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Background: While numerous studies have investigated the onset features of myasthenia gravis (MG) complicated 
with myocarditis, there are few articles focusing on the prognosis of patients with both diseases. This study aims 
to examine mortality in patients with MG who also have myocarditis, and to summarize the clinical charac
teristics of deceased patients with both conditions.
Results: A total of 91 patients with MG were included in our study, of which 19 (20.9 %) were diagnosed with 
myocarditis. Shorter MG duration, thymoma, history of myasthenia crisis (MC) and use of immune checkpoint 
inhibitors (ICIs) were risk factors for developing myocarditis in MG patients. Among the 13 myocarditis-MG 
patients who did not receive ICIs, 11(84.6 %) had thymoma and 5 (71.4 %) of the 7 tested were positive for 
titin-IgG. In all myocarditis-MG patients, 11 (57.9 %) died from myocarditis (average age 51 ± 18 years), with 9 
(81.8 %) having thymoma and 5 (45 %) having a history of myasthenia crisis. Compared to the mortality rates of 
MC patients (16.1 %) and the general MG patients (1.8 %), the mortality rate of myocarditis-MG patients is 
significantly higher.
Conclusions: The study highlights that MG patients with myocarditis face a significantly increased risk of mor
tality. Thymoma and a history of MC were identified as potential risk factors for mortality, irrespective of prior 
ICI use.

1. Background

Myasthenia gravis (MG) is a prevalent autoimmune neuromuscular 
disorder characterized by fluctuating muscle weaknesses due to auto
antibodies [1]. The prevalence of MG ranges from 10 to 20 cases per 
100,000 individuals [2]. In 15 % of MG patients, symptoms and signs 
localized to ocular muscles. Affected extraocular muscles typically 
manifest asymmetrical ptosis and fluctuating diplopia [3]. Various au
toantibodies related to MG have been found, such as acetylcholine re
ceptor (AChR), muscle-specific kinase (MuSK), lipoprotein-receptor- 
related protein 4 (LRP4), titin and RYR autibodies [4].

The symptoms in myasthenia gravis primarily result from reduced 
skeletal muscle function. However, some patients experience other 
symptoms or signs due to myocardial injury [5]. In 1942, Rottino and his 
associates first suggested that myocardial lesions were integral to the 
pathology of myasthenia gravis [6]. However, the association between 
myocarditis and MG are rarely reported. a previous study indicated that 
1.2 % of MG patients experienced symptomatic myocarditis [7]. In 

recent years, with increasingly immune checkpoint inhibitors (ICIs) use 
in malignancy, as the most commonly immune-related adverse effects 
(irAEs) with an incidence ranging from 0.12 % to 0.2 %, MG was also 
reported and accompanied by myocarditis. Although MG associated 
with myocarditis is relatively rare, cardiac involvement may manifest in 
several forms, ranging from asymptomatic electrocardiography (ECG) 
changes to sudden death. Some non-specific symptoms may be mis
diagnosed as symptoms of skeletal MG. Previous reports have indicated 
that combination of Myocarditis-MG results in severe outcomes in pa
tients [8,9]. However, due to limited understanding of this phenome
non, a considerable number of patients do not undergo cardiac enzyme 
testing, resulting in missed diagnoses. Therefore, it is imperative to 
explore the characteristics associated with poor prognosis. While 
numerous studies have investigated the onset features of MG compli
cated with myocarditis, there are few articles focusing on the prognosis 
of patients with both diseases. Overall, myocardial injury in MG patients 
has received little attention, resulting in delayed treatment [10]. In this 
retrospective study, we aim to examine mortality in MG patients with 
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myocarditis and to summarize the clinical characteristics of deceased 
patients with both conditions.

