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EDITORIAL

Coronary Steal: Mechanisms of a Misnomer
Nils P. Johnson , MD, MS; Richard L. Kirkeeide, PhD; K. Lance Gould, MD

The article by Aetesam- ur- Rahman et al in this issue 
of the Journal of the American Heart Association 
(JAHA)1 provides a timely opportunity to delve into 

the meaning and physiologic mechanisms of coronary 
steal.

STEAL SCENARIOS
To our knowledge, the first use of the term coronary 
steal dates to 1967, later synonymous with myocardial 
steal. It originally described flow reversal in the setting 
of a coronary arteriovenous fistula.2 However, over the 
almost 55  years since its initial description, the term 
has come to encompass various pathophysiologies 
that we separate here into 5 distinct scenarios. 

1. In keeping with its original description, a literature 
review for "coronary steal" demonstrates that a large 
minority (213 of the 514 results [41%]) involves 
congenital heart disease, within the limitations of 
a PubMed search. (PubMed search performed on 
February 8, 2021, using terms ("coronary steal"[tiab] 
OR "myocardial steal"[tiab]) in general, ("fistula"[tiab] 
OR "fistulae"[tiab] OR "fistulas"[tiab] OR "congenital"[-
tiab] OR "anomalous"[tiab] OR "hypoplastic"[tiab] OR 
"arterial switch"[tiab] OR "Bland- White- Garland"[tiab] 
OR "arteriovenous malformation"[tiab] OR "fetal hy-
drops"[tiab] OR "tetralogy"[tiab]) for congenital heart 
disease, ("mammary"[tiab] OR "thoracic artery" OR 

"bypass"[tiab] OR "subclavian steal"[tiab] OR "IMA 
graft"[tiab] OR "thoracic branch"[tiab]) for bypass- 
related steal, ("myxoma"[tiab] OR "mediastinal mass"[-
tiab] OR "cardiac hemangioma"[tiab] OR "tumor"[tiab]) 
for tumors, "isoflurane"[tiab] for isoflurane).

2. Coronary steal has been described after bypass 
grafting of an internal mammary artery distal to a 
subclavian stenosis3 or attributed to unligated side 
branches of the mammary artery, although the latter 
mechanism remains controversial because coronary 
flow occurs during diastole whereas side branches 
perfuse during systole.4 This group accounts for 86 
of the 514 results (17%).

3. Symptoms associated with cardiac tumors have 
been attributed to coronary steal in a small number 
of cases series, albeit without supporting hemody-
namics, making up 9 of the 514 results (2%).

4. Inhaled anesthetic isoflurane underwent intense inves-
tigation because of an initial concern for its potential to 
cause coronary steal that was ultimately disproven.5 
This topic consumes 22 of the 514 results (4%).

5. The remaining 184 of 514 results (36%) from PubMed 
largely focus on severe coronary artery disease as 
detailed subsequently.

PHYSIOLOGIC MECHANISMS
The preceding classification of coronary steal into 
5 scenarios provides a direct link with physiologic 
mechanisms. The large group of patients with con-
genital heart disease generally present with shunt 
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physiology and resulting clinical consequences such 
as high- output failure, pulmonary hypertension, and 
endocarditis. The unproven and uncommon scenarios 
related to inhaled anesthesia or cardiac tumors require 
no further discussion. Additionally, we defer to prior 
work arguing against steal via mammary artery side 
branches.4

Therefore, the scenario we discuss in detail in-
volves native or bypassed coronary atherosclerosis 
without congenital defects. In this setting, “coro-
nary steal” or “myocardial steal” (a distinction largely 
based on measurement technique) refers to a fall in 
absolute myocardial perfusion during pharmacologic 
or exercise stress, most often vasodilator hyperemia. 
Coronary flow reserve (CFR) as the unitless ratio 
of absolute perfusion between stress and baseline 

conditions is then <1.6,7 Hence the paradox: falling 
regional blood flow during global hyperemia, usually 
manifested as some combination of severe angina, 
ST- segment changes, lactate production, or new 
wall motion abnormality.

The left panel of Figure  1 displays a schematic 
of the coronary steal phenomenon from 1978, pro-
posed by several investigators during that decade.6- 8 
Its key feature is collateral- dependent myocardium 
supplied under resting conditions by a diseased 
donor vessel. High hyperemic flow produces large 
turbulent or viscous pressure loss at collaterals 
arising distally with corresponding fall in collateral 
flow to below resting levels. Collateral steal always 
involves a totally or subtotally occluded and col-
lateralized vessel, although severe diffuse disease 

