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Abstract

Purpose of Review In this review article, we focus on the mechanisms and features of acute coronary syndromes (ACS) with no
ruptured plaque (NONRUPLA) highlighting the uncertainties over diagnostic evaluation and treatment.

Recent Findings The most common cause of ACS is obstruction due to atherosclerotic plaque ruptured or erosion. In 14% of
patients who present in the Emergency Department as myocardial infarction, the final diagnosis is ACS with NONRUPLA.
Although the clinical presentation of NONRUPLA may mimic myocardial infarction, the underlying pathogenesis is different,
and it may guide therapeutic approaches and overall prognosis that vary according to etiology.

Summary The possible mechanisms of ACS with NONRUPLA are coronary embolism, acute dissection of the aorta or coronary
artery, vasospasm, microvascular dysfunction, the imbalance between oxygen demand and supply, coronary trauma and stent
complications, direct cellular toxicity and damage, Takotsubo syndrome, and myocardial infarction with non-obstructive coro-
nary arteries (MINOCA).

Keywords Acute coronary syndrome with no ruptured plaque - Takotsubo syndrome - Myocardial infarction - Coronary artery

spasm

Introduction

Acute coronary syndrome (ACS) with no ruptured plaque
(NONRUPLA) occurs in 14% of patients who present in the
Emergency Department as myocardial infarction [1].

The possible mechanisms of ACS with NONRUPLA are
wide ranging and can include coronary embolism, acute dis-
section of the aorta or coronary artery, vasospasm, microvas-
cular dysfunction, the imbalance between oxygen demand and
supply, coronary trauma and stent complications, direct cellu-
lar toxicity and damage, Takotsubo syndrome and myocardial
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infarction with non-obstructive coronary arteries (MINOCA)
(Fig. 1).

Although clinical presentation (Table 1) may mimic myocar-
dial infarction, the underlying pathogenesis of ACS with
NONRUPLA may guide therapeutic approaches and overall
prognosis. Therefore, in this review article, we focus on the
mechanisms and features of ACS with NONRUPLA highlight-
ing the uncertainties over diagnostic evaluation and treatment.

Mechanism of NONRUPLA
Coronary Embolism (CEm)

The underlying cause for more than 3% of ACS is coronary
embolism (CEm). The embolism may be direct (caused by
thrombotic materials originating from left heart chambers),
paradoxical (caused by thrombotic material in the venous cir-
culation), or iatrogenic [2]. Infective endocarditis used to be
the most common cause of CEm but in the current population,
non-infected valvular disease (prosthetic valve) is the most
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Fig. 1 Mechanisms of non-
obstructive acute coronary

Acute Coronary Syndrome

syndromes. NONRUPLA, acute
coronary syndrome with no
ruptured plaque; ACS, acute
coronary syndrome; MINOCA,
myocardial infarction with non-
obstructive coronary artery
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frequent cause. Other causes for CEm are arrhythmias, mural
thrombus in the left ventricle due to idiopathic dilated cardio-
myopathy, neoplastic disease, bone marrow, air emboli, even
suture material, or talc following heart surgery [3].

The clinical presentation is related to the size of the embo-
lus. For example, a smaller embolus will lodge more distally
rather than a larger embolus that might impact a major coro-
nary artery. The presentation may be typical of ACS with
acute chest pain, electrocardiographic, and enzyme changes,
or atypical such as dyspnea and congestive heart failure. In
one of four patients, it is unrecognized due to either the mild
symptoms that are ignored by the patient or the lack of symp-
toms. More commonly, the embolic infarcts are anterior, prob-
ably due to hemodynamic factors that favor diastolic blood
flow into the left coronary artery, 75% of all cases [4, 24].

Once CEm is diagnosed by the demonstration of normal cor-
onary arteries in the patient and a lack of collateral vessels in
selective coronary arteriography, treatment should start immedi-
ately with long-term anticoagulants to prevent growth and addi-
tional new emboli. Also, additional antiplatelet drugs should be
considered in patients with prosthetic heart valves [3, 25].

Infective endocarditis (infection of the endocardial sur-
face of the heart, usually the valves) is no longer the most
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common cause of CEm because of recent improvements in
diagnosis and management, so the incidence of CEm is
relatively low, ranging from 3 to 11% [26], although au-
topsies have shown microemboli in 60% of patients with
infective endocarditis. Mechanisms for myocardial ische-
mia in patients with infective endocarditis include coro-
nary compression secondary to periannular aortic valve
complications, CEm, obstruction of the coronary ostium
due to large vegetation, coronary atherosclerosis, and se-
vere aortic insufficiency [27]. The important difference is
that in this case, thrombolysis should be avoided (high
hemorrhagic risk), and the treatment approach should fo-
cus on i.v. antibiotics, surgical replacement of the infected
valve, and future prevention of CEm by eliminating the
source of embolization [25].

