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Objectives
• Define Long COVID and its 

pathophysiology
• Identify adverse impacts of 

COVID-19 on patients
• Appraise the current literature 

related to post-COVID syndrome 
and how to evaluate and treat 
these conditions

Disclosures: 

- Been consultant or done research with Allergan, 
Merz, Ipsen, Piramal

- Honoraria to discuss PASC

- Co-PI RECOVER Trial with NIH



Review of Terminology
Long COVID – Syndrome characterized by varied 
persistent symptoms and health effects after 
resolution of the initial infection (lasting for weeks, 
months, or longer).

Long Hauler – COVID-19 survivor with lingering 
effects after resolution of infection.

Post-Acute Sequelae of SARS-CoV-2 infection (PASC) 
– New syndrome name announced by the National 
Institutes of Health in February 2021.

New York Times, Josh Keller



WHO
Post COVID-19 condition occurs in individuals 
with a history of probable or confirmed SARS 
CoV-2 infection, usually 3 months from the onset 
of COVID-19 with symptoms and that last for at 
least 2 months and cannot be explained by an 
alternative diagnosis. 
Common symptoms include fatigue, shortness of 
breath, cognitive dysfunction but also others and 
generally have an impact on everyday 
functioning. Symptoms may be new onset 
following initial recovery from an acute COVID-
19 episode or persist from the initial illness. 
Symptoms may also fluctuate or relapse over 
time.



Nuance to PASC diagnosis

PASC

Persistent symptoms 
with an obvious 
medical cause

Pulmonary fibrosis Myocarditis/Pericarditis Acute Kidney Injury

Persistent symptoms 
that present as a part of 

a syndrome: Long 
COVID

Post-viral 
autoimmunity

Post-viral 
dysautonomia

Myalgic
Encephalomyelitis



Pathogenesis and Targets of  PASC



Who gets Long COVID?



What does recovery look like?
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•Overall, 1 in 13 adults in the U.S. (7.5%) have “long COVID” symptoms, defined as 
symptoms lasting three or more months after first contracting the virus, and that 
they didn’t have prior to their COVID-19 infection.
•Older adults are less likely to have long COVID than younger adults. Nearly three 
times as many adults ages 50-59 currently have long COVID than those age 80 
and older.
•Women are more likely than men to currently have long COVID (9.4% vs. 5.5%).
•Nearly 9% of Hispanic adults currently have long COVID, higher than non-
Hispanic White (7.5%) and Black (6.8%) adults, and over twice the percentage of 
non-Hispanic Asian adults (3.7%).



National Center for Health Statistics



BA.5 variant

*Preprint
• 21.5% had symptoms >4 weeks
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Long COVID in children?

Early studies likely overestimated with reports of  8-52% 

Later studies estimated 0.8-2% of  children develop PASC

Younger children (0-5yo) are less frequently affected than 
adolescents 



14 CDC report, Aug 2022



40 systems’ EHR data How often new symptoms?
>20: SOB, Fatigue, Sleep disorders
In hospitalized: T2DM, Anxiety & 
depression, Ataxia or trouble walking.

<20: Change in bowel habits, fatigue, 
SOB. Most prevalent new diagnosis was 
anxiety & depression.

Cohort study of:

338,024 persons younger than 20 years 

1,790,886 persons 20 years or older who were 
tested for SARS-CoV-2 Mar-Dec 2020.

Looked at prevalence of new symptoms & 
conditions for those with med encounters 
between 31 and 150 days after testing.

168,701 (+) aged 20+

26,665 (+) aged <20



>25% New Neuro 
Symptoms

Salmon-Ceron et al., J Infect. 2020

 70 consecutive patients in post-acute clinic in 
Paris, France
 Only 6 patients hospitalized

 Median age 45
 78.6% female
 Symptom free interval in 32/65 cases (mean 

25 days)
 Late symptoms in 7 categories

 Major fatigue or exhaustion (72.9%)
 Neurological symptoms (77.1%)
 Cardiothoracic symptoms (71.4%)
 MSK/articular pains (25.7%)
 ENT symptoms (30%)
 GI symptoms (24.3%)
 Skin & vascular symptoms (14.4%)



The prevalence of 55 long-term effects 
was estimated, 21 meta-analyses were 
performed, and 47,910 patients were 
included (age 17–87 years).

