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Abstract

Purpose Postural orthostatic tachycardia syndrome (POTS) in adults is defined as symptoms of chronic orthostatic intoler-
ance (COI) and autonomic dysfunction (AD) with heart rate (HR) increase of 30 beats per minute (bpm), or HR > 120 bpm,
during prolonged upright position. However, in adolescents, POTS is defined as symptoms of OI and AD with HR increase
of >40 bpm, based on tilt table data. We assessed frequency of COI symptoms in pediatric patients versus HR criteria on
prolonged standing to evaluate using criteria of increased HR of 30-39 bpm versus >40 bpm in our POTS Program.
Methods Patients with COI with symptoms for > 3 months plus HR increase of >30 bpm on 10 min stand aged <18 years
at diagnosis were included. Patients were divided into two groups: those with HR increase of 30-39 bpm, and those with
HR increase of >40 bpm or upright HR of > 120 bpm. A total of 28 symptoms described prior to diagnosis were evaluated
using chi-square testing to assess for significant differences.

Results Only insomnia was found to be significantly different between the two groups. The other 27 symptoms showed no
significant difference as a function of HR.

Conclusion There are minimal statistically significant differences and no clinical differences between patients as a function
of HR increase during standing. Thus, a 40-bpm threshold for adolescents on standing test may be too high, or a specific HR
criteria threshold is neither predictive nor definitive in diagnosing POTS.

Keywords Adolescent - Dysautonomia - Postural tachycardia - Diagnosis

Introduction 120 beats per minute (bpm). Earlier studies described this

increase in heart rate to be at least 30 bpm [1, 2]. However,

The clinical criteria used to define and diagnose postural
tachycardia syndrome (POTS) include a history of chronic
orthostatic intolerance (COI) and severely debilitating symp-
toms of orthostatic intolerance suggestive of autonomic dys-
function, as well as a significant tachycardic response to pro-
longed upright position, or an upright heart rate of at least
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subsequent tilt table testing studies in adolescents deter-
mined that a cutoff of at least 40 bpm was more appropriate
[3]. These data were subsequently used to create a consensus
document in 2015 from the Heart Rhythm Society in which
they utilized different heart rate criteria in adolescents aged
12-19, defined as an increase of at least 40 bpm [4], but
maintained the 30-bpm criteria threshold for adult patients.

The POTS Program at the Children’s Hospital of Phila-
delphia (CHOP) opened in January 2014, although patients
had been diagnosed and managed at CHOP by Dr. Boris
since November 2007. The method of evaluation, including
assessment of historical symptoms, involved a 10-min stand-
ing test based upon the previously published threshold of an
increase of more than 30 bpm, or an upright heart rate of at
least 120 bpm, for the diagnosis of POTS. Both the initial
and subsequent onset of patient symptoms prior to diagnosis
were recorded as discrete data within the health record. We
sought to ascertain whether there was a difference in the
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presentation of patient symptoms in patients diagnosed with
COlI associated with a heart rate increase of 30-39 bpm,
consistent with the prior diagnostic threshold, versus those
with at least a 40-bpm increase or with an upright heart rate
of at least 120 bpm, consistent with the newer diagnostic
criteria. Our hypothesis was that the burden of symptoma-
tology was unrelated to degree of tachycardic response to
upright position.

Methods

The POTS Program at CHOP created a database in REDCap
(Research Electronic Data Capture) that, in part, captured
both demographic and discrete symptom data from the elec-
tronic health record [5]. Patients who were aged 18 years

Table 1 Signs and symptoms assessed

or under at the time of diagnosis of COI, and were evalu-
ated between November 2007 and June 2016, met inclu-
sion criteria for this retrospective evaluation. We utilized
the accepted definition of POTS as daily symptoms of COI
with sustained, excessive tachycardia in the absence of pos-
tural hypotension [6]. Initial patient evaluations and diagno-
ses were performed by only one of two physicians regularly
caring for POTS patients in the Division of Cardiology.
During initial intake a series of 28 symptoms [7-9] were
reviewed with the patients and families to ascertain their
presence or absence (Table 1). These symptoms spanned
several somatic systems, including cardiovascular, gastroin-
testinal, orthopedic, and neurologic. Symptom history was
also ascertained pertaining to qualitative worsening with
upright position. Only those patients who had (1) multiple
symptoms across more than one physiologic system, (2)

