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Abstract

Background: In addition to the morbidity and mortality associated with acute infection, COVID-19 has been
associated with persistent symptoms (>30days), often referred to as Long COVID (LC). LC symptoms often cluster
into phenotypes, resembling conditions such as fibromyalgia, postural orthostatic tachycardiac syndrome (POTS), and
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). LC clinics have been established to best address the needs
of LC patients and continuity of care. We developed a cross-sectional survey to assess treatment response through
our LC Clinic (LCC). Methods: A 25-question survey (I-10 Likert scale) was expert- and content-validated by LCC
clinicians, patients, and patient advocates. The survey assessed LC symptoms and the helpfulness of different interventions,
including medications and supplements. A total of 852 LCC patients were asked to complete the survey, with 536 (62.9%)
responding. Results: The mean time from associated COVID-19 infection to survey completion was 23.2 = 6.4 months.
The mean age of responders was 52.3 = [4.] (63% females). Self-reported symptoms were all significantly improved
(P<<.001I) from the initial visit to the LCC (baseline) to the time of the follow-up survey. However, only 4.5% (24/536) of
patients rated all symptoms low (1-2) at the time of the survey, indicating low levels of full recovery in our cohort. The
patients rated numerous interventions as being helpful, including low-dose naltrexone (45/77; 58%), vagal nerve stimulation
(18/34; 53%), and fisetin (28/44; 64%). Conclusions: Patients report general improvements in symptoms following the
initial LCC visit, but complete recovery rates remain low at 23.2 = 6.4 months.
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Post-acute sequelae of SARS CoV-2 infection (PASC), also
referred to as Long COVID (LC) is a condition defined by

persistent symptoms and/or long-term complications last-
ing over 4 weeks from the onset of the severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2) infection.'?
PASC has been subdivided into 2 categories: (1) current or
subacute coronavirus disease of 2019 (COVID-19) symp-
toms ranging from the onset of disease to 4-12weeks
beyond the active infection, and (2) chronic or post-
COVID-19 syndrome which comprises of symptoms per-
sisting beyond 12weeks from the onset of acute
SARS-CoV-2 infection.> LC has been associated with as
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many as 84 different symptoms, including fatigue, head-
ache, attention disorder, hair loss, cough, myalgia, joint
pain, impaired mobility, cognitive impairment (which
includes brain fog and memory loss), olfactory and gusta-
tory dysfunction, sleep disorder, depression, anxiety, post-
traumatic stress disorder, gastrointestinal upset, rashes, and
palpitations.*’ While there is no consensus on the etiology
of LC, several theories have emerged, including persistent
reservoirs of virus or viral particles triggering a persistent
immune response, immune dysfunction leading to chronic
inflammation, endothelial cell dysfunction, altered perfu-
sion due to thromboses, dysautonomia, and mitochondrial
dysfunction.®'° Besides the severity of the acute COVID-
19 illness, various sociodemographic factors and pre-exist-
ing health conditions are linked to increased risk for LC,
including female sex, smoking, obesity, anxiety, depres-
sion, socioeconomic factors, and some autoimmune
diseases.'""1?

LC has been estimated to be present in an estimated
65million patients worldwide, estimated to represent
6%-20% of the population who have recovered from acute
COVID-19 infection.'*>!> Although LC prevalence was ini-
tially reported as decreasing; recent data does not support
this.'* The impact of LC has been devastating, with a recent
study demonstrating that only one-fourth of patients
resumed their pre-LC full-time work duties, and some stud-
ies have estimated the annual economic impact of LC at
$170billion in lost wages in the United States alone.'®!”
Furthermore, almost half worked reduced hours, and 23%
were not working at all as a direct result of LC.'® A study
evaluating patients 6 months after hospital discharge for
COVID-19 found that almost 50% reported functional limi-
tations in activities of daily living.'®

Despite the high prevalence and significant impact on
quality of life, there are no current FDA approved treat-
ments for LC. The National Institutes of Health (NIH) is
funding a large multi-center research treatment and thera-
peutic programs as part of the Researching COVID to
Enhance Recover (RECOVER) program.'® Until there are
widespread effective treatments, however, LC clinics (LCC)
and primary care clinicians (PCCs) will need to use multi-
ple approaches, including off-label medicines and interven-
tions, many of which have been previously used for postural
orthostatic tachycardiac syndrome (POTS), myalgic
encephalomyelitis chronic fatigue syndrome (ME/CFS),
and fibromyalgia.?’ However, data on LC therapies remains
limited, and while many LC clinics (LCCs) exist, there is a
paucity of knowledge about their efficacy.

