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Abstract
Coronavirus Disease 2019 (COVID-19) is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Over 
220 countries and territories have been affected by this virus, and the infection rate has continued to rise. As patients recover 
from the virus, many are experiencing lingering symptoms. Understanding the impact of demographics and comorbidities 
on symptom prevalence, manifestations, and severity is not only relevant during acute infection, it is critical to the clinical 
management of patients with post-acute sequelae of COVID-19, also known as PASC. Herein, we provide a comprehensive 
review on the most recent research related to PASC. Specifically, we focus on the description of the disorder itself, compared 
to acute COVID-19, and which types of patients are most affected by long-term sequelae. Further, we share recommenda-
tions for management of the most common complications of PASC.
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Introduction

Coronavirus Disease 2019 (COVID-19) is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
also known as the novel coronavirus (2019-nCoV). It was 
first reported in December 2019 within the Hubei Province 
in Wuhan, China. By March 11, 2020, the World Health 
Organization (WHO) had declared a global pandemic [1, 
2]. Over 220 countries and territories have been affected 
globally. As of March 1, 2022, there are 437.5 million 
confirmed cases of COVID-19, with a total of 5.9 million 
deaths worldwide [3]. The transmission is primarily through 
large respiratory droplets and aerosols from infected people 
coughing, sneezing, laughing, and singing, but the virus has 
also been found in stool and urine [1, 4, 5]. The virus can 
be spread through mucous membranes [6]. Countries have 
undertaken measures to control outbreaks and to support the 
increased demand for COVID-19 care [1, 2]. A collective 
global effort has been launched to advance potential thera-
peutics and preventative care for COVID-19. This includes 
novel vaccines, curative agents, and supportive measures 
with varying degrees of success. This demand for care also 
includes many patients who suffer from sequelae of COVID-
19 beyond the acute phase of infection.

Post-acute sequelae of COVID-19 (PASC) is a developing 
complication of SARS-CoV-2 infection, causing ongoing 
symptoms in patients who are beyond the acute phase yet 
have not completely recovered. Understanding the clinical 
manifestations of PASC is important for early detection and 

mitigation efforts. This also supports clinicians, with the 
goal of returning patients to pre-disease function.

This review summarizes the best available evidence that 
explores, potential complications, and management plans 
of PASC following the Realist and MEta-Narrative Evi-
dence Syntheses: Evolving Standards (RAMESES) [7]. In 
this meta-narrative systematic review, we present descrip-
tive statistics and narratively without quantitative pooling. 
Figure 1 summarizes the framework used to explore and 
synthesize this evidence.

Background

Post‑Acute and Long‑Term Covid‑19 Complications 
and Manifestations

The acute phase of COVID-19 infection is defined by the 
symptoms occurring the first 4 weeks after initial symptom 
onset [8, 9]. While evidence about stages beyond the acute 
phase is still evolving, some suggest the presence of symp-
toms beyond 12 weeks from onset of illness comprises post-
acute COVID-19 syndrome as one group [10]; on the other 
hand, others have categorized post-acute COVID-19 patients 
with lingering symptoms into 4 groups [8]: 1) patients who 
have severe manifestations such as ARDS (acute respira-
tory distress syndrome), 2) those who require intensive care 
unit admission (ICU), 3) those not admitted who later pre-
sent with signs of end-organ damage, such as cardiac or 

Fig. 1  Mapping analysis
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respiratory disease, and 4) those who do not require hospi-
talization but have prolonged symptoms without end-organ 
damage.

We propose the following simplified symptom course-
based categorization:

• Subacute or ongoing COVID-19 (PACS, post-acute 
COVID-19 syndrome) defined as symptoms continuing 
beyond the 4 weeks of acute infection, up to 12 weeks.

• Post-COVID-19 syndrome / conditions (PCS, PCC, 
long-COVID, long-haulers’ syndrome) chronic ongo-
ing COVID-19 symptoms beyond 12 weeks from acute 
infection.

• Post-acute sequelae of COVID-19 (PASC) symptoms 
persisting beyond the 4-week period of acute infection. 
Both PACS (i.e., 4–12 weeks) and PCS (i.e., > 12 weeks) 
are identified as two different chronological stages of 
Post-COVID Conditions.

Methods

Literature Search

We conducted a literature search that included Cochrane 
Central Register of Controlled Trials October 2021, EBM 
Reviews—Cochrane Database of Systematic Reviews 
2020 to December 03, 2020, Embase from January 2020 to 
December 2021, Ovid MEDLINE(R) and Epub Ahead of 
Print, In-Process & Other Non-Indexed Citations, and Daily 
from January 2020 to January 2022. The search included 
any studies that have enrolled patients who were treated for 
post-acute COVID-19 care. Our search terms were devel-
oped to attain all relatable publications on the given top-
ics knowing that terminology is evolving and depending 
on current state of knowledge; these included post-acute 
syndrome, long hauler, long COVID, persistent COVID-19 
syndrome, post-acute sequelae of COVID-19 (PASC), and 
chronic COVID-19.

Data Extraction and Synthesis

Data were extracted by a pair of independent reviewers and 
synthesized using a metanarrative approach. We extracted 
data on patients’ demographics, baseline characteristics, 
sample size, study type (pathophysiology, prevalence, man-
agement) and findings when meta-narratively synthesized, 
when reported. After the initial search and prior knowledge 
of existing paucity in the literature, while thoroughly observ-
ing the methodological heterogeneity between studies, and 
the non-standardized use of the defining PASC across the 
literature, insufficient reporting and diversity in range of 
evidence quality and sources regarding PASC etiology 

and outcomes, we synthesized the evidence using a meta-
narrative assessment approach according to the RAMESES 
guidelines [7] and did not pursue meta-analysis as summa-
rized in Fig. 1.