Figure 1. Mechanism of coronary steal.
Left, As detailed in the legend to figure 4 of the original publication8 from 1978: “Schematic diagram of 
coronary circulation showing proposed mechanism for dipyridamole- induced coronary steal. Coronary 
artery divides into two branches, one completely occluded, the other stenosed but providing collaterals 
to the first. In the control situation on the left, distal pressure is low in the occluded arterial bed and 
there is a small gradient in mean pressure across the stenosis. Flow in the ischemic region (dotted area) 
is 20 mL/min per 100 g and is determined by the collateral driving pressure, or the difference between 
distal pressures in the bed supplying collaterals (80 mm Hg) and the ischemic bed (20 mm Hg). Flow in 
the distribution of the stenotic vessel is normal at 70 mL/min per 100 g and is evenly distributed between 
subendocardium (lower value in bracket) and subepicardium (upper value). During dipyridamole, with 
blood pressure maintained constant by phenylephrine, flow increases in the nonischemic bed to 200 mL/
min per 100 g but becomes maldistributed between subendocardium and subepicardium. In addition, 
pressure distal to the stenosis falls to 50 mm Hg, causing a reduction in collateral driving pressure. As 
a result, flow to the ischemic region decreases to 10 mL/min per 100 g, interpreted as a coronary steal.” 
Right, Proposed mechanism in Figure 1 of the article by Aetesam- ur- Rahman et al.1 Key differences from 
the left panel include the widely patent recipient vessel (median fractional flow reserve [FFR] of 0.95) with 
sufficient antegrade flow to its myocardium to produce “no change” as opposed to a fall in flow under 
conditions of vasodilator hyperemia. The illustration in the left panel was reproduced from Becker8 with 
permission from the American Heart Association, Inc. © 1978. The Creative Commons license does not 
apply to this content. Use of the material in any format is prohibited without written permission from the 
publisher, Wolters Kluwer Health, Inc., on behalf of the American Heart Association, Inc. The right panel 
is adapted with permission from Aetesam- ur- Rahman et al.1 Copyright © 2021, The Authors. JAHA is 
published on behalf of the American Heart Association, Inc., by Wiley Periodicals Inc. Open access under 
CC- BY license (https://creat iveco mmons.org/licen ses/by/4.0/).”

https://creativecommons.org/licenses/by/4.0/
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can produce “branch steal” in the distal or apical 
myocardium.9

At baseline or under control conditions, the left panel 
of Figure 1 indicates sufficient chronic perfusion to the 
occluded artery via the donor vessel, thereby prevent-
ing myocardial infarction or limiting its extent. In re-
sponse to vasodilation, distal coronary pressure in the 
donor vessel falls as a result of upstream stenosis or 
diffuse narrowing. Consequently, collateral flow during 
hyperemic stress drops below resting levels owing to 
a decrease in collateral driving pressure. CFR can be-
come <1 depending on the aggregate effects of resid-
ual antegrade flow, coronary pressure at the origin of 
collateral(s), and the extent of collateral development 
and hence their resistance. Additionally, the low pres-
sure at the origin of collaterals causes maldistribution 
across the myocardial wall as depicted in the left panel 
of Figure 1 (upper and lower numbers in brackets indi-
cate subepicardial and subendocardial perfusion).

As has been noted before,6,7 the term “coronary 
steal” is a misnomer because blood does not flow 
backwards through the collaterals. Flow follows the 
downward pressure gradient from donor to recipient 
that is smaller during vasodilation because of upstream 
pressure loss in the donor vessel.

HEMODYNAMICS IMMEDIATELY 
AFTER MYOCARDIAL INFARCTION
The current study from the Cambridge group enrolled 
93 patients who presented with an ST- segment el-
evation myocardial infarction.1 Immediately after suc-
cessful stenting of the infarct- related artery, coronary 
physiology was measured at “rest” as well as during 
intravenous adenosine infusion. In addition to standard 
aortic and coronary pressure measurements, bolus 
thermodilution mean transit time was recorded under 
both conditions to calculate CFR in the culprit, stented 
artery. Within 1 to 3 days a large subset of 68 subjects 
underwent cardiac magnetic resonance imaging.

An unexpected finding from their work was that 19 
of 93 subjects (20%) had a bolus thermodilution CFR 
<0.9 in the stented culprit artery attributed by the au-
thors to coronary steal that would imply decreased flow 
and pressure below resting levels in the patent culprit 
artery during hyperemia.1 However, the right panel of 
Figure  1 contrasts their explanation with the classic 
proven schematic for myocardial steal on the left.7,8 
Three facts in this report do not support the claim of 
myocardial steal and even suggest its impossibility as 
follows. First, the infarct- related artery is widely patent 
because of successful stenting, unlike a totally or sub-
totally occluded recipient vessel. Second, although the 
donor vessel often had upstream coronary disease, no 
measurements were made in this artery.

Third, the median fractional flow reserve of 0.95 in 
the stented, widely patent “recipient” artery indicates 
the absence of any physiologically significant lower 
pressure than the nonculprit diseased “donor” artery. 
Although the authors did not make explicit measure-
ments in the nonculprit vessel to prove any pressure 
gradient, visual >50% lesion in 10 of the 19 subjects in-
dicates nonculprit disease that would cause lower cor-
onary pressure during hyperemia than in the stented 
patent artery with median fractional flow reserve of 
0.95.

