Long COVID - 2022 Updates

Monica Verduzco-Gutierrez, MD

Professor and Chair l | I H 1 h
Department of Rehabilitation Medicine ea t

Joe R. & Teresa Lozano Long School of Medicine S A ‘
UT Health San Antonio 4 an Antonio

W @MVGutierrezMD




Objectives

e Define Long COVID and its
pathophysiology

* |dentify 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 -
UT Health
- Co-PlI RECOVER Trial with NIH » San Antonio




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.

LUNGS
Early evidence of oxygen

limitations.

ies or viral remnants
a chain reaction.

New York Times, Josh Keller
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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 A ok Hoalth
alternative diagnosis. Sisctabenzlod (8.2 Organization

A clinical case definition of post COVID-19
condition by a Delphi consensus

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.
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Nuance to PASC diagnhosis

PASC

Persistent symptoms
that present as a part of
a syndrome: Long
COVID

Persistent symptoms
with an obvious
medical cause

Post-viral
autoimmunity

Post-viral Myalgic
dysautonomia Encephalomyelitis

Pulmonary fibrosis Myocarditis/Pericarditis Acute Kidney Injury

PASC is not always Long COYID) @zt




Pathogenesis and Targets of PASC

SARS-COV-2 Other viruses
persistence (EBV...)
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Who gets Long COVID?

nature communications

Explore conte

naturemedicine

nature > natu

Article | Open

Immun
COVID-

Carlo Cervia, ¥

scientific reports

nature

Lett | IV «i=aleil Explore content ¥ About the journal ~  Publish with us v
etter
Miro E. Raeber

held vioa s ACEE

nature » scientific reports » articles » article

Carole
Article | Open Access | Published: 08 July 2022

Nature

Long COVID and symptom trajectory in a
representative sample of Americans in the first year of
the pandemic

152k A

Qiao Wu B, Jennifer A. Ailshire & Eileen M. Crimmins

Scientific Reports 12, Article number: 11647 (2022) | Cite this article :ealth
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What does recovery look like?
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COVID-19

Outcomes

Long-COVID
10% - 50%

Recover

Death ¢¥ *1 s Po g p)

2020 204 gtr, 240 pts
E P 17%
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1@ Centers for Disease Control and Prevention A-Z Index
= CDC 24/7 Saving Lives, Protecting People™
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. Nearly One in Five American Adults Who Have Had
v COVID-19 Still Have “Long COVID”

New data from the Household Pulse Survey show that more than 40% of adults in the United States reported having COVID-
19 in the past, and nearly one in five of those (19%) are currently still having symptoms of “long COVID.”

2022 Release Schedule

«Overall, 1 in 13 adults in the U.S. (7.5%) have ”I_ong COVID"” symptoms, defined as
s%/mptpms 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 younﬁ)er adults. Nearly three
tlrraes%s many adults ages 50-59 currently have long"COVID than those agé 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%).
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National Center for Health Statistics

Ever experienced long COVID, as a percentage of adults who ever had COVID ereiperiencediong CODas apercenfipecladiisWhoserhea COIE
Phase Time Period Jul 27 - Aug 8, 2022 Jun 29 - Jul 11,2022 Jun 1-Jun 13,2022
Grou Percent  95%Cl  Percent 95%Cl  Percent  95%Cl
Time Period Jul 27 - Aug 8, 2022  Jun 29 - Jul 11,2022 Jun 1 - Jun 13, 2022 i .
Group Percent  95% Cl  Percent 95%Cl  Percent 95% Cl Bﬁ:::,::{? :,srp;::,::thmmy 385 348-423 376 337-416 396  367-425
Non-Hispanic Asian, single race 205 167-246 269 208-337 254 21.0-302
National Estimate Non-Hispanic Black, single race 335 293-379 335 290-382 378 335-422
Non-Hispanic White, single race 318 305-332 335 320-351 338 326-350
United States 332 321-343 343 330-356 351 341-360 Non-Hisianic,otherracgsand multipleraces | 425 363-488 398 342-456 357  310-406
By Education
By Age {ess than a high school diploma 451 395-509 428 358-500 403 335-475
18 - 29 years 303 272-335 309 282-338 36.1 323-40.1 High school diploma or GED 349 321-378 396 372-420 385 362-408
Some college/Associate's degree 370 353-388 370 354-386 390 374-407
30 - 39 years 340 313-367 337 309-366 323 304-342 Bachelor's degree or higher 252 237-267 245 232-258 262 250-274
By Disability status
40 - 49 years 363 338-388 365 339-392 367 343-391 Withcsabilty s16 | 503560l 582 |saseis| 517 |sanoeis
50 - 59 years 376 345-40.7 356 328-385 382 357-408  Without disability 306 293-320 304 288-320 308 297-319
60 - 69 years 311 279-345 339 308-372 344 317-373 e
70 - 79 years 239 20.0-281 377  326-429 311 264 - 36.1
80 years and above 250 158-361 288 196-395 233 18.0-293
By Sex
Female 386 369-404 394 379-410 415 399-430
Male 268 250-287 284 264-306 276 26.1-29.2

21.7-29.6 29.7-32.7 328-373 37.4-452



BA.5 variant

The prevalence of SARS-CoV-2 infection and long COVID in US adults during the
BA.5 surge, June-july 2022

Table 3. Prevalence and characteristics of U.S. adults with long COVID, July 202

Saba A Qasmieh,

McKaylee M Robertson, Chloe A Teasdale, Sarah G Kulkarni,

Heidi Jones,

Had COVID Crude Agt;_é:.::tsex | Margaret McNairy, ©2 Luisa N. Borrell, "2/ Denis Nash
u | -
:r"‘;f:!n t:natr;] é—g\f;flo Prevalence of | standardized pre doi: https://doi.org/10.1101/2022.09.04.22279588
ago Long COVID | prevalence of '@ This article is a preprint and has not been peer-reviewed [what does this mean?]. It
long COVID*
N (%) N (%) % (95% Cl) % (95% Cl) PR (95% Cl) | aPR (95% Cl)
Total 1036 (100.0) | 222 (100.0) | 21.5 (18.2, 24.7)__ *Preprint
Age P
18-24 70 (6.8) 17 (7.8) | 24.8(7.5,42.0) | 18.6(8.8,35.2) | 1.1(0.7,1.7) | 1.2(0.7,1.9) 0
[ J
25-34 250 (24.2) | 58 (26.1) |23.2(15.2,31.2)| 22.3 (15.2, 31.5) Ref Ref 21.5% had symptoms >4 weeks
35-44 178 (17.2) | 43(19.1) |23.9(15.5,32.3)| 27.6 (19.3,37.8) | 1.0(0.7,1.5) | 1.2(0.9,1.8)
45-54 171 (16.5) | 37 (16.5) |21.6(13.9,29.3)| 22.3(15.6,30.9) | 0.9(0.7,1.3) | 1.1(0.7,1.5)
55-64 185 (17.9) | 41(18.2) |21.9(15.5,28.3)| 23.1(17.2,30.3) | 0.9(0.7,1.4) | 1.1(0.8,1.5)
65+ 182 (17.6) | 27 (12.2) |14.9(10.5,19.2)| 14.8(10.8,19.9) | 0.6(0.4,1.0) | 0.7 (0.5, 1.1)
Gender
Male 465 (44.9) | 72 (32.4) |15.5(11.6,19.4)| 15.5(11.9, 20.2) Ref Ref
Female 528 (51.0) | 144 (64.8) | 27.3 (22.2, 32.4)| 27.4 (22.8,32.6) | 1.8(1.4,23) | 1.8(1.4,2.3)
Non-binary 43 (4.2) 6(2.8) | 14.2(0.0,31.8) | 13.3(4.8,32.1) | 0.9(0.4,1.9) | 0.9(0.4,1.9)
Race/Ethnicity
Vaccination status
Black NH 75 (7.2) 19 (8.4) |24.9(11.8,38.1)| 27.3(17.0, 4
: Boosted 448 (43.3) | 86(38.7) |19.2(14.8, 23.5)| 20.9 (16.4, 26.2) Ref Ref
White NH 690 (66.6) | 148 (66.8) | 21.5 (18.0, 25.1)| 22.4 (18.9, 2
- - c Fully vaccinated not
Hispanic 129 (12.5) | 22(97) | 16.8(54,28.1) | 16.8 (9.0, 2¢ )} cheq 196 (18.9) | 49(22.2) | 25.1(16.9, 33.4) | 24.9 (18.2,33.0) | 1.3(1.0,1.8) | 1.2(0.9,1.6)
Asian/Pacific Islander | 41 (4.0) 7(32) | 17.6(00,37.5) | 1.0 34, 3([Not vaccinated 392 (37.8) | 87(39.2) |22.2(16.6,27.9)| 22.8(17.5,29.1) | 1.2(0.9,1.5) | 1.1(0.8,1.4)
?ther _ 101(9.8) | 26(11.8) |26.0(13.1,38.9)| 29.0 (197, 4 [
Yes 315(30.4) | 96 (43.3) |30.6 (24.5, 36.8) | 32.8(25.9,40.5) | 1.8(1.4,2.2) | 1.8(1.4,23)
No 721 (69.6) | 126 (56.7) | 17.5 (13.7, 21.2) | 17.5 (14.2, 21.4) Ref Ref




Long COVID in children?