Acute Dissection of the Coronary Artery or Aorta

Spontaneous coronary artery dissection (SpCADis) is another
cause of ACS with NONRUPLA, especially in young women,
and it is diagnosed in up to 4% of ACS and 43% of pregnancy-
related myocardial infarction. The dissection can occur any-
where of the intima, media, or adventitia of the artery wall by
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two mechanisms, intima tear or medial hemorrhage. There are
a variety of causes such as fibromuscular dysplasia (coronary
tortuosity, dilation/ectasia, stenoses), pregnancy (progesterone
and estrogen can weaken arterial wall and create a
prothrombotic state, hemodynamic changes during pregnancy
can increase shear stress, microstructural changes in the aorta
and coronary arteries).

Most commonly, SpCADis presents as STEMI (24-87%),
ventricular arrhythmias (3—10%), shock, and death. The chal-
lenge is diagnosis by coronary angiography, which is the first-
line choice in acute coronary syndrome, but in this case, the
layers of the arterial wall suffer and not the lumen itself, so
optical coherence tomography (OCT) and intravascular ultra-
sound (IVUS) are the gold standard techniques.

As far as the management is concerned, SpCADis seems to
heal spontaneously, and a conservative approach is preferred,
except for patients with unstable symptoms, hemodynamic
instability, or left main dissection. Beta-blockers reduce shear
stress and arrhythmias and improve long-term survival (as in
atherosclerotic ACS). Aspirin seems reasonable to use (low
hemorrhage risk). Anticoagulation therapies may resolve the
overlying thrombus but should be avoided due to the potential
risk of extending the dissection. Patients with SpCADis
should be followed frequently for cardiac events [5].

Type A aortic dissection can cause malperfusion and even-
tually ACS with NONRUPLA most commonly in the elderly
(over 65 years) men. The underlying pathogenesis usually is
intima tear in segments exposed to the greatest shear stress
(right lateral wall in the ascending aorta), and aortic dissection
is the result of remodeling of the aortic wall structure as a
result of inflammation and extracellular matrix degradation.
Accurate and rapid diagnosis and appropriate interventions
are needed in the case of acute aortic dissection involving
the coronary artery. Contrast-enhanced computed tomography
(CT) can detect aortic dissection with high sensitivity, but
ECG-gated CT with high spatial and temporal resolution is
preferred as there are fewer motion artifacts and so improved
diagnostic accuracy. The appropriate treatment is surgical,
whereas antiplatelet, anticoagulant, and fibrinolytic therapies
should be avoided [6, 7].

Vasospasm and Microvascular Dysfunction

Coronary artery spasm is one of the most common epicardial
causes of ACS with NONRUPLA [8, 9]. Coronary artery
spasm is a result of coronary vascular smooth muscle hyper-
activity (excessive vascular smooth muscle contraction) and
endothelial cell dysfunction (lack of vasorelaxant agents) [10].
Interestingly, focal and diffuse vasospasms have different
pathophysiologies. In the first case, vasospasm is likely relat-
ed to localized epithelial dysfunction of epicardial coronaries
and local atherosclerotic lesion, whereas diffuse vasospasm is
more related to coronary microvascular dysfunction.

@ Springer

Coronary artery spasm may present as an ACS in 1% of pa-
tients, with chest pain at rest and usually from midnight to
early morning when vagal tone is highest [8, 10] and is more
common in smokers men aged 40-70 (endothelial damage
and inflammation due to smoking-induced oxidative stress
that eventually leads in the exaggerated contraction of vascu-
lar smooth muscle cells) [8]. ECG changes usually develop as
ST depression (subendocardial myocardial ischemia) and as
ST elevation only when there is a spasm of the main artery;
however, they may appear ordinary at the start of coronary
artery spasm or in mild coronary artery spasm. In all the other
cases, the coronary artery spasm is diagnosed with invasive or
noninvasive provocation tests [10]. As far as long-term treat-
ment is concerned, calcium channel blockers and nicorandil
are a better option than nitrates (chronic therapy has more side
effects, increased cardiac events, tolerance, increased sensitiv-
ity to vasoconstrictors). Long-term prognosis of patients with
coronary microvascular spasm seems to be beneficial at least
regarding mortality; however, angina persists in about one-
third of patients in spite of treatment with calcium channel
blockers [11].