The five most common symptoms were: 
• Fatigue (58%)
• Headache (44%)
• Attention disorder (27%)
• Hair loss (25%)
• Dyspnea (24%)

More than 50 long-term effects of 
COVID-19: a systematic review and 
meta-analysis

Lopez-Leon  Scientific Reports 2021



International web-based eval. with Sx lasting over 28 d
Survey via COVID-19 support groups and social media
3,762 respondents from 56 countries
79% women 
26% 30-39 yo, 34% 40-49 yo, 27% 50-59 yo
8.4% hospitalized. 27% lab-confirmation
96% reported symptoms beyond 90 days 
206 symptoms queried 





ComPaRe Long COVID Cohort
Tran et al., Nature Communications 2022

• 968 patients symptomatic after 2 months, 
85% still reported symptoms at 1 year
• PASC is relapsing-remitting 
• 8 symptoms had increase in prevalence over time
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Post-Acute Sequelae of COVID (PASC) Symptoms





Listen to the timeline of  events

You don’t need lab tests to rule it out

It is NOT a diagnosis of  exclusion
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Use validated measurements
• Neuro-QoL scale
• Health-related QoL
• Compass-31
• DePaul Symptom 

Questionnaire or DSQ-
SF or DSQ-PEM

Fatigue Severity Scale
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Structural pathology is NOT correlating 
with Long COVID symptoms. 

215 individuals including 99 with LC
Cross-sectional study
Immune profiling 



2 major findings

Low cortisol Exhausted T-cells





UT Health San Antonio Rehab Medicine 
Post COVID-19 Recovery Program

Mission
Our mission is to serve our diverse patient population - locally and 
regionally - who were diagnosed with COVID-19 and suffer from various 
physical, cognitive, and functional difficulties. 
Our vision is to reflect the strength of  the community we serve with 
professional, compassionate, and concierge type of  Physical Medicine 
and Rehabilitation services.



Muscle 
weakness

Falls / balance 
issues

Neuropathy & 
myopathy

Unsteady gait Pain Dyspnea

Deconditioning Cognitive 
changes Stroke

Amputation Pressure injury 
/ wounds

Mood / mental 
health issues

Post COVID-19 Diagnosis Focus



Eur Heart J, ehac031, https://doi.org/10.1093/eurheartj/ehac031

.

Long COVID and the Cardiovascular System

Cardiovascular manifestations:

Symptoms: chest pain, 
palpitations, breathlessness, 
syncome

• Myopericarditis
• Myocardial infarction
• Right ventricular dysfunction
• Vasculitis
• Aortic and arterial thrombosis
• Venous thrombosis

https://doi.org/10.1093/eurheartj/ehac031


Return-to-Play
JAMA Cardiology, May 2020

British Journal Sports Med



Return-to-Play



Athletes and Long COVID

Observational study in 3,597 US collegiate athletes 
after COVID-19.
1.2% persistent symptoms
4% exertional symptoms (137)
12 of 137: 5 cardiac, 2 PNA, 2 IST, 2 POTS, 1 pleural 
effusion.
5 of 24 with CP with exercise: abnormal cardiac MRI



For elite footballers, the effects of Covid-19 
linger for months

COVID-19 affected players’ time on pitch and pass 
performance months later.
Decline in 9% minutes played.
Passes completed fell by 6%.
Average drop in score of 0.14 SD (equivalent of average player 
dropping to 30th percentile)



Persistent Exertional 
Intolerance

“If I don’t have cardiopulmonary disease, 
why can’t I exercise?”

Interpretation: Patients without 
cardiopulmonary disease who have 
recovered from COVID-19 demonstrate a 
marked reduction in peak oxygen 
consumption from a peripheral rather than 
a central cardiac limit, along with an 
exaggerated hyperventilatory response 
during exercise.



41 patients with normal PFTs, CXR, CT chest. 
(9 hospitalized. None intubated.) Average 45yo.
Only 2 had completely normal CPET tests. 
CPET identified significant abnormalities. 
Peak VO2 averaged 20.3 +/- 7 mL/kg/min, which was 
77% +/- 21% of predicted.
15 of 17 with normal peak VO2 had vent abnormalities 
(peak resp rate >55 or dysfunctional breathing).
61% had hypocapnia PetCO2 <35.
46% met criteria for ME/CFS



EECP Improves Long COVID Related Clinical Markers

EECP improved validated markers of fatigue, brain fog, shortness of 
breath, chest pain and function capacity (n=50)