Farly 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 atfected than
adolescents

13 Health




Hazard Ratio for Post-COVID-19 Diagnoses Among Children and Adolescents

Source: MMWR Morb Mortal Wkly Rep 2022;71:993-999,

2-4 year olds 5-11 year olds 12-17 year olds
Acute pulmonary embolism : 2.03
Myocarditis / Cardiomyopathy 2.39 2.84 : 1.66
Venous thromboembolic event 2.69 152
Acute/Unspecified renal failure P 1.52 P 1.38 P 127
Type 1diabetes 1.01 P 1.31 P 1.2
Coagulation/Hemorrhagic disorders P 1.47 i 1.28 1.1
Type 2 diabetes 1.24 3.14 11.18
Cardiac dysrythmias 1.44 £1.23 112
Cerebrovascular disease _ 1.66 1.14 118
Chronic kidney disease 0.86_ 1.04 1.12
Asthma i12 102 0.ds
Muscle disorders 0.87 0/8€ 0.6
Neurological disorders 0.98 0.46 0.81
Anxiety disorders 0.91 0.8€ 0.84}
e 'sorders 0.82 0.73 | 08 !
:::;“:ﬂ::i‘;f{;‘_i:gr::d S Less likely ~ More likely Less likely ~ More likely Less likely ~ More likely
higher rates of certain Blue values represent that the diagnosis is less likely (p<0.05) after COVID-19 infection
conditions a month or Kidney alure Sk Red values represent that the diagnosis is more likely (p<0.05) after COVID-19 infection

more after diagnosis
than children without
CovID-19*

Blood clots

bithy MRIWRIT1)

See a health care provider if your child is experiencing -
(e cocng sy s ey ST CDC report, Aug 2022 &7 UT Health

San Antonio
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Original Investigation | Public Health

Prevalence of Select New Symptoms and Conditions Among Pei
Younger Than 20 Years and 20 Years or Older at 31to 150 Days /
Positive or Negative for SARS-CoV-2

Alfonso C. Hernandez-Romieu, MD, MPH; Thomas W. Carton, PhD, MS; Sharon Saydah, PhD; Eduardo Azziz-Baumgartner, MD; Teg
Medra Y. Gzarret, M5; L. Charles Bailey, MD, PhD; Lindsay G. Cowell, M5, PhDy; Christine Draper, BS; Kenneth H. Mayer, MDy; Kshema |
Sonja A. Rasmussen, MD, MS; William E. Trick, MD; Valentine Wanga, PhD; Jennifer R. Chevinsky, MD. MPH; Brendan R. Jackson, ML
Jennifer R. Cope, MD, MPH; Adi ¥. Gundlapalli, M D, PhD; Jason P. Block, MD, MPH

Monica Verduzco-Gutierrez, MD
@MV GutierrezMD

4/ Some take home points

The study says =11% prevalence of #PASC in
nonventilated was "infrequent." (by the way, it was
much higher in those hospitalized)

| still think 11% is high!

HCOVID19 has impacted 75 million Americans.
40 systems’ EHR data How %
>2C #LongCOVID is real. More research needed!
Cohort study of: In hospitalized: T2DM, Anxiety &
338,024 persons younger than 20 years depression, Ataxia or trouble walking.

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

Looked at prevalence of new symptoms & <20: Cha nge in bowel habits fatigue
conditions for those with med encounters ! N

between 31 and 150 days after testing. SOB MOSt prevalent new dlagHOSIS was
168,701 (+) aged 20+ anxiety & depression. i

26,665 (+) aged <20

» San Antonio




Fever/chills
Anosmia/dysgeusia
Headaches
Asthenia
Cough

Chest oppressions/pains
Myalgias/arthralgias
Dyspnea

Diarrhea
Odynophagia

) Sensory disturbances
Rhinorrhea
Vomiting/Nauseas
Palpitations/tachycardia

Skin signs

Other cardio-thoracic signs
Conjunctivitis

) Cognitive neuro disorders
) Other neurological signs
Epigastric pains

Deafness

O Acute COVID-19 phase BProlonged COVID-19 phase

-

72.9% | Bl 0% >250/O NCW NCUI’O
71.4% | - 30%

64.3% 4— 41.2% Symptoms
58.6% | )
57.1% :- 12.9% >

51,4% | I -
44.3% | 4— 25.7%

42.9% 42.9%

70 consecutive patients in post-acute clinic in

Paris, France
» Only 6 patients hospitalized

, » Median age 45
30% > 78.6% female
30% » Symptom free interval in 32/65 cases (mean
22 .99 55.7%
D 25 days)
15.7% » Late symptoms in 7 categoties

11.4% |

Major fatigue or exhaustion (72.9%)
S 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%)

37.1%

YVVVYVVYYVY

San Antonio

‘v" UT Health

Percentage of patients with symptoms Salmon-Ceron et al., ] Infect. 2020




Long-term effects of COVID-19

44% 27% 21%
1% 58% Headache — fioier T Anosmia
) —&» - e More than 50 long-term effects of
\ el A _» = COVID-19: a systematic review and
Pain Jj \Jo83 Hair ¥ 13%
Loss - | Anxiety H
Abnommal Chest /- -*""-/ m eta -a n a Iys I S
KRay/CT (34%) = 50% _. -
......................... 23% ~ 12%
oo | e i)l e g [
P S« g - s The prevalence of 55 long-term effects
srcsennion | o B N WSET Tex was estimated, 21 meta-analyses were
IL-6 (3%) =% 5p3u1li ; Y i Mausea H
%) W= \" U m\ (= performed, and 47,910 patients were
Cough f \ disorder .
o : i_ - = | & included (age 17-87 years).
" N\
T = S gy & HQL i
Mo Dmcrer _. .Pnlpltatlmg Dlscnmmn-. P | ; : P:;;:crg? _""“":ﬂ;ﬂ.ﬁ”“' ]
e ) oapvrct N = The five most common symptoms were:
e — M,mmm’---- J ; ff LY \ : N _psﬁlchiam .
viwg;: — o : / § | Y = ° Fat|gue (58%)
Mertal ot : L -4%' 1 W | Dizziress
/S AT VR TR * Headache (44%)
.- - . @ ) ]| | e * Attention disorder (27%)
'*ﬂ'“':;:‘:%ﬁ:l - disorders | _ 19% .
RO ' Jort . e Hair loss (25%)
e | (2%
- ki * Dyspnea (24%)
Pustataty phpres -~ edema | 1% ‘
=0 ; |~ & UT Health
Kisrsion Discrcer B - — . % of long-term effects of COVID-19 0.3% Y San Antonio
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EClinicalMedicine —

Published by THE LANCET . “

‘ . . PATI E N T- LE D Volume 38, August 2021, 101019 A
e

RESEARCH

Characterizing long COVID in an international
cohort: 7 months of symptoms and their impact

COLLABORATIVE

Hannah E. Davis * *, Gina 5. Assaf * , Lisa McCorkell * °, Hannah Wei * *, Ryan |. Low * ™ = Yochai Re'em * = 7,
. - . . d . . -ablao
Signe Redfield ?, Jared P. Austin * ° Athena Akrami * = -~ B