2. Methods

2.1. Patient selection

We conducted a retrospective review of database prospectively built 
from January 2014 to December 2023 for hospitalized patients diag
nosed with MG at the West China Hospital, Sichuan University. The MG 
diagnosis was confirmed based on the following criteria: (a) fluctuating 
and fatigable muscle weakness; (b) at least one positive results of the 
following tests: neostigmine test, serum antibody assay (AChR or MUSK 
antibodies), and low-frequency repetitive nerve stimulation (RNS) test 
[11]. Myocarditis diagnosis was confirmed on the basis of the European 
Society of Cardiology 2013 Task Force criteria for clinically suspected 
myocarditis [12]. If a patient meets ≥1 clinical presentation and ≥ 1 
diagnostic criterion, they are diagnosed with myocarditis: 1. Clinical 
presentation such as chest pain, dyspnea, and palpitations; 2. Diagnostic 
criterion: ECG abnormalities such as first to third-degree atrioventric
ular block or bundle branch block, ST/T wave changes (ST segment 
elevation or non-ST segment elevation, T wave inversion); myocardial 
markers such as elevated troponin T (TnT); echocardiographic abnor
malities such as LV and/or RV structural and functional abnormalities; 
cardiovascular magnetic resonance (CMR) imaging consistent with 
myocarditis; abnormal endomyocardial biopsy. Patients with incom
plete laboratory data, infection, renal insufficiency or a previous history 
of heart disease were excluded from the analysis. To exclude the 
elevation of myocardial markers induced by serious infection, patient 
with concurrent cardiothoracic and infectious symptoms, or with 
cardiothoracic symptoms and known exposure to a pathogen, were 
considered for infectious myocarditis [13]. Patients with chronic kidney 
injury may develop secondary cardiac insufficiency due to left ventric
ular hypertrophy and increased left ventricular preload, leading to 
increased TnT release [14]. Previous clinical studies have found prog
nostic value in patients with chronic kidney injury [15], so myocardial 
enzyme are clinically tested in patients with renal insufficiency. To 
eliminate the interference of kidney injury, we excluded patients with 
renal insufficiency. This study was approved by the Medical Ethics 
Committee of the West China Hospital of Sichuan University 
(20241298).

2.2. Acquisition of data

We retrospectively collected the demographic and clinical data, 
containing sex, age, Myasthenia Gravis Foundation of America (MGFA) 
classification, presence of current myasthenic crisis (MC), history of MC 
before myocarditis onset, thymic pathology, chest computed tomogra
phy findings, comorbidity, and antibody results. The clinical course of 
initial myocarditis includes symptoms, ECG, echocardiography, cardiac 
enzymes tests including TnT, creatine kinase isoenzyme MB (CK-MB) 
and B type natriuretic peptide precursor (Pro-BNP). Besides that, days of 
hospitalization and ICU stays were also retrospectively collected.

The survival status of the included patients was collected. We defined 
myocarditis-related mortality based on the following criteria: (1) the 
patient had no other heart conditions, such as coronary artery disease or 
heart valve disease, but exhibited severe arrhythmias or even cardiac 
arrest.; (2) the cause of death was judged by supervising doctors to be 
myocarditis. Besides that, we counted the death of MG patients with and 
without MC from January 2014 to December 2023 to compare the 
mortality rates.

2.3. Statistical analysis

Quantitative data were presented as mean ± standard deviation 
(SD), and if not normally distributed according to Kolmogorov–Smirnov 

test, as median (interquartile range, IQR). Categorical variables were 
expressed as counts (percentages). Pearson's Chi-squared test, Wilcoxon 
rank sum test and Fisher's exact test were implied to compare variables 
between the two groups. Additionally, multivariable logistic regression 
analysis was performed to investigate the confounding factors.

All statistical analyses were performed using RStudio, version 4.2.1. 
Statistical significance was set at p < 0.05.

3. Results

3.1. Study population

We retrospectively screened 321 MG hospitalized patients who had 
undergone cardiac enzymes test from our database. Ultimately, 91 MG 
patients with or without myocarditis were eventually included in our 
study. The study flowchart is depicted in Fig. 1.

3.2. Characteristics of MG patients with and without myocarditis

Of the 91 MG patients enrolled, 19 (20.9 %) were diagnosed with 
myocarditis. The specific clinical characteristics such as the ejection 
fraction in the echocardiography related to myocarditis in MG patients 
are detailed in Supplement Table 1. The representative data about ECG, 
CMR and electron micrographs of patients with myocarditis is showed in 
Fig. 2. The mean age at onset of myocarditis-related symptoms was 49 
± 15 years, with 9 (47 %) of the cases being female.

