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Cardiology

Unusual clinical course

We report 4 family members, a 29-year-old son, 54-year-old father, 79-year-old grandmother, and 84-year-old
grandfather, with COVID-19 pneumonia. Only the son had heart failure, with reduced ejection fraction and atri-
al fibrillation. This report aims to show that age and baseline comorbidities are not always predictors of severe
COVID-19 disease.

Case 1: The son, a 29-year-old man, presented with dyspnea and palpitation. His nasopharyngeal swab was
positive for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). He required high-flow nasal can-
nula oxygen therapy and had new-onset atrial fibrillation and reduced ejection fraction. Case 2: The father, a
54-year-old man, presented with dyspnea. Nasopharyngeal swab was positive for SARS-CoV-2. He required reg-
ular nasal cannula oxygen therapy. Electrocardiogram showed sinus rhythm. Echocardiogram showed normal
ejection fraction. Case 3: The grandfather, an 84-year-old man with a history of atrial flutter, chronic kidney dis-
ease, and hypertension, presented with dyspnea and fever. Nasopharyngeal swab was positive for SARS-CoV-2.
He required regular nasal cannula oxygen therapy. Electrocardiogram showed sinus rhythm. Echocardiogram
showed normal ejection fraction. Case 4: The grandmother, a 79-year-old woman with a history of hyperten-
sion, presented with dyspnea. Nasopharyngeal swab was positive for SARS-CoV-2. She required regular nasal
cannula oxygen therapy. Electrocardiogram showed sinus rhythm.

COVID-19 caused by SARS-CoV-2 is recognized to affect family members and can involve the heart, causing
heart failure and cardiac arrhythmia like atrial fibrillation. This report highlights the importance of cardiac mon-
itoring and consideration of cardiac damage, even without previous risk factors, in all hospitalized patients with
COVID-19.

Atrial Fibrillation ¢ COVID-19 e Heart Failure, Systolic ¢
Severe Acute Respiratory Syndrome Coronavirus 2

https://www.amjcaserep.com/abstract/index/idArt/933163
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Background

COVID-19 is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [1]. It is a global pandemic dis-
ease that affected more than 65 million people worldwide and
more than 14 million in the United States as of December 3,
2020, according to the Johns Hopkins coronavirus resource cen-
ter [2]. There have been more than 1.5 million global deaths
related to COVID-19 [2]. COVID-19 started in Wuhan, a city
in the Hubei province of China, in December 2019 and then
spread worldwide to affect 191 countries and regions [3]. The
World Health Organization declared COVID-19 as a pandem-
ic on March 11, 2020 [4].

COVID-19 disease can affect many organs, including the heart,
kidneys, liver, and lungs, and the hematological, nervous, and
gastrointestinal systems, but it usually starts within the re-
spiratory tract [5]. Cardiac damage caused by COVID-19 can
take multiple presentations, such as cardiac arrest, myocardi-
tis, stress-induced cardiomyopathy, acute coronary syndrome,
venous thromboembolism, arrhythmias, and subsequently
heart failure [6-8]. Baseline cardiovascular diseases put pa-
tients with COVID-19 at a higher risk of increased complica-
tions and death [9]. Also, cardiac injury caused by COVID-19
increases the risk of morbidities and mortalities [10]. One of
the most common conduction system diseases in patients with
COVID-19 is atrial arrhythmia, such as atrial fibrillation and
atrial flutter [11]. There is a known association between atri-
al fibrillation and SARS-CoV-2 infection [12]. Atrial fibrillation
can be the presenting symptom of COVID-19 in some cases or
can be a complication during the course of the disease [13].
Heart failure secondary to COVID-19 is yet to be studied at
multiple levels, including epidemiology, mechanisms of inju-
ry, risk factors, and management. Heart failure with preserved
ejection fraction was reported in patients with COVID-19 [14].
Some studies have shown that preexisting comorbidities in el-
derly patients are the main risk factors for cardiac injury from
COVID-19 [15].

Herein, we present 4 cases of members from the same fami-
ly, including a 29-year-old son, 54-year-old father, 84-year-old
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grandfather, and 79-year-old grandmother, who were hospi-
talized with COVID-19. Only the son had atrial fibrillation and
heart failure, with reduced ejection fraction and without a pre-
vious history of cardiovascular disease.

