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Background Calcium channel blockers (CCB), the first accepted treatment, is effective only in a small number of idiopathic pulmonary arterial 
hypertension (I-PAH) patients with vasoreactivity [these patients are identified by a positive acute pulmonary vasoreactive test 
(AVT) response]. While the majority of I-PAH patients is non-vasoreactive and CCB non-responders, modern advanced pulmonary 
hypertension (PH)-specific therapies, which act on one of the three different mechanistic pathways—endothelin, nitric oxide (NO), 
and prostacyclin pathways, are effective. Treatment response to advanced PH-specific vasodilators in PAH patients with vasoreac-
tivity is unknown.

Case summary A 30-year-old woman with I-PAH was referred to our centre with worsening symptoms and deteriorating PH. She was being ad-
ministered oral triple combination of advanced PH-specific treatment including a phosphodiesterase-5 inhibitor, an endothelin re-
ceptor antagonist, and a long-acting prostacyclin analogue. The patient showed positive AVT with NO inhalation while on these 
advanced PH-specific drugs. We added high-dose CCB, which dramatically normalized her pulmonary blood pressure without fur-
ther symptoms, and she has remained stable for 5 years.

Discussion Our case describes a PAH patient with vasoreactivity, who was resistant to three different types of advanced PH-specific vasodi-
lators but was exclusively sensitive to CCB treatment. Some CCB responders may have a specific CCB-sensitive PAH phenotype 
refractory to other pulmonary vasodilators. This case highlights the role of identifying CCB responders in this era of use of modern, 
advanced PH-specific vasodilators. The investigation of the mechanisms underlying CCB sensitivity in PAH is necessary.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Calcium channel blocker responder • Idiopathic pulmonary arterial hypertension • Acute pulmonary vasoreactivity test 

• Case reports
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
ESC Curriculum 6.7 Right heart dysfunction • 9.6 Pulmonary hypertension

* Corresponding author. Tel: +81 6 6170 1070, Fax: +81 6 6833 5126, Email: tak@ncvc.go.jp
Handling Editor: Davide Stolfo
Peer-reviewers: Aiste Monika Jakstaite; Claudio Picariello
Compliance Editor: Reshma Amin
Supplementary Material Editor: Katharine Kott
© The Author(s) 2022. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

https://orcid.org/0000-0002-3598-0235
https://orcid.org/0000-0003-1180-9262
mailto:tak@ncvc.go.jp
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/ehjcr/ytac351


2                                                                                                                                                                                             K. Hirakawa et al.

Leaning points

• Some calcium channel blocker (CCB) responder may theoretically have a specific CCB-sensitive phenotype refractory to other pulmonary 
vasodilators.

• This report suggests that identifying CCB responders by acute vasodilatation test in this era of modern pulmonary hypertension-specific therapy is 
important.

Introduction
Idiopathic pulmonary arterial hypertension (I-PAH) is a chronic incur-
able condition characterized by pulmonary hypertension (PH) without 
clear causes, leading to right heart failure and death. A small proportion 
of PAH patients with vasoreactivity, who are identified by positive acute 
pulmonary vasoreactivity test (AVT), exhibit excellent clinical response 
to long-term high-dose calcium channel blocker (CCB) treatment1–3

and are called CCB responders. Meanwhile, majority of patients with 
I-PAH, who are non-vasoreactive at AVT, do not benefit from CCB 
but benefit from modern advanced PH-specific pulmonary vasodilators, 
which act each on three different pathways—endothelin, nitric oxide 
(NO), and prostacyclin pathways. Modern advanced PH-specific ther-
apies as well as CCB may be beneficial in treating PAH patients with va-
soreactivity. However, the outcome of treatment of PAH with 
vasoreactivity with advanced PH-specific vasodilators is unknown. 
We report a case of a IPAH vasoreactive patient who was resistant 
to three different types of advanced PH-specific vasodilators but was 
exclusively sensitive to CCB with favourable long-term outcome.

Timeline

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Before admission: exertional dyspnoea

September 2011

• Patients were hospitalized due to syncope and dyspnoea

• Echocardiography showed suspicion of PH, leading to the right heart 

catheterization (RHC)

• Right heart catheterization shows severe PH and low cardiac output 
[mean pulmonary arterial pressure (PAP) was 40 mmHg; pulmonary 

vascular resistance (PVR) was 9.3 wood unit; and cardiac index (CI) 

was 1.7 L/min/m2]. Pulmonary hypertension due to left heart disease 
and lung disease were ruled out by echocardiogram, computed 

tomography, and spirometry. Chronic thromboembolic PH was ruled 

out by ventilation/perfusion scan and enhanced computed 
tomography. Finally, I-PAH was diagnosed by ruling out other 

pulmonary arterial hypertension by clinical history, laboratory 

examination, and drug history according to current PH guideline

• The patient was maintained on upfront triple oral combination 

therapy (beraprost 300 μg/day, sildenafil 60 mg/day, and bosentan 

250 mg/day)
2012

• Haemodynamics were improved (mean PAP: 23 mmHg, PVR: 
2.4 wood unit, CI: 2.99 L/min/m2)