The comparisons between MG patients with and without myocarditis 
were shown in Table 1. Those with myocarditis (myocarditis-MG) had a 
shorter duration of MG (median 0.1 years versus 0.9 years, p = 0.006), a 
higher prevalence of thymoma (68 % versus 21 %, p < 0.001), more 
frequent use of ICIs (32 % versus 1.4 %, p < 0.001), higher rates of 
MGFA classification ≥III (53 % versus 28 %, p = 0.040), and a history of 
MC (37 % versus 11 %, p = 0.013) compared to those without 
myocarditis. Multivariable logistic regression analysis demonstrated 

Fig. 1. The flow chart of the patient selection process.
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that thymoma, the use of ICIs and a history of MC constitute indepen
dent risk factors for myocarditis (Table 2).

Out of the 19 myocarditis-MG patients, 13 (68.4 %) did not receive 
ICIs. For these patients, the mean age at onset of MG was 46 ± 13 years 
and 7 (53.8 %) were males. Among them, 11 (84.6 %) had thymoma, 
and of the 7 patients tested for titin antibodies, 5 (71.4 %) were positive.

3.3. High mortality in myocarditis-MG patients

Among all 19 myocarditis-MG patients, 11 (57.9 %) died due to 
myocarditis. During the same period at West China Hospital, the mor
tality rate for patients experiencing MC was 29 out of 180 (16.1 %), 
while the mortality rate for general MG patients was 39 out of 2145 (1.8 
%). This indicates a significantly higher mortality rate for myocarditis- 
MG patients (Fig. 3).

Additionally, we collected clinical data from 29 deceased patients 
with MC and compared it with the 11 deceased myocarditis-MG patients 
(Supplement Table 2). In the myocarditis-MG group, the prevalence of 
early-onset MG (age ≤ 50 years) was 55 %, compared to 38 % in the MC 

patients. Furthermore, thymoma was found in 82 % of the deceased 
myocarditis-MG patients, while it was present in 59 % of those with MC. 
However, these differences were not statistically significant (p > 0.05).

3.4. Characteristics of deceased myocarditis-MG patients

Compared to survival myocarditis-MG patients, mortality tended to 
have younger age at onset of MG (median 49 versus 53 years, p = 0.657), 
higher rates of thymoma (82 % versus 50 %, p = 0.319), titin-IgG 
seropositivity (80 % versus 25 %, p = 0.206), and history of MC (45 % 
versus 25 %, p = 0.633). However, these differences did not reach sta
tistical significance (Supplement Table 3). And thymoma histology 
exhibited no statistically significant difference between the two groups 
(p > 0.05). After excluding 6 patients with a history of ICIs use, 10 of 13 
patients died, of whom 7 (70 %) were males, and 9 (90 %) had thymoma.

4. Discussion

As early as 1901, a case report firstly described a 30-year-old male 

Fig. 2. The representative electrocardiography, electron micrographs and cardiac magnetic resonance imaging in the myocardium of MG patients with myocarditis. 
(A) Electrocardiography showing ST segment elevation. (B) Electron micrographs showing the swollen mitochondria of cardiomyocytes and more vacuoles. (C) T2- 
weighted imagings exhibiting the regional hyperintense signals (C. a) and late gadolinium enhancement images showing the area with high signal intensity in a 
nonischemic distribution pattern (C. b).
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with MG who developed myocarditis [16]. Subsequently, clinicians 
began observing a group of patients with myocarditis associated with 
MG. Previous studies have identified several risk factors for the devel
opment of myocarditis in MG patients, including titin-IgG, thymoma, a 
history of MC, and the use of ICIs, which aligns with the characteristics 
observed in our cohort [17,18]. Notably, we found that over 50 % of 
myocarditis-MG patients died, regardless of the history of ICI use. A 
review including 35 cases reported a similar mortality rate of nearly 50 
% [9], reinforcing the need for heightened vigilance in the management 
of these patients.

