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Abstract

Introduction. Coronary artery anomalies are infrequent but
anticipated findings during percutaneous coronary interven-
tions (PCI). Compared to consistent reporting in an-
giographic series, they seem to be underreported in inter-
ventional studies, and particularly in the setting of primary
PCI, where their prompt tecognition is of the utmost im-
portance. Case report. We present a 50 years old male with
inferior ST-elevation of myocardial infarction (STEMI) and
right ventricular involvement with solitary ostium for all
three coronary arteries in the right aortic sinus of Valsalva.
The patient had an extremely rare variant of coronary artery
origination belonging to the type A4b2c2 of Angelini’s clas-
sification. Correspondingly, it belongs to the left Anoma-
lous origination of a Coronary Artery from the Opposite
Sinus of Valsalva (ACAOS) class with the intraseptal course
of left anterior descending artery. We managed successfully
to implant a drug eluting stent in the proximal right coro-
nary artery in a lengthy and stormy procedure, with the need
for guiding catheter exchange, temporary pacing and dealing
with no-reflow phenomenon. Conclusion. We summarize
diagnostic hints for angiographic recognition of dominant
variants of the left ACAOS and practical aspects of per-
forming PCI in such patients. Also, we debate on the func-
tional significance of coronary anomalies and its further im-
plications from the prognostic and therapeutic aspects. We
propose adoption of the novel classification of coronary
anomalies of Angelini’s group in the routine clinical prac-
tice. Finally, we call for the inclusion of specific training in
coronary artery anomalies into the interventional cardiology
fellowship curriculum.
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Apstrakt

Uvod. Anomalije koronarnih arterija nisu Cest, ali su ocekivani
nalaz tokom pekutanih koronarnih intervencija (PCI). Za raz-
liku od relativno redovnog ptijavljivanja koronarnih anomalija
pri dijagnostickim koronarografijama, one se nedovoljno cesto
prikazuju u izvestajima sa interventnih procedura, posebno u
sklopu primarne PCI, kada je upravo njihovo promptno
otkrivanje od najveée vaznosti. Prikaz bolesnika. Prikazan je
muskarac, star 50 godina, sa akutanim infarktom miokarda sa
ST elevacijom (STEMI) donjeg zida koji je zahvatio i desnu
komoru, kod koga je naden zajednicki ostijum za sve tri ko-
ronarne arterije u desnom aortnom sinusu Valsalve. Ova ano-
malija je ekstremno retka varijanta ishoda koronarnih arterija
koja odgovara tipu A4b2c2 Angelinijeve klasifikacije. Istovre-
meno, ona pripada i kategoriji abnormalnog ishoda koronarnih
arterija iz kontralateralnog sinusa Valsalve (ACAOS) sa intra-
septalnim kursom proksimalnog dela prednje descendentne
arterije. Kod bolesnika je uspesno ugraden jedan stent oblozen
lekom, tokom produzene i turbulentne procedure, uz potrebu
izmene katetera vodica, upotrebu priviemenog pacemaker-a i
pojavu fenomena usporenog koronarnog protoka po otvaranju
arterije. Zaklju€ak. Detaljno su prikazani dijagnosticki postup-
ci za angiografsko prepoznavanje dominantnih varijanti abnor-
malnog ishoda koronarnih arterija iz kontralateralnog sinusa
Valsalve, kao 1 prakticni aspekti izvodenja perkutanih interven-
cija kod ovakvih bolesnika. Analizirani su funkcionalni znacaj
koronarnih anomalija i njihove implikacije na dalju prognozu i
terapijski pristup. PredlaZzeno je usvajanje nove klasifikacije
koronanih anomalija, predlozene od Angelinijeve grupe, u
rutinskoj klinickoj praksi. Na kraju, potrebno je ukljucivanje
specificne obuke o svim relevantnim aspektima koronarnih
anomalija u redovni program obuke intetventnih kardiologa.
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perkutana koronarna intervencija; koronarni krvni sud,
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Introduction

Anatomic variants of coronary artery origin and course
occur infrequently, but with the consistent prevalence in dif-
ferent series of patients. Misdiagnosing of unsuspected aber-
rant origin of coronary arteries is a potential problem for
busy operator leading to erroneous conclusion that the artery
is occluded, been responsible for the prolongation or failure
of the procedure. Particularly, it is important to have this en-
tity in mind when dealing with acute coronary syndromes
since the culprit lesion may be missed.

