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Transcript

Melissa McPheeters

Welcometoday to our webinar. I'm Melissa McPheeters. I'm a senior scientist at RTl International, and we are the
RECOVER Administrative Coordinating Center. One of the things that we getto do asthe ACC isto puton these
webinars. And so, we're so excitedto do anotheronetoday. So, welcome to the RECOVER Research Review or R3
Seminar.

The goal of our webinar seriesis really to catalyze a shared understanding of the research of the scientific
stakeholder community withinthe RECOVER consortium. It'simportant that we note that this seminar series is
focused on scientific research. It's notintended to provide any clinical guidance. | want to start by thanking all of
you who registeredand submitted questions in advance. If you have questions during the seminar, please submit
them, as Shane said, using the Q and A featurein Zoom. We'll be keeping an eye on those, and afterthe
presentationwill answeras many as we can about today's topic. Some of the questions may also appear in Q and
Asthat we'll be posting on our website.

We very muchwannagetto everyone's questions, but we do geta lot of questions during the webinars.
We will be collecting them, and we'll be workinghard when we go to post the video of this webinaron our
website, the Q and A will be rightthere with it. There are also lots of other materials on the website, which is
RECOVERcovid.org. So, you should feel free to go there to see if there may be additional answers for some of your
questions on our FAQs that we continue to add to. There are also questions about other scientific topics there and
aboutfuture webinars.

As | said, this is part of a series, and there are lots of other interesting topics coming up. We hope you'll
join usfor more of these. Today's speakers will be providing an overview of dysautonomia and diagnostic
approaches. Andthen, describe what is known about dysautonomia and POTS, as well as what the research is
showing us abouttreatment strategies. | think it's a very important and timely topic, and we're so lucky to have
such great speakerswith ustoday. So, let me tell you a little bitabout them.

Dr. Mitchell Miglis is a fellowship-trained autonomicand sleep disorder specialist at Stanford university.
He treats a wide variety of neurological diseases, and has a specialinterestin autonomic disorders, sleep disorders,
and the interactionbetweenthese conditions. His current research interests include mechanisms and treatment of
postural tachycardia syndromeand long COVID and PASC.

Professor Lauren Stiles is an attorney and a research assistant professor of neurologyatthe Stony Brook
University Renaissance School of Medicine. She's also president of the Dysautonomia International, whichshe
founded in 2012 after her own experience with the condition. She's gonna share somereallyinteresting

information today about symptoms andreallylooking forward to that.
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Dr.Peter Novak is the director of the Autonomic Laboratory at Brigham and Women's Hospital. He'sa
board certified neurologistand a board certified autonomic specialist. He has special interest in autoimmune, small
fiber and autonomic neuropathies associated with MCAS, hereditarytryptasemia, COVID 19and Lyme disease,
postural tachycardia syndrome, POTS, and multiple system atrophy, lots there. He's gonna talk to us about findings
inrecent studies of dysautonomia and PASCin particular.

Dr.Tae Hwan Chungis an assistant professor of physical medicine and rehabilitationand neurology at
Johns Hopkins. His main areas of clinical interests are myositis and POTS dysautonomia. He founded the Johns
Hopkins POTS Clinic, whichis a multidisciplinary program with physiatrists, nurse practitioners and physical
therapists. He also established Johns Hopkins Autonomic Laboratory. He'll be talking to us today a little more
aboutwhatwe're learning abouttreatmentin the researchtoday.

And finally, we're lucky to have a great discussant with us today. He's gonna helptie this all together. Dr.
Satish Raj is the section chief of the Adult Cardiac Arrhythmia Group at the University of Calgary in Alberta. His
primary researchinterests relate to understanding and bettertreating postural tachycardia syndrome, vasovagal
syncope, orthostatic hypertension, and initial orthostatic hypertension, and now long COVID. So without further
ado, I'd like to hand this over to our fantastic speakers. So Shane, if you could tee up ourfirst person, Dr. Miglis,

that would be terrific.

Mitchell Miglis

Great. Well, thank you. Thank you to the NIH for allowing us to present on this very important topic. Next slide,
please.So, I'm gonna start with an overview of what dysautonomiais and just the autonomicnervous systemin
general, and try to do thisin 10 minutes. So, the autonomic systemis an incredibly complex component of the
nervous systemthat maintains homeostasisor equilibriumin the body. And, we generally divide the autonomic
systeminto three components, the sympathetic, which regulates fight or flight responses. And, it generally does
thisthrough the release of epinephrine and norepinephrine, and the parasympathetic system, which regulates rest
and relaxation, and generally accomplishes this through the release of acetylcholine.

Aswe can see here, the autonomicsysteminnervatesalmost every organ in the body. And, when we're
evaluating patients with autonomicdisorders, we try to localize sort of whichorgansare involved. Common organs
that we see involved in our patients, and this applies to those with PASC, include the heart, bloodvessels,
gastrointestinal system, general urinary functions, sweating and pupillary functions. Andthen, as neurologists, we
sometimes like to localize where the disorder is. Is it coming from the brain orthe spinal cord or central, or is it
more in the peripheral nervous system and the peripheral nerves? We don't have all the evidenceyet, butitdoes
seemthat COVID likes to involve the peripheral system, preferentially. Next slide, please.

So, what is dysautonomia? So, thisis atermthat we're hearing alotthese days. So, it'san umbrellaterm

that encompasses not only autonomic disorders, but autonomicsymptoms. So, it's not a specific diagnosis. It's sort
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of a catchall descriptive term. Some conditionsthat are more specificthat we do diagnose include postural
tachycardia syndrome or otherwise called postural orthostatic tachycardia syndrome or POTS, orthostatic
hypotension, recurrentand earlymediated syncope, autonomic neuropathies, very common causes include
diabetes and veryrarelyfamilial dysautonomia. Next slide.

So, common disordersthat we see and treatin our clinics are what we call disorders of orthostatic
intolerance. And, we'll define this termin the nextslide. And these include orthostatic hypotension or OH, POTs
and syncope. So, one key distinguishing feature here that wanna draw everyone's attentionto, you know there's
a difference between OH and POTS. So, OH, is a sustained drop in blood pressure of at least 20 points systolicor 10
points diastolic within three minutes of being upright. Patients may or may not have symptoms associated with
this. POTS is defined as a sustained increase in heartrate of atleast 30 beats per minute, within 10 minutes of
being uprightin the absence of OH. So, we cannot diagnose POTS if there was an abnormal dropin blood pressure.
If that's the case, then the heartrateincrease is most likely compensatory.

Most patients with POTs have a heartrate increase of greater than 120 beats per minute. In individuals
that areinage of 12 to 19, in teenagers, the heartrate increase has to reach atleast 40 beats per minute. And,
there has to be associated symptoms of orthostatic intolerance. There's a chronicduration here defined in the
consensusstatement of at least six months. This is evolving. But, the pointis POTS is thought to be chronic.
Neurally mediated syncope is not necessarily a disorder by itself. It's a reflex that can happen to normal stimuli
under stress, butifitis recurrent, which itcan be in COVID, then we tend to define this as a disorder. Next slide.

So, orthostatic intolerance, thisis a descriptive termthatin includes a lot of different symptomes, including
the common symptoms of lightheadedness and dizziness, but also more non-specific symptoms like fatigue,
nausea, shortness of breath. We query all our patients about this symptom. And, whenwe're evaluating patients
with autonomic disorders, we're trying to reallyget at, are these symptomsbrought outor are they worse with
standing? Are theyrelieved with recumbency, because most autonomic disorders are. Nextslide.

And, Lauren's gonna describe the symptoms in more detail, butIthoughtI'd include this. There'sa, a
reference hereon the bottom of areview that we described a lot of these symptoms in, but this is when we were
callinglong COVID post-acute COVID syndrome. But, some of the symptoms that we see commonlyin patients
with long COVID or PASC are orthostatic intolerance, tachycardia, temperature regulation issues, sometimeslabile
blood pressures, or new onset hypertension, and a lot of Gl symptoms. A lot of these symptoms are commonly
seen in autonomic disorders. Next slide.

So, how do we evaluate these patients in the autonomic lab? How do we perform testing? And, this is not
readily available. Thisis only available in a few select academiccenters, but I thoughtI'd just give an overview of
what we can do to help localize these symptoms objectively. So again, we're dividing the evaluationinto
sympathetic functions and parasympathetic. It'simportant to note that the testing we do really evaluates

cardiovascularreflexes. We don't do gastrointestinal testing. We rely on our Gl colleagues for that. We rely on our
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urology colleagues for urologictesting. So, aside from sweating, which is a sympathetic function, most all these
other tests are evaluating cardiovascular reflexes. Nextslide.

