

Also administered by SC injections, we included in Table
1: Batoclimab, a humanized IgGl antibody targeting
the FcRN. Other investigators reported respiratory tract
infections (upper and lower) and peripheral oedema as the
most typical side effects [27-29].

Satralizumab and Tocilizumab are both anti-IL-6 receptor
mAbs that have demonstrated [30,31].

The study conducted by Ito and collaborators confirms that
the early administration of zilucoplan with conventional
rescue therapies for MC may have facilitated earlier
extubating, thereby avoiding tacheostomy, even in patients
of advanced age with associated comorbidities who face
significant challenges for recovery [32].

Shahar Shelly recently reported a case with supporting
evidence on acceptable safety and an excellent outcome
despite presenting with MC after being treated with
efgartigimod. The author also documented the effect of
this novel treatment on the process of clinical stabilization
before surgery and a better postoperative recovery and
proposed that medication be used in cases with autoimmune
MG and Eaton-Lambert myasthenic syndrome.

As has been documented, Eculizumab is an MAB blocking
the terminal complement protein C5, which is very good
for AChR-Ab-positive refractory generalized Myasthenia
Gravis (gMG) [33].

Since some investigators reported the administration
of Eculizumab in MC in 2018, other publications have
revealed [34,35].

Conclusion

This comprehensive case report documents the complete
clinical spectrum of myasthenia gravis in a single patient
over four years, from initial ocular manifestations
through generalisation to life-threatening crisis. The
revised case highlights the evolving understanding of MG
pathophysiology and the transformation of therapeutic
approaches in recent years.

Key lessons from these revised cases include the critical
importance of early recognition and risk stratification,
the potential for early intervention to modify disease
course, and the availability of novel targeted therapies for
refractory cases. The journey of our patient-from a young
woman struggling with drooping eyelids during study
sessions to surviving a life-threatening crisis and achieving
stable disease control-exemplifies both the challenges
and remarkable therapeutic opportunities available in
contemporary MG care.
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