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Background The co-existence of hypertrophic obstructive cardiomyopathy (HOCM) and pulmonary arterial hypertension (PAH) is ex-
tremely rare and poses a management conundrum. This is the first case report in the published literature to describe the
diagnosis and management of a patient with both conditions.

...............................................................................................................................................................................................................
Case summary A 49-year-old female with a history of HOCM and recently diagnosed scleroderma presented to the clinic with progres-

sive dyspnoea. Transthoracic echocardiogram demonstrated left ventricular outflow tract (LVOT) obstruction at rest, and
elevated pulmonary artery (PA) pressure. Cardiac catheterization (CC) demonstrated an LVOT gradient of 150 mmHg,
PA pressure of 88/32 mmHg, pulmonary capillary wedge pressure (PCWP) 12 mmHg, pulmonary vascular resistance 14.8
Wu, and a cardiac index of 1.6 L/min/m2. The differential diagnosis for the dyspnoea included combined pre- and post-
capillary pulmonary hypertension from longstanding HOCM vs. scleroderma associated PAH. Tadalafil was added to the
patient’s medical regimen of metoprolol but it was stopped because the patient developed pulmonary oedema. Alcohol
septal ablation was undertaken with improvement in the LVOT gradient, but only a modest improvement in her dys-
pnoea. Repeat CC demonstrated worsening PAH. Vasodilatory testing with nitric oxide led to an improvement in the PA
pressure with minimal increase of the PCWP. Hence, she was started on treprostinil and macitentan, with significant im-
provement in her dyspnoea on follow-up.

...............................................................................................................................................................................................................
Conclusion In patients with concurrent HOCM and advanced PAH, a multidisciplinary treatment approach is needed to rapidly and

safely optimize the background of HOCM in order to permit the use of PAH-specific medications.
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Learning points
• Understand the haemodynamic interaction between World Health Organization group 1 pulmonary hypertension (PH) and hypertrophic

obstructive cardiomyopathy (HOCM).
• Understand the challenges in the management of patients with concomitant PH and HOCM.
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Introduction

The co-existence of hypertrophic obstructive cardiomyopathy
(HOCM) and pulmonary arterial hypertension (PAH) represents a
management dilemma that requires an in-depth understanding of car-
diac and pulmonary haemodynamics and physiology. In this case re-
port, we describe a patient with both conditions and discuss the
management challenges and treatment options.

Timeline

Case presentation

A 49-year-old Caucasian female with a history of HOCM was eval-
uated in the office for worsening New York Heart Association class
III dyspnoea over the past 6 months. Initial history and examination
were remarkable for prior Raynaud’s phenomenon, a crescendo sys-
tolic murmur that increased with the Valsalva manoeuvre and hand
telangectasias without sclerodactyly. The patient had been diagnosed
with obstructive HOCM 6 years earlier and was treated with meto-
prolol succinate 100 mg daily and an implantable cardioverter-defib-
rillator (ICD) for primary prevention. She was recently referred to a
rheumatologist for evaluation of possible scleroderma.

Transthoracic echocardiogram (TTE) demonstrated asymmetrical
left ventricular hypertrophy (LVH) with a maximal septal thickness of
2.2 cm (Figure 1), systolic anterior motion (SAM) of the mitral valve
(Video 1), and a dynamic left ventricular outflow tract (LVOT) gradi-
ent of 56 mmHg at rest and 125 mmHg with Valsalva (Figure 2). Right
ventricular (RV) function was mildly reduced, and the pulmonary ar-
tery (PA) systolic pressure was estimated at 75 mmHg. Subsequently,
left and right cardiac catheterization (RHC) revealed normal coron-
ary arteries, provocable LVOT gradient of 150 mmHg, PA pressure
of 88/32 (52) mmHg, pulmonary capillary wedge pressure (PCWP)
12 mmHg, transpulmonary gradient (TPG) 40, pulmonary vascular
resistance (PVR) 14.8 Woods units (Wu), and a cardiac index (CI) of
1.6 L/min/m2. Anti-centromere antibodies were positive. Computed
tomography of the lungs, pulmonary function tests, and a ventilation-
perfusion scan were unremarkable.

The differential diagnosis included combined pre- and post-
capillary pulmonary hypertension (PH) from her longstanding
HOCM, with the scleroderma features being incidental. Alternatively,
limited scleroderma involving the pulmonary vasculature and contri-
buting to her PH was considered.