And so, thisis whatwe'll see on atilttable testin a patient with POTS. This is actually from our case
report of the first patient that you know was published with post-COVID POTS. And, what we can see hereis blood
pressureon the top. We measured blood pressure with a continuous beat to beat monitor here on the finger, so
we can detectany sudden changes. We also like to correlate that with a manual blood pressure on the arm. And,
you can see herein the middle, the heartrateincreases dramatically by 60 beats per minute. There'sno dropin
blood pressure. In fact, the blood pressure goes up, whichwe commonly seein these disorders of sympathetic
hyperactivity. Andso, the patient has symptoms with this tilt response. We're able to diagnose POTS. Next slide.
On contrast, thisis what we'd see in orthostatic hypotension. I'm not showing youthe heartrate here, but the
blood pressure drops on tilt up pretty significantly. The patient's symptomatic. The patient sits down blood
pressureincreases again. If there was a dramatic increase in heartrate, we would not be able to diagnose POTS
here, because of this abnormal dropin blood pressure. Nextslide.

And, thisis what we see in a patient with neurally-mediated syncope. We see a fairly stable blood
pressurefor several minutes duringthe tilt, and then a very precipitous drop in blood pressure and heartrate
resulting in loss of consciousness. Next slide.

But, we don't need autonomictesting to diagnose some of these disorders, includingPOTS or orthostatic
hypotension. This can be donein the office. This can be evenbe done at home by the patient. We givealot of our
patients home orthostaticlogs to track this athome. And, we're advocating that this should be included in
evaluation of patients with PASCand suspected autonomic dysfunction. We should be doingorthostatic blood
pressureand heartrate checkswith at least a five minute rest period supine. And then, we'll have the patient
stand for at least five minutes and check the blood pressure and heartrate everyminute. We like to do an active
stand test,and not a NASA lean test becauseit does produce more of a physiological stress. Nextslide.

And then, justto finish up very briefly showing you some of the othertests we do in the lab. The Valsalva
Maneuver measures very similar functions that the tilt measures. It's measuring the baroreflex. And, what we like
to see isthatwe have ablood pressure, nice blood pressure increase whenthe patientis blowinginto the tube on
this, we call phase two. A patient with autonomic failure will notincrease their blood pressure in that phase two
with this stress. And, what we'll see in POTSis actually the opposite. We'll see very dramaticincreases in blood
pressure, whichalso suggests that sympathetic hyper activation. Nextslide.

And then, the verysimple test we do of parasympathetic cardio vagal functionis just deep breathing. And,
we'llmeasure the changein heart rate with deep breathing. Oninspiration, we should seeanincreasein heartrate
and on expiration, adecreasein heartrate. Andso, we simply calculate the difference on this heart rate change
with deep breathing. If we see something wherethere's a, for instance, an autonomic neuropathy where there's

diffuse damage to the autonomicsystem, we'll see a significant reduction in this heart rate variability. Next slide.
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And, thenvery finalslide here. These are more specialized tests of sweating that we can do. Common test
is called a QSART where we'll infuse acetylcholine into this capsule, this vacuum sealed capsule on the extremities.
And, that will stimulate sweating, which is again, a sympathetic function. And, we'll see this nice sweat response
here if the patient has normal sweat function. So these, this function is regulated by the small fiber, the small
autonomic unmyelinated fibers in the skin. We're seeing a potentially significant prevalence of small fiber
neuropathywith COVID. And, in this case, the sweat function would be reduced. We canlook at this even more
specificallywith a skin biopsy, whichis a relatively noninvasive punch biopsy, where we can take a few millimeters
of the skin and then stain this with axonal pan axonal markers, and just countthe epidermal nervefibers. And, this
is alittle bit more of a specific test, and morereadilyavailable for diagnosis of small fiber function. And, with that,

I'll hand it over to Laurento discusscommon symptoms in PASC.

Lauren Stiles

So, | wannatalk alittle bitabout symptoms, butalso why it's so important that we understand autonomic
dysfunction that's happeningin long COVID as we study it and also as we offer clinicalcare to these patients. So, a
little background. The idea that a virus or any infectious agent can cause dysautonomia is not new. The prior
coronaviruses have also caused a post-viral syndrome in about half of patients with a lot of symptoms that were
similar to, suggestive of autonomic dysfunction and lots of otherinfectious agents can cause this. Itis definitely not
a complete list. Also wantedto highlight thatit's not just POTS. Postviral autonomic dysfunction can presentin lots
of different ways causing differentautonomicdisorders, butitseems that POTS is probably the most common
presentationthat's appearingin COVID, although we do need further research to really clarify that. And, I think, Dr.
Novak is gonna share some of that with us later.

| justwannatalk about alittle bit, two slides on like, whatis POTS? 'Cause, | think a lot of clinicians are not
really familiar with it. We don't have a lot of great training on autonomic disorders when people go through
medical school, even if they'rein, you know, electrophysiology or neurology fellowships. So, it's, POTS is defined by
excessive orthotictachycardia on tilt. And, its, you know, primary symptom manifestationis orthostatic
intolerance, butreally the entire autonomic nervous system canbe impairedin these patients, and they can have a
wide range of symptoms. It's not just tachycardia. It is the most common diagnosis seenin autonomicclinics
before COVID. Again, these numbers are before COVID. We had an estimate of one to 3 million Americans having
POTS. | think that number, | would not be surprised if it has doubled as aresult of COVID or even more, but we're
gonnaneed goodepidemiologydata to let us know that. POTS is about 90% female before COVID. Peak age of
onsetatage 14, butl don'twantanyone to think it's a pediatric only condition, because half of patients developit
in adulthood.

| actually developed POTS triggered by a snowboarding concussionand probablyworsened by having an

autoimmune disease Sjogren's Syndrome 10 years ago. | was 31 years old. So, 50% of POTS patients have a
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postviral onset, but we have othertriggers like bacterial infections, concussions, pregnancy, car accidents,
surgeries. And, the thingthatall of these have in commonis thatthere's something that could stimulate your
immune system and, you know, irritate your autonomic nervous system. And, you know, many people will bounce
back fromthese problems withouta problem, butthere's justa subset of people who kind of evolve into this
chronic autonomicdisorder. And, I'm hoping that RECOVER Research is gonna help us understand what that
processis, whatthose risk factors are and how we can help people kind of get their autonomic nervous system
back to functioning more normally.

So, here'sasymptom survey that | did with Dr. Raj, who is our moderatortoday. We surveyed, thisis
about 4,000 pots patients. This is pre-COVID. And, these patients, if you looked at the symptom listand the
percentages of patients that reported the symptoms, it looks very similar to long COVID studies that are reporting
on all the different symptomsin long COVID patients. So, there's really alot of overlap. And, a lot of the symptoms
we're seeingin long COVID, youknow, could potentiallybe driven by autonomic nervous system problems. So
POTS patients universally have lightheadedness and tachycardia is sort of part of the diagnostic criteria.

I think thatanother really importantthing to focus on is that 94% of POTS patients report headaches. 40% have
migraine. Difficulty concentrating and memory problems are pretty much universal in POTS patients. And, we
actually have otherstudiesshowingit's notjustin the upright position that this happens, that POTS patients
actually have cognitive deficits in the supine and upright position. It's worse whenthey're standingup, butit's also
presentwhenthey're laying down. They also have signs and symptomsof small hyper neuropathylike numbness,
tingling, and burning. And, we have clinical research studies from multiple centers showing that about half or a
little bit more than half of POTS patients have autonomicand sensory, small hyperneuropathies. They have
profound fatigue and exercise intolerance.

This woman who has lent me a photo of her legs, we call this kind of for fun, youknow, purple POTS legs,
butthe more scientific namefor itis dependent acrocyanosis and it happens just after a minute or two of standing
in abouthalf of POTS patients. They also have a delayed capillary refill if you sort of press on theirshin or their
foot. And so, thisis sort of, you know, a complex process. It's oversimplifying it to call it just blood pooling, but
conceptually there's, youknow, there's a problem with theirhemodynamics. POTS comes with quality of life,
similar to endstage renal failure.