This type of systematic reviews follows a framework that 
includes planning, search, mapping, appraisal, and narrative 
synthesis. The narrative synthesis phase consists of identify-
ing the key dimensions of the question of interest; providing 
a narrative account of the contribution of each dimension; 
explaining concordant and discordant findings; and consid-
ering the higher order data through overview of bias risk. 
Data then are presented using descriptive statistics and nar-
ratively without quantitative pooling as used in systematic 
reviews with meta-analysis.

Results

The initial search included 513 articles of which 117 eligible 
references were used to synthesize and summarize this nar-
rative evidence.

Prevalence

While data remain scarce due to the novelty of this disease, 
it is estimated that PASC affects at least 10–30% of people 
who test positive for COVID-19 [9, 10]. Some patients have 
had 20 or more different symptoms, indicating COVID-19 is 
a multisystem disease. Acute COVID-19 has a worse prog-
nosis in older patients (> 65), those with lower socioeco-
nomic status, and those of certain ethnic groups including 
American Indian, Alaska Native, Hispanic/Latino, South 
Asian, and African American populations [11, 12]; there 
is not enough data to determine if this pattern extends to 
PASC, although Halpin et al. noted 42.1% of Black Asian 
Minority Ethnic (BAME) participants reported moderate to 
severe breathlessness vs. 25% of white patients [13]. Com-
pared to South Asian women, fewer white women and men 
died than would be expected: (95% CI): white women 0.9 
(0.8 to 1.0) and white men 0.9 (0.8 to 1.0) For those of black 
ethnicity, death rates were not different from the expected 
rates in the standard population [12].

Sex

Both men and women may present with any PASC 
symptom(s). Men are at greater risk for increased symptom 
severity and death [1, 14]; however, PASC is more common 
in women [15], and women are more likely to have persistent 
fatigue, anxiety, and depression at 6-month follow-up [15]. 
A study of 128 participants demonstrated 54% of women 
had fatigue at median of 10 weeks after initial COVID-19 
symptoms [16].
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Pathophysiological Mechanisms

The main mechanisms of acute COVID-19 include direct 
viral toxicity, endothelial damage and microvascular injury, 
hypercoagulability resulting in thrombosis and micro-
thrombosis, immune system dysregulation and stimulation 
of a hyperinflammatory state, and maladaption of the angi-
otensin-converting enzyme 2 (ACE-2) pathway [9]. ACE-2 
(angiotensin-converting enzyme 2) is an important regulator 
of the renin-angiotensin system (RAS), and SARS-CoV-2, 
which has a high affinity for ACE-2, enters human cells 
by binding to host ACE-2 receptors and entering through 
endocytosis or membrane fusion [17]. This direct tropism 
onto ACE-2 receptors of various tissues (endothelium, lung 
parenchyma, heart, kidneys, and intestines) is thought to 
cause multi-organ injury [17, 18].

There is little known about the pathophysiology of post-
acute COVID-19, but it is thought to be multifactorial as 
multiple organs are involved [19]. Mechanisms which 
potentially contribute to the pathophysiology of post-acute 
COVID-19 include viral-specific pathophysiologic changes, 
immunologic aberrations, and inflammation in response to 
the acute infection, and sequelae of post-intensive care syn-
drome [9]. SARS-CoV-2 infection in patients with comor-
bidities may result in excessive cytokine release, cytokine 
storm, resulting in a destructive immune response, leading 
to acute respiratory distress syndrome (ARDS), multi-organ 
dysfunction syndrome (MODS), activation of coagulation 
pathways causing an imbalance of procoagulant and antico-
agulant factors resulting in micro-thrombosis, disseminated 
intravascular coagulation (DIC), septic shock, multiorgan 
failure, and death [19]. Immune destruction can also result 
in autoimmune phenomena and molecular mimicry which 
lead to autoimmunity [20–24].

Homeostasis between the systemic inflammatory response 
syndrome (SIRS), and the compensatory anti-inflammatory 
response syndrome (CARS) determines clinical recovery or 
viral reactivation, secondary infections (bacterial, pulmo-
nary aspergillosis), and death [9, 18].

Smoking Status

There is limited data on the contribution of tobacco use to 
poor outcomes in COVID-19; however, a few studies have 
found smoking was most likely associated with progression 
and negative outcomes of COVID-19 [25, 26]. This can be 
understood to be closely linked to the many known adverse 
effects of smoking.

Laboratory Findings

Blood tests should be ordered selectively, based on con-
cern. Research is still needed to refine indications and 

interpretation of laboratory testing in post-acute COVID-19. 
Routine laboratory with a complete blood count (CBC) and 
comprehensive metabolic panel (CMP) should be considered 
in all patients with PASC. Significantly elevated white blood 
cell counts, marked leukopenia, high neutrophil counts, 
thrombocytopenia, decreased CD3, CD4, CD 8 T-lympho-
cyte counts, and elevations in certain inflammatory biomark-
ers (C-reactive protein, procalcitonin, cytokine IL-6, ferritin, 
and serum amyloid A) have been noted in the literature to be 
associated with severe disease [27]. It is unclear if laboratory 
findings with acute COVID-19 infection, may be prognosti-
cators for PASC risk.

Comorbidities

Patients with underlying pulmonary conditions, obesity, and 
older age are at increased risk for developing PASC [28].

