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ABSTRACT
Importance: Estimates suggest that 1% of all teens struggle with Postural Orthostatic
Tachycardia Syndrome. It can be a devastating condition for the adolescents who do
not respond to the currently available pharmacologic and non-pharmacologic
interventions. Preliminary data suggests that intensive interdisciplinary treatment may
provide an effective intervention that can return these youth to normal functioning
including full-time attendance at school, as well as reduce orthostatic symptoms, and
psychological distress.

Objective: To determine the effectiveness and durability of a 3-week interdisciplinary
treatment in adolescents with Postural Orthostatic Tachycardia Syndrome in improving
orthostatic symptoms, functioning, and psychological distress.

Design: Patients diagnosed with Postural Tachycardia Syndrome admitted to an
interdisciplinary treatment program were assessed at admission, discharge and 3-month
follow-up to determine presence and severity of orthostatic symptoms, as well as
functional status including return to school, and depression.

Setting: An intensive interdisciplinary treatment program in a tertiary hospital outpatient setting.
Participants: Forty-five adolescents ages 12-18 with confirmed diagnoses of Postural
Tachycardia Syndrome referred to a tertiary medical center for interdisciplinary treatment.
Intervention: A 3-week intensive outpatient interdisciplinary rehabilitation program with
significant parental involvement based on a cognitive-behavioral model.

Main Outcome and Measure(s): Self-reported orthostatic symptoms were assessed with
the Compass 31; level of functioning was assessed with the Functional Disability Index,
depressive symptoms were assessed with the Center for Epidemiological Studies-
Depression for Children, and self-reported school attendance was assessed.

Results: Significant improvements were observed and maintained at the end of
treatment and at 3-month follow-up on measures of orthostatic symptoms, physical
functioning, and psychological distress. At admission, 32% of patients had completed
high school or were attending school full-time. At 3-month follow-up, 0% were either
attending school full-time or had completed their schooling.

Keywords: Postural POTS,

Orthostatic Tachycardia Syndrome, interdisciplinary

treatment, adolescents.
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Introduction
Postural  Orthostatic
(POTS) s

diagnosed primarily in women of childbearing

Tachycardia

Syndrome a clinical disorder
age and adolescents. The prevalence of POTS
in adolescents is estimated to be 1% of all
teens world-wide.! However, the lack of
comprehensive epidemiological data
prevents accurate determination of the true
prevalence of POTS.? Further, an increase in
POTS cases have been reported following
COVID-19 infection likely amplifying previous

estimate.?®

POTS is a disorder of the autonomic
nervous system whose cardinal manifestation
is symptomatic orthostatic tachycardia. The
symptoms include

syncope, tachycardia,

palpitations, dizziness, light-headedness,
nausea, tremulousness, and fatigue generally
upon assuming an upright posture.®
Adolescent patients are diagnosed with POTS
when typical chronic symptoms (such as
fatigue, postural dizziness, nausea, and pain)
are associated with postural heart rate
increments in excess of 40 beats per minute
on head up tilt testing.”® POTS is incompletely
understood and has been misdiagnosed as
panic attacks, anxiety, vaso-vagal syncope,
inappropriate sinus tachycardia or chronic

fatigue syndrome.’

For patients with severe symptoms,
the effects can be significant debilitation and
distress.’'? As a result of orthostatic
intolerance, patients can become wheelchair
users or bed-bound and are often unable to

continue in education or employment. Up to

a quarter of adults with POTS are on disability
and unable to work due to their symptoms. 13
The disability associated with POTS has been
considered equivalent to that found in
patients with chronic obstructive pulmonary

" For

disease or congestive heart failure.
adolescents, the inability to attend school or
participate in age-appropriate social and
recreational activities is a consequence that is
of significant concern.” Recent research has
found that patients with POTS reported more
suicidal ideation and suicide attempts than

control subjects.’