In late 2020, in response to the rising prevalence of LC,
we established an LCC known as the Post-COVID Care
Clinic (PCoCC), which offers a multidisciplinary approach
to the treatment of LC symptoms combining use of off-label
medications and  nonpharmacologic  rehabilitative
approaches, many of which have previously been used for

POTS, ME/CFS, and fibromyalgia.”*! PCoCC is staffed by
General Internal Medicine physicians with expertise in
treating complex and undefined chronic diseases including
POTS, ME/CFS, and fibromyalgia.?? Specialty care in areas
such as Neurology, Physical Medicine & Rehabilitation,
Pulmonary, and Cardiology is coordinated as needed by the
PCoCC physician. We have previously published on diag-
nostic testing in PCoCC patients (i.e., IL-6, and PET
scans)®?® but have not assessed the efficacy of our LCC and
our patients’ recovery in the months after they returned
home. While many LCC multidisciplinary treatment pro-
grams exist, there is a paucity of knowledge about their effi-
cacy. In order to address this knowledge gap in the medical
literature, we performed a cross-sectional survey assessing
patient outcomes after treatment in our LCC. Here, we
report the outcomes of the survey and discuss their implica-
tions in the care of LC patients.

Methods

This is a cross-sectional follow-up survey of patients who
presented to the PCoCC for treatment. This survey was a
practice improvement initiative so was deemed exempt
from Mayo Clinic Institutional Review Board review.

Setting

Patients aged 18 years or older from across the United States
who presented to the LCC of a large quaternary care health
center between January 1, 2021, and October 27, 2022,
were identified from the electronic medical record (EMR)
and invited to participate in this survey. Patients aged under
18 years old were evaluated in a separate pediatric LCC, so
were not a part of this sample.

Survey Population

A total of 852 patients were identified, and an electronic
survey was sent via their EMR patient portal. Those patients
who did not complete the electronic survey were then con-
tacted by nurse outreach, independent of the project team to
attempt to complete the survey via a telephone call. The
patient flow is shown in Figure 1.

Survey

The survey was developed by PCoCC physicians. We then
had a group of 4 LC patients and 2 patient advocacy leaders
validate the survey content and strength of the questions.
This patient expert group assessed the ease of understand-
ing the questions in the survey, the ease of answering the
questions, and the level of detail provided in the survey. The
feedback was reviewed by the project team (including the
PCoCC physicians) and the survey was refined to its final



Post Covid
dinical patient

sent digital
Sunveys
N=852
Y Y
Digital Sunveys Sunveys not
Retumed returmed
N=308 N=544
\ 4 4
Telephone Sy
Surveys
returmed
Completed N=316
N=228
y
Fimal Suneys in
Analysis
N=568

Figure |. Patient consort diagram.

form. This validation process followed the methodology we
had developed for validating other surveys.?

The survey included a series of questions utilizing a
scale from 1 (not significant) to 10 (extremely significant)
(Supplemental Appendix 1). Patients were asked to rate
their symptoms when they came to the clinic for initial

evaluation (recall) and their symptoms at the time of filling
out the survey (present). In addition, the survey asked about
treatment options for LC that were being commonly trialed
at the time, including non-pharmacologic interventions
(post COVID treatment program, physical therapy, occupa-
tional therapy, biofeedback, etc.), as well as medications
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(low-dose naltrexone (LDN), propranolol, amitriptyline,
colchicine, midodrine, fludrocortisone, etc.), or supple-
ments (fisetin, coenzyme Q10, ginseng, ashwagandha,
Reishi mushrooms, specialized pro-resolving mediators
[SPMs]), and how helpful they found these treatments. Of
note, multiple treatments that our PCoCC physicians have
been offering more recently, such as guanfacine, NAC, and
L-arginine, were not captured in this survey due to the tim-
ing of the survey collection.

