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Background Postural orthostatic tachycardia syndrome (POTS), Ehlers-Danlos syndrome (EDS), and May-Thurner syndrome (MTS) are
three syndromes that are often misdiagnosed or underdiagnosed. The true prevalence of these syndromes may be higher
than currently reported. The following case series is the first to report a three-way association between POTS, EDS, and MTS.

Case summary  We describe three patients with concomitant POTS, EDS, and MTS. Although abdominopelvic vasculature evaluation can be
difficult via conventional imaging techniques, we present the use of novel dynamic contrast-enhanced magnetic resonance angi-
ography with Differential Subsampling with Cartesian Ordering (DISCO) and four-dimensional flow magnetic resonance im-
aging to aid vasculature evaluation and the diagnosis of MTS. Two patients underwent left common iliac vein stenting to
treat MTS, experiencing significant improvement in their POTS symptoms and quality of life.

Discussion Ehlers-Danlos syndrome, POTS, and MTS may interact synergistically to exacerbate symptoms. Patients with EDS should be
evaluated for possible POTS and pelvic venous complications. Left common iliac vein stenting for MTS can mitigate POTS symp-
toms by decreasing lower extremity venous pooling and should be considered in this patient population. Further research is
needed to understand the exact mechanism and intricacies of this syndrome triad.

Keywords Case series ® Dysautonomia ® Postural orthostatic tachycardia syndrome ® Ehlers-Danlos syndrome ® May-
Thurner syndrome ® 4D flow MRI e Pelvic congestion syndrome
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Learning points

vasculature.

quality of life.

e Patients with Ehlers-Danlos syndrome (EDS) often have postural orthostatic tachycardia syndrome (POTS). Patients with EDS and
POTS presenting with pelvic pain and leg swelling should be evaluated for May-Thurner Syndrome.

e Dynamic contrast-enhanced magnetic resonance angiography with Differential Subsampling with Cartesian Ordering and four-
dimensional flow magnetic resonance imaging are more accurate than conventional imaging techniques when evaluating pelvic

e Left commoniliac vein stenting should be considered in this patient population as it can significantly relieve POTS symptoms and improve

Introduction

Postural orthostatic tachycardia syndrome (POTS) is a complex, of-
ten misunderstood form of orthostatic intolerance that dispropor-
tionately affects women." It is classically defined as having chronic
orthostatic intolerance and a >30 beats/min (BPM) increase in heart
rate (HR) upon standing without orthostatic hypotension.’
Symptoms can include lightheadedness, palpitations, near-syncope,
venous pooling, mental clouding, and dyspnoea, often resulting in
poor quality of life." Postural orthostatic tachycardia syndrome is
thought to be comprised of five subtypes: hyperadrenergic, hypovol-
emic, neuropathic, immune-related, and joint hypermobility-related,
which is linked to Ehlers-Danlos syndrome (EDS).”

Postural orthostatic tachycardia syndrome is found in 15-41% of
patients with EDS.? Ehlers-Danlos syndrome is an autosomal domin-
ant, heterogenous group of connective tissue disorders character-
ized by connective tissue fragility, joint hypermobility, and skin
hyperextensibility.® Although genetic testing is available for several
EDS subtypes (i.e. classical EDS, dermatosparactic EDS), the genetic
basis for hypermobile EDS is still unknown.* Thus, hypermobile EDS
is diagnosed based on a physical evaluation to confirm the clinical fea-
tures of hypermobile EDS, evaluating for family history of hypermo-
bile EDS, and a positive score on the Beighton test, which measures
joint hypermobility using a nine-point scale (a score of 5< is positive
for hypermobile EDS).>** The Beighton test assesses joint mobility
of the spine and both elbows, knees, thumbs, and pinky fingers.*