Treatment of POTS includes both non-
pharmacologic and pharmacologic strategies.
Non-pharmacologic  strategies  include
increasing fluid and salt intake as means of
expanding the blood volume, engaging in
daily exercise training for reconditioning and
blood

hemoglobin mass, enhancing sleep hygiene,

to increase volume and total
wearing compression stockings to improve
circulation by increasing blood return to the
heart from superficial veins in the legs , and
using cognitive behavioral therapy to improve
symptom management and address anxiety
and avoidance that have developed as a result
of these symptoms.’'® The commonly used
pharmacologic agents such as beta blockers
and midodrine facilitate blood flow, and
fludrocortisone helps build blood volume.
Less frequently, other agents such as selective
serotonin reuptake inhibitors, pyridostigmine,

and ivabradine are used.® "

When patients do not employ or
respond to these interventions, functional
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ability and psychological balance can be
significantly impaired.”'??° Patients describe
fear associated with unclear diagnoses and
prognoses, frustration with not getting clear
answers or trying so many treatments without
benefit, sadness of quitting sports, pulling
away from school, and significant worries
about their future including attendance at

college or entering the work world.

Researchers have noted the lack of
evidence-based treatment for POTS despite
the high levels of disability and associated
comorbidity observed in these patients.?! An
interdisciplinary approach to treatment has
been suggested and initial efforts to improve
functioning and distress in these patients with
an interdisciplinary intervention appears
promising.?# An interdisciplinary setting can
bring multiple and concurrent treatments for
adolescents with POTS together with the goal
of returning adolescents to full functioning
including return to school. When patients
debilitated

interventions such as medications and non-

remain despite  first line

pharmacologic  strategies, focusing on
increasing functioning despite symptoms
seems warranted. Similar programs for
adolescents with chronic pain also target
somatization, fear avoidance, catastrophizing
disability

functional

and  resulting leading  to

improvement in status  and

psychological distress. 4%

First in a single case study and then in
an initial short-term study, we found that
adolescents with POTS did benefit from

participating in an intensive interdisciplinary

program, with large improvements in
functioning and psychological distress.?2#
However, our group study was limited in that
we did not measure orthostatic symptoms and
we did not have follow-up data.to assess the
maintenance of gains. The current study was
designed to examine the efficacy and
durability of an intensive interdisciplinary
treatment program in reducing the orthostatic
symptoms of POTS, as well as the associated
functional impairment and psychological

distress observed in adolescents with
debilitating POTS that had been refractory to
initial pharmacologic and non-pharmacologic

treatment.

Methods
Participants

Patients aged 12 to 18 years who were
diagnosed with POTS and attended the Mayo
Clinic Pediatric Pain Rehabilitation Center
program were eligible for this study. POTS
patients often have chronic pain complaints in
addition to their orthostatic symptoms, but
pain was not a requirement for entry into the
program. The interdisciplinary structure of
the program provided an ideal intervention
for adolescents with POTS, because of the
program’s focus on restoring function and
improving  psychological  distress.  The
adolescent POTS patients and their parents
were  asked to  complete  several
questionnaires upon admission and discharge
from the program. All 45 patients who were
recruited and their parents agreed to be in the
study.  Participants received follow-up
questionnaires one week prior to the three-

month follow-up date. A reminder letter was
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sent if questionnaires were not received within
one week. Only data that was sent back within
two weeks of the three-month follow-up date
were used. The Mayo Clinic Institutional

Review Board approved the study.

Procedure

Adolescents completed questionnaires
that measured level of self-perceived
orthostatic symptoms, disability, depressive
symptoms, and school attendance, at
admission and discharge via a web-based
survey tool. They were also mailed the same
survey at three months following discharge.
Medical chart reviews and parental input

provided validation of the information.

Dependent Variables

Orthostatic Symptoms. The COMPASS-31
is a questionnaire that assesses the severity
and distribution of autonomic symptoms.?® It
is based on a well-established measure, the
Autonomic Symptoms Profile, and its 84-
question scoring instrument, The Composite
Autonomic Symptom Score (COMPASS).?’
The COMPASS-31 is an abbreviated measure
that produces a global autonomic severity
score as well as domain scores. Reliability and
validity have been established.® We utilized
the Orthostatic Symptom subscale for this
study, and also reported the composite score,
realizing that many non-orthostatic symptoms
are potentially representative of general
disability rather than to a primary autonomic
disorder.?.