PCoCC Patient Flow

Patients who have had persistent symptoms after COVID-
19 infections are either self- or physician-referred to the
PCoCC. Our LC definition in the PCoCC was persistent
symptoms >28 days following the acute COVID-19 infec-
tion, though most of our patients presented at over 6 months
since their inciting infection. All PCoCC patients completed
a standardized questionnaire containing 52 questions about
the initial COVID-19 infection, symptoms, and treatment
along with their ongoing and persistent symptoms. These
patient questionnaires are then reviewed by a PCoCC clini-
cian. Patients with symptoms limited to a single organ sys-
tem are directly referred to the subspecialty team for the
management of LC symptoms. Those with symptoms
involving multiple organ systems are initially evaluated by
a 30-minute virtual visit for the purpose of introducing the
PCoCC and pre-ordering tests and consultations as appro-
priate. This is followed by an in-person consultation with a
PCoCC physician at a later date. After receiving an indi-
vidualized treatment plan from a physician, patients pro-
ceed with a virtual treatment program designed to provide
education on LC pathophysiology, pacing, and sympathetic
reduction techniques, along with health coaching and gentle
patient-directed rehabilitation as tolerated. This is an 8-h
long program delivered in two 4-hour virtual segments,
accompanied by health coaching and nursing follow-up for
3 months (Post COVID Treatment Program).

Statistical Analysis

The survey data was uploaded into Research Electronic
Data Capture (REDCap, 2004 Vanderbilt).?® The data were
then analyzed using SAS version 9.4 (SAS Institute Inc,
Cary, NC). Respondent characteristics are summarized
using mean = SD and median (25th, 75th) for continuous
variables and frequency counts and percentages for categor-
ical variables. Respondents were asked to rate the negative
impact of individual symptoms, and overall level of func-
tioning, when first seen in the PCoCC for LC symptoms
(baseline), and at the time of the follow-up survey, using a
scale from 1 to 10, with 1 being “not significant” and 10
being “extremely significant.” These symptom severity rat-
ings were summarized using the median (25th, 75th) and

Table I. Patient Characteristics.?

Characteristic N=536°
Age, years
Mean + SD 523=*14.1
Median (QI, Q3) 54 (42, 62)
Sex
Female 340 (63%)
Male 196 (37%)
Time since first positive test, months
Mean = SD 232*+64
Median (QI, Q3) 24 (20, 28)
Race
White 498 (93%)
Black/African American 14 (3%)
Asian 5 (1%)
Native American/Alaska Native 5 (1%)
Native Hawaii/Pacific Islander 2 (0%)
Other 6 (1%)
Choose not to disclose 6 (1%)
Ethnicity

Not Hispanic or Latino
Hispanic or Latino
Choose not to disclose
Marital Status
Married/living as married

506 (94%)
21 (4%)
9 (2%)

390 (73%)

Single 88 (16%)
Separated/divorced 49 (9%)
Widowed 8 (1%)
Choose not to disclose I (0%)

2Continuous variables are reported as mean = SD and median (QI, Q3).
Categorical variables are reported as number (%).
®Time since the first positive test was missing for | patient.

compared between time periods using the signed rank test.
To summarize the percentage of patients who had recovered
from LC at the time of the survey, patients who reported a
score of 1 or 2 for all symptoms assessed were classified as
recovered. In all cases, 2-tailed tests were used with P <.05
considered statistically significant.

Results

A total of 852 patients were identified to receive a follow-
up survey and 536 (74%) patients eventually completed the
survey. Of the 536, 308 patients responded to the initial
digital survey sent in the EMR. The remaining 228 non-
responders completed the survey over the telephone with
nursing outreach.