COVID-19 testing in these patients was performed by viral
RNA detection using a nasopharyngeal swab. Samples were
tested by reverse transcription-polymerase chain reaction
(RT-PCR) methodology using the Bio-Fire COVID-19 test de-
vice. This test was developed, and its performance character-
istics were determined by Bio-Fire Defense, LLC (Salt Lake City,
UT, USA). This test is authorized by the U.S. Food and Drug
Administration under emergency use authorization (EUA) of
in vitro diagnostic tests for the detection of SARS-CoV-2 (EUA
Number: EUA200044) [16,17]. The specificity of most of the
RT-PCR tests is 100%, but false-positive results can happen
secondary to reagent contamination or technical errors [18].
In our cases, the pretest probability, and the clinical/radiolo-
gy findings with a positive RT-PCR SARS-CoV-2 test in a high
COVID-19 prevalence area confirmed the COVID-19 diagnosis.

Case Reports

Case 1. The 29-Year-Old Son

A 29-year-old man with no past medical history presented to
the hospital in October 2020 with fever, chills, sweats, palpita-
tion, and shortness of breath for 1 week before admission. In
the Emergency Department (ED), his vital signs showed a tem-
perature of 38.05°C, blood pressure of 124/72 mmHg, heart
rate of 131 beats per min, respiratory rate of 28 breaths per
min, and oxygen saturation (5a0,) of 91% on room air. His
body mass index was 34.7. The physical examination showed
a young man with mild respiratory distress. The lung exami-
nation showed diffuse rhonchi in both lungs, with decreased
breath sounds at the bases bilaterally. The heart examination
showed an irregularly irregular heart rate and rhythm. The
physical examination was otherwise unremarkable. The labo-
ratory examination showed a white blood cell (WBC) count of
7.3 K (reference range, 4.8-10.8 K), ferritin level of 807 ng/mL

Table 1. The laboratory findings at hospital admission in 2020 of the 29-year-old son, 54-year-old father, 84-year-old grandfather, and

79-year-old grandmother.

WBC Ferritin BNP CRP ESR Troponin
Normal values  (4.8-10.8 K) (3-244 ng/ml) (0-100 pg/ml) (0-0.9 mg/dl) (0-20 mm/hr) (0-0.056 ng/ml)
Ccasel s g7 w 133 20 o002
Ccase2 73 74 02 us 2 o
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Figure 1. Case 1: EKG of the 29-year-old son on hospital admission in 2020. It shows atrial fibrillation with a heart rate of 109 beats

per min.

Figure 2. Case 1: Chest computed tomography scan of the
29-year-old son on hospital admission in 2020. It
shows extensive bilateral ground-glass opacities.

(range, 3-244 ng/mL), B-type natriuretic peptide (BNP) of 143
pg/mL (range, 0-100 pg/mL), C-reactive protein (CRP) level of
13.3 mg/dL (range, 0-0.9 mg/dL), erythrocyte sedimentation
rate (ESR) of 20 mm/h (range, 0-20 mm/h), and troponin of
0.062 ng/mL (range, 0-0.056 ng/mL), which then normalized
(Table 1). The arterial blood gas had a pH of 7.46, PCO, of 26.5
mmHg, and Pa0, of 64.1 mmHg. The electrocardiogram (EKG)
showed an irregularly irregular RR interval and no distinct P
waves, consistent with atrial fibrillation (Figure 1). His heart
rate, which was 155 beats per min initially, improved with in-
travenous (i.v.) cardizem to 109 beats per min. The patient had
a chest computed tomography (CT) scan with a pulmonary em-
bolism protocol, which showed extensive bilateral ground-glass
opacities and no evidence of a pulmonary embolism (Figure 2).
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His respiratory Bio-Fire panel using a nasopharyngeal swab was
positive for SARS-CoV-2. He initially required only 2 L of O, us-
ing a nasal cannula to keep his Sa0, above 94%. However, his
Sa0, continued to drop to the high 80s even with a nasal can-
nula, venti-mask, and non-rebreather mask. He was started on
high-flow nasal cannula O, therapy and required 30 L of O, and
70% of FiO, to keep his Sa0, at more than 94%.