Previous cases have indicated that some MG patients may have silent 

or mildly symptomatic myocarditis, suggesting that the prevalence of 
myocarditis in MG may be underestimated in clinical settings [9]. 
Additionally, the wide range of clinical manifestations and the rapidly 
changing nature of myocarditis—ranging from mild chest pain and 
various arrhythmias to severe heart failure and cardiogenic shock—can 
complicate clinicians' assessments and lead to delays in providing sup
portive treatment. The key finding of this study underscores the need for 
clinicians to prioritize this patient group and implement early in
terventions to prevent poor outcomes.

Myocarditis is increasingly recognized as a significant cause of sud
den cardiac death and heart failure among young adults. As an inflam
matory disease of the heart, myocarditis can be caused by infection, 
exposure to toxic substances, or activation of the immune system 
[19,20]. The activated T killer cells can directly target viruses and 
infected cells, leading to subacute and chronic inflammation, which may 
result in cardiomyocyte necrosis, fibrosis, and remodeling [ 21]. The 
exact mechanism by which MG patients develop cardiac injury remains 
unknown. Autopsies of myocarditis-MG patients have revealed exten
sive lymphocyte infiltration and the presence of giant cells in the heart 
muscle, characteristic of giant cell myocarditis (GCM) [10,21]. GCM, 
presumed to be an autoimmune disease, represents the most severe form 
of myocarditis associated with MG and carries a high risk of sudden 
death [9]. The pathogenesis of GCM is often attributed to T-lymphocyte- 
mediated myocardial inflammation [22]. Additionally, an abnormal T 
cell repertoire from thymomas probably contribute to the cardiac 
symptoms in MG patients [10]. However, circulating antibodies that 
affect both skeletal and cardiac muscle are also considered significant 
factors in the development of myocarditis in MG patients [23]. The 
precise mechanism underlying this process remains unclear.

Myocarditis associated with thymoma has gradually come to be 
recognized as a critical condition [24,25]. In our study, we suggest that 
thymoma is a significant risk factor for a poor prognosis in patients with 
myocarditis-MG. It is widely noted that myocarditis in MG patients is 
often linked to thymoma [24,26,27]. A 2021 review of case reports 
involving 20 deceased patients with MG-related myocarditis found that 
13 of them also had thymoma [9]. Our study further confirms the crucial 
role of thymoma in the mortality of patients with myocarditis-MG. 
However, the underlying mechanisms remain unclear and warrant 
further investigation.

Thymoma is the site where T cells mature and differentiate, with 
normal thymic structures capable of producing functional, self-tolerant 
T cells while eliminating autoreactive ones [ 28]. However, immuno
histochemical studies have shown that most thymoma tumor cells do not 
express AIRE, a crucial factor for the negative selection of T lymphocytes 
[29]. Abnormalities in negative or positive selection can result in the 
persistence of autoreactive T cells or the generation of new ones [30]. 
Research has indicated that the proportion of peripheral CD8(+) T cells 
is significantly higher in thymoma patients compared to normal controls 
[31]. In MG, a retrospective clinical analysis identified thymoma as an 
independent predictor of MC or disease progression [ 32]. Furthermore, 
analyses of T cell subsets in the blood revealed a higher proportion of T 
cells in MG patients with thymoma than in those without thymoma [33]. 
Given the central role of T cells in the mechanisms of myocarditis [ 21], 
we hypothesize that patients with MG and thymoma may be more likely 
to generate a greater number of autoreactive T cells or allow them to 
persist, ultimately contributing to GCM and increased mortality.

Regardless of prior ICIs use, a higher proportion of patients with 
myocarditis-MG test positive for titin-IgGs. Titin-IgG, an anti-striational 
antibody, plays a significant role in myocarditis-MG. Unlike AChR-IgG, 
which specifically target skeletal muscle, anti-striational antibodies can 
bind to proteins in both cardiac and skeletal muscles [23]. Numerous 
studies have identified titin-IgG as a risk factor for myocardial injury in 
MG [34,35,36]. In this study, we propose that the presence of titin-IgG 
may correlate with a poor prognosis in MG complicated by myocar
ditis. It is noteworthy that this antibody is primarily associated with 
thymoma [37]. Therefore, it remains unclear whether titin-IgG itself is 

Table 1 
Differences between MG patients with and without myocarditis.