That's a study out of Vanderbilt that Dr. Raj was part of. Disability similar to COPD and congestive heart
failure. That's a study out of Mayo Clinic. And it's weird, you know, these are younger people that have sort of
quality of life and disability that's just usually what you think of in sort of older people who look alot sicker. So, |
think one of the challenges POTS patients haveis that they are generally younger lookingpeople and people
assume thatthere can't be anything wrong with you. You look fineis sort of acommon thing that these patients
hear.So please, you know, don't say that to your patients. Take their symptoms seriously. Also importantto note,

while they do have signs of sympathetic activation like tachycardia and tremulousness and whatnot, they have
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psych profiles similar to the nationalnorm from a couple of different studies. So, don't misinterpret their
autonomic symptoms as, oh, that must just be anxiety.

So quickly, the study that Mitch and I did is a similar survey looking at autono mic symptoms in long COVID
patients. And, we found that 67% of long COVID patients have moderate to severe dysautonomia which we
assessed using a patient self report form, COMPASS-31, and importantly, the autonomic severity and the presence
of autonomic dysfunctiondidn't differ between the hospitalized and non-hospitalized patients. So, acute viral
severity is notreally predicting the autonomic problem. So, the most common symptoms were verysimilar to the
symptoms you see listed in the prior slides on POTS, fatigue, cognitive impairment, headache, shortness of breath,
body aches, palpitations, lightheadedness, and tachycardia. And, other PASC surveys have foundthis too. I'm not
gonnagetinto thisin detail, butif anyone wants, you can geta copy of COMPASS-31 and the scoring algorithm
fromthis open access articlein Mayo Clinic proceedings. And, itit's a good review of systems if you're working
with PASC patients to try to understandif they have an autonomic problem, even if you don't have a full
autonomic lab atyour disposal.

So, we have, you know, good researchshowingthat autonomic dysfunctiondrivesa lot of these postviral
syndrome symptoms. Something we don'treallytalk aboutis the role of the autonomicnervous systemin driving
immune dysregulationand our coagulation pathways. So, | have two slides on this, just wanna sort of plant the
seed and getthe ideaouttherein the research world as new research is happening. So, if you haven't heard of the
cholingericanti-inflammatoryreflex, | urge you to look it up on PubMed. There's alot of really fascinating research
happeningin this space. And, almost any discipline, no matter what field you come from, there's some relevance
to your field in learning about this. This is basically how the autonomic nervous system through primarily through
the vagus nerve regulates inflammation and the predisposition towards autoimmunity in the body.

So, once you understand the cholingericanti-inflammatory reflex is this neural reflex that regulates
inflammation. It kind of makes sense that people with autonomic dysregulation might end up with immune
dysregulation. And so, there's this great new research happening showing vagus nerve stimulation can provide
some benefitin awide range of autoimmune conditions, things like IBS. We have fourstudies and POTS so far with
good preliminary data, and there are some trials happening in long COVID, and we're hearing some anecdotesand,
you know, kind of small case reports on this. So, I think this is a space to pay attention to. It's actually very
accessibleand affordable if it can actually be done with a modified Tensunit. So, I think it's something to look into
if you are workingwith long COVID patients.

And then, lastslide on a substantive thing | have is so there's a lot of talk in the long COVID community
about hyper-coagulationand micro-clots, not only in acute COVID, butalsoin long COVID. And, I don't have, that's
not my area of expertise, but | do know that the sympathetic nervoussystem, whichwe are findingis sort of over-
activatedin alot of long COVID patients, sympathetic activation, evenin healthy peopleincreases hyper -

coagulation. So, you know, itincreases coagulation, and that's part of normal physiology. | have thissilly little
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cartoon, you know, I'm sure everyone remembers, youknow, if you're beingchased by alion, and you get
scratched, you don'twannableed out. So, it's probably a good time for your coagulation to kick in. And
unfortunately, whenyou haveavirus, you're not being chased by alion, but your body sort of is in that fight or
flight state for a prolonged amount of time in a lot of the long COVID patients. Relatedto this, we have one study
showing kids with POTS before COVID. Kids with POTS have an 11-fold increase of DVTs compared to other
childrenusing chest ports within the whole Children's National Health System. So, I think that's a hint that this is
goingon in other people with chronicactivationsyndromes, notjust necessarilyin long COVID.

So, I hope thatfuture researchin RECOVER and other long COVID studies will reallydig into the
coagulation pathology and how this may or may notrelate to the autonomic function. So, my lastslide, | just have
some links that might be helpful to clinicians, as well as patients. Dysautonomia International is offering, we don't
have the NIH's money, but we're offering some researchfunding through thelong COVID researchfund. And, we
also have an autonomic disorders videolibrary with over a hundred lectures from the top experts on autonomic

disorders. So, thank you very much.

Peter Novak

Thank you. My name is Peter Novak. In next few minutes, | will talk about post-acute sequela of COVID in the
context of cardiovascular and autonomicabnormalities. So, initial study did show that PASCaffects about 50% of
survivors of COVID infection. More recent study did show 30%. Clearly, prospective studies are neededto clarify
the true prevalence of the PASC. Neurological symptoms vary across patients and can be disabling ir respective of
severity of initial infection. Typical neurological symptomsare fatigue, brain fog, headache, sleep difficulties,
cognitive and emotional problems, dizziness, muscle weakness, myalgias, hyposmia, sensory motor deficit, and of
course, dysautonomia. Neurological symptoms can reflectinvolvement of neurosystems or canbe linkedto
underlying organdysfunction due to COVID. For example, affecting respiratory, renal, psychiatric, endocrine,
hematologic, autoimmune systems.

According to WHO and NIH, neurological symptoms are core aspects of long COVID. As of yesterday, there
were almost 81 million of COVID cases in US. Assuming 30% of COVID prevalence, which is kind of a conservative
estimate, the total number of PASCis about 24 millions. As to be expected, the highest prevalenceis in California
and Texas. And in Massachusetts, we have about a half million. And, the trueincidence of PASCis still unclear.
Thisis nice, aretrospective study from England, looking on the 273,000 COVID survivors. And, they show incidence
of 50% in combining any signs at six months. The most common was anxiety and depression, full butabnormal
breathing. Autonomic symptoms are very common. One survey did show that the most common symptoms were
attributed actually to autonomic dysfunction. The Long COVID Advocacy Project noted that 34% of patients with
past patients had new diagnosis of autonomic dysfunction. And, this is alower end study, whichshowedthatin

2,300 PASCpatients, 67% of PASCpatients had dysautonomia which was moderate to severe based on the
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COMPASS survey for autonomic dysfunction. Exact incidence of dysautonomia, and its clinicalsignificanceis still
notclear, because alack of objective autonomictesting studies. So, this surveys prompted us to design astudy to
evaluate dysautonomia and related problems in PASCusing objective test. We used the comprehensive
evaluations that I will explain in next few minutes.

So, this was a retrospective studythatincluded nine PASC patients that completed comprehensive
autonomic testing with skin biopsies. All had mild COVIDdisease. All were treated as a home observation, and
there was too adeltavariant, and those are one of the initial patients. And typical presentationwas fever, cough,
dyspnea, headache, loss of smell, and no one was vaccinated. And, PASC patients were age and sex-matched with
10 women with postural tachycardia syndrome and 15 healthy controls.

Patients were evaluated using Brigham Protocol, which consist of standard or standardized autonomic
function tests, which are combined with cerebrovascularand respiratory assessments and skin biopsies. They are
using to continue transcranial Doppler for measurement of cerebral blood flow in the middle cerebral artery during
the tilt test. Standard autonomic cardiovascular tests, which were described by Mitchella few minutes ago,
measures cardio vagal for sympathetic system, and sympathetic audiologic system. We are usingalso
pseudomotortestfor postganglionic measurement and skin biopsies for evaluation of small fibers. We're looking
for both sensory and pseudomotor fibers. We also evaluate several inflammatory and autoimmune markers for
assessment of low grade inflammation. So, results show that PASC is associated with multisystem involvement
affecting cerebral vascular, including cerebralvascular dysregulation with persistent cerebral arterialvasal
constriction. It was also evidence of small fiber neuropathyand related widespread dysautonomia. Also, we find
respiratory dysregulationand evidence of chronicinflammation.

