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INTRODUCTION

COVID-19 is a major pandemic that is worldwide and may cause significant symptoms and
possibly hospitalization. About 80% have mild to moderate disease. However, among the 20%
with severe disease, 5% develop a critical illness. There is a subset of patients, however, who
will have lingering, persistent or prolonged symptoms for weeks or month afterwards, which we
termed "Long COVID.” (It does have many other names.) This has extended the significant
worldwide morbidity from this pandemic. It is estimated that about 10% of patients who tested
positive for COVID-19 will remain ill beyond three weeks and a smaller proportion for months.
This is a subset that constitutes the Long-COVID syndrome. Globally, there are estimated over
200 million confirmed cases of COVID-19. Although the majority of infected individuals
recover, we still do not know the exact percentage that will continue to experience symptoms or
complications after the acute phase of the illness is over.

While it is estimated that 10% will develop a chronic syndrome, or symptoms that are persistent,
this statistic may actually increase. Since this is a new illness, we do not know the cause or
characteristics of the long-term sequelae of someone who has recovered from acute COVID,.
Not just the quality of life, including mental health, but the employment and productivity issues
become paramount. In our experience, approximately 20% of people will exhibit symptoms for
more than five weeks and 10% will have symptoms for more than 12 weeks.

DEFINING LONG-COVID

The acute phase of COVID-19 infected patients has been well described and may a have varying
number of symptoms and intensity. The recovery from COVID-19 usually occurs at seven to ten
days after the onset of symptoms in mild disease, but could take up to six weeks in severe or
critical illness. However, it is believed that even when one is ill for 3-6 weeks, they are probably
not actively contagious. Again, symptoms beyond 12 weeks is considered Long-COVID
Syndrome.

What exactly is Long-COVID Syndrome? There are many definitions that have been offered.
Basically, there are individuals who do not completely recover over a period of weeks. Since
COVID-19 is a novel disease, there is still no consensus of the definition of Long-COVID-19
symptoms. One study [1] found that 20% of the reports of long-term COVID symptoms
involved abnormal lung function, 24% involved neurological complaints and olfactory
dysfunction, and 55% on specific widespread symptoms, mainly chronic fatigue and pain.
Usually, three or more months past the acute COVID-19 infection, symptoms that last for at least
two months and cannot be explained by alternate diagnoses, may fit this definition. These
symptoms include fatigue, shortness of breath, cognitive dysfunction, and symptoms that affect
the functional capacity of individuals with daily living. Symptoms may fluctuate, flare up or
relapse over time. Long-COVID-19 may adversely affect multiple organ systems, which include
the kidneys, lungs, pancreas and heart.



Many patients with Long Covid Syndrome require rehospitalization especially those with
comorbidities, such as cardiovascular disease, Diabetes Mellitus, obesity, cancer and kidney
disease. Fatigue and muscle weakness are by far the major symptoms followed by dyspnea and
then pain and discomfort. Then there is anxiety and depression and impaired concentration.
Insomnia and sleep disorders present with lower frequency. Chronic cough may persist and
arthralgias and myalgias may be present. Chest pain, cognitive impairment, dizziness and
headache are also symptoms but less common than the ones above. Persistent sore throat,
palpitations, lack of smell, diarrhea, vomiting, fever, blurry vision, lack of taste, nasal
congestion, anorexia, nausea, ringing in the ears and rash may be present but at a much lower
prevalence.

Autonomic dysfunction, which is an imbalance between the Parasympathetic and Sympathetic
nervous systems, seems prevalent in Long-COVID-Syndrome. Autonomic dysfunction may
explain multiple system symptoms, including some or all of: depression, chills, weakness,
diarrhea, musculoskeletal, palpitations, tachycardia, dryness, cognitive dysfunction, headache,
dizziness, visual effects, and tinnitus. Mechanisms of Long COVID Syndrome, like chronic
inflammation, autoimmune, or hormonal imbalance, may be perpetuated by autonomic
dysfunction. Lingering Autonomic Dysfunction also presents with auto-immune-like symptoms.