PASC and Management

Persistent viremia is thought to occur in patients who have a 
weak or absent antibody response, inflammatory or immune 
disorders, relapse, reinfection, deconditioning, or mental 
health disorders, such as post-traumatic stress disorder [29, 
30]. General principles for the management of PASC include 
controlling comorbid conditions, such as diabetes, hyperten-
sion, kidney disease, respiratory diseases, and ischemic heart 
disease, and treating specific complications as necessary. 
Vital signs including temperature, heart rate, blood pressure, 
respiratory rate, and pulse oximetry should be measured 
routinely. Comprehensive physical, cognitive, and psycho-
logical assessments should be completed. Symptom-guided 
testing should be utilized for disease-specific evaluation of 
persistent symptoms. Antibiotics for secondary infections 
should be considered. Self-monitoring with FDA (Federal 
Drug Administration)-approved devices including pulse oxi-
metry, blood glucose and blood pressure monitoring should 
be encouraged. Patients should also be encouraged to limit 
alcohol use, discontinue tobacco use, practice good sleep 
hygiene, and eat a well-balanced diet [10]. Mental health 
concerns should be addressed by connecting patients to 
support groups, mental health services, and community 
services, as job loss, financial stress, and food insecurity 
may negatively impact recovery [10]. Pediatric studies have 
been similar to adults in this regard, multiple and varied 
symptoms show that a multicomponent intervention will 
be required, and that mental and physical health symptoms 
occur concurrently [11, 31].

A summary of PASC management recommendations is 
noted in Table 1 [10, 15, 32–49].
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Table 1  Symptomatic management of PASC

PASC symptoms that may be managed by primary care providers and generally do not require referral
Constitutional • 80–90% of hospitalized with COVID-19 are successfully discharged

• Management of patients with mild PASC should focus on functional status
• There can be light aerobic exercise such as walking or Pilates, with a gradually increased intensity over a 4-to-6 week 

period, and with a phased return to work [10]
• Fever can be treated with antipyretics such as acetaminophen or NSAIDs
• Patients should be encouraged to monitor their general health and nutrition, get adequate sleep, and limit substances such 

as tobacco, alcohol, and caffeine
• Patients should check daily pulse oximetry if indicated
• Set SMART goals to manage activities of daily living -Specific, Measurable, Attainable, Realistic and Timely goals [32]

Gastrointestinal • Symptomatic management includes that for nausea, vomiting, anorexia, diarrhea, GERD, and loss of appetite
Olfactory • For patients with persistent anosmia, olfactory training has been proposed as a self-management strategy by using essen-

tial oils or other strong odors on a regular basis for several weeks
• Patients should minimize external distractions and focus at least 20 s on a single scent, and then move on to another to 

amplify the body’s natural mechanism of recovery by altering neural pathways [33]
• Intranasal steroids (Mometasone furoate as example) have also been used in patients with loss of smell for more than 

2 weeks associated with nasal symptoms [34]
• Omega 3 fatty acids (no specific dose recommendation) shown to be beneficial in patients with isolated anos-

mia > 2 weeks, with resolution of other symptoms [34]
Ocular • Symptomatic management of conjunctivitis, keratoconjunctivitis, or ocular irritation
Skin • Non-specific erythematous rash, maculopapular rash, urticaria, vesicles, and chilblain-like lesions on extremities, some-

times called “COVID toe” are all managed per standard of care
Ability to exercise • The Stanford Hall consensus for returning to exercise recommends [35]:

1. Mild disease-One week of low grade stretching and strengthening before cardiovascular sessions
2. Mild disease-Limited activity such as slow walking, increased rest periods if symptoms worsen
3. If persistence of fatigue, breathlessness, cough, fever-limited activity to 60% maximum heart rate, until 2–3 weeks after 

symptoms resolve
4. If lymphopenia or oxygen requirement-requires respiratory assessment before resuming exercise
5. If cardiac involvement-requires cardiac assessment before resuming exercise

PASC symptoms that may require referral to subspecialties
Chronic fatigue • There is a potential role for Cognitive Behavioral Therapy (CBT) and Health & Wellness Coaching (HWC) programs 

focused nutritional status, graded exercise, mindfulness, and sleep hygiene, with the goal of improved quality of life
Respiratory complications • Chest imaging is necessary in patients with current respiratory symptoms and previous abnormal imaging

• For most patients, a chest radiography is sufficient
• Chest computed tomography (CT), if needed, should be based upon concern for underlying pathology, such as contrast-

enhanced CT if malignancy is suspected, non-contrast high resolution CT for concern of interstitial lung disease, 
especially in patients who had ARDS

• A chest radiograph is recommended at 12 weeks in patients who have had COVID pneumonia, as patients may have 
persistence of signs of lung damage, including ground-glass opacities, consolidation, and interlobular septal thickening

• If the chest radiograph is abnormal, then a CT chest and consultation with pulmonologist is recommended
• Lung abnormalities have been noted to persist on chest CT for > 6 months in 50% of previously hospitalized patients, even 

those with non-severe respiratory disease [36]
• For patients with a normal chest radiograph, unexplained respiratory symptoms, and hypoxia, there should be a high 

index of suspicion for venous thromboembolism. These patients should be evaluated with CT-chest angiogram
• Rarely, chest or neck discomfort related to venous stenosis from previous central venous catheterization is present and an 

ultrasound or phlebography may be needed [37]
• Patients with persistent, progressive, new respiratory symptoms, or those who were hospitalized for respiratory 

symptoms, including COVID-19-related ARDS, may benefit from treatment for restrictive or obstructive disorders if 
uncovered after pulmonary function testing is completed. Pulmonary fibrosis noted on CT chest of patients after hospi-
talization, may be treated with oral steroid therapy and antifibrotic drugs (pirfenidone and nintedanib are currently being 
evaluated for use) [38]

• This testing may include spirometry, lung volumes, and diffusion capacity
• Patients recovering from severe lung infection, such as those requiring oxygen by high flow nasal canula or mechanical 

ventilation have been found to have impaired diffusing capacity for carbon monoxide in up to 56% of cases, and impaired 
exercise capacity during the first 6 months after discharge [15]