Few words about small fiber neuropathy. We find this type of neuropathy in 89% of PASC patients and
60% of POTS patients. There were no small fiber neuropathy controls. Most common type of neuropathy was
mixed affecting sensory and autonomicfiber simultaneously. Slide on the left side shows typical example of the
healthy control with number of the epidermal fibers marked on this red arrows. And, the right side isa PASC
subject with reduced number of the fibers, which is consistent with a small fiber neuropathy. Our finding was
actually confirmed by our colleagues from MGH, Anne Oaklander and her team that found also evidence of small
fiber neuropathy in 65% of PASC patients. Also, these patients were treated with steroids and IVIg, and about half
of the treated patientsimproved.

So, it was concludedthatthe results of this study support hypothesis that some of the long COVID
symptoms are results of small fiber neuropathyand also positive response to immunotherapy with IVIg on steroids
strengthen thelink between small fiber neuropathyand thisimmunity in PASC. There's another report described
painful paresthesia and numbness associated with small fiber neuropathy in PASC. This came from Mount Sinai
Hospital. Most of patients improved on symptomatic therapy. Cerebrovascular dysregulationis one of the major

findings of our study. Abnormalcerebral blood flow was detectedin 100% of the PASC patients. So, in everybody.
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Orthostatic cerebral blood flow velocity declinedin average, 20% in PASC patients, which is similar to the POTS
patients.

So, this is a group statistic fromthe tilt test, showing supine and orthostatic responsein the cerebral
blood flow. The orthostatic cerebral blood flow declinein both PASC and POTS in spite that no one had orthostatic
hypotension, meaning that declineis due to cerebral vascular dysregulation. And again, the decline was about 20%
in both the POTS and the PASC patients, which is clinically significant since that declineis associated with signs of
cerebral hypo perfusionin POTS patients. And, this slide shows somebody of the tilt test showing orthostatic
tachycardiain the POTS, reduced cerebral blood flow velocity in POTSand PASC. And, this particular pattern of the
respiratory dysregulation associated with hypocapnia, which 1 will mention a few minutes. Dysautonomia was also
frequentin PASC. In our group, objective evidence of dysautonomia detectedin everybody in both PASC and POTS
patients when we combined abnormalities in different, simple autonomic systems.

For example, so the motor dysfunction was detected in 67 of our PASC patients, parasympathetic in 40%
and sympathetic adrenergicin 100%, which kind of similar in terms of the frequency than in the POTS. And, no one
had dysautonomiain controls. We just completed another retrospective study with expanded number of the
patients, which is in the submission that confirmed widespread dysautonomiain PASC. In this cohort, autonomic
failure was slightly worse in POTScompared to PASC. Again, orthostatic hypertension was not presentin anybody.
Mayo Clinic also evaluated dysautonomia in PASC patients, and theyfind out pseudomotor dysfunctionin 36,
cardiovagalin 27,and cardiovascular adrenergic 7%.

So, this is kind of similar than our finding. And interestingly, it's also verysimilar than in we found most
common was orthostatic symptoms, most common complaint were orthostatic symptoms without evidence of
tachycardiain 41%. It was concluded that dysautonomia was frequent, but mild. But, the most common finding is
orthostatic intolerance was without any objective finding. We think these patients, they had decreased the
cerebral blood flow as in our case.

And, thisis another study that Blitshteyn and Whitelaw published as are trospective chart study. And,
they look on the patients referredto autonomicclinicfor new onset of dysautonomia. Theyevaluated 20 patients,
and the most common diagnosis was POTS in 75%. Although the diagnosis were not made by autonomictesting,
but by standing test. But, dysautonomia was quite disabling. 60% of patients were unable to work. But, another
study found POTS only in two percent out of the 85 patients prefer probably (indistinct) plays arole. Autonomic
system controls all organ, as you heard beforein lectures, therefore widespread dysautonomiais foundin the
PASC patients can affect multiple organs causing variety of complaints.

We also find respiratory dysregulation, whichwas common as well. Supine and orthostatic hypocapnia
was presentin the PASC patients while orthostatic hypercapnia only was in the POTS, which is typical finding for
the POTS. So, thisis the end tidal of CO2. PASCpatient data or the decreasedendtidal CO2, evensupineslightly,
which persisted throughout the field, whilein the POTS patient, normal supinein the end tidal CO2, which declined
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during the upright position. Carbondioxide has a profound effect on the cerebralbloodflow hypocapniais causing
cerebral basal constriction and reduction of cerebral blood flow. Hypocapnia is cause of the reduced cerebral
blood flowin POTS since adjustment, when you are adjusting the effect of the blood flow due to a hypocapnia, it
will correctthe bloodflowin the POTS patient, but notin the PASC. Itimplies thatin PASC reduced blood flow is
due to cerebral autoregulatoryfailure associated with stiffness of the cerebral arterials. Inflammation was also
checked with our cohort.

And, inflammatory dysregulation was also found in majority of the patients. Elevated inflammatory
markers werefound in the 67%of the PASCand 70% of POTS patient, which is verysimilar. These findings are
consideredwith low grade inflammation. In the summary, PASCis associated with multiple system dysfunction. It
can be argued that we have alow number of the patients, butall our findings were replicated by other studies.
Cerebrovascular dysfunction results in cerebral orthostatichypoperfusion due to persistent cerebral arteriolar
vasoconstriction. And, it may cause orthostaticintolerance, fatigue, brain fog. Dysautonomia may contribute to
orthostatic intolerance, fatigue, dyspnea, and temperature dysregulations, Gl and urinary problems. Small fiber
neuropathymay cause painand othersensory disturbances. Respiratory dysregulation may causing with
hypocapnia may cause dyspnea, increasedfatigue via alkalosis and maybe tissue ischemia. And low grade
inflammation probably affecting the small vesselscan be a pathological substrate of PASC.

We think thatvirus, some are triggersof dysregulation of autoimmune system be subsequent release of
probably inflammatory cytokines that can lead to low grade inflammation. Few words about the therapyare
therapy is mostly supportive, symptoms oriented. There's a limited evidence about effectiveness of
pharmacological approaches. There are multiple ongoing clinical trials using off-label medications or new
medication, exploringrole of supplements, vitamins, probiotics, antioxidants steroids, IVIG and otherimmuno-
modulators. And, based on suggested pathophysiologicalmechanisms of PASC, this picture is taken from Dr.
Umesh from InfectionJournal. Based on his current knowledge, PASCmechanisms are very complexand
interrelated, multiple mechanisms in parallel. And, the main mechanisms can be divided by three major categories.
Those are directcellulartissue injury caused by cytotoxicity. Second, immune activationand inflammation
probably through antigen growth reactivity or viainjured cells damage. Andthird, the effect of physiological
response or maladaptive response with hormonal changes and abnormal intracellular signaling pathways.

It is postulated that combination of these three mechanisms areresponsible for the respective clinical
symptoms. And these slides are, there are several potential therapeuticneuroimmune targets. The listis not
complete and onlyshow some examples. The therapy can focus on particular metabolite or protein, for example,
aninterleukinsix blockingor using antibody against certainantibodies. For example, recentlydescribed antibodies
against several types of the GPCRreceptors. Those antibodies foundin the PASCpatients, they might activate
those receptors causing for example, autonomic dysregulation. They can probably, they can, for example, activate

genetic receptors. Or potential target, therapycan target more widespread or more generalized pathways.
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For example, to moderate (indistinct) rece ptors or modulate B or C, T cells, or moderate coagulation
cascades. There are multiple clinical trials that hopefully will give us some answers soon. There was also interesting
study in Nature recently showing several genomicloci thatare associated to be either predispositionedto COVID
or to severity of the COVID disease. And, there are a number of clinicaltrials, and as September21 there were
registered 201 clinical trials. About half of them were observational, less than half interventional. And

interestingly, most of the trials originated in academia. And this was my last slide. Thank you.

Tae Chung

My name is Tae Chung. I'm fromJohns Hopkins. I'm a neuromuscular specialist by fellowship training, butin my
residency in physicalmedicine rehabilitation. So, I have a privilege of working with other rehab therapists, which|
think is very importantfor the treatment of this condition. So, for this 20 minutes, that's assignedto me, I'll focus
on some treatment strategies for dysnomia in PASC patients. Nextslide, please.