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 UT Health

» San Antonio




c. Average number of symptoms over time
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Fatigue

Post Exertional Malaise
Elevated temperature (98.8-100.4F)
Chills/flushing/sweats
Skin sensations
Weakness
Temperature lability
Night sweats

Coldness

Fever (>= 100.4F)

Heat intolerance

Low temperature

Other temperature problems | I Systernic |

0 4 50 6 70

0 10 X B0 90 100

All

Tightness of chest
Muscle aches

Joint pain

5tiff neck

Muscle spasms

Bone ache or buming

I osouioskeietal |
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a UT Health
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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

e o o 3 e

11.3

Discolouration/swelling of hands and feet b.2 5.1
Heavy legs/swelling of the legs 143 19.8 L
Blurry vision 26.2 32 5.4
Hair boss B.2 151 6.9
Baone and Joint Pain 122 41.4 4.2
Ear pain 5.2 16.4 111
Paraesthesia 21.1 337 126
Meck, back and low back pain 2314 38.5 15.1

Jealth
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Post-Acute Sequelae of COVID (PASC) Symptoms

[ Disrupted Immunity } [ Inflammation } [ Ne[r)vous System
ysfunction
Shortness of Hormonal
breath imbalance Brain fog
Chest
discomfort
Sleep
disturbance Autonomi Depressio
nervous N
system

Headaches/Migraine dysregulatior

()

Dlarrhea &l symptoms

Allergic
rhinitis

HR/BP
instability

Body aches

Joint
swelling

Pain

Fatigue Decreased
endurance San Antonio




Long COVID

6 UT Health

San Antonio

Balcom, et al., Brain 2021




How to Diagnose Long COVID

B lListen to the timeline of events

B You don’t need lab tests to rule 1t out

mw 1t 1s NOT a diagnosis of exclusion

Health

e
ks




Use validated measurements

Fatigue Severity Scale

Choose a number from 1 to 7 that indicates your degree of agreement with the following statements where 1 indicates

strongly disagree and 7 indicates strongly agree. Please answer the questions with reference to how you have been

feeling on average over the last week.

Strongly Strongly
disagree agree
1. My s lower when | am fatigued 2 3 4 5 6 7
2. Exe br g myf igue 2 3 -+ 5 6
3. la ny tg d 1 2 3 4 5 6 7
4. Fatiguel erfe res with my physical functioning 2 3 4 5 6
5. Fatigue causes fr eq t p oblems for 1 2 3 4 5 6 7
6. My fatigue preve ned physic ctioning 2 3 4 5 6 7
7. Fatigue interfer h car ry ng out ¢ n duties 1 2 3 4 5 6 7
and respon b|I
8. Falgue g yheem st disabling 1 2 3 4 5 6 7
symptoms
9. Fatigue interferes with my work, family or 2 3 4 5 6

=
@

Neuro-QoL scale
Health-related QoL
Compass-31

DePaul Symptom
Questionnaire or DSQ-
SF or DSQ-PEM

Symptorn measurement can be the
difference between getting disability

24

coyerage or being declined

-
UT Health
» San Antonio




Distinguishing features of Long COVID identified through immune profiling

Jon Klein, Jamie Wood, Jillian Jaycox, Peiwen Lu, Rahul M. Dhodapkar, Jeff R. Gehlhausen, Alexandra Tabachnikova,
Laura Tabacof, Amyn A. Malik, Kathy Kamath, Kerrie Greene,Valter Silva Monteiro, Mario Pefia-Hernandez,
Tianyang Mao, Bornali Bhattacharjee, Takehiro Takahashi, Carolina Lucas, Julio Silva, Dayna Mccarthy,

Erica Breyman, Jenna Tosto-Mancuso,Yile Dai, Emily Perotti, Koray Akduman, Tiffany |. Tzeng, Lan Xu, Inci Yildirim,

Harlan M. Krumholz, John Shon, Ruslan Medzhitov, Saad B. Omer, David van Dijk,Aaron M. Ring, David Putrino,
Akiko Iwasaki

doi: https://doi.org/10.1101/2022.08.09.22278592

This article is a preprint and has not been peer-reviewed [what does this mean?]. It

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

Structural pathology is NOT correlating
» With Long COVID symptoms. @ UT Health

» San Antonio




2 major findings

Low cortisol
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¥ Monica Verduzco-Gutierrez, MD

r

Things I've learned about treating

patients with #LongCovid...

"No two persons’ course or long
term symptoms are the same

® We must listen to their story

& Many concomitant psychosocial
stressors & sequela due to

-
UT Health

» San Antonio




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

Mission

Our mission 1s 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.

-
v EJFAF Health




Post COVID-19 Diagnosis Focus

Muscle
weakness

Unsteady gait

Deconditioning

Amputation

Falls / balance

1ssues

Cognitive
changes

Pressure injury
/ wounds

Neuropathy &
myopathy

Dyspnea

Stroke

Mood / mental
health 1ssues

o

UT Health

San Antonio




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

A coVID-19 associated myocardial injury:
Acute and chronic pathophysiological mechanisms

Myocardial
— Infarction
Thrombosis Autoimmune
Direct viral toxicity  Inflammatory Vasculitis Response B
" ’ ight Ventricular
Endothel Endothelial ;
s Ny i AT > iy
SR ~ ) AAlamlbodles

Macrophage
T lymphocyte

ACE2 Cytokines 0P
9 eg.IL, IL6, \\
receptor 0 “__%Z 122, TNF,  mmunothrombosis *jz«

y . 8 %\
Y. Neutrophil Extracellular
g SRS SO T A ——p e S
P N Pl 0 o° J T Myocarditis
Endothelial 009 \\ Mimicry
cell 000,99 i '
00, ( Self-Antigens
° O ) 0 £\(
0 g ) Autoimmune

Myocarditis

—_—D POTS

[+[€]
e g Y Scar
/ \
\

| W N p
| [ e )
l “ 4 ‘#
| [ \ mRNA Vaccine
ﬁ\gr\:/?ruiot::rz ’ ‘vl Ongoing Post induced
I i Sympt}s‘natic coviD Myocarditis
I 0N COVID  Syndrome &
/ I\ » Myocardial
————— z VASEEN Dysfunction

\ /]
"Week 1' Week 2' Week 3'Week 4' Week 5' ' Week 12 '

Eur Heart ], ehac031, https://doi.org/10.1093/eurheartj/ehac031 y OXFORD

UNIVERSITY PRESS

European Society
of Cardiology

/\A V&Q——b Viral Myocarditis

B Cardiovascular sequelae C Long term cardiovascular outcomes

Hospitalisation

Recurrent myopericarditis Stroke / Embolic event

Heart failure
Atrial Fibrillation Acute
Ventricular Tachycardia Coronary

syndrome

=’

Chronic Thromboembolic
Pulmonary Hypertension

D Long COVID symptom trajectory and impact

Vascillating back to
time course baseline  relapse
-———y o o e s
| incomplete \ |
| recovery | |
ey AU
W
L
\\\ i
~
/

Not recovered/ \
" feels worse Wy

¢ Mental health impairment

* Inability to return to work

* Reduced exercise tolerance
* Risk of obesity

Pre-existing comorbidities

e
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» San Antonio



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

Return-to-Play

JAMA Cardiology, May 2020

Figure. COVID-19 Return-to-Play Algorithm for Competitive Athlete and Highly Active People

COVID-19 negative? and
asymptomatic

l

COVID-19 positives |

'

+ No limitations to exercise

+ Follow social distancing
guidelines

+ Close monitoring for
development of symptoms®?

Asymptomatic (considered
in setting of screening with
known exposure or team-/
school-{league-based
mandatory screening)

| Mild symptoms; not hospitalized |

|

{

NOTE: If symptoms concerning
for COVID-19 develop and
testing is negative or not
obtained, consider following

pathway as if COVID-19 positive.

