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ABSTRACT
Myasthenic crisis is the most severe manifestation of 
myasthenia gravis that requires the use of invasive or 
non-invasive ventilation. Treatment of myasthenic crisis 
includes removal of triggering factors, airway management, 
and supportive care. Traditionally, plasmapheresis and/
or intravenous immune globulin are the most commonly 
administered disease modifying treatments, and both 
are effective in the majority of patients leading to 
discontinuation of mechanical or non-invasive ventilation. 
More recently approved therapies for myasthenia gravis, 
namely, complement or neonatal Fc receptor inhibitors, 
may serve as additional options of rescue therapies for 
patients with myasthenic crisis, especially those who do 
not respond to traditional treatment. In this review, we 
provide a summary of recently published case reports and 
case series describing the successful usage of these newly 
approved therapies in the setting of myasthenic crisis.

Keywords:  myasthenia gravis, myasthenic crisis, 
eculizumab, ravulizumab, efgartigimod

Introduction
Myasthenia gravis (MG) is a rare condition of 

autoimmunity at the neuromuscular junction, specifically 
at the postsynaptic components of the neuromuscular 
junction, with an annual incidence of 2-15 per million but 
a steadily rising prevalence as treatments and outcomes of 
the disease improve.1,2 Most patients with MG first present 
with ocular symptoms such as ptosis or diplopia.2,3 About 
75% of patients develop generalized disease within the first 
2-3 years following presentation, with a predilection for 
bulbar, neck, and proximal limb muscles, and about 40% 
of patients develop respiratory muscle weakness, including 
exertional dyspnea and orthopnea.3

Myasthenic crisis (MC), the most severe form of 
MG, is defined as the “worsening of myasthenic weakness 
requiring intubation or noninvasive ventilation to avoid 
intubation” by one international consensus4 and has an 
estimated in-hospital mortality of 4.47%.5 The incidence 

of MC, which typically occurs within the first 2-3 years 
of diagnosis, is approximately 12-16%.5 Impending crisis 
describes a rapid clinical worsening of MG that could lead 
to crisis in days to weeks.4 Impending or manifest MC can 
be triggered by a number of etiologies, including infections, 
surgery, medication changes, or pregnancy.6 Bulbar 
weakness or severe disease status at onset, muscle-specific 
kinase (MuSK) antibody positivity, presence of thymoma, 
and prior history of MC increase risk of MC.7–9 

The mainstay of MG treatment involves the suppression 
of various steps of the immune cascade responsible for 
MG pathogenesis by immunomodulating medications 
or thymectomy. Traditional MG immunosuppressants 
include corticosteroids, steroid-sparing agents, intravenous 
immunoglobulin (IVIG), and plasmapheresis (PLEX). 
Corticosteroids are the first line immunosuppressant 
in all clinical subtypes of MG. Due to the long-term 
side effects associated with corticosteroid use, a non-
steroidal immunosuppressant (including azathioprine, 
mycophenolate mofetil, methotrexate, cyclosporine, 
tacrolimus) is usually initiated in MG patients requiring 
long-term immunosuppression. IVIG and PLEX are 
primarily employed in the acute setting for treatment of 
MG exacerbation or MC.

Despite the wide range of treatment options available 
for MG, the management of MC remains a clinical 
challenge, particularly in the subset of patients resistant to 
standard rescue therapies. Acute immunomodulation with 
PLEX or IVIG remains the main rescue therapy options 
for MG crisis, each leading to significant improvement 
in approximately 70% of MG patients. The onset of their 
efficacy typically occurs 3-5 days following initiation. IVIG 
is easily administered while PLEX should only be provided 
in centers with experienced teams. However, up to 10-
20% of patients in MC do not respond to these treatments, 
requiring tracheostomy or frequent hospitalizations with 
repeated rescue therapy administration.10,11 This challenge 
underlines the need for additional, more effective acute 
treatment options for MC.