Sign/symptom Description/definition

Abdominal pain
Blurred vision

Cognitive dysfunction

Discomfort in the abdominal area for any reason, including gastroesophageal reflux or constipation
Visual changes associated with lightheadedness, including blurred vision, seeing spots, tunnel vision, or dark vision

Also referred to colloquially as “brain fog,” this includes difficulty with concentration, memory, learning or paying

attention in school, or feeling as if one is in a “fog”

Chest pain
cardiovascular system

Cold intolerance
Constipation

Discomfort in the chest, including pain from the musculoskeletal system, gastrointestinal system, pulmonary system, or

Worsening of symptoms associated with exposure to a cold environment
Infrequent bowel movements or significant difficulty passing bowel movements

Diaphoresis Sweating easily or excessively, with or without activity
Diarrhea Loose, watery bowel movements
Dizziness

vestibular etiology
Dyspnea with activity
Early satiety
Exercise intolerance
Fatigue
Headache

Heat intolerance

Lightheadedness associated with a cardiovascular etiology (i.e., relative hypotension), as compared to vertigo or a

Shortness of breath with any activity sooner than peers, or with minimal physical exertion

Feeling abnormally full early after oral intake, such as after one or two bites of a meal

Inability to exercise at the same capacity as one’s peers, with or without dyspnea

Being profoundly tired, despite adequate sleep and absent any other obvious etiology

Pain or discomfort associated with various diagnoses, including migraine, cluster, tension, and sinus headaches
Worsening of symptoms when exposed to a warm or hot environment

Sensitivity to sounds otherwise considered a normal hearing level, or worsening of symptoms associated with exposure

Hyperacusis
to sound
Insomnia Difficulty getting to sleep or staying asleep
Joint hypermobility The ability to move the joints past the normal range of motion
Joint pain Discomfort associated with musculoskeletal joints, either at rest or in motion

Muscle pain

Discomfort associated with the muscles, either at rest or in motion

Nausea The sensation of feeling as of about to vomit

Numbness Decreased sensation or abnormal tingling sensation

Palpitations The sensation of the heart skipping a beat, beating abnormally, or beating fast for no reason

Photophobia Sensitivity to light otherwise considered to be a normal tolerable level, or worsening of symptoms associated with
exposure to light

Syncope Transient loss of consciousness associated with a loss of postural tone followed by relatively rapid recovery

Tachycardia Increased heart rate associated with the sensation of tachypalpitations

Venous pooling

Vomiting

Hands and/or feet turning purple or blotchy upon prolonged upright position or prolonged dependent position

Emesis, or throwing up, as inappropriate and uncontrolled regurgitation of stomach contents
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symptoms for at least 3 months, (3) frequent recurrence of
symptoms, and (4) interference in activities of daily living
due to symptomatology were then evaluated by a 10-min
standing test. For example, a patient with a complaint of
lightheadedness, tachycardia, nausea, and visual changes
(e.g., seeing spots or blurred vision) that was transient in
nature, infrequent, or did not interfere with activities of daily
living, would not undergo a standing test. However, a patient
with lightheadedness, blurred vision, fatigue, cognitive dys-
function, insomnia, headache, nausea, and constipation that
was persistent or frequently recurrent, and severe enough
that it significantly disrupted routine activity would undergo
testing. Patients included in this study were not taking medi-
cations that would affect the autonomic system at the time
of evaluation, including volume expanding agents (e.g.,
fludrocortisone), vasoconstricting agents (e.g., midodrine),
beta blockers, tricyclic antidepressants, or stimulants. ECGs
were obtained on all patients. The protocol for the standing
test required that the patient remain supine for 3 min. A
resting heart rate was obtained. The patient was then asked
to stand motionless for 10 min with minimal stimulation.
Heart rate measurements were obtained once per minute,
with the highest consistently achieved heart rate documented
as diagnostic. If a patient achieved a 30-point increase in
heart rate once during the 10-min stand, but otherwise main-
tained less than a 30-point increase, it was not recorded as
the high heart rate, and the patient was not diagnosed with
POTS. Conversely, if a patient had a heart rate increase of
at least 30 bpm measured at least three times, the test was
deemed positive. Blood pressure was measured at the 1-min
and 3-min marks. Patients with a decrease in systolic blood
pressure greater than 20 mmHg were not given a diagnosis
of POTS. Serum and plasma catecholamine levels were not
obtained as part of the evaluation. The patients then were
divided into two groups of patients: those with a heart rate
increase of 30-39 bpm, and those with at least a 40-bpm in
heart rate on 10-min standing test, or an increase of over
120 bpm. Individual symptoms were then compared between
the two groups for percentage frequency. Joint hypermobility
was also diagnosed in the clinic by performing a Beighton
score during physical examination, with a score of less than
6 consistent with joint hypermobility without Ehlers—Danlos
syndrome. Patients with a Beighton score of 6 or greater plus
appropriate other historical and clinical findings would be
referred to the CHOP Connective Tissue Disorders clinic for
further evaluation. If appropriate, a diagnosis of hypermo-
bile Ehlers—Danlos syndrome was made through that clinic.