Varying degrees of disruption (structural, functional, and
extravascular) of the normal coronary physiology end up in
coronary microvascular dysfunction (CMD) [12, 13]. More
commonly, CMD appears in women (there is an association
between hormone therapy and shorter menopausal duration
with CMD), presenting with symptoms of ischemia but nor-
mal coronary arteries in angiography [14]. Typically, CMD is
classified into four categories (with or without epicardial
CAD, myocardial disease, and iatrogenic). There are many
invasive and noninvasive diagnostic tools (i.e., coronary
blood flow measurement, coronary flow reserve, cardiac mag-
netic resonance imaging (MRI), and positron emission tomog-
raphy) that unfortunately cannot visualize directly the micro-
circulation but they can quantify myocardial blood flow and
indicate necrosis [13, 15]. As shown by Camici in lab tests,
anti-hypertensive treatment on CMD not only affects hyper-
emic coronary blood flow but also reverse arteriolar remodel-
ing, as all the anti-hypertensive drugs, especially perindopril
and candesartan, reduce the medial thickness and interstitial
fibrosis.

Imbalance Between Oxygen Demand and Supply
and Other Mechanisms

Myocardial infarction resulting from the imbalance between
oxygen supply (hypoxemia, anemia, hypotension) and de-
mand (tachycardia, tachyarrhythmias, hypertension) is re-
ferred to as type 2 myocardial infarction (T2MI) in the new
definition of myocardial infarction and is well known. Patients
with T2MI are older non-smokers women with atypical pre-
sentation (dyspnea, arrhythmia), with comorbidities such as
diabetes, chronic kidney disease, hypertension, and heart
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failure, usually diagnosed as non-STE-ACS. The trigger is
mostly operative stress, sepsis, arrthythmias (tachyarrhyth-
mias, atrial fibrillation), heart failure, or anemia. Because of
a lack of evidence-based treatment guidelines, the correction
of the underlying cause is the main treatment target.
Traditional cardiovascular treatment is questionable, although
patients with T2MI are commonly prescribed conventional
therapies ([3-blockers, angiotensin-converting enzyme inhibi-
tors, statins warfarin, etc.). As far as the outcome, in-hospital
and 30-day death rates are three times higher (compared with
T1MI). The same is also true for 1-year mortality. Therefore, it
is very important to clarify the diagnostic criteria and to es-
tablish evidence-based management options of T2MI [16,
17+, 18, 19].

Takotsubo: a Myocardial Infarction Mimic

Takotsubo syndrome (TS) represents a microvascular cause
of NONRUPLA acute episodes. Its prevalence is reported
to range between 1.2 and 2.2% of all ACS [20]. Post-
menopausal females with a history of physical or emotion-
al stress tend to present TS more often. Its pathophysiol-
ogy remains still unclear although several pathogenetic
mechanisms have been proposed, such as multi-vessel epi-
cardial spasm, catecholamine-induced myocardial stunning,
spontaneous coronary thrombus lysis, and acute microvas-
cular spasm. Galiuto L. et al. [28] showed in 2010 that
irrespective of its etiology, reversible coronary microvascu-
lar dysfunction is a common pathophysiological determi-
nant of TS. Indeed, the extent of myocardial hypoperfu-
sion at myocardial contrast echocardiography was similar
in patients suffering from TS and in patients suffering
from ST elevation MI, whereas a transient significant im-
provement of myocardial perfusion and of LV function
during adenosine infusion was observed in the former on-
ly. Electrocardiographic (ECG) abnormalities in TS are
most often observed in the acute or sub-acute phase and
include ST segment elevation and T-wave inversion [21].

However, Shimizu et al. [22] report three “patterns”
of TS: “reverse Takotsubo” with basal akinesia and api-
cal hyperkinesia, “mid-ventricular type” with medio-
ventricular ballooning and basal and apical hyperkinesia,
“localized type” with ballooning of a limited number of
myocardial regions.

Left ventriculography after documentation of MINOCA
allows the diagnosis of TS. Cardiac MRI with contrast shows
the typical left ventricle dysfunction without detectable myo-
cardial necrosis after gadolinium administration [29].

In TS, left ventricle dysfunction may require treatment with
[3-blockers, angiotensin-converting enzyme inhibitors, and di-
uretics, sometimes combined with anticoagulant therapy in
patients at risk of ventricular mural thrombus [20, 21].

MINOCA

Myocardial infarction with no obstructive coronary arteries
(MINOCA) is a syndrome with variant causes divided into
three major mechanisms: epicardial (coronary spasm, plaque
disruption, coronary dissection), microvascular (microvascu-
lar dysfunction, thrombosis/emboli, myocardial disorders
(myocarditis), Takotsubo syndrome), and noncardiac causes
(pulmonary embolism, etc.)

MINOCA occurs in 10% of all myocardial infarctions with
no obstructive coronary arteries and presents more often in
women and has a higher adjusted risk of mortality in 1 year
(4.7%) compared with obstructive coronary syndromes.
Despite the fact that coronary arteries are normal (or seem
normal), one of four patients will continue to experience an-
gina 1 year after the first episode [23].