His atrial fibrillation was treated with metoprolol tartrate
and flecainide, and he converted to a normal sinus rhythm.
His CHA,DS,-VASc score was 1, and because of the possible
high risk of thromboembolic complications in patients with
COVID-19, he was started on full anticoagulation with a hep-
arin drip initially and was then was switched to Eliquis. He
was treated with dexamethasone 6 mg i.v. daily, i.v. remdesi-
vir, and 1 unit of convalescent plasma transfusion (COVID-19).

His echocardiogram showed a mildly dilated left ventricle (LV)
with severe global LV dysfunction (ejection fraction of 20-25%,
LV internal diameter end-systole (LVIDs) of 5.2 cm (standard
rage, 2-4 cm), moderate right ventricular (RV) hypokinesis, se-
vere left atrial enlargement measuring 6.1 cm (reference range
is <4.1 cm in males), trace tricuspid regurgitations, and trace
mitral regurgitations (Figures 3-5). When comparing these
echocardiogram findings to the echocardiogram he had in
2015, we found that, in 2015, his ejection fraction was with-
in the normal range (62%), LVIDs was 4 cm, and his RV was
not hypokinetic (Figure 6). Lisinopril was then administered.
The patient did well during the hospitalization and was able
to be weaned off the O,. His O, saturation was good on room
air, and he was discharged home.
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Figure 3. Case 1: Echocardiogram of the 29-year-old son on
hospital admission in 2020. It shows elevated left atrial
diameter to 6.1 cm (normal is 4.1 cm in males).
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Figure 4. Case 1: Echocardiogram of the 29-year-old son on
hospital admission in 2020. Elevated left ventricular
internal diameter at end-systole (LVIDs) to 5.2 cm
(normal range, 2-4 cm).

Case 2. The 54-Year-Old Father

A 54-year-old man with no known past medical history pre-
sented to the hospital with exertional dyspnea for 1 week be-
fore admission. He did not have chest pain or cough. His vital
signs in the ED showed a temperature of 38.3°C, blood pres-
sure of 127/62 mmHg, heart rate of 76 beats per min, respira-
tory rate of 19 breaths per min, and Sa0, of 91% on room air.
The physical examination showed decreased breath sounds
at the lung bases. The heart examination showed a regular
rate and rhythm. The physical examination was otherwise un-
remarkable. The laboratory examination showed a WBC of 7.3
K, ferritin level of 774 ng/mL, BNP of 92 pg/mL, CRP level of
24.5 mg/dL, ESR of 28 mm/h, and twice-tested troponin lev-
els of 0 ng/mL. His blood gas had a pH of 7.445, PCO, of 30.7
mmHg, and Pa0, of 67.5 mmHg. The respiratory Bio-Fire pan-
el using a nasopharyngeal swab was positive for SARS-CoV-2.
The EKG showed a normal sinus rhythm (Figure 7). The chest
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Figure 5. Case 1: Echocardiogram of the 29-year-old son on
hospital admission in 2020. It shows elevated end-
diastole right and left ventricular internal diameters.

Figure 6. Case 1: Echocardiogram of the 29-year-old son in 2015.
It shows normal left ventricular internal diameter end-
systole (LVIDs, 4 cm) and ejection fraction.

X-ray showed patchy bibasilar opacities (Figure 8). The patient
was given 2 L of nasal cannula O, therapy, with an improve-
ment of his PaO, to 96 mmHg and Sa0, to 98%. The patient
was treated with i.v. remdesivir and i.v. dexamethasone. He
also had a unit of convalescent plasma transfusion (COVID-19).

An echocardiogram showed a normal LV size and function (EF
65%), normal RV size and function, moderate left atrial en-
largement, mild concentric LV hypertrophy, trace mitral regur-
gitations/tricuspid regurgitations, and a small pericardial effu-
sion. The patient was weaned off O,, and his Sa0, was good
on room air. He was discharged home.

