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Rates of Anxiety after Acute COVID-19 Infection

* Systematic review involving 15 studies assessing anxiety after mild to
moderate COVID-19 infection

* These studies included 3431 patients (17.52%) of whom had “at least
mildly severe anxiety symptoms”

* Anxiety prevalence in severe COVID-19 cases was 19.03% of 309
patients that were experiencing at least mild anxiety symptoms

* Sensitivity analysis showed a decrease in anxiety prevalence from
20.68% to 11.11% between 1-3 month follow up and more than three-
month follow-up

* There was inconsistency in anxiety prevalence based upon the tools
used to assess symptoms

* Interestingly, self-reported anxiety prevalence was significantly higher
compared to “clinical diagnosis”

* Overall, these prevalences are thought to be consistent with the general
population
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Rates of PTSD after Acute COVID-19 Infection

People of all ages
and backgrounds
can experience
post-traumatic
stress disorder
after trauma.

Treatment can help.

www.nimh.nih.gov/PTSD
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Thirteen studies measured PTSD in non-severe COVID-19 cases

Seven of these studies measured DSM-5 derived PCL-5 (post-traumatic
stress disorder checklist) questionnaires, one study used the TSQ (trauma
screening questionnaire), and two studies used the DTS (Davidson Trauma
Scale), and three studies used the IES-R (impact of event scale — revised)

The overall prevalence of PTSD was 17.68% in 3405 patients

The overall prevalence of PTSD in severe COVID-19 infection was 19% from a
pool of 200 patients

PTSD prevalence in cohorts of patients followed for longer than three
months was at 18.99% compared to 12.19% at 1-3 months post-infection
follow-up

Overall, however, these prevalences are thought to be consistent with the
general population
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Prevalence of PASC after COVID-19 Infection

* Global meta-analysis over 29 studies found
a 43% rate of PASC with a rate of 57%

among those hospitalized during the acute s S I
phase of the infection Pasc
Poaled PASC (43 [0.35; 0.51] . S
Hoapilafized and Non-Heospitakzed Mix 0033 [0.268; 0.4.2] —
* Slightly higher rates of PASC in Asia — 058 [0.47; 087 | .
compared with Europe and North America fa 0.4 [0.32; 0,56 .
Europe (L4 [0,30; 0.53) -
LSA 0U30 [0.21; D.42] ¥ L
* Rates of PASC began to increase 90 days and 308y 036 [0.25: 049 .
then further, 120 days after infection after s SR AL .
« ey o 90 days 32 [0.44; 0.57] L
an initial decline 30 and 60 days after T eI : 2
infection Female 0,48 [0.35; 0.63] .
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Systematic
Review of
Symptoms in
those Diagnhosed
with Long-Covid
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Symptoms, sequelae and
difficulties conducting usual
activities

Short-term (4-12 weeks
after COVID-19 diagnosis)
(prevalence™ in %, [95% ClI],
(number of studies), risk of bias
across studies [low m,
moderate  or high m], GRADE
assessment where applicable)

Long-term (>12 weeks after
COVID-19 diagnosis)
(prevalence® in %6, [95% Cl], (number
of studies), risk of bias across studies
[low m, moderate or highm],
GRADE assessment where
applicable)

Anxiety or depression

Anxiety and depression

22% [19%, 25%)] (2
studies)(30,56) » low certainty
No studies

23% [21%, 25%)] (1 study)(12)

2% [0%, 5%] (1 study)(18)

Postpartum depression Mo studies 17% [8%, 27%] (1 study){S8)
Post-traumatic stress disorder 23% [14%, 35%] (5 18% [7%, 41%] (4
studies)(5,30,37,53,59) » Jow studies)(38,55,58,60) m very low
certainty certainty
epression or post-traumatic stress Mo studies 22% [12%, 32%] (1 study){58) = very
disorder low certainty
Obsessive compulsive Mo studies 26% [18%, 34%] (1 study)(55) m fow

certainty

Feelings of distress due to symptoms
{only a little/guite a lot/a great deal)

35% [19%, 52%] (1 study)(4)

42% [32%, 52%] (1 study)(4)