Ehlers-Danlos syndrome can be associated with pelvic congestion
and venous compression disorders, such as Nutcracker syndrome—
compression of the left renal vein by the superior mesenteric artery
(SMA).® Another venous compression disorder is May-Thurner syn-
drome (MTS)—when the right common iliac artery (RCIA) com-
presses the left common iliac vein (LCIV). Symptoms include pelvic
congestion syndrome in women, leg swelling and pain, oedema,
skin discolouration, and venous claudication. Interestingly, POTS pa-
tients often report these symptoms. Current first-line diagnostic
tools (e.g. ultrasound) are often insufficient to evaluate abdominopel-
vic vasculature.” To aid the diagnosis of MTS, we utilized dynamic
contrast-enhanced magnetic resonance angiography (MRA) with
Differential Subsampling with Cartesian Ordering (DISCO) and four-
dimensional flow magnetic resonance imaging.” The indication for an
LCIV stent is stenosis >50-70% with associated symptoms such as
pelvic pain and lower extremity swelling®

We present a unique case series on a convergence of POTS, EDS,
and MTS. Given these syndromes are often misdiagnosed or under-
diagnosed, the true prevalence of this association is currently

unknown. With this case series, we aim to not only bring greater visi-
bility to the POTS, EDS, and MTS community, but also provide the
medical field with advancements in knowledge and treatment of
this syndrome triad. Moreover, this is the first case series on patients
with concomitant POTS, EDS, and MTS.

Timeline

Case Time point Event

number

1 2017 (symptom onset) Patient experiences palpitations,
difficulty concentrating and
standing for long periods of
time, and dizziness upon
standing.

May 2019 Presentation

(presentation and Patient reports palpitations,

clinical assessment) difficulty concentrating due
to mental clouding, dizziness
upon standing, left leg
swelling, and pelvic pain
independent of menstruation.

Clinical assessment
60 BPM supine HR, 118/
60 mm Hg supine blood
pressure (BP); 101 BPM
standing HR, 109/70 mm Hg
standing BP

MRA/MRY found severe

compression of the left renal

September 2019
(investigations)

vein by the superior
mesenteric artery (SMA),
severe compression of the
left common iliac vein (LCIV)
by the right common iliac
artery (RCIA).

December 2019 Percutaneous transluminal LCIV

(intervention) angioplasty and stenting were

performed.
March 2020 Patient reported complete
(follow-up) resolution of symptoms. She

Continued
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Continued

Case Time point Event

number
also no longer reported
concentration difficulties and
she had improved activity
levels.

2 March 2019 Presentation

(presentation and Patient reports chronic

clinical assessment) abdominal pain, severe
concentration difficulties,
weakness, lightheadedness,
palpitations, and lower
abdominal bloating that
worsened during menses.

Clinical assessment
Scored 8 out of 9 on the
Beighton test. Performed tilt
table test: 65 BPM supine HR,
104/72 mm Hg supine BP,
104 BPM standing HR, and
116/84 mm Hg standing BP.

MRA/MRYV found occlusion of

the left renal vein as it passes

August 2019
(investigations)
under the SMA, severe
stenosis of the LCIV as it
passes under the RCIA, and
severe dilation of the left
ovarian vein and right ovarian
vein with retrograde flow in
the left ovarian vein and
antegrade flow in the right
ovarian vein.
October 2019 LCIV was stented.
(intervention)
February 2020
(intervention)
March 2021
(follow-up)

Left gonadal vein embolization
was performed.

Patient reported significant
improvement in POTS
symptoms, decreased
abdominal bloating, and no
longer experienced
difficulties performing
activities while upright and
left leg pain, swelling, and
claudication.

3 October 2018

(presentation and

Presentation

Patient reported orthostatic
clinical assessment) dizziness, palpitations,
sweating, face flushing,
anxiety, and difficulty
speaking due to mental

clouding upon standing. She

Continued

Continued

Case
number

Time point

also noted pelvic pain
radiating down her legs.
Symptoms would worsen
during menses.

Clinical assessment
Tilt table test: 66 BPM supine
HR, 113/76 mm Hg supine
BP, 105 BPM standing HR,
and 120/83 mm Hg standing
BP. Norepinephrine levels
assessed: supine (685 pg/mL)
and standing (1386 pg/mL).

