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Abstract: Coronary artery vasospasm plays a crucial role in the prevalence of unstable angina. Despite
common misdiagnosis, there is limited evidence on this topic. Here, we present a rare case of unstable
vasospastic angina in a female with severe thyrotoxicosis. Case Report: A 62-year-old female patient
was admitted to the cardiac intensive care unit due to crushing chest pain at rest. The patient exhibited
ischemic changes on the ECG with a normal troponin I level. Recurrent chest pain prompted urgent
coronary angiography, revealing generalized vasospasm of all coronary artery branches including
the left main coronary artery. Intracoronary nitroglycerin injection partially alleviated the vasospasm;
however, there was a persistent stenosis in the left main artery. Subsequent intravascular ultrasound
demonstrated an anatomically normal left main artery. Post-procedure, laboratory tests revealed
undetectable levels of thyroid-stimulating hormone and thyroid hormones above the detectable level.
The patient was initiated on methimazole and discharged symptom-free, expecting a good prognosis
under conservative management. Conclusions: Clinically significant coronary vasospasm triggered
by thyrotoxicosis remains a rarity in clinical practice, often posing diagnostic challenges. This case
emphasizes the significance of intracoronary nitroglycerin and intravascular ultrasound in discerning
the etiology of coronary lesions seen on angiography. We advocate for these techniques to optimize
invasive coronary artery diagnostics, enabling the selection of the appropriate treatment strategies
and improving long-term prognosis.
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1. Introduction

Acute coronary syndromes (ACSs) stand as a significant contributor to mortality rates
across Europe [1]. Unstable angina (UA), characterized by myocardial ischemia at rest
accompanied by typical chest pain and shortness of breath, is one of the key components
of ACS [1]. While atherosclerotic disease of coronary arteries is widely acknowledged
as the primary culprit behind ACS [2], it is essential to recognize that the vasospasm of
coronary arteries can also provoke such episodes [3]. Vasospasm entails either focal or
diffuse coronary arteries constriction, leading to severe stenosis and diminished blood flow
to the myocardium, though it is deemed a functional rather than structural anomaly [4]. The
incidence of coronary vasospasm is highest in individuals aged between 40 and 70 [5]. Also,
the prevalence is higher among the Asian population than the European population [4,5].
General risk factors of coronary vasospasm are older age, cigarette smoking and higher
levels of high-sensitivity C-reactive protein [6]. Notably, smoking has a stronger association
with coronary vasospasm in younger patients [7]. Vasospasm may occur due to several
factors, such as increased sympathetic activity, endothelial dysfunction, oxidative stress,
smooth muscle cell hypercontractility and genetic factors [5]. Interestingly, some of these
pathophysiological disturbances may be exacerbated by thyrotoxicosis, which is marked
by elevated thyroid hormone activity due to the excessive production and concentration
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in the bloodstream [8]. The prevalence of hyperthyroidism and thyrotoxicosis in Western
population stands at 1.2%, and Grave’s disease is the most common cause [8]. Akin
to vasospastic angina, thyrotoxicosis is more common among females [4,8]. Clinically
significant coronary vasospasm triggered by thyrotoxicosis remains a rarity in clinical
practice, and it often poses diagnostic challenges [9]. Despite its significance and the
prevalence of misdiagnoses, evidence on this topic remains scant, and it is largely limited to
case reports and retrospective studies. Here, we present a rare case of unstable vasospastic
angina in a middle-aged female with severe thyrotoxicosis.

2. Case Report

The case illustrates a rare manifestation of unstable angina attributed to a vasospasm
in a 62-year-old woman. Her condition began to deteriorate about a week prior to hos-
pitalization with the typical stress-induced chest pain escalating to discomfort even at
rest. Managing her symptoms with orally administered isosorbide mononitrate (ISMN)
(60 mg) proved effective, as the pain responded well to vasodilating medications. A few
days before her admission, the patient noticed swelling in her ankles for the first time.
After consulting a cardiologist at an outpatient clinic and observing signs of heart failure,
she was referred to the internal medicine department at a secondary care hospital. An
echocardiogram revealed preserved ejection fraction (EF of 50%), mild aortic valve stenosis
and mild left ventricular hypertrophy. Given the high suspicion of unstable angina, the
patient was promptly directed to a percutaneous coronary intervention (PCI) center. The
patient had a medical history of arterial hypertension and dyslipidemia.