Case 3. The 84-Year-Old Grandfather
An 84-year-old man with a history of atrial flutter, primary hy-

pertension, and chronic kidney disease presented to the hospi-
tal with shortness of breath, fever, and generalized weakness.
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Figure 7. Case 2: EKG of the 54-year-old father on hospital admission in 2020. It shows sinus rhythm with a rate of 84 beats per min.

Figure 8. Case 2: Chest X-ray of the 54-year-old father. It shows
patchy bibasilar opacities.

His medications included amiodarone and Xarelto for his atri-
al flutter. His vital signs in the ED were temperature of 36.8°C,
blood pressure of 136/75 mmHg, heart rate of 68 beats per
min, respiratory rate of 23 breaths per min, and Sa0, 99% on
room air. The physical examination showed an irregular heart
rhythm. The lung examination showed fine crackles bilater-
ally. The laboratory examination showed a WBC of 12.1 K,
ferritin level of 2940 ng/mL, BNP of 322 pg/mL, CRP level of
16.6 mg/dL, ESR of 24 mm/h, and troponin level of 0 ng/mL.
His RT-PCR test was positive for SARS-CoV-2. The EKG showed
atrial flutter, with a varied AV block and rate of 71 beats per
min (Figure 9). The chest CT with a pulmonary embolism pro-
tocol showed no pulmonary embolism but bilateral multifocal
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pulmonary airspace disease. He had an echocardiogram which
showed a normal LV size and function (ejection fraction of
60%), normal RV size and function, mild atrial enlargement, and
mild tricuspid regurgitations. The patient was administered i.v.
dexamethasone, and he continued his home anticoagulation
medication. The patient did well and was discharged home.

Case 4: The 79-Year-Old Grandmother

A 79-year-old woman with a past medical history of primary
hypertension, morbid obesity, gastrointestinal bleed, and lum-
bar spinal disc herniation, who had recent surgery with lami-
nectomy and discectomy complicated with postoperative epi-
dural hematoma and abscess, presented to the hospital with
shortness of breath and myalgia. Her vital signs in the ED were
temperature of 37.1°C, blood pressure of 159/69 mmHg, heart
rate of 74 beats per min, respiratory rate of 20 breaths per
min, and Sa0, of 98% on room air. The physical examination
showed a regular heart rhythm and coarse crackles bilateral-
ly. The physical examination was otherwise unremarkable. The
laboratory examination showed a WBC of 4.1, ferritin level of
302 ng/mL, BNP of 53 pg/mL, CRP level of 6.5 mg/dL, and ESR
of 109 mm/h. The D-dimer was elevated to 1.49 mg/L (ref-
erence range, 0-0.52 mg/L). The EKG showed a sinus rhythm
(Figure 10). She tested positive for SARS-CoV-2. The chest CT
scan with a pulmonary embolism protocol was negative for
pulmonary embolism but showed patchy ground-glass opaci-
ties in both lungs. Secondary to the elevated D-dimer, the pa-
tient had a 4-point venous Doppler ultrasound which showed
evidence of right-sided basilic venous thrombosis, but the pa-
tient was asymptomatic and was treated with supportive care,
especially because of her history of the gastrointestinal bleed
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Figure 9. Case 3: EKG of the 84-year-old grandfather. It shows atrial flutter with a varied AV block and a rate of 71 beats per min.
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Figure 10. Case 4: EKG of the 79-year-old grandmother. It shows sinus rhythm with a heart rate of 94 beats per min.

and the recent epidural hematoma. Her SARS-CoV-2 infec-
tion was treated with i.v. Decadron. No echocardiogram was
done, but she did not show any signs or symptoms of cardiac
compromise. The patient did well and was discharged home.
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Discussion

This report shows that age and baseline comorbidities are not
always predictors of severe COVID-19 disease and cardiac in-
jury, as shown in some studies [19-21]. This report highlights
the importance of cardiac monitoring and consideration of car-
diac damage, even without previous risk factors, in all hospi-
talized patients with COVID-19. In this report, we presented
4 cases of COVID-19 disease caused by SARS-CoV-2 infection
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within the same family but in different generations. Only the
youngest patient, who did not have a baseline cardiovascu-
lar disease, had heart failure, with reduced ejection fraction
and atrial fibrillation. He was the only family member that re-
quired high-flow nasal cannula O, therapy.