» Rest/no exercise for 2 wk
from positive test result

= Close monitoring for
symptom onset or late
deterioriation®

 Slow resumption of
activity after 2 wk from
positive test result under
guidance of health
care team

During symptomatic period:

+ Rest/recovery with no exercise

= Reassess for clinical deterioration
and consider further cardiac
testing and/or hospitalization if
development of cardiac symptoms

|

2 wk of Convalescence without
resumption of exercise after
symptom resolution

|

Evaluation by a medical

professional for consideration

of return to activity:

=hsTn

» 12-lead electrocardiogram

= 2-Dimensional echocardiogram

= Consider additional symptom-
guided testing

|
' |

Significant symptoms; hospitalized

+hsTn

During hospitalization:

» Consider cardiac imaging
per local protocols

l

Normal

hsTn >99 percentile
and/or abnormal
cardiac study

|

Normal

hsTn =99 percentile
and/or abnormal
cardiac study

T

|

= Slow resumption
of activity under

Follow myocarditis
RTP guidelines®

« Rest/recovery with
no exercise while
symptomatic

= Evaluation by medical
professional after
minimum of 2 wk of
convalescence without
resumption of exercise
after symptom resolution

« Consider convalescent
cardiac testing if not
performed while
hospitalized

 Slow resumption of
activity under guidance
of health care team

+ Close monitoring for
clinical deterioration

guidance of health
care team

« Close monitoring for
clinical deterioration

Follow myocarditis
RTP guidelines®

COVID-19 indicates coronavirus disease 2019; hsTn, high-sensitivity troponin |; RTP. return to play.

British Journal Sports Med

SHORTNESS
e d]‘@ & G SYMPTOMS SUCH AS DIARRHOEA

&NAUSEA
NEW, PERSISTENT DRY COUGH Q

4 Loss
ZJ OF TASTEANDSMELL
FEVER ]

THIS GUIDANCE IS AIMED AT ATHLETES WITH MILD TO MODERATE SYMPTOMS OF COVID-19. ATHLETES SHOULD FOLLOW LOCAL
ENT GUIDELINES OF COUNTRY OF RESIDENCE FOR MANAGEMENT OF SYMPTOMS INCLUDING ISOLATION AND
TESTING PROCESSES ATHLETES WHO HAVE MORE COMPLICATED INFECTIONS, OR REQUIRED HOSPITAL SUPPORT SHOULD
HAVE A MEDICAL ASSESSMENT BEFORE COMMENCING GRTP. ASSESSMENT MAY INCLUDE:

BLOOD TESTING FOR MARKERS OF INFU\MMATION CARDIAC MONITORING (ECG, RESPIRATORY FUNCTION
(HS-TROP, BNP, CRP), CONSIDER RE| ECHO, ETT, CARDIAC MRI) ASSESSMENT (SPIROMETRY)
—

HAEMATOLOGY’ MONITDRING ﬂ

L4
AT-LEAST
o GRTP
10 & 7 & @ 3 GRADUATED
DAYS DAYS RETURN TO

OFF ALL TREATMENT, PLAY PROTOCOL

REST FROM ONSET SYMPTOM FREE E.C. PARACETAMOL

GRADUATED RETURN TO PLAY PROTOCOL

DURATION OF INTENSITY OF RESUME NORMAL
ACTIVITY TRAINING TRAINING. TRAINING
DESCRIPTION INCREASES "PROGRESSIONS
PROGRESSION TO RESUME NORMAL
EXERCISE MORE COMPLEX NORMAL TRAINING TRA
ALLOWED TRAINING ACTIVITIES PROGRESSIONS
IVITIES
% HEART <80% <80% RESMENORMAL
TRAINING
RATE MAX ' ' PROGRESSIONS
RESUME NORMAL
DURATION 0 . TRAINING
<45 MINS <60 MINS
EXERCISE RESTORE
i CONFIDENCE AND RESUME NORMAL
OBJECTIVE o ASSESS EARHG
SKILLSTACTICS FUNCTIONAL PROGRESSIONS
SKILLS.
SuBIECTIVE SUBIECTIVE s,
MONTTOREG RESTING HR. - RESTRIGHRLi- RESTING WR. -
PRRS, RPE RPE

ACRONYMS: I-PRRS (INJURY - PSYCHOLOGICAL READINESS TO RETURN TO SPORT); RPE (RATED PERCEIVED EXERTION SCALE)
NOTE: THIS GUIDANCE IS SPECIFIC TO SPORTS WITH AN AEROBIC COMPONENT

v e : "
sl VER | ADMEE S Ypoet | st




Return-to-Play

AMSEm

AMERICAN MEDICAL SOCIETY
|- For SPORTS MEDICINE

Cardiopulmonary Considerations for High School Student-Athletes
/4 during the COVID-19 Pandemic

| Confirmed Past Infection

Other Considerations

Close Contact/Household
Member with COVID-19,
or
Medical Condition* at Risk
of More Severe COVID-19,
or
Prior symptoms suggestive
of COVID-19.

l

Consider evaluation by a
medical provider to discuss
the need for further
evaluation, management,
or counseling

“Diabetes, obesity, serious
heart conditions, moderate to
severe asthma, chronic
kidney or liver disease,
weakened immune system

Test (+)

[

Confirmed New Infection
Test (+)

Mild to moderate
illness or no
symptoms
(managed at home)

I

Medical evaluation
Symptom screen
Consider ECGA

Severe illness
(hospitalized)

I

Medical evaluation
Symptom screen

Additicnal testing

I

Further work-up as
indicated

I

tCardiclogy consuit,
ECG, hs-Tn, Echo

Consider Cardiac
MRI, Holter, Stress
Test, Chest X-ray,
Spirometry, PFTs,
and Chest CT

Ongoing CV
symptoms
(chest pain, shortness of
breath, exercise
intolerance, palpitations)

l

Medical evaluation
Symptom screen

Additional testing

l

tCardiology consult,
ECG, hs-Tn, Echo

Consider Cardiac
MRI, Holter, Stress
Test or CPET, Chest
X-ray, Spirometry
PFTs, D-Dimer, and
Chest CT

tConfirmed myocarditis, pulmonary embolism, or other cardiopulmonary
disorder should be managed per medical guidelines

Isolate and contact tracing
per public health guidelines

No exercise x 14 days

I

Consider ECG* before a
return to light exercise

Light exercise can resume
7 days after symptom
resolution

More severe illness,
hospitalization, or ongoing
symptoms requires a
comprehensive medical
evaluation and cardiology
consult

AECG changes suggestive of
myocarditis include: diffuse
ST elevation, ST depression,
T wave inversion, pathologic
Q waves, and PR depression

-
UT Health
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@ Sports

Football Tennis Golf Olympics More Audio Live T\

Lionel Messi reveals his behind-the-scenes Covid-19

struggle

By Matt Foster, CNN
(© Updated 1:02 PM ET, Mon May 30, 2022

MORE FROM CHNN

IFAGES

informing officers that a

SEORTEWIREAGETTY

Lisa Marie Riley, whose K
social media posts broug
during the pandemic, has

GLEHHGERYOTAICOH

UNITE]

é fastkate & - Following

w

VIDEOD: U]..-alde dispatch guestions, Answered  Long Covid's Toll

calling 911 in the room, ‘fong

ng

fastkate @ Lil post-Covid patient still just chilling over here, Long
caption coming

| don’t really know how to talk about this, but | figure may as well
share b this is what's going on. January did not go great ha. After
returning to workouts | had about three weeks that were a struggle.
We thought it was just normal getting back into shape. But it
became clear that | was just still not well (i really noticed it in
sprints. | had a 200 workout where | could barely run faster than a
29, Which should never happen. Even if I'm out of shape. Ask
@nikerunning shoe development from when they had me test
spikes 3 weeks into my post seasen break @).

Anyway, moral of the story is apparently I'm taking a longer time to
get over the virus. | started to notice this collection of symptoms
that I'm now learning are being seen in people with long Covid: out
of breath quickly with any activity, Irregular/racing heart beat,
lightheaded or dizzy and shaky after runs, excessively sweaty ha. |
don't want to add to Covid fears with this post. I've learned that 1
similar symptoms are being documented in a small number of
cases 2 this isn't necessarily new to this virus, there is always a
chance of an adverse reaction when you get sick 3 they don’t know
for sure the mechanism or how to fix it but most people are
recovering.

