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Abstract
Adult COVID-19 patients can present with acute muscle and/or cardiac involvement. Our study aims to describe the inci-
dence and characteristics of patients with the co-occurrence of COVID-19 myopathy and inflammatory cardiac disease. We 
retrospectively reviewed all COVID-19 patients admitted to a large tertiary center to assess the co-occurrence of myopathy 
and inflammatory cardiac disease. We conducted a literature review of prior relevant case reports. There were three COVID-
19 patients with concurrent involvement from our center and five cases in the published literature. Overall, mean age was 
57.7 ± 16, four were females (50%) and only two patients (25%) had major relevant comorbidities. Muscle involvement 
included rhabdomyolysis or myositis and cardiac involvement included myocarditis or pericarditis. Most patients (75%) had 
no respiratory COVID-19 symptoms. Troponin and creatine phosphokinase levels were higher than twofold of the upper 
limit of normal for all patients. Steroids were used in the treatment of most patients (75%). All patients had a resolution or 
improvement of their extra-pulmonary involvement while two (25%) deteriorated due to COVID-19 pneumonia. The inci-
dence for this co-occurrence is 0.07% among hospitalized COVID-19 patients. Patients with these rare COVID-19 simul-
taneous manifestations have distinct features. They are generally younger, present with extra-pulmonary symptoms and do 
not have severe respiratory compromise. An underdiagnosis causing treatment delay is possible. Further study is needed.
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Introduction

Severe acute respiratory syndrome (COVID-19) caused by 
the novel coronavirus SARS-CoV-2 is known to cause a 
wide variety of extra-pulmonary manifestations [1–4]. These 
can be either related to a specific organ or mimic a sys-
temic inflammatory disease. Cardiac involvement secondary 
to COVID-19 occur in over 50% of patients with different 
presentations, manifestations and complications [2, 5, 6]. 
Up to 16% of these patients can also be asymptomatic [7, 8]. 
Skeletal muscle myopathy is an additional extra-pulmonary 
manifestation of COVID-19, occurring in up to one-third 

of symptomatic patients and ranging from limited myalgia 
to myositis or rhabdomyolysis, depending on the authors’ 
definition [9, 10]. While involvement of each system sepa-
rately is well described among COVID-19 patients, their 
concurrent appearance is not; only a few cases are reported 
in the literature. Here we report a case series of patients 
with concurrent myopathy and inflammatory cardiac disease 
secondary to active COVID-19 infection and review the lit-
erature of such cases.

Methods

This is a retrospective case series review in Tel Aviv 
Sourasky Medical center, a large tertiary center in Israel. 
Cases were identified from the electronic hospital registry 
system using the MDClone software [11]. The inclusion pro-
cess is presented in Fig. 1. We searched the registry for rele-
vant cases among all patients admitted between March 2020 
and August 2021 with proven COVID-19 by oropharyngeal 
SARS-CoV-2 polymerase chain reaction (PCR) swab. Our 
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initial search parameters included adults over the age of 18 
with a recorded diagnosis of myopathy or inflammatory 
cardiac disease during admission (including myocarditis, 
pericarditis, cardiac tamponade, myositis, myasthenia gravis, 
and rhabdomyolysis). To avoid the loss of other relevant 
cases, we also searched for patients that had a peak creatine 
phosphokinase (CPK) level of at least 1000 U/L (normal 
35–145 U/L) with a peak troponin I level of at least 100 ng/L 
(normal < 50 ng/L). Exclusion criteria were prior diagnosis 
of any chronic myopathy or cardiac inflammatory disease. 
Medical records of all cases found using the method above 
were then reviewed to verify the diagnoses and co-occur-
rence of myopathy and inflammatory cardiac disease. Only 
patients diagnosed with new onset myopathy and inflam-
matory cardiac disease during admission were included in 
the final series. For this purpose, we reviewed the hospital 
admission note, previous hospitalizations, clinic visits, and 
laboratory and imaging results. Diagnoses of myopathy or 
inflammatory cardiac disease were made based on the pres-
ence of relevant symptoms, physical examination findings 
and either laboratory or imaging findings. We defined these 
diagnostic criteria for a minimum of a probable confidence 
diagnosis. A probable diagnosis of Idiopathic Inflammatory 

Myopathies (IIM) relies mainly on patient complaints, phys-
ical examination, and laboratory findings and is considered 
enough to classify patient as having IIM [12]. The study was 
approved by the institutional review board (TLV-0546-21).

