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Abstract

A 31-year-old athlete was admitted to our hospital for previous inferior myocardial infarction (MI), diagnosed by transthoracic echocardiog-
raphy, myocardial scintigraphy, and cardiac magnetic resonance, while coronary angiography revealed normal coronary arteries. Labora-
tory investigations excluded acquired or inherited thrombophilia, immunologic disorders, cardiotropic agents infection, and drug abuse.
Antiplatelet therapy was started but, after 15 days, he was rehospitalized with diagnosis of multiple left renal infarctions. A transesophageal
echocardiography (TEE) was so performed which excluded a right-to-left shunt, suggestive of patent foramen ovale, or other cardioembolic
sources in heart chambers and valve apparatus. Antiplatelet therapy was replaced with oral anticoagulants without any further embolic
event at one-year follow-up. This case raises two important questions regarding young patients with cryptogenic MI. First, if TEE should
be part of a complete diagnostic pathway; second, if oral anticoagulants should be preferred over antiplatelets for secondary prevention

particularly when the cause of MI remains unknown.
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Introduction

yocardial infarction (MI) with normal coronary arteries

(NCA) is a well-recognized clinical entity and the overall

prevalence ranges from 1% to 12%.12 Data from the lit-
erature suggest that patients with MI and NCA are usually under
50 years of age, men and women are equally affected, there is no
history of chest pain or cardiovascular risk factors, with the excep-
tion of cigarette smoking.>® Although symptoms and electrocar-
diographic findings are quite similar to those found in patients
with coronary obstruction, the infarct area is usually smaller and
the prognosis is better,® even if it remains strictly dependent on
etiopathogenensis, with a high risk of reinfarction or other isch-
emic events in patients with congenital coagulation disorder.”
Several mechanisms have been proposed for MI with NCA: coro-
nary vasospasm, artery dissection, acquired or inherited thrombo-
philia, myocardial bridges, toxic conditions like recreational or
performance-enhancement drugs abuse, and embolization from a
distal source, including paradoxical embolism through a venous-
arterial shunt.*%89 However, at present M1 with NCA still repre-
sents a challenge in medical practice since scarce data are avail-
able on a possible diagnostic and therapeutic algorithm, particu-
larly concerning secondary prevention therapy, since in about two
thirds of patients the cause of MI remains unknown.*®
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Case Report

We report the case of a 31-year-old man, elite water polo player,
in whom an electrocardiogram (ECG) registered on the occasion
of a routine sport-eligibility certificate (required by law in Italy
for professional athletes, yearly) revealed pathologic Q waves and
negative T waves in inferior and lateral leads and a right intraven-
tricular conduction delay, this latter already present in a previous
ECG. A subsequent transthoracic echocardiography showed an
area of hypo-akinesia at the interventricular septum and inferior
wall and a mild reduction in systolic function (estimated ejection
fraction of 49%); myocardial scintigraphy confirmed the presence
of a perfusion defect and hypo-akinesia of the inferior wall. The
patient was so hospitalized in the cardiac step down unit of our
department. At admission, he was asymptomatic and physical
examination did not reveal any abnormality: the heart rate was
40 beats/min and the other vital parameters were within normal
limits. He had no cardiovascular risk factors, except for hyper-
cholesterolemia (total cholesterol 254 mg/dL) and denied any
assumption of recreational or performance-enhancement drugs.
Laboratory tests, including biomarkers of myocardial damage,
were all within normal limits. Serologic assays for the detection of
the main cardiotropic agents and specific studies for the presence
of congenital or acquired thrombophilia were negative. Immuno-
logic disorders were also excluded with specific tests. Urine test
was negative for recent amphetamine, cocaine, benzodiazepine,
and cannabinoids abuse.

The ventricle-coronary angiography revealed NCA and akinesia
of the diaphragmatic wall; cardiac magnetic resonance with con-
trast medium was also performed, confirming the ischemic nature
of myocardial damage and excluding myocarditis.

The patient was then discharged and a drug regimen of aspirin,



statin, angiotensin receptor blocker, and proton pump inhibitor
was started, according to the guidelines for the management of
MI.2°1 Fifteen days after discharge, he was readmitted to another
hospital for abdominal pain in the left iliac pit. Laboratory inves-
tigations revealed increased lactic dehydrogenase levels (1851
U/L at the peak). An abdominal computed tomography (CT) with
contrast medium showed absence of opacification of the superior,
inferior, and external equatorial region of the left kidney, lead-
ing to the diagnosis of multiple small renal infarctions which was
confirmed by an echo-color doppler of renal arteries and renal se-
quential scintigraphy, both suggestive of an embolic origin of the
lesions detected. After this further ischemic event a transesopha-
geal echocardiography (TEE) was carried out and did not reveal
any cardioembolic source both in heart chambers and valve ap-
paratus or a right-to-left shunt, even during Valsalva maneuver,
so excluding also the presence of PFO (Figure 1). The patient was
then discharged and anticoagulant therapy was started first with
low molecular weight heparin and then with warfarin.

