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Abstract

Background and Objective: Migraineurs often
complain of orthostatic intolerance (Ol), and its
recognition is vital fo appropriate freatment. This
study attempts to identify and characterize
autonomic dysfunction, comparing a sample of
migraineurs with Ol with a sample of migraineurs
without Ol.

Methods: In a prospective cohort study, we
examined one migraine sample complaining of Ol
for > 6 months (Group 1) and another group without
Ol (Group 2), using a 70-degree, 45-minute head-
up passive tilt-table (HUT45) test,
electrocardiographic R-R interval measurements
during deep breathing, blood pressure and heart
rate monitoring during Valsalva and release, QSART,
and skin biopsy for nerve fiber density. We
compared results with standard, 10-minute head-up
passive tilt-table (HUT10) results fo determine which

test promoted greater sensitivity, specificity and
diagnostic accuracy.

Descriptive statistics were computed for each
group, defined by the presence or absence of Ol.
We conducted several receiver operating
characteristic analyses to determine whether
certain clinical characteristics were predictive of
symptoms of Ol.

Results: Thirty-nine Group 1 and 22 Group 2 subjects
were studied and were similar demographically.
Thirty eight of 39 (97.4%) Group 1, versus 15/22
(68.2%) Group 2 subjects, manifested abnormal
HUT45 results, a significant difference (p=0.002). The
HUT45 showed higher sensitivity (0.59; 95% Cl: 0.42-
0.74) than the standard 10-minute filt-table test
(HUT10) for all expressions of Ol (0.31; 95% CI: 0.17-
0.48). No differences in autonomic laboratory or skin
biopsy findings distinguished the groups. We
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detected biopsy-proven small fiber neuropathy in
22/39 (56.4%) Group 1 and 10/22 (45.5%) Group 2
subjects.

Discussion and Conclusions: In migraineurs, Ol is an
expression of autonomic dysfunction. We found

evidence for a peripheral autonomic deficit on skin
biopsy in 45% or more of both groups of migraineurs.
Extending the head-up filt fable test to 45-minutes
increases diagnostic sensitivity, spares patients
misdiagnosis and unnecessary testing, and satisfies
the principle of ecological validity.

Abbreviations

AAN: American Academy of Neurology; AST:
Active Standing Test; CNS: central nervous system;
ECG: electrocardiograph; IENFD: infra-epidermal
nerve fiber density; HUT: passive head-up filt at >
60 degree incline; HUT45: HUT table test for full 45-
minutes: HUT10: HUT table test for the first 10
minutes ; HUTS: HUT table test for the first 5
minutes ; LDOI: laboratory-documented
orthostatic intolerance; NMS: neurally mediated
syncope; Ol: orthostatic intolerance; OH:
orthostatic hypotension; PNS: peripheral nervous
system; POTS: postural orthostatic tachycardia
syndrome; QSART: quantitative sudomotor axon
reflex test; SEN: small fiber neuropathy. TAC:
trigeminal autonomic cephalalgia

Introduction

Among the primary headache disorders, tfrigeminal
autonomic cephalalgias (TACs) and migraine
headaches are associated with autonomic
symptoms and signs.!, 2 While TACs are operationally
defined by focal autonomic signs and symptoms,
among migraineurs these focal signs occur but are
less common.2 With migraine headaches,
autonomic dysfunction may present more
systemically as orthostatic intolerance (Ol) — dizziness
or lightheadedness, weakness, near syncope or
syncope — and lead to considerable physical and
psychological morbidity. The spectrum of Ol,
including orthostatic hypotension (OH), postural
tachycardia syndrome (POTS), and syncope
(neurally mediated syncope; NMS),3 frequently goes
unrecognized or misdiagnosed. Unsuspecting
clinicians may label patients - to their patients’
detriment - hysterical, anxious, panic-stricken, or
malingerers, or just characterize the event as a
‘syncopal aura.’

Orthostatic infolerance in migraineurs has attracted
the attention of researchers since the 1960’s. 415 It
has been attributed to the peripheral nervous system
(PNS) or the central nervous system (CNS), or both. In
the general neurology population, one cause of Ol,
pandysautonomia, results from PNS dysfunction due
to damage to small poorly myelinated nerve fibers,
including autonomic nerve fibers, 3 ¢ and new
information has emerged on the presence of
autoantibodies directed at ganglionic cholinergic
and noradrenergic receptors causing peripheral
neuropathic forms of orthostatic intolerance. 4 17 Ol
can also be attributed to any of a variety of
neurological disorders of the CNS, such as
neurodegenerative diseases, 8 and factors such as
blood loss, hypovolemia, or volume dysregulation
may contribute to the symptoms of the posturally
challenged, dizzy, tachycardic migraineur. 18 The
cause may also be drug related or idiopathic. 3 To
date, no answer exists as to the efiology of Ol in the
migraine population, and clinical therapeutic
approaches to this problem remain limited as a
result.

The goal of this study is to identify the presence of,
and to clinically characterize, orthostatic intfolerance
among migraineurs. We investigated this with the
battery of tests available in our hospital autonomic
laboratory, including the head-up tilt table (HUT) test.
To this we added skin biopsy for infra-epidermal
nerve fiber density (IENFD) analysis in order to detect
peripheral autonomic dysfunction among migraine
sufferers with or without auras. 1 We were particularly
interested in determining whether the standard HUT,
as recommended by European and American
autonomic societies, 15 was sensitive enough o
detect Ol in populations of migraineurs who present
to clinic with postural complaints, and whether the
accepted standard of a 10-minute 60-80-degree
passive, head-up tilt satisfied the principle of
ecological validity. 20
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For purposes of this study, Ol is defined by the
presence of any combination of the following
symptoms that arise when a patient assumes an
upright posture, and remit with assuming a supine
posture: palpitations and rapid heartbeat, chest
discomfort, shortness of breath, fatigability, exercise
intfolerance, lightheadedness, pre-syncope and
syncope, inattention, anxiety, visual fading or
concentric constriction, acrocyanosis and livedo
reticularis, and lower extremity weakness. 15 In adults
aged 19 or older, postural tachycardia syndrome
(POTS), a common form of Ol, refers to the
development of dizziness, with or without syncope,
accompanied by a sustained increase in heart rate
from baseline of greater than 30 beats per minutes
(or a sustained heart rate of >120 bpm), when
assuming an upright posture. 15

