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Abstract

COVID-19 pandemic has induced an urgent reorganization of the healthcare system to ensure continuity of care for patients
affected by chronic neurological diseases including myasthenia gravis (MG). Due to the fluctuating nature of the disease,
early detection of disease worsening, adverse events, and possibly life-threatening complications is mandatory. This work
analyzes the main unresolved issues in the management of the myasthenic patient, the possibilities offered so far by digital
technologies, and proposes an online evaluation protocol based on 4 simple tests to improve MG management. Telemedi-
cine and Digital Technology might help neurologists in the clinical decision-making process of MG management, avoiding

unnecessary in presence consultations and allowing a rational use of the time and space reduced by the pandemic.
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The pandemic coronavirus disease (COVID-19), caused by
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV?2), is still spreading around the globe and has raised
serious concerns throughout the health system and severely
limiting the access of patients with chronic diseases to
the hospital setting [1, 2]. Since safety protection of both
patients and healthcare workers has become the priority,
restriction measures have led to a deep impact on patients’
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care and quality of life, particularly for those affected by
chronic neurological disorders [3, 4]. Therefore, the pan-
demic fostered a quick reorganization of the healthcare
system, particularly urgent as the virus’s behavior and its
aftermath in the next months are still unpredictable [5].
The pandemic had a significant impact on the manage-
ment of patients with myasthenia gravis (MG). Manage-
ment of MG includes the concepts of clinical surveillance,
continuous treatment (as a chronic disease), and personal-
ized/precision medicine. By these cornerstones, specific
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guidelines have recently focused on the clinical manage-
ment of MG patients [6]. All treatment decisions should be
individualized and made collaboratively between patients
and healthcare providers. Patients should continue ongoing
treatment monitoring blood markers and it is advised not to
discontinue existing medications or initiate new treatments
unless specifically discussed and approved by the healthcare
providers, to reduce hospitalization and avoid the potential
risk of increased disease activity and/or of MG crisis [7].
It is unclear whether COVID-19 causes more severe dis-
ease in patients with chronic neuromuscular disorders; a
recent study suggests that the clinical course and outcomes
in patients with MG and COVID-19 are highly variable,
including reports of possible good outcomes [7—10]. How-
ever, due to the intrinsic fluctuating nature of the disease
and the risk of exacerbation related to any viral or bacterial
infections [11], MG patients, especially those already on
immunosuppressive medications, are highly recommended
to adhere to social distancing and restrictions, avoiding
public gatherings and public transport and, where possible,
using an alternative to face-to-face consultations, like tel-
emedicine. MG patients constitute an exceptionally vulner-
able group during the current COVID-19 pandemic due to
multiple issues. First, they have a well-known risk of neu-
rological exacerbations related not only to any viral or bac-
terial infections but also to drug exposure [11]. In fact, the
treatment of COVID-19 includes the use of drugs advised
by the International Consensus Guidance for Management
of MG such as azithromycin and hydroxychloroquine [12]
and other sedative and/or paralytic drugs necessary for intu-
bation and ventilation [13]. Second, they could be at higher
risk of COVID-19-related respiratory failure because of
baseline respiratory weakness. At least, despite reassuring
preliminary data regarding chronic immunosuppression and
clinical outcome of COVID-19 [14, 15], further evidence
is needed to rule out an additional risk for MG patients on
chronic immunosuppressive therapies.

The pandemic was a worrying event for patients with MG:
An online survey conducted in China showed that patients
were very concerned about the COVID-19 pandemic and
many have changed their lifestyle to reduce the risk of infec-
tion [16]. The direct relationship between COVID and myas-
thenic crises has not been fully elucidated although these
may be exacerbated by infection and the use of IVIg could
be a potential benefit for both [17]. In 15 consecutive adult
MG patients admitted with COVID-19, 87% were admitted
in the intensive care unit, 73% needed mechanical ventila-
tion, and 30% died, suggesting a more severe course in this
population [18].

To collect information about the outcome of patients with
MG and COVID-9, the International MG/COVID-19 Work-
ing group has recently developed a physician-reported reg-
istry named CARE-MG: COVID-19 Associated Risks and
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Effects in Myasthenia Gravis. Preliminary data published
in December 2020 reported an MG-worsening in 40% of
patients and have higher mortality than the general popula-
tion with COVID-19 [6].

The trend in recent studies is to implement telemonitoring
and telemedicine facilities that could make health disease
control efficient and better select those few people who have
a hospital assessment [19]. In this scenario, the American
Academy of Neurology (AAN) has urgently developed guid-
ance for clinicians to implement telemedicine services amid
the COVID-19 crisis [20]. However, the potential and limi-
tations of telemedicine in the management of patients with
myasthenia gravis are still almost completely unexplored
and some key points must be understood as the spread of
these techniques is destined to grow in the final tail of the
pandemic and in the long phase of adjustment that will fol-
low. Therefore, telemedicine and digital technologies (DT),
through easy devices such as videoconference, might help
physicians in the decision-making process and represent a
new strategy to ensure the continuity of care.