Myocardial Infarction with Normal Coronary Arteries

Epidemiology

MI with NCA is a well-recognized clinical entity that occurs
in a small percentage of the general population. Its prevalence is
estimated between 1% and 12%,'? although actually it is highly
dependent on the definition used for NCA, including both cases
where the coronary tree appears completely free of irregularities,
and cases with some degree of stenosis, even if not hemodinami-
cally significant (< 30%). For this reason the analysis of data from
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Figure 1. Transesophageal echocardiography with ultrasound contrast medium. This examination allowed to exclude cardioembolic
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the literature allow to consider a prevalence of 3% in the general
population.®®12 M1 unlike sudden cardiac death is rare particularly
in young adults and athletes: under 35 years of age a great part of
sudden cardiac death is caused by cardiac congenital abnormali-
ties, above 35 years of age MI and myocardial ischemia are re-
sponsible for the most cases of sudden cardiac death.® In a Swiss
registry an analysis of 1101 cases of sudden death in athletes
younger than 35 years showed that 90% were due to cardiovascu-
lar disease, 50% presented congenital heart disease and cardiomy-
opathies, and only 10% of patients had an early coronary artery
disease (CAD).** MI with NCA is typically diagnosed in young
people under 50 years of age, with a higher prevalence in younger
patients, men and women are equally affected, usually there is no
history of chest pain or other traditional cardiovascular risk fac-
tors, with the exception of cigarette smoking.>-¢** Although symp-
toms and electrocardiographic findings are quite similar to those
found in patients with obstructive CAD, the infarct area is usually
smaller and the prognosis is better.5

Etiopathogenesis

It is not possible to identify a single cause for MI with NCA,;
therefore, over the years several pathogenic mechanisms have
been proposed: coronary vasospasm supported by an endothelial
dysfunction, possibly associated with systemic vasospastic disor-
ders (Raynaud’s phenomenon or vasospastic migraine); acquired
or inherited coagulation disorders that can result in thrombophilia,
favoring coronary artery thrombosis; spontaneous coronary dis-
section or aortic dissection extended to coronary arteries; myo-

rqr- amp. PAZ - 37.0)

sources both in heart chambers and valve apparatus or a right-to-left atrial shunt, even during Valsalva maneuver.
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cardial bridges; toxic conditions like recreational or performance-
enhancement drugs abuse; and embolization from a distal source,
including paradoxical embolism of thrombus or vasoactive sub-
stances that can induce coronary vasospasm, through a venous-
arterial shunt, related to the presence of a patent foramen ovale
(PFO) or a pulmonary artero-venous malformation. For their
clinical presentation, similar to an acute Ml, also myocarditis and
Tako-tsubo cardiomyopathy should be considered in the differen-
tial diagnosis.*®#9 Among other possible causes that can be hy-
pothesized to determine M1 with NCA, acute alcohol intoxication
has also been reported.'61

Diagnostic pathway

In young patients presenting with MI obstructive CAD or coro-
nary vasospasm must be properly excluded by performing a ven-
tricle-coronary angiography, possibly associated with a provoca-
tive test with selective intracoronary injection of acetylcholine
or ergonovine,® that has not been performed in the present case,
given the high risk of complications such as acute M, bradi- or
tachyarrhythmias, and hypotension associated with this test.*® A
further diagnostic approach can be represented by the hyperven-
tilation test, that has been proved capable of causing coronary va-
sosospasm that can result in angina, ST elevation or depression,
and life-threatening arrhythmias.?’ Acquired or inherited coagu-
lation disorders must be properly investigated, particularly lupus
anticoagulant and anticardiolipin antibodies, protein C and S de-
ficiences, activated protein C resistance (caused by factor V mu-
tation or high levels of factor VIII), von Willebrand factor, serum
homocysteine, plasminogen activator inhibitor-1, lipoprotein (a)
levels, antithrombin 111 levels, prothrombin G20210A, and factor
IX Padua mutations.?

Also immunologic disorders with particular regard to those cau-
sing vasculities must be properly excluded as causes of Ml with
NCA.*889 Assumption of recreational or performance-enhance-
ment drugs can be assessed with urine and blood tests as well
as hair analysis, that can be useful to obtain as retrospective in-
formation.?> Among the possible causes of cryptogenic Ml in-
clude embolization from a distal source, such as paradoxical
embolism of thrombus or vasoactive mediators, that can induce
coronary vasospasm through a venous-arterial shunt. However,
studies performed in pediatric and young patients have not de-
finitively demonstrated a higher prevalence of PFO in patients
with M1 and NCA, at variance with cryptogenic stroke for which
the association with paradoxical embolism through a PFO is well
documented.? Therefore, also in patients with Ml and NCA,
TEE should be helpful for excluding the presence of intracardiac
shunts or other possible embolic sources both in heart chambers
and valve apparatus in order to reduce the risk of embolic recur-
rences. To date, TEE is the most sensitive diagnostic method for
diagnosing PFO, along with transcranial doppler, equally sensi-
tive and less invasive, but unable to detect minor defects.® An
additional method for the risk and prognosis assessment of young
patients with no high- risk profile for CAD, may be represented by
the multislice computed tomography (CT), that can provide high
resolution coronary angiograms with a noninvasive technique.?