Statistical analysis was performed using R version 3.5.3,
utilizing chi-square assessment to assess for differences
between specific categorical variables, and Mann—Whitney
U test to assess between two groups, at a significant value
of 0.05. Since we tested for 28 variables, Bonferroni correc-
tion was used to adjust for multiple comparisons in order to

control the false discovery rate. After adjustment, p value
less than 0.002 was considered to be statistically significant.
We performed a multiple logistic regression model using
the group variable heart rate increase > 30-39 or >40 bpm
as the dependent variable and the 28 symptom variables as
independent variables, and using variance inflation factor
(VIF) to identify the variables that are highly correlated. To
estimate the empirical density of the number of symptoms
for each group, we used a kernel density estimation with a
Gaussian kernel. We adopted the commonly used normal
reference rule to select the bandwidth for the kernel estima-
tion [10]. The method was implemented using R package
“ggplot2”. In order to check the multicollinearity among
the symptom variables, we calculated the pairwise Pearson
correlations for the 28 symptom variables to evaluate the
magnitude of association among the variables. Additionally,
we conducted principal component analysis (PCA) to reduce
thenumber of symptoms by extracting principal components.
We specifically used the logistic PCA approach for dimen-
sionality reduction of binary data proposed by Landgraf and
Lee [11]. This approach is an extension of ordinary PCA by
means of a matrix factorization, akin to the singular value
decomposition, that maximizes the Bernoulli log-likelihood.
We then built a classification tree based on Gini split to iden-
tify the variables that predicted the categories of HR (within
30-39 or > 40) without the linearity assumption. We used all
the 28 symptoms in the mode, and randomly split the data
into training and testing sets in the ratio of 7:3. The training
set was used to build the tree and the testing set was used to
test the performance of the tree. The importance score meas-
ures of the variables are listed in Table 2, ranking from high
to low. The importance score measures a variable’s ability
to predict the outcome in the built tree, where a higher score
indicates that the variable is more useful for predicting the
HR categories.

The data were obtained during the course of routine clini-
cal care through the electronic health record and were subse-
quently de-identified. Thus, a waiver of consent was granted
by the CHOP Institutional Review Board, as it would have
been impractical to gain consent retroactively.

Results

From November 2007 to June 2016, a total of 722 patients
were evaluated and diagnosed with COI in our clinic. Dur-
ing the same time period, 548 patients were diagnosed with
either dizziness or syncope, 2 patients were diagnosed with
inappropriate sinus tachycardia, and 29 patients were diag-
nosed with autonomic dysfunction that was not consistent
with COL. Only 708 of the 722 patients who were diagnosed
with COI were aged 18 or under, and thus met initial crite-
ria for study inclusion. However, only 640 of these patients
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Table 2 Variables and importance measures using tree-based classi-
fication model

Variables Variable
importance
Chest pain 533
Vomiting 2.95
Heat intolerance 2.86
Cold intolerance 2.77
Hyperacusis 2.75
Joint hypermobility 2.28
Insomnia 1.95
Fatigue 1.37
Diaphoresis 1.34
Joint pain 1.32
Photophobia 0.88
Dyspnea with activity 0.81
Headaches 0.63
Palpitations 0.57
Early satiety 0.31
Syncope 0.31
Constipation 0.31