MRA/MRV showed moderate—
severe compression of the
LCIV by the RCIA with

asymmetric iliac venous

October 2019

(investigations)

return, mildly dilated pelvic
venous collaterals, and
moderate compression of the
left renal vein under the SMA.
Present day (follow-up) Currently considering

intervention for MTS

Patient 1

A 16-year-old female with hypermobile EDS and POTS presented
for evaluation of palpitations, concentration difficulties due to mental
clouding, difficulty staying upright and performing activities while
standing, and dizziness while standing up. Her symptoms began 2
years ago and would worsen during menstruation or infection. She
also reported left leg swelling and pelvic pain independent of men-
struation that began 3 years ago. The initial evaluation confirmed
POTS [60 BPM supine HR, 118/60 mm Hg supine blood pressure
(BP); 101 BPM standing HR, 109/70 mm Hg standing BP]. The phys-
ical evaluation found her lower extremities to be warm to touch and
pink, but no signs of varicosities. Mild left lower extremity oedema
was also noted. Joint laxity consistent with hypermobile EDS was
also found. She was diagnosed with hypermobile EDS by a medical
geneticist 8 months ago and her mother and maternal grandmother
also have hypermobile EDS.

She was initially prescribed 10 mg propranolol twice daily but
changed to 0.1 mg of fludrocortisone once daily and compression
socks due to her fatigue and anxiety worsening while on propranolol.
Despite this change, her POTS symptoms did not sufficiently im-
prove. Although a pelvic ultrasound was normal, chronic pelvic
pain radiating down her left leg persisted. This was further evaluated
with MRA/magnetic resonance venography (MRV) evaluation.

Novel imaging techniques such as four-dimensional flow magnetic
resonance imaging were used to evaluate for MTS (Video 1) and
found severe LCIV compression (0.01 L/min blood flow) with dilated
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lumbar collaterals. Magnetic resonance angiography/magnetic reson-
ance venography also showed severe compression of the LCIV by
the RCIA (Figure 1A and B) and of the left renal vein by the SMA, in-
dicating MTS and Nutcracker syndrome. Consistent with POTS, she
exhibited severe lower extremity orthostatic venous blood pooling.
Seven months after initial presentation, she underwent a percutan-
eous transluminal LCIV angioplasty and stenting with a 16 mm x
80 mm Venovo self-expanding stent post-dilated with a 10 mm x

Video 1 Four-dimensional flow. Severe stenosis of the left com-
mon iliac vein with extensive lumbar collateral venous filling. Left
iliac venous flow is re-routed through lumbar collaterals in a pattern
similar to the contrast venogram shown in Figure 1A.
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60 mm balloon. Post-procedure venogram indicated successful
stenting (Video 2). No stent was placed in the left renal vein since
the ovarian vein was not dilated and given her age, less intervention
to alleviate symptoms was prioritized. Three months post-stenting,
she reported complete resolution of symptoms and no longer
needed fludrocortisone. Also, her concentration difficulties were
completely resolved, and her endurance and activity levels improved.

Patient 2

A 24-year-old female with POTS and hypermobile EDS presented
with chronic abdominal pain, weakness, severe concentration diffi-
culties, lightheadedness, and palpitations. She noted significant pelvic
pain, left leg swelling, and lower abdominal bloating that would wor-
sen during menses. During the physical examination, left lower ex-
tremity swelling, skin hyperextensibility, and joint hypermobility
were observed, and she scored an 8 out of 9 on the Beighton test,
confirming EDS. Additionally, the patient reported her mother also
had hypermobile EDS. A tilt table test confirmed POTS: 65 BPM su-
pine HR, 104/72 mm Hg supine BP, 104 BPM standing HR, and 116/
84 mm Hg standing BP. She had been taking midodrine for 1.5 years
prior and experienced mild improvement but stopped due to her re-
cent pregnancy.