Search strategy

A case-based search was conducted according to the review 
strategies recommended in the literature [13]. Using the 
MEDLINE/PubMed, DOAJ and Scopus databases, we 
searched the literature for reported cases between Janu-
ary 2020 and October 2021, with the following strategy: 
((myositis) OR (myasthenia gravis) OR (rhabdomyolysis) 
OR (myopathy)) AND ((pericarditis) OR (myocarditis) OR 
(cardiomyopathy)) AND ((Covid-19) OR (SARS-CoV-2)). 
Twenty-eighth articles were retrieved from MEDLINE/
PubMed, 23 from DOAJ and 52 from Scopus. The titles, 
abstracts, and full texts of all case series / case reports or 
other studies with case presentation were reviewed. Inclu-
sion criteria of cases were as follows: (1) reports in English 
describing patients aged ≥ 18 years, (2) detailed case presen-
tation, (3) diagnosis of COVID-19 using a nasopharyngeal 
swab test or serological examination, (4) new onset con-
current occurrence of myopathy and inflammatory cardiac 
disease during active COVID-19 disease, and (5) no prior 
myopathy or inflammatory cardiac disease.

Results

Case series

A total of 4475 patients with COVID-19 diagnosis were 
admitted in our facility during the specified period and 
appeared in the MDClone database. Eighty-six cases were 
found through the hospital registry search (Fig. 1). After 
review, three cases met our inclusion criteria for the case 
series. Clinical details of these cases are outlined below and 
summarized in Table 1.

Case 1: Perimyocarditis, cardiac tamponade and myositis

A 47-year-old female presented with fatigue, myalgia, and 
fever 5 days after being detected positive for SARS-CoV-2 
by oropharyngeal PCR swab. Her medical history included 
past invasive ductal carcinoma of her left breast (2011) and 
fibromyalgia. Vital signs included tachycardia of 120 beats 
per minute, blood pressure 103/87 mmHg with normal O2 
saturation at room air and no fever. Bilateral lower limb ten-
derness on palpation was noted on physical examination. 
Initial troponin level was 396 ng/L. After several hours, 
a sudden deterioration occurred with O2 de-saturation of 
83% at room air, hypotension of 77/40 mmHg and metabolic 

Source popula�on (n=4475)

All adult pa�ents hospitalized 
with a posi�ve COVID-19 between 

March 2020 and August 2021a

Hospital registry search for 
possible relevant cases

Ini�al exclusion (n=4389):

No diagnosis of myopathy or 
inflammatory cardiac disease 

recorded in the registry b

AND
Peak troponin I or CPK levels 
lower than 100 ng/L or 1000 

U/L, respec�vely c

n=86

- Recorded inflammatory disease 
diagnosis in the registry (n=11) b

- Laboratory criteria met (n=75) c

Review for inclusion of cases to the 
case series

Case series (n=3)

All COVID-19 pa�ents with new-
onset concurrent myopathy and 

inflammatory cardiac disease

Final exclusion (n=83):

1. Only an inflammatory 
cardiac disease or a 
myopathy (n=14)
2. Without any inflammatory 
cardiac disease or myopathy 
(n=69)

Fig. 1   Flow chart of the inclusion process. CPK creatine phosphoki-
nase. aDiagnosed by positive oropharyngeal SARS-CoV-2 polymer-
ase chain reaction (PCR) swab. bDiagnoses recorded by the treating 
physician during admission, including myositis, myasthenia gravis, 
rhabdomyolysis, myopathy, pericarditis, myocarditis, or cardiomyopa-
thy. cRegarded as the laboratory criteria



