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A BST RA C T

With the SARS-CoV-2 pandemic continuing into its third
year, the number of patients who survive acute COVID-19
infection but go on to develop long-term symptoms is increasing daily. Those individuals who experience one or
more of a variety of persistent symptoms post-COVID-19
are now diagnosed with the syndrome called post-acute
sequelae of COVID-19 (PASC), often colloquially called
“Long COVID.” This article discusses relevant research
and current hypotheses regarding the pathophysiology
and management of respiratory symptoms of PASC, in
order to provide primary care physicians with context for
management of this heterogeneous population. We focus
on the growing body of research that supports the use
of pulmonary rehabilitation for patients with PASC to
improve symptoms and quality of life.
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INTRO D U C T I O N
COVID-19 is the disease caused by the SARS-CoV-2 virus,
which was first identified in December 2019 in China.1 The
subsequent pandemic has had an immeasurable impact on
humanity and claimed the lives of over 6 million people.
The majority of patients infected with SARS-CoV-2 (up
to 80%) will only experience mild acute disease, but still
roughly 10% to 35% of these patients, as well as up to 86%
of patients with moderate to severe acute COVID-19, will
develop various long-term symptoms.1-3 This syndrome is
now termed post-acute sequelae of COVID-19 (PASC) and is
also known colloquially as “Long COVID.” We will review
the current definitions and pathophysiologic understanding
of PASC and then discuss the diagnostic and management
strategies for people suffering with respiratory symptoms.

POST-A C U T E S E QUE L AE O F COV I D - 1 9 ( PA SC )
More than two years since the discovery of SARS-CoV-2, we
are only beginning to understand its long-term effects. With
each passing variant and subsequent wave of infections, the
number of patients who shift from acute infection to the
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post-acute syndrome increases. Though far from complete,
the literature is beginning to coalesce around a definition
for stratifying patients with persistent symptoms after the
acute COVID-19 infection has resolved. Symptoms continuing beyond four weeks from the onset of COVID-19 are
considered to be post-acute COVID-19.4 When symptoms
persist, the Centers for Disease Control and Prevention
(CDC) define PASC as occurring in “individuals with a history of probable or confirmed SARS CoV-2 infection, usually
three months from the onset of COVID-19 with symptoms
that last for at least two months and cannot be explained by
an alternative diagnosis.”5 Many patients with severe acute
COVID-19 requiring supplemental oxygen, hospitalization,
or even mechanical ventilation are unsurprisingly burdened
with long-term symptoms, but PASC can also be seen in
patients who were never hospitalized for acute COVID-19
and had only mild symptoms initially. Symptoms of PASC
vary significantly in quality, severity, and organ system
involvement. Dyspnea is the most common respiratory
complaint, occurring in 15% of non-hospitalized patients
and up to 81% of hospitalized patients.6 Other commonly
cited respiratory complaints include cough, chest pain, or
decreased exercise tolerance.6-8 Non-respiratory symptoms
include low-grade fevers, headaches, neurocognitive difficulty, muscle pain and weakness, gastrointestinal symptoms, rashes, thromboembolic conditions, depression, and
post-traumatic stress disorder. In a study of non-hospitalized
post-COVID-19 patients from Germany, 30% had at least
one symptom (anosmia, ageusia, fatigue, or dyspnea) at four
months.9 Beyond the known negative impact on quality of
life (QOL) metrics, PASC presents an ongoing challenge for
the public health system of this country.10-12
Although some post-acute symptoms can likely be
attributed to the effects of the virus, other long-term symptoms are less clear. For example, it is well established that
acute COVID-19 results in a pro-thrombotic state as compared to other viral illnesses, and resultant pulmonary
emboli can lead to significant post-COVID breathlessness.
The more insidious symptoms of fatigue, deconditioning,
“brain fog,” and psychiatric sequelae are not as well understood. The burden of disease is not only a consequence of
somatic complaints, but also a decline in overall QOL.11
There are several hypotheses for why these downstream disorders occur. Some have suggested that the deconditioning is
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partially a result of immune system suppression or overreaction.13 Specifically, there is evidence that infection by SARSCoV-2 may cause an exaggerated host immune response that
results in an extended period of auto-antibody production.14
The pathophysiology and inflammatory underpinnings for
PASC remain unclear. There are well established post-infectious syndromes caused by other viruses and bacteria, but
they vary greatly as to the underlying cause. Coronavirus
infections can have long-lasting effects, including lung disease, despite a mild illness.15 Several recent publications
have attempted to elucidate the likely culprits for PASC,
with varying degrees of success.12,14,16
The viral tropism of SARS-CoV-2, or more simply the
number of different cell types it can infect, lends credence to
the idea that the post-acute phase of infection affects multiple systems.14 Specifically, SARS-CoV-2 binds to angiotensin converting enzyme 2 (ACE2), which functions as a
receptor, in order to enter cells; this protein is expressed
not just in the entire human respiratory system but also in
the brain, gastrointestinal tract, and pancreatic beta-cells.17
Other hypotheses include residual organ damage, remaining viral reservoirs, and the possible confounding variable
of post-critical illness (especially myopathy and neuropathy)
for those who required intensive care.16 In all, it is likely
there are multiple pathways that lead to PASC, as broadly
defined, and future studies should focus on delineating subgroups of PASC for diagnostic and management purposes.