Disability. The Functional Disability

Inventory (FDI) is a validated 15-item scale

developed to assess the impact of illness on a
child’s ability to function in physical and
psychosocial activities of everyday life.*32
Each item is scored from “O=no trouble” to
“4=impossible” across areas of functioning.
Three ranges of disability have been defined

scores of 0-12
disability, 13-29
moderate disability, and scores =30 reflecting

and include reflecting

no/minimal reflecting

severe disability.

School attendance is thought to reflect
an essential indicator of functioning in
children and was assessed in this study
through adolescent self-report. The type of
schooling was identified by patients as “full-

"o

time,” “part-time,” “home-schooled,” “home
tutored” (e.g., homebound services), “no
schooling/no longer attending school,” or
received

“completed  high school or

graduation equivalency diploma”.  School
attendance was measured for the month prior
to enrolling in the program and at 3-month
follow-up. It was not assessed immediately
post-treatment, as all adolescents had missed
the past 3 weeks of school to be enrolled in
the program. Each child left the program with
a structured return to school plan in place as

a routine part of the program.

Depressive symptoms. Symptoms of

depression were assessed with the Center for

Epidemiological Studies- Depression-
Children scale (CES-DC).**** Acceptable
reliability — and  validity = have  been

demonstrated for this measure.® The scale is
composed of 20 items that result in scores

from O to 60 with higher scores reflecting
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higher frequency and severity of depressive
symptoms. Scores above 14 on this measure
are suggestive of depression while a score of
21 and above has been used to diagnose

major depression.

Medication use. Medications focused
on the management of POTS were not altered

during the program.

Treatment Program
The Mayo Clinic
Rehabilitation ~ Center s

Pediatric  Pain
primarily ~ an
interdisciplinary pain treatment program.
However, adolescents with POTS have been
treated in this setting with the same cognitive-
used for the

behavioral  strategies

management of chronic pain since its
inception. In a recent study of the first one-
thousand patients treated in this program,
20.2% of the patients had a diagnosis of
POTS.*¢ Patients without POTS who have
debilitating fatigue, nausea, and vomiting

have been treated in this program as well.

The program is an intensive, 3-week,
hospital-based outpatient interdisciplinary
rehabilitation program designed to assist
adolescents in improving their ability to
manage and reduce chronic symptoms.
Multiple disciplines are represented in the
care team and include pain physicians,
psychologists,

child psychiatrists, nurses,

physical  therapists, and  occupational
therapists.”’” It is a group-based program in
which typically 12-16 patients work together
to focus on goals related to functional

restoration and self-management skills. An

essential goal of the program for patients with
POTS is to learn to self-manage orthostatic
symptoms so that

fainting, falling or

becoming so dizzy that a patient is
incapacitated are resolved. These symptoms
are the ones that appear to interfere with
school attendance, driving, participation in
sports or social activities and that cause the

patient and family the most distress.

The program consists of 8 hours per
day of therapeutic programming for 15
consecutive  working days.  Orthostatic
feelings of lightheadedness, dizziness or
feeling faint are not addressed in the program
as an emergency. Rather, patients are
encouraged to use the strategies they have
been taught of relaxed diaphragmatic
breathing, increased fluid intake, and tensing
leg muscles to address increases in such
symptoms, and other stress management
skills aimed at reducing autonomic reactivity.
treatment

The  multi-modal program

integrates various components including
physical therapy and exercise, exposure-
based therapy, and education to reduce
parent anxiety, stress management strategies
including relaxation therapies and biofeedback,
as well as recreational therapy and wellness
instruction that includes sleep hygiene and
healthy diet; all of which are thought to
decrease autonomic symptoms and improve
functioning of patients. The program
requires extensive parent involvement with
parents directly involved in treatment up to 20
hours a week. The parent portion of the
program focuses upon cognitive-behavioral

parenting skills for parents with a chronically
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ill child with a goal of assisting the child out of
the sick role and reducing the anxiety of the
parents in coping with autonomic symptoms
in their child.