Variables are ranked by the magnitude of the importance measure and
variables with importance measure <0.0001 are not listed

722 patients evaluated and
diagnosed with POTS

14 patients age 18
years at diagnosis

708 patients age <18 years at
diagnosis

68 patients with
incomplete symptom
] review

640 patients with complete
symptom assessment

| |

30-30 bpm HR increase

>40 bpm HR increase or

HR >120 bpm
N =302

N =338

Fig. 1 Patient inclusion algorithm for heart rate criteria assessment

had a complete assessment of their symptoms recorded,
and thus were included in the study (Fig. 1). Demographic
data for these patients are shown in Table 3. Symptoms and
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signs that specifically were reported to worsen with stand-
ing included blurred vision, dizziness, dyspnea with activ-
ity, exercise intolerance, fatigue, headache, palpitations,
syncope, tachycardia, and venous pooling. All other symp-
toms were described either with standing or while seated
or supine. Except for joint hypermobility, symptoms were
noted to have started at, or after, the initial onset of symp-
toms. The median duration of symptoms was 2.0 years. All
ECGs obtained were normal, without evidence of other
arrhythmia, such as long QT or Wolff—Parkinson—White syn-
drome, or structural defects. The median heart rate increase
on a 10-min standing test was 36.5 bpm for all patients, with
arange of 30—120 bpm. There were no patients who demon-
strated a significant drop in blood pressure that would pre-
clude the diagnosis of POTS or COI. The number of patients
in the two study groups was not statistically different, with
302 patients in the 30—39 group and 338 patients in the >40
group (p> 0.05). Four symptoms showed an initial signifi-
cant difference between study groups: blurred vision, insom-
nia, nausea, and reported tachycardia (Table 4), although
with Bonferroni correction, only insomnia reached statistical
significance. None of the other 27 symptoms demonstrated
a significant difference in occurrence between groups. The
distribution of the total number of symptoms per patient was
very similar between the two heart rate groups, as shown
in Table 5 and Fig. 2. About 50% of patients experienced
fewer than 16 of the 28 symptoms, with the range between 4
and 28 symptoms. Figure 3 demonstrates the magnitude and
direction of the correlations. In the multiple logistic regres-
sion model, the VIF for both palpitations and tachycardia
were very high, at>4.6. The VIF for other variables were
less than 1.4. We also found that both of these variables were
highly correlated with the Pearson correlation at 0.85. After
these diagnoses, we excluded “palpitations” and fit the mul-
tiple logistic regression model with the other 27 symptom
variables to test if any of the symptoms were associated with
the HR group. The results of the logistic regression model
are shown in Table 6. We found that the symptoms cognitive
dysfunction, chest pain, diaphoresis, and heat intolerance
were significantly different between the two HR groups.
Our PCA demonstrated minimal difference between the
two groups. We extracted 17 principal components (PCs)
which explained 91.9% of total deviance. The first two PCs
explained 18.5% of total deviance. The PCs are visualized
in Fig. 4 using a PCA score plot. However, as shown in the
figure, we did not find a clear distinction between HR groups
using the first two PCs. This is probably due to the concept
that a linear sum of the binary variables may be a poor sum-
mary of the sources of variation between the groups. Our
classification tree also demonstrated a diminished correla-
tion. The area under the curve of the tree was 0.57 in the
testing set, which indicated a low performance. After testing,
we demonstrated the tree using the entire data sets as shown
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Table 3 Comparison of patient
demographics by heart rate
criteria group

HR difference 30-39 bpm

HR difference >40 bpm
or HR > 120 bpm

p value

Total

Female n (%)

Race n (%)

Caucasian

African American

Asian

Native American

Multiple

Other

Ethnicity n (%)

Hispanic

Median age at diagnosis (IQR)
Median age at onset (IQR)

Hypermobile Ehlers—Danlos syn-
drome n (%)

Joint hypermobility n (%)

302 338

238 (78.8) 261 (77.2) 0.63
285 (94.4) 312 (92.3) 0.30
4(1.3) 4(1.2) 0.87
4(1.3) 3(0.9) 0.60
0 (0) 1(0.3)

3(1.0) 3(0.9) 0.89
10 3.3) 14 4.1) 0.58
12 (7.0) 10 (3.0) 0.48
15.6 (14.0, 16.8) 15.7 (14.0, 16.8) 0.76
13.0 (11.2, 14.8) 13.1 (10.6, 14.8) 0.99
65 (21.5) 79 (23.4) 0.58
99 (32.8) 124 (36.7) 0.30

in Fig. 5. On the basis of the built tree, the top 10 variables
that predicted the HR categories were chest pain, cold intol-
erance, diaphoresis, fatigue, heat intolerance, hyperacusis,
insomnia, joint hypermobility, joint pain, and vomiting.