Demographics

The mean age of responders was 52.3 = 14.1 years, with a
majority (63%; 340/536) being female, white (93%), non-
Hispanic (96%), and married (72.7%, 390/536). The average
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Table 2. Overall Level of Functioning and Symptom Severity at Baseline and Follow-up.?

Follow-up (N=536") Signed rank P-value

Symptom Baseline (N=536")

Overall level of functioning 8(6,9)

Individual symptoms
Fatigue 8(7,10)
Brain fog 8(6,9)
Shortness of breath 6(3,8)
Muscle pain 6(2,8)
Headache 6(2,8)
Rapid heart rate/light-headedness 6(2,8)
with standing
Insomnia 6(l,8)
Dizziness 5(1, 8)
Balance difficulties 4(1,7)
Chest pain 3(1,6)
Tinnitus I (l,6)

5(3,8) <.001
6(3,8) <.001
5(3,8) <.001
3(1,6) <.001
3(1,6) <.001
3(1,6) <.001
3(1,5) <.001
3(1,7) <.001
2(1,5) <.001
2(1,5) <.001
1 (1, 4) <.001
1 (1,5) <.001

?Patients were asked to rate the severity of each symptom on a scale from | to 10, where | corresponded to “not significant” and 10 corresponded to
“extremely significant.” Data are summarized by presenting the median (25th, 75th) and compared between time periods using the signed rank test.
®Due to missing data, the number of respondents included for a given symptom ranged from 533 to 536.

time between the initial COVID-19 infection and the follow-
up survey was 23.2 £ 6.4months (Table 1). Demographics
did not differ significantly between responders and non-
responders, except for age, with responders being signifi-
cantly older than non-responders (52.3 = 14.1years vs
48.2 = 15.9years; P<<.001) where non-responders ages
were calculated using the median date of survey completion
for responders.

Symptom Severity

Overall, symptoms reported at first presentation to the
PCoCC (baseline) included fatigue, brain fog, shortness of
breath, muscle pain, headache, rapid heart rate, insomnia,
dizziness, balance difficulties, chest pain, and tinnitus
(Table 2). Level of functioning was measured using a
numeric scale of 1 to 10 (with 1 being the best and 10 being
the worst imaginable). The median (IQR) level of function-
ing was rated as 8 ( 6, 9) at baseline and 5 ( 3, 8) at the time
of the follow-up survey (P <.001) (Table 2).

All the individual symptoms assessed were significantly
improved when comparing the baseline with the follow up
(P<.001) (Table 2). As an example, fatigue significantly
improved from a median (IQR) score of 8 (7, 10) at the
baseline visit to 6 (3, 8) at the time of this survey (P <.001).
Similarly, brain fog significantly improved from 8 (6, 9) at
baseline to 5 (3, 8) at follow-up (P<<.001). Only 4.5%
(24/536) of patients who responded to the survey were
determined to have recovered completely based on symp-
tom ratings of 1 or 2 for all domains at follow-up.

While the majority of the population did experience an
improvement, it is important to note that a minority of par-
ticipants did experience a worsening of their overall function

(Figure 2). Similar changes were seen in the specific symp-
toms of fatigue (Figure 3), myalgia (Figure 4), and orthosta-
sis (Figure 5).

Treatment

Treatments utilized varied greatly among the 576 partici-
pants who responded to the survey. These treatments could
have been recommended by the PCoCC physicians, local
physicians, or trialed independently by the patient at home.
The most common treatment modality was the PCoCC Post
COVID Treatment Program (404/576, 75%), with 285/404
(71%) finding it to be helpful. Physical therapy and occupa-
tional therapy were reported as being helpful by 72%
(169/236) and 71% (88/124), respectively, of the patients
who had tried them. Other non-pharmacologic treatments
that were reported as helpful included biofeedback (85%
[82/96]), vagal nerve stimulators (53% [18/34]), and plas-
mapheresis (100% (9/9)) (Table 3).