So, after pushing through for a few weeks we are trying a new
tactic. I'm taking a break from structured training to go by feel and
get fully better. Not at all what | had planned for this time of year
lol, but it seems my personal growth oppertunity for the moment is
being okay with going off plan @.

And that's me. I'll keep you updated, but I'm going to turn off
anding if im not super
d by this, and | want to
with every person bc
ice. Gotta protect that

'S




e For elite footballers, the effects of Covid-19
| i n ge r fo r‘ m O nt h S - Covid-19 affected players’ time on pitch and pass performance months later

Relative to players who didn't test positive for covid-19

Economist

JAN 8TH 2022
Likelihood of playing, percentage-point change
— 5
Confirmed covid-19 cases per 100,000 people, to July 2021 5
Germany Italy
2,500 5
I -10

< Owing to strict

; i 95% confidence
— Footballersin top league* testing, covid-19 2000 interval -15

. was detected among -
a. General population players at high rates . ; ! . . ) ; -20
Over 225 225-150 150-75 75-0 0-75 75-150 150-225 Over 225
Days before/after infection
Number of minutes played per game
2
0
o——
-2
-4
*Seven-day moving average I
Ovelr 225 22511 50 1 50]-75 75-0 0-175 75-11 50 1 50-1225 0verI 225
’ . .
COVID-19 affected ﬁlayers time on pitch and pass - "
Number of passes completed per 90 minutes Five months after infection, players
perfO rma nce mont S Iate r. still make four fewer passes. A typical 2

top footballer makes 45 per game

Decline in 9% minutes played. —_— :
Passes completed fell by 6%. X/ 2
Average drop in score of 0.14 SD (equivalent of average player 5

th 1 Overl' 225 22511 50 1 50I-75 75-0 O-I75 75-I1 50 1 501225 OVeI’I 225
d ro p p I n g to 3 O p e rce ntl | e ) Days before/after infection
e




[ Chest Infections Original Research ]

Persistent Exertional Intolerance After

| @ Chexck for updates

COVID-19

[nsights From Invasive Cardiopulmonary Exercise Testing

Inderjit Singh, MD; Phillip Joseph, MD; Paul M. Heerdt, MD, PhD; Marjorie Culfinan, RT;
Denyse D. Lutchmansingh, MBBS,; Mrdu Gulati, MD, MPH, lennifer D. Possick, MD; David M. Systrom, MD;
and Aaron 8. Waxman, MD, PhRD

“If 1 don’t have cardiopulmonary disease,
why can’t | 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.
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JACC: HEART FAILURE VOL. 9, NO. 12, 2021
© 2021 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
PUBLISHED BY ELSEVIER

FIGURE 1 Patient #1 Shows Normal Ventilatory Pattern in 3 Graphs

Use of Cardiopulmonary Stress Testing

Patient 1 Patient 2 Patient 3
for Patients With Unexplained Dyspnea | : - ”
Post-Coronavirus Disease
s :™
Donna M. Mancini, MD,*" Danielle L. Brunjes, PHD,” Anuradha Lala, MD,*" Maria Giovanna Trivieri, - 10 “: 10
Johanna P. Contreras, MD, MSc," Benjamin H. Natelson, MD' RELEEEEER ALY
H:l'n;“"ﬂ-‘ N e 3"Tﬁ'.;le nnnnnnn
. . : VE/VCOR Slope =264 iz VE/VOO2 Sicpe =220 ‘.0 :
41 patients with normal PFTs, CXR, CT chest. . E 4 i
. . . £ ;::: o £
(9 hospitalized. None intubated.) Average 45yo. € x /r g
S & 15 = sm
Only 2 had completely normal CPET tests. o 5 g
CPET identified significant abnormalities. T i T o T o
Peak VO2 averaged 20.3 +/- 7 mL/kg/min, which was o -2 4\?‘"§ e S o £ e A -
77% +/- 21% of predicted. =~ el a3 P > e pa.
15 of 17 with normal peak VO2 had vent abnormalities = . A (="
(peak resp rate >55 or dysfunctional breathing). “ 5 g -

61% had hypocapnia PetCO2 <35. E B E e e e L
46% met criteria for ME/CFS

-
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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)

Degree of Benefit after EECP (Summary)

Endpoint LU e P-Value
Baseline
100 100
PROMIS Fatigue -5.9+3.8 . _ A0
3 American Heart Journal Plus: Cardiology Research [221 P<0.001
DAS| 198=155 (1 and Practice
—y— Volume 13, January 2022, 100105
SAQ-7 Summary 25.9 £19.9
Short Communication
6MWT (feet) 163.3+207.5 Enhanced external counterpulsation for POST
management of symptoms associated with long
AMERICAN COVID @MVGutierrezMD
COLLEGE o .
CARDIOLOf(‘}YM Mohanakrishnan Sathyamoarthy 2, Monica Verduzco-Gutierrez B, Swathi Varanasi ©, Robyn Ward 9, John Spertus &, UT Health
» San Antonio

Sachin Shah T2 &

Presented at ACC CV Summit Feb 14, 2022



Mechanical Force

Retrograde Aortic Flow
During Diastole

EECP

Normal
Pulse

ECG —

Mechanism of Action

R B

Physiologic / Biochemical Changes

PHYSIOLOGIC / HEMODYNAMIC

Diastolic Augmentation

Systolic Unloading

Shear Stress

Endothelial Progenitor Cells

BIOCHEMICAL / NEUROHOMONAL

BNP, ANP, Angiotensin Il

Inf. Cytokines (TNF-a, MCP-1)

Growth Factors (VEGF, HGF)

e R

Cardiac / Systemic Benefits

CARDIAC

Ischemia

Coronary Blood Flow / Perfusion
CO / Cardiac Efficiency

Angiogenesis & Collateralization

SYSTEMIC
Endothelial Dysfunction
Vascular Tone & Stiffness

Perfusion to Vital Organs



Neurologic Sequelae

- Headaches

- Disturbed consciousness

- Encephalopathy / delirium
- Seizures

- Anosmia/ Ageusia

- Stroke

- CIN/CIM

- Myasthenia gravis

- GBS

- FNS Acute Necrotizing Encephalopathy

e
UT Health

» San Antonio
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What’s happening in the brain?

a in

In ‘chemo brain,’ researchers see clues to O Bt
unravel long Covid’s brain fog Ch€fﬂ

Cold 1 ] ]

L] :
Spring

(* Harbaor IO lv
Laboratory

THE PREPRINT SERVER FOR BIOLOGY

™= By Elizabeth Cooney ¥ Jan. 28, 2022

bicRxiv posts many COVID | 9-related papers. A reminder: they have not been formally peer-reviewed and should not

guide health-related behavior or be reported in the press as conclusive,

Mew Results A Follow this preprint

Mild respiratory SARS-CoV-2 infection can cause multi-lineage cellular
dysregulation and myelin loss in the brain

Anthony Fernandez-Castarieda, Peiwen Lu, Anna C. Geraghty, Eric Song, Myoung-Hwa Lee, Jamie WWood,

Belgin Yalgin, Kathryn R.Taylor, Selena Dutton, Lehi Acosta-Alvarez, Lijun Ni, Daniel Contreras-Esquivel,

Jeff R. Gehlhausen, Jon Klein, Carolina Lucas, Tianyang Mao, °5 Julio Silva, Mario A, Pefia-Hernandez,

Alexandra Tabachnikova, Takehiro Takahashi, Laura Tabacof, Jenna Tosto-Mancuso, Erica Breyman,

Amy Kontorovich, Dayna McCarthy, Martha Quezado, Marco Hefti, Daniel Perl, Rebecca Folkerth, David Putrino,
Awi Math, ©2 Akiko waszaki, ©5 Michelle Monje

doi: httpsi/doiorg/ 0.1 101/2022.01.07.475453

White matter-
selective microglia
reactivity

Pro-inflammatory
CSF cytokines with
persistent
elevation of CCL11

@MV GutierrezMD
e
UT Health

San Antonio




Abnormal CSF

b AMERICAN
e L g ; ¥ AN NEUROLOGICAL
of Clinical and Translational Neurology = oL

Open Access

BRIEF COMMUNICATION CSF:
Elevated protein

Risk factors and abnormal cerebrospinal fluid associate . .
Abnormal oligoclonal banding

with cognitive symptoms after mild COVID-19

Alexandra C. Apple'?, Alexis Oddi'?("), Michael J. Peluso®, Breton M. Asken'?