Patient Samples

Using a prospective cohort design, we studied two
samples of migraineurs - one with symptoms of Ol
(Group 1) and another without symptoms of Ol
(Group 2). Between January 2008 and December
2011, adults, 18 years or older, were recruited from
patients referred to one practitioner’s (MS)
headache practice. This clinician queried every
study subject using common language for each of
the symptoms mentioned above, and patients were
offered admission to the study only if they suffered
from migraines with and/or without auras, as defined
by the International Classification of Headache
Disorders, 2nd edition. 2! Patients were consecutively
recruited to either the first or second group as
described below. All patients studied had to meet
admission criteria.

In Group 1, we studied ambulatory migraine patients
with or without auras who had symptoms of Ol of >six
months duration and had the daily occurrence of at
least two symptoms of Ol. Symptoms had to remit or
significantly improve with assumption of the supine
posture. The patients could not be taking any
medications known to induce orthostasis: diuretics,
alpha blockers and other anti-hypertensive agents,
carbonic anhydrase inhibitors including topiramate
and zonisamide, anfi-Parkinson drugs, phenothiazines
and other dopamine blockers, tricyclic
anfidepressants, norepinephrine fransport blockers
(e.g., bupropion), vasoconstrictors and
decongestants. Patients underwent extensive history

and physical examination, including a review of
previous medical records, as a screen for any
medical condition that could cause orthostasis or
autonomic dysfunction including, but not limited o
diabetes, thyroid disorders, pheochromocytoma,
adrenal insufficiency, cardiac disease, drug or
alcohol abuse, degenerative neurological diseases,
heavy metal and chemotherapeutic agents toxicity,
volume depletion or active gastrointestinal bleeding,
or any clinically evident neuropathic condition.
Likewise, specific questioning reviewed family
histories for neuropathic diseases. In each case, as
part of the initial work-up, all patients underwent the
Active Standing Test (AST) to screen for initial
orthostatic hypotension and classic orthostatic
hypotension. 22 All patients studied were headache-
free for five or more days and no patients were
bedbound.

Group 2, a cohort of adult patients suffering from
migraines with or without auras, but who did not
possess current or remote histories of Ol, was
recruited and studied in a fashion identical to Group
1. This group, consisting of otherwise healthy
migraineurs was consecutively recruited from the
same single headache practice and was subjected
to the same limitations on medications and medical
condifions, described above. Pafient data were
included for evaluation only if there were complete
data from skin biopsy analysis and a 45-minute
passive head-up tilt table test (HUT45) performed in
the Cardiology Syncope Clinic Laboratory.

In Group 1 eight subjects (all female, mean age 32.1;
median age 33.0) were dropped from evaluation
due fo missing HUT45 (N=6) or skin biopsy data (N=2).
A total of eight subjects in Group 2 who initially
agreed to be studied were either withdrawn due to
scheduling conflicts (N=6; 5 females, 1 male; mean
age 33.6 and median age 32.5) or were fransferred
to Group 1 (N= 2). These two subjects admitted after
study inifiation that they had suffered from
orthostatic dizziness, presyncope and even fainting
as children and were transferred to Group 1. Figure 1

The sample size was based on the available data of
subjects recruited and meeting inclusion criteria
during the study period. No formal matching method
was done for the two groups, but we compared
patient characteristics to confirm demographically
similarity. A statistical power calculation was not
conducted.
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Figure 1: Recruitment Flow Diagram

Migraine Sufferers with and without Auras

Group 2 (N=22)

Those not complaining of
Symptoms of Orthostatic
Intolerance

Group 1 (N=39)

Those complaining of Symptoms
of Orthostatic Intolerance

K Autonomic nervous system
Neurological 4k | panel, including = | skin biopsy for
History and intra-epidermal
Examination nerve fiber density

Passive head-up tilt table
test at 70 degree for 45-

minutes QSART

Figure 2: Study Protocol (individual boxes represent
separate laboratories performing that study). Examination
included vitals and Active Standing Test for initial and
classic orthostatic hypotension.

Protocol

Each patient underwent the following work-up as
part of the study. Figure 2

Procedures And Methods

Clinical autonomic testing

Clinical autonomic testing included R-R interval
measurements during deep breathing, blood
pressure and heart rate monitoring during Valsalva
maneuver and release, blood pressure and pulse
monitoring during HUT, 3 2324 and Quantitative
Sudomotor Axon Reflex Testing (QSART).
Autonomic cardiovascular reflex testing was
conducted in the Neurology Department’s
Neuromuscular Clinic (RS) utilizing previously
published procedures and techniques. 3 25 26 Results
were compared to normal age-stratified values for

these tests and methods published in the literature. 25
26

Clinical autonomic testing noninvasively evaluated
cardio-sympathetic and cardiovagal function.3 9.22.24
Specifically, continuous beat-to-beat heart ratio (R-R
interval ratio) and blood pressure monitoring during
deep breathing and Valsalva maneuver tested
combined sympathetic and parasympathetic
function. ? Evaluation of cardiovascular adrenergic
function was assessed by the addition of the above
measures during head-upright tilt testing. 3

QSART was performed in the Neurology Department
Neuromuscular Clinic (RS) using standard methods
published elsewhere. 26.27 QSART was utilized as a
measure of the function of post-ganglionic
sympathetic cholinergic nerve fibers that innervate
sweaft glands. 27.28 |f postganglionic sudomotor nerve
fibers are functionally intact, applied acetylcholine
binding to the sweat gland muscarinic receptors on
eccrine sweat glands will evoke a sweat response. A
normal QSART response implies a normally
functioning postganglionic sympathetic sudomotor
axon and sweaft gland. QSART is normal in central
and preganglionic autonomic disorders with the
caveat that preganglionic autonomic disorders,
when chronic, may delay or reduce the QSART
response, suggesting trans-synaptic degeneration. 27.
28 Criterion for the presence of a generalized
autonomic neuropathy in this study was a reduced
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or absent QSART response at two or more sites or a
reduced or absent response at the proximal foot
site.28