Among the participants who reported the use of pharma-
cologic therapies to treat their LC symptoms, beneficial
effects were reported for gabapentin (43% [49/115]), dulox-
etine (58% [59/102]), low-dose naltrexone (LDN) (58%
[45/77]), propranolol (56% [36/64]), amitriptyline (39%
[26/66]), pregabalin (43% [18/42]), aripiprazole (47%
[8/17]), and colchicine (54% [7/13]) were all found to be
helpful (Table 3). Among supplements used to help with LC
symptoms, coenzyme Q10 (56% [46/83]), ashwagandha
(46% [21/46]), fisetin (64% [28/44]), specialized pro-
resolving mediators (SPM’s) (67% [18/27]), ginseng (65%
[17/26]), Reishi mushrooms (42% [8/19]), and nattokinase/
serrapeptase (56% [5/9]) were all reported to be helpful
(Table 3).
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Figure 2. Overall function in LC patients treated in our LCC
at baseline and at follow-up.
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Figure 3. Fatigue in LC patients treated in our LCC at baseline
and at follow-up.

Discussion

This report presents important and novel findings from a
cross-sectional survey of LC patients treated in an LCC.
There is a paucity of data that evaluates LCC treatment
effectiveness. Most patients (71%; 285/404) reported
improvement from the PCoCC integrated pacing rehabilita-
tion approach delivered by our nursing personnel, physical

Muscle Pain
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Figure 4. Myalgia in LC patients treated in our LCC at baseline
and at follow-up.
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Figure 5. Orthostasis in LC patients treated in our LCC at
baseline and at follow-up.

therapists, and wellness coaches. Although there are no
FDA-approved treatments for LC, patients in this survey
also reported symptom benefits from numerous supple-
ments, prescription medications, and devices such as vagus
nerve stimulators. These included LDN (58%; 44/77),
duloxetine (58%; 59/102), propranolol (56%; 36/64), SPMs
(67%; 18/27), ginseng (65%; 17/26), and fisetin 64%
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Table 3. Interventions, Medications, and Supplements.?

Characteristic Tried® (%)  Found helpful® (%)

Interventions

Post COVID treatment 404(76) 285(71)
program
Physical therapy 236(44) 169 72)
Occupational therapy 124(23) 88 (71)
Biofeedback 96 (18) 82 (85)
Vagal nerve stimulator 34 (6) 18 (53)
Plasmapheresis 9(2) 9 (100)
Transcranial magnetic 5(1) 4 (80)
stimulation
Medications
Gabapentin 115(21) 49 (43)
Duloxetine (Cymbalta) 102(19) 59 (58)
Low dose naltrexone 77 (14) 45 (58)
Propranolol 64 (12) 36 (56)
Amitriptyline 66 (12) 26 (39)
Pregabalin (Lyrica) 42 (8) 18 (43)
Aripiprazole (Ability) 17 (3) 8 (47)
Midodrine 17 (3) 7 (41)
Fludrocortisone 17 (3) 8 (47)
Colchicine 13 (2) 7 (54)
Pyridostigmine (Mestinon) 3() 2 (67)
Supplements
Coenzyme Q10 83 (16) 46 (55)
Ashwaghanda 46 (9) 21 (46)
Fisetin 44 (8) 28 (64)
Specializing pro-resolving 27 (5) 18 (67)
Mediators
Ginseng 26 (5) 17 (65)
Reishi mushroom 19 (4) 8 (42)
Nattokinase/serrapeptase 9(2) 5 (56)

?Data presented correspond to the number (% of all respondents) who
reported trying the given intervention, medication, or supplement. Due
to missing data, the denominator for the calculation of the percentage
ranges from 532 to 536.

®Data presented correspond to the number (% of those who tried) who
indicated that the intervention, medication, or supplement was helpful.