As opposed to the traditional MG therapies providing 
broad-spectrum immunosuppression, novel MG 
immunotherapies target specific steps of the MG immune 
cascade. Five new MG drugs received United States Food 
and Drug Administration approval in the last six years for 
use in generalized MG, including eculizumab, ravulizumab, 
zilucoplan, efgartigimod, and rozanolixizumab.12–18 
Eculizumab, ravulizumab, and zilucoplan are complement 
inhibitors that lead to clinical improvement by preventing 
the formation of the membrane attack complex at the 
neuromuscular endplate, thereby maintaining the integrity 
of the acetylcholine receptors at the postsynaptic junction.19 
The role of complement activation in the pathogenesis of 
MG renders it as a favorable therapeutic target particularly 
in acetylcholine receptor antibody positive (AChR+) MG.20 
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Efgartigimod and rozanolixizumab are neonatal Fc receptor 
(FcRn) inhibitors which function by the blockage of FcRn-
mediated recycling of pathogenic antibodies, leading to 
their increased lysosomal degradation. FcRn inhibitors 
are comparable to PLEX in reducing IgG levels, but with a 
prolonged effect and less significant complications.21 

The efficacy of these new therapies in treating 
generalized MG were all demonstrated in pivotal trials 
(e.g., REGAIN, CHAMPION, ADAPT, RAISE, MycarinG) 
eventually leading to FDA approval for their use in 
AChR+ generalized MG.13–18 These early trials, however, 
excluded patients in MC, leaving the role of these newer 
immunotherapies in the treatment of patients amid MC 
unclear. We present here a review of the current literature 
on the application of these newer immunotherapies in the 
treatment of MC.

Methods
The PubMed, Google Scholar, and Embase databases 

were queried for cases of MC and treatment with either 
eculizumab, ravulizumab, efgartigimod, zilucoplan, or 
rozanolixizumab up to March 28, 2024. Case reports and 
case series of adult patients in MC or impending MC were 
included. Publications were reviewed in their entirety, 
and patient characteristics such as demographics, prior 
MG treatment, and effect of immunotherapy treatment, 
as well as complications during the treatment course were 
recorded. All publications were in English except for one, 
which was written in Japanese. 

Results
There were 8 total publications from 2018 to 2023 

reporting on a total of 16 patients presenting with 
manifesting or impending MC treated with eculizumab 
(Table 1). Of these 16 patients, 9 (56.3%) were female and 
average age at eculizumab administration was 51.9 years 
(range: 22 to 79 years).  A total of 15 (93.8%) patients had 
AChR+ MG (one patient had seronegative MG) and 6 
(37.5%) patients were found to have a thymoma. Prior to 
MC, 7 (43.8%) patients were taking tacrolimus, 2 (12.5%) 
patients were taking azathioprine, and 1 (6.25%) patient 
was taking mycophenolate mofetil. A total of 14 (87.5%) 
patients received PLEX and/or immunoadsorption, 
14 (87.5%) patients received IVIG, 3 (18.8%) patients 
received pulse intravenous steroids, 1 (6.25%) patient 
received intravenous pyridostigmine, and 2 (12.5%) 
patients received rituximab as rescue treatments. On 
average, patients received 2.12 rescue treatments, defined 
as a combination of either PLEX, IVIG, pulse steroids, 
IV pyridostigmine, or rituximab, prior to initiation of 
eculizumab. 

Eculizumab was administered as an initial dose of 900 
mg weekly for four weeks followed by 1200 mg every two 
weeks thereafter, consistent with the dosing regimen used 
in the REGAIN trial in all reports except for one where 

dosage was not defined. While there was heterogeneity in 
how outcomes of eculizumab treatment were reported, all 
patients were able to be liberated from invasive mechanical 
ventilation after treatment with eculizumab, although one 
patient remained on intermittent non-invasive ventilation 
through a trach collar. Time to response to eculizumab 
varied, with one patient reportedly being extubated the 
day following eculizumab treatment while other patients 
took anywhere from 1 to 6 weeks for weaning of mechanical 
ventilation. All patients experienced clinical improvement 
and no relapse of MC was reported. The most common 
complication reported was infection, including sepsis or 
pneumonia which occurred in 3 (18.8%) patients. There 
were no reports of meningococcal infection although there 
was 1 case reporting polymicrobial infection partially 
consisting of encapsulated organisms. Other complications 
reported during therapy included intestinal perforation, 
thymoma-associated multiorgan autoimmunity, and delay 
in immune therapy due to logistical reasons. No other 
complications were reported in the remaining 10 (62.5%) 
patients.

