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A recurrent typical angina pectoris without any finding in
coronary angiography: Microvascular angina
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Key Clinical Message

Microvascular angina (MVA) can present with recurrent chest pain and normal
coronary angiography. Recognizing MVA is crucial as it significantly impacts pa-
tient morbidity and mortality. Early diagnosis and management with antianginal

medications are essential for improving outcomes and quality of life.

Abstract

Cardiovascular diseases are still the main cause of death in many parts of the
world. Chest pain and dyspnea are always concerning due to the implications of
cardiovascular disease. However, in patients with the involvement of the small
coronary vessels (Microvascular Angina), symptoms might be recurrent and per-
sistent despite the presence of normal coronary vessel evaluations. A 45-year-old
man with a 25-year smoking history presented with recurrent chest pain, espe-
cially during physical activity, and mild shortness of breath. He was admitted,
and a coronary angiography the next day appeared normal. However, a cardiac
PET scan revealed the involvement of small coronary vessels not visible on angi-
ography. The Patient was a 45-year-old man who presented with recurrent chest
pain, more prominent during physical activity. He also had mild shortness of
breath. The patient was admitted, and the next day, he underwent normal coro-
nary angiography. The cardiac positron emission tomography (PET scan) showed
the involvement of small coronary vessels that were not obvious on angiography.

KEYWORDS

acute coronary syndrome, cardiovascular disease, microvascular angina, microvascular
dysfunction, nonobstructive coronary disease

1 | INTRODUCTION narrowing or blockage of the coronary vessels." Coronary
artery disease can present with a wide range of manifes-
tations, from ST-elevation myocardial infarction (STEMI)
caused by large thrombosis or significant atherosclerosis

to chronic coronary syndrome caused by gradual partial

The definition of ischemic heart disease (IHD) is an
imbalance between the blood supply and the demand
of the heart muscle (myocardium) due to pathologic
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obstruction of the coronary arteries.>* According to the
2024 American Heart Association reports, coronary artery
diseases are one of the main causes of death in the United
States (US)** and all over the world.® Chest pain (angina
pectoris), shortness of breath (SOB), and diaphoresis are
the most common and cardinal symptoms observed in
patients with these conditions.”® The obstruction of cor-
onary arteries can also be caused by severe thrombosis,
atherosclerosis of the coronary arteries, or sometimes the
obstruction in minor and small coronary arteries that can-
not be detected in specialized coronary imaging.>’

One of the rarely reported causes of typical chest pain
is microvascular angina (MVA) which has been attributed
to several probable etiologies and is yet to be completely
understood.'® It has been shown that one of the causes
of this condition might be the transient narrowing of the
vessels, mainly caused by the dysfunction of the endothe-
lium of these arteries.® This condition is more commonly
seen among postmenopausal women.'' Although the
etiology of this condition seems to be different from ob-
structive coronary diseases, the risk factors of the MVA
are the same, including diabetes, hypertension, aging,
and smoking.'* The diagnosis of the MVA is not always
straightforward."”® The coronary angiography and elec-
trocardiogram between episodes are mostly normal, but
the myocardial perfusion scan might reveal diminished
blood flow.>'® MVA is caused by an increase in vascular
tone; after that, it can cause compromise in myocardial
perfusion.'® Patients with MVA are at high risk for major
cardiovascular adverse events, including cardiovascular
mortality.'> Considering that MVA is mostly overlooked in
daily practice, the patient would probably be exposed to
repetitious imaging, angiograms, emergency room Visits,
hospital admissions, and diminished quality of life.'®

In this case, we present a 45-year-old man without any
past medical history (PMH) who presented to the emer-
gency department (ED) with a complaint of chest pain
and diaphoresis that began 20 min ago while he was shov-
eling the snow.

2 | CASE PRESENTATION

A 45-year-old man presented to the emergency depart-
ment (ED) with severe retrosternal chest pain, shortness of
breath (SOB), and diaphoresis. His symptoms had begun
20min earlier while he was shoveling snow. The pain per-
sisted but subsided after resting in the car on the way to
the ED. The patient had a history of similar episodes that
were previously evaluated and were diagnosed as noncar-
diac (musculoskeletal) pain. During those investigations,
he had undergone multiple tests, including electrocardio-
grams (ECGs), echocardiograms, stress tests, and blood

tests, all of which showed no remarkable abnormality. He
had been smoking for 25years, averaging 10 cigarettes per
day (12.5 pack-year). He stated a history of hypertension
and ischemic heart disease (IHD), in his father's medical
history, starting at age 55. The patient denied any alcohol
or illicit drug use and declared that he had a sedentary
lifestyle with minimal physical activity.