• Referral to pulmonology for persistent abnormal chest x-ray, abnormal oximetry, or unexplained dyspnea is appropriate, 
as complete cardiopulmonary exercise testing may identify those who would benefit from pulmonary or physical rehabili-
tation; however, more data about appropriate timing of pulmonary function tests (PFTs) and follow-up PFTs is needed

• For patients with chronic cough, if all other causes of cough have been ruled out, the treatment is supportive. Patients 
may also experience breathlessness after infection. In the absence of other underlying complications such as pleuritis or 
infection, patients should be instructed on breathing techniques to control or manage their symptoms

• Breathing techniques include diaphragmatic breathing, slow deep breathing, yoga breathing, pursed lip breathing, or 
breathing through the nose and out through the mouth, slowly, aiming for a ratio of 1:2, in 5–10-min bursts throughout 
the day [10]

Hypoxia • Hypoxia associated with decreased diffusion capacity may occur as a sequela of COVID-19. It may be silent, which is to 
say asymptomatic, or be associated with increased work of breathing

• Patients with hypoxia during the subacute phase of COVID-19 do not necessarily require pulmonary rehabilitation but 
should be monitored closely and supported with supplemental oxygen if necessary [39]

• Monitoring oxygen saturation in post COVID-19 patients without “red flags” can be reassuring in those experiencing 
persistent breathlessness

• Oxygen saturations of 96% or above in patients without chronic lung disease are expected. For those with chronic lung 
disease, saturations in the 88 to 92% range may be acceptable
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PASC Symptoms that may be Managed 
by Primary Care

The authors propose the following PASC symptoms may be 
managed by primary care providers if there is access, and 

Table 1  (continued)

Neurological • Patients should be evaluated for focal symptoms and sensory deficits
• Unexplained muscle weakness may indicate the need for neurologic consult with electromyography and nerve conduction 

studies. Neurologic imaging is necessary only in the face of a neurologic deficit
• Headache management includes amitriptyline, venlafaxine, and mirtazapine for tension-type headaches [40]
• Migraine-like headaches may benefit from beta-blockers, neuromodulators, antidepressants, calcium channel blockers, or 

ACE inhibitors/angiotensin II receptor blockers [40]
• Address mood, sleep, and stress disorders [40]

Dysautonomia and orthostatic intolerance Patient education regarding physiologic changes associated with orthostatic intolerance syndrome, and management may 
provide reassurance [41–43]. This includes:

• Structured non-upright exercise such as swimming, or recumbent exercise bicycle should be encouraged
• Fluid and salt repletion with 2–3 L of water daily, one to two teaspoons of salt daily, and limiting alcohol and caffeine are 

recommended
• Avoiding exacerbating factors such as prolonged standing, warm environments, dehydration, and sudden changes in posi-

tion. Consume small and frequent meals to avoid splanchnic vasodilatation
• Compression garments extending to waist, or abdominal binders
• Isometric exercises with sustained tensing of muscles to improve venous return to the heart and raise blood pressure may 

be beneficial. Counter-pressure maneuvers include tensing thigh, buttock muscles, crossing arms and legs, folding arms 
and leaning forward, squatting, or raising a leg and putting foot on a stool

• Patients with POTS symptomology may benefit from pharmacological therapy such as Fludrocortisone, a fluid expander; 
Midodrine, a sympathomimetic alpha-1-agonist that increases vasoconstriction and venous return to heart; and Clonidine 
and Methyldopa, which improve hyperadrenergic symptoms caused by catecholamine surge on standing

Cardiovascular complications • Patients should be questioned about ongoing or intermittent dyspnea occurring with both rest and exertion; fatigue, 
cough, chest pain or discomfort experienced at rest, with exertion, or positionally; orthopnea, peripheral edema, palpita-
tions, dizziness, orthostasis, syncope or presyncope; as well as any supplemental oxygen needs

• It is important to determine if the symptoms are worsening, persistent, or new as late complications such as secondary 
bacterial pneumonia, empyema, pulmonary embolism, myocardial inflammation, and injury may occur

• A 12-lead ECG is recommended to evaluate patients with cardiac symptoms, and if unremarkable, in the setting of persis-
tent palpitations or dysautonomia symptoms, Holter monitoring is recommended

• Patients with orthostatic symptoms may benefit from tilt table testing
• An echocardiogram, chest CT, or CMR is recommended in patients with history of myocardial injury, myocarditis, 

dyspnea, or cardiac symptoms and signs such as chest pain not typical for pleuritic or musculoskeletal conditions, edema, 
and new murmurs

• Left ventricular systolic function and heart failure should be managed according to standards of care
• If echocardiography is normal, patients may need cardiopulmonary exercise testing
• Patients should avoid intense cardiovascular exercise for three months after myocarditis or pericarditis; athletes should 

rest from cardiovascular training and competitive sports for 3–6 months until resolution of myocardial inflammation by 
CMR or troponin normalization and be followed by a cardiologist to guide them in their return to exercise [44]

• Patients with significant cardiac injury and functional limitations would benefit from cardiac rehabilitation
• Training and high-level sport may resume following myocarditis if left ventricular systolic function is normal, serum 

biomarkers of myocardial injury are normal, and if relevant arrhythmias are ruled out on 24-h ECG monitoring and 
exercise testing [42]

• If returning to high–level sport or physically demanding occupation following myocarditis, patients are required to 
undergo periodic reassessment, in particular during the first 2 years [44]

• There is insufficient evidence of long-term cardiac function after patients seems to have recovered, or for how long 
patients remain in a hypercoagulable state after acute infection [45]

