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Coronary spasm is a frequent cause of angina despite unobstructed coronary arteries, and symptom control with rec-

ommended drugs is limited. We report the case of a 77-year-old woman who had refractory angina despite conventional

antianginal treatment. Repurposing riociguat, a soluble guanylate cyclase stimulator, resulted in improvement of

symptoms and prevention of spasm. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep 2021;3:392–6)

© 2021 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
HISTORY OF PRESENTATION

A 77-year-old woman presented to our hospital with
recurrent angina symptoms and dyspnea occurring at
rest and during exertion. She had experienced these
symptoms for the last 30 years, and they had led to
severe impairment of her quality of life.
EARNING OBJECTIVES

Patients with angina symptoms and
nonobstructed coronary arteries often have a
coronary vasomotor disorder.
When symptom control cannot be achieved
with recommended anti-vasospastic treat-
ments, drug repurposing on the basis of
pharmacological deliberation should be
considered.
sGC-stimulating agents such as riociguat
may be helpful in patients with coronary
artery spasm.
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PAST MEDICAL HISTORY

The patient’s primary presentation to our clinic dated
back to 1995. At that time, the then 53-year-old
woman reported already a 5-year history of chest pain
at rest and exercise-related shortness of breath. She
had no cardiovascular risk factors. Because of
ischemic changes in an exercise electrocardiogram
(ECG), she underwent diagnostic coronary angiog-
raphy, which revealed unobstructed coronary ar-
teries. In search of a coronary vasomotor disorder
(coronary artery spasm), acetylcholine (ACh) provo-
cation testing was carried out during another coro-
nary angiogram in 2005, and it revealed diffuse
epicardial coronary spasm of the left anterior
descending artery and the left circumflex artery (LCx)
(Figures 1A to 1C). Subsequently, anti-vasospastic
treatment was initiated.

However, thepatient continued tohave recurrentangina
symptoms refractory to various pharmacological treatment
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AB BR E V I A T I O N S

AND ACRONYM S

ACh = acetylcholine

ECG = electrocardiogram

LCx = left circumflex artery

sGC = soluble guanylate
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options. Over the years, she underwent multiple cardiac
diagnostic assessments, including several noninvasive
stress tests, as well as 5 invasive angiograms, which (apart
fromone in2013,whena focal stenosis in theLCxwas found
leading to stent placement) showedunobstructed coronary
arteries.

In 2018, ischemic ECG changes could be observed
on a resting ECG, and the patient reported
increasing chest pain both during exercise and at
rest. To evaluate a possible progression of coronary
artery disease or an in-stent restenosis, as well as
to assess coronary vasomotion again, coronary
angiography was carried out, including ACh provo-
cation testing after a standardized protocol (1).
During ACh testing, microvascular coronary spasm
could be observed with low doses of ACh, whereas
a dose of 100 mg ACh led to diffuse epicardial cor-
onary spasm in the left anterior descending artery
similar to the previous test in 2005. However, the
stent in the LCx prevented spasm at that site.
Intracoronary injection of 200 mg nitroglycerin led
to resolution of epicardial coronary spasm and her
symptoms.

During a period of several years, various anti-
anginal drugs were prescribed according to the
guidelines of the European Society of Cardiology.
These drugs included combinations of a beta-blocker,
calcium-channel blockers, an angiotensin-converting
enzyme inhibitor, and nitrates. Moreover, second-
FIGURE 1 ACh Provocation Testing in 2005

(A) Baseline angiogram showing an unobstructed left coronary artery (L

administration of 100 mg acetylcholine into the left coronary artery resu

nitroglycerin led to full vasodilation of the left coronary artery.
line drugs such as ranolazine and nicorandil
did not significantly improve the patient’s
symptoms.

DIFFERENTIAL DIAGNOSIS

Coronary artery disease and coronary vaso-
motor disorders were considered in the dif-

ferential diagnosis.

MANAGEMENT

Given that the diagnosis was ascertained and recom-
mended medical therapy options to obtain satisfac-
tory symptom control were exhausted, we decided on
an off-label use of riociguat, a drug licensed for the
treatment of pulmonary hypertension. Treatment
with riociguat, a stimulator of the soluble guanylate
cyclase (sGC), which is an enzyme with a pivotal role
in the regulation of vascular tone, was initiated under
close clinical supervision. The patient was primarily
discharged with 0.5 mg riociguat 3 times daily. During
weekly follow-ups, we increased the dosage of rioci-
guat stepwise up to 6 mg/day until the patient re-
ported a significant improvement of her health status.