Before admission to the secondary care hospital, the patient was prescribed Verapamil
(180 mg), Trandolapril (2 mg) once daily, Atorvastatin (10 mg) once daily, and Isosorbide
Mononitrate (20 mg) once daily. The treatment plan implemented at the secondary care
hospital is outlined in Table 1.

Table 1. Prescribed medications in the secondary care hospital.

Drug, Form Dosage, Regime

Furosemide i/v 60 mg every second day
Nadroparin s/c 0.6 mL b.i.d.

Torasemide p/os 20 mg every second day
Aspirin p/os 100 mg o.d.

Verapamil and Trandolapril p/os 180/2 mg p/os o.d.
Isosorbide mononitrate (ISMN) p/os 20 mg o.d.

Upon arrival at the PCI center, the patient was admitted to the cardiac intensive care
unit reporting severe chest pain spreading to the left arm, which was accompanied by
dizziness and difficulty breathing. The initial electrocardiogram (ECG) upon admission
revealed sinus tachycardia with evident ST segment depression in leads I, aVL, V4–6, and
ST segment elevation in lead aVR (Figure 1). Despite this presentation, the high sensitivity
troponin I level remained within normal limits at 12 ng/L (normal range ≤ 16 ng/L), lead-
ing to the patient being managed under the diagnosis of unstable angina. The medications
prescribed during the patient’s stay in the PCI center’s intensive care unit (ICU) are detailed
in Table 2.

While awaiting coronary angiography, the patient experienced a recurrence of chest
pain, prompting an urgent procedure. Subsequent coronary angiography revealed con-
strictions in all coronary arteries, including the left main coronary artery (Figure 2A,B).
Suspecting diffuse vasospasm, intracoronary nitroglycerin was administered. Following the
injection of 400 mcg of intracoronary nitroglycerin, partial relief of the diffuse vasospasm
was observed, although the proximal segment of the left main artery remained affected
(Figure 3A,B).



J. Clin. Med. 2024, 13, 3130 3 of 11

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 3 of 11 
 

 

Metoprolol p/os (later changed to Diltiazem) 47.5 mg o.d. 
Methimazole p/os (after endocrinologist consult) 5 mg t.i.d. 

Isosorbide dinitrate (ISDN) p/od 20 mg o.d. 
Molsidomine p/o 4 mg o.d. 

Diltiazem p/os 90 mg b.i.d. 

 
Figure 1. An ECG upon arrival at the cardiac ICU. 

While awaiting coronary angiography, the patient experienced a recurrence of chest 
pain, prompting an urgent procedure. Subsequent coronary angiography revealed con-
strictions in all coronary arteries, including the left main coronary artery (Figure 2A,B). 
Suspecting diffuse vasospasm, intracoronary nitroglycerin was administered. Following 
the injection of 400 mcg of intracoronary nitroglycerin, partial relief of the diffuse vaso-
spasm was observed, although the proximal segment of the left main artery remained af-
fected (Figure 3A,B). 

 
Figure 2. Vasospasm of the left (A) and the right (B) coronary artery, possible lesion of the left main 
(A). 

Figure 1. An ECG upon arrival at the cardiac ICU.

Table 2. Prescribed medications in the PCI center.

Drug, Form Dosage, Regime

Nadroparin s/c before coronary angiography 0.6 mL b.i.d.
Aspirin p/os 100 mg o.d.

Pantoprazole p/os 40 mg o.d.
Metoprolol p/os (later changed to Diltiazem) 47.5 mg o.d.

Methimazole p/os (after endocrinologist consult) 5 mg t.i.d.
Isosorbide dinitrate (ISDN) p/od 20 mg o.d.

Molsidomine p/o 4 mg o.d.
Diltiazem p/os 90 mg b.i.d.

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 3 of 11 
 

 

Metoprolol p/os (later changed to Diltiazem) 47.5 mg o.d. 
Methimazole p/os (after endocrinologist consult) 5 mg t.i.d. 

Isosorbide dinitrate (ISDN) p/od 20 mg o.d. 
Molsidomine p/o 4 mg o.d. 