Thromboembolic complications • Patients hospitalized typically receive prophylactic anticoagulation
• Higher-risk patients may be discharged with 10 additional days of thromboprophylaxis [46], but there is no consensus on 

the benefit, or duration of prolonged prophylaxis with low molecular weight heparin after hospital discharge
• If a patient has a thrombotic event, standard guidelines for anticoagulation should be followed
• No data are available on the duration of hypercoagulability post-acute COVID-19

Multisystem Inflammatory Syndrome (MIS) • Intravenous immunoglobulins, adjunctive glucocorticoids, and low dose aspirin until coronary arteries are confirmed 
normal at least 4 weeks after diagnosis [47]

Post-Intensive Care Syndrome • Patients with protracted mental health disorders, should be referred for psychiatric care if experiencing moderate to severe 
symptoms

• Therapy for PTSD may focus on trauma-based CBT, cognitive processing therapy, and/or eye movement desensitization 
and reprocessing [48]

Additional considerations • There are currently no studies showing any definite benefit of vitamin and mineral supplementation in the management of 
acute, subacute, or chronic COVID-19 symptoms

• A healthy diet including vegetables, fruits, whole grains, legumes, nuts, and moderate amounts of fish, dairy, and poultry 
is recommended to aid in recovery

• Patients should limit red and processed meats, as well as refined carbohydrates and sugar
• Many supplements have been recommended for managing acute symptoms of COVID-19, such as vitamins A, C, D, and 

E, along with zinc, omega-3 fatty acids, and probiotics. Modest results have been noted with supplements, except vitamin 
C and zinc which showed no benefit [49]; these may be especially beneficial in older patients who often do not ingest 
enough of these nutrients due to changes in appetite, limited access to healthy foods, cost of groceries, and chronic health 
conditions

• Bone density studies to evaluate for osteopenia and osteoporosis may be indicated in patients with prolonged illness and 
immobilization
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generally do not require subspecialty referral.

A. Constitutional
  One-third or more of patients with PASC experience 

more than one symptom [48] and the most common of 
these are waxing and waning fatigue (15–87%), dyspnea 
(10–71%), chest pain or tightness (12–44%) cough (17–
34%), and sleep disturbance (24%-26%) [15, 38, 50–
52]. Patients may also report low-grade fever (< 101F), 
myalgias and weakness, arthralgias, sicca symptoms, 
rhinitis, headaches, loss of appetite, dysgeusia, brain 
fogginess/poor concentration, anosmia/hyposmia, alo-
pecia, diarrhea, anxiety, depression, and posttraumatic 
stress disorder [15, 19, 50, 53]. Autonomic symptoms 
of night sweats, temperature dysregulation, dizziness, 
palpitations at rest or with mild exertion, and postural 
tachycardia may occur [38, 54]. A significant number of 
patients with mild disease experience symptoms months 
after acute infection [55], and symptoms may be cyclical 
[54].

  Approximately 10 to 20% of patients require rehos-
pitalization within 30 to 60 days, but most patients hos-
pitalized with COVID-19 are successfully discharged 
[56, 57]. Patients with moderate to severe COVID-19 
admitted to the hospital may experience persistence of 
symptoms for months post hospitalization (52–87%) [19, 
28, 50].

B. Gastrointestinal
  The most common gastrointestinal symptoms include 

nausea, vomiting, diarrhea, anorexia, and loss of appetite 
[58–60]. Less frequent complaints include abdominal 
pain, distension, or gastrointestinal bleeding [58, 61, 
62]. Gastroesophageal reflux symptoms also occur and 
may be treated with anti-reflux medications, such as 
proton-pump inhibitors or H2 blockers. Patients may 
develop gustatory dysfunction or dysgeusia, absent 
other symptoms, that persist beyond the acute phase 
of COVID-19 infection [58, 63]. Dysregulation of gut 
motility increased visceral hypersensitivity, dysbiosis, 
and alterations of gut autocrine axis are proposed mech-
anisms [64]. Symptomatic management and supportive 
care are recommended.

C. Anosmia
  Anosmia has been reported in 79.7% of patients dur-

ing acute COVID-19, particularly in patients who also 
experienced fever, may occur in the absence of other 
symptoms, and may persist after recovery from acute 
infection in up to 56% of patients [58, 65, 66]. One sys-
tematic review and metanalysis of 24 studies (N 8438) 
showed persistence of anosmia in 41% of patients and 
ageusia in 38.2% [67]. Whether these symptoms are per-
manent, or transient in all patients is unknown.

D. Ocular

  Ocular manifestations are not well described. One 
meta-analysis and systematic review involving 1533 
patients, revealed 11.2% had ocular symptoms, primarily 
conjunctivitis (86.4%), ocular pain, dry eye, and floaters 
[68]. SARS-CoV-2 is rarely associated with inflamma-
tory responses of the ocular surface and the natural his-
tory is rapid self-limited conjunctivitis, without compli-
cations, or effect on visual acuity. However, case reports 
of episcleritis, and keratoconjunctivitis from herpes-like 
pseudodendritic infiltration on the cornea, resulting in 
a decline in vision have been reported [69], and may 
require the care of an eye specialist.

E. Skin
  Skin manifestations are noted in up to 20% of patients, 

and include exanthematous, vesicular, and papulosqua-
mous eruptions, urticarial and erythema multiforme-like 
reactions, confluent erythematous maculopapular-mor-
billiform rashes, thrombotic purpura, livedo reticularis, 
and acral purpuric nodules similar to idiopathic pernio-
sis (chilblains), sometimes called “COVID toe” [10, 58, 
70].

F. Endocrine

Cases of diabetic ketoacidosis, subacute thyroiditis, 
Hashimoto’s thyroiditis, bone demineralization from ster-
oid use, vitamin D deficiency, and immobilization have been 
noted in patients with PASC [19].