907Rheumatology International (2022) 42:905–912	

1 3

acidosis with pH of 6.9. The patient was treated with intra-
venous fluids and noradrenalin. A bed-side trans-thoracic 
echocardiogram (TTE) was performed, revealing a moder-
ate amount of pericardial fluid with mitral valve respiratory 
variation. An urgent pericardiocentesis was carried out with 
drainage of 350CC serous-bloody fluid and restoration of 
hemodynamic and respiratory stability. On day 2, second 
TTE showed minimal residual pericardial fluid and a follow-
up ECG showed a QRS complex enlargement in the precor-
dial leads (Fig. 2). Bacterial cultures, acid-fast stain, adeno-
sine deaminase, cytology for malignant cells and PCR of 
COVID-19 from the pericardial fluid were negative. During 
the same day, a proximal weakness of upper and lower limbs 
appeared with worsening of myalgia. On physical exami-
nation, strength of bilateral iliopsoas was 2\5 and bilateral 
deltoid 3\5 with tenderness to palpation. Lab results showed 
an increase in serum CPK to 9000 U/L peaking at 16,000 on 
day 3. Testing of other infectious etiologies were negative 
for viral respiratory panel (Adeno virus, Influenza A and B, 
Respiratory syncytial virus, human metapneumovirus and 
parainfluenza), hepatitis C and B (negative Hepatitis B sur-
face antigen and antibody, total core antibody and antibodies 
for Hepatitis C), Human immunodeficiency virus, cytomeg-
alovirus (negative IgM antibodies) and Epstein-Barr virus 
(negative IgM antibodies). Laboratory testing for primary 
rheumatologic causes were negative for rheumatoid factor, 
antinuclear antibody, low complement C3 and C4 levels and 

for specific and associated idiopathic inflammatory myopa-
thies antibodies (Mi-2 alpha and beta, TIF1 gamma, MDA5, 
NXP2, SAE1, Ku, PM-Scl100, PM-Scl75, JO-1, SRP, PL-7, 
PL-12, EJ, OJ and Ro-52). A computed tomography (CT) 
scan showed bilateral lung ground-glass opacities consistent 
with COVID-19, mild pericardial thickening consistent with 
pericarditis, and edema of the proximal lower limb mus-
culature consistent with myositis (Fig. 3). Treatment with 
Remdesivir, dexamethasone and tocilizumab were given 
in accepted dosages per-institutional protocol for severe 
COVID-19 [14–16]. General improvement was noted on day 
5 with decreased myalgia, increase of iliopsoas strength to 
4\5 and resolution of upper limb weakness.

Case 2: New left ventricular global functional impairment 
as a presentation of myocarditis and myositis

A 41-year-old female presented with bilateral lower limb 
weakness, cough, and fever for 2 days. She was detected 
positive for SARS-CoV-2 by oropharyngeal PCR swab upon 
arrival. Her medical history includes chronic kidney disease 
secondary to polycystic kidney disease with a baseline cre-
atinine of 6 mg/dL. Vital signs were within normal range, 
bilateral proximal lower limb weakness was noted upon 
medical examination. Initial laboratory results showed a 
creatinine of 18.5 mg/dL without any electrolyte abnormali-
ties, venous blood gases with pH of 7.14 and bicarbonate of 

Table 1   Characteristics of COVID-19 patients included in the case-series

CKD, chronic kidney disease; HTN, hypertension; Max, maximum; CPK, creatine phosphor-kinase; CRP, C-Reactive Protein; LDH, lactate 
dehydrogenase; WBC, white blood cells
*Tests were taken after two dialysis sessions

Case 1 Case 2 Case 3

Age 47 41 91
Gender Female Female Male
Comorbidities Previous breast cancer, fibromyalgia Polycystic kidney 

disease with CKD 
(creatinine 6 mg/
dL)

Mild cognitive impairment, Atrial 
fibrillation, HTN, dyslipidemia, CKD 
(creatinine 1.5 mg/dL), past smoker (40 
pack/years)

