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Case Report: Intravascular
ultrasound-guided management
of acute myocardial infarction
in a rare coronary artery case
with multiple ostia and

varied lesions
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Anomalous origin of the coronary artery (AOCA) in coronary arteries represent a
rare congenital variation, especially when three or more openings coexist,
accompanied by conditions such as myocardial infarction, acute heart failure,
and severe stenosis in three vessels, making it even rarer. This study reports a
rare case of a patient admitted for the first time with acute myocardial
infarction. Coronary angiography revealed four openings, along with the
aforementioned rare conditions. Guided by intravascular ultrasound (IVUS),
treatments were administered for different lesions in various vessels. IVUS
confirmed a rare case with a 1 mm extremely short left main coronary artery
and three openings. The two-year follow-up results for this patient are
deemed satisfactory, indicating a favorable prognosis.
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Introduction

Anomalous Origin of the Coronary Artery (AOCA) are present at birth, and they
are relatively uncommon findings in coronary angiography (1), particularly when
three or more openings are present, accompanied by myocardial infarction, acute
heart failure, and severe stenosis in three vessels. This study reports a case of
an elderly male admitted with acute myocardial infarction, where coronary
angiography revealed four openings. Subsequent intravascular ultrasound (IVUS)
confirmed this as a rare case of three openings combined with a 1 mm extremely short
left main coronary artery. Severe stenosis was observed in all three vessels, leading to
appropriate coronary intervention treatment. Two years of follow-up revealed favorable
clinical treatment outcomes. This case aims to contribute to the understanding of
coronary artery anomalies, particularly anomalous origin, providing further insights
for healthcare professionals and supplementing the existing literature on coronary
artery anomalies.
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Case report

An 85-year-old male patient was urgently admitted to the
emergency department due to “recurrent chest tightness and
dyspnea for the past 20 days, with worsening symptoms in the last
11 h.” The patient had a medical history of chronic obstructive
pulmonary disease and chronic renal insufficiency. There was no
documented history of diabetes, hyperlipidemia, hypertension,
familial coronary artery disease, or smoking. Upon admission, the
physical examination revealed a blood pressure of 125/84 mmHg, a
heart rate of 87 beats/min, and prominent dry and wet rales in
both lungs. Bedside cardiac markers showed elevated levels of
¢INI (6.79 ng/ml), CK-MB (9.96 ng/ml), and myo (85.8 ng/ml).
Bedside ultrasound revealed bilateral pleural effusion (92 mm on
the right, 71 mm on the left) and a small amount of pericardial
effusion. Additionally, thinning of the left ventricular posterior wall
was noted. The electrocardiogram (ECG) (Figure 1) displayed
sinus rhythm, incomplete right bundle branch block, and mild ST-
segment elevation in leads II, III, AVF, with poor R-wave
progression in leads V1-V6. The initial diagnosis upon emergency
with
concomitant acute heart failure. Upon admission, emergency
coronary angiography was immediately performed using a 5F

admission  considered acute myocardial infarction

angiographic catheter (Figures 2A-C), revealing a tri-ostial
anomaly in the coronary arteries. The coronary artery anomalies
and sites of obstructive lesions are described in the Central
Mlustration (Figure 3). The mid to distal segment of the left
anterior descending artery (LAD) was completely occluded with
chronic total occlusion, and the ostium was unclear. The left

