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ABSTRACT

The postural orthostatic tachycardia syndrome is a disease characterized by excessively increased heart rate during
orthostatic challenge associated with symptoms of orthostatic intolerance including dizziness, exercise intolerance,
headache, fatigue, memory problems, nausea, blurred vision, pallor, and sweating, which improve with recumbence.
Postural orthostatic tachycardia syndrome patients may present with a multitude of additional symptoms that are
attributable to vascular vasoconstriction. Observed signs and symptoms in a patient with postural orthostatic tachycardia
syndrome include tachycardia at rest, exaggerated heart rate increase with upright position and exercise, crushing chest
pain, tremor, syncope, loss of vision, confusion, migraines, fatigue, heat intolerance, parasthesia, dysesthesia, allodynia,
altered traditional senses, and thermoregulatory abnormalities. There are a number of possible dermatological
manifestations of postural orthostatic tachycardia syndrome easily explained by its recently discovered pathophysiology.
The author reports the case of a 22-year-old woman with moderate-to-severe postural orthostatic tachycardia syndrome
with numerous dermatological manifestations attributable to the disease process. The cutaneous manifestations
observed in this patient are diverse and most noticeable during postural orthostatic tachycardia syndrome flares. The
most distinct are evanescent, hyperemic, sharply demarcated, irregular patches on the chest and neck area that resolve
upon diascopy. This distinct “evanescent hyperemia” disappears spontaneously after seconds to minutes and reappears
unexpectedly. Other observed dermatological manifestations of this systemic disease include Raynaud’s phenomenon,
koilonychia, onychodystrophy, madarosis, dysesthesia, allodynia, telogen effluvium, increased capillary refill time, and
livedo reticularis. The treatment of this disease poses a great challenge. The author reports the unprecedented use of an
oral angiotensin II type 1 receptor antagonist resulting in remarkable improvement.
(J Clin Aesthet Dermatol. 2014;7(8):41-47.)

(POTS, Table 1) is a relatively new disease with a

multitude of systemic implications.! The author
discusses systemic involvement and focuss on
dermatological manifestations of POTS that are largely
lacking in the literature. Until recent years, the
pathogenesis of POTS has been largely unknown. Due to
recent developments, targets have been exposed to guide
treatment. The author reports the case of a patient with
moderate-to-severe POTS with several systemic and
dermatological manifestations as well as successful
treatment with an angiotensin II type 1 receptor antagonist.

CASE REPORT
A 22-year-old female patient described suffering from

The postural orthostatic tachycardia syndrome

episodes of heat exhaustion, dizziness, presyncope, and
exercise intolerance largely attributed to anxiety, heat
stroke, low glucose, and self-induced phenomena beginning
in childhood. Gradual progression of the disease resulted in
episodes of syncope and palpitations. During her teenage
years, she developed intermittent crushing chest pain,
migraines, tremor, confusion, and a burning sensation of her
skin. Frequent visits to the emergency department and
hospitalizations forced her to take leave from college. Her
past medical history is significant for attention deficit and
hyperactivity disorder, atopic dermatitis, migraines, chronic
anemia from presumed menometrorrhagia, and motor
vehicle accidents resulting in head trauma requiring
hospitalization and cutaneous repair. Medications include
lisdexamfetamine (Vyvanse) 60mg daily, oral contraceptive,
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TABLE 1. Abbreviations related to POTS