Inflammatory cardiac disease Perimyocarditis, cardiac tamponade Myocarditis Pericarditis
Myopathy Myositis Myositis Rhabdomyolysis
Worst ventilatory support Nasal cannula None High-flow nasal cannula
Hospitalization duration (days) 8 18 Death
Max troponin (ng/L) 1625 399* 1057
Max CPK (U/L) 16820 1150* 8575
Max CRP (mg/L) 62.8 151 154
Max LDH (U/L) 1350 1134 1277
Max WBC (K/uL) 14.3 13.7 7.2
Max D-Dimer (mg/L) 1.61 6.3 3.28
Treatment Dexamethasone, Remdesivir, Tocilizumab Dexamethasone, 

Casirivimab and 
Imedevimab

Dexamethasone
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5.7 mmol/L. An urgent dialysis was performed with resolu-
tion of acidosis. Treatment with dexamethasone was initiated 
and a single dose of monoclonal anti-SARS-CoV-2 antibod-
ies (Casirivimab and Imedevimab antibodies) was given due 
to low anti-SARS-CoV-2 spike IgG levels [17]. The patient 
completed second dialysis session 12 h after admission to 
the COVID-19 department. First CPK level, taken on day 2, 
was 1150 U/L with improvement of lower limbs weakness 
on day 3. Upon arrival to the COVID-19 department, the 

patient complained of dyspnea which appeared with minimal 
effort combined with generalized fatigue. First troponin level 
taken on day 2 was 399 ng/L. TTE showed severe global 
LV systolic dysfunction with ejection fraction (EF) of 30%, 
which was a new finding in comparison with a TEE per-
formed in December 2019. The patient continued dialysis 
with improvement of symptoms and was transferred to a 
non-COVID-19 internal medicine department after recov-
ery from COVID-19. Two weeks later, coronary angiogra-
phy showed a non-significant coronary artery disease and 
a follow-up TTE showed improvement of global systolic 
dysfunction with an EF of 40%.

Case 3: Pericarditis and rhabdomyolysis

A 91-year-old male presented with 2 days of extreme 
bilateral lower limb weakness (“could not stand”) and 
shortness of breath. He was detected positive for SARS-
CoV-2 by oropharyngeal PCR swab upon arrival. His 
medical history included a mild cognitive impairment, 
paroxysmal atrial fibrillation, hypertension, dyslipidemia, 
chronic kidney disease with baseline creatinine of 1.5 mg/
dL and prior smoking (more than 20 years ago) with 40 
pack years. Upon admission abnormal vital signs included 
fever of 39.2 degrees Celsius and oxygen saturation of 
86% at room air elevated to 95% while using oxygen 
nasal cannula. Blood pressure and heart rate were within 
normal range. Physical examination was noticeable for 
bilateral proximal lower limb weakness without signs of 

Fig. 2   Electrocardiograms from case 1, upon arrival (A) showing low QRS voltage and at day 2 (B) showing enlargement of QRS in precordial 
leads

Fig. 3   Computed tomography from case 1, symmetric bilateral edema 
of the proximal lower limb musculature (white arrows), consistent 
with myositis
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dyspnea or tachypnea. Chest radiograph (CXR) showed 
an enlarged heart silhouette (Fig. 4). Bedside TTE showed 
moderate pericardial effusion. Initial lab results included 
elevated troponin level of 121 ng/L and a CPK level of 
5011 U/L, both peaked the following day at 1057 ng/dL 
and 8575 U/L, respectively. Treatment with Dexametha-
sone was initiated. Two days after admission, lower limb 
weakness has improved, and the patient was able to walk 
with assistance. However, the following day a respiratory 
deterioration occurred and was attributed to worsening of 
COVID-19 pneumonia. Oxygen desaturation continued to 
worsen, and the patient required high flow nasal cannula. 
Three days later the patient died due to respiratory failure.

Literature review

We identified 26 articles with a case description, and after 
reviewing, only 5 were included in our case series using 
the above inclusion criteria. We excluded eight cases of 
patients with only myopathy or inflammatory cardiac 
disease, five cases with a known myopathy or inflam-
matory cardiac disease, four cases of patients without 
COVID-19, three cases describing the effect of COVID-
19 vaccine, and one case of a patient under 18 years. The 
characteristics of the included cases are summarized in 
Table 2 [18–22]. Median age was 50 (39–78) years and 
only one patient had a history of prior cardiac disease. 
The presenting symptom in all patients was related to one 
of the extra-pulmonary systems and 80% had no COVID-
19-related respiratory symptoms. Steroids were part of 
the treatment regimen of three patients, colchicine for two 
patients and hydroxychloroquine for one.