Discussion

The signs and symptoms that can be associated with COI
are diverse, multisystemic, frequent, and highly variable in
severity. Some can be directly related to COI, such as those
that are dependent upon upright position to worsen them.
Others are due to concurrent autonomic dysfunction, and
some are due to downstream physiologic effects that accom-
pany dysautonomia or coexisting deconditioning. In a previ-
ous study, we demonstrated that 66% of patients presented
with at least 10 different symptoms, 50% of patients had at
least 14 symptoms, and 30% of patients reported at least
26 symptoms associated with their POTS [9]. These symp-
toms varied widely and were of cardiovascular, neurologic,
orthopedic, or gastrointestinal origin. The presence of these
symptoms is an important element in suggesting a diagno-
sis of autonomic dysfunction. These were not patients with
typical initial orthostatic intolerance, which can occur in up
to 50% of adolescents [12, 13], nor were they patients with
reflex syncope, occurring in up to 39% of adolescents [14],
in which there is dizziness/lightheadedness, visual changes
(blurring, tunnel vision, etc.), nausea, and headaches. An
older Dutch study demonstrated that 43% of adolescents
have a “near-fainting” event with tilt table testing, and dem-
onstrate a mean increase in heart rate of 32 bpm [15]. These
patients typically respond to modestly increased fluid and

sodium intake, with resolution of symptoms; occasion-
ally, they require the use of isometric muscular activities
to abort episodes, and medication support to further sup-
press symptoms [16, 17]. In contrast, patients with COI are
typically more severely debilitated, have more multisystem
complaints, do not improve with modest supplementation of
fluid and salt (routinely requiring greatly increased intake of
fluid and sodium), and often require pharmacologic manage-
ment to further support cardiovascular stability and/or sup-
press their symptoms [17]. Their symptoms are chronic and
occur frequently, as often as daily. There is also suggestive
evidence that further differentiates patients with POTS from
those with neurally mediated syncope. Autoantibodies to
adrenergic, cholinergic, and angiotensin receptors have been
increasingly recognized in adult patients with POTS, while
comparison groups with neurally mediated syncope do not
[18-20]. Although this association has not been shown to
be the etiology of POTS, this finding, if demonstrated to be
a true cause, further sets COI and, specifically, POTS apart
from other dysautonomias.

The utilization of a threshold heart rate increase of 40 or
more bpm for adolescents is problematic [3, 4]. Although
pediatric patients may have demonstrated a higher heart rate
increase on tilt table testing as compared to adults, from a
clinical standpoint it is apparent that the overlap between
patients with simple orthostatic intolerance and patients with
POTS is large [15, 21]. There are otherwise a large number
of pediatric patients who do not technically meet specific
heart rate criteria for POTS, but are nonetheless severely
symptomatic compared to those with a more modest tachy-
cardic response. This observation supports a theory that
COl is only reflective of orthostatic tachycardic response
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Table 4 Comparison of