It has been postulated that there are two stages of Long-COVID-Syndrome: 1) symptoms that
extend beyond three weeks, but less than 12 weeks, which is more of a subacute phase; and 2)
chronic COVID symptoms that extend beyond 12 months. An interesting diagram and timeline
has been postulated [2], which shows that Short-COVID will generally last less than three weeks
from onset of symptoms. Post-acute COVID, or subacute COVID will last from onset of
symptoms approximately up to 10-12 weeks and chronic COVID will last from onset of
symptoms beyond 12 weeks. See Figure 1. It would make sense to group the Post-Acute or
Subacute COVID, which lasts from up to 10-12 weeks, and then chronic COVID, which lasts
more than 12 weeks as Long COVID Syndromes. Here we are more concerned with those
symptoms that last more than 12 weeks, the true long- or prolonged-COVID Syndrome.
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Figure 1: Classification of long COVID. [27]




Sometimes individuals are fairly asymptomatic during the viral infection phase of COVID, and
by the time they develop Long-COVID symptoms, we do not know when the initial infection
occurred nor are we certain (no positive tests). When these individuals develop multiple
symptoms consistent with a Long-COVID Syndrome, we oftentimes consider them as probable,
or possible Long COVID Syndrome. The problem is not only in those who have persistent
symptoms who have never tested positive for COVID, but similarly in individuals who had
upper respiratory tract infections and had a negative COVID test and then developed long
prolonged symptoms. The question must be asked, “Did they have a false-negative test
performed too early or too late in the disease course?”” Antibodies are unreliable as up to 1/5
patients do not seroconvert, and antibody levels decrease over time and by three months
oftentimes are not measurable. Not only is the symptom-load important with Long-COVID-
Syndrome, but the economic cost to society, as 1/3 people in one survey did not return to their
job for up to three weeks after being COVID-positive. In addition, given the similarity between
Long-COVID Syndrome and Autonomic Dysfunction, and the ability of psychosocial stress to
trigger symptoms of Autonomic Dysfunction further blurs the distinction between Long-COVID
and Autonomic Dysfunction.

MULTIPLE ORGAN SYSTEMS INVOLVED

Long-COVID-Syndrome involve hyperinflammatory and hypercoagulable states that affect all
organ systems. It reflects a dysfunction of the Angiotensin Converting Enzyme 2 (ACE 2)
pathway. ACE-receptors are present in virtually every organ system. Workup consisting of
pulmonary function tests, chest X-rays, six minute walk tests, pulmonary embolism workups
(when needed), echocardiograms (even serially), and (at times) high resolution CT scans (to
assess for fibrosis) should also be considered. These will be discussed under the Pulmonary
section. Hematological assessment may lead to extending anti-coagulants against clots and high-
risk survivors. A neuropsychiatric screening for anxiety, posttraumatic stress, sleep disorders,
depression, cognitive impairment, memory abnormalities and other factors associated with brain
fog is important. A neuropsychiatric screening should include a full autonomic dysfunction test,
especially in patients with orthostatic intolerance symptoms and chronic fatigue syndromes. If
there are renal function abnormalities, Nephrology follow-up and creatinine clearance
determination with urinalysis evaluation may be needed. These may be performed in person or
on virtual clinical visits. Next is a discussion of some of the various organ systems and how they
are affected.

I. PULMONARY SYSTEM:

The pulmonary system, including the lungs, is the most commonly involved. Up to six months
after hospitalization, pulmonary function abnormalities or structural changes may occur.