Overall mental health (poor/fair) 17% [12%, 22%)] (1 study){31) m | No studies
Mental health - poor Mo studies 33% [27%, 37%] (1 study){13)
Psychiatric morbidities 17% [7%, 27%] (1 study){37) Mo studies

Other mental health symptoms

Low mood

No studies

40% [31%, 48%] (1 study)(14)

Panic attack 13% [11%, 16%] (1 study){SE6) Mo studies
Always/often emotional 14% [9%, 19%] (1 study)(31) m Mo studies
Thoughts of self-harm 2% 0%, 5%6] (1 study)|{30) Mo studies
Anorexia 2% [0%, 4%] (1 study)(8) Mo studies

Mental Health

At least one mental health symptom | No studies 36% [30%, 42%] (1 study){55) =

[depression/anxiety/PTSD/obsessive

compulsive)

At least one current major Mo studies 24% [19%, 30%] (1 study)(55) =

psychiatric disorder (DSM-5 criteria

for diagnosis)

Anxiety 19% [10%, 32%] (4 329 [22%, 43%] (4
studies)(5,8,33,37) » low studies)(11,14,54,55) = very low
certainty certainty

Major anxiety disorder (DSM-5 Mo studies 9% [5%, 13%] (1 study)(55) m

criteria for diagnosis)

Depression 23% [14%, 34%] (5 2
studies)(5,6,33,37,53) » low studies)(11,55,58) » low certainty
certainty

Major depressive disorder (DSM-5 Mo studies 9% [5%, 13%] (1 study)(55) m

criteria for diagnosis)
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15 most common symptoms

15 most common symptoms

with highest severity (4s & 5s) s - “ohort AllFemale  Male
Fatigue 84% 85.7% 81.1%
Post Exertional Malaise 57% ]
Brain Fog 83% 81.0% 86.5%
Fatigue 54% _ _
Post Exertional Malaise 83% 84.1% 81.1%
Daytime sleepiness 46%
Common 4 g ’ Daytime sleepiness 79% 81.0% 75.7%
Brain fo 35%
Sym ptoms J ° Unrefreshing Sleep 76% 79.4% 70.3%
. Unrefreshing Sleep 33% | . 68% 73.0% 59.5%
nsomnia 0 .0% 5%
ind PASC Insomnia 28%
Cohort Headache 65% 66.7% 62.2%
Anxiety and/or Depression 23%  Anxiety and/or
Headache 179 Depression 65% 60.3% 73.0%
(0]
Lightheadedness 16% Lightheadedness 53% 54.0% 51.4%
(o]
Shortness of Breath 149 Shortness of Breath 47% 52.4% 37.8%
(0]
Change in smell 12% Nasal Congestion 44% 49.2% 35.1%
Change in taste 12% Cough 42% 49.2% 29.7%
Change in sweat 129% Change in Smell 40% 46.0% 29.7%
: Change in Taste 40% 47.6% 27.0%
Chest 11%
4, Bateman Horne Center est pain °
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Control POTS P value
Cognitive 1943 3744 0.04
Cardiac 16+3 2543 <0.001
Gastro 1442 1743 0.32
Respiratory 22413 3315 0.06
Humiliation 17+3 2343 0.16
Dissociation 1843 2742 0.03
ASP full (/420) 10715 158+ 17 0.02

* Many case-control studies have been reviewed
and found to confirm an association between
joint hypermobility (hyperlaxity) and anxiety
disorders in both directions

* Those with joint hypermobility syndrome have
an absolute risk for panic disorder of 44.1%

versus 2.8% in non-hypermobile subjects, which

corresponds to a relative risk of 22.3%

POTS/OIl & hEDS Rates Higher in

those with PASC...