Passive 70-degree Head-Up Tilt-table test over 45-
minutes (HUT45)

The graded head-up filt test, standardized in our
institution’s Cardiology Syncope Clinic Laboratory (F
F-T, FJ, KM, KB), was used for all patients. 23 After
obtaining peripheral infravenous access in the arm,
patients rested in the supine position in a quiet
climate and light-controlled laboratory for at least 20
minutes. A twelve lead ECG was recorded and
reviewed at baseline. Blood pressure using a
Dinamap automated blood pressure cuff (Midmark
Corporation, Miamisburg, OH) as well as manual
auscultation and heart rate/ heart rhythm monitoring
- using ECG lead Il (or best lead)- were obtained
over 3 minutes prior to initiation of graded head-up
tilt positioning. If vital signs were unstable, the heart
rate and blood pressure were monitored untfil
stabilization before study initiation.

Throughout the study (baseline, graded HUT, and
recovery), systolic blood pressure, diastolic blood
pressure and heart rate were recorded at one-
minute intervals using an automated blood pressure
cuff. In addition, heart rate and rhythm were
monitored continuously using ECG waveforms.
Patient symptoms were noted and registered during
the entirety of the study. No pharmacological
medications were administered to any patient
during HUT.

The tilt table was moved sequentially to a 30-degree
angle for two minutes, followed by a 45-degree
angle for two minutes, and then followed by a 70-
dgree angle for 45 minutes. The upright portion of the
test could be stopped early at any time based on
patient symptoms, patient request, or blood
pressure/heart rate changes indicating an abnormal
response. At the completion of the upright portion of
the test, the filt table was returned to the supine
position for a recovery period of atf least five minutes.
Twelve lead ECGs were obtained at baseline, during
upright filt, and during recovery, both at set intervals
and as needed for symptoms or changes in vital
signs or heart rhythm. 18.23

Passive HUT tests the physiologic response to the
gravitational pull of blood volume from the thoracic

cavity when upright posture is assumed, resulting in
reduction of venous return to the right heart. 16 It is
the cornerstone in the assessment of Ol, presyncope,
and syncope. Considering its widespread
availability, the HUT test was the procedure we
utilized to assess the clinical manifestations of
orthostatic infolerance in our study samples. 1¢

The above combination of studies, now considered
routine in most autonomic laboratories, was used to
evaluate both peripheral and central autonomic
function. 24

Punch skin biopsy for intraepidermal nerve fiber
density (IENFD) analysis

This procedure, performed by the Neurology
Department Neuromuscular Clinic (LZ), provides a
window to the peripheral nervous system at the level
of sweat gland and arteriolar/venular innervation by
measuring the extent of sympathetic post-ganglionic
nerve fiber density at the histological level. The
biopsy procedure and immunohistochemical
staining have been described in detail elsewhere. 2%-
31 [ENFD assessment using immunohistochemistry is a
validated, reproducible method for the evaluation of
small fiber, including autonomic, neuropathies. 30-32
Skin biopsy was selected as the diagnostic standard
and was used to validate findings of QSART, the
more commonly accessible test in clinical practice.

Categorization of HUT studies

In a post hoc analysis of data, to assess the sensitivity
of prolonged, 45-minute HUT table testing, we
decided to subdivide HUT table testing results into
three subcategories. (Table1) Endpoints for a positive
test were the same as mentioned above.

This decision was based on the observation that
many patients with orthostatic intolerance-
particularly POTS- exhibit abnormal HUT tests when
tilted for a full 45-minute, 70-degree tilt in our
Cardiology Syncope Clinic Laboratory, as opposed
to our Neurology Department Autonomic
Laboratory, where a 60-degree filt is limited to 10-
minutes, maximum. The limit of 10-minutes follows
the recommendations set forth by the American and
European autonomic societies, as stated in the
American Academy of Neurology's consensus
statement on the definition of POTS.'S We opted to
use our institution’'s Cardiology Syncope Clinic
Laboratory’'s 45-minute HUT45, enabling us to address
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the data from the first 10-minutes of the 45-minute ftilt
challenge as a proxy for the standard 10-minute filt
table test.

For analysis, we grouped the results from the ‘mid-
positive’ period with the ‘late-positive’ measurement
period of the 45-minute HUT and compared the
outcomes for POTS, OH, and NMS with first 10 minutes
of the subject’s HUT10. In this fashion we used the
HUT10 to simulate the standard 10-minute HUT
without subjecting the individual patient to two
separate procedures. We then evaluated the
remainder of the 45-minutes of 70-degree passive tilt
as part of our primary objective.

We further subdivided early positives into those who
became positive in the first 5-minutes of 70-degree filt
(HUT5), to determine the sensitivity and specificity of
this measurement in diagnosing POTS, as mentioned
by Low et al.11 and Khurana and Nicholas. 33

In our evaluation of Group 1 and Group 2, abnormal
responses to HUT testing were assigned the label
laboratory-documented orthostatic intolerance
(LDQI) to reflect the clinical spectrum of Ol. 3 (Table
2)

Standard Protocol, Approvals, Registrations, and
Patient Consents

Approval for this study was obtained from the
Cleveland Clinic’s Institutional Review Board. The
procedures used in this study adhere to the tenets of
the Declaration of Helsinki. Freely given, written
informed consent was obtained from all participants
in the study, including consent to publish
anonymized clinical details obtained from the
patients, all of which is available for review by the
editors of this journal.

Data Availability
Anonymized data will be shared, upon request, with
any qualified investigator.

