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To the Editor
We were pleased to receive the correspondence from 

colleagues in relation to our comment published in Neu-
rological Sciences [1]. We are grateful for the opportunity 
to clarify some of the important and relevant issues raised 
by them.

As for the first point, since the original assessment by 
Jaretzki et al. [2], data might have been biased because of 
different definitions of myasthenic crisis (MC) including 
or excluding Myasthenia Gravis Foundation of America 
(MGFA) Classes, for instances patients in class IV. A long-
standing goal is to reach a clear definition of MC in order to 
design higher-yield clinical trials and to tailor the treatments, 
including supportive feeding, invasive or non-invasive ven-
tilation. In consequence, patients defined as having MC 
should be precisely scored as integral part of myasthenia 
gravis (MG) outcome [3].

Second, Rodrigues et al. [4] patients had worsening of 
weakness preceding or at the time of respiratory failure, 
which leads to classify them as having MC. This statement 
should be taken cautiously, because the distinction between 
a worsened myasthenic patient due to underlying MG as a 
result of COVID-19 and a not worsened MG patient with 
severe COVID-19 pneumonia is not so obvious, also for an 
experienced neurologist. MC weakness may develop within 
minutes to days and often intubated patients are sedated, 
limiting the ability to detect worsening myasthenic weakness 
contributing to respiratory failure [5].

Third, it is crucial the assessment of the causes of res-
piratory failure in MC during SARS-COV-2 infection. 
The COVID-19 pandemic has inspired new interest in 

understanding the fundamental pathology of acute respira-
tory distress syndrome (ARDS), which has been associated 
with severe coronavirus disease 2019. ARDS has long been 
recognized to be remarkably heterogeneous, with a wide 
range of causes, a broad spectrum of severity, and different 
degrees of impairment in oxygenation and distribution of 
the lung disease [6]. Despite ARDS related to COVID-19 
(CARDS) is broadly similar to the classical virally medi-
ated ARDS, several phenotypes have been described, such 
as CARDS with mild reductions in compliance associated 
with severe hypoxemia, which differ from the typical ARDS 
features. Nevertheless, the physiological change behind the 
different forms of CARDS and classic-ARDS is mainly due 
to the intrapulmonary shunt, which results in severe impair-
ment of gas exchange [7].

Rodrigues et al. wrote that they used hypercapnia without 
hypoxemia or presenting before hypoxemia as a surrogate 
marker for muscle weakness. We agree with the authors in 
defining this approach as appropriate for the identification 
of patients with alveolar hypoventilation, due to neuromus-
cular weakness. Indeed, despite also patients suffering from 
ARDS or CARDS exhibit impaired CO2 clearance, mainly 
due to “wasted” ventilation in lung regions, where ventila-
tion markedly exceed perfusion, hypercapnia does not occur 
until the pulmonary shunts reaches 50% [8]. Thus, given 
these physiological assumptions, in the course of CARDS, 
the onset of hypercapnia without severe hypoxemia is not 
admissible. On the other hand, patients suffering from neu-
romuscular diseases with respiratory muscles involvement, 
in the early phase of the development of hypoventilation, 
may exhibit mild hypercapnia associated with mild hypox-
emia, as established by the alveolar gas equation [9]. Indeed, 
the assessment of the alveolar to arterial oxygen gradient 
(A-a gradient) would have been clinically useful in patients 
with hypoxemia of undetermined etiology, allowing to iden-
tify patients with an inappropriately elevated A-a gradient 
due to parenchymal diseases, and patients with A-a gradient 
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within normal limits, who are affected by pure hypoventila-
tion due to respiratory muscle weakness [9].

Finally, Rodrigues et al. correctly pointed out that in Mur-
thy et al. [10] cases, the respiratory failure due to pulmonary 
complications of COVID-19 developed in elderly men with 
stable disease state or in pharmacological remission. Indeed, 
Murthy et al. [10] highlighted distinct differences between 
the two types of respiratory failure in subjects with MC and 
those occurring in stable MG patients. This distinction in 
our view is clinically crucial, having in mind that the two 
conditions, COVID-19 and MC, might overlap.

Declarations 

Ethical approval  None.

Conflict of interest  None.