JHS Status
Total Sample
n=137 JHS present | JHS absent
n=29 n=108
" % " % RR 95% Cl1 p

Anxiety Disorders

Panic/ Agoraphobia 12 [ 414 2 | 19 | 223 | {46t01087) | 0.0001™

Social Phobia 7 241 4 | 37| 65 | (1.7t0242) | 0001

Simple Phobia 4 276 9 A3 33 (1.1 to 9.6) 0.0z

GAD 7] 241 9 83 29 | (057 to8.62) | 014ms
Other Disorders

Depression/ Dvsthymia 7 241 7 648 | A7 (1.2t011.7) | 0.15ns
JHS, Joint Hypermobility Syndrome according to Beighton criteria assessed at baseline.
GAD, Generalized Anxiety Disorder
Statistical significance: * p<0.03, * p<L,001, ** p<0.0001, ns: non significant,

Table 3. Incident cases and relative risk after 15 vears of follow-up according to JHS status

(Bulbema et al., 20171).

Anderson, Jake W., et al. “Cognitive Function, Health-Related Quality of Life, and Symptoms of Depression and Anxiety Sensitivity Are Impaired in Patients with the
Postural Orthostatic Tachycardia Syndrome (POTS).” Frontiers in Physiology, vol. 5, 2014, https://doi.org/10.3389/fphys.2014.00230.

Bulbena-Cabré, Antonio, et al. “Joint Hypermobility Links with Anxiety: History and Present.” International Musculoskeletal Medicine, vol. 33, no. 4, 2011, pp. 132-136.,

Ik Bateman Horne Center https://doi.org/10.1179/175361511x13153160075017.
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Could Anxiety and/or PTSD be Driven by
Underlying Dysautonomia?

Patient reported symptoms in our clinic:

4, Bateman Horne Center

Internal tremor sensations
Waking up in the middle of the night with heart rates in the 180-220 bpm range
Anxiety/panic attacks without clear provocation

Excessive sweating
Blurry vision

Nightmares (not involving patient’s experiences of COVID infection, the
pandemic itself, or due to their current symptoms or disability related to PASC)
Chest tightness, palpitations

Insomnia

Majority of these patients had no prior psych
history before COVID-19 infection
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Autonomic Nervous System

Parasympathetic Division

Pupils constrict <C>— | € o
Salivation %{ )
Airways constrict "‘ I E— |

Heart rate slows 1,'6 —

Stomach digests J s ‘ |
< . V\J | ‘
Intestines digest %) — ‘ ‘

\

Bladder constricts @ — \

Reproductive 2] V)
system increases ® \
blood flow I

Sympathetic Division

Pupils dilate <>
Saliva inhibited <&

Airways dilate ‘l‘
Heart rate increases ;V‘ —k

Stomach inhibits
digestion Jﬁ

Liver releases glucose @~ — E “

Intestines inhibit M o
digestion
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adrenaline 9° !

Bladder relaxes @ —

Reproductive &P \
system decreases
blood flow
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DSM-5 Criteria for Anxiety

Ow

mu

Excessive anxiety and worry occurring more days than not for at least six months, about a number
of events or activities
The individual finds it difficult to control the worry
The anxiety and worry are associated with three (or more) of the following six symptoms:
Restlessness or feeling keyed up or on edge
Being easily fatigued
Difficulty concentrating or mind going blank
Irritability
Muscle tension

» Sleep disturbance (difficulty falling or staying asleep, or restless, unsatisfying sleep)
Symptoms cause significant distress or impairment in social, occupational, or other functioning
The disturbance is not attributable to the physiological effects of a substance
(e.g., a drug of abuse, a medication) or another medical condition (e.g., hyperthyroidism)

4, Bateman Horne Center

RESEARCH || SUINICAI-GARE | EDUGATION American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), American Psychiatric
Association, Arlington, VA 2013.

