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INTRODUCTION

Prinzmetal variant angina (PVA) and cardiac syndrome

X (CSX) were once introduced to describe angina pec-

toris in patients with normal coronary angiography and

without obstructive coronary artery disease (CAD). In

1988, Cannon proposed a concept of microvascular an-

gina (MVA) to illuminate such a clinical conundrum.
1

Af-

ter two decades, coronary microvascular dysfunction

(CMVD) was advocated to decipher the genesis of is-

chemia in the anginal patients who did not have obst-

ructive CAD.
2

Ten years later, “INOCA” was coined to de-

scribe the patients presenting with “ischemia and no

obstructive coronary artery disease”. We reported here

an 11-year follow-up of an adolescent, who presented

with recurrent angina pectoris at rest and after exercise,

accompanying with elevation and depression of ST-seg-

ment in 12-lead electrocardiograms (ECG) and no ob-

structive CAD in angiography, and necessitated hospital-

ization for emergency medical care since 15 years old.

Thallium-201 single photon emission computed tomo-

graphy-myocardial perfusion image (SPECT-MPI), per-

formed respectively at 15 years old and at 20 years old,

showed reversible and fixed perfusion defects of the

apex, apical-mid-basal anterior, basal anteroseptal, api-

cal-mid-inferior, and basal inferoseptal segments of the

left ventricle. Initially, a hybrid of PVA and CSX was diag-

nosed. At 24.5 years old, technetium-99m sestamibi myo-

cardial dipyridamole-stress dynamic SPECT and cardiac

adenosine-stress magnetic resonance imaging (MRI)

showed impaired coronary microvascular circulation, in-

dicating presence of CMVD. According to the proposed

stratification of INOCA,
3

he was treated with atenolol,

captopril, nifedipine, and NTG and waived of angina

pectoris in the latest follow-up at 26 years old.

CASE

A 26-year-old man presented initially with angina

pectoris at rest at 15 years old, with elevations of car-

diac troponin-I (cTnI): 26.63 ng/mL (> 0.03 ng/mL) and

myocardial fraction of creatine kinase mass (CK-MB):

60.1 ng/mL (> 6.3 ng/mL), and elevations of ST-segment

in V1-V4 (Figure 1A). Lipid profiles were within normal

limits. He had experience five more episodes of angina

pectoris, both at rest and after exercise, that necessitated

hospitalization for emergency medical care in the fol-

lowing 11 years. Neither obstructive CAD, nor myocar-
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dial bridging coronary artery was found by coronary an-

giography at 15 years old. Overall, he had a good re-

sponse to the medical treatment of intravenous milri-

none/nitroglycerin (NTG) followed by oral nefedipine/

digitalis and sublingual NTG, together with regression of

angina pectoris, regression of ST-segment elevation in

ECG (Figure 1B), and normalization of cardiac enzymes

within 2 weeks. At 19 years old, computerized tomogra-
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Figure 1. (A) At 15 years old, 12-lead electrocardiogram (ECG) showed elevations of ST-segments in V1-V4 at the onset of angina pectoris and

ischemia and no obstructive coronary artery disease (INOCA). (B) After recovery from angina pectoris and INOCA, a follow-up 12-lead ECG showed re-

gression of elevation of ST-segment in V1-V4. (C) At 19 years old, computerized tomography angiography of coronary artery showed non-obstructive

coronary artery disease and no myocardial bridging coronary artery of the left anterior descending coronary artery (LAD), left circumflex coronary ar-

tery (LCX), and right coronary artery (RCA). (D) At 20 years old, thallium-201 single photon emission computed tomography-myocardial perfusion im-

age (SPECT-MPI) showed fixed and some reversible perfusion defects, involving the apex, apical-mid-basal anterior, basal anteroseptal, apical-

mid-inferior, and basal inferoseptal segments of the left ventricle (LV). (E) At 24.5 years old, technetium-99m sestamibi dynamic SPECT-MPI showed

fixed perfusion defects involving the same territories of the LV. (F) Simultaneously, dipyridamole-stress technetium-99m sestamibi dynamic SPECT

was performed to study the myocardial blood flow quantitation (MBFQ). Interestingly, myocardial flow reserve (MFR) of the LV, left anterior descend-

ing coronary artery (LAD), left circumflex coronary artery (LCX), and right coronary artery (RCA) were 1.35, 1.23, 1.53, and 1.35, respectively. Stress

flow (SF) of the LV, LAD, LCX, and RCA were 1.53 mL/min/gm, 1.46 mL/min/gm, 1.65 mL/min/gm, and 1.51 mL/min/gm, respectively. Using thresh-

olds of MFR � 1.74 and/or SF � 1.54 mL/min/gm, the polar map and Gould’s plot showed an 8.29% ischemia in our patient. (G) At the same time,

adenosine-stress cardiac magnetic resonance images (MRI) showed a blunted T1 reactivity (�T1 = (stress T1 – rest T1)/rest T1 = 0.3%-3.8%). A decrease

of MFR and SF (repercussion of coronary flow reserve) by dipyridamole-stress dynamic SPECT MBFQ, and a blunted T1 reactivity by adenosine-stress

cardiac MRI substantiate presence of coronary microvascular dysfunction (CMVD) and meet the diagnostic criteria of microvascular angina (MVA).