Case report

Clinical presentation

Fifty years old male was self-referred to the local emer-
gency department because of the acute severe chest pain of
prolonged duration followed by a brief syncopal episode. His
risk factors were: hypertension, hypercholesterolemia, heavy
smoking and positive family history (his father died of heart

attack at the age of 50). On admission, 45 minutes from pain
onset, electrocardiogram (ECG) showed inferolateral ST ele-
vation myocardial infarction (STEMI) with intermittent nod-
al rhythm (Figure 1, A and B), and right precordial leads re-
vealed the right ventricular involvement (Figure 1, C). Pa-
tient received loading antiplatelet therapy (ASA 500 mg and
ticagrelor 180 mg) and was immediately transferred by the
cardiology ambulance to our facilities for primary percuta-
neous coronary intervention (PCI) within 90 minutes of the
first medical contact. During the transfer, the patient was
bradycardic and hypotensive despite 1.5 liter of volume ex-
pansion; chest pain and ST elevation were persistent. On
admission his blood pressure (BP) was 90/55 mm Hg, heart
rate (HR) 48 bpm, ST elevation persisted in the same leads
with transient nodal rhythm. Echocardiographic examination
revealed inferolateral hypokinesia with the global left ven-
tricular ejection fraction of 45%, and a trace of mitral regur-
gitation. On the catheterization table, immediately before ar-
terial puncture, ECG showed ST elevation resolution fol-
lowed by pain relief.
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Fig. 1 — Electrocardiography (ECG) at presentation: acute inferolateral myocardial infarction (A and B),
with right ventricular infarction (C), nodal rhythm.
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Interventional procedure

Coronary procedure was done by the radial approach.
Patient was heparinized with 100 IU/kg of unfractionated
heparin (UFH). Because of bradycardia and intermittent nod-
al rhythm, a temporary pacemaker electrode was inserted by
the femoral vein and left in a standby position. Accelerated
volume substitution was continued by the i.v. line. Judkins

Left SF diagnostic catheter failed to cannulate left coronary
artery in the left aortic sinus of Valsalva; non-selective con-
trast injection confirmed the absence of coronary ostium and
the originating artery (Figure 2A).

Hockey Stick 6F SH (side holes) guiding catheter visu-
alized solitary coronary ostium in the right sinus of Valsalva
with the anomalous origin of all three main coronary vessels
(Figure 2B and C).

Fig. 2 — Angiographic images of the procedure: A) absence of coronary ostium in left sinus of Valsalva; B) sub-selective
cannulation showing anomalous circumflex with caudal-posterior loop; C) non-selective cannulation showing all three
coronary arteries originating from right sinus of Valsalva. Note the typical “eye” configuration between left anterior
descending (LAD) (inferior) and circumflex (Cx) artery (superior) and proximal septal branches (S), LAD is showing caudal-
anterior loop; same phenomenon can be appreciated at images E and H; D) subocclusive stenosis of right coronary artery
(RCA) with substantial thrombotic burden; E) wire negotiating at subocclusive stenosis; F) coronary stenting; G) no-reflow
phenomenon; H) and I) final result. Note the “hammock” appearance of the proximal LAD (also seen at images B, C, D and
E) and proximal septal branches indicating septal trajectory.