Presented at ACC CV Summit Feb 14, 2022

@MVGutierrezMD





Neurologic Sequelae
- Headaches
- Disturbed consciousness
- Encephalopathy / delirium
- Seizures
- Anosmia/ Ageusia
- Stroke
- CIN/CIM
- Myasthenia gravis
- GBS
- FNS Acute Necrotizing Encephalopathy

@MVGutierrezMD



What’s happening in the brain?
- White matter-

selective microglia 
reactivity

- Pro-inflammatory 
CSF cytokines with 
persistent 
elevation of CCL11

@MVGutierrezMD



Abnormal CSF

LIINC study
• Cognitive symptoms (22) vs control (10)
• 43% delayed onset cognitive symptoms (1-6 months)
• 77% (10/13) of participants with cognitive PASC had a 

CSF abnormality compared with 0% (0/4) of cognitive 
controls

CSF:
Elevated protein
Abnormal oligoclonal banding

@MVGutierrezMD



Cognitive Sequelae

Cognitive impairment can affect:
- 70%-100% of patients at discharge 
- 46%-80% still have it one year later 
- 20% still have it after 5 years

- NeuroPsych eval
- Speech therapy
- Memory techniques
- Medications – Donepezil, 

Memantine, Amantadine, etc

PICS
Memory/ cognitive deficits



- Reduction in grey matter 
thickness

- Tissue damage in primary 
olfactory cortex

- Reduction in global brain size

@MVGutierrezMD



>150K patients with COVID & 11M patient 
controls 
*VA study (older, white males)

42% increase of any neurologic sequelae 
1 year later in Long COVID patients. 

- even if not hospitalized 



COVID Headache
• Headache is one of the most common 

neurologic presentations 
• Prevalence of 6‐71%
• Limited data regarding the specific features 

of headache



Diagnosis & Treatment COVID-19 Headache

• Further evaluations should be 
considered to exclude secondary 
etiologies of headache 

• Brain MRI with & without 
gadolinium should be considered to 
evaluate secondary causes of 
headache

• Symptomatic management of 
headache is the next step once 
secondary etiologies are ruled out

• Treatment according to the 
phenotype of headaches

Tension
• APAP, NSAIDs, massage/myofascial
Migraine
• Triptans, 5 HT1F receptor agonists, 

CGRP-antagonists
• Intravenous agents, such as 

magnesium and dopamine receptor 
antagonists and 

• Peripheral nerve blocks (occipital, 
auriculotemporal, supraorbital, 
supratrochlear)

• SPG blocks



Mild COVID-19 is associated with 
multisystem involvement: 
• Cerebral Blood Flow Dysregulation
• Hypocapnic Hyperventilation
• Small fiber neuropathy
• Dysautonomia
• Pain
• Inflammatory Markers



Autonomic Impairment

• Education
• Exercise
• Fluid and Salt repletion
• Avoiding exacerbating 

factors
• Isometic exercises
• Compression garments
• Pharmacologic

• Sustained HR increment of 30 BPM 
within 10 min of standing or head-
up lift in the absence of orthostatic 
hypotension

• Standing HR often > 120
• Symptoms of orthostatic 
intolerance
• >6 month duration

Management

Postural Tachycardia 
Syndrome (PoTS)

@MVGutierrezMD



Dysautonomia

Fatigue
Brain fog
Memory Difficulties 
Cog difficulties
Sleep difficulties
Headache 
Migraine 
Coat-hanger pain
Ringing in the ears
Visual effects
Sensory deficits
Depression 

Anxiety
Lightheadedness
Palpitations
Chest tightness
SOB
Nausea/vomiting
Diarrhea/constipation
Abnormal sweat
Difficulty standing
Dry mouth, eyes
Chronic pain
Temp sensitivity

Neurocardiologic



Post-COVID Postural Orthostatic Tachycardia Syndrome –
Retrospective Review of Experience at UT Health San Antonio

Results
40 patients who were diagnosed with Post-COVID POTS. 
Mean age was 40.98 + 11 years with a mean BMI of 32.32 + 9.70. 
Females comprised of 97.5% of the patients. 
Symptoms began 4-6 weeks after COVID and included fatigue (75%), palpitations (70%), lightheadedness 
(47.5%), cognitive decline (50%), mental clouding (50%), dyspnea (50%), and memory loss (47.5%), and 
syncope (2.5%).  
Patients were diagnosed with Post-COVID POTS an average of 219.9 + 156.4 days after the diagnosis of 
COVID-19. 
Tachycardia upon standing mean change in heart rate of 42.48 + 29.37 bpm. 
Initial management along with increased water and salt intake: beta blocker (30%), fludrocortisone (5%), 
midodrine (5%), rehabilitation, and lower body compression. 
At 6 months, patients still had persistent symptoms with 65.52% of patients noting some improvement, 
31.0% with stable symptoms, and 3.45% with worsening symptoms. 
Physical therapy and rehabilitation were reported as the most effective treatment in the group that 
reported some improvement. 

