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Coronary Artery Disease In A Rare Anatomical Scenario: Type IV
Duplicated Left Anterior Descending Artery
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Instituto Dante Pazzanese de Cardiologia,” Sdo Paulo, SP — Brazil

Introduction

Congenital coronary anomalies comprise a
heterogeneous group of anatomical variations, most often
identified incidentally during non-invasive imaging studies
or invasive diagnostic and therapeutic procedures. Studies
show that approximately 1.3% of individuals undergoing
coronary angiography present some form of coronary
anomaly.” Although most are considered benign, certain
anomalies may be associated with myocardial ischemia,
ventricular arrhythmias, and, in rare cases, sudden cardiac
death. It is important to emphasize that coexistence with
obstructive coronary artery disease (CAD) may amplify
their clinical impact.

Among these variations, duplication of the left anterior
descending (LAD) artery stands out due to its rarity and
diagnostic relevance. According to the classification proposed
by Spindola-Franco et al.? (Table 1), this anomaly is divided
into four types based on the origin and course of the branches.
In Type I, the most frequent form, the short and long LAD
originate from the bifurcation of the main LAD artery; the
short LAD artery follows the anterior interventricular groove
and terminates early, whereas the long LAD artery runs parallel
along the left ventricular surface before rejoining the distal
groove. In Type Il, the short and long LAD also arise from the
bifurcation of the main LAD artery; however, the long LAD
artery courses to the right of the anterior interventricular
groove before reaching the apex. In Type lll, the long LAD
artery has an initial intramyocardial trajectory before emerging
distally on the epicardial surface. Finally, in Type IV, the rarest
type, a short LAD artery originates from the left coronary
artery, while a long LAD artery arises anomalously from the
right coronary artery (RCA) or its sinus of Valsalva.2 This long
branch follows an intraseptal course before emerging in
the anterior interventricular groove and reaching the apex,
occurring in approximately 0.2% of patients undergoing
coronary angiography.®
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In this context, we present the case of a patient who
underwent percutaneous coronary intervention (PCI) for
multivessel CAD, in whom a type IV LAD duplication was
identified. This is a rare finding, with primarily diagnostic
and prognostic relevance, illustrating the importance of
accurately recognizing coronary anatomical variations during
invasive evaluation.

Case Presentation

A 59-year-old female patient with a history of systemic
arterial hypertension, type 2 diabetes mellitus, dyslipidemia,
obesity, and chronic kidney disease. In December 2024,
she experienced an acute myocardial infarction treated at
another institution, where total occlusion of the RCA and the
LAD artery was reported, in addition to a moderate lesion
in the left circumflex artery (LCx). She underwent PCI with
implantation of three drug-eluting stents in the RCA and one
in the LCx in January 2025.

The initial echocardiogram showed preserved left
ventricular ejection fraction (59%), eccentric hypertrophy,
and mild hypokinesia of the inferior wall. Approximately
three months after the intervention, the patient developed
progressive dyspnea, orthopnea, and exertional angina
(CCS functional class Il). A repeat echocardiogram revealed
a decrease in ejection fraction to 38%, akinesia of the
inferior and inferoseptal walls, anteroseptal hypokinesia,
and moderate mitral regurgitation.

Myocardial perfusion scintigraphy with dipyridamole
demonstrated marked persistent hypoperfusion of the
inferior wall and moderate transient hypoperfusion of
the inferolateral wall, with an estimated ischemic burden
of 11%. Given the persistence of symptoms and findings
suggestive of ischemia, a new coronary angiography was
performed at our institution. The examination revealed the
RCA with overlapping stents, showing a moderate lesion in
the proximal third extending to the beginning of the stent,
followed by a 70% in-stent restenosis in the mid segment,
and preserved stent results in the LCx (Figure 1).

During the procedure, an anomalous LAD originating from
the right coronary sinus with a long course was identified — an
artery not visualized in the previous angiographic study—
without significant lesions (Figure 2).