10.3389/fcvm.2024.1374240

circumflex artery (LCX) appeared small without significant
stenosis. The right coronary artery showed diffuse and severe
lesions with moderate to severe calcification throughout its entire
course, and the distal segment exhibited total occlusion, indicative
of a lesion with a high thrombus burden. The right circumflex
artery (RCX) was large, originating from the right sinus, with
scattered plaques in the proximal and mid segments, and eccentric
stenosis of approximately 90% at the bifurcation, achieving TIMI 3
flow. Then, coronary artery bypass surgery (CABG) was
recommended for the patient, but he and his family rejected this
recommendation, opting instead for repercutaneous coronary
intervention (PCI) treatment. A 6F XBRCA guide catheter was
then advanced under fluoroscopic guidance to the ostium of the
right coronary artery (RCA). Following thrombus aspiration, pre-
dilation with a 2.5 mm x20 mm balloon, intracoronary drug
injection, and other pre-treatments, drug-eluting stents (DES) were
sequentially implanted in the left posterior descending artery from
the near segment to the opening of the right coronary artery using
stents sized 2.75mmx33mm, 3.0 mmx29mm, 3.5mm x
28 mm, and 4.0 mm x 29 mm. Post-dilation was performed using
3.0mmx 12 mm, 3.5mmx 12 mm, and 4.0 mmx 12 mm non-
compliant balloons at pressures of 16 atm-26 atm. The final
angiography showed satisfactory stent apposition with no
dissection, and TIMI 3 flow was successfully restored (Figure 2D).
Preoperative laboratory results indicated NT-ProBNP: 8,952 pg/ml,
163 umol/L.  Echocardiography left
ventricular end-diastolic diameter (LVDd) of 55.8 mm and left
(LVEF) of 41.7%.

hospitalization, the patient developed paroxysmal atrial fibrillation

creatinine: revealed a

ventricular  ejection fraction During

ERESERSEEIRISRESIR
L

|
DD EEE

I_.
|

paver: S ,‘\‘"*; o~ .N\'Q":,;;‘\.T}\YLV T',TW'*,"‘;*."*',{

.............“..!.

e
\

......

| | |
S S ¢ O 1L !

.....

[ HGH [ 25a ] PRI [T-a/av BEONNCTON WA

Wl

oy

(3

Al

|- —

FIGURE 1

|

ECG in the emergency department demonstrating displayed sinus rhythm, incomplete right bundle branch block, and ST-segment elevation in leads I,
I, AVF, with poor R-wave progression in leads V1-V6. ECG, electrocardiography.
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FIGURE 2

and restoration of blood flow to TIMI 3 levels.

The initial emergency coronary angiography during the first hospitalization: (A) left coronary angiography revealed complete occlusion of the proximal
left anterior descending artery (LAD) after the origin of the diagonal branch, with no residual segment observed. The left circumflex artery appeared
small, and no significant stenosis was observed. (B) Right coronary angiography showed diffuse and severe lesions throughout the entire length of the
right coronary artery (RCA) with moderate to severe calcification. The distal segment presented total occlusion with a high thrombus burden, and a
suspicious vessel shadow was noted below the ostium of the RCA. (C) A rare finding was observed where a branch similar to the left circumflex artery
arose approximately 1-2 cm below the origin of the right coronary artery, also originating from the right sinus. There were scattered plaques in the
proximal and mid segments of this branch, with an eccentric stenosis of approximately 90% at the bifurcation. We refer to this vessel as the right
circumflex artery (RCX). (D) Right coronary artery emergency PCl images indicated resolution of vessel occlusion, absence of residual stenosis,

and atrial flutter. Following discharge, the patient received secondary
prevention medications for coronary heart disease and
anticoagulation, with plans for staged interventions on the RCX
and LAD scheduled for one month later.

One month later, a subsequent coronary angiography
(Figures 4A,B) was conducted using a 5F angiographic catheter,
revealing a coronary artery quadrifurcation anomaly. Imaging
suggested that the left anterior descending artery (LAD) and left
circumflex artery (LCX) did not share a common opening. The
mid-segment of the LAD was subtotally occluded, and the LCX
was small without significant stenosis, resulting in TIMI 0 flow in
the LAD. Firstly, a 6F XBRCA guide catheter was then advanced to
the ostium of the RCX. Intervention was performed on the large
bifurcation lesion in the RCX using a 2.0 mm x20 mm pre-
dilation balloon, a 2.75mmx6 mm cutting balloon, and a
25mmx 12 mm post-dilation balloon. Angiography after the
procedure (Figure 4C) showed no residual stenosis or dissection,
and forward blood flow was successfully restored with TIMI
3. Secondly, 7F EBU 3.5 guide catheter was then advanced under
to the coronary artery.
Intravascular ultrasound (IVUS) examination was performed on