RISK FA C T O RS F O R PAS C
With such a broad definition and varied clinical picture
for PASC, primary care physicians (PCPs) must have a low
threshold to consider PASC in patients after COVID-19 infection, regardless of the initial severity and especially when
there are identifiable risk factors. Much of the literature to
date has focused on the chronic sequelae following severe
COVID-19 infection, which have proposed pathophysiologic origins supported by prior known mechanisms of acute
respiratory distress syndrome.18 Of particular interest to primary care physicians are the impact and long-term consequences of mild or even asymptomatic COVID-19 infection.
In a systematic review of patients who experienced a mild
infection in the outpatient setting across Europe and the
United States, between 10% and 35% of these patients still
had symptoms after the acute phase of illness.2 Furthermore,
in one of the largest studies included in this comprehensive review, less than 1% of patients reported being symptom-free at three months.2
Clearly, PASC can occur in anyone following COVID-19,
and although establishing a comprehensive list of risk factors
for developing PASC will likely require years of additional
study, the current literature describes some clear associations. Smoking status, elevated body mass index, cancer,
older age, and pre-existing chronic respiratory disease are
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all associated with worse acute outcomes as well as longterm sequelae.14,19,20 However, it is unclear how they factor
into the prognostication of patients who experienced initial
mild versus severe disease. In a recent systematic review and
meta-analysis, a significant association was found between
female sex and any reported chronic symptom (OR 1.52;
95% CI 1.27–1.82).20 It has been hypothesized that females
may have a protective genetic milieu against COVID-19 that
is on the X chromosome, so that men are more likely to succumb to the acute illness and not develop long-term consequences.16 Diabetes mellitus type 2, a high COVID viral RNA
load, Epstein-Barr virus reactivation, and certain investigational autoantibodies are additionally implicated as possible
risk factors.16 In fact, in this study there was an association
between particular autoantibody patterns and specific PASC
symptoms. Patients with elevated levels of the IFN-alpha2
antibody were uniquely associated with respiratory symptoms of PASC, even after correcting for other factors. This
may lead to the development of biomarkers that could guide
the clinical management of PASC.

RESP IRATORY SEQU ELA E
While the burden of symptoms from PASC should be appreciated through a multisystem lens, the most disabling
problems in PASC are fatigue and breathlessness, so the
remainder of this article will focus on these aspects and the
importance of pulmonary rehabilitation.21
The respiratory symptoms of patients with PASC are varied, and there is emerging evidence of at least two clinical
subgroups that may benefit from different management
strategies. The first is characterized by fibrotic lung changes
that are visible on imaging and a restrictive pattern on pulmonary function testing (PFTs), with or without diffusion
capacity impairment (like the patient in Figure 1). The other
subgroup has more acute inflammatory findings on radiography, with potentially reversible damage that may be steroid-responsive.23,24 These cases are similar to the chronic
disease seen after the first SARS virus outbreak, Middle
East respiratory syndrome (MERS), and H1N1 influenza.22
Current evidence suggests that only some patients in either
group have persistent physiologic or radiographic changes
that can help guide therapy. Conversely, the burden of symptoms does not always correlate to these standard measures
of pulmonary function, as seen in many patients with severe
respiratory symptoms of PASC who have normal PFTs and
lung imaging.23 This makes it clear that management decisions must be individualized for PASC patients.
Currently, it appears that most patients will have a slow
improvement of respiratory PASC, and although the rate
can vary dramatically between weeks to months, a majority
have symptom resolution three months after the diagnosis
of PASC.25 Although a systematic review of respiratory function in post-acute COVID-19 found that diffusion capacity

SEPTEMBER 2022 RHODE ISL AND M EDICAL JOURNAL

12

EVA LU ATION & REHA B ILITATION OF LONG CO VID

Figure 1. Baseline and Six-month Follow-up Chest CT after Acute COVID-19 infection
Baseline and six-month follow-up axial thin-section unenhanced chest CT images in an 83-year-old
man, a former smoker, who presented with fever, cough, and worsening dyspnea. COVID-19 was
confirmed by using reverse transcription polymerase chain reaction testing. (A) The baseline image
shows multiple bilateral and confluent ground-glass opacities with a predominantly linear pattern and
a peripheral distribution (arrows). (B) The six-month follow-up image shows complete resolution of
ground-glass opacities without fibrosis-like changes.