Continued 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Continued  

Before admission: exertional dyspnoea

2013

• Right heart catheterization showed the deterioration of 
haemodynamics (mean PAP: 41 mmHg, PVR 7.3 wood unit, CI: 2.41 L/ 

min/m2) after 2 years of treatment

March 2014

• Right heart catheterization demonstrated slight worsening 

haemodynamics and her symptom was progressive

• Sildenafil (60 mg/day) was switched to tadalafil (40 mg/day)
September 2015

• Right heart catheterization demonstrated slight worsening 

haemodynamics and her symptom was progressive

• Bosentan (250 mg/day) was switched to macitentan (10 mg/day)

July 2016

• The patient was referred to our centre

• Right heart catheterization demonstrated worsening haemodynamics, 

and acute pulmonary vasoreactivity test was performed

• We prescribed calcium blocker (nifedipine 160 mg/day) addition to 
her existing targeted therapy, and her dyspnoea resolved immediately

June 2017

• The patient’s symptom remained World Health Organization 
functional class (WHO-FC) I and the RHC demonstrated mean PAP, 

PVR, and CI values of 23 mmHg, 2.4 wood unit, and 3.03 L/min/m2

June 2019

• Pulmonary hypertension remained almost normalized without 

symptoms

June 2021

• Pulmonary hypertension remained almost normalized without 

symptoms

Case report
A 31-year-old woman was hospitalized due to syncope and dyspnoea 
(WHO-FC III) 5 years prior to presentation. The patient had no med-
ical history or drug therapy. Pulmonary hypertension with right heart 
failure was suspected by echocardiography and confirmed by RHC. 
Pulmonary hypertension associated with left heart disease (Group 2) 
and lung disease (Group 3) was ruled out by echocardiography, com-
puted tomography, and spirometry. Chronic thromboembolic PH 
(Group 4) was ruled out by ventilation/perfusion scan. Finally, I-PAH 
was diagnosed after excluding other PAH by clinical history, laboratory 
examination, and drug history according to current PH guideline. At 
diagnosis, her serum brain natriuretic peptide level was 9.5 pg/mL 
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(normal range <5.8 pg/mL); 6 min walking distance was 175 m; 
mean PAP was 40 mmHg; PVR was 9.3 wood unit; and CI was 
1.7 L/min/m2 (Table 1). An AVT was not performed at the time. A triple 
upfront oral therapy with beraprost, bosentan, and sildenafil was 
started. Her symptoms improved from WHO-FC III to WHO-FC II 
on targeted therapy. After 1 year, haemodynamics were improved 

(mPAP: 23 mmHg, PVR: 2.4 wood unit, CI: 2.99 L/min/m2). However, 
the RHC showed the deterioration of haemodynamics (mean PAP: 
41 mmHg, PVR 7.3 wood unit, CI: 2.41 L/min/m2) after 2 years of treat-
ment. She developed progressive dyspnoea after 3 years of PH-specific 
treatment and sildenafil (60 mg/day) was switched to tadalafil 
(40 mg/day). After 4 years of treatment, bosentan (250 mg/day) was 
switched to macitentan (10 mg/day). The patient’s clinical parameters 
and haemodynamic status during the 5-year follow-up are shown in 
Figure 1.

The patient was referred to our institution for the introduction of 
intravenous epoprostenol due to the failure of oral combination 
PH-specific treatment. Right heart catheterization confirmed a wor-
sening risk haemodynamics pattern (Table 1) (mean PAP: 48 mmHg, 
PVR: 7.5 wood unit, CI: 2.75 L/min/m2). An AVT was performed for 
the first time in the patient with 20 ppm of NO administered for 
10 min, and the patient demonstrated dramatic haemodynamic im-
provement (mean PAP: 21 mmHg, PVR: 2.8 wood unit, CI: 2.4 L/ 
min/m2) (Table 1). The AVT was diagnosed as positive based on the 
current PAH treatment guidelines, which defined a positive AVT as 
a reduction in the mean PAP ≥10 mmHg to reach an absolute value 
≤40 mmHg in the setting of increased or unchanged cardiac output.4

We prescribed a high-dose CCB (nifedipine 160 mg/day) in addition 
to her existing PH-specific therapy instead of initiating intravenous 
epoprostenol, and her dyspnoea resolved to WHO-FC I. After 
1-year of CCB treatment, the patient’s symptom remained 
WHO-FC I and the RHC demonstrated mean PAP, PVR, and CI values 
of 23 mmHg, 2.4 wood unit, and 3.03 L/min/m2, respectively. After 3 
and 5 years of CCB treatment, symptom was resolved, and PH re-
mained almost normalized with macitentan, tadalafil, beraprost, and 
nifedipine (Figure 1).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Haemodynamic changes during the acute 
vasoreactivity test

Baseline Nitric oxide at 
20 ppm

PAP [Systolic/diastolic (mean)] 

(mmHg)

84/32 (48) 34/11 (21)