The number of cases reported involving the use of 
efgartigimod and ravulizumab in MC thus far is limited. 
Watanabe et. al described the use of efgartigimod in a 
54-year-old female with AChR+ MG diagnosed 5 months 
prior who presented with neck muscle weakness and 
dysphagia. She continued to worsen despite 6 PLEX 
sessions and 2 g/kg IVIG, eventually requiring intubation 
due to progression of her bulbar symptoms. Subsequently, 
she was administered efgartigimod at 10 mg per kilogram 
of body weight weekly, each cycle of four weekly infusions 
for a total of three cycles, which led to resolution of her 
weakness 18 days after the first infusion and, eventually, 
successful extubation. Her anti-AChR antibody titers 
showed a consistent decline in parallel with the clinical 
improvement.

Konen et. al described the use of ravulizumab in a 
34-year-old female with AChR+ MG with symptom onset 
eight months prior who presented with progressive bulbar 
and limb weakness. Her MG was refractory to treatments 
of IVIG, PLEX, and rituximab and she was in impending 
MC. Consequently, she was administered one dose of 3g 
ravulizumab infusion and achieved clinical improvement 
and stability over a course of two weeks, which was 
sustained up to 19 weeks following the first administration 
of ravulizumab. To date, there are no case reports on the use 
of rozanolixizumab or zilucoplan in MC.

Discussion
In this review, we summarized the use of eculizumab, 

efgartigimod, and ravulizumab for treatment of MC. As 
the initial pivotal trial that led to their approval as standard 
treatment for generalized MG did not include patients 
with MC, only a small number of case reports have been 
included. More cases describing the use of eculizumab 
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compared to efgartigimod and ravulizumab were found, 
which corresponds to its earlier approval and availability. 
Overall, the positive results from the described case reports 
suggest the potential therapeutic value of these newer 
immunotherapies in the setting of MC. 

Complement and FcRn inhibitors may have 
advantages over PLEX or IVIG for acute MG treatment. 
Compared to PLEX or IVIG, which are nonselective 
immunomodulators that may act on multiple aspects 
of MG pathogenesis, these newer therapies act on a 
unique key step of antibody reduction or complement 
inhibition. Both PLEX and IVIG can be associated with 
significant side effects. Vascular access is required for 
PLEX administration, and its use may be contraindicated 
in patients with concern of infection. IVIG treatment is 
associated with hypercoagulability, volume overload, and 
worsening kidney function. In contrast, data from the phase 
3 trials and open label extension studies demonstrated that 
efgartigimod, eculizumab, and ravulizumab are associated 
with mild side effects, most commonly nasopharyngitis, 
upper respiratory infection, or headache.13–15 While initial 
studies have demonstrated the relative safety of these 
newer immunotherapeutic agents, complement inhibition 
has been well known to increase the risk of meningococcal 
infection, highlighting the importance of immunization 
or chemoprophylaxis for those unable to receive 
immunization two weeks prior to drug initiation in this 
population in addition to close monitoring for infections as 
the patient is undergoing the course of therapy.22–24 

One limitation of the cases reported in literature is 
that several rescue therapies were tried concomitantly 
or consecutively before initiation of efgartigimod, 
eculizumab, or ravulizumab. Therefore, it is possible 
that the combination of multiple mechanisms of action 
involving the MG pathogenesis could be responsible for 
the demonstrated clinical improvement. Multiple patients 
were continued on the complement or FcRn inhibitors that 
were used in the acute setting after clinical stabilization 
with sustained clinical benefit. Neither complement 
inhibitors nor FcRn inhibitors can render remission as they 
are not capable of stopping the production of pathogenic 
antibodies. However, this limitation does not preclude 
their use in the acute setting for the goal of eliminating the 
need of mechanical or non-invasive ventilation. Finally, the 
extremely high costs of the novel MG immunotherapeutics 
are one of the biggest barriers to their widespread use.

Conclusion
This review summarizes the available literature on the 

application of eculizumab, ravulizumab, and efgartigimod 
in the treatment of MC and suggests that patients in MC 
refractory to typical rescue treatments may benefit from 
the use of these newer immunotherapies. As most of the 
complement inhibitors and FcRN therapies are relatively 
new (apart from eculizumab), we expect that more case 

reports or case series will likely be generated in the near 
future, further solidifying their role in the treatment of MC 
or impending MC.
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