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Mechanisms causing the post-acute sequelae of SARS-CoV-2 (long COVID) remain elusive, but the clinical phenotype is

consistent with cardiac deconditioning. We report a case series of patients with long COVID whose symptoms improved/

resolved with exercise and present exercise training as a novel therapeutic strategy for management of long COVID

syndrome. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep 2022;4:1344–1347) © 2022 The Authors.

Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
M echanisms accounting for the post-acute
sequelae of SARS CoV-2 (long COVID) are
unclear. However, long COVID is consis-

tent with cardiac deconditioning,1 causing exercise
intolerance, brain fog/impaired cognition, tachy-
cardia, and orthostatic intolerance—all characteristic
of long COVID.2 Furthermore, cardiac deconditioning
may occur with as little as 20 hours of bed rest.3

Conditions such as postural orthostatic tachycardia
syndrome (POTS), chronic fatigue syndrome (CFS),4
EARNING OBJECTIVES

To understand that the long COVID clinical
phenotype is similar to symptoms encoun-
tered with cardiac deconditioning.
To characterize the positive effect of exer-
cise on symptoms among patients with long
COVID.
To describe a tailored exercise prescription
as a novel therapeutic strategy for patients
with long COVID.
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and debility following bed rest improve with exer-
cise.5 We have developed an exercise prescription
(Figure 1) similar to that recently proposed by the
American College of Cardiology for patients with long
COVID6 and found that exercise training provides
clinically meaningful improvement in symptoms.
Herein, we highlight 3 illustrative examples of pa-
tients who have benefited from completing this
program.

CASE 1

A previously healthy 24-year-old woman developed
SARS-CoV-2, which was managed conservatively at
home with 3 weeks of flu-like symptoms. She was
referred to cardiology 5 months later because she was
experiencing debilitating fatigue, lightheadedness,
and brain fog, along with recurrent syncope with
orthostasis. At baseline she hiked regularly and jog-
ged 3 miles a day several days per week, but she was
unable to participate in any of these activities since
her index infection. Physical exam was notable for
orthostatic tachycardia during 10-minute bedside
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AB BR E V I A T I O N S

AND ACRONYM S

BP = blood pressure

CFS = chronic fatigue

syndrome

HR = heart rate

POTS = postural orthostatic

tachycardia syndrome

VO2 = oxygen consumption

J A C C : C A S E R E P O R T S , V O L . 4 , N O . 2 0 , 2 0 2 2 Rudofker et al
O C T O B E R 1 9 , 2 0 2 2 : 1 3 4 4 – 1 3 4 7 Exercise Prescription as Novel Management Strategy for Treatment of Long COVID

1345
orthostatic challenge: supine resting heart rate (HR)
67 beats/min and blood pressure (BP) 116/73 mm Hg,
which increased to 103 beats/min and 121/
84 mm Hg, respectively, after 10-minute stand.
Echocardiography demonstrated a left ventricular
ejection fraction of 56% with normal structure/
function. Pulmonary function testing showed
normal volumes with no obstruction (forced expi-
ratory volume-1 3.9 L, 100% predicted) and a
diffusion capacity for carbon monoxide of 95%
predicted. Cardiopulmonary exercise testing
showed normal hemodynamic responses to exercise
with peak HR and BP of 200 beats/min and 200/
64 mm Hg, respectively, and a peak oxygen con-
sumption (peak VO2) of 41.7 mL/kg/min (127% pre-
dicted) and minute ventilation–carbon dioxide
production (ventilatory efficiency) slope of 32.5.
The exercise program was prescribed and after
2 months of rowing, she completed a 7-day back-
packing trip in the Sangre de Cristo mountains, and
after 3 months, she climbed the summit of Mt
Democrat in Colorado (14,155 feet).
FIGURE 1 12-Week Exercise Training Regimen for Management of L

Recumbent/semirecumbent exercise is prescribed. Participants begin exe

min/d each week. Intensity is limited to <50% peak heart rate (HR) for

increase gradually as tolerated. At weeks 9-12, patients begin transition
CASE 2

An 18-year-old woman tested positive for
SARS-CoV-2 in July 2020 during pretravel
screening despite having no symptoms. One
month later, she developed severe fatigue,
lightheadedness, brain fog, and palpitations.
Physical examination was significant only for
orthostatic tachycardia after standing for 10
minutes during bedside orthostatic assess-

ment: supine resting HR and BP: 56 beats/min and
102/70 mm Hg, respectively, and HR and BP after 10-
minute standing: 88 beats/min and 106/72 mm Hg,
respectively. Echocardiography demonstrated a left
ventricular ejection fraction of 59% and there was no
evidence of myocarditis on cardiac magnetic reso-
nance. Computed tomography of the chest was
negative for pulmonary embolism or intrinsic lung
disease. Cardiopulmonary exercise testing demon-
strated normal hemodynamic responses to exercise
with no hypoxia, a peak VO2 of 40.1 mL/kg/min (112%
predicted) and a minute ventilation–carbon dioxide
ong COVID

rcise 5 min/d, 5 times per week, and increase exercise duration by 2

first 3 weeks, then 50%-60% peak HR for weeks 4-6, and then

from recumbent exercise to an exercise modality of their choice.