Babi¢ R, et al. Vojnosanit Pregl 2020; 77(5): 549-555.
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Guiding catheter was then sub-selectively positioned into
the dominant right coronary artery (RCA) revealing subocclu-
sive, eccentric and heavily calcified stenosis at the proximal,
bending part of RCA (Figure 2D). Distal flow in RCA was
thrombolysis in myocardial infarction (TIMI) 2 grade, with
spotty intraluminal filling defect distally to stenosis suggestive
of acute thrombotic burden. Crossing of stenosis was initially at-
tempted by Whisper” coronary guidewire, failing to negotiate
the angulated course at the entry of stenosis (Figure 2, E). The
same applied for the next attempt with Runthrough” NS coro-
nary guidewire (the former wire was anchored in the conal
branch for better support). Whole system was then replaced by
AmplatzAL 2, 6F SH guiding catheter providing more selective
cannulation (Figure 2F to I) and better backup enabling easy
passage of ASAHI Sion Blue” coronary guidewire and its posi-
tioning in the distal RCA branch. Passage of the wire com-
pletely reoccluded the artery followed by the abrupt ST re-
elevation and hemodynamic collapse (BP 50/30 mmHg with the
development of complete AV block initiating ventricular pac-
ing) necessitating rapid actions. Prompt lesion predilatation was
done with noncompliant 2.5/20 mm balloon at 16 atmospheres
followed by implantation of 3.5/25 mm Orsiro” stent at 14 at-
mospheres (Figure 2F). Immediate coronary angiography re-
vealed no-reflow phenomenon in the targeted RCA (Figure 2G).
Hemodynamic status improved marginally but remained unsta-
ble. Intracoronary bolus with 120 mcg of adenosine was injected
distally to the implanted stent through the Finecross” MG mi-
crocatheter. That was followed by the normalization of coronary
flow and gradual hemodynamic recovery (Figure 2H and I). At
that point, an intracoronary high-dose bolus of tirofiban (Ag-
grastat”) was administered over 3 minutes (25 mecg/kg), fol-
lowed by the continuous tirofiban infusion (0.15 mcg/kg/min)
for the following 12 hours because of the substantial preexisting
thrombotic burden.

Overall, the door-to-balloon time was less than 40 min-
utes; whole procedure was done utilizing 140 mL of non-
ionic contrast media, with 21 minutes of fluoroscopy time
and total radiation exposure dose of 1,950 milligroy (mGy).
Patient remained stable following transfer to the coronary
care unit where temporary pacemaker lead was removed.

During the remaining hospital stay, plateaued enzyme
release and accelerated washout was observed, followed by
the improvement of baseline wall motion abnormalities on
control echocardiographic examination. Patient was dis-
charged on standard post myocardial infarction therapy with
particular attention to the continuation of beta blockers. He
had an uneventful clinical course over the 6-month follow-
up, avoiding extreme exertions, but refusing additional stress
testing or further invasive reevaluation.

Discussion

Prevalence and classification of coronary artery
abnormalities

The prevalence of coronary artery anomalies ranges
from 0.5% in a multicenter pediatric autopsy study from
1994 ' to 1.3% in the study reported from the Cleveland

Clinic in 1990 among 126,595 patients undergoing coronary
arteriography in which anomalies of origin and distribution
occurred in 87% and coronary artery fistulae in 13% >. The
similar prevalence of 1.34% was reported in a coronary arte-
riography study on a Central European population *. In a se-
ries of 12,457 adult coronary angiographies from Turkish
population Yildiz et al. * reported 0.9% of prevalence of co-
ronary artery anomalies, with 89.3% being anomalies of ori-
gin and distribution and 10.7% coronary fistulae.

Up to the present, several classifications of coronary ar-
tery anomalies have been proposed. The traditional classifi-
cation of abnormal origin and distribution of coronary origi-
nates from Lipton et al. * in 1979. Being practical, but in-
complete, this classification was further improved by Yama-
naka and Hobbs 2 in 1990. In 1993, Shirani and Roberts ®
proposed atomically based classification of congenital coro-
nary artery abnormalities, depending on the originating aortic
sinus and the pattern of distribution of coronary arteries .
The latest classification came from Angelini’s group in
2007 ®. It is based on their long-lasting experience starting in
1999 by the analysis of 1,950 consecutive angiograms with
adoption of strict criteria for assessing coronary normality
versus abnormality °. This approach was refined and elabo-
rated in subsequent publications dealing with pathophysiol-
ogy and clinical relevance of coronary anomalies '” "', as
well as with novel diagnostic aspects in adults '>'*. Coronary
artery abnormalities are classified into 4 categories: A)
anomalies of origination and course; B) anomalies of intrin-
sic coronary arterial anatomy; C) anomalies of coronary ter-
mination; and D) anomalous anastomotic vessels. This clas-
sification starts with definition of normal coronary anatomy,
making distinction between relevant arteries and smaller
ones (such a conal branch), and defining that any form ob-
served in > 1% of unselected general population is consid-
ered as normal. Also, it incorporates the concept of anoma-
lous origination of a coronary artery from the opposite sinus
of Valsalva anomalous coronary artery from the opposite
sims (ACAOS), being lately in the focus because of its clini-
cal and prognostic consequences.

