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Abstract
Vasospastic angina (VSA) is defined as spasm of the coronaries leading to transient constriction and
eventual myocardial ischemia. VSA is treated typically with calcium-channel blockers (CCBs) and nitrates.
However, there are times when the vasospasm is refractory to typical medications. When this
occurs, unconventional treatment modalities may be employed for symptomatic relief. We present a case of
a 48-year-old-male with a history of inferior ST-elevation myocardial infarction (STEMI) status post
percutaneous coronary intervention (PCI) with drug-eluting stent (DES) to the distal right coronary artery
(RCA), who presented with recurrent angina. The pain was described as pressure-like, substernal, radiating
to both arms, and similar to his previous STEMI presentation. On presentation to the emergency room, he
had an elevated serum troponin with no electrocardiogram (EKG) changes. He was taken to the cath lab
where it was found that he revealed severe focal stenosis just proximal to the previously placed
stent. Immediately after guidewire passage into the RCA, acute vasospasm developed, resulting in diffuse,
severe stenosis, extending over previously normal segments to the proximal RCA, resolving with
intracoronary nicardipine and nitroglycerin, including the initial focal stenosis. The patient was diagnosed
with VSA. Unfortunately, despite optimal medical therapy, he developed refractory VSA, requiring the use of
unconventional treatment methods. Our patient presented with a lesser-known phenomenon called
refractory VSA, where intermittent vasospasm continues despite being on a combination of two
medications. Treatment for VSA is well-documented, however, little data is available for refractory VSA.
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Introduction
Vasospastic angina (VSA) occurs when there is spasm of the coronaries, transiently leading to constriction
and eventual myocardial ischemia. VSA is treated typically with calcium-channel blockers (CCBs) and
nitrates [1]. However, there are times when the vasospasm is refractory to typical medications. When this
occurs, unconventional treatment modalities may be employed for symptomatic relief. We present a case of
refractory VSA, which required unconventional treatment for symptom control.

Case Presentation
A 48-year-old-male with a history of inferior ST-elevation myocardial infarction (STEMI) status post
percutaneous coronary intervention (PCI) with drug-eluting stent (DES) to the distal right coronary artery
(RCA) eight months prior, presented with recurrent angina, described as pressure-like, substernal, radiating
to both arms, and similar to his previous STEMI presentation. His angina occurred at rest and was alleviated
with sublingual nitroglycerin. The patient was compliant with guideline-directed medical therapy with dual
antiplatelet therapy (DAPT), statin, and beta-blocker (BB). His family history did not have any history of
premature coronary artery disease or of sudden cardiac death. He never smoked and rarely consumed
alcohol. His vitals on presentation to the emergency room were: blood pressure (BP) 146/82 mmHg; heart
rate (HR) 88/min; respiratory rate (RR) 16/min; afebrile; and oxygen saturation of 98% on room air. His
physical exam, including cardiac and pulmonary exams, were unremarkable. His electrocardiogram (EKG)
demonstrated signs of prior inferior infarct with no acute signs of ischemia or ST-changes (Figure 1). Serum
troponin was initially 0.37 ng/L (normal <0.05 ng/L) and subsequently peaked at 1.93 ng/L. The patient was
diagnosed with non-STEMI. A heparin infusion was started per acute coronary syndrome (ACS) protocol.
Given the diagnosis of non-STEMI, left heart catheterization was performed, revealing severe focal stenosis
just proximal to the previously placed stent. A decision to proceed with PCI was made. Immediately after
guidewire passage into the RCA, acute spasm developed, resulting in diffuse, severe stenosis, extending over
previously normal segments to the proximal RCA. This completely resolved with intracoronary nicardipine
and nitroglycerin, including the initial focal stenosis (Figure 2). The patient was diagnosed with vasospastic
angina (VSA). He was continued on DAPT, BB, and statin with the addition of the non-dihydropyridine
calcium channel blocker (CCB), verapamil. Despite this, the patient continued to experience intermittent
angina and verapamil was increased to the maximum dose. An oral long-acting nitrate was additionally
added but quickly discontinued due to intolerable headaches. Various second CCBs were added, including a
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dihydropyridine CCB, but intermittent angina continued. At this point, the patient was diagnosed with
refractory VSA. Clonidine (alpha-2-agonist) was also tried, with no benefit. Eventually, a nitroglycerin patch
was added with reduced headaches and a modest decrease in the frequency of angina episodes.

FIGURE 1: Electrocardiogram on presentation to the emergency room
Normal sinus rhythm of 90 beats/min with normal axis and intervals. There is poor R-wave progression but
no signs of acute ST-changes. There are old T-wave inversions in lead III.

FIGURE 2: Left heart catheterization demonstrating RCA from LAO 30
A: Focal stenosis of 90% in the distal RCA, which was determined to be a result of vasospasm. B: Vasospasm
in the distal RCA with guidewire introduction. C: Diffuse vasospasm with guidewire in place, expanding from
the distal to the proximal RCA. D: Vasospasm resolved with intracoronary nitroglycerin and intracoronary
nicardipine.

RCA - Right Coronary Artery; LAO - Left Anterior Oblique

Discussion
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Angina pectoris was first described in 1768 by William Heberden when he presented the now classic
symptoms of chest pain; occurring with effort/exertion, no EKG changes, and resolution with rest to the
Royal College of Physicians [2]. In 1959, a variant form of angina pectoris, “Prinzmetal angina” was then
described by Dr. Myron Prinzmetal with the symptoms of chest pain at rest, ST-elevation, and spontaneous
resolution or resolution with the use of sublingual nitroglycerin [3]. With the advent of coronary
angiography, the suspicion of coronary spasm as the cause of Prinzmetal’s angina was confirmed.
Subsequently, it was found that spasm is not always associated with ST elevation. Therefore, the term
“vasospastic angina” was coined.