(28/44). The overall level of functioning and other key
symptoms such as fatigue, brain fog, and dysautonomia
improved from the time they were initially evaluated to the
time of the follow-up survey (mean time from positive test
to survey 23 = 6.4months). These findings suggested that
the integrated pacing rehabilitation approach combined
with pharmacotherapies and supplements targeted at neuro-
inflammation may be at least partially beneficial to LC
patients. Unfortunately, only 4.5% (24/536) of patients
rated symptoms low (1-2) in all domains suggesting very
few of our patients have recovered from LC completely.

A similar-sized (n=341) 2-year prospective study was
conducted with the goal of characterizing the clinical symp-
toms and factors associated with LC, as well as assessing

factors associated with recovery.?® This study was con-
ducted in one of the largest LCCs in Spain that had provided
multidisciplinary care to >1200 patients.?® The 344 partici-
pants with LC (WHO definition) enrolled in the study were
followed for a median of 23 months (16.5, 23.5).2° Of these,
only 7.6% (n=26/341) of the LC patients were deemed to
be recovered, which is similar to that observed in our study
(4.5%). A patient with LC was considered to be recovered
when all persistent symptoms were remitted for =3 con-
secutive months. In addition, participants with LC symp-
toms before diagnosis was made were considered recovered
when they returned to baseline levels (pre-COVID).?® The
authors found the recovered participants were more likely
to be male (RR 3.24 95% CI 1.56-6.75; P=.002), have been
admitted to the ICU (RR 8.30 95% C12.84-24.27; P<.001),
and have vascular comorbidities (RR 1.99 95% CI 1.01-
3.92; P=.048).2° Although we did not run a detailed analy-
sis of participants who recovered, this should be a focus of
future studies.

Additional studies have supported the low overall recov-
ery rate in LC in the current setting, with few effective ther-
apies available. The largest was a cross-sectional study
conducted in Scotland using a cohort of 33281 (31486
symptomatic) laboratory-confirmed (PCR) acute SARS-
CoV-2 infections compared to 62957 never-infected indi-
viduals in a national database?’ Greater than 33%
(n=10489) of symptomatic participants reported symptom
duration >4 weeks.??” Participants were asked to complete
additional surveys at 6, 12, and 18 months evaluating the
same 26 symptoms and limitations in daily living.?’
Recovery was assessed by asking participants to self-report
their status of recovery (full, partial, or none). A total of
3744 participants completed both the 6 and 12-month sur-
veys, and the number recovered at those time points was
1683 (45%) and 1736 (46%), respectively. There was little
change in those reporting partial recovery (6 months=1766,
47%; 12months=1705, 46%) or not recovered
(6 months =295, 8%; 12 months=303, 8%).2” Of those par-
ticipants who filled out both surveys, only 53 additional
patients reported being fully recovered at 12months
(53/3444=1.4%).%" This large cross-sectional study, there-
fore, shows similar trends of low recovery rates in commu-
nity LC patients. One additional important aspect of our
low recovery findings is patients seen in our LCC had a
mean of 23.2 = 6.4months between the initial visit and
COVID-19 positive test. During that time, most of the
patients in our clinic had seen numerous local specialists
(e.g., neurology, cardiology, pulmonology, rheumatology,
and infectious diseases) along with primary care physicians
(PCP) who lacked the experience in treating LC.

Our approach to the treatment of LC patients is based on
the cumulative experience of treating thousands of patients
with fibromyalgia, ME/CFS, and POTS and other complex
medical conditions in the Consultative Medicine (CM)
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Clinic of General Internal Medicine (GIM).!%?%2%29 Our
CM physicians specialize in seeing patients with complex,
multisystem diseases, many of which have evaded diagno-
sis locally. Additionally, the majority of our PCoCC physi-
cians were participants and leaders in our institution’s
acute COVID-19 efforts. These included the COVID
Frontline Care Team (CFCT), which followed over 50000
acute COVID-19 cases, pairing high risk patients with at-
home monitoring, and the Monoclonal Antibody Treatment
Team which delivered >20000 doses to patients across our
health system.3*3! The experience in caring for patients
with ME/CFS, fibromyalgia, and POTS coupled with the
breadth of expertise associated with acute COVID-19 care
made this group of physicians the ideal group to take care
of LC patients.