(H) Holter ECG showed non-sustained ventricular tachycardia.
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phy angiography of coronary artery showed neither ob-

structive CAD, nor myocardial bridging coronary artery

(Figure 1C). At 20 years old, thallium-201 SPECT-MPI

showed fixed myocardial perfusion defects with some

reversible changes (Figure 1D). Considering a discre-

pancy between “improvement in symptomatology, ECG,

and biochemistry” and “persistence of myocardial per-

fusion defects in thallium-201 SPECT-MPI”, we performed

another myocardial dipyridamole-stress dynamic tech-

netium-99m sestamibi SPECT-MPI, equipped with as-

sessment of the myocardial blood flow quantitation

(MBFQ), at 24.5 years old. Serendipitously, the territo-

ries with fixed myocardial perfusion defects noted in

MPI (Figure 1E) were in accordance with the territories

with decreased myocardial flow reserve (MFR) and de-

creased stress flow (SF) by means of MBFQ (Figure 1F).

Cardiac adenosine-stress MRI showed a blunted T1 reac-

tivity (�T1 = [stress T1 – rest T1]/rest T1 = 0.3%-3.8%)

(Figure 1G). Neither wall motion abnormalities, nor late

gadolinium enhancement was found by cardiac MRI.

Both myocardial technetium-99m sestamibi SPECT and

cardiac MRI substantiated a diagnosis of CMVD. Mean-

while, non-sustained ventricular tachycardia was de-

tected by a Holter ECG (Figure 1H). Before performance

of treadmill ECG, a rest 12-lead ECG showed normal si-

nus rhythm, without ST-segment changes (Figure 2A).

Angina was incidentally induced during performance of

treadmill ECG, showing significant ST-segment changes

(-2.80 mV to +2.30 mV) (Figure 2B). Two-dimensional

echocardiography showed increased echo-density over

the interventricular septum (Figure 2C, D). Using Simp-

sons mapping method, ejection fraction and wall motion

of the left ventricle were normal over apical 4-chamber

view of two-dimensional echocardiography (Figure 2E,

F). According to the proposed stratification for INOCA,
3

he was treated with atenolol, captopril, nifedipine, and

NTG, and waived of angina pectoris in the latest follow-

up at 26 years old.

DISCUSSION

There are several noteworthy points to be empha-

sized. First, either PVA or CSX was once considered to be

a benign disease entity in patients presenting with an-

gina in the absence of obstructive CAD. However, major

adverse cardiac events were noted to haunt these pa-

tients.
3

PVA and CSX were considered to be two distinct

syndromes presenting with angina, however, there was

anecdotal report of a hybrid of both syndromes.
4

By a

11-year follow-up of the present patient, who had expe-

rienced six episodes of INOCA, which were intervened

with both rest and exercise-induced angina, non-sus-

tained ventricular tachycardia, and persistent and fixed

myocardial perfusion defects in thallium-201 SPECT-MPI,

we highlighted using dynamic technetium-99m sesta-

mibi SPECT-MBFQ (MFR and SF) and cardiac MRI (T1 map-

ping) to assess the coronary microvascular circulation and

to unmask the Janus face of CMVD being hibernated in

the anginal patients with INOCA. Noticeably, INOCA can

be encountered in adolescents and is not necessarily be-

nign if left undiagnosed/untreated.

Second, by the routine coronary angiography, only

53% of anginal patients had obstructive CAD.
3

In an-

other words, up to 47% could be the victims of INOCA.
3

There are four endotypes in the INOCA population: iso-

lated MVA (52%), mixed MVA and vasospastic angina

(VSA) (20%), isolated VSA (17%), and non-cardiac angina

(11%).
3

There was an increased risk of major adverse

cardiac events in patients with INOCA as the times went

by, thus, medical treatment should be adjusted and st-

ratified by the functional assessment of the coronary

microcirculation.
3

Third, diagnosis of CMVD can be achieved through

functional assessment of the coronary microcirculation.
5

However, interventional diagnostic procedure, using car-

diac catheterization to study coronary flow reserve, in-

dex of microcirculatory resistance, and fractional flow

reserve, is technically invasive, expertise-demanding, and

time-consuming.
5

Auspiciously, dynamic technetium-

99m sestamibi SPECT with MBFQ
6

and cardiac MRI with

T1 mapping
7

have been emerged as noninvasive tools to

diagnose CMVD. There are endothelial cells-dependent

and endothelial cells-independent coronary microcircu-

lation, which are modulated by the interactive biological

and physiological reactions.
5

Endothelial cells-dependent

vasoreactivity prevails in the larger arterioles (100-200

�m) and translates flow-related stimuli into vasomotor

responses, namely, by vasodilatation in response to in-

creased blood flow.
5

While medium-sized arterioles (40-

100 �m) are endothelial cells-independent and react pre-

dominantly to changes of the intraluminal transmural
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pressure which can be sensed by the stretch receptors