In terms of pathophysiology, it is believed that there is significant overlap between atherosclerotic CAD and
VSA. More than half of the patients with atherosclerotic CAD may develop vasospastic angina and more than
half vasospastic angina patients have atherosclerotic CAD [4]. The inciting factor, whether a normal or a
diseased vessel, is smooth muscle hyperreactivity. This subsequently leads to a focal or diffuse spasm,
resulting in a high-grade obstruction. This obstruction ultimately leads to transient ischemia and anginal
pain. If this persists, myocardial infarction, arrhythmia, or even sudden cardiac death may occur (Figure 3)
[5].

FIGURE 3: Vasospastic angina pathophysiology
As smooth muscle hyperreactivity occurs, a cycle is initiated leading to spasm of the vessel and ischemia. If
this spasm does not subside, infarction, arrhythmia, or even sudden cardiac death may occur.

Smooth muscle hyperreactivity can occur due to a variety of factors but, overall, is either due to
vasoconstriction or an increase in calcium sensitivity of the vascular myosin light chains. Acetylcholine,
serotonin, histamine, noradrenaline, and dopamine have all been shown to provoke vasospasms. The non-
receptor pathway inhibitors of smooth muscle contractile mechanisms, such as that of nitrates and CCB, can
inhibit spasms [6]. Smoking has been noted to be a major risk factor for coronary spasms whereas
hypertension, hyperlipidemia, and diabetes mellitus, are not found to be large risk factors [7]. Other risk
factors for vasospasm include, but are not limited to, hyperventilation, cold, exercise, magnesium deficiency,
drugs (cocaine, marijuana, alcohol, ephedrine, amphetamine, triptans), and left heart catheterization
(guidewire, balloon dilatation) [8-9].

Diagnosis can be made via left heart catheterization with provocation testing with, typically, acetylcholine
or with ergonovine. It should ideally be done at centers that have high levels of expertise in the procedure.
Overall, it is deemed a safe procedure, however, it can result in sustained spasm, serious arrhythmias, and
even death, though very infrequently. If this approach is to be done, it is preferable to have a wash-out
period for both nitrates and CCBs. Also, a temporary pacemaker should be placed in the right ventricle prior
to provocation [8-9]. For acetylcholine administration, it is given as 20, 50, and 100 mcg intracoronary over
20 seconds and after one-minute angiogram is performed. This is then followed by nitrate administration
and angiogram when maximally dilated. For ergonovine, it is administered as 20-60 mcg intracoronary over
two to five minutes, and after one minute, an angiogram is performed [8-9].

Management of vasospasm involves both medical and non-medical therapies (Figure 4). Management within
daily living includes smoking cessation, alcohol cessation, as well as avoidance of triggers [9]. Aggressive
CAD risk factor modification should also be pursued. Medication wise, CCBs are first line, with nitrates as
second line. CCBs suppress calcium inflow into vascular smooth muscle cells, resulting in vasodilation.
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Nitrates are metabolized to nitric oxide, which subsequently activates guanylate cyclase, leading to
increased cyclic guanosine monophosphate (cGMP) and, ultimately, relaxation of vascular smooth muscle.
Nitric oxide also suppresses the activity of Rho-kinase, thereby also relaxing smooth muscle. For prevention,
CCBs are effective in approximately 93% of patients with the efficacy of dihydropyridine being greater than
non-dihydropyridine CCBs. The efficacy rate increases if two of these are combined to nearly 100% [9-12]. If
nitrates are to be used for prevention, long-acting nitrates are preferred in combination therapy with CCB
[9-12]. Statin therapy may also have an added benefit via endothelial nitric oxide or direct effects on the
vascular smooth muscle [13].

FIGURE 4: Vasospastic and refractory vasospastic angina treatment
CAD - Coronary Artery Disease; CCB - Calcium Channel Blocker; PCI - Percutaneous Intervention

Our patient presented with a lesser-known phenomenon, refractory VSA. Refractory VSA is when there is
the continued presence of intermittent vasospasm despite being on a combination of two medications.
Treatment for VSA is well documented, however, little data is available for refractory VSA. The literature
frequently documents reports of several unconventional methods of treatment [14-15]. These treatment
methods include the use of alpha-2-agonists, rho-kinase-inhibitors, statins, and magnesium [14-16].

Surgical interventions with sympathetic denervation like left-stellate-ganglion denervation have been
explored and reported with mixed results for refractory VSA. Randomized control trials evaluating
the efficacy of these unconventional management modalities are few to come by [17-19]. Further research
and the sharing of the experiences of managing such perplexing refractory VSA cases should be encouraged
to better understand and expand management.

Conclusions
Vasospastic angina (VSA) occurs when there is spasm of the coronaries, transiently leading to constriction
and eventual myocardial ischemia. VSA is treated typically with calcium-channel blockers and nitrates.
However, there are times when the vasospasm is refractory to conventional medications. Refractory
vasospastic angina is when angina continues despite being on a combination of two medications. When this
occurs, unconventional treatment modalities may be employed for symptomatic relief. Diagnosis can be
made via left heart catheterization with provocation testing with, typically, acetylcholine
or ergonovine. Further research and sharing experiences of managing such perplexing refractory VSA cases
should be encouraged to better understand and expand the management.
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