The patient was started on tadalafil but this was stopped because
of increased dyspnoea and gastric reflux symptoms. Surgical myec-
tomy was considered but given the increased risk in the presence of
severe PH, the decision was made to proceed with alcohol septal ab-
lation (ASA). Over the months following the ASA, the patient had a

2015 • Diagnosis of hypertrophic obstructive cardiomyop-

athy. Patient started on metoprolol succinate.

May 2019 • Evaluation of possible scleroderma.

August 2019 • Progressive New York Heart Association (NYHA)

class III dyspnoea over the past 6 months.
• Referral to our institution for evaluation of

dyspnoea.
• New diagnosis of Scleroderma.

September

2019

• Transthoracic echocardiogram (TTE): left ventricu-

lar outflow tract (LVOT) obstruction at rest, and

elevated pulmonary artery (PA) systolic pressure.
• Cardiac catheterization (CC): mean PA 88/32 (52),

pulmonary capillary wedge pressure (PCWP) 12,

transpulmonary gradient 40, pulmonary vascular re-

sistance 14.81, cardiac index of 1.6 L/min/m2.
• Pulmonary function tests and computed tomog-

raphy chest: unremarkable, no pulmonary

embolism.

November

2019

• Initiation of tadalafil lead to worsening of dyspnoea.
• Alcohol septal ablation undertaken.

February

2020

• Symptoms unchanged.
• TTE: improvement in the resting LVOT gradient.

May 2020 • Persistent dyspnoea NYHA III.
• Implantable cardioverter-defibrillator settings

changed to chronically pace the right ventricle

which led to abolition of the resting LVOT gradient,

and further reduction of the provocable gradient.

October

2020

• Modest improvement in her dyspnoea.
• Repeat CC demonstrated worsening pulmonary ar-

terial hypertension. Vasodilatory testing with nitric

oxide: non-responder. However, some improve-

ment in the PA pressure noted with minimal in-

crease of the PCWP.
• Patient started on treprostinil and macitentan.

March 2021 • Significant improvement in her dyspnoea at 6-

month follow-up.
• Follow-up TTE demonstrated improved PA systolic

pressure and right ventricular function.

Figure 1 Parasternal long-axis view demonstrating septal
thickness.
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modest initial improvement in her symptoms, but then the dyspnoea
worsened. Transthoracic echocardiogram performed 6 months after
ASA showed significant improvement of the provocable and resting
gradients across the LVOT. To further optimize her prior to starting
PAH-specific medications, her ICD was reprogrammed to pace the
RV apex to induce left ventricular (LV) dyssynchrony, which led to
abolition of the resting LVOT gradient, and further reduction of the
provocable gradient to 32 mmHg.

Given the resolution of gradients, it was felt that her dyspnoea was
due to progression of scleroderma-associated World Health
Organization (WHO) 1 PAH. Repeated RHC showed a PA pressure
mean 61 mmHg, PVR 34.1 Wu, and CI 1 L/min/m2 in the setting of a
PCWP of 4 mmHg. Vasodilatory testing with nitric oxide (NO)
showed improvement in the PA mean pressure 56 mmHg, PVR 20.9
Wu, and CI 1.4 L/min/m2, and minimal increase of the PCWP
(6 mmHg). However, the improvement in the patient’s haemo-
dynamics did not meet the threshold for considering calcium channel
blocker treatment (non-responder). She was subsequently started
on intravenous treprostinil, a direct vasodilator acting through the
prostacyclin pathway, and macitentan, an endothelin receptor antag-
onist. The combination therapy of treprostinil and macitentan was
well tolerated by the patient. Three months after initiation of PAH-
specific medication, she reports a significant improvement in dys-
pnoea and overall energy. Follow-up TTE demonstrated improved
PA systolic pressure from 76 to 63 mmHg and improved RV function,
with tricuspid annular plane systolic excursion increasing from 1.4 to
1.8 cm. Accordingly, the treprostinil dose was uptritrated from 25 to
45 ng/kg/min.

Discussion

Hypertrophic obstructive cardiomyopathy is the most common gen-
etic cardiac condition with a prevalence of up to 1:200 in the general
population.1 Up to two-thirds of HCM patients show evidence of dy-
namic LVOT obstruction related to SAM of the mitral valve with sep-
tal contact.2 Obstructive physiology and diastolic dysfunction can

lead to progressive heart failure symptoms. In several series of HCM
patients, a PA systolic pressure >35 mmHg, has been identified in 18–
38% of patients, with higher prevalence seen in the obstructive HCM
phenotype.3,4 Interestingly, in one series, 9% of the HCM patients
with PH had a PCWP <_15 mmHg with high PVR, raising the possibil-
ity of co-existent combined pre and post-capillary PH.5 PH was found
to be an independent predictor of HCM morbidity3 and mortality4 in
non-obstructive and obstructive Hypertrophic Cardiomyopathy
(HCM) patients who did not undergo septal reduction therapy
(SRT).