fluoroscopic  guidance left main

A
RCA
FIGURE 3
The coronary artery anomalies and sites of obstructive lesions are
described in the central illustration.
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the mid-segment to the opening of the left anterior descending
artery. IVUS revealed a short left main stem, technically a tri-ostial
anomaly. The mid to near segments showed diffuse fibrocalcific
plaques with severe stenosis, and the mid-segment showed calcified
nodules. The minimum lumen area was less than 2.0 mm?, with
plaque burden of 57% at the bifurcation. Pre-dilation with
1.5 mm x 20 mm and 2.0 mm X 20 mm balloons was performed,
and angiography after forward blood flow was successfully restored
in the left anterior descending artery. During the procedure, the
guidewire dislodged but was successfully re-advanced using an XT-
R guidewire to reach the distal left anterior descending artery.
IVUS examination (Figure 5A) showed a hematoma in the near
segment. A drug-eluting stent (DES) measuring 2.5 mm x 18 mm
and 3.0 mmx33 mm was sequentially implanted in the mid-
segment to the opening of the left anterior descending artery,
followed by post-dilation with a 3.0 mmx12mm balloon.
Postoperative coronary angiography (Figure 5B) and IVUS
(Figure 5C) confirmed satisfactory stent expansion with no
dissection, and the stent protruded into the left main stem by
approximately 1 mm. Six months after discharge, the patient’s
6 min walk test exceeded 425 m, and there were no symptoms of
chest discomfort. Repeat echocardiography showed LVDd: 51 mm
and LVEF: 58%. The patient’s condition significantly improved,
and a telephone follow-up 2 years after discharge indicated an
unrestricted 6 min walk test without any discomfort symptoms.

Discussion

Coronary artery anomalies (CAAs) refer to a group of congenital
coronary artery diseases, which can generally be divided into
anomalies in the origin of the coronary artery, anomalies in the
termination of the coronary artery, and anomalies in the internal
anatomical structure of the coronary artery (2). Among these,
anomalies of coronary artery origin (AOCA) are a subtype of
coronary artery variations. According to current literature, their
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FIGURE 4

The second hospitalization coronary angiography: (A,B) the left anterior descending artery and left circumflex artery also exhibit dual openings. (C)
Further confirmation reveals dual openings of the right coronary artery and right circumflex artery at the right coronary sinus.

incidence rate is about 0.5%-1.3%, often asymptomatic or with hidden
symptoms, making it an extremely rare disease (3-5). The main types
of variations include: the left and right coronary arteries opening into a
single coronary sinus; the right coronary artery originating from a non-
coronary sinus; the left circumflex originating from the right coronary
sinus; the anterior descending branch and left circumflex not having a
left main stem, opening independently into the left coronary sinus;
coronary artery originating from the pulmonary artery; and a single
coronary artery (6). This article reports a case that presents a
combination of conditions described above, which is an extremely
rare occurrence in terms of both its characteristics and the course of
diagnosis and treatment. From a variation perspective, there is a
presence of a double helix, with a large helical branch opening into
the right sinus and a corresponding smaller left helical branch; the
anterior descending and left helical branches appear similar to a
double opening on angiography, that is, a case of four openings.
However, intravascular ultrasound (IVUS) confirmed it as a case of
three openings combined with an extremely short left main trunk,
which has not been reported in domestic or international literature.

In terms of anatomical and physiological mechanisms, the left
helical branch originates from the right coronary sinus, defined here
as the right helical branch, which supplies blood to the area
normally served by the left helical branch while also overlapping
with the area supplied by the right coronary artery. The culprit
vessel in this case of acute myocardial infarction was the occlusion of
the right coronary artery, but the substantial right helical branch
provided supply,
preventing common risks such as cardiogenic shock or sudden

some compensation to myocardial blood

cardiac death. This variation could theoretically be beneficial, but
unfortunately, there is a lack of coronary CT angiography and other
imaging data to corroborate this.