Diltiazem p/os 90 mg b.i.d. 

 
Figure 1. An ECG upon arrival at the cardiac ICU. 

While awaiting coronary angiography, the patient experienced a recurrence of chest 
pain, prompting an urgent procedure. Subsequent coronary angiography revealed con-
strictions in all coronary arteries, including the left main coronary artery (Figure 2A,B). 
Suspecting diffuse vasospasm, intracoronary nitroglycerin was administered. Following 
the injection of 400 mcg of intracoronary nitroglycerin, partial relief of the diffuse vaso-
spasm was observed, although the proximal segment of the left main artery remained af-
fected (Figure 3A,B). 

 
Figure 2. Vasospasm of the left (A) and the right (B) coronary artery, possible lesion of the left main 
(A). 

Figure 2. Vasospasm of the left (A) and the right (B) coronary artery, possible lesion of the left main (A).



J. Clin. Med. 2024, 13, 3130 4 of 11J. Clin. Med. 2024, 13, x FOR PEER REVIEW 4 of 11 
 

 

 
Figure 3. The left coronary artery before (A) and after (B) intracoronary nitroglycerin injection, an-
giography depicts partial relief of vasospasm, suspicion of a lesion in the left main coronary artery 
(B). 

To assess the left main stenosis, intravascular ultrasound (IVUS) was employed. 
IVUS revealed the absence of significant atherosclerotic lesion in the left main, confirming 
the diagnosis of vasospasm (Figure 4). The other sites of the left coronary artery appeared 
to be without any lesions as well, except the proximal part of LAD, where a minor plaque 
was found during the IVUS examination. After the procedure, serial ECGs did not demon-
strate any ischemic changes (Figure 5). 

 
Figure 4. IVUS images demonstrating the left main artery without significant atherosclerosis (A), 
the left main artery diameter appears to be normal (B). 
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To assess the left main stenosis, intravascular ultrasound (IVUS) was employed. IVUS
revealed the absence of significant atherosclerotic lesion in the left main, confirming the
diagnosis of vasospasm (Figure 4). The other sites of the left coronary artery appeared to be
without any lesions as well, except the proximal part of LAD, where a minor plaque was
found during the IVUS examination. After the procedure, serial ECGs did not demonstrate
any ischemic changes (Figure 5).

J. Clin. Med. 2024, 13, x FOR PEER REVIEW 4 of 11 
 

 

 
Figure 3. The left coronary artery before (A) and after (B) intracoronary nitroglycerin injection, an-
giography depicts partial relief of vasospasm, suspicion of a lesion in the left main coronary artery 
(B). 

To assess the left main stenosis, intravascular ultrasound (IVUS) was employed. 
IVUS revealed the absence of significant atherosclerotic lesion in the left main, confirming 
the diagnosis of vasospasm (Figure 4). The other sites of the left coronary artery appeared 
to be without any lesions as well, except the proximal part of LAD, where a minor plaque 
was found during the IVUS examination. After the procedure, serial ECGs did not demon-
strate any ischemic changes (Figure 5). 

 
Figure 4. IVUS images demonstrating the left main artery without significant atherosclerosis (A), 
the left main artery diameter appears to be normal (B). 

Figure 4. IVUS images demonstrating the left main artery without significant atherosclerosis (A), the
left main artery diameter appears to be normal (B).

After coronary angiography, at the cardiac ICU, the patient experienced another wave
of chest pain with ischemic changes observed on the ECG (ST elevation with negative T
waves in leads I and aVL, ST depression in V3–6) (Figure 6). The episode was successfully
managed with intravenous nitrates.
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Figure 6. Ischemic ECG changes in cardiac ICU after coronary angiography.

Biochemical blood tests revealed thyrotoxicosis, TSH was 0.000 mU/L, free thyrox-
ine (T4) was elevated at 40.19 pmol/L (normal range 9.0–19.0 pmol/L), and free tri-
iodothyronine (T3) was above detectable concentration > 30.72 pmol/L (normal range
2.43–6.01 pmol/L). All blood tests during the hospital stay are provided in Table 3.