Pulmonary arterial hypertension WHO group 1 is a rare condition
with a prevalence of 15–50 cases per million.6 It is defined as a mean
PA pressure >_25 mmHg, a PCWP <15 mmHg, and a PVR of >3 Wu.
Pulmonary arterial hypertension has complex pathophysiology char-
acterized by an imbalance of vasoconstrictor and vasodilator pepti-
des leading to remodelling of the pulmonary arterioles. Pulmonary
arterial hypertension can be associated with connective tissue dis-
ease, especially in scleroderma patients, with a prevalence of up to
19%.7 The prognosis of scleroderma associated PAH is poor with 3-
year survival of approximately 60%.8

To our knowledge, this is the first case report of a patient with
concurrent HOCM and WHO group 1 PAH-scleroderma, two dis-
ease states that are rising in prevalence due to heightened awareness
and screening. Although PH had been reported in patients with
HOCM (WHO group 2), a very high TPG and PVR should raise the
possibility of another contributing process.

The haemodynamic interaction of these two pathologies poses
several challenges. While several vasoactive agents are indicated in
the treatment of WHO group 1 PAH, vasodilation of the pulmonary
arterioles in the setting of elevated left atrial pressure due to LVOT
obstruction and diastolic dysfunction from HOCM can lead to pul-
monary oedema. Paradoxically, increased pre-load to the left ven-
tricle as a result of PAH medications could potentially improve SAM
and LVOT obstruction and decrease the PCWP. In this case, the use
of pulmonary arterial vasodilators (tadalafil) prior to optimization of
HOCM physiology lead to significant dyspnoea and early discontinu-
ation of the medication.

Video 1 Parasternal long-axis view demonstrating mitral valve an-
terior leaflet systolic anterior motion.

Figure 2 Apical three-chambers view demonstrating Doppler es-
timation of the provocable left ventricular outflow tract gradiet dur-
ing valsalva manoeuvre.

A haemodynamic conundrum 3
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..HCM-related LVOT obstruction that is resistant to medical therapy
can be relieved by SRT. These treatments also improve diastolic dys-
function in patients with HOCM over time.9 Surgical myectomy is the
preferred approach in most young patients, particularly with massive
LVH and very large gradients. In this case, severe PH made induction
of general anaesthesia high risk for acute haemodynamic collapse. In
addition, a minimally invasive SRT, as in ASA, is more reasonable in
patients with concomitant PAH and limited life expectancy.

Optimization of her HOCM physiology alone was not associated
with improvement in dyspnoea, suggesting that her scleroderma-
associated severe PAH was contributing to her progressive symp-
toms. The NO challenge administered during the RHC, 6 months
after optimization of the HOCM physiology, decreased PA pressure
and increased CI without increasing the PCWP. NO is a potent pul-
monary arterial vasodilator that increases PA flow to the left ven-
tricle. The lack of significant elevation of PCWP after the NO
challenge reflects the success of the ASA in relieving the LVOT ob-
struction, and normalization of the left atrial and the diastolic LV
pressures. The NO challenge helped predict that the patient is likely
to tolerate PAH medications and the associated increase in the PA
flow. Therefore, the ASA was pivotal in improving the LV ability to
tolerate increases in preload from pulmonary vasodilator treatment.
Frequent assessment of her symptoms will be necessary, as there
may come a point where the improved PVR may lead to eventual ele-
vated PCWP and shortness of breath, requiring augmented diuretics.
An additional practical consideration in patients with severe PH and
RV dysfunction is that they may not tolerate beta-blockers.
However, in her case, some degree of negative chronotropy and con-
tractility may be necessary for any residual LVOT gradient.

Conclusion

This case describes the management dilemma in caring for patients
that have two uncommon, yet increasingly recognized diseases. Since
the prognosis of untreated PAH-scleroderma is very poor, a multidis-
ciplinary treatment approach is needed to rapidly and safely optimize
the background of HCM with obstruction in order to permit the use
of PAH-specific medications.
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Supplementary material

Supplementary material is available at European Heart Journal - Case
Reports online.

Slide sets: A fully edited slide set detailing this case and suitable for
local presentation is available online as Supplementary data.
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