In MINOCA, it is especially important to clarify the under-
lying mechanism in order to achieve the best treatment strat-
egy. Cardiac MRI is the preferred diagnostic modality, as it
identifies 87% of the underlying cause. Additionally, diagnos-
tic tests such as provocative spasm testing and intravascular
ultrasound can be used to clarify the cause.

Conventional postinfarct therapies with statins,
angiotensin-converting enzyme inhibitors, 3-blockers, etc.
seem to reduce the hazard ratio of major adverse cardiovascu-
lar events; in opposite, dual antiplatelet therapy tends to in-
crease bleeding rate [30-32].

Cardiac MRI is the key diagnostic tool to be employed in
MINOCA patients because in addition to providing confirma-
tion of the diagnosis of myocardial infarction with no obstruc-
tive coronary arteries, it also provides insights into the differ-
ential diagnosis of MINOCA. Late gadolinium enhancement
(LGE) can assist the localization of the area of myocardial
damage [33]. The presence and pattern of any LGE may point
towards a vascular or non-vascular cause. However, there is a
subgroup of MINOCA patients that have no evidence of LGE,
myocardial edema, or wall motion abnormalities on cardiac
magnetic resonance [29, 34]. LGE on cardiac MRI is able to
detect as little as 1 g of infarcted myocardium with current
techniques [35, 36]. Thus, some patients with normal cardiac
magnetic resonance may have too little myonecrosis to be
detected. It may also be possible that necrotic myocytes may
be distributed over a larger area, and thus not amenable to
detection by LGE imaging (Table 2).

Conclusion

In conclusion, many possible mechanisms can provoke acute
coronary syndrome with no obstructive plaque
(NONRUPLA). Despite the fact that the clinical presentation
is similar to that of myocardial infarction with coronary ath-
erosclerosis, patients with NONRUPLA have lower baseline
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Table 2

Imaging techniques in NONRUPLA

Mechanism

Imagining technique

Appearance

Important to remember

Coronary embolism
[3, 4,24, 25]

Acute coronary artery
dissection [5]

Acute aorta dissection [6, 7]

Vasospasm [10]

Microvascular
disfunction [13-15]

Imbalance between oxygen
supply and demand
[16-19]

Takotsubo [22, 29]

MINOCA [29, 33-36]

NONRUPLA

Angiography

OCT
IVUS

Contrast-enhanced CT
ECG-gated CT

Provocation tests
Invasive: ACH/ER spasm
provocation testing

Noninvasive: ECG, holter
monitoring, exercise testing,
hyperventilation testing

CBF

CFR

CMR

PET

LGE

Clinical diagnosis

Left ventriculography
CMR

CMRI
Provocative spasm tests

Ivus
OCT

Us/ LV angiogram: Wall
motion/ pericardial effusion

IVUS/ OCT: Plaque disruption/
coronary dissection/ embolism

CMRI: Differential diagnosis for

MINOCA

LGE: Microvascular disfunction

Normal coronary arteries and
lack of collateral vessels

OCT visualize intimal tears,
intraluminal thrombi, false
lumens, and intramural hematoma,
but it is limited by optical
penetration and shadowing, and
may not depict the entire depth
of the intramural hematoma.
IVUS has adequate resolution to
visualize intramural hematoma
and false lumens, but the
lumen-intimal interface is not
as clearly delineated as with
OCT.

Positive response to ACH/ER
spasm provocation testing is
defined as transient occlusion
(>90% narrowing) of a coronary
artery with signs and symptoms
of myocardial ischemia
(angina/ST changes)

Quantify myocardial blood flow
and indicate necrosis

Apical ballooning

Typical LV dysfunction
without detectable myocardial
necrosis after gadolinium
administration

US: evidence of degenerated prosthetic
valve, infected endocarditis

OCT is preferred for imaging

SCAD due to its superiority and ease in
visualizing intramural hematoma,
intimal disruption, and double
lumens,

In patients with known allergies
to contrast media, transesophageal
echocardiography should be
considered.

Invasive testing has better sensitivity
than noninvasive testing

CMR after gadolinium contrast
administration: dark, subendocardial
zones surrounded by hyperenhanced
infarcted myocardium

CMRI identifies 87% of the
underlying cause

OCT, optical coherence tomography; /VUS, intravascular ultrasound; CBF, coronary blood flow; CFR, coronary flow reverse; CMR, cardiovascular
magnetic resonance; PET, positron emission tomography; LGE, late Gadolinium enhancement; LV, left ventricular; Us, ultrasound

cardiovascular risk compared with obstructive ACS and the
lower mortality rate on the first 6 months of the episode that
does not persist after a year. As shown in long-term follow-up,

@ Springer

patients with NONRUPLA have the same mortality rate as
patients with obstructive ACS emphasizing the need for rapid
application of the best-known therapy and further research on
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the underlying mechanisms and the therapeutic approaches of

NONRUPLA.
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