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BACKGROUND Patients with post-acute sequela of COVID-19 (PASC) often report symptoms of orthostatic intolerance

and autonomic dysfunction. Numerous case reports link postural orthostatic tachycardia syndrome (POTS) to PASC. No

prospective analysis has been performed.

OBJECTIVES This study performed head-up tilt table (HUTT) testing in symptomatic patients with PASC to evaluate for

orthostatic intolerance suggestive of autonomic dysfunction.

METHODS We performed a prospective, observational evaluation of patients with PASC complaining of poor exertional

tolerance, tachycardia with minimal activity or positional change, and palpitations. Exclusion criteria included pregnancy,

pre-PASC autonomic dysfunction or syncope, or another potential explanation of PASC symptoms. All subjects under-

went HUTT.

RESULTS Twenty-four patients with the described PASC symptoms were included. HUTT was performed a mean of 5.8

� 3.5 months after symptom onset. Twenty-three of the 24 had orthostatic intolerance on HUTT, with 4 demonstrating

POTS, 15 provoked orthostatic intolerance (POI) after nitroglycerin, 3 neurocardiogenic syncope, and 1 orthostatic hy-

potension. Compared with those with POTS, patients with POI described significantly earlier improvement of symptoms.

CONCLUSIONS This prospective evaluation of HUTT in patients with PASC revealed orthostatic intolerance on HUTT

suggestive of autonomic dysfunction in nearly all subjects. Those with POI may be further along the path of clinical

recovery than those demonstrating POTS. (J Am Coll Cardiol 2022;79:2325–2330) © 2022 by the American College of

Cardiology Foundation.
R elatively little is known about the potential
lasting impact of COVID-19. There is recogni-
tion of a debilitating post COVID-19 syn-

drome referred to as post-acute sequela of COVID-19
(PASC), defined as the presence of at least 1 clinical
sequela at least 4 weeks after acute COVID-19 infec-
tion.1-3 Although current PASC literature describes fa-
tigue as a primary symptom, palpitations and
orthostatic intolerance (OI) have also been reported,
albeit less frequently.4,5 The etiology of these symp-
toms is unknown, and a purported mechanism is dys-
regulation of the autonomic nervous system.
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Autonomic dysfunction associated with OI, including
new-onset postural orthostatic tachycardia syndrome
(POTS) in patients with PASC, has been described in
case reports.6-10 We identified patients with specific
PASC symptoms following COVID-19 infection and
report a prospective evaluation of OI in these
patients.

METHODS

The study is a prospective, longitudinal, observa-
tional evaluation of patients between the ages of
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TABLE 1 Response Categories of HUTT Testing

POTS Development of typical PASC symptoms with heart
rate increase of $30 beats/min, or absolute
heart rate >120 beats/min within 10 minutes of
standing, with systolic blood pressure (SBP)
decrease <20 mm Hg and diastolic blood
pressure (DBP) decrease <10 mm Hg.

POI Development of typical PASC symptoms with heart
rate increase of $30 beats/min with SBP
decrease <20 mm Hg and DBP decrease
<10 mm Hg occurring after administration of
sublingual NTG. Heart rate and blood pressure
changes within 10 minutes of NTG
administration compared with the last set of
vital signs obtained in the passive,
nonpharmacological component (the 21st

ABBR EV I A T I ON S

AND ACRONYMS

HUTT = head-up tilt table

NTG = sublingual nitroglycerin

OI = orthostatic intolerance

PASC = post-acute sequela of

COVID-19

POI = provoked orthostatic

intolerance

POTS = postural orthostatic

tachycardia syndrome
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18 and 70 with PASC symptoms of poor ex-
ertional tolerance, tachycardia with minimal
activity or positional change, and palpita-
tions. Diagnosis of acute COVID-19 illness
required a positive polymerase chain reac-
tion test. The period of acute infection
was defined as the time between onset of
COVID-19 symptoms, regardless of severity
or need for medical attention, and 3 weeks
after initial acute symptom onset. PASC
symptoms were defined as those that were
present a minimum of 3 months after recov-
minute).

Neurocardiogenic
syncope

Significant fall in heart rate or blood pressure with
loss of consciousness or inability to maintain
posture.

Orthostatic
hypotension

Any heart rate increase with a SBP decrease
>20 mm Hg or DBP decrease >10 mm Hg.

Normal Absence of patterns noted above.