COVID-19 disease is caused by SARS-CoV-2 infection [22]. It
has been proposed that the disease originated in bats and then
moved to Malayan pangolin as an intermediate host and then
to humans [23]. SARS-CoV-2 binds to human cells at angioten-
sin-converting-enzyme (ACE) receptors and disrupts the kinin-
kallikrein and renin-angiotensin systems [24]. The main por-
tal of entry is the lungs [25]. SARS-CoV-2 infection can cause
multiorgan failure, affecting the organs that have ACE recep-
tors, such as the lungs, heart, kidneys, vascular endothelium,
and intestinal epithelium [5]. Higher morbidities and mortal-
ities have been observed in patients with preexisting condi-
tions like diabetes mellitus, cardiovascular disease, hyperten-
sion, and obesity [19]. A study by Li et al showed that patients
with COVID-19 with a history of cardiovascular disease, hy-
pertension, and diabetes mellitus were prone to more severe
disease and treatment in the Intensive Care Unit (ICU) [20].

Myocardial damage can be seen in at least 10% of hospital-
ized patients with COVID-19 and in up to 25% to 35%, or even
more, of critically ill patients [26]. Myocardial injuries can be
evidenced by elevated cardiac markers or new EKG or echo-
cardiographic abnormalities. Up to 12% of patients without
cardiovascular disease can have an acute cardiac injury (el-
evated cardiac markers or EKG abnormalities) during hospi-
talization, as reported by the National Health Commission of
China in March 2020 [27]. There was a 17% risk of acute car-
diac injury out of 191 patients with COVID-19 in a multicenter
cohort study in China [28]. Another study with 416 patients
with COVID-19 found that cardiac injury was present in 20%
of cases, increasing the risk of mechanical ventilation by 5-fold
and the risk of mortality by 11-fold [29]. Mortality increases in
patients with COVID-19 if a cardiac injury is present [29]. The
presence of preexisting cardiovascular disease is also associ-
ated with high mortality [30]. COVID-19 can induce a differ-
ent spectrum of cardiovascular manifestations, including car-
diac arrest, myocarditis, stress-induced cardiomyopathy, acute
myocardial injury, acute coronary syndrome, venous thrombo-
embolism, arrhythmias, and, subsequently, heart failure [6-8].
It is still unclear if the cardiac damage is secondary to a sys-
temic, local, or inflammatory injury. Some studies have identi-
fied SARS-CoV-2 by RT-PCR in heart samples, and other studies
showed mild myocardial inflammation but without cardiomyo-
cyte apoptosis [31]. Causes of cardiac injury in patients with
COVID-19 are not well established, but multiple hypotheses
exist, including hypoxia, myocarditis, stress-induced cardio-
myopathy, small vessel vasculitis, cardiac microvascular isch-
emia, endotheliitis, and cytokine storm [32-34]. Huayan et al
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studied the risk factors for cardiac involvement in 102 hospi-
talized patients with COVID-19 and found that older age with
underlying comorbidities (hypertension, cardiovascular disease,
diabetes mellitus, cardiovascular disease, chronic obstructive
pulmonary disease, chronic kidney disease, and elevated CRP
levels) were the main risk factors for cardiac involvement [21].
The 29-year-old man in this report was the youngest among
the 4 family members with COVID-19. His CRP level was low-
er than most of his family members. He did not have underly-
ing medical problems. His grandfather had hypertension and
chronic kidney disease but did not develop the disease sever-
ity that his grandson had.

