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Introduction

Most coronary artery anomalies are discovered incidentally
using coronary angiography or multidetector-row computed
tomography (MDCT) (1,2). Determining the coronary
artery anatomy and variations in coronary arterial branching
is crucial for percutaneous coronary intervention (PCI) and
coronary artery bypass surgery. Coronary artery anomalies in
the posterior ventricular wall commonly concentrate on the
perfusion arteries of the posterior interventricular septum,
which mainly display a combination of multiple coronary
branches running along the posterior interventricular sulcus
(PIS). The posterior right diagonal artery (PRDA) is an
important variant in the branching of the right coronary
artery (RCA), which often occurs as a supplement or even a
replacement for the posterior descending artery (PDA) and
is mainly responsible for the perfusion of the inferior PIS (3).
However, due to insufficient data, the origin, course, and
identification of the PRDA remain undefined (3).

Herein, we report a rare variant of the V-shaped
course of the PRDA that uncharacteristically perfused the
superior part of the posterior ventricular septum. This
variant appeared to arise from the right marginal artery

(RMA) and traversed diagonally across the right ventricular
wall to enter the superior PIS, terminating at the left
atrioventricular groove.

Case presentation

A 52-year-old female patient was admitted to our coronary
care unit due to complaints of typical chest pain for 20
hours without any predisposing causes. Clinically suspicious
risk factors related to ischemic heart disease were denied in
the medical history, individual history, and family history.
On admission, the patient was asymptomatic; no positive
signs were reported upon physical examination, except for
a mildly elevated blood pressure of 151/104 mmHg and
an abdominal circumference of 100 cm. Her fasting blood
glucose and low-density lipoprotein cholesterol levels
were 6.82 and 3.27 mmol/L, respectively, both of which
were elevated. Electrocardiography showed sinus rhythm
with deep T wave inversion in leads V1-V6, ST-segment
depression of 0.05 mV in leads I and aVL, and an ST-
segment elevation of 0.1-0.2 mV in leads III and augmented
vector foot (aVF) (Figure I). The left ventricle (LV) end-
diastolic diameter and LV ejection fraction were 5.4 cm and
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Figure 1 Electrocardiograms were recorded during rest on admission. The electrocardiogram showed sinus rhythm with deep T wave

inversion in leads V1-V6, ST-segment depression in leads I and aVL of 0.05 mV, and ST-segment elevation in leads IIT and aVF of 0.1-0.2

mV. aVL, augmented vector left; aVF, augmented vector foot.

0.615, respectively, and an ultrasound cardiogram showed
that there was decreased motion in the inferior wall of the
LV near the apex. Based on these clinical findings and a
significant elevation in cardiac troponin I (¢TNI) levels
(11.71 ng/mL; normal 0-0.03 U/L), the patient was initially
diagnosed with acute non—ST-segment elevation myocardial
infarction (non-STEMI) of the inferior wall of the LV near
the apex. She was immediately treated with peroral aspirin,
ticagrelor, enoxaparin sodium injection, metoprolol, statins,
losartan, and isosorbide mononitrate.

The Global Registry of Acute Coronary Events (GRACE)
score of the patient was 194, and she had indications for
early coronary angiography. Coronary angiography was
performed 2 days after hospitalization, which revealed
a V-shaped course variant of the distal RCA, appearing
as a rare variation of the PRDA in a RCA “dominant”
type. The left coronary arteries were of normal origin
and distribution, but there was a critical stenotic lesion
in the proximal portion of the LAD. Moreover, stenosis
in the ostium lumen of the left circumflex branch and the
middle part of the RCA was approximately 70% and 50%,
respectively. Percutaneous coronary stent implantation was
performed in the stenotic proximal portion of the LAD,
which was considered the most suspicious site of myocardial
infarction (Figure 2).

The patient then underwent MDCT to improve our
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understanding of this abnormal PRDA and determine
the spatial relationships between the PRDA and the
surrounding structures (Figure 3). We observed that the
V-shaped course of the PRDA originated from the RMA
and traversed diagonally across the right ventricular wall to
enter the superior part of the PIS, terminating at the left
atrioventricular groove, where it sent a posterior descending
branch. A prolonged left anterior descending (LAD) with
severe proximal stenosis was also clearly demonstrated
crossing the apex and entering into the inferior third of the
PIS. These imaging results suggested that the V-shaped
variant of the PRDA along the superior PIS might be
associated with insufficient perfusion of the LV inferior
wall, particularly in the case of LAD stenosis.