HUTT ¼ head-up tilt table; NTG ¼ sublingual nitroglycerin; PASC ¼ post-acute
sequela of COVID-19; POI ¼ provoked orthostatic intolerance; POTS ¼ postural
orthostatic tachycardia syndrome.
ery from acute COVID-19 illness. For study enroll-
ment, patients required testing for an alternate
etiology of symptoms after PASC diagnosis and were
excluded for any of the following: abnormal chest
x-ray, left ventricular ejection fraction <50% by
transthoracic echocardiography, abnormal hemoglo-
bin/hematocrit, or abnormal thyroid-stimulating
hormone levels. Patients were also excluded for
pregnancy, pre-COVID-19 history of syncope, or pre-
COVID-19 autonomic dysfunction by symptoms or
diagnosis. Patients taking beta-blockers initiated for
PASC symptoms were not excluded from the study.
SEE PAGE 2331
After enrollment, demographic data were collected
and patients underwent head-up tilt table (HUTT)
testing. HUTT was performed as per the Italian pro-
tocol on all patients after an overnight fast.11 After a
minimum 5-minute supine position, subjects were
tilted to 70� with an initial 21-minute pharmacology-
free passive component and, if a normal response
was demonstrated, administration of a 0.4-mg sub-
lingual nitroglycerin (NTG) tablet with continuation
of a 15-minute observation component. Blood pres-
sure was recorded in the right arm with an automated
BP cuff at 3-minute intervals, and additional re-
cordings were performed as guided by development
of patient symptoms. Heart rate, electrocardiogram,
and pulse oximetry were continuously recorded.
HUTT testing was performed by a single research
team member (S.M.J.). Beta-blockers were not held
before HUTT. Five response types were defined for
the study and are delineated in Table 1: POTS, pro-
voked OI (POI) seen after NTG, neurocardiogenic
syncope, orthostatic hypotension, and normal. The
first 4 responses were evidence of OI. Both POTS and
POI diagnoses required reproduction of a patient’s
exact clinical symptoms during HUTT, with rapid
improvement on return to a supine position. Dedi-
cated follow-up of PASC symptoms was performed at
3 and 6 months after subject enrollment.
STATISTICAL ANALYSES. Descriptive statistics were
calculated for the sample. The Shapiro-Wilk test and
Q-Q plots were used in conjunction to assess the
normality of continuous variables. Continuous vari-
ables were reported as mean � SD, and categorical
variables were reported as number (%). Comparisons
between groups were performed using unpaired
Student’s t-test for continuous variables and Fisher
exact test for categorical variables due to small sam-
ple sizes. All tests were 2-sided and a P value <0.05
was used to indicate statistical significance. Analyses
were performed in SAS version 9.4 (SAS Institute Inc).

ETHICAL APPROVAL. The study was approved by the
Institutional Review Board at Hackensack University
Medical Center at Hackensack Meridian School
of Medicine.

RESULTS

Thirty-two patients with the described PASC symp-
toms were referred for this study from a dedicated
post COVID-19 recovery clinic or from other clinics
within our hospital network. Three referred patients
chose not to participate in the study, 2 were excluded
for anemia, 1 was excluded for pregnancy, 1 was
excluded for pre-existing syncope, and 1 did not wish
to have HUTT performed. The remaining 24 patients
underwent HUTT. Most of the subjects (83.3 %) were
women with a mean age of 43.1 � 11.3 years. Only 2
patients had required hospitalization for acute
COVID-19 infection, one of whom was managed in the



TABLE 2 Patient Characteristics (N ¼ 24)

Age, y 43.1 � 11.3

Sex

Male 4

Female 20

Acute COVID-19 symptoms

Fever 23

Cough 22

Shortness of breath 20

Loss of taste 15

Loss of smell 14

Hospitalized for acute COVID-19 infection 2

Required intensive care unit admission 1

PASC symptoms

Palpitations 24

Exertional intolerance 24

Fatigue 21

Cognitive dysfunction 16

Headache 11

Chest pain 6

Beta-blocker use for PASC symptoms 7

Months from positive COVID-19 test to onset of PASC
symptoms

1.0 � 0.6

Months from onset of PASC symptoms to tilt table test 5.8 � 3.5

PASC symptoms resolved/improving/unchanged at time
of HUTT

0/18/6

Months from onset of PASC symptoms to first study
follow-up

9.1 � 3.6

PASC symptoms resolved/improving/unchanged at first
study follow-up

2/17/5

Months from onset of PASC symptoms to final study
follow-up

11.9 � 3.7

PASC symptoms resolved/improving/unchanged at final
study follow-up

4/16/4

Values are mean � SD, number of patients describing PASC symptoms resolved/
improving/unchanged at various time points.

Abbreviations as in Table 1.
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intensive care unit. All patients continued to describe
PASC symptoms at the time of HUTT, which was
performed 5.8 � 3.5 months from PASC symptom
onset. We performed initial follow-up of PASC
FIGURE 1 Subject Responses to HUTT Testing

Conse
Subjects 

POTS (n = 4) POI (n = 15) Neurocardiog
(n =

Twenty-four consecutively enrolled patients underwent HUTT with 4 demo

hypotension, and 1 with a normal response. HUTT ¼ head-up tilt table; P
symptoms on all patients at 9.1 � 3.6 and final follow-
up at 11.9 � 3.7 months from PASC symptom onset.
Table 2 describes patient characteristics of all enrolled
subjects.