Chronic complications, such as chronic cough, fibrotic lung changes also known as Long-
COVID fibrosis or post-ARDS fibrosis, bronchiectasis and pulmonary vascular disease may
occur [3] . Even if a person is asymptomatic, they may have CT scan abnormalities that are seen
many months after infection has resolved. Approximately half of the patients with Long-COVID
demonstrate chronic dyspnea. If COVID-19 leads to pulmonary fibrosis it may result in
shortness of breath and the need for supplemental oxygen. There are also long-term risks of
pulmonary embolisms and chronic pulmonary hypertension. Abnormal airway function may



occur up to 11 months in severe COVID-19 infections [4]. Other abnormalities include
abnormalities in total lung capacity, poor expiratory Vol at 1 second (FEV1), forced vital
capacity (FVC), FEV1 to FVC ratio, and small airway function abnormalities [5]. Mild cases
usually have persistent chronic cough, which may be due to fibrosis, bronchiectasis and
pulmonary vascular disease.

II: CARDIAC INVOLVEMENT:

Common cardiac problems may include labile heart rate and blood pressure and myocarditis and
pericarditis. Many individuals have palpitations. Reports of arrhythmia are not significant. The
treat of blood clots, including venous and arterial thrombotic disease and pulmonary embolism,
is significant [6]. These structural abnormalities may manifest itself in Long-COVID Syndrome
long after recovery of acute illness and predispose to arrhythmias, breathlessness, and acute
coronary events, such as heart attacks and chest pain syndromes.

Myocardial injury is the most common abnormality detected with acute COVID infection. Itis
usually detected even when patients are asymptomatic with no cardiac symptoms with elevated
cardiac troponin levels [7]. Further research is ongoing as to whether this myocardial injury
pattern, even when subclinical, may lead to increased arrhythmias and heart failure in the long-
term.

Echocardiographic studies have shown abnormalities with COVID, including right ventricular
dysfunction 26.3%, left ventricular dysfunction 18.4%, diastolic dysfunction 13.2% and
pericardial perfusion 7.2%. To what extent this is reversible in patients who go on to Long-
COVID-Syndrome is not known [8]. In addition, sleep abnormalities and difficulties that reduce
quality of life have been noted in Long-COVID-19 Syndrome patients. These may also
adversely affect cardiac function, provoke arrhythmias, elevate blood pressure and exacerbate or
cause hypertensive states. Chest pain and palpitations are status post-acute phase of COVID.
Many of the chest pains and palpitations, which appear to be cardiology in etiology, are actually
due to autonomic dysfunction, including the postural orthostatic tachycardia state. Therefore, the
importance of not only doing cardiac imaging, ambulatory monitoring, stress testing, six-minute
walk test, echocardiography and other noninvasive cardiac workup, but also autonomic testing,
such as cardio-respiratory monitoring, HRV interval testing, beat-to-beat blood pressure with tilt
testing and sudomotor testing may be useful in diagnosing autonomic nervous dysfunction.

Arrhythmias are noted Long-COVID but attention to the use of anti-arrhythmic drugs,
Amiodarone for example, must be used carefully in patients who have fibrotic pulmonary
changes after COVID-19 [9].

I1l: NEUROLOGICAL:

Encephalitis, seizures, and other conditions including prolonged brain fog may occur for several
months after acute COVID infection [10]. Neuropsychiatric sequelae are often common and
reported with many post-viral symptoms, such as chronic tiredness, myalgias, depressive
symptoms, non-restorative sleep [11]. Migraine headaches, often refractory to treatment, and
late-onset headaches have been presumed to be due to high cytokine levels. Loss of taste and
smell may also persist for up to six months and longer on follow-up of patients. Brain fog,
cognitive impairment, concentration, memory difficulties, receptive language, executive function



abnormalities may also persist over a long period of time. This may be related to autonomic
dysfunction and other factors [12,13,14]. Psychiatric manifestations are also common in
COVID-19 survivors of more than one month. Approximately 15% have at least some evidence
of depression and post-traumatic stress, anxiety, insomnia and obsessive compulsive behavior
[15]. Again, Long-COVID often involves brain fog. This may involve mechanisms of cardiac
deconditioning, post-traumatic stress or dysautonomia. Long-term cognitive defects may be seen
occurring in up to 20%-40% of patients [16,17,18]. The association between Long-COVID-
Syndrome and brain fog may be the result of the autonomic dysfunction, specifically
Sympathetic Withdraw [19], and the associated decreased cerebral perfusion [19,20]. Itis
postulated that high catecholamine levels may lead to paradoxical vasal dilatation and increased
activation of the VVagus nerve that may result even in syncope and also sympathetic activity
withdraw [21].