So, before Italk about the treatment, | briefly touch on kind of alittle bit of a framework for diagnosis,
how | approach to this condition. So, whenIsay PASC, at this point, it's very loosely defined. It really, you know,
includes everything that can arise and causing long lasting symptoms after COVID infection thatincludes, you
know, pulmonary fibrosis or post-ICU syndrome, cardio myositis, and pulmonary embolism, and everything.
Obviously, I've been focused on POTS and dysautonomia, which | believe a lot of people here believe to be one of
the probably most significant and largest problemin PASCpatients that's also very debhilitating. Next slide, please.
And, in the previous talks, you know, Dr. Miglis, Professor Stiles and Dr. Novak really beautifully pointed out that
first, you know, although at this point, alot of PASC symptoms are discussed as filling some mysterious conditions.
Alot of people in the field have actually recognizes symptoms pretty well. The clinical phenotypes are very typical
for, in many cases, clinical diagnosis of POTSthatincludes, you know, difficulty breathing, especially after some
shortactivities or exercise, severe debilitatingfatigue, brainfog, sleep problems, and, you know, lightheadedness
and soon.So, I'mnot gonna go over the symptoms, this actually atable, I got it from CDC Government that listed
all the symptoms of PASC. And, yourecognize by now that these symptoms are verytypical for, again, clinical
diagnosis of POTS. Next slide, please.

So what is POTS? So, how do we explain all the kind of multi-systemic symptoms? Again, just before | get
to the treatment part, | see those symptoms as primarily vasomotor symptoms, Can youkind of move overslides,
please.It'san animation. So if you can just keep going. So, basically they have a lot of post-exercise malaise and
flares because basically their blood flow is notreally getting to muscles when theyexercise. Theyhave a brain fog
with this concentration and Dr. Novak, just beautifullyillustrated in his slides that, you know, there's a severe
reductionor justabout 20% reduction in blood flow to cerebral blood flow whenever there have been brain fog.

And also, they have a chronic fatigue, orthostatic intolerance.
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Now, you know, these symptoms by default, they check ourbrain, heart. | work at the very large post-
COVID clinic collaboration at Johns Hopkins. And, in the beginning of COVID pandemic, they've actuallydone pretty
much all the tests for heart, wheneverthey have a heart palpitationand so on, they actually check heart MRI,
cardiac MRI, for pretty much all the post-COVID patients. They getthe MRI of the brain. We did everything and
rarely we find any primary heartinfection orinflammation or brain, you know, disease in the imaging studiesor
other things. So, you know, itlooks like it's, you know, each organs are probably likely normal. It's more vasal or
blood flow kind of problem that's affecting these multiple organs. And, you know, but that's probably likely coming
fromautonomic nerve denervation that's regulating the blood flow. Can you go overthe nextslide, please?

So, | call this pump failure symptoms, and just, can you please move on? Yeah. At the same time, maybe
it's a compensatory mechanism or maybe this abnormal barrier reflex function. Can you move? Yeah. There's also,
paradoxically, increased sympatheticactivation. And, can you go on? And causing, oh, go back to slide, too. So,
causing all these sympathetic central, sympathetic symptoms that causes anxiety, palpitationinsomnia. They wake
up in the middle of the nightall the time. They have a slow Gl motility that may pre dispose nausea, vomiting, or
constipation down there, and hyperhidrosis. So, nextslide.

Basically, when lapproachlike, youknow, therapeuticallyapproaches POTS, | kind of see two different
clusters of symptoms, whichis one vasomotor dysfunctiondenervation symptoms. Basically, it's a blood flow
pump failure symptoms, which explains fatigue, brain fog, exercise intolerance, migraine, and otherthings. On the
other hand, there's a kind of more centralsympathetic activation that causes anxiety, palpitation, you know,
insomnia and Gl problemand so on. And, I think thisis very important kind of diagram, because their symptoms
are very diverse, butit comes downto vasomotor symptoms and sympatheticsymptoms. These arevery
paradoxical, because you have those symptoms that's coming from too much excessive adrenaline or sympathetic,
you know, activation, and also at the same time, peripheral sympathetic denervation.

So, like for example, there has a lot of therapy implication, forexample, in generallyin POTS field, it's
been well knownthat, you know, beta blockers are very important to reduce palpitation and calms them down and
helps with a lot of patients. But, at the same time, especially with the higher dose, it can worsen some of the
fatigue and orthostatic symptoms and vice versa. So, | think it's really important for clinicians to really understand
this paradoxical nature. And, in my experience, these symptoms can be very diverse and dynamic.

So, for example, for same patient, certain dose of beta blocker may work beautifully for maybe a few
months. And then, you know, afterwards it may actually work the other way too. So, | think it's essential to
understandthe paradoxical nature of this symptoms. And, also closely monitor their symptoms and make sure we
are kind of very flexible in termsof using our medications. And, forthesereasons | try to avoid polypharmacy,
'cause, if they're getting like five or six medications, there's no way to know what's helpingand what's not. So,
keepingthatin mind. Well first, nextslide, please. You know, | think from a neuromuscular standpoint, | think the

localization to me with some indirect evidence, | think this is more like sympathetic ganglionitis. It's a post
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infectious. There are symptom onsetis very acute and probably a text inflames some different sympathetic
ganglia, chain ganglia, and then causingboth vasomotor symptoms, and, you know, pseudomotor symptomsand
other things too. Now, nextslide, please.

Then, how do we approachthis problem?Ithink, well, generallythere are probably two approaches
there, and I'm gonna talk about, you know, potential antiinflammatory, immunomodulatory, youknow, approach a
little later on, but, you know, for symptomatically, they have these vasomotor symptoms, and excessive
sympathetic symptoms, how do you approachto that? So, | try to approach italittle differently forthe different
kinds of problems. So, for example, for vasomotor symptoms, pump failure symptoms, we try to do very aggressive
volume expansion. Whereas, for sympathetic overcompensation, we try to do use some medicationor some
meditation techniques to bringdown their, you know, kind of adrenaline and anxiety level. Next slide, please.

So, volume expansion foraudience here, | don't haveto really explaintoo much. We're trying to expand
the volume and, you know, increase blood volume to, you know, help with the vasomotor symptoms. And, the
effect of volume expansion. Well, the reasonthat I think those, you know, like for example, forinsomnia and other
things are connected to this whole POTs symptoms is that, oftentimes if you do really aggressive volume
expansion, other symptoms get better too. Not only their fatigue level gets better, brainfog gets better.
Oftentimes, they sleepbetterand anxiety level goes downas well. So, I think couple of things to keep in mind is
the volume expansionisreally easy in the concept, butactuallyto do is not that easy. They have to drink a lot of
excessive amount of water and a high level sodium as well. And, oftentimes it takes a lot of time for patients to
modify their lifestyle to achieve this.

Oftentimes, | do IV saline hydration, and just acute volume expansion with IV saline bolus. And, you'll see
that a lot of these patients, immediately, some of their symptomsimprove. Well, the problemis that IV saline
infusion is really notfor long-term solution. You know, each time, because evenif you getone liter bolus or two
liter bolus, itdoesn't stay in your bodyfor long time. I try to do this, limit this IV hydration to bridge some physical
therapy.I'mgonna mention a little bitlater in the next slide about the exerciseintolerance, but sometimes
whenever theytry to do physical exercise, if they cannot tolerateit, | just try to bridge them with the IV solution,
you know, for a short period of time for afew weeks, or forafew months. Of course, on top of, you know, oral
hydration and saltintake, we use various medications such as midodrine or fludrocortisone to optimize volume
expansion. | try not to use those medication until | make sure thatthey arereally actually modifying theirlifestyle
and diets and drink a lot of water, 'cause withoutit, usually itdoesn't help a lot.

Now, | see physical exercise as a part of volume expansion treatment, and my rationale for physical
exercise. Why does it works? I think it's some for long term cardiovascular training, itincreases our blood volume.
It's possibly because they increase their hematocrit. They made moreredbloodcells, or in part because of skeletal
muscle pump, that's returning more bloodback to the heartand lung. So either way, it's really, it works really well.

As | said, we have a multidisciplinary clinic. | work closely with our physical therapists, and over long term, once
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they can achieve physicalexercise, certainlevel, theyactually feel much better. They actually feel b etter with their
fatigue and brain fog and otherthings. Now, nextslide.

However, thereare a couple of issues that we reallyneed to address. First of all, it's a gradual
cardiovasculartraining. It takes a long time. | think for both clinicians and patients, they really have to understand
it takes along time. Oftentimes, more than several months ayear. So, the key is reallynot to give up in the middle.
It's notsomething thatthey do just better afterafew weeks of exercise. And also, theyhave alot of limitation in
exercisein the beginning. So, nextslide please. So, this is kind of the, just move all the animation please. So, this is
kind of theoretical graphfor exercisein POTS patient. Now, the black lineis wheneverthe normalpatients, normal
people do the exercise.