PASC Symptoms that may Require Referral 
to Subspecialties

It is the authors’ opinion that patients with persistent mul-
tisystem symptoms, especially if lasting > 12 weeks, may 
benefit from being evaluated in a COVID-19 recovery clinic 
or subspecialty clinic for specific symptoms. We summarize 
the most observed presentations.

A. Chronic Fatigue
  Some patients experience persistent fatigue, similar 

to chronic fatigue syndrome or central sensitization syn-
drome with chronic fatigue [71]. Other possible causes 
including nutritional deficiencies should be investigated 
and corrected if possible. There is a paucity of informa-
tion on the management of patients with fatigue, myal-
gias, and exercise intolerance. Some multidisciplinary 
centers, such as Mayo Clinic, have implemented cogni-
tive behavioral treatment programs to assist patients in 
recovering from these symptoms [72, 73].

B. Respiratory Complications
  Patients may have persistent, progressive, or new 

respiratory symptoms. Those hospitalized for respira-
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tory symptoms, may have other complications, such as 
COVID-19 related acute respiratory distress syndrome 
(ARDS) [72]. Studies have shown patients with severe 
acute COVID-19 (requiring high-flow nasal cannula, 
non-invasive, or invasive mechanical ventilation) are 
at greatest risk for long-term pulmonary complications 
including persistent diffusion impairment and pulmo-
nary fibrosis [9, 15].

  Dyspnea with or without oxygen dependence is a 
common persistent symptom beyond acute COVID-19, 
occurring in 42–66% of patients 60–100 days after acute 
infection [9, 13, 50, 74, 75]. In addition to respiratory 
causes, patients should also be evaluated for anemia, 
evidence of pulmonary embolism, and cardiac causes, 
such as heart failure [38]. Self-monitoring over three to 
five days with normal baseline saturations may provide 
reassurance to patients with dyspnea for which no other 
cause has been found.

  Dyspnea after COVID-19 pneumonia is multifacto-
rial-associated with resolving pneumonia (including 
scarring from inflammation), deconditioning, neuromus-
cular weakness, heart failure, post-intubation tracheal 
stenosis, and exacerbation of underlying lung disease 
(chronic obstructive lung disease, asthma, interstitial 
lung disease). Chronic cough persisting > 8 weeks is not 
uncommon.

  Persistent need for supplemental oxygen for hypox-
emia or need for continuous positive airway pressure 
(CPAP) or other breathing support while sleeping has 
been reported in 6.6% and 6.9% of patients, respectively, 
at 60 days post-acute COVID-19, and patients’ average 
six-minute walking distance has been noted to be lower 
because of dyspnea [9, 38].

  Diffusion capacity reduction has been noted in post-
acute COVID-19 and the more severe the acute illness, 
the more significant the reduction [9, 39]. Hospitalized 
patients have been noted to have restrictive lung dis-
ease at 3 and 6 months post-acute COVID-19 [9, 39, 
76]. Studies have demonstrated ground-glass opacities 
by computed tomography at 6 months after acute infec-
tion [9, 15]. Fibrotic changes, including reticulations and 
traction bronchiectasis have also been noted 3 months 
after hospitalization in 25–65% of patients [9, 76, 77].

C. Monitoring of Post-acute COVID-19 Hypoxia
  Pulse oximetry is beneficial to the assessment and 

management of acute COVID-19 resulting in pneu-
monia, exacerbations of underlying lung disease, and 
thromboembolic disease. Prolonged hypoxia prior to and 
during hospitalization for COVID-19 is a risk factor for 
venous thromboembolism [78].

  The British Thoracic Society defines the target range 
of oxygen saturation as 94–98%, and a level less than or 
equal to 92% as requiring oxygen in the setting of non-

chronic respiratory failure [10]. Medicare guidelines use 
88% as the level below which patients qualify for home 
oxygen.

  An exertional desaturation test in patients with normal 
oxygen saturations greater than or equal to 96%, may 
be beneficial in patients with lightheadedness or severe 
breathlessness with exercise [10, 79]. A decline in satu-
ration by 3% after walking 40 steps on a flat surface, 
and after one minute of sit-to-stand as fast as possible, 
is abnormal and requires further evaluation [10, 39].

  Monitoring oxygen saturation in post COVID-19 
patients without “red flags” can be reassuring in those 
experiencing persistent breathlessness. Oxygen satura-
tions of 96% or above in patients without chronic lung 
disease are expected. For those with chronic lung dis-
ease, saturations in the 88 to 92% range may be accept-
able. Patients with chest pain and significant breathless-
ness should be evaluated for pulmonary embolism [38].

  Interstitial lung disease is unlikely in patients without 
hypoxia; however, long-term outcomes are not available, 
and patients who survive ARDS need to be monitored 
closely for persistent impairment of lung function.

  Patients with hypoxia during the subacute phase of 
COVID-19 do not necessarily require pulmonary reha-
bilitation but should be monitored closely and supported 
with supplemental oxygen if necessary [39].

D. Cardiovascular Complications
  Underlying cardiovascular conditions may result in 

both severe and persistent disease, and atrial fibrillation 
triggered by hypoxia. The most prevalent cardiovascular 
complication of COVID-19 (8–12% of patients) is acute 
myocardial injury [58, 80, 81].

  Cardiovascular PASC disorders that persist include 
myocarditis, fibrosis, scarring, and pericarditis [58, 
82–87]. A study of 26 competitive college athletes with 
mild to asymptomatic disease who had cardiac magnetic 
resonance imaging (MRI) showed myocarditis in 15% 
of these patients. Interestingly, there was also evidence 
of previous myocardial injury noted in 30.8% [82–87].