TABLE 2. Pertinent lab and imaging results

ABBREVIATION MEANING PERTINENT POSITIVE RESULT “E;f\:g';“
TESTS
(IF APPLICABLE)
ACE2 Angiotensin-converting enzyme 2 Dopamine, serum 3pg/mL 0-20pg/mL
. . Ferritin 5.5ng/mL 18-160ng/mL
AGII Angiotensin Il -
Hemoglobin, blood 11g/dL 12.1-15.1g/dL
) ) Hemoglobin, urine 3+ 0
Ang-(1-7) Angiotensin (1-7) G T 3 0
Ang-(1—3 Andiotensin (1-3 Protein, urine 2+ 0
ng-(1- ngiotensin (1-
o-(1-9) g (1-9) Punctate
MRI, brain opacity, corpus
ANA Antinuclear antibodies callosum
. Positive (7 years
AT Angiotensin Il receptor antagonist Tilt table test prior)
1 type 1
PERTINENT NEGATIVE HERERENE
. TESTS RESULT RANGE
BPM Beats per minute (IF APPLICABLE)
HR Heart rate Alcohol, blood 0
ANA Negative
LFP Low-flow POTS CBC WHL
CMP WNL
HFP High-flow POTS Epinephrine, plasma 78pg/mL 10-200pg/mL
HIAA, urine 5mg/g 0-14mg/g
NO Nitric oxide
Iron 132pg/dL 37-145pg/dL
nNO Neuronal nitric oxide Metanephrines, urine 494nmol/d 152-1775nmol/d
Norepinephrine, plasma |[338pg/mL 80-520pg/mL
PD Partial-autonomic denervation Normetanephrines, urine [1026nmol/d 273-354nmol/d
syndrome TSH 1.83pIU/ml 0.27-4.2p1U/m
a multivitamin, and occasional acetaminophen use for | Troponin-T <0.01ng/mL <0.01ng/mL
migraines: She is alleljgic to penicithn and.its derivatives and Urine toxicology Negative
has multiple drug intolerances including hydrocodone, _
benadryl, and benzodiazepines. Patient denies alcohol, C; dbraln, chelst_, 25 . i
tobacco, illicit drugs, and supplements. Incidentally, she ?mutlltrir:ﬁ:)’ pelvis -0CM Ovarian cys
suffers from allergic contact dermatitis to urushiol and its
associated cross-reactions. She developed angioedema |CTA, chest Unremarkable
shortly after consuming mango. Echocardiogram WNL
During a period of seven years, she was evaluated and
frequently required hospital admissions during flares of her | Electroencephalogram Not_a!)tnormal
condition. She displayed persistent sinus tachycardia activity
ranging from 100 to 200 beats per minute (bpm), confusion, | MRI abdomen, pelvis Unremarkable
chest pain, and vision changes among many other i -
symptoms. She was typically treated with beta-blockers, X-ray, chest (multiple) Unremarkable

anxiolytics, and volume expansion. Anxiolytics caused
hallucinations during the early course of her medical
history, at times contributing to the development of
hypertensive crises requiring intensive care unit monitoring
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ANA=antinuclear antibodies; CBC=complete blood count; CMP=complete
metabolic panel; CT=computed tomography; CTA=computed tomography

angiography; HIAA=hydroxyindoleacetic acid; MRI=magnetic resonance
imaging; TSH=thyroid stimulating hormone; WNL=within normal limits

e Number 8]




TABLE 3. Parameters of disease severity before and after administration of losartan for treatment of a patient with
hyperadrenergic/low-flow POTS

PARAMETERS USED

Altered senses

BEFORE LOSARTAN BEFORE LOSARTAN DURING FLARES

AT BASELINE

Distorted vision

(AVERAGE 8 PER MONTH)

Loss of vision; visual, olfactory, and
gustatory hallucinations

AFTER LOSARTAN DURING
FLARES
(AVERAGE 2 PER MONTH)*

No visual,olfactory, or gustatory
disturbances

Blood pressure 100/70 130/90 99/68
Capillary refill >2 seconds >3 seconds < 2 seconds
Chest pain (scale 1-10) 2-3 10 1-2

Mild comprehensive

Severe impairment, difficult to

Cognition ?nr:zaei):g]r::tsive communicate Dramatic improvement
Confusion Mild Severe Slight
Dermatological manifestations

EH,LR Rare, faint Severe, marked Rare, faint

TE, madarosis

Severe & continuous

Halted progression

Koilonychia Severe 50% improved curvature
. Moderate & .