Now, the X axisistime.The Y axisis heartrate? Go back to the previous slide, please. Yeah. So, normal
people, whenyou start exercising, your heart rate goes off, and thenwhen youstop the training, itgoes down,
cools down right away like that. POTS patientsis kind of redgraph. It's called theoretical graphthat we see all the
time. In the beginning, they kind of increase nicelyas they match to, you know, increasing metabolic requirements
fromtheir (indistinct). But, at some point they shoot up, and theycannot tolerate after at some point. And, this,
well just call this pointon the return. And, that point can be only five or three minutes into a stationary bike. And,
these patients can be, youknow, very young 20and 30 kind of patients. And, the thingis that before that point,
people really have a hard time tolerating the exercise. And, the idea of this gradual trainingprogramis to really
push this point furtherto the rightside over time. Next slide, please.

So, we use another medications to bring down sympathetic symptomes. |, again, for the reasonthat|
mentioned, I try to do more non-pharmacological stuff with suchas meditation and mindfulness. They canbe very
effective. Nextslide, please. Andalso, again, with education for a lot of different things, it's very important, like
avoiding dehydration, certainthings like caffeine can actually dehydrate people, avoiding infection can avoid
flares. So, they needalot of education piece to change it. A lot of people have MCAS activation syndrome. And,
because of that, we, you know, they needto go over certain different dietary kind of regimen to avoid possible
triggers. Nextslide.

And, alot of people have kind of hardtime ambulating because of orthostatic tolerance. We use certain, you
know, devicesfor themto be ableto getaround better. For POTS patients, something like, you know, Rollator can
be helpful with asitting function, 'cause sometimes they canfaint or they cansitdown. Nextslide.

Of course, we use physical measures such as compression stocking and binders. We make sure thatit's
thigh high and abdomen binders are very important. Next slide. So, for it's says animation. So please go through
that. So, so basically the basisimmune therapistis thatit's postinfectious. So the, I think that the idea is that
whenever the, youknow, we make, whatever the antibodywe make to fight against COVID-19, maybe one of them

or a few of themis over-reactive, and they kind of recognize our autonomicganglia, potentially. We don't know
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exactly what target organism at this point, but potentially the auto-reactive antibodies inflaming our own body and
causing post-COVID POTS, causing sympathetic vasomotor fibers. So, nextslide, please.

So, the idea, and it's possible that the target can be, can move this animation as well. It can be kind of
interfering atthe synapse, or itcan be axonal. It can be neuronal attack at the sympatheticfibers. Nextslide,
please. So, can you keep moving? Yep. So, the ideaforthe immunetherapyis to bring down potentially auto
reactive, auto antibodies. There are actuallyfew available for the treatmentimmuno-modulating treatment that
includes a high dose IVIG. We know that this kind of brings down auto IVIGs in the body. So, you know, it kind of
probably precipitates neutralized, autoreactive IVIGs.

FcRn receptorantagonistis a newer kindsof medication. We'llbe doingclinical trials on post-COVID POTS
patients using this medication. Basically, this medication also brings down auto IVIGs in the body. So, it's a bit, we
don'thave to know which target, you know, which, you know, target organs are for these old reactive antibodies.
And, itjust brings on all the IVIGs in the body. So, we are hoping thatall the inter-mediated POTS from post-COVID,
I think is gonna work. Now, | know some people have usedritoxan or high dose steroids before. I'm a little bit kind
of hesitant to use Rituxan on this kind of patient for many reasons, but I know somebodyask questions about
potential HDS, TSHDS, FGFR three antibodies. Those are IgM mediated auto antibodies. So, we don't know if auto
antibody for PASC are IG mediated or IgM mediated. So, potentially there's arole for things like Rituximab, but
although these are, to me, it's a little too strong immunosuppression. And, you know, based on potential risk can
benefit, I'mstill nota 100% convinced about using this, but, we'll need some more researchto, you know, find out
what the autoreactive antibodies are at this point. Next slide, please.

Okay. Well, I'm gonna skip this mass activation syndrome for the interest of time. And, this is actually my

last slide. Thank you verymuch foryourattention.

Satish Raj

So, | think | believe I'm up next. Welcome to you all. My name is Satish Raj, and | have no slides. Basically, I think
I've been askedto give sort of a couple of minute overview of some of the stuff we've heard and seen and try and
putthisin the context. And, whatI'm hopingto dois actually leave a little more time than per haps we had planned
for some of the questionsthat have been entered into the Q and A.

I think one of the key messages from all of our speakers that should come through is that this is
complicated. And, it's complicated for different reasons. There are lots of things you could argue are complicated,
butl think one of the challenges, there are many challenges, right?  mean, and these challenges are all things that
we've seen in the POTS world, and in the autonomic dysfunctionworldbefore COVID, and it's notbeen made
easier.

One is, at least until recently, there was no real administrative data to determine, you know, how

common these diagnoses are, assuming that people can make the diagnosis, the physicians can make the
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diagnosis. I think that's changed for the PASC orlong COVID. It actually still true for POTS, although that will change
at some point. So, it's tough to geta handle on how much there is. The other challenge whendiscussing the
different pathophysiologic mechanisms is that not everyone has all of these, right?

These are things thatare, have beenseen in some patients with POTS in the older literatureand in the
long COVID cohorts. And, that'simportant to understand, that, you know, I think, you know, certainly my source of
medical knowledge, Twitter, you know, often people seemto sort of look at one treatment and assumeit's a
treatmentfor all. And, if one persongot better with a treatment, that's great, right? Because, this actuallycan be
debilitating, you know, out of all proportions to individuals. But, it'simportant not to jump from that anecdote of
one and say, "Well, thisis everyone should be on X or Yor Z," because the truth is we don'tunderstand what's
causingitin the different subgroups of people. I thinkin the POTS world, I suspect that, you know, my colleagues
on this session would agreethat thereis notathingthatcauses POTS.

There are different things thatend up with a similar phenotype. And, I think PASC or long COVID is that,
buteven more so, becausethe presentationsare evenmore varied than we seein POTS overall. So, I think, you
know, while, you know, we all wantanswers, you know, | think we really need to take these initial steps. Quite
frankly, what are really small studies so far, because this is all still relatively new to us. And, we needto actually
starttrying to figure out who those subgroups are and then do studies of therapies.

And, lapplaud, you know, in several of the talks today, my co-invest, not co-investigators, my co-
presentershave highlighted some of the studies or areas for studythatare coming up. And, | wanna emphasize
that that isneeded. It's notadequate to say, "Hey, you know, three people said, this is the problem. Andso,
everyoneshouldgo ontherapy X or therapyY." Imean, | think we've learnedin the POTS world, it's not that
simple. And certainly, we have to sort of step back and not give up. I think, you know, I think this has brought a lot
of, it long COVID the presentation overlapping with POTShas brought a lot of attention to this, much needed
attention. And, that could be used to help springboard us to hopefully what's a better future as we startto
understandit, becausel think a lot of the solutions are gonnabe common.

In the beginning, it's going to be using treatments that we've used traditionally for POTS and other related
autonomic disorders in long COVID patients that look like that. But over time, we may actually be able to use the
attention brought to it by the long COVID patients to help the larger group of patients that have suffered with
POTS and other, you know, related disorders for decades. And that's, you know, maybe the good that can come of
all this otherwise not so good stuff.

With that, actually, I'd like to sort of, you know, poke my panelists alittle bit to press further on some of
the stuff they brought up. And, | was particularly intrigued by one of the slides that Dr. Novak showed. And, in
fairness, Safuan from Stanford was also intrigued. Andso, | will ask on his behalf. You indicated that the, the end
end tidal CO2 in, you know, POTS patients and the PASC patients are low on standing, but whennot standing,
when supine, the PASC patients had alow end title CO2 while the POTS patients did not. Any thoughts on why,
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what this means in terms of underlyingpathophysiology? And, if that's the explanation for the cerebral blood flow

velocity changes that you also showed?