Patients with HR increase Patients with HR p value
symptom Prevalence by heart 30-39 bpm increase >40 bpm or
rate criteria group HR > 120 bpm
Total number of patients 302 338
Abdominal pain 161 (53.3%) 195 (57.5%) 0.284
Blurred vision 119 (39.4%) 164 (48.4%) 0.022
Cognitive dysfunction 240 (79.5%) 267 (78.8%) 0.826
Chest pain 174 (57.6%) 182 (53.7%) 0.318
Cold intolerance 87 (28.8%) 110 (32.5%) 0.319
Constipation 142 (47.0%) 140 (41.3%) 0.145
Diaphoresis 157 (52.0%) 162 (47.8%) 0.289
Diarrhea 84 (27.8%) 101 (29.8%) 0.581
Dizziness 284 (94.0%) 329 (97.1%) 0.063
Dyspnea with activity 239 (79.1%) 255 (75.2%) 0.239
Early satiety 190 (62.9%) 208 (62.0%) 0.685
Exercise intolerance 215 (71.2%) 233 (68.7%) 0.498
Fatigue 278 (92.1%) 308 (90.9%) 0.589
Headache 281 (93.1%) 308 (90.9%) 0.311
Heat intolerance 214 (70.9%) 232 (68.4%) 0.505
Hyperacusis 102 (33.8%) 128 (37.8%) 0.294
Insomnia 250 (82.8%) 245 (72.3%) 0.002
Joint hypermobility 159 (52.7%) 194 (57.2%) 0.245
Joint pain 127 (42.1%) 148 (43.7%) 0.682
Muscle pain 94 (31.1%) 114 (33.6%) 0.499
Nausea 222 (73.5%) 225 (66.4%) 0.0496
Numbness 98 (32.5%) 129 (38.1%) 0.139
Palpitations 219 (72.5%) 230 (67.9%) 0.198
Photophobia 134 (44.4%) 155 (45.7%) 0.731
Syncope 101 (33.4%) 123 (36.3%) 0.452
Tachycardia 131 (43.4%) 178 (52.5%) 0.021
Venous pooling 197 (65.2%) 220 (64.9%) 0.929
Vomiting 84 (27.8%) 75 (22.1%) 0.0959
not truly a clinical manifestation of COI [22]. Despite this
view, patients and families would suggest otherwise, as their
0.075- symptomatology manifests as a variable and often changing
collection of symptoms, with much of their symptom burden
not existing prior to the onset of the symptoms. It is entirely
g Bieao possible that the diagnostic criterion for COI that relies on
s e heart rate as an absolute threshold is insufficient. It is worth
- noting that the term postural tachycardia syndrome itself,
or the use of previously published definitions of COI and
POTS, may introduce cognitive bias and limit the interpreta-
0.000- tion of the patients’ history and presenting symptoms. This
10 20 can result in assessments and diagnostic decision-making

number_of_symptoms

Fig.2 Histogram of number of symptoms per group

and its associated cardiovascular symptomatology, while
the other systemic symptoms are adjunctive in nature, and
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that are more restrictive and obstructive to a paradigm and
clinical approach that might otherwise be required. Thus,
the use of a 40-bpm heart rate threshold to absolutely define
COI and POTS in otherwise severely symptomatic patients
potentially isolates a group of patients and families from a
diagnostic and medical management perspective. They are
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Table 5 Summary of the number of symptoms for each group

Group N Mean Min Median Max
HR change 30-39 302 15.84 6 15 27
HR change >40 338 15.85 4 16 28

not diagnosed with POTS. They are not considered to have
simple orthostatic intolerance. Thus, the reliance on abso-
lute heart rate criteria can lead to possible underdiagnosis,
undertreatment, and medical mismanagement with subse-
quent morbidity and delay in access to therapeutic strate-
gies that could support clinical improvement. More simply
stated, it is worth considering that utilizing a threshold
heart rate as a diagnostic criterion for COI and POTS may
be a red herring [23]. The constellation of symptoms and
patient history along with the debilitating nature and chro-
nicity of symptoms may be more important diagnostically
than the absolute heart rate increase. A “relatively elevated”
heart rate without a true absolute threshold may likely be a
more appropriate adjunct finding in the diagnosis of COI
and POTS. Previous data from the Mayo Clinic comparing
adult patients with orthostatic intolerance (i.e., patients with

a heart rate increase of less than 30 bpm on tilt table test)
versus those with POTS have demonstrated that there is no
difference in associated symptomatology between these two
groups [24].