Heart failure is one of the most common cardiac complications
of SARS-CoV-2 infection. It has been reported in 23% of all pa-
tients and in 49% of patients who died [35]. The etiologies of
heart failure in COVID-19 are not yet well studied. Fever, tachy-
cardia, kidney dysfunction, or dehydration can exacerbate a
preexisting heart failure or unmask undiagnosed heart failure.
New-onset heart failure can be seen in 25% of hospitalized pa-
tients with COVID-19 and in 33% of patients with COVID-19
admitted to the ICU [36,37]. Heart failure can be a result of
the direct virus effect or secondary to the systemic inflamma-
tion impact on the heart. A cardiac MRI can show diffuse hy-
pokinesis (ejection fraction, 33%), edema, and increased LV-
wall thickness and volumes with no perfusion defects right
after gadolinium injection but with early and late gadolinium
enhancement [38]. Endomyocardial biopsy can show viral par-
ticles in the myocardium or diffuse inflammatory infiltrates,
with a cluster of differentiation 3 [39,40]. Hypercoagulable
status in COVID-19 can cause pulmonary embolism and thus
acute right ventricular failure [41]. Stress-induced cardiomy-
opathy can be one of the reasons for acute decompensated
heart failure. A study of 100 patients with COVID-19 with a
mean age of 66 years found that 90% of the cases had nor-
mal LV function, and the most common findings were RV dila-
tion in 39% of cases and LV diastolic dysfunction in 16% of the
cases [42,43]. Respiratory distress in patients with COVID-19
can cause elevated pulmonary artery pressure, leading to RV
failure and tricuspid regurgitations, which increase mortality.
The presence of heart failure with reduced ejection fraction,
RV failure, and tricuspid regurgitations >1 is associated with
higher mortality [44].

Arrhythmias and conduction system disease are not uncom-
mon in patients with COVID-19. Arrhythmia can present in
17% of hospitalized patients with COVID-19 and in up to 44%
of patients with COVID-19 admitted to the ICU [45]. The exact
mechanism of cardiac arrhythmia in patients with COVID-19 is
not well established but it can be triggered by fevers, hypox-
ia, electrolytes abnormalities, and sepsis or be caused by an-
tiviral medications or antibiotics used to treat patients with
COVID-19 or its complications [12,46]. Cardiac myocyte injury
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caused by SARS-CoV-2 can also increase the risk of arrhyth-
mia. It is not known if SARS-CoV-2 itself causes the conduc-
tion system disease or arrhythmia.

Sinus tachycardia is the most observed arrhythmia in these pa-
tients, which could be secondary to the physiologic response
of the infection. Atrial fibrillation and atrial flutter are among
the most common pathologic arrhythmias seen in patients
with COVID-19. The development of new-onset atrial fibril-
lation in patients with COVID-19 can cause worse cardiovas-
cular outcomes according to an observational study of 160
hospitalized patients with COVID-19 [47]. Preexisting atrial fi-
brillation can be seen in 11% of patients with COVID-19 and
is linked to higher short-term mortality [48]. It is more com-
mon for elderly patients with a history of hypertension to have
atrial fibrillation during their SARS-CoV-2 infection [13]. Our
patient was young and without a significant medical history.
Atrial arrhythmia is more commonly reported in mechanically
ventilated patients (17.7%) [49]. Ventricular tachycardia and
ventricular fibrillation are more common in patients with el-
evated troponin levels (12%) [50]. New-onset atrial tachyar-
rhythmia (atrial fibrillation, atrial flutter, or atrial tachycardia)
were present in 16.5% of patients and mainly in patients ad-
mitted to the ICU, not those admitted to the regular medi-
cal ward [51]. Atrial fibrillation is the most common tachyar-
rhythmia in patients with COVID-19 according to a survey from
76 countries (50% were from outside the United States), but
31% were using chloroquine and azithromycin regularly [52].
Other arrhythmias that can be seen are sinus bradycardia, in-
termittent high-degree AV block, and sinus-node dysfunction
[51,53]. From 4250 patients with COVID-19 in a multicenter
New York study, 6.1% had QT prolongation to more than 500
milliseconds [54]. The risk factors and mechanisms of atrial
fibrillation and heart failure in patients with COVID-19 need
to be studied further.
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Conclusions

COVID-19 disease caused by SARS-CoV-2 infection is recog-
nized to affect family members and can involve the heart, caus-
ing heart failure and cardiac arrhythmia, such as atrial fibril-
lation. Atrial fibrillation and heart failure are not uncommon
in patients with COVID-19, and more data are required in the
future to determine the risk factors of cardiac involvement
in COVID-19. This report highlights the importance of cardi-
ac monitoring and consideration of cardiac damage, even in
patients without previous risk factors, in all hospitalized pa-
tients with COVID-19.
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