  Myocardial infarction, congestive heart failure, car-
diomyopathy, and arrhythmias occur in approximately 
20% of patients with underlying heart disease [15, 
50, 88]. Evidence from cardiac MRI suggests myo-
cardial inflammation may be as high as 60%, greater 
than 60 days after diagnosis of infection [88]. Chest 
pain has been noted in 20% of patients 60 days post-
infection [50].

E. Hematologic and Thromboembolic Complications
  Elevated D-dimer levels have been associated with 

hypercoagulability, increased risk for pulmonary vas-
culature micro-thrombosis in patients admitted to the 
intensive care unit, and poorer prognosis in patients 
with COVID-19 [89, 90]. There is evidence for empiric 
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anticoagulation among patients with COVID-19 with 
elevated D-dimer levels [91].

  Many patients are at increased risk of arterial and 
venous thromboembolic events, because of the hyper-
inflammatory and hypercoagulable nature of COVID-19 
[46, 58, 90, 92–94]. These complications may present 
several weeks after acute COVID-19.

F. Neurologic Complications
  Many studies reported the presence of SARS-CoV-2 

in cerebrospinal fluid and brain tissue of infected 
patients on autopsy [95]. Over 80% of hospitalized 
patients will have neurologic symptoms during their 
illness [96]. Neurological manifestations involve the 
central nervous system, peripheral nervous system, or 
skeletal muscles [21, 97].

  Neurologic symptoms may persist after acute illness 
has resolved; patients have been found to experience men-
ingitis, hypoxic encephalopathy (from decreased cardiac/
pulmonary function), ischemic or hemorrhagic stroke 
(from coagulation disorders or depressed cardiac func-
tion), seizures, or neuromuscular weakness [58, 98, 99]. 
Autoimmune/para-infectious processes can result in Guil-
lain–Barre, transverse myelitis, acute inflammatory demy-
elinating polyneuropathy, and autoimmune encephalitis 
[97, 99–101]. There may be movement disorders, such 
as Parkinsonism, myoclonus, and ataxia [101]. The most 
common symptoms are headache, and dizziness [99].

  Encephalopathy and delirium have been described 
in almost 70% of ICU patients and can result in long-
term cognitive impairment or brain fog [96, 99]. Post-
COVID-19 brain fog can also occur because of dysauto-
nomia, deconditioning, and posttraumatic stress disorder 
[19]. Cognitive dysfunction is noted to occur in approxi-
mately 88% of patients with PASC [101]. Psychiatric 
disorders, such as psychosis, obsessive–compulsive dis-
order (OCD), anxiety, depression, post-traumatic stress 
disorder (PTSD) and sleep disturbances, have been 
reported in 30–40% of COVID-19 survivors [102].

  The true prevalence of post-COVID headache is 
unknown but is estimated to be 14–43% [103]. Medi-
cation overuse headaches, exacerbation of preexisting 
migraine headaches, and daily persistent headaches 
without prior headache history are potential etiologies 
[40, 103, 104]). COVID-associated headaches have 
been described as bifrontal, holocranial, frequently last 
for > 24 h, worse in the evening, exacerbated by exercise 
and coughing, associated with photophobia and phono-
phobia) [40, 103, 104]. One percent of patients will pre-
sent with trigeminal symptoms [103].

G. Dysautonomia
  Cytokine storm, direct viral mediation, autoanti-

bodies to B-adrenoceptors, and muscarinic receptors 
have all been proposed for the relationship between 

COVID-19 and its effect on the autonomic nervous 
system. Patients presenting with persistent palpitations, 
chest pain, fatigue, breathlessness, presyncope, or syn-
cope > 4 weeks after acute infection should have blood 
pressure and heart rate monitoring after five minutes 
lying down and 3 min standing to evaluate for orthos-
tatic hypotension, defined as a fall of > 20 mmHg sys-
tolic and > 10 mmHg diastolic pressure after standing 
for 3 min [105]. Patients who have an increase in heart 
rate of ≥ 30 beats/minute when standing for > 30  s, 
or ≥ 40 beats/minute in the age group of 12–19 years, in 
the absence of orthostatic hypotension, may have pos-
tural orthostatic tachycardia syndrome (POTS) [106]. 
Deconditioning, hypovolemia, and prolonged bedrest 
may exacerbate orthostatic intolerance and POTS. 
The release of epinephrine and norepinephrine causes 
tachycardia in orthostatic intolerance, resulting in pal-
pitations, breathlessness and chest pain sometimes seen 
in PASC. High catecholamines can cause paradoxical 
vasodilatation, sympathetic activity withdrawal, activa-
tion of the vagus nerve, and result in dizziness, hypoten-
sion, and possibly syncope [41–43].

H. Multisystem Inflammatory Syndrome (MIS)
  Although seen more commonly in pediatric popula-

tion, MIS can also occur in adults (MIS-A) [21].
  Diagnostic criteria include age >  = 21 years, with sub-

jective or documented fever (> = 38.0 C) for >  = 24 h 
prior to or within 3 days of hospitalization and at least 
3 clinical criteria occurring prior to or within the first 
3 days of hospitalization. (At least one primary crite-
rion), current or recent SARS-CoV-2 infection, elevated 
levels of at least two laboratories (CRP, ferritin, IL-6, 
ESR, procalcitonin), and the exclusion of other diag-
noses [107]. The diagnosis is confirmed with (At least 
one primary criterion), current or recent SARS-CoV-2 
infection, elevated levels of at least two laboratory tests 
(CRP, ferritin, IL-6, ESR, procalcitonin), and the exclu-
sion of other diagnoses [107].

  Primary clinical criteria are rash, non-purulent con-
junctivitis, and severe cardiac illness (myocarditis, 
pericarditis, coronary artery dilatation/aneurysm, new-
onset right or left ventricular dysfunction (LVEF < 50%), 
 2nd/3rd degree AV block, or ventricular tachycardia 
[107].