FIGURE 2 Hemodynamic Tracings During Invasive Cardiopulmonary Exercise Testing

Hemodynamic tracings during invasive cardiopulmonary exercise testing in a 56-year-old man with long COVID, demonstrating normal hemodynamics

during exercise. BP ¼ blood pressure; HR ¼ heart rate; PA ¼ pulmonary arterial; PCWP ¼ pulmonary capillary wedge pressure; RER ¼ respiratory exchange

ratio; Qc ¼ cardiac output; VO2 ¼ oxygen consumption.
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production slope of 35.5. The exercise program was
prescribed and after 12 weeks, she reported signifi-
cant improvement in symptoms with near resolution
of fatigue and brain fog. Her symptoms returned after
a non-sports-related injury necessitated temporary
discontinuation of training. However, after 3 weeks of
recovery, she resumed rowing, and on follow-up
4 weeks later, her symptoms significantly improved.

CASE 3

A healthy 56-year-old male athlete (peak VO2 62.5 mL/
kg/min) contracted SARS-CoV-2 and was hospitalized
for 48 hours because he was experiencing dyspnea,
which was treated with remdesivir, dexamethasone,
and 2-3 L of supplemental oxygen. Over the next
8-10 weeks, he suffered from dyspnea, coughing
paroxysms, along with an increase in resting HR by
10-15 beats/min (verified by home monitor) and
tachycardia with HR >30 beats/min for any given
level of work compared to exertional HR prior to
infection. After 3 months of persistent symptoms, he
was referred for evaluation. Echocardiogram demon-
strated normal cardiac size/function with left ven-
tricular ejection fraction of 67% and no structural
abnormalities. Cardiac magnetic resonance was
negative for myocarditis. Pulmonary function testing
showed a forced expiratory volume-1 of 4.46 L (113%
predicted) and diffusion capacity for carbon monox-
ide of 134% predicted. The patient completed inva-
sive cardiopulmonary exercise testing (Figure 2).
Supine resting hemodynamics included a right atrial
pressure of 5 mm Hg, systolic, diastolic, and mean
pulmonary arterial pressure of 20, 10, and 13,
respectively, and a pulmonary capillary wedge pres-
sure of 8 mm Hg. Fick method and thermodilution,
respectively, were used to determine cardiac output
of 4.6 and 2.4 L/min and cardiac index of 5.4 and 2.9
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L/min/m2. During exercise on upright stationary cy-
cle ergometry, he had a normal cardiovascular
response to exercise along with normal exertional
hemodynamics, a peak VO2 of 33.1 mL/kg/min (111%
predicted), and a respiratory exchange ratio of 1.11
with minute ventilation–carbon dioxide production
slope of 34. BP during testing was assessed
with radial arterial catheterization and arterial ox-
imetry remained >90% throughout exercise. Exer-
cise training was prescribed following our protocol.
After approximately 8 weeks, the patient transi-
tioned from rowing to running (his preferred mo-
dality) and on follow-up 4 weeks later, he was
running w5 times per week and his only major
complaint was a persistent cough.

DISCUSSION

Exercise prescriptions improve quality of life and
functional capacity when applied to patients with
POTS,7 CFS,4 and cardiac deconditioning.8 Based on
these observations, we developed a structured exer-
cise prescription specifically for patients with long
COVID (Figure 1). This prescription incorporates
recumbent/semirecumbent exercise—preferably with
rowing or cycling, for the following reasons. First,
orthostatic intolerance associated with long COVID
prohibits meaningful upright exercise. Second,
rowing leads to concentric and eccentric remodeling,9

which is ideal for patients with cardiac decondition-
ing, who have reduced cardiac size and stroke vol-
ume.5 Third, rowing is a highly dynamic and highly
static form of exercise,6,9 strengthening large skeletal
muscle groups in addition to the aforementioned
cardiac benefits. Fourth, long COVID has been
compared to CFS and results, at least partially, from
low cardiac preload.10 Exercise training effectively
improves chronic fatigue syndrome4 and also in-
creases total blood volume, offsetting the reduced
preload reported among patients with long COVID on
invasive hemodynamic assessment.10 Finally, in the
absence of contraindications, this program can be
incorporated into management of patients irre-
spective of their baseline functional capacity—
sedentary versus active—because the level of in-
tensity and duration of exercise are very low initially
and gradually increase over time.

CONCLUSIONS

Exercise prescriptions improve quality of life and
functional capacity among patients with POTS, CFS,
and cardiac deconditioning. Our case series demon-
strates that exercise may also lead to clinically
meaningful improvement in symptom severity of
long COVID. Further research is necessary but in the
absence of contraindications, exercise training should
be considered for management of these patients to
assist with improvement in quality of life and func-
tional capacity.
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