INVESTIGATIONS

We quantitatively assessed the patient’s angina
symptoms and health-related quality of life using the

cycla
CA). (B) Acetylcholine (ACh) testing was performed with increasing doses and intracoronary

lted in diffuse epicardial spasm (arrows), and (C) subsequent administration of 0.2 mg



FIGURE 2 Quality of Life Assessment

Seattle Angina Questionnaire (SAQ)–based assessment of quality of life during riociguat treatment (weeks 4 to 46).
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Seattle Angina Questionnaire during follow-up visits,
as well as after a period of 10 months of riociguat
treatment (6 mg/day) (Figure 2). Plasma levels of
riociguat and its metabolite N-desmethyl-riociguat
were analyzed using liquid chromatography with
tandem mass spectrometry, resulting in a dose-
dependent increase of plasma concentrations
(Figure 3). Furthermore, the patient underwent
repeated ACh provocation testing to validate the anti-
vasospastic effect of riociguat on the coronary
FIGURE 3 Riociguat and N-Desmethyl-Riociguat Plasma Concentrati

Plasma concentrations of riociguat (black) and its metabolite N-desmet

6 mg/day over a period of 46 weeks.
arteries. Strikingly, under full riociguat medication,
epicardial coronary artery spasm could not be elicited
with 100 mg ACh, unlike in the previous examination
in 2018 (Figures 4A, 4B, and 5A to 5J).

DISCUSSION

Approximately 50% of patients with angina pectoris
have unobstructed coronary arteries on diagnostic
coronary angiography (2). In approximately 60% of
ons

hyl-riociguat (gray) after stepwise dose escalation (arrows) up to



FIGURE 4 ACh Provocation Testing in 2018 and 2020

Left coronary artery after intracoronary administration of 100 mg acetylcholine (ACh) (arrows) (A) in 2018 and (B) in 2020 under riociguat

treatment. Under Riociguat, epicardial coronary artery spasm could not be elicited with 100 mg acetylcholine.
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these patients, the genesis of symptoms can be traced
back to coronary vasomotor disorders (e.g. coronary
artery spasm), which can be diagnosed with ACh
provocation testing (3). A recent study showed that
FIGURE 5 Comparison of ACh Provocation Testing Outcome Withou

Coronary angiography showing unobstructed right coronary artery (RCA)

(C) diffuse epicardial spasm provoked by 20 mg acetylcholine (ACh) and

without previous riociguat treatment. Under riociguat treatment, epicard

arrows). (E and J) Intracoronary administration of nitroglycerin (NTG) le
satisfactory symptom control often remains a chal-
lenge in these patients (4). Despite established
treatments for patients with coronary spasm,
including calcium-channel blockers and nitrates (5),
t (2018) and With Riociguat (2020) in a 77-Year-Old Female Patient

and left coronary artery (LCA) in (A and B) 2018 and (F and G) 2020. The red arrows indicate

(D) a combination of diffuse and focal epicardial spasm at a dose of 100 mg acetylcholine

ial spasm could neither be provoked with (H) 20 mg nor with (I) 100 mg acetylcholine (green

d to full vasodilation of coronary arteries irrespective of riociguat therapy.
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many patients report symptoms refractory to such
treatment, and new treatment options are urgently
warranted. In the present case, the sGC stimulator
riociguat, a substance licensed for treatment of pul-
monary hypertension, resolved recurrent angina
symptoms in a patient with refractory symptoms
caused by coronary artery spasm. Strikingly, we
observed that the drug inhibited the elicitation of
epicardial coronary artery spasm with ACh in this
patient. Furthermore, the patient reported a signifi-
cant long-term (10 months) beneficial effect on qual-
ity of life.

These findings suggests that the sGC-pathway
may be a novel therapeutic target in patients with
coronary artery spasm. However, randomized
controlled clinical trials are needed to reinforce this
assumption.

FOLLOW-UP

After these efforts to ameliorate the patient’s symp-
toms, the patient reported that she was finally almost
symptom-free, leading to a significant improvement
in quality of life (Figure 2).

CONCLUSIONS

Symptom control in patients with coronary spasm
often remains a challenge, and available treatment
options are frequently insufficient. On the basis of
pathophysiological and pharmacological consider-
ations, as well as first evidence by our case report,
repurposing the sGC-stimulator riociguat appears to
be a promising novel therapeutic option in patients
with coronary artery spasm.
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