Since she was breast-feeding, conservative lifestyle changes were
suggested, including staying hydrated and increasing exercise and
salt intake. Given her left leg swelling and pelvic pain, a diagnostic
venogram was performed and showed marked left gonadal vein re-
flux and narrowing of the LCIV. Differential Subsampling with
Cartesian Ordering and four-dimensional flow imaging showed (i)

Figure 1 (A) Left common iliac vein antegrade venogram, (B) abdominopelvic vasculature—coronal view. (A and B) Severe stenosis of the left com-
mon iliac vein (arrow pointing into dashed box in A) with lumbar collateral venous filling (three blue arrows pointing leftward along lumbar collaterals
in A). The left common iliac vein is compressed by the right common iliac artery (dashed box).
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Video 2 Left common iliac vein antegrade venogram: post-stent
placement. Venogram following a percutaneous transluminal left
common iliac vein angioplasty and stenting with a 16 mm x
80 mm Venovo self-expanding stent post-dilated with a 10 mm x
60 mm balloon. Venogram shows free flow of contrast through
the left common iliac vein and minimal collateral filling. Patient re-
ported complete resolution of POTS symptoms.

occlusion of the left renal vein as it passes under the SMA, indicating
Nutcracker physiology, (ii) retrograde flow in the left ovarian vein
pathognomonic of pelvic congestion syndrome, and (iii) severe sten-
osis of the LCIV by the RCIA, indicating MTS (Videos 3 and 4). These
findings are consistent with severe venous insufficiency, which is a
common feature of POTS.

Seven months after initial presentation, the LCIV was stented
using an 18 mm x 10 cm Venovo stent to address MTS (Video 5).
This resolved her left leg pain, swelling, and claudication. She contin-
ued to experience abdominal pain and bloating—symptoms of pelvic
congestion—prompting left gonadal vein embolization 4 months la-
ter. No stent was placed in the left renal vein since there was suffi-
cient flow through the vein without evidence of lumbar collaterals.

One year after embolization, she exhibited marked improvement
in LCIV diameter and decreased internal iliac venous filling. She
reported significant improvement in POTS symptoms, decreased
abdominal bloating, and her difficulties of remaining upright and left
leg pain had dissipated. Since she had residual and occasional presyn-
copal episodes, she continued to take 2.5 mg of midodrine 3x daily.

Patient 3

A 41-year-old woman with hypermobile EDS and mast cell activation
disorder was seen for dizziness, palpitations, face flushing, sweating,
faintness, feelings of anxiety, and difficulty speaking due to mental
clouding upon standing. She also noted pelvic pain radiating down
her legs and that her symptoms worsen during menses. She has an
extensive family history of hypermobile EDS on her maternal side,
and she was diagnosed with hypermobile EDS following evaluation
by a medical geneticist and a positive score on the Beighton test 3
years ago. A tilt table test confirmed her POTS: 66 BPM supine

Video 3 Differential Subsampling with Cartesian Ordering dy-
namic contrast-enhanced angiography. Differential Subsampling
with Cartesian Ordering shows brisk retrograde flow in the left
ovarian vein, filling pelvic venous collaterals, bypassing the iliac veins,
and ascending the contralateral right ovarian vein.

Video 4 Four-dimensional flow. Retrograde flow in the left ovar-
ian vein measures 290 mL/min to fill pelvic venous collaterals, which
then return via the contralateral iliac vein, inferior vena cava, and the
right ovarian vein.

HR, 113/76 mm Hg supine BP, 105 BPM standing HR, and 120/
83 mm Hg standing BP. Hyperextensibility at her fingers, wrists, el-
bows, and toes was also noted during the initial evaluation. Given
her symptoms of flushing, anxiety, and faintness upon assuming an
upright position, supine (685 pg/mL) and standing (1386 pg/mL) nor-
epinephrine levels were assessed and suggested hyperadrenergic
POTS. Although an initial abdominal ultrasound was normal, an
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Venovo 18 x 100mm

Video 5 Left iliac venogram: post-stent. An 18 mm x 10 cm
Venovo venous stent was placed in the left common iliac vein.
Following stenting, the diameter of the vein in the region of the right
common iliac artery crossing is 20 mm x 13 mm. Stent is widely pa-
tent and there is marked improvement in left common iliac vein
diameter and filling. There was also a decrease in the filling of the
internal iliac veins.