Peter Novak
Well, we don'tknow exact mechanism, but respiratory dysregulation is very common in the PASC. Actually, when |,
this was one of the, actually the most common complaintin the UK study in post-COVID patient. So, for some
reason, the virus has propensity to affect the pulmonary respiratory system. We, in our patients, most of them,
they do indeedhave like avery thorough pulmonary evaluation. So, normal CT scans. There was no any evidence
of any organ damage. So, itis probably something to do with the regulation. We don't know. It could be, for
example, metabolic derangement. It could be damage of the small fibers, which are sensors in the lungs. So, the
brain's being fooledthatit has not enough, not oxygen, but brainis reactingto CO2 level.

So, it is might overcompensation, but short answer is we don't know, butit's very common. Dyspnea is

extremely common in PASC patients.

Mitchell Miglis
Satish, I'll just, | can add into that. You know, there is literature in the MECFS world already describing that baseline

supine hypocapniain patients with chronicfatigue syndrome. So, there is some precedent for that.

Satish Raj

Any thoughts on why?

Mitchell Miglis
I don'tthink, I, I think metabolic derangement and inflammation, you know, some theories there, butyeah, like Dr.

Novak mentioned, no one's reallyelucidated those mechanisms.

Peter Novak

Okay. Also orthostatic hypocapniaislong known foryears and there are two probablylikelyexplanations. Julian
Stewart described thoracic hypovolemia. So, itis sub to do with thorax or chest perfusion. And, secondaryis
because in general, POTSpatienttendto be hypovolemic. So, it might be different perfusion, upperand lower
portion of the lungs. So, they have selective mismatchin sensing the CO2 levels, which might cause drive the brain

with to be hypocapnic.
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Satish Raj

Great. And before I hand the reins back to Dr. McPheeters, | did wanna address one other question that I saw and
it had to do with anxiety and long COVID. And, the question related to the, you know, the presence of sympathetic
symptoms of sympathetic nervous system activation, and whether that could lead to anxiety in the settingof at
times, very high heartrates and this touches on, | think something that professor stylessort of alluded to, and that
is thatthere's noreason why along COVID patientor a POTS patient can't have an anxiety disorder. The reality is
that a good percentage of the North Americanpopulation does, right, but we haven't found thatit's higher. And,
there verymuchis anissue wherethe somatic symptoms of anxiety are tachycardia and palpitation and
lightheadedness, and the things that are actually part of the hemodynamic presentationthat we see.

And, certainlyit's notto say that all anxiety in POTS patients can be controlled by heart rate control, but if
someone's heartrate's very fast, and that's actually either associated temporally with the anxiety every time or
worse, that's the reason someone diagnosed anxiety. Before, you know, pulling outthe Prozac, you know, it may
be worth trying to lower the heartrate a little bitand see. I've cureda lot of anxiety with beta blockers. It really,

they are wonderdrugs whenusedappropriately as Dr. Chung pointed out.

Lauren Stiles
Yeah, Can | add to that, Dr. Raj? | just wannasay, | think that it's normal for patients who have new symptoms that
are poorly understood and theycan't find a doctor to helpthem. It's really normal for that to be ascary
experience, and for patients to express a fear of their symptoms. But, | don't think you shouldinterpret that as this
is all caused by an anxiety disorder.

| was, | could tell you, | was terrified of my symptomes, 'cause nobody was tellingme why it was happening
or howto getrid of it for abouttwo years. Hopefully, long COVID patients are gonna get diagnosed faster with the
increasingawareness, but taking the time to explainto your patient why they might be having tachycardia and
palpitations and assuring them thatit's not fatal mightreally help a lotin their quality of life and not sort of

worrying about their symptoms. You know, patient education is a big part of managing dysautonomia.

Satish Raj

Dr.McPheeters, overto you.

Melissa McPheeters

Thank you, Dr. Raj. What fantastic presentations. We have so many questions. So, we're not gonna be ableto get
through all of them, but we'll get, we'll get througha few of them. And, as | said before, we'll get answers to

questions posted on our website as soon as we can.
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| wanted to, well, Dr. Raj took the question that | was gonna ask first, but | wanted to bring us back to one
other questionrelatedto the research. And, Dr. Miglis and Professor Stiles. | think you both sort of touched on
some of these issues in some of yourresponses to questions that came in through the Q and A, but how hard itis
to study all of these conditions given the lack of data that's existing in the HRS, for example, in our administrative
data systems, and what we need to do betterin terms of how we study dysautonomia and all these related
conditions.

So, I'm gonna pitch itto the two of you, and ask you to come up with the one thing thatyou think we
really needto do better now to geta handle on whatis clearly verycomplexand common? Professor Stiles, I'll

start with you since you cameright off mute.

Lauren Stile
Sure. So, I think that the simplest thing, you know, | recognize that not every RECOVER site, and notevery long
COVID clinic has a substantial autonomic expertise. That's, and it's not their fault. They just, most doctors aren't
trained on this.

I think the simplest thing we can dois have all of the sites doing 10 minute orthostaticvitals the right way,
‘cause you could definitely mess that up, doing it the right way and screening all of their PASC patients for this, not
only for research purposes, but to also make sure that we are accuratelydiagnosing these patients, which affects
the EHR researchdown theroad, right. And, to make surethat they're gonna get proper intervention and
treatmentif they are suffering fromit.

While we don't know the whole mysteryoflong COVID. We do know effective treatments for orthostatic

disorders. Mitch. I'msure. | mean there'salotmore I could say, butl, | don't wanna occlude the wholecall.

Mitchell Miglis
Yeah, no, | agree completely. I think we're advocating ata minimum for atleast five and preferably 10 minute
orthostatic stand tests for all RECOVER patients and a COMPASS-31. These are very low-cost tools that'll really help

us understand the true prevalence of these conditions.

Lauren Stiles

Yeah.We've also advocated forin asub-cohort doing a full autonomictesting at like the autonomic labs that these
doctorsrun. Notevery site's gonna have that, butthat's the more detailedtesting thatreally is necessary. Like B2B
blood pressure monitoring and stuff. You're not gonna get that from bedside orthostatic vitals. So, | hope that that

can be done in asub-cohort of the overall study population.
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Melissa McPheeters

Great. Thank you. Thisis very complex to study.

Peter Novak

| like to add that this is a big problem, because again, those surveys they're validated, but theyare still nonspecific,
and they are notreally designed to replace diagnosis. So, the still the bestis to do established autonomictesting,
to geta detailed profile of dysautonomia. And also, if judgment of the effect of intervention, itis usually notayes
to no answer. So, if you want to detect some mild progression or regression, then autonomictesting is, cannot

replaceit.

Melissa McPheeters

Take usin a slightly different direction, now with a couple of questions that have come up multiple timesin our Q
and A.So, clearly they're on people's minds. And, one of themi s for patients with existing diagnoses, pre-COVID of
various dysautonomic conditions. Are we seeing anything about what COVID does in those patients in terms of
post COVID, whether symptoms worsen or improve? What direction? Are we seeinganythingin the literatureright

now or in the research?!'ll point that Dr. Novak.

Peter Novak

There are acouple of, like, I think anecdotal studies that show worsening of underlying small fiber neuropathies.
We actually publishone case study. The worsening of the autonomicfailurein general. We did not publish, but we
have probablylike 10, 11 patients. We, for otherreasons, we have three in post COVID autonomic tests. And, most
of them had autonomic neuropathies or small fiber neuropathies biggest at the autonomic end. Most of them,

actually, itgot worse. So, most commonly, it can cause worsening of the underlying autonomic problem:s.

Lauren Stiles

| justwannaadd to that in the survey basedstudy that Dr. Miglis and | did, we saw an over representation of
people who had preexisting dysautonomias, and we did not recruit through the Dysautonomia International
supportgroups. We were going to long COVID groups. So, I think thatit's not surprising, because we have known
prior to COVID that when people with dysautonomias geta viral infection or otherkind of immune stimuli, a
subset of them will kind of worsen. And, I guess it remains to be seenlike howlong does that flare last? Is it

permanent? Isitfor three to six months?
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You know, | think that needs more research. We actually don't have goodlongitudinal researchin POTS
and other conditions to know that, but hopefullysome of that comes out of RECOVER, atleastin tracking long

COVID POTS patients overtime.

Melissa McPheeters

Sure. Dr. Raj, you came off mute. I think you have something say.

Satish Raj

Well, Iwas gonnasay, |, you know, | don't have any patients who've come to me to tell me that COVID has done
wonders for their POTS symptomes, right, | mean, | have zero. We have some the other way, and some that sort of,
you know, recovered back to baseline. So, you know, if the questionwas, is there, you know, a therapeutichope

that COVID will be helpful, Ithink the answeris no.think we deal with the fallout.