3 | METHOD
Upon arrival, the patient was anxious and diapho-
retic. Vital signs were stable with a blood pressure of
130/85mmHg, heart rate of 75 beats per minute, respira-
tory rate of 18 breaths per minute, and oxygen saturation
of 98% on ambient air. Cardiopulmonary examination
revealed no abnormal findings; the lungs were clear to
auscultation, and heart sounds were normal without mur-
murs, gallops, or rubs. Abdominal examination was unre-
markable, and there were no signs of peripheral edema.
Neurological examination showed the patient was alert
and oriented with no focal deficits.

Continuous cardiopulmonary monitoring showed
a normal heart rate (75/min) and sinus rhythm. Serial
ECGs showed no significant ST-T changes (Figure 1), and
an echocardiogram revealed no significant abnormalities
(Table 1), with a normal left ventricular ejection fraction.
Initial blood tests (Table 2), including complete blood
count (CBC), basic metabolic panel (BMP), lipid profile,
and cardiac enzymes (Troponin I and high-sensitivity
Troponin) were within normal Ranges. The hs-cTnl levels
were checked upon arrival and 6 h later. Both tests showed
levels below the 99th percentile upper reference limit

(]
—_—

FIGURE 1 No significant abnormality was detected in the
patient's initial ECG in the emergency department.



TAHERI ET AL.

TABLE 1 Comprehensive echocardiographic findings.

Category and measurement

M-mode dimensions (mm): RV
M-mode dimensions (mm): AO
M-mode dimensions (mm): LA
M-mode dimensions (mm): IVS

M-mode dimensions (mm):
LVPW

M-mode dimensions (mm):
TAPSE

M-mode dimensions (mm): LV
2D Study: mitral valve
2D Study: aortic valve

2D Study: tricuspid and
pulmonary valves

EF (and RWMA): EF

Doppler & Color Flow Study:
mitral valve

Doppler & Color Flow Study:
aortic valve

Doppler & Color Flow Study:
tricuspid and pulmonary valves

Doppler & Color Flow Study:
mitral valve

Doppler & Color Flow Study:
aortic valve

Doppler & Color Flow Study:
tricuspid and pulmonary valves

Tissue Doppler Study: PEV
Tissue Doppler Study: PAV
Tissue Doppler Study: RVSM

Finding
32mm
35mm
34mm
11 mm

11mm

23 mm

52mm/39mm

WNL

Mildly thickened & dome
WNL

55%, No RWMA
Mild MR, E/A>1

Mild AI, Width of AI/
LVOT=6/34, AIVC=3mm,
Al PHT=751ms,
AVPG=8mmHg

Trivial TR, TRG=27 mmHg,
Trivial PI, PVPG =6 mmHg

Mild MR
Mild AI

Trivial TR, PAPs=32mmHg

76cm/s
69cm/s

15cm/s

(URL) of 0.04 ng/mL, indicating no significant myocardial
injury.

Based on the presenting symptoms, a provisional diag-
nosis of acute coronary syndrome (ACS) was made. The
patient was given aspirin, clopidogrel, atorvastatin, and
nitroglycerin. The chest pain resolved completely within
5min of nitroglycerin administration. Coronary angiogra-
phy (CAG) was performed 12h after admission, showing
no significant narrowing or thrombotic lesions in any of
the coronary arteries, indicating normal coronary arteries
(Figure 2).

The patient was observed in the Coronary Care Unit
(CCU)for 24 h. Continuous monitoring showed resolution
of the initially observed ST-segment elevation within 24 h.
Repeat ECGs and echocardiograms showed no significant
changes. The patient was discharged with prescriptions
for atenolol (50mg daily), atorvastatin (40mg nightly),
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aspirin (80mg daily), and isosorbide dinitrate (10 mg two
to three times a day). He was advised to follow up in the
outpatient clinic.

Given the normal results from standard diagnostic
tests and the persistence of symptoms, a more advanced
diagnostic tool was needed to assess microvascular func-
tion. A cardiac positron emission tomography (PET) scan
was chosen and subsequently revealed MBF at 1.5mL/g/
min and MPR at 1.2, confirming the diagnosis of MVA.
The patient reported no abnormal symptoms at follow-up
appointments 2weeks, 1 month, 3 months, and 6 months
post-discharge. Follow-up ECGs and echocardiograms
remained normal. In addition to regular clinical assess-
ments, the patient underwent a cardiovascular magnetic
resonance (CMR) scan 3months post-discharge, which
showed no evidence of ischemia or fibrosis, further con-
firming the stability of the condition. The patient was en-
couraged to adopt lifestyle changes, including smoking
cessation and increased physical activity. Educational ma-
terials and counseling sessions were provided to support
these changes, and the patient's adherence to these rec-
ommendations was regularly assessed during follow-up
visits.