Cardiac magnetic resonance (CMR) revealed significant late
gadolinium enhancement (LGE) of gadolinium in part of the
apical segment of the left ventricular inferior wall, indicating
that the V-shaped course PRDA coupled with stenosis of the
LAD might be contributing to myocardial ischemia in the
apical segment of the LV inferior wall (Figure 4).

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the
Declaration of Helsinki (as revised in 2013). Written
informed consent was obtained from the patient for the
publication of this case report and accompanying images.
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Figure 2 Coronary artery angiography. Left anterior oblique view (A) and anteroposterior cranial view (B) showed that the long PRDA
constituted the continuation of the RMA, reaching the PIS and ending at the base of the heart (white arrows). Anteroposterior caudal view (C)
and RAO cranial view (D). The proximal LAD showed significant stenosis (white arrow). The long LAD crossed the apex and reached the

PIS. PRDA, posterior right diagonal artery; RMA, right marginal artery; RAO, right anterior oblique; LAD, left anterior descending; PIS,

posterior interventricular sulcus.

A copy of the written consent is available for review by the
editorial office of this journal.

Discussion

Coronary artery anomalies are common congenital
developmental anomalies in the general population. Since
most anomalies are comparatively asymptomatic during
childhood, they are typically discovered incidentally by
coronary angiography or enhanced coronary MDCT
examination. The incidence of coronary artery anomalies
reported in various series ranges from 0.3% to 1.5%
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on coronary artery angiogram (4-8) and from 2.33% to
4.96% on MDCT (9,10). The RCA is characterized by a
long main trunk and its distal multiple branches, which is
significantly different from the bifurcated structure of the
left coronary artery. Along the RCA, the sinoatrial nodal
artery, cone branch, anterior branch of the right ventricle,
RMA, atrioventricular nodal artery, and PDA can be
sequentially branched (11). RCA anomalies mainly arise due
to the absence, anastomosis, and ectopy of these branches.
A rare anatomical variant of the PDA is described as the
PRDA, which either originates directly from the RCA
between the PDA and RMA or occurs as a continuation of
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Figure 3 Three-dimensional volume-rendered CT images of the coronary circulation. For the right anterior oblique caudal view, a

reconstructed image of MDCT demonstrated a characteristic V-shaped course of the PRDA, which originated from the RMA, traversed

diagonally across the posterior right ventricle to enter the superior of the posterior interventricular sulcus, and then ended at the base of

the heart (white arrow). The prolonged LAD crossed the apex and entered into the inferior third of the PIS. CT, computed tomography;

MDCT, multidetector-row computed tomography; PRDA, posterior right diagonal artery; RMA, right marginal artery; LAD, left anterior;

PIS, posterior interventricular sulcus.

the RMA, traversing diagonally across the posterior wall of
the right ventricle to enter the middle third of the PIS with
a terminal point near the cardiac apex. This contributes
to the perfusion of the inferior part of the diaphragmatic
heart face. In this case study, the PRDA was delivered at the
RMA and traversed from the apex to the base of the heart,
crossing the crux, and terminating at the left atrioventricular
groove.

Several studies have investigated the incidence and
characteristics of the PRDA. Nerantzis ez al. (3) reported the
first study investigating the incidence of the PRDA, which
revealed 38 PRDAs in a total of 300 cases, with a significant
difference among the 3 subgroups. Specifically, the incidence
rate of the PRDA was 13.9% (37/266), 16.7% (1/6), and 0%
(0728) in the right dominant type, balanced type, and left
dominant type, respectively (3). Margaris ez 4/. (12) reported
a PRDA prevalence of 13.7% in 607 patients undergoing
coronary angiography. Similar results were also achieved in
another study, with the PRDA occurring in 81 (15.1%), 2
(15.4%), and 0 (0%) patients with the right dominant type,
balanced type, and left dominant type, respectively. Only
10% of the PRDA occurred as a continuation of the RMA,
accounting for 1.32% of total patients (13). In another study
by Nerantzis et al., they found that in 14% (7/50) of cases,
the distal part of the PIS was occupied by the PRDA (3).
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Moreover, Ballesteros et al. (11) reported that 221 heart
specimens had a slightly higher PRDA incidence of 17.2%
in total and 22.1% in the right dominant type. Consistent
with previous research, they also confirmed that the origin
of the PRDA was predominantly from the RCA (33, 86.8%),
while 13.2% were from the RMA, which accounted for only
2.3% of all cases (11).