Statistical analysis

Descriptive statistics were computed for each group,
defined by presence or absence of clinical
symptoms of orthostatic intolerance (Ol). The only
continuous variable examined was age and was
summarized using mean and standard deviation (SD)
and median and interquartile range (IQR).
Histograms and a Q-Q plot revealed an outlier, so we

used the Wilcoxon rank sum test to compare age in
the two groups. Categorical variables were
summarized with frequency and percentage, and
comparisons were made using Fisher’s exact test.
To determine whether certain clinical characteristics
were predictive of clinical symptoms of Ol, we
conducted several different receiver operating
characteristic (ROC) analyses. Here, symptoms of Ol
would be considered the gold standard. For each
predictor, we computed the sensitivity, specificity,
positive predictive value (PPV) and negative
predictive value (NPV). The exact binomial method
was used to obtain 95% confidence intervals (Cl).
Additionally, we conducted a Fisher's exact test to
determine whether there was an association
between the predictor and clinical symptoms of Ol.
Predictors examined included HUTS, HUT10, HUT4S5,
LDOI, MHRR, E:l Ratio, Valsalva Ratio, and Blood
Pressure Valsalva Respiration Phase 4. The primary
analysis for this study was to examine the diagnostic
accuracy of HUT45 to predict clinical symptoms of
Ol. All other ROC analyses were considered
secondary. Additional secondary analyses examined
laboratory-documented orthostatic intolerance
(LDOI) and biopsy-proven small fiber neuropathy
(SFN) as gold standard variables. Analyses were
conducted using R, version 4.0.3 (Vienna, Austria).
All tests were two-sided and P-values < 0.05 were
considered statistically significant.

Role Of the Funding Source

The funder of the study had no role in the study
design, data collection, data analysis or
interpretation or drafting of the paper. The
corresponding author had full access to all the data
in the study and had ultfimate responsibility for the
decision to submit for publication.

Results

There were 39 subjects in Group 1, 35 (89.7%) female,
and 22 subjects in Group 2 with 20 (90.9%) females.
The two groups were clinically and demographically
similar. (Table 3) Group 1 had a greater
representation of migraine sufferers with auras but
this was significant only with respect to migraines with
brain stem auras [Group 1 (10/39; 25.6%) compared
with Group 2 (1/22; 4.5%); (P=0.045)].
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Group 1- Migraineurs with orthostatic intolerance
(N=39)

HUT testing (Table 4)

In Group 1 38/39 (97.4%) had a HUT that met defined
criteria for LDOI (POTS, OH, and/or NMS; herein
referred to as “positive”) within 45 minutes (HUT45).
Of these positive responses, 23/38 (60.5%) met POTS
criteria and 12/23 (52.2%) tested positive in the first 10
minutes (HUT10, or early-positive), and 7 of these
twelve (58.3%) tested positive for POTS in the first five-
minutes. Two of the 23 POTS subjects (8.7%) tested
positive in the interval between 11 and 20 minutes of
70-degree tilt (mid-positive) while 9/23 (39.1%) tested
positive in the last 25 minutes of filt (late-positive).
(Table 4)

With respect to OH 29/38 (76.3%) Group 1 subjects
experienced either systolic and/or diastolic
hypotension with 9/29 (31.0%) being early-positive,
5/29 (17.2%) being mid-positive, and 15/29 (51.7%)
being late-positive. Sixteen subjects (16/38; 42.1%)
experienced a neurally mediated syncopal event;
9/16 (56.2%) displayed this in the first 10 minutes of
maximal tilt (early-positive) while 3/16 (18.8%) were
mid-positive and 4/16 (25.0%) were |late-positive.
(Table 4)

To summairize, in Group 1, the group of migraineurs
symptomatic of orthostatic intfolerance, 52.2% of
POTS cases, 31.0% of OH cases, and 56.2% of the
syncopal events occurred during HUT10, the first ten-
minutes of 70-degree filt. In total, 38/39 (97.4%)
Group 1 patients had a LDOI, either in isolation or
combination, during the extended 45-minute passive
head-up filt.

QSART (N= 34)

Of the 34 subjects who completed the QSART, 18/34
(52.9%) had an abnormal response. Among
these,14/18 (77.8%) patients were skin biopsy positive
for small fiber neuropathy and 4/18 (22.2%) were
biopsy negative. The remaining 16 of 34 evaluable
subjects (47.1%) exhibited normal QSARTs, of which 6
were skin biopsy-positive (6/16; 37.5%), and 10 were
biopsy-negative (10/16; 62.5%).

Skin Biopsy for SFN (N=37)

The skin biopsies were positive in 22/39 (56.4%) and
negative in 17/39 (43.2%). (Among the five patients
who did not have QSART testing, there were two
positive and three negative skin biopsies.)

Group 2 - Migraineurs without a history of orthostatic
intolerance (N=22)

HUT testing (Table 4)

In this group of migraineurs, 15/22 (68.2%) had a
positive HUT45 for POTS, OH, or NMS; 7/22 (31.8%) had
unremarkable HUT45's. Nine of 15 subjects (9/15;
60%) tested positive for POTS, only one of which (1/9;
11.1%) was early-positive; no subject (0.0%) tested
positive within the first 5-minutes of 70-degree filt.
Two were mid-positive (2/9; 22.2%) and the
remaining six (6/9; 66.7%) were late-positive. Twelve
(12/15; 80.0%) Group 2 subjects exhibited OH with
1/12 (8.3%) early-positive, 5/12 (41.7%) mid-positive
and 6/12 (50.0%) late-positive. Finally, NMS occurred
in 7 Group 2 patients; none experienced syncope in
the first 10 minutes and 4/7 (57.1%) events occurred
mid-tilt and 3/7 (42.9%) occurred in the last 25
minutes.

In summary, in the Group of migraineurs without Ol
symptoms, 11.1%, 8.3% and 0%, of POTS, OH, and
NMS events, respectively, occurred during standard
HUT10. The majority of LDOI events in this group
occurred during the extension of HUT past 10-
minutes. In total, in Group 2, a LDOI was
documented in 15/22 (68.2%) of subjects during the
prolonged filt, the HUT45.