In our study, we conducted both univariate analysis and
multiple logistic regression models to study the association
between the variables and the HR categorization and to
identify variables that predict the HR group. Both analyses
have advantages and disadvantages. The estimated effects
of univariate analyses are relatively easier to interpret, i.e.,
the marginal effects of a variable on the HR categories, but
the univariate analyses could suffer from low power as mul-
tiple comparisons needed to be adjusted using Bonferroni
correction. The multiple logistic regression model allowed
us to incorporate all variables into one model, estimate the
adjusted effect, and test the hypothesis simultaneously with-
out adjusting for multiple comparisons. However, the regres-
sion coefficients from the multiple logistic regression model
are difficult to interpret, as the estimated effects are adjusted
by all other variables. Thus, the univariate analysis demon-
strated insomnia as the only significantly different symptom
between groups, while the multiple logistic regression model
showed cognitive dysfunction, chest pain, diaphoresis, and
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Table 6 Symptoms associated with HR group, according to multiple
logistic regression model

Estimate  Std. error z value p value
Abdominal pain - 0.07 0.32 -02 0.84
Blurred vision —0.06 0.29 -0.22 0.83
Cognitive dysfunction 1.06 0.38 2.78 < 0.01%*
Chest pain - 0.59 0.27 —-2.16 0.03*
Cold intolerance 0.36 0.26 1.37 0.17
Constipation —-0.24 0.26 -0.89 0.37
Diaphoresis —0.62 0.26 —2.38 0.02*
Diarrhea 0.39 0.28 1.39 0.17
Dizziness —13.89 882.74 —-0.02 0.99
Dyspnea with activity -0.1 0.34 -0.3 0.77
Early satiety 0.13 0.26 0.51 0.61
Exercise intolerance 0 0.33 0 1
Fatigue 0.5 0.5 1 0.32
Headaches 0.51 0.52 0.99 0.32
Heat intolerance 0.62 0.3 2.06 0.04*
Hyperacusis -0.17 0.28 -0.59 0.55
Insomnia —-0.58 0.33 - 1.77 0.08
Joint hypermobility 0.46 0.25 1.82 0.07
Joint pain 0.28 0.27 1.04 0.3
Muscle pain 0.03 0.26 0.13 0.9
Nausea 0.04 0.31 0.12 0.91
Numbness 0.06 0.27 0.23 0.82
Photophobia -0.5 0.29 - 1.76 0.08
Syncope —-0.12 0.26 - 0.47 0.64
Tachycardia —-0.34 0.29 -1.17 0.24
Venous pooling 0.57 0.33 1.72 0.08
Vomiting -0.49 0.31 -1.59 0.11
*p <0.05; **p < 0.01
logistic PCA
0-
10-
HR.group
o
E_) 0 + HR>30
- HR>40
-10-
-20- : : : 5
-20 -10 10 20

0
PC1

Fig.4 Principal component analysis score plot
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heat intolerance as different between groups. Meanwhile,
the PCA found no significant difference between groups.
And, although the Gini classification tree suggested chest
pain, cold intolerance, diaphoresis, fatigue, heat intolerance,
hyperacusis, insomnia, joint hypermobility, joint pain, and
vomiting as predictive of differentiation between the two
groups, the tree’s performance was low, based on the area
under the curve in the testing set. Thus, despite multiple sta-
tistical approaches to differentiation between the two groups,
no symptoms emerged as clearly different between the two
heart rate groups.

An important consideration is that we utilized a 10-min
stand, not tilt table testing, to ascertain heart rate response
to chronic upright position and subsequently make a diag-
nosis of OI (in conjunction with a preponderance of symp-
tom burden). This approach has been previously utilized and
accepted as reasonable for the diagnosis of POTS. A study
in adult patients at Vanderbilt University Medical Center
demonstrated that patients who underwent tilt table testing,
and subsequently performed standing testing, had a 10-point
greater increase in heart rate with tilt than with active stand-
ing [25]. This would be consistent with the use of a 10-min
stand and utilizing a threshold of 30 bpm, or greater, for the
diagnosis of OI. It is notable that tilt table testing, which
utilizes passive upright position as its orthostatic challenge
and not a physiologic state, tends to be more provocative. In
previously asymptomatic adolescent control patients, 52%
had either pre-syncope or syncope [26]. Furthermore, adult
data suggest that tilt table testing does not correlate with
implantable loop recorder findings during actual syncopal
events [27], raising questions regarding the efficacy of tilt
table testing as a diagnostic modality in this specific disease
process.