The PRDA, as one of the perfusion arteries, is
responsible for supplying blood to the posterior ventricular
septum together with the PDA and the distal portion of the
LAD crossing the apex. When present, the PDRA serves as
a bridge between the RCA and the left anterior descending
artery (12). The incidence of PRDA is significantly
associated with the development of the PDA, which
occurs more frequently with a short PDA, and partially
or completely replaces the perfusion effect of the PDA
on the inferior posterior interventricular septum (3). In
contrast to the previous studies, our case study revealed an
uncharacteristic course of the PRDA that was close to the
letter V. Thus far, this kind of variant had not been reported
in the literature, so we will temporarily refer to this as
V-shaped PRDA. The V-shaped PRDA completely replaced
the PDA by supplying retrograde perfusion of the upper
posterior interventricular septum from the apex to the base
of the heart along the PIS. To the best of our knowledge,
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Figure 4 CMR. (A) The 4-chambered heart, (B) 2-chambered heart, and (C,D) standard short-axis views revealed LGE of the gadolinium

(white solid arrows) and microvascular occlusion (white hollow arrows) in part of the apical segment of the left ventricle inferior wall. CMR,

cardiac magnetic resonance; LGE, late significant gadolinium enhancement.

this is the first report of this new variant of the PRDA.
Coronary artery anomalies are rarely identified
throughout an individual’s life and are most often
recognized in an autopsy, primarily because these anomalies
are difficult to diagnose by routine examination or clinical
testing. Selective coronary angiography is an appropriate
imaging approach for accurate visualization of the
coronary artery system. However, the ability of coronary
angiography to assess the relationship between coronary
arteries and their surrounding structures is relatively
inadequate. MDCT is a powerful tool for assessing the
spatial relationships between a coronary artery variant and
the surrounding structures, avoiding unnecessary invasive
coronary interventions (14,15). In the absence of the
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PRDA, the posterior right ventricular wall is perfused by
small branches arising from the RCA. Notably, the PRDA
has been confused with an accessory interventricular branch
in some angiographic studies (16). Therefore, MDCT may
be a good alternative diagnostic method; in our case study,
the V-shaped course of the PRDA was well demonstrated
using MDCT] as were the relationships among the arteries
alone PIS (Figure 3).

Approximately 80% of congenital coronary artery
anomalies are benign and clinically asymptomatic, while
20% are clinically significant (17,18). Identifying anomalies
is significant in cases of interventions, including surgical or
interventional revascularization. The fact that the PRDA,
along with the anterior interventricular artery, perfuses the
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inferior PIS and its adjacent areas has important practical
significance. Several observations underscore the important
function of the PRDA and suggest that in the presence of
an occluded PDA, bypass grafts should be anastomosed to
the artery occupying the inferior part of the PIS, which
could likely be the PRDA, rather than to the PDA (12). In
the presence of anterior interventricular artery occlusion,
the PRDA provides a bridge that can perfuse the inferior
third of the ventricular septum area, thereby limiting
the potential of myocardial ischemic progression (11).
Unfortunately, the V-shaped course of the PRDA might
contribute to myocardial ischemia of the apical segment
of the inferior LV wall due to the absence of the bridge
function. Thus, when analyzing coronary arteriography,
it is important to look for the PRDA and consider that,
depending on the type of PDA, the PRDA could be used
to perfuse the inferior part of the posterior interventricular
sulcus and the adjacent area (12).

Conclusions

To the best of our knowledge, this is the first report of a
new variant of the PRDA with a characteristic V-shaped
course perfusing the superior part of the posterior
ventricular septum. The PRDA may play an important role
in compensatory perfusion to the apical segment of the LV
inferior wall. Thus, a V-shaped course of the PRDA may
be a potential risk factor for myocardial ischemia in the
apical segment of the LV inferior wall because it reduces the
possibility of collateral circulation, particularly that related
to LAD stenosis.
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