QSART (N=21)

Of the evaluable Group 2 subjects, 9/21 (42.9%) had
an abnormally delayed or absent QSART and 4 of
these were biopsy positive (4/9; 44.4%) for small fiber
sensory neuropathy while 5 were normal (5/9; 55.6%).
The remaining 12 patients (12/21;57.1%) had normall
QSARTs, and of these, 8/12 (66.7%) were biopsy
negative and 4/12 (33.3%) were biopsy positive.

Skin Biopsy for small fiber neuropathy (N=22)

The skin biopsies in this group demonstrated
abnormally low IENFD in 10/22 (45.5%). The
remaining 12/22 (54.5%) biopsies were interpreted as
normal.

Comparison between Group 1 and Group 2

Clinical history and clinical laboratory evaluation of
the two samples of migraine sufferers revealed few
measurable differentiating features. Other than a
higher prevalence of migraines with brainstem auras
in Group 1, the two cohorts were clinically similar.
(Table 3) No subject in either group exhibited initial
orthostatic hypotension with the AST.
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Figure 3: Percent of patfients positive for POTS, OH, 100
and NMS by Timing of HUT, stratified by those with
(Group 1) and without (Group 2) orthostatic s Popo il Pojom
intolerance. The p-values reflect whether the ~
percentages across Timing of HUT are different for § 50 Il e
the two groups. * s
Abbreviations: POTS: postural tfachycardia 2
syndrome; OH: orthostatic hypotension; NMS: I . I
neurally mediated syncope . [ | .

Early-HUT ~ Mid-HUT  Late-HUT Early-HUT ~ Mid-HUT  Late-HUT Early-HUT ~ Mid-HUT  Late-HUT

Of the battery of laboratory tests employed, the only
measures that separated the subjects in the Group 1
from Group 2 were the Laboratory Documented
Orthostatic Intolerance (LDOI) factors determined by
HUT45. Thirty-eight of 39 Group 1 subjects (97.4%)
registered one or more LDOI factors, in comparison
to 15/22 (68.2%) Group 2 subjects (p=0.002). (Table 4)
For HUT5 measurement, 7/38 (18.4%) Group 1
subjects versus 0/15 Group 2 subjects (0.0%) were
positive, but the difference in percentages was not
significant (p=0.172). Specificity for HUT5
measurement was very high (1.00 [95% CI 0.85,1.00]),
however, despite a low sensitivity, (0.18 [95% CI
0.08,0.34]) suggesting that the passive head-upright
tilt table test, with particular attention to the first five
minutes, diagnoses POTS with few false positive
results. (Table 5)

Duration of HUT: HUT45 vs HUT10.

Extending head-up tilt testing to 45 minutes helped
segregate Group 1 from Group 2 when each LDOI
was reviewed. When comparing the HUT10 with
HUT45, interrogation of the additional 35 minutes of
passive 70-degree tilt favored Group 2 in the
expression of POTS as compared to Group 1. Eight of
nine Group 2 patients (88.9%) met POTS criteria after
the initial ten minutes. (Even a significant proportion
of Group 1 subjects (11/23; 47.9%) developed POTS
after the expiration of the first 10 minutes of tilt.) The
p-value for this difference between Group 1 and
Group 2 in the timing of the expression of POTS
during HUT is at the nominal threshold for significance
(p=0.050) (Table 2). Conversely, the early registration
of POTS (in the first ten minutes of filt) favored Group
1 over Group 2, but the difference was not significant
[12/23; (52.2%) vs 1/9 (11.1%); p=0.072]. (Table 4,
Figure 3)

For detection of orthostatic hypotension, extending
the HUT beyond the standard ten minutes did not
distinguish between Group 1 and Group 2 either in
the first 10 minutes or the remainder of the HUT45.
(Table 4) This was not the case when we looked at
NMS. Group 1 diverged from Group 2 during HUT10,
with Group 1 subjects suffering syncope early
(p=0.026). (Table 4, Figure 3) The HUT45 revealed a
significantly greater percentage of NMS occurring in
Group 2, migraineurs without complaints of Ol,
compared with Group 1, in the 35 minutes following
HUT10 [7/7 (100 %) vs 7/16 (43.8%); p=0.019]. (Table 4,
Figure 3)

If we assume that the provocation and
documentation of syncope, orthostatic hypotension
or sustained tachycardia during tilt, simulates clinical
orthostatic intolerance during life, 20 the HUT45
demonstrated greater sensitivity [0.59 (0.42,0.74)]
than the HUT10 [0.31 (0.17,0.48)]. (Table 5) Looked at
another way, 12/39 (30.8%) of Group 1 subjects were
positive for POTS during the HUT10 as compared with
1/22 (4.5%) Group 2 subjects, a significant difference
(p=0.022). HUTS, with its high specificity for POTS,
could distinguish a difference between migraineurs
with complaints of Ol and those without (p=0.042).
(Table 5)

Association between clinical autonomic laboratory
findings and skin biopsies in Group 1 and Group 2
Aside from HUT testing mentioned above, neither skin
biopsy nor clinical autonomic testing results (RR
intervals during deep breathing; pulse and blood
pressure readings during Valsalva and release) were
able to differentiate Group 1 from Group 2. (Table 4,
Table 5)
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Association between QSART findings and skin biopsy skin biopsy and morphometric analysis for IENFD. For
in Group 1 and Group 2 all patients in the study, the QSART had a positive
Table 5 summarizes the sensitivity and specificity and predictive value of 0.70 (0.50, 0.86) and a negative
positive and negative predictive values of the predictive value of 0.64 (0.44, 0.81).

laboratory evaluation of the two groups and how
they fared in comparison. We found that QSART
values were significantly associated with the results of

Tables

Table 1: Assigned Categories for Head-up Tilt (HUT) Table Test Results

Assigned Name Time Interval of the 45-minute Comments
g Head-up Tilt (minutes)

Equivalent fo the 10-minute 60-80-degree passive
head-up filt, or HUT10, utilized in neurological