Discussion

In this article, we present the first case series of COVID-19 
patients with concurrent myopathy and inflammatory car-
diac disease. Our study sample included two young patients, 
in accordance with the relatively young age of the patients 
from the reviewed cases (overall median 49, range 39–91). 
Previous reports showed a wide age variety of COVID-19 
patients with any of these manifestations [2, 3]. Overall, only 
one patient (12.5%) had multiple cardiovascular or neuro-
muscular comorbidities [18]. In addition, only two patients 
(25%) did not recover and suffered from further deteriora-
tion. These findings are in contrary to the higher rates of 
cardiovascular comorbidities and worse outcomes as seen 
in previous studies among COVID-19 patients with cardiac 
complications [1, 5]. A reasonable explanation might be 
the exclusion of patients from our study with any vascular 
complications such as myocardial infraction or stroke or any 
complication secondary to sepsis or shock. At least one of 
the extra-pulmonary manifestations occurred for all patients 
early during the course of the disease, in line with previous 
findings on COVID-19 related myositis or myocarditis [2].

COVID19 related myopathy and cardiac complications 
are known to have a strong inflammatory component [10, 
23, 24]. Concomitant involvement can also occur in inflam-
matory myopathies or as a side effect of drugs such as 
checkpoint inhibitors which further highlight the possible 
inflammatory (as opposed to infectious) mechanism for this 
association [25, 26]. In our case series considered together 
with cases from the literature review and other, most patients 
did not have a major respiratory complication and only two 
had critical COVID-19 pneumonia [4, 22]. There might be a 
different mechanism leading to the involvement of each sys-
tem in COVID-19, inflammatory or else, which can explain 
this finding.

Fig. 4   Chest radiograph from 
case 3, from 2018 (A) and upon 
arrival (B) with enlarged heart 
silhouette due to pericardial 
effusion
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Other infectious agents, including viruses, bacteria and 
parasites, are known to trigger autoimmunity, which may 
also play a key role in the development of extra-pulmonary 
COVID-19 disease [27]. Molecular mimicry is a possible 
mechanism causing autoimmunity in COVID-19 disease, 
with known shared epitopes between human and SARS-
COV-2 proteins [2, 23, 28]. COVID-19 has also been 
associated with activation of the innate immunity, which 
may transform into autoimmunity [27]. Another proposed 
mechanism for autoimmunity is the persistence of SARS-
COV-2 in the host long before it is detected, leading to 
prolong innate immunity activation [3].

Myopathy and inflammatory cardiac disease in covid-19 
are common, while their concurrent involvement is rare, 
and its incidence is yet to be described. Romero-Sánchez 
et al. demonstrated that among hospitalized patients with 
COVID-19, muscle damage was the most prominent neu-
romuscular manifestation, with myopathy and rhabdomy-
olysis at incidence of 3.1% and 1.1%, respectively [30]. 
Another study that summarized COVID-19 patients who 
undergone echocardiography found myocarditis and car-
diac tamponade in 3% and 1% of the patients, respectively 
[31]. Based on our analysis among all COVID-19 patients 
in our medical center, the incidence of patients with con-
current involvement was 0.07%, although there may have 
been underdiagnosis of such cases, effecting early treat-
ment and outcomes.

Cases with simultaneous muscle and cardiac involvement 
might present a diagnostic challenge. Myositis can be over-
looked unless its diagnosis is supported by laboratory or 
directed imaging and functional tests. In comparison with 
the reviewed cases and previous studies, patients in our case 
series had atypical cardiac complaints, further delaying their 
diagnosis [24, 32]. Troponin and CPK levels were high 
among all patients and TTE was effective in demonstrating 
the cardiac pathology, all of which seem to be reliable and 
basic diagnostic tools that are available in most clinical set-
tings. While further investigations with modalities such as 
magnetic resonance imaging (MRI) are needed to establish a 
diagnosis, they are usually not available for most COVID-19 
patients due to logistical or resources issues.