PAWP (mmHg) 12 10

RAP (mmHg) 13/9 (7) 7/4 (3)

Blood pressure (mmHg) 114/68 (79) 99/59 (70)
SvO2/SaO2 (%) 78.6/97.9 75.1/97.0

CO/CI (L/min/m2) 4.81/2.75 4.24/2.42

SVR (wood unit) 15.0 15.8
PVR (wood unit) 7.5 2.6

PA, pulmonary arterial pressure; PAWP, pulmonary arterial wedge pressure; RAP, right 
atrial pressure; SVO2, mixed venous oxygen saturation; SaO2, arterial oxygen 
saturation; CO, cardiac output; CI, cardiac index; SVR, systemic vascular resistance; 
PVR, pulmonary vascular resistance.

Figure 1 Clinical course and treatment in this patient. This patient was refractory to combination pulmonary hypertension-specific therapy during 5 
years on targeted therapy. After positive results of an acute vasoreactivity test with nitric oxide inhalation, she was initiated on CCB therapy, which 
provided near-normalization of her haemodynamics with World Health Organization functional Class I. This patient remained stable for another 5 
years.
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Discussion
Our case illustrated that modern advanced PH-specific therapy was 
not beneficial in a high-dose CCB responder PAH patient with 
vasoreactivity.

This patient may have a specific phenotype sensitive to CCB treat-
ment. Sitbon et al.2 reported that only 6.8% of patients (with positive 
AVT) with PAH demonstrated a favourable, long-term clinical re-
sponse to CCBs. These patients have the vasoreactive phenotype, 
suggesting that not only CCB but also any vasodilators may be bene-
ficial to them. However, this patient showed excellent haemo-
dynamic and clinical improvement exclusively with CCB but not 
with three other pulmonary vasodilators. One of the possible 
underlying mechanisms of CCB-sensitive PAH may be an abnormal-
ity in the calcium channel pathway. The activation of calcium 
channel-receptor pathway can cause an excessive influx of calcium 
via calcium channel receptor, which could induce excessive pulmon-
ary vasoconstriction and PH.5 Calcium channel blockers may be ef-
fective by blocking active calcium channel receptors and inhibiting 
excessive calcium inflow directly, whereas advanced PH-specific va-
sodilators may not sufficiently dilate pulmonary vessels. 
Gain-of-function mutation in the calcium channel receptor is a pos-
sible underlying mechanism of this phenotype. However, such gen-
etic abnormality has not yet been identified. Investigations for the 
underlying mechanism of PH in CCB responders such as next gen-
eration genomic analysis may be warranted.

Tolerance to PH-specific vasodilators may be another possible 
mechanism of poor response to PH-specific vasodilators in vasor-
eactive PAH. Dose escalation of intravenous epoprostenol is re-
commended in cases of tolerance. This patient improved after 1 
year of PH-specific vasodilator treatment but deteriorated gradual-
ly, which suggests that the patient developed tolerance to advanced 
PH-specific medications. High-dose CCB treatment may have sus-
tained effectiveness without tolerance in vasoreactive PAH 
patients.

The AVT with NO inhalation demonstrated a positive result, despite 
the patient’s being on a combination therapy that included phospho-
diesterase 5 inhibitors (PDE5-I). Even if risky on top of a triple oral ther-
apy (it could be considered off label at this stage), AVT was performed 
to better understand vasoreactive pulmonary status of the patient. A 
previous study showed that NO is reduced in PAH.6 Nitric oxide inhal-
ation may open pulmonary vessels more than PDE5-I, which are NO 
dependent vasodilators, if there is reduced NO. Riociguat, a NO non- 
dependent vasodilator, might be more effective than PDE5-I in this pa-
tient. Furthermore, NO inhalation will directly act on smooth muscle 
cells while PDE5-I acts by cyclic guanosine monophosphate inhibition 
in endothelial cells. There may be endothelial dysfunction, which at-
tenuates the effect of oral vasodilators working via endothelial cells. 
Although acute vasodilatation test with CCB was previously per-
formed,1 now it is discouraged due to potential severe risk such as 
hypotension.7

This case described a PAH patient with vasoreactivity, who was 
resistant to three different types of advanced PH-specific vasodila-
tors, was exclusively sensitive to CCB, and had a favourable long- 
term outcome. High-dose CCB may be more beneficial than ad-
vanced PH-specific vasodilators in a PAH patient with positive acute 
vasoreactivity test. At the initial diagnosis of PAH, AVT is recom-
mended to identify long-term CCB responders before initiating 
PH-specific vasodilators in the current PAH treatment guidelines.6

However, 24% of I-PAH patients are initiated on targeted therapy 
without AVT3 because CCB responders are rare. Calcium channel 
blockers responder PAH may be underdiagnosed and mistreated 
with advanced PH-specific vasodilators. This case highlighted the 

importance of identifying CCB responders in this era of modern ad-
vanced PH-specific vasodilator treatment. The investigation of the 
mechanism underlying CCB sensitivity including genetic analysis is 
necessary.
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