0-10 autonomic labs; [15]

Included in this category is HUTS, the evaluation of the
first 5-minutes of the Head-up filt. [11,31]

Early-positive

Mid-positive 11-20

Late-positive 21-45

Abbreviations: HUT: passive 60-80-degree head-up filt; HUT5: HUT table test for the first 5 minutes; HUT10: HUT table test
for the first 10-minutes

Table 2: Definitions for Laboratory-Documented Orthostatic Intolerance (LDOI)

Item Definition Tests utilized | Comment
to document
Orthostatic A >20 mm Hg fall in systolic and/or a AST; HUT Classic OH refers to the development of
Hypotension (OH) | >10 mm Hg fall in diastolic blood table test sustained orthostatic blood pressure
-Classic pressure that persists af least 3 parameters within 3 minutes of upright
-Delayed continuous minutes, is associated with standing.
symptoms of Ol a either a normal or Delayed OH refers to the development
increasing HR. of sustained drop in blood pressure

occurring later than 3 minutes upon
standing or filt.

POTS (Postural A sustained (>3 minutes) rise in heart HUT table Not associated with an identifiable
Orthostatic rate of >30 beat a minute or an test medical condifion or medication (see
Tachycardia increase in heart rate 10 >120 beats a fext).

Syndrome) minute without a concomitant

sustained drop in either the systolic or
diastolic blood pressure.

NMS (Neurally A sudden drop in both blood pressure AST; HUT Also referred to as vasovagal syncope or
Mediated and heart rate with postural dizziness or vasovagal response.
Syncope) lightheadedness and sometimes

leading to a fransient self-limited loss of
consciousness.

Abbreviations: AST: Active Standing Test; Hg: mercury; HUT: Head-up Tilt; LDOI: Laboratory Documented Orthostatic
Intolerance; NMS: Neurally Medicated Syncope; OH: Orthostatic Hypotension; POTS: Postural Orthostatic Tachycardia
Syndrome.
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Table 3: Comparison of Demographic and Clinical Data between Group 1 and Group 2 Populations

Factor Level Group 1 Group 2 Patients
Patients No Clinical Symptoms
Clinical Symptoms of Ol of OI N=22
N=39
Total N (%) N (%) P value

Gender Female 55 35 89.7 20 90.9 >0.999F

Male 6 4 10.3 2 9.1
Age Mean (SD) 61 39 34.4 (10.7) 22 36.9 (12.9) 0.404W

Median (Q1,Q3) 61 39 36 (27, 40) 22 39 (24, 44)
Ethnicity Caucasian 55 37 94.9 18 81.8 0.214F

African American 5 2 5.1 3 13.6

Hispanic 0 0 0.0 0 0.0

Asian 1 0 0.0 1 4.5
Migraine
without auras * 57 35 89.7 22 100.0 0.287F
Migraine 32 24 61.5 8 36.4 0.068F
with auras*
Basilar-Type Migraines 11 10 25.6 1 4.5 0.045F
(migraines with
brainstem auras)*
F: Fisher's Exact Test P value W: Wilcoxon Test P value
*Patients may have suffered from more than one type of migraine
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Table 4: Comparison of Clinical Autonomic Laboratory Findings between Group 1 to Group 2

Group 1 Group 2
(N=39) (N=22)
Factor n N (%) n N (%) p-value
Migraine without Aura 39 35(89.7) 22 22(100.0) 0.287
Migraine with Aura 39 24(61.5) 22  8(36.4) 0.068
Brainstem auras (Basilar Type migraine) 39 10(25.6) 22 1(4.5) 0.045
QSART (Abnormail) 34 18(52.9) 21 9(42.9) 0.582
SFN - based on skin biopsy findings 39  22(56.4) 22  10(45.5) 0.437
SFN Grade 36 22 0.439
No Neuropathy 15(41.7) 11(50.0)
Mild length dependent neuropathy (LDN) 6(16.7) 6(27.3)
Moderate LDN 7(19.4) 1(4.5)
Severe LDN 1(2.8) 1(4.5)
. Non-Length Dependent Neuropathy 7(19.4) 3(13.6)
Sudomotor Involvement 36 8(22.2) 22 1(4.5) 0.133
Laboratory Documented Orthostatic Intolerance (LDOI) 39 38(97.4) 22 15(68.2) 0.002
During HUT45*
POTS During HUT45 38 23(60.5) 15 9(60.0) >0.999
Timing of POTS during HUT45
Early-positive (first 10 minutes) 23 12(52.2) 9 1(11.1) 0.072A
Mid-positive (11 - 20 min of tilf) 23 2(8.7) 2 2(22.2) 0.0508
Late-positive (21-45 min of filt) 23 9(39.1) 9 6(66.7)
OH During HUT45 38 29(76.3) 15 12(80.0) >0.999
Timing of OH during HUT45
Early-positive (first 10 minutes) 29 9(31.0) 12 1(8.3) 0.1694
Mid-positive (11 - 20 min of tilt) 29 5(17.2) 12 5(41.7) 0.2318
Late-positive (21-45 min of filt) 29 15(51.7) 12 6(50.0)
NMS During HUT45 38 16(42.1) 15 7(46.7) 0.769
Timing of NMS during HUT45
Early-positive (first 10 minutes) 16 9(56.2) 7 0(0.0) 0.026A~
Mid-positive (11 - 20 min of tilf) 16 3(18.8) 7 4(57.1) 0.0198
Late-positive (21-45 min of filt) 16  4(25.0) 7 3(42.9)
HUT5 (POTS first 5 minutes; Low criteria?) 38 7(18.4) 15 0(0.0) 0.172
Autonomic Lab Testing
MHRR 23 3(13.0) 22 2(9.1) >0.999
E:l ratio 24 3(12.5) 22 0(0.0) 0.235
Valsalva Ratio 24 5(20.8) 22 3(13.6) 0.702
Statistics presented as N (column %). All p-values were computed using Fisher's exact fest.
A: p-value for group comparison among Early-positive (first 10 minutes of tilt), Mid-positive (11-20 minutes of filt), and Late-
positive (21-45 minutes of filf).
B: p-value for group comparison between Early-positive (first 10 minutes of tilt) and Mid-Late-positive (11-45 minutes of tilf).
*Subjects may have exhibited more than one LDOI during HUT session
Abbreviations: SFN: small fiber neuropathy; MHRR: mean heart rate range (heart rate response to breathing); E:l ratio:
expiratory/Inspiratory ratio of heart rate.
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Table 5: Relationship between Clinical Autonomic Laboratory findings and Skin Biopsy (Summary of Sensitivity,
Specificity, Positive and Negative predictive values).