Ectopic left coronary artery (or LAD) arising from the
right coronary sinus may have 4 possible paths: 1) anterior to
pulmonary outflow (free-wall), 2) interarterial, (between aor-
ta and pulmonary artery), 3) intraseptal (intramural, or sub-
pulmonary), 4) retro-aortic (or posterior). Ectopic circumflex
arising from the right aortic sinus may have the following
courses: 1) posterior atrioventricular groove or 2) retro-
aortic.

Overall, our patient had a rare variant of abnormal ori-
gin of coronary arteries corresponding to Angelini classifica-
tion type A4b2c2. Also, it fits into Shirani and Roberts I D3
class, Yamanaka R-II S class or LiptonR III class. Anatomi-
cally it belongs to the category of left ACAOS with intrasep-
tal course of left anterior descending artery.

Current diagnostics of coronary artery anomalies

Selective coronary arteriography remains the gold stan-
dard for diagnosis of coronary artery anomalies, but occa-
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sionally it may fail to identify the proximal course of coro-
nary arteries, where multislice computed tomography
(MSCT) gives more detailed information on the proximal
tract of coronary arteries and their relationship with the sur-
rounding structures . It was shown recently that the preva-
lence of coronary anomalies is substantially higher when di-
agnosed by MSCT than with coronary angiography, even af-
ter exclusion of myocardial bridging '°.

However, radiation exposure and invasiveness are fa-
voring nowadays the application of cardiovascular magnetic
resonance (CMR) imaging for diagnosing coronary artery
anomalies, particularly in children and young adults. Coro-
nary artery anomalies were reported in 0.3% of 59,844 CMR
scans performed over 15-year period in a multicenter study
with valuable prognostic information over 4.3 years median
follow-up .

Since most of coronary artery anomalies are diagnosed
incidentally during coronary angiography, it is important to
recognize them and to make correct angiographic identifica-
tion, however that requires specific training of the opera-
tor '>. Unfortunately, it may happen — mainly during primary
angioplasty when operators are focused on opening an oc-
cluded artery and respecting the need for rational usage of
contrast media — that acquired angiographic data do not al-
low correct identification and the precise reconstruction of
the proximal course of anomalous vessels. However, a long
time ago, precise instructions how to obtain angiographic
identification of coronary artery anomalies have already been
proposed. In 1985, Ishikawa and Brandt '® presented a prac-
tical “cookbook” for diagnosing all four dominant types of
anomalous origin of the left coronary artery from the right
aortic sinus of Valsalva based on two orthogonal an-
giographic projections: right anterior oblique (RAO) and left
anterior oblique (LAO), focusing on the orientation of the
proximal loop in the frontal and sagittal planes. This concept
was further simplified by Serota et al. ' in 1990 providing
the same identification of anomalous origin and proximal
course of anomalous coronary arteries from a single RAO
projection. Serota’s method provides helpful diagnostic hints
for facilitating this process using evocative “dot and eye”
signs to distinguish easily between four main types of
anomalous course. In addition, Chaitman et al. ** proposed
an useful diagnostic tip for distinguishing intraseptal course
of left coronary artery originating from the right sinus of
Valsalva (considered as benign variant) from the interarterial
course: the presence of septal perforators in the proximal part
of the vessel, preferably in the lateral and left anterior
oblique projections. More demanding angiographic model,
utilizing additional contrast, has been proposed by Wang et
al. ' in 1997. It is using simultaneous biplane coronary and
pulmonary arteriography (RAO 30 and LAO 60) to define
the course of anomalous left coronary artery originating from
the right sinus of Valsalva. Levophase imaging of the as-
cending aorta additionally increases its diagnostic utility.
Digital subtraction can further improve this procedure by en-
hancing levophase images of coronary artery-ascending aorta
relationship >'. An useful diagnostic hint by placing a cathe-
ter into the pulmonary artery to help in determining the

Babi¢ R, et al. Vojnosanit Pregl 2020; 77(5): 549-555.

course of anomalous coronary artery in relation to the pul-
monary artery was proposed by Chu and Cheitlin ** in 1993
allowing confident delineation of the interarterial variant
from the other, benign forms. Also, if using pacing lead dur-
ing the percutaneous procedure, like in our case, it may be
positioned into the right ventricular outflow tract and utilized
as a reference marker to aid in determining the proximal
course of anomalous coronaries.