At 6 months disabling symptoms persisted in 100% of these high functioning women pre-COVID. 
No patient had full recovery.

@MVGutierrezMD



Vagus nerve stimulation attenuates 
inflammation both in experimental models 
and preliminary data in human. 
Modulating the activity of cholinergic anti-
inflammatory pathways (CAPs)

Non-invasive transcutaneous vagal nerve 
stimulation (t-VNS), as a non-
pharmacological adjuvant, may help 
reduce the burden of COVID-19 and 
deserve to be investigated. @MVGutierrezMD



Post-Viral Fatigue

- Pulm/ Cardiac screens
- Vitamin levels & Viral reactivation
- ME/CFS Tiered Testing Recommendations
- Check sleep
- Therapy, but do not exercise to fatigue 

(graded RTP)
- Other things: Melatonin, Omega-3, Iron, 

Magnesium, breathing/meditation, Vit D, 
duloxetine, stimulants (amantadine), 
Mast Cell protocol, EECP

Myalgic encephalomyelitis / CFS

@MVGutierrezMD



Meta-analysis on 81 studies estimating 
Long COVID prevalence

Key findings: 
32% of patients have fatigue at 
12 weeks
31% at 6+ months 

22% have cognitive impairment 
at 12 weeks 
21% at 6+ months

A significant key finding is that fatigue and cognitive impairment were not 
statistically significantly different between hospitalized and non-hospitalized 
patients! 





Please learn about Post-Exertional Malaise:

• Cardinal symptom of myalgic
encephalomyelitis / chronic fatigue 
syndrome, according to the National 
Academy of Medicine

• Definition: A prolonged 
exacerbation of a patient’s baseline 
symptoms after 
physical/cognitive/orthostatic 
exertion or stress. It may be delayed 
relative to the trigger. 

IOM Case Definition

@MVGutierrezMD



Guidance Statements:



PASC Fatigue Treatment Recommendation #2:
The Four Ps
Energy conservation strategies

• Pacing. Avoiding the push and crash cycle that is common in post-COVID 
recovery. 

• Prioritizing. Encourages a patient to focus and decide on which activities 
need to get done and which activities can be postponed to avoid 
overexertion and crashing.

• Positioning. Modifying activities to make them easier to perform. 

• Planning. Encourages the patient to plan the day or week to avoid 
overexertion and to recognize energy windows. 



Therapy Program: longcovid.physio



• Components and functions of rehab care
• Multidisciplinary
• Continuity & coordination of care
• People-centered & shared decision-making

• Red flags for safe rehabilitation
• Exertional desaturation & cardiac impairment 

should be ruled out before physical exercise 

• Post-exertional symptom exacerbation
• Assess PESE
• Pacing/energy conservation
• Graded exercise should NOT be offered

• Orthostatic intolerance 
• Screen
• Self-management skills

• Return to everyday activities and work 
• Energy conservation, assist products
• Prolonged & flexible phased RTW 
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Know/teach triggers

• Physical or cognitive exertion
• Stress
• Dehydration
• Weather changes
• Consuming large meals
• Alcohol consumption
• Premenstrual period



Spanish multicenter study
7 months after discharge from hospital
n = 1142

50% had anxiety or depressive symptoms 
and/or poor sleep quality

Anxiety in 16.2%
Depressive in 19.7%
Poor sleep quality in 34.5%

Fernández-de-Las-Peñas et al. J Infect. 2021.

Long COVID: Psychiatric and Sleep Problems 



NeuroPsychiatric Symptoms

Prevalence of  neuropsych complaints in 
patient with acute COVID-19 = 22.5%  

Incident psychiatric disorders in the first 
3 months is 18% (6% new onset)

Pre-existing psychiatric » increased risk 
of infection, hospitalization, death

@MVGutierrezMD



Analysis of retro cohort data (1.3M)
Looked over variants

• Mental health 
conditions returned 
to normal over time

• Cognitive & 
neurological impacts 
did not & persisted 
for 2 years



What is happening here?