Figure 1 demonstrates subject responses to HUTT.
Four patients demonstrated POTS, 15 demonstrated
POI, 3 had neurocardiogenic syncope, 1 had ortho-
static hypotension, and 1 response was normal. In
addition to the 3 patients exhibiting neurocardiogenic
syncope alone, 1 of 4 patients with POTS and 5 of 15
patients with POI also developed neurocardiogenic
syncope during HUTT. Graphical examples of POTS,
POI, and combination POI and neurocardiogenic
syncope responses on HUTT are shown in the Central
Illustration.

Compared to patients with POTS, those with POI
trended older in age, had significantly higher body
mass indexes, and were significantly more likely to
describe improvement of their PASC symptoms by the
time of HUTT testing and at initial follow-up (Table 3).
None of the 4 patients diagnosed with POTS was
taking beta-blockers.

DISCUSSION

We performed a prospective evaluation of OI by HUTT
in PASC. All but 1 of our patients exhibited OI on
HUTT, suggestive of autonomic dysfunction. Given
that only 2 of our patients required hospitalization,
our study suggests that even mild cases of COVID-19
illness can lead to PASC symptoms. Although
nearly one-third of our subjects demonstrated
either POTS or neurocardiogenic syncope by classic
definitions,12-14 nearly all others had a normal passive
HUTT response but went on to exhibit OI with
reproduction of their PASC symptoms provoked by
NTG administration. The pattern of OI provoked by
NTG is similar to the triad seen in classic POTS:
reproduction of exact clinical symptoms, significant
cutively Enrolled
with HUTT (n = 24)

enic Syncope
 3)

Orthostatic Hypotension
(n = 1) Normal (n = 1)

nstrating POTS, 15 exhibiting POI, 3 with neurocardiogenic syncope, 1 demonstrating orthostatic

OI ¼ provoked orthostatic intolerance; POTS ¼ postural orthostatic tachycardia syndrome.
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Jamal SM, et al. J Am Coll Cardiol. 2022;79(23):2325–2330.

(A) Example of POTS response. On standing, classic PASC symptoms develop and heart rate increases >30 beats/min with minimal change in blood pressure. The heart

rate normalizes and symptoms resolve with resumption of supine position. (B) Example of POI response. During the initial, nonpharmacological phase, no PASC

symptoms are described and heart rate increases, although <30 beats/min. After administration of NTG, there is reproduction of classic PASC symptoms and heart rate

increases >30 beats/min with minimal change in blood pressure. The heart rate normalizes and symptoms resolve with resumption of supine position. (C) Example of

combination POI and neurocardiogenic syncope. POI response develops with sudden and significant fall in heart rate with loss of consciousness denoted by arrow

labeled “syncope.” HUTT ¼ head-up tilt table; NTG ¼ sublingual nitroglycerin; PASC ¼ post-acute sequela of COVID-19; POI ¼ provoked orthostatic intolerance;

POTS ¼ postural orthostatic tachycardia syndrome.
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heart rate increase, and minimal blood pressure
reduction. As POTS is traditionally diagnosed in the
absence of provocative agents,15 we categorized this
observation as POI. Previous investigation of HUTT
response after sublingual NTG administration in
control subjects demonstrated relatively little impact
on blood pressure, heart rate, or symptom reproduc-
tion.16-18 We believe the POI response seen in these
subjects is significant and may suggest underlying
autonomic dysfunction after COVID. This dysfunction
is presumably PASC related, as no patients reported
history suggestive of OI or autonomic disease before
their illness.
We investigated differences between those
demonstrating POTS and POI responses, under-
standing the inherent limitation of small group sizes.
Despite this, subjects with POI response trended older
with significantly higher body mass index, and all
reported significantly greater improvement in PASC
symptoms by the time of HUTT performance with
symptom improvement or resolution at first follow-
up, an average of 9 months from the time of PASC
symptom onset. One potential explanation of these
findings is that compared with the older POI subjects,
younger individuals afflicted with PASC may manifest
more substantial forms of PASC-related OI that in turn



TABLE 3 Associations Between Patients Demonstrating POTS or POI Responses

During HUTT

POTS
(n ¼ 4)

POI
(n ¼ 15) P Value

Age, y 31.8 � 4.6 42.7 � 10.7 0.067

BMI, kg/m2 19.5 � 3.6 26.0 � 5.7 0.048

Months from positive COVID-19 test to onset of PASC
symptoms

1.2 � 0.9 0.9 � 0.4 0.36

Beta-blocker use for PASC symptoms 0 5 0.53

Months from onset of PASC symptoms to tilt table test 5.1 � 3.0 6.2 � 3.8 0.58

PASC symptoms present but improving at time of HUTT 1 15 0.004

PASC symptoms improving or resolved at first study
follow-up

1 14 0.016

PASC symptoms improving or resolved at final study
follow-up

3 14 0.39

Values are mean � SD or n, unless otherwise indicated. Bold indicates P value <0.05.