In our patient, shortly after failing to cannulate left co-
ronary artery, we confirmed the absence of its ostium in left
aortic sinus of Valsalva by sub-selective had injection of ra-
diographic contrast (Figure 2A). When discovered ACAOS,
we used orthogonal projections to determine the proximal
course of anomalous arteries, following recommendations of
Ishikawa and Brandt ', and diagnostic hints by Serota et
al. ', In addition, we confirmed our finding of the intraseptal
course of left anterior descending (LAD) artery by the pres-
ence of septal perforators according to the findings of
Chaitman et al. *°. It is important to note the “hammock” ap-
pearance of the proximal course of LAD  at the Figure 1 im-
ages B, C, D, E, H and I confirming the septal course with
caudal-anterior loop. On the other hand, circumflex (Cx) ar-
tery is taking the course behind the aorta and anterior to the
atria to the left, making caudal-posterior loop. Similarly, im-
age C at the Figure 2 is showing typical “eye” configuration
between LAD (inferior) and Cx (superior) confirming, to-
gether with prominent septal (s) branches, the septal course of
proximal portion of LAD '**. Schematic presentation of the
origin and proximal course of main coronary arteries in our
case is provided on the Figure 3.

Posterior

Right

Left

“ RCA

Anterior

Fig. 3 — Schematic drawing: origin and proximal course
of coronary arteries in the presented case. AV — aortic
valve; PV — pulmonary valve; LAD — left anterior
descending artery; RCA — right coronary artery;

Cx — circumflex artery.

Clinical and functional significance

Precise definition of the origin and course of anomalous
coronary arteries is important when planning coronary revas-
cularization, either by means of surgery or coronary angio-
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plasty. In a case of primary angioplasty where the “time is
muscle”, there is an even greater need for accurate and time-
ly diagnostics.

Presence of certain types of anomalous coronary arter-
ies has important prognostic implications. It has been shown
that coronary artery anomalies may cause clinically disabling
symptoms, especially in young adults, including dyspnea,
angina pectoris and syncope '*. Furthermore, such conditions
are associated with increased frequency of myocardial
ischemia and sudden cardiac death in young persons, espe-
cially during or immediately after strenuous exertion '*. Ma-
ron et al. > followed a large registry, assembled over a 27-
year period, of sudden deaths among US competitive athletes
reporting constantly that after hypertrophic cardiomyopathy,
anomalous origin of coronary artery from the opposite sinus
of Valsalva is the second most common cause of sudden
death in young competitive athletes in the USA **. Of 1,866
athletes who died suddenly (or survived cardiac arrest) over
that period, hypertrophic cardiomyopathy was a cause in
36% of cases and congenital coronary artery anomalies in
17% . Eckart et al. ** was following military recruits in
USA aged 18 to 35 years, finding 126 nontraumatic deaths,
64 of them were attributed to cardiac causes. An anomalous
coronary artery accounted for one third of cardiac cases (21
of 64 cases), and in each of them left coronary artery origi-
nating from the right sinus of Valsalva was taking interarte-
rial course between the pulmonary artery and aorta >*. In that
study, ACAOS was a more-common cause of cardiac death
(61%) than cardiomyopathies (36%). Similarly, studying the
sudden unexpected death in persons less than 40 years of age
in Israel, where autopsy is obligatory in such cases, Drory et
al. * in a series of 162 consecutive cases found that inci-
dence of sudden death related to anomalies of coronary arter-
ies was 0.6%.

