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Adult congenital heart disease

Coronary branch steal due to an anomalous
single and diseased vessel
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Coronary steal describes the end result of a variety of mechanisms that
cause stress flow to fall below resting levels." The most common scen-
ario arises from a collateral-dependent chronic total occlusion (CTO)
with a diseased donor vessel. While resting flow remains intact due
to vasodilation of the CTO bed, pressure loss in the donor artery dur-
ing hyperaemia leads to a drop in distal coronary pressure at the origin
of the collaterals. Since flow follows pressure, collateral blood supply to
the CTO decreases due to lower upstream pressure in the donor plus
an inability of the CTO bed to vasodilate further. Hence, the paradox:
pharmacologic ‘hyper’-aemia produces ‘hypo’-aemia, namely flow fall-
ing below baseline levels (fancifully termed ‘steal’, although collateral
flow does not actually reverse direction).

However, coronary steal can arise from serial epicardial disease in a
branched system without a frank CTO, so-called branch steal.® As a

specific example, we present the case of a 68-year-old woman who de-
veloped severe angina during the course of her treatment for breast
cancer. Invasive angiography demonstrated a single coronary artery ori-
ginating from the right sinus, a so-called Lipton type R-I anomaly
(Figure 1A; see Supplementary material online, Video S1).> A moderate
lesion in the atrioventricular groove portion of the vessel between the
posterior descending artery (PDA) and functional obtuse marginal
branches underwent physiologic evaluation using positron emission
tomography (PET) imaging. The small calibre left anterior descending
artery (LAD) outflow demonstrated diffuse disease.

Stress uptake, coronary flow reserve (CFR), and coronary flow cap-
acity (CFC)* maps quantified frank ischaemia in the proximal LAD
distribution with CFR < 1 coronary steal in ~20% of the left ventricle
(LV; Figure 2). After successful imaging-guided percutaneous coronary

Figure 1 (A) Invasive coronary angiography demonstrated a single vessel originating from the right sinus and proceeding along the atrioventricular
groove, culminating in the left anterior descending artery—a so-called Lipton type R-l anomaly.? (B) Repeat angiography after successful imaging-guided
implantation of a 3.5 X 16 mm drug-eluting stent (the arrows indicate the lesion).
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Positron emission tomography perfusion images display relative stress uptake (left portion) before (top row) and after (bottom row) inter-
vention on the left anterior descending artery. Topographic (‘surface’) maps of coronary flow capacity (middle portion), stress uptake (top of right
portion), and coronary flow reserve (bottom of right portion) pair before vs. after results.
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Resting positron emission tomography (A) and cardiac magnetic resonance images (B) of subendocardial scar; the blue arrows in (B) show
coronary artery disease—related late gadolinium enhancement in the mid-left anterior descending artery distribution (7% left ventricular burden), and
the yellow arrows depict non-coronary artery disease—related enhancement at the right ventricular insertion site (2% left ventricular burden).
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intervention (PCI) of the mid-vessel with a 3.5 X 16 mm drug-eluting
stent (Figure 1B), PET imaging was repeated 1 month later (Figure 2).
Coronary steal had now resolved since 0% of the LV displayed CFR
< 1, although a smaller and less intense relative uptake defect persisted.
Average CFR in the entire anterior quadrant increased from 1.01 to
1.57—a >50% improvement consistent with successful revasculariza-
tion. The amount of moderately to severely reduced (green or blue)
CFC that accounts for varying resting perfusion decreased from 40
to 26% of the LV. The LAD quadrant experienced the greatest benefit
from PCI (the lateral and inferior territories with a 46 and 14% CFR im-
provement, respectively), underscoring the positive impact of revascu-
larization in a single conduit-like coronary system.

Branch steal and its resolution after PCl in this case can be under-
stood as follows: At rest, the LAD territory vasodilates to maintain
its blood flow despite combined viscous pressure loss along the entire
course of the single coronary artery plus separation loss at the focal
stenosis. During hyperaemia, viscous pressure loss increases almost
two-fold (average CFR in the inferior quadrant before PCl was 1.89)
with a superimposed, roughly quadrupled separation loss. By the
LAD origin, both hyperaemic pressure and flow have fallen below base-
line (‘hypo’-emia) due to augmented flow (‘hyper’-emia) in the up-
stream PDA and obtuse marginal territories (sequential average
quadrant CFR 1.89 to 1.57 to 1.01 from inferior to lateral to anterior).
Percutaneous coronary intervention eliminated the separation pres-
sure loss but left the substantial viscous pressure loss along the single
conduit plus diffuse outflow LAD disease. Repetitive ischaemic epi-
sodes and/or non-occlusive plaque rupture in the mid-LAD produced
a small (<10% LV), non-transmural scar, as evidenced by a mild resting
PET anterior uptake defect as well as subendocardial delayed hyperen-
hancement without acute oedema via cardiac magnetic resonance im-
aging (Figure 3).

To our knowledge, this case represents the first quantified example
of branch steal due to an anomalous single coronary artery and its reso-
lution after successful PCI.
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