4 | CONCLUSION AND RESULTS
The patient's symptoms resolved after taking standard
antianginal medications and observing the recommended
lifestyle changes. The patient was discharged with medi-
cations, and follow-up appointments revealed no recur-
rent symptoms and normal ECGs and echocardiograms.
Additional monitoring, including bimonthly blood pres-
sure checks and a CMR scan, showed normal results, con-
firming the stability of the condition.

5 | DISCUSSION

About two-thirds of patients with angina pectoris do not
show any significant obstruction in their invasive diag-
nostic procedures.’’ These episodes of pain might be ac-
companied by evidence of ischemia in the myocardium
despite normal coronary angiography. This condition is
named “angina with non-obstructive coronary angiog-
raphy” (ANOCA) and “ischemia with non-obstructive
coronary arteries” (INOCA).">'® These sequels’ etiology
is epicardial coronary vasospasm and coronary micro-
vascular dysfunction (CMD).**' The clinical manifes-
tation of this condition can be highly variable, ranging
from atypical chest pain at rest or night to typical angina
pectoris commencing or worsening by exertion.”” The
diagnostic criteria of microvascular angina Coronary
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Test Result
RBC (10%/pl) 43
Hemoglobin (gr/dL) 15
WBC (per pl) 8600
MCYV (fL) 87.2
Hematocrit (%) 45.6
Platelet (per pl) 184.000
Neutrophils (%) 66%
Lymphocytes (%) 35.1%
Eosinophils (%) 4.4%
MCH (pg/cell) 30.3
MCHC (g/dL) 32.7
Troponin I (Fist sample) Negative

Lipid profile, coagulation factors, and troponin

Cholesterol 155
TG (mg/dl) 91
LDL (mg/dl) 63
HDL (mg/dl) 42
Blood sugar (mg/dl) 98
LDH (Iu/L) 335
K* (meq/lit) 4.0
Creatinine (mg/dl) 0.95
Urea (mg/dl) 19
Hb A1C %Hb 5.3
PT 128
PTT 29s
INR 1.3
CK-MB 16 u/l

Troponin I (Second sample in 6h) Within normal range

High-sensitivity troponin (Upon
arrival)

Within normal range

High-sensitivity troponin (6 h later) Within normal range

Vasomotor Disorder International Study group
(COVADIS) are (1) disturbed flow in the microvascular
coronary circulation, (2) no obstruction in coronary ar-
tery disease, (3) clinical symptoms of myocardial infarc-
tion, (4) Objective evidence of myocardial ischemia (not
mandatory)."

Several previous studies have tried to explain the main
reason behind this syndrome. Based on the anatomy of the
coronary arteries, consisting of four subgroups of (1) epi-
cardial arteries (>400 uM), the periarteriolar vessels (400—
100 M), arterioles (<100 M), and capillaries (<10 uM),*
it seems that involvement of coronary microvascular dys-
function (CMD), epicardial and microvascular endothelial

TABLE 2 Laboratory findings of the

Reference range .
patient.

4.2-5.5
12-16
4.000-11.000
80-99

37-47
150.000-400.000
40-75

20-45

0-6

27-31

32-36

Negative

Up to 200

Up to 150

Up to 130
>45mg/dL
74-106 mg/dL
235-470Iu/L
3.5-5.3meq/lit
0.5-1.00
13-43

4.8-5.9
11-13s
25-38s

1-1.5

<25u/l
<0.04ng/mL

<l4ng/L
(females) <22ng/L
(males)

<14ng/L
(females) <22ng/L
(males)

and nonendothelial dysfunction that limits myocardial
perfusion is the main reason for this condition.'’