in the smooth muscle cells, namely myogenic control,

for example, by vasoconstriction in response to increased

intraluminal transmural pressure.
5

By dipyridamole-stress

dynamic technetium-99m sestamibi SPECT-MBFQ, the

SF was significantly lesser than the rest flow and MFR

was significantly decreased in our patient, indicating

presence of a pathology of CMVD in the distal and dis-

eased microvasculature with decreased reactivity of

vasodilatation to dipyridamole (an endothelial cells-in-

dependent agent) and coronary artery steal phenome-

non, from the proximal intact microvasculature, by the

adjacent healthy microvasculature which will be nor-

mally responding to dipyridamole with vasodilatation.
6
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Figure 2. (A) Before performance of treadmill electrocardiography (ECG), a rest 12-lead ECG showed normal sinus rhythm, without ST-segment

changes. (B) A 4-stage treadmill ECG showed significant ST-segment changes (-2.80 mV to +2.30 mV). (C) Parasternal long-axis view and (D) apical

4-chamber view of two-dimensional echocardiography showed increased echo-density (arrows) over the interventricular septum. Besides, the

interventricular septum was found bulging from the left ventricle (LV) toward right ventricle (RV). By Simpsons method, two-dimensional echo-

cardiography, over apical 4-chamber view, showed normal ejection fraction and wall motion of the LV, with a mean area of (E) 29.83 cm
2

in diastole

and (F) 15.70 cm
2

in systole, respectively. This extrapolates that permanent myocardial damage could be emerged with times in patients incurring

ischemia and no obstructive coronary artery disease (INOCA) due to a hibernated pathology coronary microvascular dysfunction (CMVD), however,

ejection fraction and wall motion of the LV could be preserved due to a scattered distribution of myocardial ischemia in CMVD which did not interfere

global contraction and metabolism.
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Sometimes, there could be disagreement between re-

sults of MPI and MBFQ due to diffuse pathology of

CMVD, with a paucity of healthy myocardium to provide

a normal background reference, that may render bal-

anced-ischemia more conspicuously unmasked by MBFQ,

which will assess absolute coronary blood flow defi-

ciency, than by MPI, which will assess relative coronary

blood flow deficiency.
6,8

Conspicuously, cardiac adeno-

sine-stress MRI showed a blunted T1 reactivity in our pa-

tient, indicating presence of CMVD due to decreased re-

activity of vasodilatation to adenosine (an endothelial

cells-dependent agent) accompanying with coronary ar-

tery steal phenomenon.

Fourth, a decrease of MFR and SF (as repercussions

of coronary flow reserve) detected by dipyridamole-

stress dynamic technetium-99m sestamibi SPECT with

MBFQ,
6

and a blunted T1 reactivity by cardiac adeno-

sine-stress MRI with T1 mapping
7

may help substanti-

ate a diagnosis of CMVD.
9

Using thresholds of MFR �

1.74 or SF � 1.54 mL/min/gm,
6

the polar map and the

Gould’s plot showed an 8.29% ischemia of the left ven-

tricular myocardium in our patient. By dipyridamole-

stress dynamic myocardial technetium-99m sestamibi

SPECT and adenosine-stress cardiac MRI, we not only

disclose a hibernated pathology of CMVD that predis-

posed our patient to incur angina pectoris, but also de-

cipher a discrepancy between “improvement of symp-

tomatology, ECG changes, and cardiac enzymes” and

“impairment of coronary microcirculation noted in SPECT/

MRI”. Such a discrepancy may reside on the fact that a

scattered distribution of myocardial ischemia in pa-

tients with CMVD did not significantly interfere global

contraction and metabolism.
10

Left ventricular ejection

fraction could be preserved initially and reduced or de-

teriorated later on.
6

In conclusion, CMVD may be masqueraded with a

Janus face of recurrent angina pectoris and INOCA in

the adolescent(s), which scenario may lead to major ad-

verse cardiac events if left undiagnosed and/or un-

treated. We highlighted using myocardial dipyridamole-

stress dynamic technetium-99m sestamibi SPECT and

cardiac adenosine-stress MRI to track down the culprit

of CMVD in the anginal patients with INOCA, to whom

medications can be accordingly stratified to alleviate the

clinical symptoms and to decrease the risk of major ad-

verse cardiac events.

LEARNING POINTS

1. A scenario of angina pectoris and INOCA can be en-

countered in the adolescents, and is not necessarily

benign if left undiagnosed/untreated.

2. Myocardial dipyridamole-stress dynamic technetium-

99m sestamibi SPECT (MFR and SF) and cardiac ade-

nosine-stress MRI (T1 mapping) may be used to track

down a hibernated culprit of CMVD in the anginal pa-

tients with INOCA.
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