POTS have been shown to demonstrate high

Parents of adolescents with

levels of catastrophizing, and this aspect of
parenting appears related to their children’s

mood and functioning® .

Data analysis

Numeric variables are presented as
either median (range) or mean (SD) while
categorical variables are presented as N (%).
Changes in orthostatic symptoms (Compass-
31), functioning (Functional Disability Index),
(CES-DC)
admission to program discharge (3 weeks

and affective distress from
after admission) and from admission to 3-
month follow-up were estimated along with
95% confidence intervals (Cl) using mixed
effects regression models with random effects
for subject and fixed effects for time
(admission, discharge, and 3-month follow-
up). Paired t-tests were also used to compare
changes from admission to discharge and
from admission to 3-month follow-up, limited
to those subjects with data at both time points
being compared. All analyses were performed
using SAS (version 9.4, SAS Institute Inc.,
Cary, NC).

Missing data

Completion rate was 91% (41/45) for
post-treatment evaluation and 53% (24/45) for
3-month follow-up evaluations. Comparisons
of demographic and clinical characteristics
between subjects lost at post-treatment or at

3 month follow up and subjects successfully

contacted revealed no significant differences
between groups (Table 1). There were no
significant differences in pre-treatment clinical
measures/outcomes, therefore we assume the
missing data is missing at random (MAR) and
unlikely to introduce systematic bias to the
outcomes and our conclusions, especially for
pre- and post-treatment comparisons, when

all available data are included in the analysis.
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Table 1. Baseline characteristics of 45 participants

Non-completer Completer All

Characteristic (N=21) (N=24) (N=45)
Median age (range), years 16 (12-18) 15(12-17) 16 (12-18)
Female sex, n (%) 14 (66.7%) 19 (79.2%) 33 (73.3%)
White/Caucasian race, n (%) 19 (90.5%) 24 (100 0%) 43 (95.6%)
Median change in beats per minute pre- 48 (42-72) 1 (40-93) 48 (40-93)
tilt to post-tilt (range)
Current schooling, n (%)

Attend school full-time 6 (28.6%) 5(21.7%) 1 (25.0%)

Attend school part-time 4 (19.0%) 6 (26.1%) 0(22.7%)

Home-schooled 5 (23.8%) 6 (26.1%) 11 (25.0%)

Receive tutoring 2 (9.5%) 3 (13.0%) 5(11.4%)

Receive no schooling/ no longer attend 2 (9.5%) 2 (8.7%) 4(9.1%)
school

Completed high school / GED 2 (9.5%) 1(4.3%) 3 (6.8%)
Medication(s)

Blood volume regulators, n (%) 2 (10.0%) 2 (8.3%) 4(9.1%)

Vasoconstrictors, n (%) 1(5.0%) 6 (25.0%) 7 (15.9%)

Cardiac control, n (%) 7 (35.0%) 10 (41.7%) 17 (38.6%)

SSRIs/SNRIs, n (%) 12 (60.0%) 11 (45.8%) 23 (52.3%)

Pyridostigmine, n (%) 0 (0.0%) 1(4.2%) 1(2.3%)

Non-completers (N=21) included 4 participants who did not have either post-program or 3-

month follow-up evaluations and 17 participants who completed the post-program evaluation

but did not complete the 3-month follow-up evaluation.

current schooling (N=1 completer) and medications (N=1 non-completer).

Information was not reported for
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Results 95% Cl: -9.1, -3.2) and were maintained at 3-

Baseline demographic and clinical
characteristics as well as school status are
provided in Table 1. Participants were on
average age 16 (range=12-18). The sample
was predominantly Caucasian (95.6%) and
female (73.3%).
postural tachycardia prior to entry into the
study was 48 with a range of 40-86 beats
Patients continued POTS-related medications

The median degree of

as per the prescribing physicians separate

from participation in the rehabilitation

program.