Although anomalous origin of the right coronary artery
is four times as common as anomalous origin of left, sudden
death occurs more frequently in patients with anomalous ori-
gin of left coronary artery *’. Interarterial course of anoma-
lous artery originating from the contralateral sinus between
pulmonary and aortic roots is held responsible in most cases,
although exact mechanism is unclear. Traditionally, “scissor-
like” mechanism was proposed, where the expansion of great
vessels during vigorous exercising is compressing anomalous
artery along its interarterial course and provoking ischemia.
Also, it was proposed that expansion of aorta and pulmonary
artery during exercise may provoke spasm, or kinking and
torsion, of anomalous artery along its aberrant interarterial
course. Presence of coronary ostial ridge which may function
as valve, restricting flow during exertion has been proposed,
as well. Less supported by evidences is the suggestion that
anomalous origin may be associated with accelerated athero-
sclerotic disease, or that the congenitally small left coronary
artery is responsible for ischemia. Novel insights in coronary
anomalies with origination from the contralateral sinus of
Valsalva (ACAOS) by intravascular imaging '*'**** are
discovering that the proximal portion of aberrant vessels runs
within the aortic wall (intramural, or intraparietalcourse) >’
being often hypoplastic and exposed to lateral compression

forming a slit-like formation that compromises the flow.
During vigorous activity this proximal part is susceptible for
further collapsing or closuring provoked by theincrease of
cardiac stroke volume and arterial hypertension.

Reports of primary PCI in anomalous coronary
anatomy

There is a limited number of publications dealing with
coronary interventions in patients with anomalous origin of
coronary arteries, most of them being case reports. Data on
primary PCI in this setting are even more scarce. However,
most of authors report prolonged procedures, with higher than
usual complication rates and occasionally with adverse acute
outcome, particularly in the case of primary procedures.

In our patient, the cannulation or the coronary ostium
was challenging, requiring interchange of guiding catheters
for proper alignment and better support, as well as multiple
wire manipulations to pass initial sharp bends. For that pur-
pose, there are several reports of successful utilization of
“mother and child” sub-catheter technique for selective can-
nulation of coronary ostium in the percutaneous treatment of
coronary anomalies. Also, in order to avoid proximal dis-
lodgment of thrombotic material and eventual massive em-
bolization into adjacent arteries originated from the same os-
tium, we did not perform thrombo-aspiration.

Overall, in our case the primary PCI had a stormy course
with favorable outcome, however with higher fluoroscopy time,
contrast utilization and radiation exposure compared with our
median values. During the index procedure, we managed an-
giographically to assess the course of proximal segments of all
coronary arteries confirming the intraseptal trajectory of LAD
consider asprognostically favorable anatomic variant. However,
based on our findings, as well as on the history of sudden car-
diac death of his father in his middle age, we have suggested
more watchful clinical follow-up by means of repeated exercise
stress testing and ECG Holter monitoring along with the avoid-
ance of extreme physical activities.

Conclusion

Altered coronary anatomy mandates prompt recognition
imposing higher procedural risk and requesting technically
more demanding approach during percutaneous procedures.
It is important to select appropriate guiding catheter provid-
ing sufficient support without pressure dumping and to pre-
vent coronary dissection, being particularly threatening com-
plication in this scenario. When performing PCI in the set-
ting of anomalous coronary origin, operator may expect
sharp bends or acute take-offs prolonging the procedure and
requiring specific skills. It is important to perform meticu-
lous measures to avoid thromboembolism or proximal
thrombotic propagation into the adjacent coronary arteries
originating from the same ostium. Likewise, such cases may
need more aggressive antiplatelet therapy balanced by the
individualized hemorrhagic risk. Operator should anticipate a
higher than usual chance of hemodynamic instability, reper-
fusion disorders, as well as rhythm and conduction distur-
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bances. For that reason, each coronary anomaly should be
evaluated individually weighting its potential functional and
prognostic significance and making decision about the need
for specific therapy.

When facing with anomalous origin of coronary arter-

ies, operators should do their best to define the precise anat-
omy and their exact trajectory. That requires specific aware-

10.

11.

12.

13.

14.

15.

16.

17.

ness to coronary anomalies, so that we call for the inclusion
of specific training in coronary artery anomalies into the in-
terventional cardiology fellowship curriculum. Based on cur-
rent experience, from the diagnostic and prognostic stand-
point, we propose adoption and adherence in reporting with
the latest classification of coronary artery anomalies from
Angelini’s group.
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