Acrocyanosis persistent Severe Mild

Dysesthesia/allodynia None AL RS YO0 A Mild, rare

slight touch

Emergency room visits

22 over 8 months

1 over 3-month treatment

Exercise tolerance

5 minutes before

20 minutes 3 times per week

onset of SOB/CP
Heart rate
Recumbent 105-110bpm 125-130bpm 70-80bpm
Standing 125-130bpm 135-170bpm 90-105bpm
Memory Poor shori/long term | Often no recollection Markedly improved
Migraines (scale 1-10) 3-4 10 1-2
Syncope Rarely Frequently None

Shortness of hreath

With moderate
exertion

While recumbent

With severe exertion

Tremor

Mild, frequent

Severe

90% improved
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TABLE 4. Postural orthostatic tachycardia syndrome subtypes

GRUBB SUBTYPES®

Partial autonomic
denervation (PD)

ETIOLOGY CHARACTERISTICS
Sudden onset, mild
autonomic neuropathy
with inability of peripheral
vasculature to maintain
adequate vascular
resistance in the face of
gravity

Trauma or viral infection

Hyperadrenergic

Gradual onset,
progressive. Tremor,
anxiety, migraines, cold
extremities, orthostatic
hypotension in addition to
orthostatic tachycardia

Likely inherited

Flushing

Upper thoracic and facial

Unknown flushing

STEWART SUBTYPES® CHARACTERISTICS

Low-flow (LFP)

Marked upright tachycardia associated with supine
pallor, acrocyanosis, hypovolemia, decreased calf
blood flow, decreased cardiac output, and increased
peripheral resistance

High-flow (HFP)

Defective peripheral vasocontriction and increased
calf blood flow

TABLE 5. Dermatologic manifestations of the postural orthostatic

tachycardia syndrome

Acrocyanosis

Persistent blue discoloration of the fingers and toes

Dysesthesia/allodynia

Abnormal/painful sensation of the skin

Evanescent hyperemia

Well-demarcated erythematous patches that resolve
spontaneously before reappearing after seconds to
minutes. They disappear with diascopy and are best
seen in the chest, neck, and proximal extremities.

Koilonychia

Spoon-shaped nails

Livedo reticularis

Lacy mottled violaceous network of skin vessels hest
seen on extremities

Madarosis Patchy shedding of eyelashes/eyebrows
Raynaud’s White, red, and blue discoloration of hands and digits
phenomenon due to vasospasm

Telogen effluvium

Shedding of scalp hair
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(Table 2).

During the author’s examination in the
emergency department of one such flare, the
patient displayed an evanescent, hyperemic,
sharply demarcated patch over the chest and
neck that resolved on diascopy. This evanescent
hyperemia typically persists seconds to minutes
before spontaneously disappearing and
reappearing for the duration of the flare. There
was also a network of macular, violaceous,
connecting rings forming a netlike pattern on
her distal and proximal extremities consistent
with livedo reticularis. The patient has apparent
acrocyanosis, koilonychia, >2 second capillary
refill, a resting tremor affecting both hands, and
patchy loss of eyelashes on both upper and
lower eyelids bilaterally. Her heart rate rises
from approximately 110 to 165bpm after
minimal head or limb movement while
remaining supine. She complains of severe
chest pain and is temporarily relieved by
sublingual nitroglycerin. After a few minutes,
she loses consciousness and becomes
unresponsive to pain (thumb pressure). In-

patient psychiatric evaluation was
recommended by neurology at that time.

An article describing favorable local
responses by Stewart? using intradermal

losartan in patients with POTS established a
possible treatment option for low-flow (and
hyperadrenergic-type) POTS patients. The
author’s patient discontinued all medications
except for a multivitamin. Table 3 displays
treatment results with the angiotensin II;
antagonist losartan.