  Secondary criteria include new-onset neurologic signs 
and symptoms (encephalopathy without prior cogni-
tive impairment, seizures, meningeal signs, or periph-
eral neuropathy including Guillain–Barre syndrome), 
abdominal pain, vomiting or diarrhea, thrombocyto-
penia (platelet count < 150,000/microliters), shock, or 
hypotension unrelated to medical therapy [107]. Recent 
reports on 6-month follow up showed few organ-specific 
sequelae in pediatric patients with MIS, but still ongoing 
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concern for poor exercise tolerance and mental health 
support [107, 108].

I. Post-Intensive Care Syndrome (PICS)
  Some PASC patients may experience neurocognitive 

dysfunction (poor memory and concentration), and men-
tal health disorders such as anxiety, depression, or post-
traumatic stress disorder (PTSD) [109] that are similar 
to the syndrome experienced in patients who have been 
admitted to intensive care environments. In a study of 
100 patients discharged from the hospital, 24% reported 
PTSD, 18% had new or worsened memory problems, 
and 16% had new or worsened concentration problems 
[56]. Almost 50% of COVID-19 survivors reported a 
worsened quality of life [110], 22% had anxiety and/or 
depression [110], and 30–34% had persistent symptoms 
of PTSD at three months post infection [111].

  After the first 6 months, patients suffer considerably 
from depression (21%) and anxiety (28%) [111]. These 
mental health conditions are thought to occur due to 
loneliness, social isolation, and changes in routine. It is 
important to note that the impact on physical health can 
affect responses to assessment tools such as the PHQ-9, 
designed to measure anxiety and depression in physi-
cally healthy populations.

J. Nutrition
  Patients with diabetes, hypertension, older age, and 

cancer tend to have more severe COVID-19 infections 
and are more likely to have long-term complications 
from COVID-19 and therefore may benefit from a nutri-
tional evaluation. Observational studies have shown 
deficiencies in micronutrients, particularly Vitamin D 
[112]. However, there is no data showing that reversing 
such deficits improves COVID-19 outcomes. Also, there 
is no clear evidence about the benefits of vitamin and 
mineral supplementation in the management of acute, 
subacute, or chronic COVID-19 symptoms.

Discussion

There is ambiguity in defining differences between post-
COVID syndrome (PCS), PACS, and PASC in the published 
literature [113–115]. We have given our own refinement 
for this categorization. PASC is becoming a recognizable 
and crucial clinical entity as data continue to inform of its 
pathogenesis, presentation, and clinical course. Anecdotal 
reporting has also raised questions about the implications 
of receiving a COVID-19 vaccine and the improvement in 
PASC. One out of five patients report improvement, mainly 
brain fog and anosmia, after SARS-CoV-2 vaccination 
[116]. Two-thirds of patients with PASC saw no worsening 

of symptoms after vaccination; fever, chills, and gastro-
intestinal symptoms were frequently reported, similar to the 
general population [116]. This will require further research.

The current understanding suggests PASC is caused 
by ACE2 receptor-binding, immune-dysregulation, and 
stimulation of hyper-inflammatory and hyper-coagulation 
pathways [9]. Preexisting conditions and the relationship 
to PASC remain largely unclear. Demographic data show 
higher prevalence and severity in females, with significant 
impact on under-resourced and disparate communities.

The long-term management of PASC remains largely 
unknown. The most reported follow-up assessments include 
quality of life, functional neurocognitive and psychological 
evaluations, pulmonary function screening, and occupational 
rehabilitation. The multiorgan and heterogenous manifesta-
tion of PASC requires the need for multidisciplinary, coor-
dinated care management that includes peer and community 
support for patients presenting with PACS.

The strength of this review study is the succinct, up-to-
date information it provides, including a table summariz-
ing current management recommendations from literature, 
focused to general physicians, and primary care providers 
who are most likely to see PASC patients front-line. The 
meta-narrative review approach is deemed feasible, robust, 
and appropriate at this stage to outline existing evidence and 
gaps in knowledge for future direction. Limitations of this 
review study include the paucity of information regarding 
the underlying etiology of PASC, limited data on patient 
symptoms and duration, limited information in the literature 
on the management of PASC, and little data on the preva-
lence of PASC in unvaccinated vs. vaccinated individuals. 
By structuring our review on specialty referrals, generaliz-
ability is limited to higher income countries where this is the 
norm for health care systems. Further data are still yet to be 
seen on the prevalence of PASC in lower income regions.

Ongoing studies to improve our understanding and ability 
to treat PASC are underway and seek to elucidate the clini-
cal spectrum and biology of those that have recovered from 
COVID-19 infection, as well as understand the phenotype 
of those patients who do not fully recover. Further studies 
are also needed to understand the long-term implications 
of COVID-19 and PASC as it is currently uncertain if the 
SARS-CoV-2 infection initiates or promotes the patho-
genesis of conditions or findings previously discussed or 
increases the risk of development of other disorders. There 
are many ongoing efforts to further understand PASC, 
including the National Institute of Health (NIH) initiative 
launch [117]. Open and collaborative efforts may signifi-
cantly provide pathways to better report, understand, and 
explore best practices for managing PASC.

90  Page 10 of 14



SN Comprehensive Clinical Medicine (2022) 4:90

Conclusion

The lasting effect of COVID-19 involves multiple organ 
systems requiring ongoing medical attention well after 
acute illness has passed. Adequate treatment in most cases 
requires a multi-disciplinary approach. Much research has 
been gained on PASC, but more is still needed to examine 
the self-reported phenomena of PASC, and to reduce health-
care treatment and disease burden on these patients. This 
will move clinicians forward to better deliver evidence-based 
and patient-centered care.
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