Our institution’s early experience with ambulatory LC
care involved sending patients to multiple specialists (most
commonly, neurology, pulmonology, cardiology, rheuma-
tology, and infectious diseases). Testing, however, would
largely result in non-specific findings that were mildly
abnormal but not intervenable (i.e., sinus tachycardia,
orthostatic intolerance, air trapping, D-dimer elevation,
mild inflammatory marker elevation). Our LCC was devel-
oped to incorporate GIM CM’s expertise in the manage-
ment of chronic post-infectious illnesses to help diagnose,
treat, and coordinate subspecialty care when needed. Our
LCC physicians began utilizing advanced inflammatory
markers (i.e., clinical cytokine panels) and specialized test-
ing, including PET scans and transcranial Doppler exams,
autonomic tilt table testing, and nuclear joint scans in LC
patients to help with diagnosis and develop treatment
plans. 2332

As described, our model centers on developing LC
expertise based on our CM model and experience gained
from acute COVID-19 care and treatment teams. Other
models include PCP-centric versus wide direct access to
specialty care.’3-*° A recent analysis of LC care delivered at
a large tertiary Midwest institution reported the results and
observations from a direct access to specialty care LCC
approach.>* The cohort of 1802 LC patients was seen a
median of 8 months after the initial onset of COVID-19
with 12 specialty clinics being available for consultation.*?
LC patients obtained appointments through physician
referral, hospital follow up, or self-referral.>* Neurology,
cardiology, and pulmonology were the most frequently
referred specialists (>85% of all visits). The authors con-
cluded that their approach provided optimal access to spe-
cialists and testing compared to centralized internal
medicine approaches.*3* This direct entry to specialty care
approach is often applied by medical centers, including our
institution for complex medical care and indeed was the
approach we trialed for LC early in 2020. Although this
approach provided access to specialists and diagnostic test-
ing, identified abnormalities were often only mild and not

intervenable, and detailed coordinated treatment plans
were lacking. In addition, even when patients were transi-
tioned to local care with detailed treatment recommenda-
tions, there were significant barriers to the implementation
of these recommendations by the PCPs, with factors such
as lack of knowledge of LC, lack of FDA approved treat-
ments, and unwillingness to prescribe medications “off-
label” being most commonly cited.

One of the myriad challenges we face in LC care delivery
is the lack of FDA-approved treatments. Our early pheno-
typing approach focused on identifying overlapping features
of commonly post-infectious diagnoses, such as ME/CFS,
POTS, and fibromyalgia, in order to guide treatment.?’ For
example, if LC patients meet the criteria for these complex
chronic illnesses, we would diagnose them as LC induced
ME/CES if we determine COVID-19 to be the inducing fac-
tor. Treatments of LC would then be based on modalities that
we have found to be helpful in these phenotypes (e.g., LDN
for ME/CFS and propranolol for hyperadrenergic POTS).
This approach differs from the predominantly symptom
clustering phenotyping recently done by NIH RECOVER.*
In addition to guiding treatment choices with some modi-
cum of success, this approach has helped when LC patients
file for medical disability.