Timothy J. Henrich?, J. Daniel Kelly>®, Samuel J. Pleasure®’, Steven G. Deeks?, Isabel Elaine Allen®,
Jeffrey N. Martin®, Lishomwa C. Ndhlovu®, Bruce L. Miller'-?, Melanie L. Stephens'? &

Joanna Hellmuth'-?

LIINC study
e Cognitive symptoms (22) vs control (10)
* 43% delayed onset cognitive symptoms (1-6 months)

o 77% (10/13) of participants with cognitive PASC had a

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

» San Antonio

@MVGutierrezMD




Cognitive Sequelae
PICS

Cognitive impairment can affect:
- 70%-100% of patients at discharge
- 46%-80% still have it one year later - Medications — Donepezi

- 20% still have it after 5 years Memantine, Amantadine, etc

Memory/ cognitive deficits

- NeuroPsych eval
- Speech therapy
- Memory techniques

Nature Public Health Emergency Collection _ L .
alzheimers O | Alzheimer’s &Dementia®

o e association THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION
Eur J Nucl Med Mol Imaging. 2021; 48(9): 2623-2833. PMCID: PMCT: .
Published online 2021 Jan 26. doi: 10.1007/300259-021-05215-4 pmID: 33 LTERNATE FORMAT RESEARCH ARTICLE OpenAccess @ B &

18 Alzheimer's-like signaling in brains of COVID-19 patients
F-FDG brain PET hypometabolism in patients with long COVID

Steve Reiken, Leah Sittenfeld, Haikel Dridi, Yang Liu, Xiaoping Liu, Andrew R. Marks 2

E. GuEn::Ij:m1 J_Y.Campion, P. Dudouet, 23 E. Kaphan,* F. Bregeun.2'3'5 H. Tissot-Dupont,? 8. Guis
F_Barthelemy, P. Habert,”® M. Ceccaldi,® M. Million, 2 D. Raoult, 2® S. Cammilleri," and C. Eldin? ' First published: 03 February 2022 | https://doi.org/10.1002/alz.12558

w7 Odll ALY

= Author information = Article notes » Copyright and License information  Disclaimer




The evidence is compelling: - Reduction in grey matter
Even a mild case of COVID-19 thickness

- . - Tissue damage in primary
can shrink part of your brain. olfactory cortex

Reduction in global brain 5|ze

10 years of aging

; nature

Explore content v  About the journal ¥  Publish with us v

nature » articles » article

Article | Published: 07 March 2022

SARS-CoV-2is associated with changes in brain
structure in UK Biobank

¥ )

Gwenaélle Douaud &=, Soojin Lee, Fidel Alfaro-Almagro, Christoph Arthofer, Chaoyue Wang, Paul

McCarthy, Frederik Lange, Jesper L. R. Andersson, Ludovica Griffanti, Eugene Duff, Saad Jbabdi, Bernd

E UT Health

» San Antonio

@MVGutierrezMD




medicine

OPEN
Long-term neurologic outcomes of COVID-19

My Check for upds

Evan Xu®', Yan Xie®">? and Ziyad Al-Aly *456=

>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

Cerebrovascular
disorders

Cognition and
memory
disorders

Disorders of
peripheral
nerves

Episodic
disorders

Extrapyramidal
and movement
disorders

Mental health
disorders

Musculoskeletal
disorders

Sensory

disorders

Other neurologic
or related

disorders

Any
neurologic
outcome

[¢] 1.0 1.5 20 0 1 5 20 80
HR (95% CI) Excess burden per 1,000
persons (95% Cl)

Fig. 3 | Risks and 12-month burdens of incident postacute COVID-19 composite neurologic outcomes compared with the contemporary control cohort.
Composite outcomes consisted of cerebrovascular disorders (ischemic stroke, TIA, hemorrhagic stroke and cerebral venous thrombosis), cognition and
memory {(memory problems and Alzheimer's disease), disorders of the peripheral nerves (peripheral neuropathy, paresthesia, dysautonomia and Bell's
palsy), episodic disorders (migraine, epilepsy and seizures and headache disorders), extrapyramidal and movement disorders (abnormal involuntary
movements, tremor, Parkinson-like disease, dystonia, myoclonus), mental health disorders (major depressive disorders, stress and adjustment disorders,
anxiety disorders, and psychotic disorders), musculoskeletal disorders (joint pain, myalgia and myopathy), sensory disorders (hearing abnormalities or
tinnitus, vision abnormalities, loss of smell and loss of taste), other neurologic or related disorders (dizziness, somnolence, Guillain-Barré syndrome,
encephalitis or encephalopathy and transverse myelitis) and any neurologic outcome (incident occurrence of any neurologic outcome studied). Outcomes
were ascertained 30 days after the COVID-19-positive test until the end of follow up. The COVID-19 cohort had n=154,068 and the contemporary control
cohort had n=5,638,795. Adjusted HRs (dots) and 95% (error bars) Cls are presented, as are estimated excess burdens (bars) and 95% Cls (error bars).
Burdens are presented per 1,000 persons at 12 months of follow up. The dashed line marks a HR of 1.00; lower limits of 95% Cls with values greater than
1.00 indicate significantly increased risk.



COVID Headache

Table 1

Demographic features of participants and characteristics of headache experienced during the ¢

COVID-19 positive®
eadache (n=87) p

(n=1968)

 Headacheis one
neurologic prese

 Prevalence of 6-7]

* Limited data rega
of headache

Uygun et al. The Jourmnal of Headache and Pain (20200
https://doiorg/10.1186/510194-020-01138-1

RESEARCH ARTICLE

Headache character
pandemic-a survey

Anosmia-ageusia; OR=11.4 541

Bilateral headache; OR=3.37 008

038
633

Analgesic-resistent; Of=261 230

538
Gastrointestinal symptoms; OR=2.13 <00
5

508

090

Headache duration =>72h; OR=1.93
>4 hours; OR=1.63

\ 257

Ozge Uygun' @, Mustafa Ertas', Esme Ekizog

the pandermic
h,

Fiig. 4 Odds ratios of differentiating variables related to the presence of headache in patients with COMD-19 diagnosis reporting headache during 227

Arif Atahan Cadatay® and Bet(l Baykan'

Completely recovered with analgesics %0 12.4 11.9 568




Diagnosis & Treatment COVID-19 Headache

 Further evaluations should be Tension
co.nside.red to exclude secondary  APAP, NSAIDs, massage/myofascial
etiologies of headache Migraine
* Brain _M_R| with & without _ * Triptans, 5 HT1F receptor agonists,
gadolinium should be considered to CGRP-antagonists
evaluate secondary causes of . h
Headache Intravenous agents, such as
magnesium and dopamine receptor
* Symptomatic management of antagonists and
headache is the next step once * Peripheral nerve blocks (occipital,
secondary etiologies are ruled out auriculotemporal, supraorbital,

* Treatment according to the supratrochlear)

phenotype of headaches * SPG blocks

-
UT Health

» San Antonio




An Official journal of

the American Meurological
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Child Meurology Society
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Multisystem Involvement in Post-Acute Sequelae of Coronavirus
Disease 19 A 5.

Peter Novak MD, PhD &4, Shibani 5. Mukerji MD, PhD, Haitham 5. Alabsi DO, David Systrom MD, Sadit
Marciano PA-C, Donna Felsenstein MD, William |. Mullally MD, David M. Pilgrim MD

~
(=)

First published: 24 December 2021 | https://doi.org/10.1002/ana.26286

CBFv, cm/sec

50+

o))
o]
.