Therapeutic management

Even after a careful analysis of any related condition, in about
two thirds of patients with cryptogenic MI a specific cause is not
found, as in the present case, although the prognosis, usually con-
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sidered good, is highly dependent on etiopathogenesis.*® When
a specific cause is not found, a therapy similar to that of patients
with CAD including aspirin, beta-blocker, statin, and ACE-inhib-
itor is started and cardiovascular risk factors control and smok-
ing cessation are advised.**? However, patients with cryptogenic
MI and inherited or acquired thrombophilia, seem to have an in-
creased risk of recurrent thrombotic events either venous or arte-
rial,” despite antiplatelet therapy, usually administered according
to guidelines (class I, LOE A),°! so that anticoagulant therapy
can be useful for secondary prevention,” (class Ila, LOE B) in
patients with cryptogenic Ml and suspected or proven coagulation
disorders, or documented potential embolic sources.

Long-term prognosis and recurrence of ischemic
events

Few studies have been carried out regarding long-term progno-
sis of young patients with MI and NCA. However, from the first
large studies emerged that these patients have a better prognosis
compared to those with moderate CAD, with a lower rate of car-
diovascular death and reinfarction.? In one of the first large fol-
low-up studies, a survival rate of 85% at a 10-year follow-up has
been reported in patients with MI and NCA versus 73% in patients
with occlusive CAD.*° On the other hand, a more recent study has
shown a mortality of 1.8% at 30 days and 4.0 % at one year fol-
low-up in patients with MI and NCA; these mortality rates were
significantly lower than those observed in patients with high- risk
CAD, but similar to those of patients with coronary stenosis <
50% or at low risk.2® Although the prognosis is generally excellent
for patients with Ml and NCA, a small portion of them during fol-
low-up presents adverse events. Recurrence of angina, heart failu-
re, and reinfarction are the most frequent events and a depressed
left ventricular ejection fraction has shown as an independent pre-
dictor of cardiac events and death in these patients.®*2 Moreover,
recurrence of ischemic events, including venous thrombosis or
pulmonary embolism, reinfarction, and stroke appears three-fold
higher in patients with proven inherited coagulation abnormalities
than in patients without after the onset of a first MI with NCA.”

Discussion

In the present review, we report the main available evidences
regarding patients with Ml and NCA. However, the case here
reported raises two important questions regarding the optimal
diagnostic and therapeutic management of these patients: first
if TEE should be routinely performed as part of the diagnostic
pathway; second, if oral anticoagulation should be preferred
over antiplatelet therapy for secondary prevention of patients in
whom the cause of MI remains unknown. In fact, among the pos-
sible causes of cryptogenic M, also the presence of PFO should
be considered even if studies performed in pediatric and young
patients have not definitively demonstrated a higher prevalence
of PFO in patients with MI and NCA, at variance with crypto-
genic stroke for which the association with paradoxical embolism
through a PFO is well documented.?*-% Therefore, we wonder if
TEE should be routinely performed also in patients with crypto-
genic MI to exclude the presence of intracardiac shunts or other
possible embolic sources both in heart chambers and valve appa-
ratus, even if no guidelines, at present, suggest that this examina-
tion should be part of the diagnostic pathway of these patients. To
date, TEE is the most sensitive diagnostic method for diagnosing



PFO, along with transcranial doppler, equally sensitive and less
invasive, unable however to detect minor defects.? Yet, even after
a careful analysis of any related condition, in about two thirds of
patients with cryptogenic MI a specific cause is not found, as in
the present case, although the prognosis, usually considered good,
is highly dependent on etiopathogenesis. When a specific cause is
not found, a therapy similar to that of MI patients with obstruc-
tive CAD, including aspirin as antithrombotic regimen is started
and cardiovascular risk factors control and smoking cessation are
advised.**?8 However, patients with cryptogenic MI and inherited
or acquired thrombophilia seem to have an increased risk of re-
current thrombotic events either venous or arterial” despite anti-
platelet therapy, usually administered according to guidelines.1ot
Even in our patient antiplatelet therapy was initially started but
failed in preventing further ischemic events and oral anticoagulant
therapy was started with no further embolic events at one- year
follow-up. This latter observation led us to wonder which could
be the optimal antithrombotic therapy for these patients and if a
subgroup of them should clearly benefit from anticoagulation.
However, further studies are needed in a larger number of patients
to evaluate whether oral anticoagulant therapy over aspirin should
be recommended for secondary prevention of patients with cryp-
togenic MI.
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