The patient was consulted by an endocrinologist; recommended therapy was methi-
mazole, initial dosage 10 mg 3 times daily. After 7–10 days, the dose could be gradually
reduced by 5 mg, eventually reaching 5–10 mg daily maintenance dose. Eventually, the
patient was discharged symptoms-free, expecting good prognosis on conservative manage-
ment. All prescribed long-term medications on discharge are shown in Table 4.

The patient was contacted six months after discharge from the PCI center. The pa-
tient is currently taking prescribed medications, including methimazole 5 mg daily for
thyrotoxicosis. Since discharge, the patient has not reported any chest pain or heart-related
health issues.
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Table 3. Laboratory tests.

Laboratory Test Reference Value Initial Day 4 Day 6

Hemoglobin (g/L) 120–156 121 - 114
White blood cells (×109/L) 3.6–10.5 3.73 - 4.26
Platelets (×109/L) 150–370 250 - 202

Thyroid hormones

Thyroid-stimulating hormone (mU/L) 0.4–4.0 0.000 0.001 -
Triiodothyronine (pmol/L) 2.43–6.01 >30.72 - -
Thyroxine (pmol/L) 9.0–19.0 40.19 28.72 -

General biochemical blood test

C-reactive protein (mg/L) ≤5 1.00 - -
Glucose (mmol/L) 4.2–6.1 6.09 - -
Troponin I (ng/L) ≤16 12 - -
Creatinine (µmol/L) 49–90 41 - -

Electrolytes

Potassium (mmol/L) 3.8–5.3 4.4 - -
Sodium (mmol/L) 134–145 142 - -
Chloride (mmol/L) 98–107 107 - -

Liver enzymes

Aspartate transaminase (U/L) ≤40 57 - 23
Alanine transaminase (U/L) ≤40 56 - 31

Lipid profile

Total cholesterol (mmol/L) <5.2 3.17 - -
LDL cholesterol (mmol/L) <1.4 1.52 - -
HDL cholesterol (mmol/L) >1.2 1.08 - -
Non-HDL cholesterol (mmol/L) <2.2 2.09 - -
Triglycerides (mmol/L) ≤1.7 1.24 - -

LDL—low-density lipoprotein, HDL—high-density lipoprotein.

Table 4. Prescribed long-term medications.

Drug, Form Dosage, Regime

Aspirin p/os 100 mg o.d.
Omeprazole p/os 20 mg o.d.
Ivabradine p/os 7.5 mg b.i.d.

Methimazole p/os 5 mg q.i.d.
Isosorbide dinitrate (ISDN) p/os 20 mg o.d.

Molsidomine p/os 4 mg o.d.
Diltiazem p/os 90 mg b.i.d.

3. Discussion

The presented case highlights a rare occurrence of acute thyrotoxicosis precipitating
unstable vasospastic angina in a middle-aged female patient without underlying coronary
artery pathology. Similar occurrences have been documented in previous reports. Coronary
vasospasm can often mimic acute coronary syndrome stemming from an atherosclerotic
event, exhibiting typical ECG changes, and sometimes even elevated high sensitivity
troponin levels, coupled with persistent chest pain, thus posing challenges in clinical differ-
entiation prior to the coronary angiography [9,10]. Also, vasospasm can clinically resemble
ST-elevation myocardial infarction, manifesting with consistent ECG findings and elevated
troponin levels [11,12]. Therefore, during coronary angiography, the administration of in-
tracoronary nitroglycerin serves as a valuable diagnostic tool in distinguishing vasospasm
from atherosclerotic coronary artery disease and avoiding unnecessary stenting [9–11].
Thyrotoxicosis-induced coronary vasospasm may lead to severe outcomes, including car-
diac arrest and necessitating resuscitation, as reported by Omar et al. [13]. Moreover, a
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patient experiencing a thyroid storm has been reported to develop spontaneous coronary
artery dissection (SCAD), which is another causative factor of ACS to remember. This
condition composes up to 4% of ACS causes [14]. However, the current literature lacks
sufficient evidence to establish a causative association between thyroid status and SCAD.
Previously documented instances underscore the potential for life-threatening clinical
scenarios arising from thyrotoxicosis-induced acute coronary syndromes.