Tele-neurology allows not only the protection of MG
patients from potential exposure to COVID-19 but also
closer clinical surveillance in the case of infection in a non-
healthcare setting, essential for the possibility of a more
rapid decline in respiratory function and of exacerbation of
the underlying neuromuscular symptoms. Follow-up of sta-
ble patients with MG through telemedicine has been already
considered by the expert of high utility/appropriateness dur-
ing the COVID-19 pandemic [21].

Besides neurological examination, which is essential to
detect signs of disease activity and an early deterioration of
the clinical condition, validated clinical scales are very use-
ful tools for disease monitoring with an acceptable rate of
interrater reliability and reproducibility and include Myas-
thenia Gravis Foundation of America Clinical Classification
(MGFA) Clinical Classification, Quantitative Myasthenia
Gravis (QMG), and Myasthenia Gravis Activity of Daily
living (MG-ADL) [22, 23].

MGFA helps to categorize individual cases accord-
ing to a scale of progressive severity in five stages, from
I (symptoms and signs narrowed to the ocular district) to
the V stage (patient intubated with severe restrictive dis-
ventilatory pattern). QMG is a 13-item scale used for the
assessment of signs and symptoms relative to ocular, cranial,
respiratory, axial, and limb muscle function. The MG-ADL
in an 8-item questionnaire regarding the impact of common
MG symptoms in the activity of daily living. While QMG
requires trained personnel and approximately 20 min to be
completed, MGFA and MG-ADL do not require intensive
training for physicians and their administration requires less
than 5 min. Their ease of use and short lead times make
these last two scales good candidates for use via telemedi-
cine tools, as during a video call. Various maneuvers or tests
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are routinely used in the clinical practice to investigate the
presence of signs of fatigability; the core syndrome of MG
might be easily translated to the context of telemedicine.

The most frequent and common signs/concerns of MG
include ptosis and diplopia; however, these do not represent
a “red flag” and a warring alarm. On the other hand, dyspha-
gia, dysarthria, and dyspnea frequently represent signs of the
unstable clinical condition and a potential clue of increased
disease activity.

Besides bulbar symptoms, dysphagia may seem difficult
to evaluate remotely, but swallow tele-evaluation has been
demonstrated to have high accuracy and reliability in many
different contexts [24—26] and the appropriateness of dys-
phagia assessment via telemedicine has been outlined by
the World Muscle Society position papers about the man-
agement of patients with neuromuscular disorders during
COVID-19 pandemic [22, 27].

Isolated reports investigated the use of questionnaires
administered by telephone to monitor the clinical progress of
patients and emerged that, on 45 people contacted, a worsen-
ing of respiratory functions demonstrated by telephone inter-
view had a positive predictive power of more than 80% [28].

Based on literature analysis, we suggest a basic testing
system to differentiate remotely patients according to disease
severity and to identify patients at greater risk of myasthenic
crisis. This is a 4-item test to quickly detect signs and symp-
toms of bulbar and respiratory involvement, the red flag for
the need of face to face evaluation and, wherever appropri-
ate, hospitalization:

a) Counting aloud (CAT): ask the patient to take a deep
breath and count out loud as many numbers as they can.
This simple test might enhance dysarthria (nasal, lin-
gual, or labial) and results in dyspnea. Moreover, it gives
an approximate idea of the vital capacity multiplying the
number the patient can achieve with one breath by 100.
The test is particularly simple and, for this reason, it can
be performed safely via video consultation or even by
telephone, providing an initial picture of any changes in
the clinical picture [28].

b) Hoarseness test (HT): weakness of the laryngeal mus-
cles results in hoarseness, namely changes in the voices.
This can be elicited by asking the patient to make a
high-pitched sound [29]. This test is also very simple
and can be performed via telephone or video and can
be performed by a trained caregiver who can help the
doctor monitor small changes that require hospital re-
evaluation.

¢) Head up Test (HUT): while supine, ask the patient to flex
the head and keep it flexed as long as they can (at least
10 s). Typically, neck flexion is weaker than neck exten-
sion in patients with MG and weakness of neck muscles
is frequently related to fatigability of muscles with bul-

bar innervation. The dropping of the head is frequently
associated with worsening of the clinical picture of MG
[30] and can be examined by video consultation with the
support of a caregiver who has been sufficiently trained
in the administration of this test. A significant deteriora-
tion in the result of this simple test may be a reason for
referring the patient to a hospital consultation.

d) Swallowing test (ST): the 3-oz swallowing test allows
to evaluate the patient’s swallowing abilities by observ-
ing the reaction to the swallowing of a small amount of
water and defines the risk of ingestion through the loss
of liquid, the appearance of cough, and changes in the
voice [31]. This last parameter may reveal, in particular,
a subacute worsening of the function of the laryngeal
muscles associated with a myasthenic crisis. The evalu-
ation can be performed by a well-trained caregiver and
offer the possibility to quickly and non-invasively assess
changes in swallowing function and send to hospital
consultation only the most suspected cases for a clini-
cal worsening.

In conclusion, telemedicine can offer valid support in (a)
detecting early symptoms and signs of disease worsening,
(b) preventing life-threatening complications, and (c) high-
lighting early changes in the clinical picture that requires
to be evaluated in a hospital setting. We acknowledge that
tele-neurology has many limitations but we emphasize that
implementing the telemedicine approach for patients with
MG is necessary to improve patients’ management during
the COVID-19 pandemic.
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