CBFv

Mild COVID-19 is associated with

Supineiié&éﬁ?é

Tilt, min

Heart rate

At

multisystem involvement: Dy,
e Cerebral Blood Flow Dysregulation |
« Hypocapnic Hyperventilation \
+ Small fiber neuropathy
« Dysautonomia

« Pain

Inflammatory Markers

N
Supinel 2 3 4 5 6 7 8 9

Tilt, min

30 CBFv corrected for CO»

(8]

& 70| +

4! T NP SR

B - Sé—— \\+’¢ \\+,, g

O

o

560-

[&]

i

m

= o

50 A

Supinei‘ZéAS‘é%éél‘O
Tilt, min

Blood pressure at arm

60 T T T T r T T T T )
Supinel 2 3 4 5 6 7 8 9 10
Tilt, min

C

pET-CO2, mmHg

Mean BP corrected, mmHg

40 End tidal CO,

351

30

25

Supinel 2 3 4 5 6 7 8 9 10

Tilt, min

100 Blood pressure at MCA

90+ 4= Controls
-4- POTS

N+—————————"—
Supinel 2 3 4 5 6 7 8 9
Tilt, min

-
UT Health

» San Antonio




Autonomic Impairment

Postural Tachycardia
Syndrome (PoTS)

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

hypotension M .
A

e Standing HR often > 120

Autonomic dysfunction in ‘long COVID’: rationale,
physiology and management strategies

Authors: Melanie Dani,* Andreas Dirksen,® Patricia Taraborrelli,® Miriam Torocastro,®
Dimitrios Panagopoulos,” Richard Sutton®and Phang Boon Lim®

Management

e Education
* Exercise
* Fluid and Salt repletion

?
. M ®
* Symptoms of orthostatic | Avoiding exacerbating
| i ] factors
intolerance = i T : :
— oumalof TN Isometic exercises
Joumal of Transiational Mediine  (2022) 20:95 U ! et o I
hittps://dol.ong/10.1186/512967-022-05328%-8 Trar'ISlaUDrlal MEdICIF‘IE | | i ° Com preSS|On garments
RESEARCH Open Accs mﬂfwﬁwgmww 4 e Pharmacol Og| C
Physiological assessment of orthostatic = v A e il a
intolerance in chronic fatigue syndrome O UT Health
RBenjamin H. Matelson"", Jin-Mann 5. Lin?, Michelle Blate!, Sarah Khan', Yang Chen? and Elizabeth R. Unger® Sp— ‘ | - P’ San Antonio

@MVGutierrezMD




Coronavirus (COVID-19)

SARS-CoV-2

Parvovirus B19 Ross River Virus

Influenza ~ \ l / - EBV

yS a u O I l O I a Activation of autoreactive Reduced B cell response Antigenic mimicty

immune cells

Neurocardiologic T —
HHV-6A .
HHV-6B / Increased pro-inflammatory Enterovirus
cytokines
Fatlgue AnXIety R Lightheadedness

Fatigue .
Brain Fog Palpitations

Brain fog Lightheadedness Memory Difficulic e St Ches Tighnes
Cognitive Difficulties N OIT};IESSO_ reau;i
. e . . . Sleep Difficulties \ / C(l)JlI:f]l 1:11:23 SmFl:;l s, Feet
P Nausea, Vo;rliting
Memory Difficulties Palpitations Headache
' Diarrhea, Constipation

Coat-Hanger Pain Difficulty Standing

Cog difficulties Chest tightness Viswl Fifcts

Sensory Deficits

DysaUtonomla Chronic Pain, muscle,
(incl. PACS, POTS, NOH) joints, general
Dry Mouth, Eyes

Slee P difficulties SOB Aty I Femperaturs Sensiviy
H e a d a C h e N a u S e a/vo m iti n g Low ATP Altered membrane Low Apoptosis

potential mitochondrial

dysfunction

Coat-hanger pain Abnormal sweat
. . . . . Oxidative
Ringing in the ears Difficulty standing

Visual effects Dry mouth, eyes —_— | I

HSV-1 =~—p S 4= Parvovirus B19

M igra i n e D i a rrh ea/co n Sti pati Or Mitochondrial V Altireestilxi:::;une

. .t . . KSHV = @0 N7 S Enterovirus
Sensory deficits Chronic pain oy —  (ONSS — lufluense
Psychosocial Stress == ¥ Lyme Disease

. e g0 e . S
Depression Temp sensitivity N [ == T Health
(Emotional, Physical)  coronavirus (covin-19) HHV-6B
SARS-CoV-2

1 Antonio




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. ‘UT Health
ea

@MVGutierrezMD S Antonio
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Vagus Nerve Stimulation: A Potential
Adjunct Therapy for COVID-19

Eric Azabou ™, Guillaume Bao', Rania Bounab?, Nicholas Heming? and Dyjillali Annane?

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

gammaCore
e

@

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




Post-Viral Fatigue

Myalgic encephalomyelitis / CFS

- 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

headache

tender lymph
nodes

chronic fatigue

unrefreshing sleep sore

throat

post-exertional

‘ME/CES’ ‘malaise’

(SEID
(IoMm/ cognitive
NAS, 2015) impairment myalgia

orthostatic
intolerance

joint pain

post-
exertional
ME muscle

- (Ramsay, Wea kness
neurologic powsettetal o
symptoms 1956-90)

cardiovascular
symptoms

-
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AR Brain, Behavior, and Immunity AR
& E:% #vailable online 29 December 2021 . :
= ] f In Press, Journal Pre-proof ()
Review Article
Fatigue and Cognitive Impairment in Post-
COVID-19 Syndrome: A Systematic Review and Key findings:
Meta-Analysis - -
y 32% of patients have fatigue at

Felicia Ceban * & ¢® Syusan Ling ® I8 Leanna MW, Lui *E Yena Lee B 2B Hartej Gill * B, Kayla M. Teopiz *B, 12 Wee kS
Nelson B. Rodrigues * B, Mehala Subramaniapillai * & “B, oshua D. Di Vincenzo *H, Bing Cao *B, Kangguang
Lin f 28 Rodri go B. Mansur ® hE Roger C. Ho -'-'E,J-::-Sﬂua D. Rosenblat® & & B Kamilla W. Miskowiak b & 3 1% at 6+ m Onths

Maj Vinberg ™ "B, Vladimir Maletic °E, Roger 5. Mclntyre > e dha @

22% have cognitive impairment
at 12 weeks

21% at 6+ months

Meta-analysis on 81 studies estimating
Long COVID prevalence

A significant key finding is that fatigue and cognitive impairment were not
statistically significantly different between hospitalized and non-hospitalized UT Health
patie nts I » San Antonio
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TABLE 1 PASC fatigue assessment recommendations

# Statement

Consensus Guidance Statemen 1 Patients should be assessed for fatigue patterns throughout their normal day to guide activity recommendations.
1a Patients should be assessed for their responses to initiating and escalating activity on their fatigue.

Mu |tld|5Clp|Ina ry co 1b  Patients should be evaluated for changes in daily functioning and activity levels.

the assessment anc 1c  Patients’ physical functioning and endurance should be assessed to inform activity and therapy recommendations. (Examples of

. fests that can be chosen based on an individual's activity tolerance: 30 s sit to 5tand55; 2-min step (seated or standin 5’E"; B min walk
of SARS-CoV-2 infec test. 10 mwalk ost™) ly o] g)
Joseph E. Herrera DO, William © 2 Clinicians should assess for changes in activities of daily living, independent activities of daily living, school, work, and avocational
MD, MBA, Talya K. Fleming MD, (ie, hobbies)
MD, Monica Verduzco Gutierrez 3 Afull patient history with review of preexisting conditions should be conducted

- See fewer authors Patients should be evaluated for conditions that may exacerbate fatigue symptoms and warrant further testing and potential subspecialty

First published: 04 August 2021 referral (see Table 2). Particular areas include:
+ Sleep
= Mood, including anxiety, depression and PTSD. Note: Patients often report dissatisfaction with their care because of their persistent

symptoms being attnbuted to psychological factors. It Is important to note that mood disorders may be secondary to persistent medical
issues or one of many factors leading to fatigue.

= Cardiopulmonary
» Autoimmune
+ Endocrine

b A medication review should be conducted to investigate medications that may be contributing to fatigue. Of note, antihistamine,
anticholinergic, and antidepressant/anxiclytic medications can contnbute to fatigue in patients with PASC.

6 The following basic lab workup should be considered in new patients or those without lab workup in the 3 months before visit including
complete blood count with differential, chemistries including renal and hepatic function tests, thyroid stimulating hormone, c-reactive
protein or erythrocyte sedimentation rate, and creatinine kinase.