Therapeutic dilemmas may appear as well. Non-steroidal 
anti-inflammatory drugs (NSAIDs) and colchicine are con-
sidered first-line treatments for acute pericarditis [33] while 
glucocorticoids are selected as second-line treatment (due 
to a higher recurrence rate during steroids tapering down). 
However, no specific treatment was proven for myocarditis. In 
addition, a treatment which is suitable for one system might 
have an adverse effect on the other. NSAIDS usage for pericar-
dial involvement in patients otherwise healthy might worsen 
kidney function if a concurrent rhabdomyolysis exists. In our 
report, dexamethasone was the most frequent drug of choice, 
as it was used for all cases in our series and in three others 
from the review. Steroids are widely used in severe COVID-19 

Table 2   Characteristics of patients from case reports included in our literature review

CPK creatine phosphor-kinase, ECMO extracorporeal membrane oxygenation
*Used due to cardiogenic shock and not because of COVID-19 pneumonia

References Shabbir et al. [18] Legrand et al. [19] Fadiran, O [20] Arai et al. [21] Murillo et al. [22]

Age/gender 50 F 39 M 78F 61 M 48 M
Comorbidities Hypertension, reac-

tive arthritis, prior 
myopericarditis

None Major depressive 
disorder, hypothy-
roidism, bipolar dis-
order, dyslipidemia, 
mild cognitive 
impairment

Hypertension None

Inflammatory cardiac 
disease

Myopericarditis Myopericarditis Myocarditis Pericarditis mim-
icking fulminant 
myocarditis

Probable myocarditis

Myopathy Myositis Rhabdomyolysis Rhabdomyolysis Rhabdomyolysis Rhabdomyolysis
Max troponin (ng/L) 128 25000 1144 9630 168
Max CPK (U/L) 32230 17070 10650 8318 10768
Main Complaint Pleuritic central chest 

pain
Chest pain and 

dyspnea
Weakness Not specified General malaise, 

myalgias, dry cough, 
progressive dyspnea

Worst ventilatory 
support

None None None *ECMO Mechanical ventilation

Treatment Ibuprofen, predniso-
lone, colchicine

Colchicine Remdesivir, dexa-
methasone

Cortico-steroids, 
dantrolene

Ceftriaxone, azithro-
mycin, oseltamivir, 
and hydroxychloro-
quine
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and are accepted as a first-line therapy in cases of myositis 
attributed to other etiologies [15, 34]. It seems reasonable to 
use dexamethasone for such cases, as already described for 
COVID-19-related myocarditis [35]. No evidence of adverse 
effects was noted for any of the treatments probably due to 
short-term use and immediate quit from treatment.

Our report has several limitations. First, our initial inclusion 
criteria and retrospective nature of this study may fail to recog-
nize other patients with milder signs and symptoms, or without 
a declared diagnosis, but we have tried to overcome this by 
adding the laboratory criteria. Second, diagnosis of any extra-
pulmonary involvement was based mostly on clinical and lab-
oratory findings without histopathologic, electromyographic 
or MRI confirmation. To ascertain the relationship between 
COVID-19 disease and the time onset of the inflammatory 
disease, we reviewed medical records prior to admission. Still, 
this relationship may be interrupted by a sub-clinical disease 
or unreported symptoms that were present before COVID-19 
disease onset. The follow-up time is short and restricted to the 
hospitalization period which renders our study unable to assess 
for recurrence of symptoms and signs and late prognosis. We 
also acknowledge that our study design and the small sam-
ple size was not suitable to assess the efficacy of the different 
treatments.

In conclusion, COVID-19 can manifest a myriad of inflam-
matory complications, amongst myopathy and inflammatory 
cardiac disease; their concurrent involvement seems to be rare 
yet probably underdiagnosed. Our study raises awareness to 
the unique characteristics of these cases and may shed light 
on the shared pathophysiology of these COVID-19 complica-
tions. Larger studies and case series are needed to define the 
best treatment strategy for this myopathic complication and its 
long-term prognosis.
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