This pathologic condition can be caused by structural
(like inflammation or atherosclerosis, coronary microem-
bolization) or functional epicardium abnormality.*** It is
believed that in CMD, microvascular dysfunction happens
due to the secretion of cytokines from the injured endo-
thelium.?* Consequently, abnormal release of inflamma-
tory cytokines leads to vascular spasms and a decline in
pain tolerance, which results in pain and chest discom-
fort.”® The feature distinguishing between structural CMD
and other pathologies is the observation of normal rest
CBF, a reduction in CBF under stress and in coronary
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FIGURE 2 Coronary angiography of the patient shows 2A, 2C, and 2D: LAD and LCX without any specific lesion, narrowing, or

abnormality. 2B: Shows normal RCA without remarkable narrowing, lesion, or abnormality. Right coronary Artery: Dominant without

stenosis.

flow reserve (CFR), and higher resistances under stress
in structural CMD.?® On the contrary, in functional CMD,
hyperstimulation of alpha-adrenergic stimulators during
sympathetic activation causes exhaustion of the muscular
part of the involved coronary vessels. This leads to declined
vasodilatory capacity characterized by lower vascular tone
at rest and under stress, resulting in a higher CBF at rest,
normal stress CBF, and normal resistance under hyper-
emic stimulus but reduced CFR.*>?® The definite cause of
MVA is not thoroughly identified; however, the three fac-
tors of increased oxygen requirement, alteration of nitric
oxide pathway, and pathologic change in the structure of
the vessels are the main contributing factors.’

The diagnosis of MVA is not always straightforward
since, in most cases, no abnormality can be seen in electro-
cardiogram, transthoracic echo, chest X-ray, CT angiogra-
phy, or coronary angiography. There are two main diagnosis
categories for MVA: invasive and noninvasive methods.”
The most accurate invasive modalities are intracoronary
Doppler wire or an intracoronary thermodilution-derived

method that measures CBF's response under vasoactive
stimuli.” The most used stimulator vasoactive medication
is adenosine. However, the intracoronary acetylcholine has
shown better outcomes."**° According to 2019 ESC guide-
lines, after injection of acetylcholine, an increase of less
than 50% indicates CMD."® The main noninvasive method
for the diagnosis of MVA (CMD) is positron imaging to-
mography (PET), which evaluates the myocardial blood
flow (MBF), the myocardial perfusion reserve (MPR), and
the myocardial flow reserve (MFR). The MPR is defined
as the MBF at the maximum stress, while the MFR is the
ratio of MBF at maximal coronary vasodilation and resting
MBF.?” CMD is correlated with the MFR <1.5.*"** Cardiac
magnetic resonance, cardiac CT scan, and pulsed Doppler
echo can also guide the diagnosis of MVA.*

This pathologic circulation is most often detected as
reduced CFR detected by invasive Doppler or noninvasive
advanced imaging such as PET or cardiac MRI In line
with the guidelines by Camici and Crea (2015), PET was
selected for its ability to noninvasively measure CFR. This
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approach minimizes the need for invasive procedures while
effectively diagnosing microvascular dysfunction, ensuring
accurate and patient-friendly diagnostic practices.***> CMR
is a highly valuable tool in the diagnosis and management
of various cardiovascular conditions, including vasospastic
angina (VSA) and CMD. CMR provides detailed imaging
and functional assessment of the myocardium, which is
crucial in cases where other diagnostic methods are incon-
clusive. It can also be effectively used for follow-up to mon-
itor disease progression and treatment efficacy.*

MVA is usually associated with increased endothelial
inflammation or atherosclerosis due to cardiovascular risk
factors such as diabetes, hypertension, and dyslipidemia.
The mainstay of treatment in these patients is antianginal,
aiming to balance the demand and supply of blood to the
myocardium through coronary arteries.”>’ The choice of
medications, such as beta-blockers, calcium channel block-
ers, nitrates, and statins, aligns with the guidelines for man-
aging microvascular angina as detailed in recent studies.
These recommendations provide a solid evidence base for the
therapeutic strategy, ensuring effective management of the
condition with appropriately justified dosages.*®*® The over-
all prognosis of the patients with CMD has been reported to
be poor. This condition is correlated with an increased risk
of major cardiovascular adverse events, declined quality of
life, and higher healthcare expenditure due to multiple diag-
nostic procedures and hospital admissions.**™*!

51 | Clinical learning point (conclusion)
Patients with recurrent chest pain who have had no re-
markable abnormality in their routine evaluation of
cardiac diseases, especially in postmenopausal women,
should be examined for microvascular coronary patholo-
gies. It is advisable to consider invasive or noninvasive
evaluation of small coronary vessels. Due to the high risk
of major adverse cardiac events and mortality, these pa-
tients should be treated as soon as possible. The mainstay
of these patients’ treatment is antianginal medications
such as beta-blockers and calcium channel blockers.
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