School  attendance had  been
significantly  impacted by  orthostatic
symptoms in this study. At baseline,

education type was reported for 44 of the 45
patients. Of these 44 patients, 3 (6.8%) had
completed HS, 11 (25.0%) were attending
school full-time, and 30 (68.2%) were not
attending full-time (10 part-time, 11 home-
schooled, 5 received tutoring, and 4 reported
no schooling).

Descriptive summaries of outcome
scores for the sample at admission to the
program, at discharge from the program three
weeks later, and at 3-month follow-up are
contained in Table 2.

Changes in Orthostatic Symptoms. Patients
endorsed significant orthostatic symptoms on
the Compass-31 at admission to the
interdisciplinary program with average scores
of 24.18 (Table 2). Significant improvements
were observed at the end of the 3-week

program (mean change from admission: -6.2;

month (mean change from

admission: -7.9; 95% Cl: -11.4, -4.3).

follow-up

Changes in Functioning. Table 2
contains the baseline, post-treatment and 3-
month follow-up data on the Functional
Disability

functional

Index. Significant levels of
impairment were observed at
admission to the program with average scores
of 27.69 (Table 2) that significantly improved
at the end of the program (mean change from
admission: -17.9; 95% Cl: -20.5, -15.3). These
improvements were maintained at 3-month
follow-up (mean change from admission: -
20.5; 95% Cl: -23.7, -17.3). A score of 0-12,
indicating disability, was
observed in 4.4% (2/45) of participants at
admission, 68.3% (28/41) at the end of the

program, and 82.6% (19/23) at follow-up.

no-to-minimal
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Table 2. Outcome measures at program admission, discharge, and 3-month follow-up.

Follow-
Admission Discharge Effect P- Up Mean Effect P-
Outcome Mean (SD),n  Mean (SD), n  Size? Value? (SD), n Size®  value®
Orthostatic 24.18 17.56 (9.29), 0.600 <0.00 15.67 0.222 0.30
Intolerance (10.58), n=41 3 1 (7.91), 8
Subscale n=45 n=24
COMPASS 31 41.01 32.09 0.744 <0.00 29.91 0.517 0.037
Total Score (15.49), (14.64), 0 1 (12.98), 0
n=45 n=40 n=19
FDI Total Score  27.69 (9.59), 9.44(6.80), 2.021 <0.00 6.57 2.040 <0.00
n=45 n=41 0 1 (7.57), 7 1
n=23
25.76 14.46 (9.84), 1.083 <0.00 12.63 1.036 <0.00
CES-D Total
(11.52), n=41 7 1 (9.49), 2 1
Score
n=45 n=24

Abbreviations:

SD - Standard Deviation; FDI - Functional Disability Index; CES-DC - Center for

Epidemiologic Assessment of Depression for Children.

Effect size was calculated as the absolute value of the mean difference divided by the

standard deviation of the difference. Paired T-Tests were used to compare changes from

admission to discharge and admission to 3-month follow-up.

2Admission vs. Discharge.
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Changes in School Attendance. Upon
admission, educational status was reported
for 44 of the 45 patients in the study. Of these
patients, 3 (6.8%) had graduated from high
school and 11 (25%) were attending school
full-time.  Thirty (68.2%) patients were not
attending school full-time and included 10
students attending part-time, 11 were home-
schooled, 5 were receiving tutoring in lieu of
school, and 4 were not engaged in any type
of school.

At 3-month follow-up, educational status was
only reported for 24 of the 45 patients in the
study. Among the 24 patients with follow-up
data, 1 (4.2%) had then completed high
school, 22 (91.7%) were attending school full-
time, and only 1 (4.2%) was not attending
school full-time and reported no schooling.