From the current research perspective on anomalous origin of the
coronary artery (AOCA), there is ongoing debate about whether
AOCA patients are more susceptible to coronary atherosclerosis.
Some experts argue that AOCA, often asymptomatic, has no impact
on obstructive atherosclerotic plaques in the coronary arteries, given
its lack of clinical symptoms (7). However, many scholars hold
opposing views, contending that the abnormal course of vessels

FIGURE 5

Intraoperative and postoperative intravascular ultrasound (IVUS) images, as well as coronary angiography: (A) after pre-dilation, IVUS revealed a large
intramural hematoma. (B) Final angiography of the left anterior descending artery showed satisfactory apposition of the stent to the vessel wall, with no
signs of dissection, and forward blood flow rated as TIMI3. (C) Intravascular ultrasound demonstrated that the stent in the left anterior descending
artery extended into the left main trunk, further confirming the presence of a common origin of the left anterior descending and left circumflex
arteries with the left main coronary artery measuring approximately 1 mm in length.
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significantly influences blood flow shear forces, inevitably leading to a
notable increase in the incidence of atherosclerotic plaques (8-10).
Current research emphasizes blood flow shear force as the primary
mechanism leading to the formation of obstructive atherosclerotic
plaques, with high shear force areas predominantly located in the
narrowed proximal segments, making them prone to plaque
rupture (11). Analyzing the characteristics of the lesion reported in
this case, coronary angiography reveals a quadrifurcation anomaly,
concomitant with three severe stenoses: complete occlusion (100%),
(99%), and
Additionally, there is a coexistence of high thrombus burden,

near-total  occlusion severe narrowing (90%).
bifurcation lesions, and chronic occlusive lesions, marking this as
an extremely high-risk and complex coronary intervention case.
This further underscores the substantial association between the
abnormal course and variation of vessels and the development of
obstructive plaques in the coronary arteries. However, this
association lacks confirmation from large-scale clinical studies and
requires further exploration through additional data.

Percutaneous coronary intervention is a common treatment for
obstructive lesions in AOCA. This particular case involves
intervention strategies for multiple lesions on the basis of
anatomical variations, including: treatment protocols for
thrombotic lesions in acute myocardial infarction; strategy
selection and standardized implantation of drug-eluting balloons
for bifurcation lesions; and intervention treatment for chronic
occlusive coronary lesions. IVUS confirmed an extremely short
left main trunk, which is difficult to detect with the naked eye,
necessitating pre-placement of a balloon for protection. The
massive hematoma image provided by IVUS during surgery
guided the pressure for stent release and post-dilation.

Current research suggests that the risk of severe acute coronary
syndrome associated with AOCA 1is more pronounced in
individuals aged 12-35 years, and vascular reconstruction is
recommended. Moreover, the risk of morbidity and mortality
tends to decrease with advancing age (12, 13). However, the case
presented in this article involves an 84-year-old patient with
acute myocardial infarction combined with acute left heart
failure, a condition that is uncommon both domestically and
internationally. Rapid blood flow reconstruction for acute
myocardial infarction was initially performed to salvage more
myocardial cells and correct complications such as heart failure
and arrhythmias. Subsequently, precise intervention treatment for
other severe stenoses was conducted under the guidance of
intravascular ultrasound. The results were confirmed to be
satisfactory through angiographic and functional examinations.
Postoperatively, the patient received standardized medication
treatment, leading to favorable short-term and long-term
clinical outcomes.

The combination of multiple ostia and varied lesions with acute
myocardial infarction and multi-vessel disease is an extremely rare
case. Through staged interventions addressing individual vessel
lesions and conducting systematic follow-ups, there has been a

substantial enhancement in the early recognition of coronary
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artery variations and the refinement of treatment strategies
among a broad spectrum of healthcare professionals.
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