PASC And COVID Vaccines
• Preliminary patient led observational study showed 56.7% of vaccinated showed 

overall improvement in PASC symptoms while 18.7% deteriorated and 24.6% 
were unchanged. (Strain et al. Lancet reg Health Eur. 2022;12:100265)

• Another study based on COVID symptom app showed that the odds of 
experiencing symptoms more that 28 days post-vaccination, were halved by two 
vaccinations in 906 participants (Antonelli et al. Lancet infectious Diseases. 
2022;22:43-55)

• Study in Italy covering the omicron wave indicated strong protection against 
PASC after break through infection by vaccination with mRNA vaccines. (Azzolini
Et al. JAMA 2022;328)



Long COVID:
Mechanism & Possible Therapeutic Strategies
Pathogenesis Potential Treatment

Persistent microclots/Microvascular 
disease/Endothelial dysfunction

Rivaroxaban, Triple therapy (clopidogrel, ASA, apixaban)
EECP

Inflammation Anti-inflammatories (steroids, colchicine), antihistamines

Viral reservoir/Persistent viral infection and 
ongoing tissue harm

Anti-virals (Paxlovid, molnupiravir, remdesivir)
Virus monoclonal antibodies (ex. Evusheld)
Therapeutic vaccine

Autoimmune/Autoantibodies IVIg, B cell-directed therapies

Acute viral infection with irreversible tissue 
damage

Rehabilitation

Mitochondrial dysfunction AXA1125, mito-directed therapies

Currently 75 Clinical Trials for Long COVID in ClinicalTrials.gov



Long COVID:
Therapeutic Strategies for Autoimmunity

Monoclonal Antibody to IL-6
Anakirnra – IL-1 receptor antagonist 
Infliximab – monoclonal anti-TNF-α
Abatacept – inhibits T-lymphocyte activation
JAK inhibitor DMARDs
Naltrexone
Systemic steroids
IVIg



Low Dose Naltrexone in ME/CFS



LDN  in PASC

O’Kelly, B et al. Brain, Behavior, & Immunity-
Health 24 (2022)



Some initial orders
• Multi-disciplinary rehab program: 

• Rehab Without Walls or Texas PT Specialists or Warm Springs
• Cognitive: Speech therapy
• Cognitive: amantadine, memantine, donepezil, montelukast
• Fatigue: EECP treatments (BCBS will cover, others is +/-), REST & pacing, Mast cell 

protocol (anti-histamines), anti-inflammatory diet, omega-3, vitamin &/or iron 
replacement. Look at sleep

• Mood: Consider Fluvoxamine
• Tinnitus: steroids early, check hearing
• Migraine: IV magnesium for migraine status, CGRPs
• Autonomic: Check orthostatics, 10-min stand test, tilt table &/or Cardiac MRI

• Paresthesia: Neuro for skin biopsy for SFN
• Mayo neurologic panel, ENCES panel, ganglionic AChR antibody, serum 

metanephrines
• Tx: Propranolol, midodrine, pyridostigmine, clonidine, fludrocoritisone
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Support For Disability & Work Accommodations
Likely the 2nd most important thing we can do!

• All patients need to time to recover

• Relapses are common

• Working, stress, pushing themselves too hard is the most common trigger for 
relapses and PEM

• Facilitating respite and / or reasonable reentry back to work is enormously 
beneficial for quality-of-life faster recovery
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Accommodations & Disability for Fatigue & Brain Fog

Possible Disability Accommodations:
Limited hours
Frequent breaks 
Avoid standing
Parking close to entry
Adjust work activities
Limit tasks with divided attention
Optimize range of movements
Limit environments with multiple sensory 
inputs
Return home if breathing rate is increased 
for more than a few minutes?

For Disability Applications, Document: 
Activity levels pre/post infection
Symptoms that are remitting and relapsing
Specific work activities will result in physical 
and mental fatigue
Environmental settings that result in sensory 
overload (markets, etc) 
Work-ups that rule out other associated 
causes including pre-existing conditions
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Long COVID is a Disability Under the ADA

This is a game changer!

Health systems will need to rally 
our resources to support patients 
accordingly
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Get your 
patients 
enrolled 
in trials



Post-COVID Rehab

Early and often
Inpatient Rehab
Home-based Rehab
Respiratory Rehab / Breathing Program
Autonomic Reconditioning
Mobility and Functional Rehab
Education
Mental health services

Community-based approach
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