BMI ¼ body mass index; other abbreviations as in Table 1.
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takes longer to improve or resolve. Another possibil-
ity is that those with improvement in PASC symptoms
require a greater degree of provocation to elicit the OI
suggestive of autonomic dysfunction. We speculate
that those with POI would potentially have demon-
strated a true POTS pattern during the non-
pharmacologic phase had HUTT been performed
earlier in the course of disease and before PASC
symptom improvement.

POTS is thought to be a disorder of the autonomic
nervous system associated with OI, and clinically
presents as orthostatic tachycardia with varied symp-
toms of fatigue, palpitations, dizziness, and cognitive
dysfunction.15 The precise pathophysiology of POTS is
unclear, and whether the purported mechanisms are
similarly responsible for the OI seen in patients with
PASC is an area in need of additional investigation.
Regardless, the development of POTS after viral and
bacterial illness is well established19 beginning with
the earliest description of the disorder.20 With the
overwhelming number of COVID-19 infections, it
seems logical that case studies and retrospective ana-
lyses now demonstrate the development of POTS in
those recovering from COVID-19.6-10 Our investigation
adds to this emerging body of knowledge, suggesting
in a prospective manner that nearly all individuals
with the described PASC symptoms are impacted by OI
that suggests autonomic dysfunction.

In our study, patients were excluded for history of
syncope before PASC development. Although only 1
patient described syncope as a symptom of their
PASC, neurocardiogenic syncope was observed on
HUTT in 9 patients. Neurocardiogenic syncope
is known to occur in 10%-38% of patients with
POTS.21-24 It is theorized that the characteristic find-
ings in POTS are a result of increased sympathetic
discharge that may dissipate, resulting in brady-
cardia, hypotension, and syncope from relative sym-
pathetic withdrawal.25 Although the mechanism is
unclear, we believe POI may have an overlap with
neurocardiogenic syncope similar to POTS. Although
neurocardiogenic syncope on HUTT may represent a
paroxysmal event in other scenarios, we speculate
that this finding may be part of a constellation of
PASC-related disorders of autonomic tone.

STUDY LIMITATIONS. Our investigation is limited by
both the small overall population of patients and
enrollment at a single site with an increased potential
for type II error. We do not have an accurate assess-
ment of the total PASC population from which our
patients were selected, as they were referred from
several clinics. The small size of the patient popula-
tion and the heterogeneity of management did not
lend themselves to analysis of the potential effects of
therapy on symptom resolution. We evaluated pa-
tients by updated criteria of PASC and included those
with specific symptoms, but recognize that the defi-
nition, symptoms, and timeline of PASC is
evolving. Before HUTT, beta-blockers were not held
for the subjects taking these medications.
Our objective was to assess patients in their current
PASC state, even if on beta-blocker therapy. Although
beat-to-beat invasive or noninvasive arterial
pressure monitoring can be used during HUTT, we
performed fixed interval blood pressure monitoring.
In this prospectively gathered but retrospectively
analyzed database of patients with COVID-19, we did
not systematically collect data regarding other
autonomic dysfunction symptoms, hence we
acknowledge that these patients had OI that was
strongly suggestive but not necessarily diagnostic of
autonomic dysfunction. Nevertheless, we feel that
the OI is a potentially important, objective element of
autonomic dysfunction with limited alternate expla-
nations. Finally, the POI group of patients defined by
OI after NTG had identical PASC symptoms and an
HUTT response strikingly similar to POTS. Although
we recognize that this pattern cannot be categorized
as POTS and appreciate that the explanation of the
POI pattern has not been clearly established, we
believe it is highly suggestive of underlying auto-
nomic dysfunction.

CONCLUSIONS

This is a prospective evaluation of HUTT in patients
with PASC with specific symptoms. We found OI on
HUTT in nearly all study patients, and neuro-
cardiogenic syncope in 9 of 24. These findings suggest



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Patients with exercise intolerance, tachycardia on

minimal activity or positional change, and palpitations

as post-acute sequelae of COVID-19 often exhibit

abnormal orthostatic response to HUTT testing,

suggesting autonomic dysfunction.

TRANSLATIONAL OUTLOOK: Additional studies

are warranted to assess the impact of specific treat-

ment modalities on autonomic function and symp-

toms in patients with these post-acute sequelae of

COVID-19.
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the presence of autonomic dysfunction. Compared
with those with POTS response on HUTT, subjects
demonstrating POI may be further along the path of
clinical recovery and describe significantly earlier
improvement of symptoms.
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