Characteristics MG without 
myocarditis, N = 72

MG with 
myocarditis, N = 19

p- 
value1

Sex, female, n (%) 38 (53 %) 9 (47 %) 0.675
Age (y), Median (IQR) 51 (38, 61) 50 (35, 59) 0.895
Comorbidity, n (%)

Hypertension 12 (17 %) 5 (26 %) 0.337
Diabetes 13 (18 %) 3 (16 %) >0.999
Other malignancy 5 (6.9 %) 4 (21 %) 0.087
Other immune 
diseases

18 (25 %) 5 (26 %) >0.999

MG duration (y), 
Median (IQR)

0.9 (0.2, 2.3) 0.1 (0.0, 0.4) 0.006

EOMG, n (%) 35 (49 %) 10 (53 %) 0.755
Thymoma, n (%) 15 (21 %) 13 (68 %) <0.001
Use of ICIs, n (%) 1 (1.4 %) 6 (32 %) <0.001
Titin-IgG2, n (%) 3 (19 %) 5 (56 %) 0.087
MGFA (≥III) at onset, 

n (%)
20 (28 %) 10 (53 %) 0.04

History of MC, n (%) 8 (11 %) 7 (37 %) 0.013

Abbreviation: MG = myasthenia gravis; IQR = interquartile range; EOMG =
early-onset myasthenia gravis; ICI = immune checkpoint inhibitors; MGFA =
myasthenia gravis foundation of America; MC = myasthenic crisis.

1 Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test.
2 25 patients had tested the Titin.

Table 2 
Multivariable logistic regression analysis of factors for myocarditis.

Variables OR Estimate OR (95 % CI) P value

MG duration 0.948 0.690 1.174 0.702
Thymoma 46.652 6.976 1065.688 0.001
Use of ICIs 492.792 31.657 24,726.040 <0.001
History of MC 18.855 2.163 465.981 0.021
MGFA (≥III) at onset 2.024 0.353 12.295 0.427

Abbreviations: OR = odds ratio; CI = confidence interval; MG = myasthenia 
gravis; ICI = immune checkpoint inhibitors; MC = myasthenic crisis; MGFA =
myasthenia gravis foundation of America;

Fig. 3. Mortality of MG patients with different conditions.
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the underlying cause of myocarditis or if it is related to the presence of 
thymoma.

In our cohort, a higher number of patients in the myocarditis death 
group had a history of MC. Similar to the association of thymoma with 
myocarditis-MG, thymoma is an independent predictor of MC [38]. 
Previous single-cell transcriptomic analyses of peripheral blood mono
nuclear cells in patients who experienced MC have shown activation and 
amplification of nearly all T cell subsets in MG patients [39]. This may 
help explain why individuals with a history of MC are more likely to 
develop myocarditis and face increased mortality.

However, this study has several limitations. First, myocarditis 
screening is not routinely performed for all MG patients; it is only con
ducted in those presenting with cardiac symptoms. As a result, many MG 
patients with mild myocardial damage may have been excluded from 
this study. Second, some patients with myocardial damage may have 
been excluded due to concurrent infections or renal insufficiency. Third, 
while our study includes the largest cohort of myocarditis-MG patients 
compared to previous reports, the sample size remains relatively small. 
Although we observed a significantly higher proportion of deceased 
patients with certain clinical characteristics, statistical significance was 
not achieved, likely due to the limited sample size. The retrospectively 
observational study may have significant selection bias and larger pro
spective studies are needed to validate our findings.

In conclusion, our study highlights that MG with myocarditis is 
associated with a higher risk of mortality, regardless of prior ICI use. 
Thymoma and a history of MC were identified as potential risk factors 
for increased mortality. Consequently, it is crucial to monitor cardiac 
enzymes in MG patients, particularly those with thymoma and ICIs use.
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