9/7/2022



DSM-5 Criteria for PTSD

A. Traumatic Event Exposure:
« Directly experiencing or witnessing, learning about the event in a close acquaintance, or experiencing
repeated or extreme exposure to traumatic event details
B. Presence of one (or more) intrusion symptoms associated with the traumatic event(s):
« Recurrent distressing memories, dreams, dissociative events/flashbacks where individual relives the events,
psychological distress in response to event-related cues, physiological reactions to event-related cues
C. Avoidance of stimuli associated with the traumatic event(s)
- Avoidance of distressing memories, thoughts, feelings, external reminders (people, places, conversations,
activities, objects, situations)
D. Negative alterations in cognitions and mood
« Inability to remember aspects of the event, exaggerated negative beliefs about oneself, others, or the world,
distorted sense of the cause and consequences of the event that lead to self-blame, persistent negative
emotions, diminished interest or participation in activities, feelings of detachment, and inability to
experience positive emotions
E. Marked alterations in arousal and reactivity
- Irritable behavior, angry outbursts (with verbal or physical aggression), reckless or self-destructive behavior,
hypervigilance, exaggerated startle response, difficulty with concentration, sleep disturbances,
F. Symptoms for more than one month
G. Distress or impairment in social, occupational, or other functioning
H. Symptoms not related to drugs or other medical conditions

Ix Bateman Horne Center
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American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), American Psychiatric 9/7/2022
Association, Arlington, VA 2013.



How Might COVID-19 Cause Dysautonomia?

Proposed Mechanisms:

* Hypovolemia — may trigger hyperadrenergic POTS/OI, leading to cerebral hypoperfusion and impairment of central
autonomic networks

* Brainstem Dysfunction — direct viral invasion, neuroinflammation, vascular activation, brainstem compression
 Many autonomic centers housed in the brainstem

* Autoimmunity —
» Autoantibodies to G-protein coupled receptors have been observed = can increase sympathetic tone by activating
adrenergic receptors and having an allosteric effect on muscarinic GPCR’s
» Autoantibody activation of adrenergic and cholinergic receptors = inappropriate peripheral vasodilation
* Anti-phospholipid antibodies noted in patients who developed both APS and MCAS following COVID-19 infection
* Other elevated autoantibodies described including ANA’s, anti-thyroid AB’s, anti-cardiac protein Ab’s, Sjogren’s Ab’s

e Postganglionic Sympathetic Neuron Damage — direct viral invasion or related immune attack with collateral damage

» Excessive Mast Cell Activation — inappropriate release of histamine and other cytokines in response to physical activity
or orthostatic stress can lead to orthostatic tachycardia, flushing, headaches, Gl symptoms
* Case reports show improvement in dysautonomia after treatment for MCAS in PASC

4, Bateman Horne Center
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Do methods for reducing sympathetic
nervous system signaling and
transmission reduce symptoms of
“anxiety” and “PTSD” in those with PASC?

YES!

1& Bateman Horne Center
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Stellate Ganglion Injections?

Cervical sympathetic chain (including the
superior, middle, and inferior cervical ganglions
and first thoracic ganglion) provides sympathetic
innervation to the head, neck, upper limbs, and
upper thoracic region (including the heart, lungs,
lacrimal, salivary, thyroid, and pineal glands)

s . . . ayy

The “stellate ganglion” is a fusion of the inferior a

cervical and first thoracic ganglia present in 80% oo *‘,'"
artery

of individuals

Injection of local anesthetic into the sympathetic
chain, known as a stellate ganglion block, can
improve blood flow and deactivate or reset
sympathetic tone

artery

Stellate
*ganglion

Can cause “Horner’s syndrome (ipsilateral ptosis,

o
()
meiosis, anhidrosis, facial flushing -
\/IFW
= Liu, Luke D., and Deborah L. Duricka. “Stellate Ganglion Block Reduces Symptoms of Long COVID: A Case Series.” Journal of Neuroimmunology,
1* Bateman Horne Center vol. 362, 2022, p. 577784., https://doi.org/10.1016/j.jneuroim.2021.577784.
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e | SRSt | S TRAEn Porzionato, Andrea, et al. “Sympathetic Activation: A Potential Link between Comorbidities and Covid-19.” The FEBS Journal, vol. 287, no. 17, 9/7/2022

2020, pp. 3681-3688., https://doi.org/10.1111/febs.15481.