The thyroid hormone profile tends to have a controversial impact on the incidence and
prognosis of ACS across the literature. For instance, Pimentel et al. suggest that euthyroid
sick syndrome (ESS) indicates a poorer overall prognosis for ACS patients [15], although
ESS is likely a consequence of ACS rather than a cause [16]. A similar conclusion was
reached by Lamprou et al. [17]. While some studies conclude that TSH levels and thyroid
status have no impact on ACS outcomes [18], there is a body of growing evidence that
thyroid pathology exacerbates ACS outcomes [19,20]. Atypical thyroid status worsens
ventricular function, elevates cholesterol levels, and impacts heart rate and rhythm; thus, it
might deteriorate the prognosis of an ACS event [20]. Hyperthyroidism affects the rate and
prognosis of ACS primarily by worsening ventricular function, inducing tachyarrhythmias
and provoking vasospasm [20]. Hypothyroidism is associated with hypercholesterolemia,
thereby increasing the likelihood of coronary heart disease and ACS [21,22]. Moreover,
subclinical hypothyroidism is linked to abnormal global longitudinal strain in patients with
heart failure, which is a common consequence of ACS [23]. Thus, hypothyroidism may also
worsen outcomes for ACS patients and requires precise monitoring and treatment [22,23].
Nevertheless, future research is crucial to provide stronger evidence. Given all the evidence,
we would recommend TSH screening in ACS patients, especially if there is a clinical
suspicion of the vasospasm-induced ACS.

Based on a comparative study by Lee et al., coronary vasospasm-induced ACS ap-
pears to be more prevalent among patients with thyrotoxicosis compared to those who are
euthyroid [24]. These patients typically exhibit coronary arteries without angiographically
detectable lesions [24]. Additionally, spontaneous coronary artery spasm tends to be more
frequent in association with thyrotoxicosis, while euthyroid patients experience coronary
vasospasm primarily during provocation tests [24]. Moreover, diffuse spasm, the left main
artery vasospasm, and intractable spasm are more commonly observed in cases of thyrotox-
icosis [24]. The disease is more prevalent in middle-aged or elderly female population [25],
and this pattern aligns with our presented case. Furthermore, coronary vasospasm in
thyrotoxicosis demonstrates a weak association with traditional cardiovascular risk factors
such as dyslipidemia, smoking, and hypertension, thereby suggesting thyrotoxicosis as an
independent risk factor [24]. However, it is worth noting that coronary vasospasm tends to
occur more frequently in patients with concomitant stenosing coronary atherosclerosis [26].
Collectively, according to these findings, thyrotoxicosis may be an independent risk factor
for coronary vasospasm, particularly in the female population.

Thyrotoxicosis shortens myocardial refractory time and induces sinus tachycardia,
thereby increasing oxygen demand alongside coronary vasospasm [24,27]. This leads to
inadequate oxygen supply to cardiomyocytes, serving as a pivotal mechanism behind
thyrotoxicosis-induced cardiovascular events, particularly myocardial infarction [24,27,28].
Furthermore, both T4 and T3 hormones enhance adrenergic activity even in the presence
of normal blood catecholamine levels [29,30]. Consequently, thyroid hormones augment
vascular sensitivity to catecholamines, triggering smooth muscle contraction and inducing
vasospasm [31]. Another contributing factor to vasospasm is the thyrotoxicosis-induced
oxidative stress in the smooth muscle layer of the arteries, which amplifies vessel tone [32].
These factors collectively render coronary arteries hypersensitive to various stimuli [31,32].
Notably, smoking has been identified as a contributing factor to coronary artery vasospasm
in the context of thyrotoxicosis with studies suggesting that vasospasm tends to be more
severe among smokers [33,34]. Additionally, thyrotoxicosis exerts a notable impact on the
coagulation system, instigating a prothrombotic state characterized by increased coagu-
lation and reduced fibrinolysis activity [35]. This results from decreased concentrations
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of antithrombotic factors such as protein C and elevated levels of prothrombotic com-
pounds [28,34]. Thyrotoxicosis is a common clinical picture of Grave’s disease which
involves autoimmune mechanisms that elevate levels of interleukin-6 (IL-6), which is a
cytokine contributing to the autoimmune storm [36]. Importantly, IL-6 levels tend to rise
during acute coronary syndromes [37]. Therefore, the resulting proinflammatory state
during thyrotoxicosis may play a significant role in the development of cardiovascular
events. In summary, the main contributing factors of thyrotoxicosis to acute coronary
syndromes encompass inadequate oxygen supply, heightened vascular contractility and
sensitivity, and the proinflammatory and hypercoagulable states.