DISCUSSION

Schondorf and Low’ first described this
poorly understood condition at the Mayo clinic’s
department of neurology in 1993. POTS is
defined as the presence of orthostatic
intolerance associated with a heart rate (HR)
increase of 30 beats per minute (bpm) or a rate
that exceeds 120bpm within the first 10 minutes
of standing or upright tilt, not associated with
other chronic debilitating conditions (prolonged
bed rest, medications that diminish vascular
tone).* POTS patients typically have marked
reduction in plasma volume® as well as stroke
volume.® One of the key findings in POTS
patients is the lack of orthostatic hypotension
(fall of >20/10mmHg on standing), with most
patients exhibiting a slight decline, no change,
or even a modest increase in blood pressure.
The prevalence of POTS is estimated to be at
least 500,000 patients in the United States alone
and typically carries a female preponderance
ratio of 5:1.*
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Figure 1. Evanescent hyperemia manifesting on the
neck of a POTS patient.

Figure 2. Evanescent hyperemia manifesting on the
chest of a POTS patient.

SYSTEMIC MANIFESTATIONS

There are several subtypes of POTS. Grubb* describes
three subtypes based on etiology and characteristics while
Stewart” describes two subtypes based on clinical findings
(Table 4).

A typical “flare” of our patient’s condition is
characterized by intermittent palpitations, shortness of
breath, crushing chest pain that is responsive to
nitroglycerin; tremor; syncope; dysesthesia; allodynia,
blurry vision; loss of vision; seizure-like activity; insomnia,
confusion; altered thought process; migraines; fatigue;
exercise intolerance; heat intolerance; photophobia; altered
taste, hearing, vision, touch and smell; and a considerably
slow capillary refill >3 seconds. Minimal movement
increases her heart rate by more than 30bpm and has a
history of a positive tilt table test. She meets clinical criteria
for both the low-flow and hyperadrenergic types of POTS.
Flares are noticeably more frequent during menses.

PATHOGENESIS

The diverse symptoms of POTS result from global
inappropriate vasoconstriction and resultant impaired
vascular hemodynamics. Peripheral arterial resistance is
significantly increased and compensatory hyperemic
blood flow is curtailed in POTS patients.” These
observations are likely mediated by a blunted ACE2
pathway which results in increased serum levels of AGII,
decreased Ang-(1-7), and resultant scant nitrous oxide
(NO)."® Increased serum norepinephrine levels® may play
a role. A mutation in the NE transporter SLC6A2 named
A457P was recently implicated in the POTS phenotype.®*
The resting heart rate is considerably higher in POTS
patients, while the muscle sympathetic nerve activity is
much lower. POTS patients compound the deficit by
experiencing exaggerated HR increase during tilt or

change to upright position, while maintaining similar blood
pressure to healthy patients.!! The net effect of
inappropriate vasoconstriction and impaired vascular
dynamics lead to reduced neurocognition' through raised
cerebrovascular resistance and a paradoxical decrease in
cerebral blood flow while in upright posture.” Other
perturbing observations in POTS include reduced stroke
volume,® excessive heart rate response to orthostasis with
propensity for edema,* decreased skeletal muscle pump
activity,” abnormal quantitative sudomodor activity and
thermoregulation,” and a multitude of pathophysiological
effects.

Some of the resultant abnormalities in POTS patients’
serum include reduced plasma volume with a paradoxically
unchanged plasma renin activity and low aldosterone.” They
also have been found to have a significant red blood cell
volume deficit that could be related to irregularities in
erythropoietin by the kidney.” The discovery of angiotensin-
(1-7) by Ferrario® and the consequential discovery of the
ACE2 pathway by Tipnis in 2000"" paved the way for current
research in the pathophysiology of POTS with resultant
treatment alternatives of greater efficacy.

DERMATOLOGICAL FEATURES

One can deduce from these findings that the
dermatological findings of patients suffering from POTS can
be attributed to the aforementioned pathophysiology. The
most important etiological factors are the potent
vasoconstriction and persistent hypoxia resulting from
increased AG-II and decreased NO. The dermatological
manifestations of the postural orthostatic tachycardia
syndrome are listed in Table 5.