Stellate Ganglion Injections?

e Originally described in the 1930’s for treatment of
reflex sympathetic dystrophy (now complex regional
pain syndrome)

* Also used effectively to treat Raynaud’s and
hyperhidrosis in the upper limbs as well as in PTSD
and hot flashes associated with chemotherapy and
menopause

ayy
* The pro-inflammatory cytokine/chemokine profile Cammo:!'fi]n
carotid

recognized in those with PASC have been associated artery
with and even implicated in excessive sympathetic

i

nervous system activity —
Subclavian
» Stellate ganglion injections were provided in two __ artery
PASC patients to see if down-regulation of e
sympathetic overdrive could improve their S IR A
. St_ellate HEN
symptoms | ganglion
VIFW
A : Liu, Luke D., and Deborah L. Duricka. “Stellate Ganglion Block Reduces Symptoms of Long COVID: A Case Series.” Journal of Neuroimmunology,
1* Bateman Horne Center vol. 362, 2022, p. 577784., https://doi.org/10.1016/j.jneuroim.2021.577784.
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2020, pp. 3681-3688., https://doi.org/10.1111/febs.15481.




Stellate Ganglion Injections?

Symptom Intensity

Patient #1 Patient #2
u Pre-COVID a Pre-COMD
10 r u Post-COVID i0 u Post-COVID
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Stellate Ganglion Injections?

Immune
system
A
Micro-
(Hyper-) circulation
inflammation  *——
Coagu-
lopathy
\
Endothelial
dysfunction

Overview of affected systems following

a viral infection like COVID-19
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Stellate Ganglion Injections?

Stellate ganglion block

(SGB) is thought to

simultaneously regulate

systems linked to the _
autonomic nervous /" Immune
system \_ System

(Hyper-)
SGB (+AN5)<

Endothelial

dysfunction 'i

Micro-
circulation /

\._Coagulopathy /

4, Bateman Horne Center

inflammation /

A sympathetically maintained interdependent positive feedback
loop involving the neuroimmune system can eventually
reorganize itself (autoregulation) after changes of state (such as
by a stellate ganglion block)

Previous clinical data suggest that repeated, temporary SGB with
the local anesthetic procaine is capable of regulating
sympathetic-triggered neurogenic inflammatory processes

It is because of the lack of direct measurements of the ANS in
pain, immune, and inflammatory processes that proponents of
SGB suspect have limited consideration of this modality thus far
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Treatments: Beta Blockers

Propranolol (short
and long-acting)
Atenolol
Metoprolol

propranolo!

| Tablets BP

Ve

lvabradine (Corlanor)
has no direct effect
on the sympathetic
nervous system

(A)

Adrenergic Receptors

l

I

y !

I

|

Alpha-1 Alpha-2 Beta-1 | Beta-2 |
Vasoconstriction * Inhibits Norepinephrine THeart Rate » Vasodilation
T Peripheral Resistance Release T Lipolysis « | Peripheral Resistance
(blood flow) + Inhibits Acetylcholine T Myocardial + Bronchodilation
T Blood Pressure Release Contractility T Glycogenolysis
Mydriasis « Inhibits Insulin T Renin (muscle, liver)
T Closure Bladder Release » T Glucagon Release
Sphincters » Relaxes Uterine Smooth
Muscle
(E) Alpha-1 Alpha-2 Beta-1 Beta-2
NE > E E > NE E=NE E > NE

MNE = Marepinephrine; E = Epinephrine

1& Bateman Horne Center
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Treatments: Alpha Blockers

* Clonidine (alpha 2a agonist = reduces peripheral sympathetic outflow)
* Guanfacine (selective alpha 2a agonist)

* Prazosin (alpha-1 blocker)

Ve

1& Bateman Horne Center
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() Adrenergic Receptors
Alpha-1 | Alpha-2 [ Beta-1 | Beta-2 |
= Vasoconstriction * Inhibits Norepinephrine « THeart Rate « Vasodilation
* T Peripheral Resistance Release « TLipolysis « | Peripheral Resistance
(blood flow) « Inhibits Acetylcholine «  TMyocardial « Bronchodilation
+ T Blood Pressure Release Contractility « T Glycogenolysis
= Mydriasis « Inhibits Insulin « TRenin (muscle, liver)
* T Closure _Eladder Release « T Glucagon Release
Sphincters » Relaxes Uterine Smooth
Muscle
(B) Alpha-1 Alpha-2 Beta-1 Beta-2
NE > E E = NE E = NE E == NE