MRA/MRYV was performed given her persistent pelvic pain. Magnetic
resonance angiography/magnetic resonance venography showed
moderate—severe compression of the LCIV by the RCIA with asym-
metric iliac venous return, indicating MTS (Figure 2). Mildly dilated
pelvic venous collaterals were also present. She initially tried 25 mg
of atenolol daily but did not experience improvement. She then tried
5 mg of ivabradine twice daily but stopped after 6 months due to fi-
nancial cost and minimal benefit. Currently, she is considering inter-
vention for MTS.

Discussion

We report the first case series on concomitant POTS, EDS, and
MTS. These cases illustrate the importance of assessing for possible
MTS or Nutcracker syndrome in EDS patients presenting with POTS

RIGHT

Figure 2 Left common iliac vein antegrade venogram. Moderate—
severe compression of the left common iliac vein by the right common
iliac artery (dashed box). Extensive pelvic venous collateral filling is pre-
sent (arrows).

and pelvic or lower extremity symptoms. Chronic pelvic pain or dis-
comfort, left leg swelling, or venous pooling should prompt evalu-
ation for venous compression syndromes. Although abdominal and
pelvic ultrasound are first-line diagnostic tools to evaluate for MTS,
Nutcracker syndrome, and pelvic congestion syndrome, these syn-
dromes can be challenging to diagnose given it requires both evalu-
ation of venous anatomy and physiologic evaluation of blood flow
in the abdominopelvic veins. This was evident in two of our patients,
whose ultrasound results were normal, yet their pelvic congestion
symptoms  persisted.  Following the use of dynamic
contrast-enhanced MRA with DISCO and four-dimensional flow
magnetic resonance imaging, MTS and Nutcracker syndrome were
successfully diagnosed. We therefore highlight the importance of
using these more accurate imaging techniques when evaluating abdo-
minopelvic vasculature.

Following successful LCIV stenting, two patients’ POTS symptoms
and quality of life significantly improved, paralleling Knuttinen et al.'s’
finding that LCIV stenting significantly alleviated dysautonomia symp-
toms in patients with POTS and MTS. Their study, however, did not
characterize the presence of EDS. Dysautonomia and orthostatic in-
tolerance are well-documented in hypermobile EDS. Gazit et al.’s*
study on dysautonomia in patients with hypermobile EDS found re-
duced vasomotor tone, and B-1 and a-1 adrenoreceptor hyperre-
sponsiveness during orthostatic testing. Furthermore, EDS may
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predispose patients to abnormal venous distention during orthostat-
ic stress, leading to the venous pooling found in POTS.'® Moreover,
EDS-related hypermobility and viscera fragility may contribute to
pelvic congestion and venous compression (e.g. MTS, Nutcracker
syndrome) risk."’

We postulate EDS-related connective tissue abnormalities and the
resulting increased risk for vein stenosis may interact synergistically
to produce more severe haemodynamic and autonomic POTS
symptoms. Furthermore, MTS may exacerbate the common POTS
symptoms of hypovolemia and lower extremity venous pooling by
decreasing venous return.” Coupling reduced venous return with
the resulting changes in blood flow when standing up, patients
with POTS experience decreased venous return, leading to sympa-
thetic hyperactivation, orthostatic intolerance, baroreceptor inacti-
vation, and tachycardia.’ Left common iliac vein stenting can
mitigate these symptoms by decreasing lower extremity venous
pooling and subsequently improve downstream sympathetic nervous
system hyperac‘civation.6

Conclusions

We present the first report on a three-way association of EDS,
POTS, and MTS. Patients with EDS should be evaluated for POTS
and pelvic venous complications. Moreover, we highlight DISCO
and four-dimensional flow’s utility in evaluating pelvic vasculature.
Left common iliac vein stenting can relieve POTS symptoms in this
patient population.
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