In the current environment, with no FDA approved ther-
apeutics for LC and multiple therapeutic interventions
being proposed for the treatment of LC, listening to the
lived experience of LC patients is key to identifying what
treatments and supplements may be potentially efficacious.
One of the challenges with this approach is the off-label
drug use (OLDU) of these non-approved therapeutics.
Because the FDA does not regulate the practice of medi-
cine, OLDU occurs in almost every specialty, particularly in
areas such as LC, with patient populations that suffer from
significant symptom burden but lack clear pathophysiologic
understanding and a lack of pivotal clinical trials.’” Patients
seen in our LCC trialed multiple therapies ranging from
nonpharmacological interventions such as physical therapy,
occupational therapy, biofeedback, vagal nerve stimulator
(VNS), plasmapheresis, and transcranial magnetic stimula-
tion (TCMS); to medications like LDN, propranolol, ami-
triptyline, colchicine, midodrine, and fludrocortisone; and
supplements such as fisetin, coenzyme Q10, ginseng, ash-
wagandha, Reishi mushrooms, and specialized pro-resolv-
ing mediators, among others. Interestingly, upon evaluation
in our questionnaire, patients did perceive benefit from
these therapies, ranging from as high as 100% reporting
benefit from plasmapheresis (n=9) to only 39% reporting
benefit from a trial of amitriptyline (n=66). Benefits from
therapeutic strategies ranging from 50% to 80% were noted
by patient’s utilizing physical therapy, occupational ther-
apy, VNS, TCMS and using medications LDN, duloxetine,
propranolol, colchicine, coenzyme Q10, fisetin, ginseng,
and nattokinase/serrapeptase.
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Having this type of patient-centric OLDU data has
informed us about which therapeutics to trial in small clini-
cal trial pilots, such as VNS. In addition, it has led to some
clinicians being more open to accepting the risk of OLDU
prescribing, both in our own clinic as well as local PCCs.
Although current efforts are rightfully focused on finding
novel therapeutics, there is a dire need to have some of the
current commonly used therapies recognized as standard
LC treatments. This approach will potentially allow com-
monly prescribed OLDU therapies to be more widely
accepted by clinicians and thus be disseminated to more LC
patients. When an FDA label does exist, such as with VNS
for headaches, we favor trialing these therapies with poten-
tial crossover effects as first line strategies in LC patients
with these conditions.

Our survey has a number of limitations. First, data on
the severity of COVID-19 infection, including the need
for oxygen and admission/ICU status was not routinely
collected in this patient cohort, which limited the ability to
assess whether LC is more prevalent in patients with
severe disease, as demonstrated in previous studies.
Second, we were unable to precisely delineate the rela-
tionship of severity of LC symptoms with time, so ability
to advise on a generalized timeline of symptom burden is
limited. Third, there is the existence of recall bias as these
patients might not correctly recall symptoms at the time of
LCC evaluation and indeed the reported symptoms may
even have predated their COVID-19 infection. Further,
recall of symptoms at a particular time point may be dif-
ficult, especially with the cognitive dysfunction associated
with LC. It should also be noted that the survey was cre-
ated specifically for LC patients and designed to be adapt-
able to future studies as treatment options change. While it
would have been ideal to use previously validated studies,
there were no previously validated studies that would have
obtained the information we were attempting to obtain.
We attempted to mitigate this limitation by having the
questionnaire validated by patient and content matter
experts. Future studies should administer the question-
naire real time to minimize assessments. Fourth, with a
response rate of 62.9%, there is a possibility of non-
response bias and therefore the findings from our survey
sample may not be representative for all patients who pre-
sented to the PcoCC for treatment, especially as non-
respondents tended to be younger with less comorbidities.
A 63% response rate however is relatively high for a sur-
vey, and previous work suggests that the distribution of
data does not differ significantly between studies with a
response rates between 40% and 80%.°%% Fifth, we did
not collect data on repeat infections, which may have had
implications for those patients who reported worsening of
symptoms. And finally, the generalizability of these results
coming from a retrospective survey at a single institute
cannot be extrapolated to the general population.

Conclusions

Long COVID is a heterogenous condition characterized by
a wide range of symptoms, often in recognizable pheno-
types resembling post-infectious complex chronic diseases
such as POTS, ME/CFS, and fibromyalgia, that may persist
for years following the onset of acute COVID-19. Complete
recovery from LC in our patient population is low and
attributable to the complex cases we see as well as the lack
of novel therapeutics. The LCC approach that has worked
best for our institution, and the thousands of LC patients we
have seen at the time of this paper, is centering the care with
specialized GIM physicians partnered with a multidisci-
plinary team and, when needed, multispecialty care (e.g.,
neurology, cardiology, and pulmonology). Pragmatic trials
of commonly prescribed medications (i.e., LDN, guanfa-
cine, and propranolol) and devices (VNS) to set a standard
of care for LC need to be supported in addition to develop-
ing novel therapeutics.
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