Changes in Affective Distress. Patients
scored on average 25.76 (Table 2) on the
Center for Epidemiologic Assessment of
Depression for Children on admission which
suggests high level of depressive symptoms.
At discharge from the program 3 weeks later,
scores fell showing significant improvement
(mean change from admission: -11.2; 95% Cl:
-14.4, -8.0). This
maintained at 3-month follow-up (mean
change from admission: -12.6; 95% Cl: -16.6,
-8.6).

improvement  was

Discussion

POTS is a chronic disorder of the
autonomic nervous system that is complex
and challenging to treat. It is characterized by

orthostatic tachycardia without hypotension

and orthostatic intolerance. The orthostatic
symptoms experienced by adolescents with
POTS

functioning including attendance at school,

often significantly interfere with
plans for college, and ability to participate in

age-appropriate social and recreational
activities. Parents may view their children as
“in danger” due to these symptoms and may

curtail their driving or traveling.

Treatment options are few and cases
appear to be increasing as post-viral POTS
cases are being identified in recent years. Few
interdisciplinary programs are available for
the treatment of POTS despite data to
support  the

effectiveness of intensive

interdisciplinary care.

The current study provides the first
documented evidence of a significant and
orthostatic
POTS
interdisciplinary treatment. The

sustained decrement in

intolerance in  adolescents with
following
program  specifically targets orthostatic
symptoms of dizziness and strategies are
provided to manage these symptoms.
Symptomatic improvements were reported
following treatment, and these improvements

were maintained for at least three months

This study also provides the first 3-

month follow-up data on measures of

functioning, and psychological distress in

adolescents with POTS following

interdisciplinary treatment. The present study

confirms previous findings of improved

functioning and  psychological  distress
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following intensive treatment and now shows
the maintenance of these gains at three

months.??

The interdisciplinary program targeted
return to school as a critical outcome variable.
If an adolescent with POTS can return to
school full-time, it can be viewed as an
important marker for health. The current
study showed that the majority of patients
were able to successfully return to school

following treatment.

Limitations and Further Considerations

These findings may not be
generalizable to the larger population of
adolescents with POTS. The interdisciplinary
program had stringent requirements for
participation including that the patient had to
be significantly debilitated (typically missing
at least 30 days of school during the previous
academic year) and one parent had to be
present and participate in the program for the
entire three weeks. The findings of this study
can not necessarily be generalized to less
severely debilitated adolescents or to
adolescents  with less-involved parents.

Further follow-up study is needed to
determine the longer-term effects of this
intensive intervention. The current data of 3-
month follow-up is positive and promising.
Ongoing research has been designed to

examine 6-month and one-year follow-up to

assess the maintenance of gains in orthostatic
symptoms as well as in functional and

psychological status.

Future research aimed at determining
the relative value of various treatment
components of our intensive program is
needed in order to appropriately focus and
structure future programs. Does the program
structure enhance compliance with standard
non-pharmacologic  approaches to the
treatment of POTS? Is it the supervised
physical therapy that is conducted in the
interdisciplinary program in a small group
setting that leads to a decrease in autonomic
symptoms and improved functioning? s
exercise the key, but patients are unable to
perform this level of conditioning alone or
outside of a structured program due to
anxiety or lack of support? Are the behavioral
exposure-based therapies the key to
decreasing patient fear avoidance and is the
active  ingredient in  this  structured
intervention? Or is it the decrease in anxiety
that parents experience in the program
through the structured parenting sessions that
is the key to successful rehabilitation of these
teens? Future research that targets the
components of the interdisciplinary program
will be able to determine the relative
contributions of each to the program'’s overall

success.
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Conclusions
This study provides the first follow-up
orthostatic

data  regarding symptoms

following interdisciplinary treatment for

adolescents  with  Postural  Orthostatic
Tachycardia Syndrome (POTS) and is the first
study to assess the durability of treatment

gains for this population. For patients with

debilitating symptoms, an intensive treatment
approach is effective in returning patients to
their level of

school and improving

functioning, autonomic symptoms, and
coping. An intensive rehabilitation program
may be an effective structure for the treatment
of severely debilitated patients with Postural

Orthostatic Tachycardia Syndrome (POTS).
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