Source: Caruso D, Guido G, Zerunian M, et al. Post-Acute Sequelae of COVID-19 Pneumonia: Six-month Chest CT
Follow-up. Radiology 2021;301:E396–E405.
®
(Permission to use granted by The Radiological Society of North America (RSNA )

was abnormal in 39% of patients,26 the PFT abnormalities
decreased in incidence over time. This suggests that the timing of a pulmonary function testing is important to establish
a new baseline as the lungs heal, though no practice pattern
has been validated to this point.

RECO M M EN D ATI ONS F OR
PRI M A RY C A RE P H Y S I C I ANS
Internists and family practitioners are typically the frontline physicians who manage these patients. Although we
should consider PASC in post-COVID-19 patients, it is
also important to remember the new axiom that “all that
appears long-haul is not COVID.” A reasonable workup to
rule out confounding, concomitant, or alternative diagnoses distinct from PASC should be undertaken to evaluate
persistent symptoms following COVID-19 infection. While
guidelines are scarce, there appears to be some agreement
regarding evaluations for patients with respiratory symptoms of PASC. These include chest radiograph, PFTs, and
six-minute walking distance (6MWD) testing at 12 weeks
post-infection for baseline measurement.27-29 Further evaluation with high resolution computed tomography (HRCT) or
echocardiography following evidence of residual infiltrates
on chest radiograph should be done in association with referral to appropriate specialists.27-29
Supplemental oxygen should be prescribed to patients
who have resting or exertional hypoxemia (generally oxygen saturation <88%) as in other chronic lung diseases;
many patients do improve their DLCO, so the need for oxygen should be re-evaluated after two to three months. The
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diagnostic and therapeutic management of chronic lung disease
following COVID-19 is beyond the
scope of this article, as there is not
yet consensus on many of the difficult clinical decisions that arise for
these patients. This speaks to the
broader consensus that an interdisciplinary care model is likely to be
most beneficial. In that context, if
patients have radiographic or PFT
abnormalities that correlate to
respiratory symptoms or a patient
requires supplemental oxygen, then
it is reasonable to involve a pulmonologist to determine the need for
medical therapies such as systemic
steroids for possible inflammatory
lung disease, bronchodilators for
airways disease, or evaluation for
neuromuscular disease.

P U LMONA RY REHA B ILITATION
Pulmonary rehabilitation (PR) has emerged as a safe and
effective intervention that can be offered to patients with
shortness of breath lasting four weeks after confirmed or
suspected COVID-19 infection; Medicare covers reimbursement for this indication. PR is defined as “a multidisciplinary intervention based on personalized evaluation and
treatment which includes, but is not limited to, exercise
training, education, and behavioral modification designed to
improve the physical and psychological condition of people
with respiratory disease.”30
In our two years of caring for PASC patients in The Miriam Hospital Center for Cardiac, Pulmonary and Vascular
Fitness PR program, we have seen many remarkable cases
of significant improvement in QOL measures and dyspnea
scores after our 12-week program. This includes two visits a week for individualized and monitored exercise as
well as interdisciplinary interventions such as a COVID
support group and psychosocial supports. Past patients
have included those who were treated for acute respiratory
distress related to COVID-19 in an intensive care unit for
weeks and survived with chronic supplemental oxygen and
tracheostomies, but there are also many previously healthy
young patients with mild to moderate acute COVID-19.
One such patient was a 40-year-old female marathon runner who developed such significant dyspnea on exertion
that she could barely walk across the room despite normal
oxygen requirements, PFTs, and chest imaging. Both types
of patients had significant improvements in their dyspnea,
their QOL based on standard PR measures, and exercise
tolerance as measured by 6MWD, despite likely different
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Figure 2. Potential Benefits of Exercise on the Most Frequent Clinical Manifestations of
post-COVID-19 syndrome

patients with more than just their respiratory
complaints, as described in Figure 2.
While the SARS-CoV-2 virus will likely
become endemic in our microbiologic ecosystem, we continue to grapple with the consequences of the pandemic. Encouragingly,
the respiratory symptoms of PASC show the
promise of improvement through pulmonary
rehabilitation. With each passing day, the
number of COVID survivors increases, and
even though a significant number will suffer
from long-term consequences of the infection, we also gain new insights into the diagnosis and management of PASC through the
ongoing efforts of researchers and clinicians
globally.
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