References

	 1.	 Galassi G (2022) The Janus faces of SARS-COV-2 infection 
in myasthenia gravis and myasthenic crisis. Neurol Sci 27:1–2. 
https://​doi.​org/​10.​1007/​s10072-​022-​06206-5

	 2.	 Jaretzki A 3rd, Barohn RJ (2000) Ernstoff RM et al Myasthenia 
gravis: recommendations for clinical research standards. Task 
Force of the Medical Scientific Advisory Board of the Myasthenia 
Gravis Foundation of America. Neurology 12(55):16–23. https://​
doi.​org/​10.​1212/​wnl.​55.1.​16

	 3.	 Neumann B, Angstwurm K, Mergenthaler P, Kohler S, Schönen-
berger S, Bösel J, Neumann U, Vidal A, Huttner HB, Gerner 
ST, Thieme A, Steinbrecher A, Dunkel J, Roth C, Schneider 

H, Schimmel E, Fuhrer H, Fahrendorf C, Alberty A, Zinke J, 
Meisel A, Dohmen C, Stetefeld HR; German Myasthenic Cri-
sis Study Group (2020) Myasthenic crisis demanding mechani-
cal ventilation: a multicenter analysis of 250 cases. Neurology 
;94:e299-e313. https://​doi.​org/​10.​1212/​WNL.​00000​00000​008688.

	 4.	 Rodrigues CL, de Freitas HC, Lima PRO, de Oliveira Junior PH, 
Fernandes JMA, D’Almeida JAC, Nóbrega PR (2022) Myasthe-
nia gravis exacerbation and myasthenic crisis associated with 
COVID-19: case series and literature review. Neurol Sci 43:2271–
2276. https://​doi.​org/​10.​1007/​s10072-​021-​05823-w

	 5.	 Anand P, Slama MCC, Kaku M, Ong C, Cervantes-Arslanian AM, 
Zhou L, David WS, Guidon AC (2020) COVID-19 in patients 
with myasthenia gravis. Muscle Nerve 62:254–258. https://​doi.​
org/​10.​1002/​mus.​26918

	 6.	 Hariri L, Hardin CC (2020) COVID-19, angiogenesis, and ARDS 
endotypes. N Engl J Med 383:182–183. https://​doi.​org/​10.​1056/​
NEJMe​20186​29

	 7.	 Lu S, Huang X, Liu R, Lan Y, Lei Y, Zeng F, Tang X, He H 
(2022) Comparison of COVID-19 induced respiratory failure and 
typical ARDS: similarities and differences. Front Med (Lausanne) 
9:829771. https://​doi.​org/​10.​3389/​fmed.​2022.​829771

	 8.	 Radermacher P, Maggiore SM, Mercat A (2017) Fifty years of 
research in ARDS. Gas exchange in acute respiratory distress syn-
drome. Am J Respir Crit Care Med 196(8):964–984. https://​doi.​
org/​10.​1164/​rccm.​201610-​2156SO

	 9.	 Curran-Everett D (2006) A classic learning opportunity from 
Fenn, Rahn, and Otis (1946): the alveolar gas equation. Adv 
Physiol Educ 30(2):58–62. https://​doi.​org/​10.​1152/​advan.​00076.​
200

	10.	 Murthy JMK, Gutta AK, Yerasu MR, Boorgu SK, Osman S, 
Jaiswal SK, Pidaparthi L, Gudavalli BP (2021) COVID-19 in 
patients with myasthenia gravis: mechanisms of respiratory fail-
ure. Neurol India 69(6):1772–1776. https://​doi.​org/​10.​4103/​0028-​
3886.​333460

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

6666 Neurological Sciences (2022) 43:6665–6666

https://doi.org/10.1007/s10072-022-06206-5
https://doi.org/10.1212/wnl.55.1.16
https://doi.org/10.1212/wnl.55.1.16
https://doi.org/10.1212/WNL.0000000000008688
https://doi.org/10.1007/s10072-021-05823-w
https://doi.org/10.1002/mus.26918
https://doi.org/10.1002/mus.26918
https://doi.org/10.1056/NEJMe2018629
https://doi.org/10.1056/NEJMe2018629
https://doi.org/10.3389/fmed.2022.829771
https://doi.org/10.1164/rccm.201610-2156SO
https://doi.org/10.1164/rccm.201610-2156SO
https://doi.org/10.1152/advan.00076.200
https://doi.org/10.1152/advan.00076.200
https://doi.org/10.4103/0028-3886.333460
https://doi.org/10.4103/0028-3886.333460

	Reply to Letter response to “The Janus faces of SARS-COV-2 infection in myasthenia gravis and myasthenic crisis”
	References