Comparison Confusion Matrix Sensitivity Specificity Positive Negative P-value

Positive  Negative (95% ClI) (95% ClI) Predictive  Predictive

Value Value
(95% CI) (95% CI)

HUT5 Positive 7 0 0.18 1.00 1.00 0.41 0.042
vs. Group Negative 32 22 (0.08,0.34)  (0.85, 1.00) (0.59,1.00)  (0.28,0.55)
HUT10 Positive 12 1 0.31 0.95 0.92 0.44 0.022
vs. Group Negative 27 21 (0.17,0.48)  (0.77,1.00) (0.64,1.00)  (0.29,0.59)
HUT45 Positive 23 9 0.59 0.59 0.72 0.45 0.194
vs. Group Negative 16 13 (0.42,0.74)  (0.36, 0.79) (0.53,0.86)  (0.26, 0.64)
LDOI Positive 38 15 0.97 0.32 0.72 0.88 0.002
vs. Group Negative 1 7 (0.87,1.00) (0.14,0.55) (0.58,0.83)  (0.47,1.00)
MHRR Positive 3 2 0.13 0.91 0.60 0.50 >0.999
vs. Group Negative 20 20 (0.03,0.34) (0.71,0.99) (0.15,0.95)  (0.34, 0.64)
E:l Ratio Positive 3 0 0.12 1.00 1.00 0.51 0.235
vs. Group Negative 21 22 (0.03,0.32) (0.85, 1.00) (0.29,1.00)  (0.35,0.67)
Vsals Ratio Positive 5 3 0.21 0.86 0.62 0.50 0.702
vs. Group Negative 19 19 (0.07,0.42)  (0.65, 0.97) (0.24,0.91)  (0.33,0.67)
BP Vsalv Resp Phase Positive 2 0 0.09 1.00 1.00 0.51 0.489
4 Negative 21 22 (0.01,0.28)  (0.85, 1.00) (0.16,1.00)  (0.35,0.67)
vs. Group
MHRR Positive 4 1 0.11 0.88 0.80 0.17 >0.999
vs. LDOI Negative 33 7 (0.03,0.25)  (0.47, 1.00) (0.28,0.99)  (0.07,0.33)
E:l Ratio Positive 3 0 0.08 1.00 1.00 0.19 >0.999
vs. LDOI Negative 35 8 (0.02,0.21)  (0.63, 1.00) (0.29,1.00)  (0.08,0.33)
Vsals Ratio Positive 6 2 0.16 0.75 0.75 0.16 0.613
vs. LDOI Negative 32 6 (0.06,0.31)  (0.35,0.97) (0.35,0.97)  (0.06,0.31)
BP Vsalv Resp Phase Positive 2 0 0.05 1.00 1.00 0.19 >0.999
4 Negative 35 8 (0.01,0.18)  (0.63, 1.00) (0.16,1.00)  (0.08,0.33)
vs. LDOI
HUT5 Positive 5 2 0.16 0.93 0.71 0.50 0.429
vs. SFN Negative 27 27 (0.05,0.33) (0.77,0.99) (0.29,0.96)  (0.36,0.64)
HUT10 Positive 8 5 0.25 0.83 0.62 0.50 0.541
vs. SFN Negative 24 24 (0.11,0.43)  (0.64,0.94) (0.32,0.86) (0.35,0.65)
HUT45 Positive 15 17 0.47 0.41 0.47 0.41 0.444
vs. SFN Negative 17 12 (0.29,0.65) (0.24,0.61) (0.29,0.65)  (0.24,0.61)
QSART Positive 19 8 0.66 0.69 0.70 0.64 0.015
vs. SFN Negative 10 18 (0.46,0.82)  (0.48, 0.86) (0.50,0.86)  (0.44,0.81)
For each confusion matrix, the rows correspond to the first variable (screening variable) in the Comparison column and the
columns correspond to the second variable (gold standard) in the Comparison column. The p-values in the last column are for
the test of association between the two variables and were computed using Fisher's exact test.
Abbreviations: LDOI: Laboratory Documented Orthostatic Infolerance (any defined abnormality on 45-minute passive 70-
degree head upright ilt, including POTS, orthostatic hypotension or NMS); SFN: smalll fiber neuropathy (based on skin biopsy
resulfs); Vsalv: valsalva
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Discussion

Recent studies recognize the phenomenon of
orthostatic intolerance, including syncope, in adult
and adolescent migraine populations. 2810 The
spread of estimates of the incidence of migraine
headaches among patients with Ol is extremely
wide, and it is difficult to pinpoint an exact number
at the present time. 22 However, the converse
phenomenon of migraineurs presenting with
symptoms of Ol may be more common in clinical
practice than the literature suggests.