Other laboratory tests may be considered based on the results of these tests or if there is specific concern for comorbid conditions as
outlined in Table 2.

Abbreviations: PASC, postacute sequelae of SARS-CoV-2 infection; PTSD, posttraumatic stress disorder.




Please learn about Post-Exertional Malaise:

TABLE 3 National Aademy of Sciences proposed diagnostic
criteria for ME/CFS

Proposed Diagnostic Criteria for ME/CFS

Diagnosis requires that the patient has the following three
symptoms:

1. A substantial reduction or impairment in the ability to engage
In preillness levels of occupational, education, social, or
personal activities that persists for more than 6 months and is

accompanied by fatigue, which is often profound, is of new or
definite onset (not lifelong), is not the result of ongoing

excessive exertion, and is not substantially alleviated by rest,
2. Postexertional malaise’ and
3. Unrefreshing sleep®
At least one of the following manifestations is also required:
1. Cognitive impairment”or
2. Orthostatic intolerance

IOM Case Definition

e 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.

e,
UT Health
@MV GutierrezMD )7 San Antonio
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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
ay;r Health

overexertion and to recognize energy windows.




Therapy Program: longcovid.physio
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* People-centered & shared decision-making

LIVING GUIDELINE N
3 World Health
Red flags for safe rehabilitation 15 SEPTEMBER 2022 WP Organization

* Exertional desaturation & cardiac impairment
should be ruled out before physical exercise
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Know/teach triggers

Physical or cognitive exertion
Stress
Dehydration

« Weather changes
Consuming large meals

e Alcohol consumption
Premenstrual period

-
UT Health
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Long COVID: Psychiatric and Sleep Problems

Spanish multicenter study
/ 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%

- -
v UT Health
» San Antonio

Fernandez-de-Las-Penas et al. J Infect. 2021.




NeuroPsychiatric Symptoms

The TriNetX Global Health
Research Network

Prevaleﬂce Of n@urOpSYCh Complalnts lﬂ Image Source: trinetx.com

patient with acute COVID-19 = 22.5%

Incident psychiatric disorders in the first
3 months 1s 18% (6% new onset)

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

a UT Health

San Antonio

(Garcia-Azorin et al., 2020; Jeon et al., 2020; Liet al., 2020; Nalleballe et al., 2020; Taquet et al., 2020; Yang et al., 2020) @ M VG .
utierrezMD




THE LANCET
Psychiatry

e Mental health

ARTICLES | ONLINE FIRST

Neurological and psychiatric risk trajectories after SARS-CoV-2 infection:

an analysis of 2-year retrospective cohort studies including 1 284 437

patients

Anxiety disorder

Cognitive deficit
Dementia i
Encephalitis i
Epilepsy or seizures |

Guillain-Barré syndrome

Insominia

Intracranial haemorrhage
Ischaemic stroke
Mood disorder

Myoneural junction or muscle disease

Merve, nerve root, and plexus disorder

Parkinsonism

Psychotic disorder

Any first outcome

g

o

L

‘
-
i
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1-89 (1-15-3-09)
102 (0-94-1-10)
1-90(1-19-3.02)
139 (1.08-1.78)
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Older adults (n=242101)
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Hazard ratio (95% Cl)

conditions returned
to normal over time

* Cognitive &
neurological impacts
did not & persisted
for 2 years
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What is happening here?

A :SARS-CoV-2 entry into brain capillary
éendothelial ceils :,,.,- s Endothelial
- L ACF damage

» Increased vWF
» Fibrin deposition
» Platelet activation

e —
- - -

--:-q.--- ._:_ l : b ----------- — - _.%_\J g i Synﬂptl(
1Y - o 5 X . )" prunlﬂg '
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D | Altered neurotransmission
and neuronal damage

| - ._f

[r Excitotoxicity

» Hypoxic injury J - Neuruno-phag

IL-18

75 IL-10 Local microglia acflvatlon

TNF-a "y w' * ‘s’ﬂ

Astrocyte Increased kynurenine production 4

Increased quinolinic acid
» Increased glutamate

» Upregulation of NMDA receptors
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| E Neuropsychlatnc symptoms ‘\ A
~ (dependant on Brodmann areas rnvolved)

» Attention deficits  « Depression
» Cognitive deficits  « Psychosis
| » New-onset anxiety e Seizures
1K Suicidal behavior




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)

e 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)

-
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Long COVID:
Mechanism & Possible Therapeutic Strategies

Pathogenesis Potential Treatment

Persistent microclots/Microvascular Rivaroxaban, Triple therapy (clopidogrel, ASA, apixaban)
disease/Endothelial dysfunction EECP
Inflammation Anti-inflammatories (steroids, colchicine), antihistamines

Viral reservoir/Persistent viral infection and ~ Anti-virals (Paxlovid, molnupiravir, remdesivir)
ongoing tissue harm Virus monoclonal antibodies (ex. Evusheld)
Therapeutic vaccine

Autoimmune/Autoantibodies IVIg, B cell-directed therapies
Acute viral infection with irreversible tissue Rehabilitation

damage

Mitochondrial dysfunction AXAT1125, mito-directed therapies

-
Currently 75 Clinical Trials for Long COVID in ClinicalTrials.gov » g};&ea&h




Long COVID:
Therapeutic Strategies for Autoimmunity

Monoclonal Antibody to IL-6

Anakirnra — IL-1 receptor antagonist
Infliximab — monoclonal anti-TNF-a
Abatacept — inhibits T-lymphocyte activation
JAK inhibitor DMIARDs

Naltrexone

Systemic steroids

IVig

-
UT Health
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Low Dose Naltrexone in ME/CFS

Table 1. Mechanisms of action and clinical use in regard to different doses of naltrexone used.

Dose Range Dose Specific Mechanism of Action Clinical Use

Toll-like receptor 4 antagonism, Fibromyalgia, multiple sclerosis, Crohn's disease, cancer,

opioid growth factor antagonism Hailey-Hailey disease, complex-regional pain syndrome

Binding to high affinity filamin-A
(FLNA) site and reducingp-opioid Potentiating opioid analgesia
receptor associated Gs-coupling

Ultra low-dose
(<0.001 mg)

-
UT Health
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LDN in PASC

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

Table 3
Incadence of reported symptoons at baschme amw] at 2 oeonths
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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
e 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 2" 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

-
UT Health
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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?

72

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

-
UT Health
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Long COVID is a Disability Under the ADA

Guidance on “Long COVID” as a Disability Under
the ADA, Section 504, and Section 1557

5 / U.S. Department of Health U.S. Department of Justice
c Human Services Civil Rights Division
*} Office for Civil Rights Disability Rights Section

Although many people with COVID-19 get better within weeks, some people continue to experience
symptoms that can last months after first being infected, or may have new or recurring symptoms at a
later time. 1 This can happen to anyone who has had COVID-19, even if the initial illness was mild.
People with this condition are sometimes called “long-haulers.” This condition is known as “long
CovID.”2

In light of the rise of long COVID as a persistent and significant health issue, the Office for Civil Rights
of the Department of Health and Human Services and the Civil Rights Division of the Department of
Justice have joined together to provide this guidance.

This guidance explains that long COVID can be a disability under Titles Il (state and local government)
and Il (public accommodations) of the Americans with Disabilities Act (ADA), 2 Section 504 of the
Rehabilitation Act of 1973 (Section 504), ¢ and Section 1557 of the Patient Protection and Affordable
Care Act (Section 1557). 5 Each of these federal laws protects people with disabilities from
discrimination. & This guidance also provides resources for additional information and best practices.
This document focuses solely on long COVID, and does not address when COVID-19 may meet the
legal definition of disability.

The civil rights protections and responsibilities of these federal laws apply even during emergencies. Z
They cannot be waived.

1. What is long COVID and what are its symptoms?
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This is a game changer!

Health systems will need to rally
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Post-COVID Rehab

Community-based approach

Early and often

Inpatient Rehab

Home-based Rehab

Respiratory Rehab / Breathing Program
Autonomic Reconditioning

Mobility and Functional Rehab
Education

Mental health services
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