Intracoronary ultrasound (IVUS) evaluation revealed
underexpansion of the previously implanted stents in the
proximal and mid segments of the RCA. Two new drug-eluting
stents were implanted in the aforementioned segments, with
good angiographic results and no complications. Adequate
strut apposition and expansion were confirmed by IVUS
(Figure 3).
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Table 1 - Classification of Duplicated Left Anterior Descending Coronary Artery

Long LAD
with an

|
1
1
| | intramyocardial
1
1

Interventricular Interventricular Interventricular Interventricular
sulcus sulcus sulcus sulcus
Origin of the Bifurcation of the main  Bifurcation of the main Left main coronary arter Left main coronary
short LAD artery LAD artery LAD artery y y artery
Origin of the Bifurcation of the main  Bifurcation of the main Left main coronary arter RCA or right coronary
short LAD artery LAD artery LAD artery y y sinus

Epicardial,
descending to the
right of the anterior

Epicardial, descending

parallel to the Andmolo (intrasseptal

Proximal intramyocardial .
ou pré-pulmonar);

Course of the short LAD artery f . (intraseptal); emerges
. . interventricular . . ; alcanca o sulco
long LAD in the anterior . in the distal anterior . ; .
. . sulcus and returning . . interventricular anterior
interventricular sulcus . . interventricular sulcus .
to the distal anterior distal

toward the apex . .
interventricular sulcus

Frequency More common Uncommon Rare Very rare (~0.2%)

LAD: left anterior descending (artery); LMCA: left main coronary artery; RCA: right coronary; LCx: left circumflex artery.

Figure 1 - Coronary angiography. Images in left anterior oblique cranial (A), right anterior oblique cranial (B), and left anterior
oblique (C) projections: (A-B) visualization of the left main coronary artery, the short LAD artery, and the circumflex artery, with the
previously implanted stent preserved; (C) visualization of the right coronary artery, showing a 50% lesion in the proximal third, a stent
implanted from the proximal to the mid segment, and up to 70% in-stent restenosis in the mid segment.
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Figure 2 - Coronary angiography. Visualization of an anomalous LAD artery originating from the right coronary artery

To achieve a better understanding of the coronary anatomy,
a coronary computed tomography angiography (CCTA) was
performed, which confirmed the presence of a type IV dual
LAD according to the Spindola-Franco classification. The
examination demonstrated a short, thin vessel originating from
the left main coronary artery and terminating before reaching
the left ventricular apex, as well as a long vessel originating
from the proximal third of the RCA, following an intraseptal
course before emerging in the anterior interventricular
groove and extending to the apex (Figure 4). The long LAD
artery displayed a small calcified plaque in the mid segment,
without significant obstruction, and no malignant courses
were identified.

During outpatient follow-up, the patient remained on
optimized medical therapy, including dual antiplatelet therapy
for six months. Her clinical course was marked by complete
remission of angina and significant improvement in heart
failure symptoms, with only mild exertional dyspnea persisting
during routine activities.

Discussion

Type IV LAD duplication is an extremely rare congenital
anomaly, generally identified as an incidental finding on
cardiac imaging. Its angiographic appearance may resemble
unusual bifurcations or other anomalous courses on coronary
angiography. In such cases, CCTA plays a fundamental role
by characterizing the origin and course of the artery, allowing
differentiation between typically benign variants — such as
intraseptal, retroaortic, or prepulmonic courses — and those
associated with a higher risk of arrhythmia and sudden cardiac
death, particularly the interarterial course, in which the vessel
passes between the aorta and the pulmonary artery.*
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In the present case, the anomaly coexisted with multivessel
CAD, in a clinical context suggestive of restenosis, later confirmed
angiographically, along with significant ventricular dysfunction.
This scenario is likely related to the extensive territory supplied
by the dominant RCA, which exhibited significant in-stent
obstructive disease, as well as to the anomalous origin of the
LAD artery from the right coronary sinus.

The use of IVUS was essential to identify the mechanism of
RCA restenosis and is recommended by national and international
guidelines in this setting. The method demonstrated stent
underexpansion, enabling differential diagnosis from other causes
such as intimal hyperplasia or neoatherosclerosis. Additionally,
intravascular imaging techniques assist in therapeutic planning
for repeat intervention, defining the need for a new stent and
determining its diameter and length. This strategy is crucial to
reduce the need for repeat revascularization procedures and,
consequently, major adverse cardiac events during follow-up.>*

It is worth emphasizing that the integration of non-invasive
imaging methods (echocardiography, scintigraphy, and CCTA)
with invasive techniques (angiography and IVUS) is central to
the characterization and management of patients with CAD and
coronary anomalies. In situations such as the one described, this
combined approach allows identification of the mechanisms of
restenosis after PCl and recognition of rare, detailed anatomical
variants of the LAD, avoiding misinterpretation and guiding safer,
individualized revascularization strategies.”