When reviewing the results of the comparison of symp-
toms, only one of 28 symptoms (3.6%) demonstrated a statis-
tically significant difference between the two groups. Insom-
nia occurred less frequently in those patients with a heart
rate increase of 40 or more bpm. Although blurred vision,
nausea, and tachycardia demonstrated a p value less than
0.05, it is curious that there seems to be a real difference in
the incidence of insomnia; the reason for this is unclear, and
may be unrelated to orthostatic intolerance and/or autonomic
dysfunction. Regardless of these results and observations,
these data do not suggest or support a significant clinical
difference between the two groups of patients.

As the frequency of symptoms between the two heart rate
groups is essentially equivalent, it suggests that in the com-
parison of a 10-min standing test that gives a 30-39 bpm
increase in heart rate versus a test that gives a 40, or more,
bpm increase, the artificial threshold of 40 bpm is not a clini-
cally useful criterion. This does not address patients who
may have similar symptoms, but have a heart rate increase
of less than 30 bpm. Since this study was utilizing the older
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Classification Tree for HR
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6/1 13/25 48/47 39/66
18/7 30/40

Fig.5 Classification tree for predicting categories of HR (within 30-39 or > 40)

definition of POTS, with a heart rate increase of at least
30 bpm, only those patients with a 30, or more, bpm increase
were entered into the database. Patients were identified and
diagnosed in our clinic as early as 2007 utilizing these cri-
teria. Updated diagnostic criteria were published in 2015.
However, we were not performing tilt table testing and since
tilt versus stand had already been shown to exhibit differ-
ent results from the published 2013 data, we elected not to
change our diagnostic criteria. Anecdotally, patients who
had undergone tilt table testing at outside facilities consist-
ently reported that tilt table testing routinely made them feel
worse during the actual test, as well as for a prolonged period
of time afterward, exacerbating their symptoms. While the
standing test was often difficult for patients to tolerate, it
typically did not flare their symptoms, and they were able to
rapidly recover from their orthostatic intolerance upon sit-
ting or lying down. Thus, a significant tachycardic response
was achieved, which allowed for assessment and diagnosis
while minimizing undue distress or provoking a prolonged
flare of symptoms. In our clinic experience, there were very
few patients who had a significantly elevated constellation of
symptoms who did not also have at least a 30-point increase
in heart rate. Of those who did, their heart rate increases
were greater than 25 bpm.

This analysis presents some weaknesses. Because this is a
retrospective review, it is predominantly reliant upon patient
memory and recall for reporting symptoms. This is further
complicated by a median duration of symptoms prior to
diagnosis in our clinic of over 2 years [7], which may reduce
the ability of the patients and families to accurately recall
symptomatology. The greatest weakness in this study, how-
ever, is the use of a 10-min standing test to make the diag-
nosis of Ol in lieu of a tilt table test. At this time, a standing
test has not been validated. We have attempted to address
the issues of comparison of stand versus tilt in the discus-
sion above. As well, all patients meeting inclusion criteria
were evaluated equally throughout the evaluation period,
with assessment consistent across all patients. Finally, the
Heart Rhythm Society consensus statement supports the use
of just a 10-min stand, with the addition of tilt table testing,
if indicated [4].

Our study demonstrates that the frequency of symptoms
of COI in pediatric patients with a heart rate increase of
30-39 bpm on 10-min standing test was essentially equiva-
lent to that of patients with a heart rate increase of at least
40 bpm or a heart rate greater than 120 bpm. These data may
support reassessing the use of an absolute threshold criterion
of at least 40 bpm for establishing a diagnosis of COI and

@ Springer



28

Clinical Autonomic Research (2020) 30:19-28

POTS in adolescent patients. As well, the data may be used
to support discussions regarding validating a standing test in
comparison to a tilt table test. However, it also could be sug-
gested that the use of an absolute heart rate threshold for the
diagnosis of COI and POTS is of questionable validity, and
that a relative tachycardia in conjunction with the panoply of
severe debilitating symptoms might be better used to define
this entity. Eventually, a biological marker, or set of markers,
will be available to more consistently define and diagnose
these patients. This may include a panel of autoantibodies or
some other common, as yet undefined, biomarker. Doing so
may facilitate the diagnosis of COI and POTS in the clinic
without utilizing more complex equipment and procedures
as well as reducing the overall sequelae for patients while
undergoing evaluation and diagnosis for COI and POTS. It
will also more completely identify these patients, and more
quickly allow them to begin pharmacologic and non-phar-
macologic treatment and management.
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