Melissa McPheeters

Absolutely. Another question that came up in multipletimesin the Q and A was whether or not there was any sort
of hormonalinfluence on these various conditions? And, | just saw you nod Professor Stiles. And, so I think you

might have somethingto say, or Dr. Novak, Dr. Chung, do you have any thoughts about that?

Peter Novak

Canyou say it again, please, your question? I don'tunderstand.

Melissa McPheeters

The question was asked several timesin the Q and A as to whetheror not there was ahormonal influence on
symptoms? Either on symptoms, butthen also a questionwas asked as to whetheror nothormones couldbe

consideredin treatmentas well.

Peter Novak
Well, Ivery limited experience with maybe someone else cananswer, but | have only so afew patients, they did
have accompanyadrenal insufficiency, forexample. So, they also had concomitant hormone treatment or

replacement, butl'mnotsure itishow commoniitis.
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Tae Chung

Yeah. In the beginning, I think alot of POTS patients with the fatigue to our endocrinology colleagues and with the
potential journal. Sometimessome people say adrenal fatigue, and our colleagues all think thisis notreally
scientific term. And, you know, they believeit's not really primarily endocrinological problem. Professor Stiles and

Raj may have more.

Lauren Stiles

| was actually gonna say, Satish is the only one on this call. Who's actuallydone a sort of, you know, gynecological
related study in POTS. Butjust, | almost think that's a question thatis so obvious. It's so funny that we actually
don'thave good hormoneresearch. POTS, pre-COVID was 90% female. Of course, there's arole of sexhormones,
butno one's botheredto studyitso far. And, in long COVID, | think it's also female predominant. And, | don't think
thisis surprising, because most patients are probably gonna have some postviral, autoimmuneimmune
mechanism. And, the vast majority of people who have autoimmune diseases are also women. So, thereisarole
for sex hormones, and sort of tolerance to self, you know.

And, anecdotally we have a couple of case reports on adolescent POTS patients who were transgendered,
who transitioned from female to male using sex hormone testosterone, and their POTS symptomsimproved. So,
I'm nottelling women with POTS to go outand get on testosterone, 'cause, you know, there'sall kinds of reasons
you might not wanna do that, butthere absolutely needs to be more research on sexhormones and on whether
that can lead to treatment optionsas well. But, | think Dr. Raj has, you know, he has actual studies he'sdone on

this.

Satish Raj

So, the two things I'd say is that, so hormones obviously canmean lots of things, butin terms of sort of cyclical
variability in young women, we did a study that was actually very simple, along time ago at Vanderbilt where we
got patients with POTS and actually healthy volunteers. And, those that know, a Vanderbilt study means, you
know, Vanderbilt grad students largely. But, basically we got people to rate relative lightheadedness at four
different phases of their menstrual cycle.

And, the interesting thing was the patternwas identical, right? So, in around menstruation, and second
worst was just before women were more lightheaded than at other phasesof their cycle. And, this was amplified
inthe POTS patients, right, who had more lightheadedness as part of their disorder. But, if you just shifted the
pattern down, the cyclical patternwas the same, right? So, whatever's going on, there's somethingin the

background, and then, you know, other things contribute to lightheadedness, it may amp it up or down.
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And so, it's not uncommon for POTS patients that we have to sometimes go on longer term birth controls where
they, you know, keep their hormonal levels sort of higherand have breakthroughbleeds say every three or four
months instead of every month, not because it makes everything better, but it decreases the number of worse
times if you will. Right? So, it's a management strategy.

Separate fromthat, hormones could refer to blood volume regulating hormones, and we've certainly
done some work that lots of the majority of POTS patients whenwe were looking at this aggressivelyat Vanderbilt,
I'd say 70 plus percent actually hadalow blood volume whenyou objectively measureit. And, in one of ourearly
studies, we found that the reninangiotensinaldosterone system seemed to act a little funny in some of those
folks. And again, that's noteveryone. That's, you know, in the cohort that we saw, where aldosterone responses
were blunted. Andinterestingly, this ties backto exercise, you know, where one of the things that exercise does
and | forgetwho, but one of the speakers alluded to this is that it actually both acutely, and then chronically
there's aslightly separate effect. Itactually increases the responsiveness of aldosterone release to renin activity.
Right? So you actually, one of the things exercise does is it actually increasesyour blood volume aside from other
exercise-y things, right? So, it does actually alter your hormonal pattern in te rms of blood volume regulation. So
that there are lots of different things.

The challenge with all of these are, youknow, how to make them actionable. Right? So, even in the
patients with blunted aldosterone, it's very sensitive to things like sodiumintake and volume status. And so, most
of these patients weren't out of the normal range, right. But, whenyou look at a group compared to sortof a

similar group, that's matched, there may be something there.

Melissa McPheeters

Dr.Chung, did you have anything you wantedto add to that?

Tae Chung

Oh, no. Not for now.

Melissa McPheeters

OK, great. And, I'm getting the message that we need to wrap up really quickly, which is terrible, because what an
amazing set of presentationsthis was, and what an incredible conversation. So, we do have justa couple of
minutes.

So, I'm gonnajust put our speakers on the spotand ask them to share with us the onething, in one

sentence, thatthey'd like folks to take away from this? And, it might be something that you answeredin the Q and
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Athat you feel like other people might wantto hear, because there was so much going on. Dr. Novak, we'llstart

with you.

Peter Novak

Well, from my perspective, we are extremely eagerto go to the root cause of the PASC. Itis probably the most
studied virus ever. And, as | show potential that multiple potential targets, so we are hoping we will getsome
answers. And we are lookingforward, not only because of that, but also we can extrapolate principles of the

treatmentand also some other condition like POTS in general, or post viral syndromes, chronic fatigue syndromes.

Melissa McPheeters

Okay. Thank you. Dr. Miglis, we're running down the clock.

Mitchell Miglis

So, autonomic dysfunctionis common in PASC. We know that, and it may not be related to the severity of the

infection, whichis anotherimportant point.

Melissa McPheeters

So, ProfessorStiles.

Lauren Stiles
We need clinicians and researchers to really take the initiative to learnhow to screenfor and treat autonomic

dysfunction in long COVID and in all the preexisting patients who are out there who are not getting good care.

Melissa McPheeters

And Dr. Chung.

Tae Chung

Yeah, my last commentis answer to your first question about what's the most singleimportantthing about the
research | think is biomarker study, the discovering biomarker, which|think is very kind of relative low hanging
fruit at this point, because actionable. If you find auto antibodies it's actionable. We canuse immune drugs. So,

that's what | like to emphasize for research.
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Melissa McPheeters

Great, Dr. Raj, one sentence.

Satish Raj

Two.

Melissa McPheeters

Okay.

Satish Raj

So, | think, you know, the goal of finding underlying cause and the holy waterto fix itis laudable. I'm getting old.
And, I like to think | wasn't so cynical in my youth, butyou know, the truth is that | think it's a mistake to avoid
treating the symptomes, atleastin the shortterm. You know, while Dr. Novak and Dr. Chung find the cure, | think
the danger is thatalot of physicians say, "Well, this is too complicated. | don't know about this," And theywon't
treat what can be treated. And, alot of the symptoms will respond to treatments within their expertise and their
specialty thatare organ based. And, I think the patients need that now, while these other things go on for the big

picture.

Melissa McPheeters

Great. Thank you. Yes. So we just want to thank everyone for joining us today. We reallyappreciate you
registering, sendingin questions, engagingin the Qand A. We will be getting this readyto poston our web, just as
fast as we can. Recovercovid.org is that website. Also on that website is information on upcoming webinars. These
are the topics thatare currently laid out. More to come as this program grows. So, really we do hope thatyou join
usand continue to check back formore information as moreis learned.

Thanks again to our amazing speakers. You are absolutely outstanding today. Thank you. We will seeyou

all at the next webinar.
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Webinar Slides

To request a copy of the R3 Webinar slides, please email RECOVER_ACC@rti.org.

To Learn More

e Information about RECOVER research and to volunteer for studies: https://recovercovid.org/research

e Frequently Asked Questionsabout RECOVER and PASC: https://recovercovid.org/fags

e CDCinformation: Informationfor the general publicand for healthcare providers about post-Covid conditions:

https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/
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