Conclusion

Type IV LAD artery duplication is a rare anatomical
variant, generally asymptomatic and benign, whose clinical
relevance increases when it coexists with CAD, as it may lead
to misinterpretation on angiography and mimic occlusion of
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Figure 3 — Intravascular ultrasound of the right coronary artery. Pre-angioplasty: stent with underexpansion of its struts. Post-angioplasty:
implantation of one drug-eluting stent (4.0 x 38 mm) in the mid right coronary artery and one drug-eluting stent (4.0 x 33 mm) in the
proximal right coronary artery, with overlap and adequate strut expansion.

a major vessel. This clinical case illustrates how an integrated
diagnostic and therapeutic approach — using both invasive
and non-invasive methods, including IVUS and CCTA to
define the mechanism of restenosis and the anomalous
anatomical course — was essential for understanding the case
and guiding appropriate therapeutic management.
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Figure 4 — CCTA. Duplicated LAD artery (long course - type IV LAD artery), showing anomalous origin from the proximal third of the
right coronary artery. Its proximal third follows an intraseptal course, without luminal narrowing; the mid third reaches the anterior
interventricular groove and displays a calcified plaque causing mild luminal reduction; the distal third reaches the apex, with no
plaques or luminal narrowing. AO: Aorta; RCA: Right Coronary Artery; LCx: Left Circumflex Artery; Long LAD: Long Left Anterior
Descending Artery; Short LAD: Short Left Anterior Descending Artery.

Sources of Funding

There were no external funding sources for this study.

Study Association

This study is not associated with any thesis or dissertation work.

Ethics Approval and Consent to Participate

This study was approved by the Ethics Committee of Instituto
Dante Pazzanese de Cardiologia under protocol number
8.270.800. All procedures in this study were in accordance

Arq Bras Cardiol: Imagem cardiovasc. 2026;39(3):e20260032

with the 1975 Helsinki Declaration, updated in 2013. Informed
consent was obtained from all participants included in the study.

Use of Artificial Intelligence

The authors did not use any artificial intelligence tools in the
development of this work.

Availability of Research Data

The underlying content of the research is contained within
the manuscript.



Gomes et al.
Type IV duplicated LAD artery

Case Report

References

Yamanaka O, Hobbs RE. Coronary Artery Anomalies in 126,595
Patients Undergoing Coronary Arteriography. Cathet Cardiovasc Diagn.
1990;21(1):28-40. doi: 10.1002/ccd.1810210110.

Spindola-Franco H, Grose R, Solomon N. Dual Left Anterior Descending
Coronary Artery: Angiographic Description of Important Variants and
Surgical Implications. Am Heart ). 1983;105(3):445-55. doi: 10.1016/0002-
8703(83)90363-0.

Jariwala P, Jadhav KP, Koduganti S. Dual Left Anterior Descending Artery:
Diagnostic Criteria and Novel Classification. Indian J Thorac Cardiovasc
Surg. 2021;37(3):285-94. doi: 10.1007/s12055-020-01102-z.

Villa AD, Sammut E, Nair A, Rajani R, Bonamini R, Chiribiri A. Coronary
Artery Anomalies Overview: The Normal and the Abnormal. World J Radiol.
2016;8(6):537-55. doi: 10.4329/wjr.v8.i6.537.

Buccheri D, Piraino D, Andolina G, Cortese B. Understanding and
Managing in-Stent Restenosis: A Review of Clinical Data, from Pathogenesis
to Treatment. J Thorac Dis. 2016;8(10):E1150-62. doi: 10.21037/
jtd.2016.10.93.

ZhangJ, Gao X, KanJ, Ge Z, Han L, Lu S, etal. Intravascular Ultrasound versus
Angiography-Guided Drug-Eluting Stent Implantation: The ULTIMATE Trial.
JAm Coll Cardiol. 2018;72(24):3126-37. doi: 10.1016/j.jacc.2018.09.013.

Alajmi SM, Aljabbari FH, Alabdullah HA, Alshehri RM, Rashid HA,
Alyami AM, et al. Evaluation of Noninvasive Diagnostic Techniques in
Identifying Coronary Artery Disease: A Systematic Review. Heart Views.
2024;25(3):139-51. doi: 10.4103/heartviews.heartviews_73 24.

m' This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol: Imagem cardiovasc. 2026;39(3):e20260032

6


https://creativecommons.org/licenses/by/4.0/