NE = Norepinephrine; E = Epinephrine
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Treatments: Benzodiazepines

Bind to GABA, receptors, potentiating GABA
neurotransmission, increasing chloride influx into neurons
and increasing the neuronal excitability threshold

* Diazepam (scheduled or prn) GABA Receptor
* Clonazepam (scheduled)
* Lorazepam (prn) GABA @
Lorazepam

P

binding
site

ABA-A
binding
site

Importantly, there are many peripheral
nervous system as well as glial cell
benzodiazepine receptors

These peripheral benzodiazepine
receptors are present in particularly high
concentrations on immune cells,
platelets, erythrocytes, and cells within
the gastrointestinal tract

Some peripheral benzodiazepine
receptors have also been implicated in
regulation of mitochondprial function

CBR and PBR

= BZDs also bind to ather receptors, located mainly in peripheral
tissues and glial cells in the brain.

W

Central h-I:_'I;B-D:j-aZEFI-iI'IE Per'lphe;-l bE-n-mdiazEp'lnE
@ PsychDB.com iy Fﬂ.‘ﬂ ; F'EnEp‘bl:lr
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TreatmentS: Vagal Ma neuvers * Cranial nerves responsible for cardiac-vagal

> stimulation and that participate in trigeminal-
o8 brainstem-vagal pathways are located in the facial
area, head, and neck regions

N
o
=]

Eros * Using cold to active these nerves has been referred
g 10 . \% e to as the “diving reflex,” which involves a pattern of
1 . .
1 } respiratory, cardiac, and vascular responses thought
08 to help control oxygen conservation and survival
0.96 i
Neck Cheek Forearm When dIVIng
Normalized root mean square (rMSSD) of successive Mean interbeat intervals (IBI’s) of all body locations for
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Treatments: Conscious Control Over Autonomic Responses
INRS Riiming Syetem-

Biofeedback Therapy

easurement of Bra EItIAtty nd Physiological
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Treatments: Treat Co-morbidities
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Uncontrolled orthostatic intolerance can drive very
significant exacerbations of sympathetic overdrive

Mast cell activation exacerbations often significantly
worsen sympathetic overdrive

Neurological sensory sensitivities to light, sound,
conversation, multiple sensory inputs can exacerbate
e Consider aripiprazole, dextromethorphan

Sympathetic overdrive is usually worse during PEM, try
to avoid PEM or wait it out during PEM = not much you
can do to emerge from PEM other than to not make it
worse
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Treatments: Transcranial Magnetic Stimulation?

Electromagnetic coil

Magnetic field

* Targeting the dorsal left prefrontal cortex, pregenual,
and mid-anterior cingulate cortex with 10 Hz 3000-4000
pulses can contribute to parasympathetic tone via the
vagus nerve and has shown improvements in
diaphragmatic function

o MAYO FOUNDATION FOR MEDICAL EDUCATION AMD AESEARCH. ALL RIGHTS RESERVED.
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A Word on SLEEP...

| WOKE UP IN THE MIDDLE OF THE NIGHT AND QUICKLY
CHECKED INSTAGRAM, TWITTER, FACEBOOK, GMAIL,
MY WEATHER APP, AND MY TEXTS, AND NOW I'M A TAD

Sympathetic overdrive is often the most common cause of sleep TOO STIMULATED To CLOSE MY EYES AGAIN.
disturbances in those with PASC and ME/CFS, with pain being the second
most common cause

e Cannot fall asleep

* Nightmares

* Wake up frequently (sometimes as often as every hour)

* Wake up too early and cannot fall back asleep

* Mind racing

e Circadian rhythm disrupted, awake at night and sleeping in the day
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A Word on Stimulants...

e Stimulant therapies (bupropion, modafinil, dextroamphetamine-
amphetamine, methylphenidate, lisdexamphetamine) are often used to
help improve brain fog, attention, and other cognitive complains in PASC

 Remember that stimulants can significantly alter or worsen sympathetic
overdrive or hypervigilance

* Generally best practice to implement these therapies only after making
some clinical improvements in symptoms of sympathetic overdrive first
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Questions?
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