Autonomic dysfunction has been noted to be significant. Patients with orthostatic tachycardia
and inappropriate sinus tachycardia may benefit from heart rate management including beta-
blockers [22] and other autonomic therapies [personal observations]. The most frequent
neurological long-term symptoms in patients were myalgias, arthralgias, sleeping troubles and
headaches [23].

Muscle wasting and fragility are often seen prolonged. This is because COVID-19 when it is
severe may cause catabolic muscle weakness and feeding difficulties [24]. Symptoms consistent
with orthostatic hypotension syndrome and painful small fiber neuropathy were reported in as
short as three weeks and as long as three months [25,26,27].

Treatment of autonomic nervous systems disorders involves exercise with both aerobic and
resistant elements in a graded fashion that oftentimes begin with recumbent exercises, “low and
slow” [28]. Fluid and electrolyte repletion is required. Avoiding exacerbating factors, such as
prolonged sitting and warm environments is recommended. Some counter maneuvers and
isometric exercises, compression garments especially up to the waist, or abdominal binders are
recommended. Pharmacological treatment that may involve many different regimens may be
prescribed, such as volume expanders (e.g., Fludrocortisone or Desmopressin) may be used
along with vasoactivation (e.g., Midodrine or Mestinon). If there are prominent hyperadrenergic
symptoms, Propranolol, Clonidine, Methyldopa or other beta-blockers may be considered,
especially for a postural orthostatic tachycardia response.

Autonomic dysfunction involving gastrointestinal, urinary, pupillomotor (e.g., light sensitivity)
and erectile dysfunction were more represented than non-neurological symptom groups. Other
prominent autonomic dysfunctions in these post-COVID individuals included secretomotor and
sweating abnormalities in about half the study population and thermoregulatory alterations.
Autonomic dysfunction has been reported in up to 63% of patients having survived a COVID-19
infection

Chronic fatigue syndrome or Myalgic Encephalomyelitis, also known as post-infective
syndrome, has been commonly recognized in the Long-COVID Syndrome [29,30,31]. Fatigue at
three weeks post symptoms may occur in 13-33% of patients. There are many factors responsible
which include sleep disturbances, autonomic dysfunction with sympathetic predominance,
endocrine disturbances, abnormalities of the hypothalamic-pituitary-adrenal axis, reactive mood
disorders and depression and anxiety. Findings therefore concluded that chronic fatigue post
Long-COVID Syndrome is multifactorial. In fact, in the cohort at our autonomic clinic we have



found significant disturbances in Cardiorespiratory and HRV testing in patients with chronic
fatigue with Long-COVID-Syndrome with abnormal autonomic responses, including
sympathetic withdraw (associated with orthostatic dysfunction) and vagal excess with postural
change (associated with pre-syncope symptoms). Both autonomic dysfunctions are associated
with poor cerebral and possibly coronary perfusion. These symptoms present regardless of
whether they have drops in blood pressure, postural rise in heart rate or none of the above
changes.

It is initially believed that SARS-COVID-19 causes sympathetic nervous system activation with
catecholamine excess of activation in a sympathetic storm which activates the renin angiotensin
system. Simultaneously, there is inhibition of the parasympathetic nervous system mediated
anti-inflammatory effect, that leads to a decrease in neuro-vagal anti-inflammatory response and
enhances the cytokine storm. This all leads to cardiopulmonary complications and COVID-19-
induced dysautonomia [32]. The Parasympathetic responses reported above are found at rest.
There is an abnormal Parasympathetic response to stress that may also occur [33], exaggerating
the dynamic Sympathetic response to stress, thereby amplifying and prolonging the
Sympathetically-mediated inflammatory, histaminergic, pain, and anxiety responses in a post-
traumatic-like fashion.