Koilonychia has been theorized to result from chronic
iron deficiency. For instance, Ladakhi natives live at an
altitude of 3,445 meters in India. The high altitudes cause
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inhabitants to develop koilonychia from increased
erythropoiesis and depletion of iron stores. Thinning of the
nail plate and koilonychia was found in 47 percent of 176
subjects studied.”® Koilonychia has been found in a
significant percentage of the population in the Himalayas
and was thought to be due to retardation of nail plate
growth from chronic hypoxia."

The two main causes of livedo reticularis are
venodilation of vessels and deoxygenation of blood in the
subpapillary venous plexus. Some of the underlying
causes are altered autonomic nervous system function,
circulating venodilators, and local hypoxia.” The tremor,
Raynaud’s phenomenon, and dysesthesias observed in
this patient are likely the result of persistent hypoxia,
most pronounced in the distal extremities. The most
characteristic dermatological sign of POTS is an
“evanescent hyperemia.” In the author’s opinion, it is the
result of local, uneven hyper-reactivity of the cutaneous
vasculature to the potent constrictive effects of AGII. This
lesion peculiarly disappears and reappears spontaneously
in seconds to minutes during flares. This phenomenon
may be highly characteristic or even pathognomonic if
present in other hyperadrenergic/low-flow POTS
patients. This cutaneous phenomenon is pictured in
Figures 1 and 2.

TREATMENT

Current treatment options for POTS include a multitude
of marginally effective medicinal modalities and behavioral
techniques. One must be able to recognize the subtype of
POTS and individualize treatment. Some general treatment
options should encompass discontinuation of a drug that
could be contributing to the patient’s symptoms* when
possible. All patients should begin a gradual program of
physical reconditioning. Fluid intake of approximately two
liters per day and 3 to 5g of salt should be encouraged.*
Elastic compression stockings may be helpful.* Medications
that may be used to stabilize both the PD and
hyperadrenergic forms include beta blockers,* stimulants,*
selective serotonin re-uptake inhibitors/norepinephrine

reuptake inhibitors = (SSRI/NRI), pyridostigmine,
fludrocortisones, midodrine (especially in PD),
erythropoietin,  octreotide, and clonidine  (for

hyperadrenergic form).*

The recent discovery of ACEZ2 in 2000 by Tipnis' and
studies by Stewart implicating AGII, ang-(1-7)' and
neuronal nitric oxide (nNO)®in the pathophysiology of
POTS have unveiled potential novel application options in
the management of this difficult disease. ATII, receptor
antagonists, such as losartan, are one such option.

In contrary to popular belief, there have been studies
proving that the excessive heart rate seen in POTS patients
is not caused by anxiety, but is a physiological response that
maintains arterial pressure during venous pooling.* Being
that the author’s patient was not administered anxiolytics
for the duration of treatment and her heart rate was
significantly decreased, those results are consistent with his
findings.
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CONCLUSION

The postural orthostatic tachycardia syndrome is a fairly
common, poorly known and understood, debilitating
disease similar in functional impairment to that seen in
congestive heart failure and chronic obstructive pulmonary
disease.* POTS patients are commonly misdiagnosed as
having panic disorder or severe anxiety.* The skin offers a
“window” into the underlying pathology of the human body.
As dermatologists, we have a clear advantage of recognizing
POTS patients on the basis of cutaneous findings. These
include livedo reticularis, koilonychia, acrocyanosis, telogen
effluvium, madarosis, vascular cutaneous abnormalities,
parasthesias, increased capillary refill, and other symptoms
that are reasonably attributable to local abnormal vascular
responses to AGII and an abnormal ACE2 pathway. Novel
monotherapy with the AT, receptor antagonist losartan was
successful in this case and is a promising option for POTS,
especially in the hyperadrenergic and low-flow subtypes.
Longer clinical studies with a large patient population are
needed prior to the widespread use of this modality.
Nitrates may offer synergistic effects in difficult cases.
Clinicians have an opportunity to recognize POTS patients
and contribute to the improvement of those afflicted with
this multi-organ disease by providing or simply guiding
proper treatment.
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