Another important topic to discuss is aspirin use in coronary vasospasm patients.
The literature presents a mild dispute: for example, Lee Y et al. found that aspirin may
have a preventive effect on ACS recurrence in patients with coronary vasospasm without
significant coronary lesions [38]. However, a recent systematic review and meta-analysis
by Lin et al. of four propensity matched cohorts comprising 3661 patients concluded that
aspirin use is not beneficial in terms of reducing future ACS events in patients with coronary
vasospasm without significant coronary atherosclerosis [39]. Moreover, it is known that
aspirin inhibits COX-2 action and the production of prostaglandins and prostacyclins,
which serve as vasodilating agents and promote angiogenesis [40,41]. Therefore, aspirin
may exacerbate symptoms related to coronary vasospasm. Thus, based on recent literature,
aspirin should not be routinely prescribed for similar patients unless other indications
are present.

To treat and prevent vasospasm attacks, the patient was prescribed diltiazem, and
long-acting nitrate (ISDN) and did not reach the normal thyroid state upon discharge.
Currently, there is insufficient evidence regarding the prescription of antianginal treatment
for thyrotoxicosis-induced coronary vasospasm, and no articles were found that discuss
whether it should be continued once the patient becomes euthyroid. We would suggest
continuing antianginal treatment until thyroid storm is controlled and the euthyroid state is
reached. Since antianginal drugs provide symptomatic treatment, they may be discontinued
once the risk factor for coronary vasospasm is eliminated. However, since some of the
medications used to treat vasospasm also act as a blood pressure-lowering agent, they
might be continued long term to maintaining normal blood pressure and to preventing
vasospasm for patients with arterial hypertension.

In the literature, intracoronary nitroglycerin is consistently recognized as a vital
diagnostic tool during coronary angiography especially when coronary vasospasm is
suspected [9–12,24]. Moreover, IVUS plays a crucial role in optimizing the diagnostic
process and averting unnecessary stenting particularly in cases of refractory coronary artery
spasm resistant to nitroglycerin [12,24,42]. Therefore, when feasible, it is advisable to utilize
IVUS prior to PCI when the cause of coronary stenoses remains unclear [43]. However,
urgent revascularization, encompassing PCI and coronary artery bypass grafting (CABG),
may be essential for salvaging lives in scenarios of refractory coronary vasospasm [44].
This urgency is particularly evident when intractable vasospasm induces significant spasm
in the left main coronary artery, resulting in diffuse myocardial injury and potentially
life-threatening arrhythmias [43]. According to the existing literature, the outcomes of
acute coronary syndromes induced by coronary vasospasm do not significantly differ
between patients with thyrotoxicosis and those who are euthyroid [24]. Nevertheless,
achieving an euthyroid state is widely acknowledged to substantially improve long-term
outcomes among thyrotoxicosis patients, alleviating angina symptoms and promoting a
favorable prognosis [25,44,45]. In summary, the recent literature underlines the paramount
importance of intracoronary nitroglycerin and IVUS in cases of coronary vasospasm and
other ambiguous scenarios. Incorporating these techniques into clinical practice can help
mitigate the incidence of unnecessary PCI and stenting, ultimately leading to improved
overall patient outcomes.
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4. Conclusions

Clinically significant coronary vasospasm triggered by thyrotoxicosis remains a rarity
in clinical practice, often posing diagnostic challenges. Misdiagnosing coronary artery
spasm as an atherosclerotic lesion often leads to unnecessary stenting. The presented case
emphasizes the critical role of intracoronary nitroglycerin and IVUS in distinguishing the
underlying cause of angiographic coronary lesions especially in complex cases where the
patient’s coronary history is either negative or unknown. We advocate for the utilization of
these techniques to optimize invasive coronary artery diagnostics, enabling the selection of
the most appropriate treatment strategies and ultimately improving long-term prognosis.
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