IV. GASTROINTESTINAL SYMPTOMS ASSOCIATED WITH LONG-COVID
SYNDROME.

At least 76% of patients had one of the Gl sequelae symptoms 90-days after discharge of
COVID-19, persisting to six months after disease onset [34]. COVID-19 may cause intestinal
dysfunction due to changes in intestinal microbes and an increase in inflammatory cytokine, as
well as Parasympathetic dysfunction. In the chronic phase the Gastrointestinal (Gl) sequelae
may include persistent anorexia, vomiting, abdominal pain along with diarrhea. Gl upset may
also be due to gastric and intestinal motility dysfunction due to COVID-induced Parasympathetic
dysfunction. For example, diarrhea and abdominal pain may be due to excessive
Parasympathetic activity causing overly-rapid Gl motility.

Studies are currently evaluating the long-term consequences of COVID-19 on the GI system,
including postinfectious, Irritable Bowel Syndrome, and Dyspepsia.

V. HEMATOLOGICAL SEQUELAE OF LONG-COVID SYNDROME.

Late onset hematological complications with Long-COVID-19 has become an emerging medical
problem for the hematologists. These include coagulopathy disorders, immune-thrombotic
states, and hemorrhagic events. Long-COVID venous thromboembolism has been estimated to
be less than 5% [35].

VI: KIDNEY DISEASE:

Patients that are extremely frail and have chronic comorbidities are at an increased risk for
kidney disease and progression of kidney failure after infection of SARS-CoV-2.



VII: OLFACTORY and GUSTATORY ABNORMALITIES:

Recovery of the Olfactory and Gustatory system may last more than one month after the onset of
smell and taste loss [36,37]. Long-lasting effects on taste and smell are uncommon but have
been noted in isolated cases.

PATHOPHYSIOLOGY OF LONG COVID-19:

The mechanism behind the causation of Long-COVID Syndrome may be multifactorial.
Oxidative Stress, due to the viral infection, may affect all systems compounded by
hyperinflammation (a typical immune response to virus) with altered autonomic function (a
result of a strong viral infection) as measured by cardiorespiratory monitoring. Oxidative Stress
decreases the efficiency of Mitochondria, the energy producer in all cells, initiating the cascade
of symptoms associated with Long-COVID.

TREATMENT IN LONG-COVID SYNDROME:

For the most part, supportive therapy for Long-COVID symptoms is a keystone and there is
treatment for autonomic dysfunction. As mentioned earlier, volume expanders and vasodilators
in addition to fluids, electrolytes, compression garments, and various exercise techniques have
been prescribed for orthostatic intolerance symptoms. Omega-3 fatty acid and dietary
supplementation may help resolve inflammatory imbalance [38]. L-arginine to boost Nitric
Oxide production has been proposed [39]. Nitric Oxide maintains or improves the health and
function of endothelial cells and benefits the immune system, especially in chronic fatigue states.
Various antioxidants and zinc have been recommended to relieve Oxidative Stress. All of these
therapies also effect proper autonomic function to help relieve Long-COVID symptoms [40].
Vaccination has been suggested as possibly a factor that may ease symptoms of Long-COVID.
Most breakthrough infections were mild or asymptomatic, although persistent symptoms did
occur. Mental health conditions may be treated with various psychological aides, such as
cognitive behavioral therapy as well as antidepressants, including tricyclics.

LONG-COVID:

The symptoms of Long-COVID Syndrome may all be associated with autonomic dysfunction as
measured with Cardio-Respiratory testing [40] and relieved with appropriate autonomic therapy
based on the Cardio-Respiratory test [41].
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