More than 60 years ago, Bickerstaff reported on
basilar migraines describing athletic, healthy,
adolescent female migraineurs suffering from what
was likely vasovagal syncope in the setting of
postural tachycardia syndrome. ¢ Recent reports
highlight the development of POTS, delayed
orthostatic hypotension, and NMS in a predominantly
pediatric and adolescent female migraine
population following a flu-like iliness, injury (athletic or
otherwise), or surgery. 25.26.33-37 |n adults, the age of
onset of symptomatic Ol parallels the age of onset of
migraines in a predominantly female population. 3¢
The European CAMERA study found an increased
lifetime prevalence of syncope and Ol without
evidence of interictal signs of autonomic nervous
system failure in migraineurs,!2 13 and the lifetime
prevalence of syncope among migraineurs was 41%
(45% in females and 32% in males). 12

Some researchers have suggested that migraines
represent a central noradrenergic disorder akin to a
degenerative disease such as multiple system
atrophy.4 We attempted to segregate central from
peripheral autonomic dysfunction in our sample
populations but could not convincingly invoke
causative CNS evidence. Instead, we were surprised
to find a high prevalence of pathologically
confirmed small fiber neuropathy in both - 56.4% of
Group 1 subjects and 45.5% of subjects in Group 2
Table 4. These findings were perplexing and left us
with more questions than answers. Incriminating the
PNS might explain a tendency for Ol in both groups
of migraineurs to be expressed with prolonged filting,
especially if Ol manifests as a spectrum of the
severity of damage. 4 Considering the high
prevalence of SFNs in both groups of migraineurs, the
tendency for Ol may therefore be anchored to the

expression of PNS autonomic damage. Further
investigation is necessary.

We cannot speculate as to the etiology of the SFN's
as we did not pursue it diagnostically in this study. We
likewise did not investigate potential non-neurogenic
cause of Ol specifically with hemodynamic/blood
volume testing, and we cannot discount a
cardiovascular or hemodynamic explanation.'® In
terms of the possible effect of deconditioning on HUT
results, it is unlikely that deconditioning played a
significant role in either group of subjects. All subjects
were active, ambulatory and none was bed-bound
for even a day before recruitment. Other than
chronic migraine, no patient suffered from a chronic
debilitating iliness.

We specifically compared HUT10 to HUT45 performed
by our institution’s Cardiology Syncope Clinic
Laboratory using POTS, orthostatic hypotension, and
neurally mediated syncope as endpoints (e.g.,
LCOI). The HUT45 exhibited greater sensitivity than
the HUTI0 in detecting any combination of POTS, OH
or NMS, and more accurately reflected experiences
inreal life. 20

These findings confirmed our hypothesis that a
prolonged duration of tilt is necessary for accurate
documentation of Ol in this study population; the
AAN's original HUT guidelines were designed to
detect flagrant Ol, found in condifions such as pure
autonomic failure and other severe autonomic
neuropathies.’> Recent literature has promoted
prolonged tilt testing for POTS and delayed
orthostatic hypotension. 22.23.34 Qur finding of ‘mid-’
(11 to 20-minute delay) or ‘late-' (21 to 45-minute
delay) POTS and/or syncope has been realized by
other researchers as well. 23.38 Mayuga et al.
commented on this and were able to distinguish
early POTS (within 10-minutes of 70-degree ftilt) from
late POTS (after 10-minutes of 70-degree filt) on the
basis of age, the presence of hypokinetic circulatory
indices, and exposure to certain medications, such
as angiotensin converting enzyme inhibitors and
angiotensin receptor blockers. 23

As a diagnostic test, the HUT swims in a sea of
variables, such as the filt angle, nonuse or use of a
footrest, duration of tilt, and use of procedural drugs,
and its utility is complicated by differences in
interpretation and lack of reference standards.23 39, 40
The take-away is that the HUT was never designed to
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be a stand-alone test, done in isolation from a
careful clinical evaluation. It achieves greater
sensitivity and specificity (overall approximately 91%
for diagnosing NMS) in the context of a full history
and physical (including AST), a well-appointed
laboratory with well frained staff aftentive to
patients’ symptoms during the tilt, the use of
provocatfive maneuvers (e.g., Valsalva and deep
breathing), and the prudent use of pharmacological
agents, where indicated. 14 41 This statement reflects
the 1996 recommendations from the American
College of Cardiology which suggested extending
the duration of HUT testing up to 45-minutes. 42

We recognize limitations of this study. It is a single
institution study, and despite best efforts, may have
been subject o selection bias. The small size of the
study sample may have resulted in power too low to
detect significant associations and some of the
confidence intervals for measures of diagnostic
accuracy are wide. These results should be
interpreted with caution and future studies with
larger sample sizes are necessary. We did not pursue
the efiology of the small fioer neuropathy, something
that needs to be done in future investigations.
Finally, we did not subject a cohort of normal adults
(non-migraineurs without symptoms of Ol) to the
above protocol, so we cannot comment whether
this cohort would also exhibit an abnormal HUT45 or
exhibit peripheral autonomic nervous system
pathology on skin biopsy.

Nonetheless, the finding of a high prevalence of
smalll fiber autonomic neuropathy in both the
symptomatic and asymptomatic group of
migraineurs suggests peripheral autonomic nervous
system dysfunction in migraineurs, maybe as a
prelude to a systemic disorder, such as an
autoimmune disease or an unrecognized
neurodegenerative disease. We cannot exclude an
additional contributory role played by central
autonomic nervous system dysfunction, and other
investigations such as functional neuroimaging may
provide further insight.

Accordingly, we propose that both groups of
migraineurs — orthostatically symptomatic and
orthostatically asymptomatic — possess the tendency
to develop signs of orthostatic intfolerance when
challenged with passive head-up tilt test. Our study
demonstrates that both groups may develop an
abnormal response to HUT if tested long enough.

Also, during the initial 10-minutes of 70-degree HUT,
there is a significant difference in the development
of syncope, favoring the migraineurs with Ol. We
question whether the difference in expression of Ol
between the two groups merely reflects different
trajectories of the same disease process, and the
process appears to be associated with a peripheral
nervous system disorder, with or without a CNS
conftribution.

Conclusions

Orthostatic intolerance in migraineurs with and
without auras is a manifestation of autonomic
nervous system dysfunction. While we could not
definitively invoke any specific central nervous
system cause, we detected evidence of peripheral
nervous system dysfunction in a high proportion of
subjects whether or not they complained of Ol.
Extending passive head-up filt table test beyond the
traditional 10-minute limit increased sensitivity in
demonstrating Ol in these patients, spared patients
unnecessary testing and misdiagnoses, and also
satisfied the principle of ecological validity.
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