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General Introduction and Outline of Thesis

Like many other great advancements in the history of medicine, the story of coronary
angiography began as result of pure chance. When in 1958, Mason Sones inadvertent-
ly injected contrast in a right coronary artery while performing a ventriculography?,
he started and amazing journey which evolved into the development of life-saving
invasive techniques for the treatment of coronary artery disease (CAD), impacting the
lives of millions of human beings in the next decades.

Shortly after its introduction, coronary angiography was broadly accepted and became
soon the gold standard for assessing CAD. In 1977, the ground-breaking introduction
of the percutaneous transluminal coronary angioplasty (PTCA) technique by Andreas
Gruntzig changed forever the natural history of ischemic heart disease***. This major
contribution was the starting point of the spectacular evolution of the field, with the
subsequent introduction and refinement of novel techniques and technologies, to-
gether with expansion of the clinical indications (acute myocardial infarction, chronic
coronary total occlusions, calcific disease, etc). All these innovations resulted in the
creation of an entirely new sub-specialty, interventional cardiology, which continues
today expanding its horizons towards new modalities of percutaneous treatments for
coronary and structural heart disease®®”. Only four decades later, an annual median of
5131 diagnostic coronary angiographies and 2478 percutaneous coronary interven-
tions per million people were reported in 2016 in Europe®, which illustrates the major
impact of these techniques in current clinical practice.

Diagnostic coronary angiography remains the core of cardiac catheterization. The goal
of the procedure is to thoroughly characterize the coronary tree by injecting contrast
is a number of pre-specified angiographic projections, aiming to evaluate all coronary
segments and relevant pathological findings. With current use of high-resolution
fluoroscopy, vessels up to 0.3 mm of diameter can be visualized®. Despite of the very
well-known limitations of the technique and the development and improvement of
non-invasive coronary imaging modalities such as computed tomography coronary
angiography, invasive coronary angiography still remains as the cornerstone for risk
stratification assessment in CAD®. Countless clinical decisions are taken on a daily
basis based on angiographic findings. Angiography-derived tools, such as the SYNTAX
score, have helped to standardize the evaluation of CAD complexity and have becom-
ing a basic tool in helping clinicians in decision-making processes in coronary artery
revascularization’®**. Needless to say, in patients undergoing percutaneous coronary
artery revascularization, understanding angiographic coronary anatomy is indispens-
able to define the technical approach and the potential challenges derived from the
procedure’. In addition, there are several angiographic anatomical or procedural
related features that have been linked to patients prognosis, both immediate and
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long-term. For instance, in patients presenting with ST-segment elevation myocardial
infarction, the presence of coronary no-reflow phenomenon complicating primary
PCl has been linked to an increased mortality both at 1- and 5-years, independent of

infarct size*®,

The standardization of coronary angiography interpretation, focused mostly on
the ventricular coronary branches, has paid little attention to the coronary arterial
branches supplying the atrial myocardium. The lack of consensus in the characteriza-
tion of the angiographic anatomy of the atrial coronary branches has resulted is a con-
fusing and heterogeneous mix of definitions, illustrating an evident gap of knowledge
that remains nowadays"“. Important clinical implications may be intimately related
with the integrity of the atrial coronary circulation, such as the development of atrial
arrythmias™ or atrial structural and functional damage®®. Likewise, the presence of
coronary atrial branches in the vicinity of anatomical targets in atrial fibrillation abla-
tion may impact negatively the effect of the procedure, highlighting the importance
of a correct characterization of the coronary atrial branches anatomy in this clinical
scenario®’.

Coronary ectasia was firstly described in 1812 by Bougon, and was considered many
years as a rare pathological finding'®. The advent and posterior universalization of coro-
nary angiography made possible the diagnosis of this condition in living individuals*°.
Coronary angiography made possible the anatomic characterization and distribution
of the abnormally dilated coronary segments, resulting in the identification of sev-
eral phenotypes based on morphologic features (focal, diffuse) and extension, which
important prognostic value****?2, In addition, coronary artery ectasia has been linked
to particular diseases of clinical scenarios, such as inflammatory diseases, infections,
trauma or atherosclerotic coronary artery disease®. The presence of coronary ectasia
in patients requiring percutaneous coronary artery revascularization, particularly in
acute coronary syndromes, is often a technical challenge with an important impact
on procedural success and clinical prognosis. Despite of the existing evidence, a
standardized, homogeneous, universal nomenclature and angiographic classification
of coronary artery ectasia are lacking®.

The coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is associated to cardiovascular complications,
which are currently well known?>?%?728 |n early phases of the pandemic, little was
known about the cardiovascular effects of COVID-19. The first data suggesting a hy-
percoagulable status in severely ill patients, with both venous and arterial thrombotic
events?®, was rapidly followed by a number of reports of patients presenting with acute
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myocardial infarction due to coronary thrombosis with large thrombus burden?®3°3*,

Elevated cardiac biomarkers due to alternative cause of myocardial injury (myocardi-
tis, Takotsubo cardiomyopathy, etc) were also described, requiring often the exclusion
of acute coronary syndrome by coronary angiography?®. Coronary angiography was
therefore key in establishing the diagnosis, characterizing the pathological coronary
findings and determining the percutaneous therapeutical strategy when indicated.

Coronary angiography is facing new challenges. As the burden of cardiovascular
disease continues to increase globally®’, an increase of the number of diagnostic and
therapeutic coronary procedures is expected. The impact of healthcare structures
from an economic and a logistic perspective, may compromise both quality and timely
access to care. In the past years, non-invasive computed tomographic coronary angi-
ography has emerged as a valid alternative to invasive coronary angiography?*. With
a high negative predictive value, coronary computed tomography angiography allows
to safely rule out coronary artery disease, decreasing significantly the number of
patients referred for invasive evaluation. Despite of the refinements of the technique,
poor image quality studies are not infrequent due to low resolution, motion, artifacts
or suboptimal image acquisition to irregular or increased heart rate. These limitations
compromise the diagnostic accuracy of CCTA, requiring diagnostic evaluation with
invasive coronary angiography in all cases deemed positive**. Technical improve-
ments in the next few years are warranted. For the moment, the announced downfall
of invasive CAD is not yet effective. The promising development of technology based
on artificial intelligence, with applications not only on image interpretation but also
in other areas such as cath-lab logistics®*4, may set the grounds for the next revolution
in the field.

The journey still continues.

AIM AND OUTLINE OF THE THESIS

The objective of this thesis was to evaluate the role of invasive coronary angiography
for risk stratification in patients presenting with myocardial infarction in specific clini-
cal scenarios.

In Part I, we focused on the clinical impact of coronary flow impairment in coronary
atrial branches. Chapter 2 evaluated the impact of coronary atrial branch occlusion
complicating a primary percutaneous coronary intervention in patients present-
ing with acute myocardial infarction. We defined the rate of this complication and
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its potential role in the occurrence of atrial arrythmias. In Chapter 3, we evaluated
the impact of coronary flow limitation in the most developed coronary atrial branch,
introducing the term of “atrial coronary dominance”, and evaluating its potential role
in the development of atrial arrythmias. Chapter 4 studied the effects of atrial isch-
emia in both functional and structural remodelling of the left atrium in patients with
acute myocardial infarction, by using serial advanced echocardiography techniques.
Part Il evaluated the prognostic value of coronary angiography in acute myocardial
infarction in specific scenarios. Chapter 5 focused in patients with coronary artery ec-
tasia presenting with acute coronary syndromes, providing a systematic angiographic
phenotypical classification and evaluating its impact in the occurrence of major car-
diovascular events. Finally, in Chapter 6 we evaluated the angiographic and clinical
profile of patients with COVID-19 referred for invasive coronary angiography from
an international registry, analysing as well the prognosis of this specific population.
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