Because collateral flow follows the pressure gradi-
ent, there can be no collateral flow and no myocardial 
steal in the patent culprit vessel since its pressure is 
the same or higher than the diseased nonculprit artery. 
Indeed, based on higher hyperemic pressure with a 
fractional flow reserve of 0.95, any collateral flow would 
be from the stented patent culprit artery to the noncul-
prit artery with mild to moderate unstented stenosis 
and lower hyperemic coronary pressure. Therefore, 
any collateral flow would be in the opposite direction 
than depicted in the right panel of Figure 1.

In addition to these 3 facts contravening myocar-
dial steal, the data in table 1 reveal physiologic incon-
sistencies suggesting methodologic variability of flow 
measured by thermodilution. Basic physiologic prin-
ciples dictate that flow and epicardial pressure gradi-
ents across stenosis or diffuse coronary artery disease 
track in the same direction: higher flow produces a 
greater pressure loss and vice versa. In table 1, the 
group with CFR <0.9 by thermodilution had a pressure 
gradient of 4.15 mm Hg at baseline (mean aortic pres-
sure minus coronary pressure of 91.47– 87.32 mm Hg) 
compared with 3.79 mm Hg during adenosine hyper-
emia (79.57– 75.78  mm  Hg). For the group with CFR 
from 0.9 to 1.1, the pressure gradient was 3.07 at base-
line (82.33– 79.26 mm Hg) compared with 3.07 mm Hg 
during adenosine hyperemia (67.73– 64.66). Thus, for 
these 2 groups, the pressure gradient did not increase 
during adenosine hyperemia. In contrast, the group 
with higher flow by thermodilution with CFR >1.1 had 
the expected increased gradient from 4.17 mm Hg at 
baseline (99.32– 95.15  mm  Hg) to 6.32  mm  Hg after 
adenosine (88.84– 82.52 mm Hg). These facts suggest 
that coronary flow by thermodilution is not precise 
enough to define small flow differences around a CFR 
of 1.0.

Indeed, bolus thermodilution to assess CFR dis-
plays substantial imprecision compared with an 
implanted flow meter experimentally: bolus thermodi-
lution CFR had 95% CIs for coronary flow from −1.23 
to +0.88 in Bland- Altman analysis, and inspection 
of that experimental scatterplot confirms 3 points 
with flowmeter CFR ≥1 yet bolus thermodilution CFR 
<1.10 In other words, a bolus thermodilution CFR=0.7 
(classified as “coronary steal”) could easily represent 
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a true CFR =1 (no change in flow) because of the 
proven methodologic imprecision of flow by thermo-
dilution. Figure  2 proposes a potential explanation 
for the observations in this report due to imprecision 
from bolus thermodilution that distorts the true CFR 
distribution by producing an apparent but artifactual 
group of vessels with CFR <1.

Physiologically, making an immediate post- ST- 
segment– elevation myocardial infarction measurement 
of “rest” flow to calculate CFR reduces flow reserve 
compared with its later value because of elevated 
baseline flow, as shown by serial assessment between 
days 0 and 1 after primary stenting for acute infarc-
tion.11 In the current article, additional measurements 
of immediate test/retest repeatability using bolus ther-
modilution CFR would have quantified its imprecision 
in the postinfarct clinical setting that is essential for 
quantifying small changes in thermodilution CFR.

UNRESOLVED ISSUES IN STEAL
In reviewing the literature on coronary steal (within the 
limitations of a PubMed search), we note 2 recurring 
and unresolved clinical scenarios paralleling our analy-
sis of this report and hence of general interest. First, 
percutaneous treatment of mammary side branches 
after bypass grafting to treat “coronary steal” gener-
ates recurrent case reports or series but almost always 
without sufficient physiologic demonstration of need 
or benefit or plausible mechanism.4 Second, proximal 

coronary fistulae continue to receive percutaneous or 
surgical treatment in the absence of a significant left- to- 
right shunt, pulmonary hypertension, or prior endocar-
ditis. Rarely does the physiologic scenario match the 
left panel of Figure 1. Fractional flow reserve assessed 
before and its normalization after fistula treatment, 
as occasionally reported in the literature,12 requires a 
more sophisticated analysis to account for epicardial 
side branches to a low resistance circuit and an aware-
ness of the distinction between relative and absolute 
flow reductions required to produce ischemia.

Because we cannot easily change the names of the 
past,2 for now we must live with the misnomer of “cor-
onary steal.” Its suboptimal terminology must not dis-
tract or confuse readers from the true proven underlying 
mechanism outlined in the left panel of Figure 1 for se-
vere coronary disease. Solid physiologic principles and 
quantification of myocardial steal as proven experimen-
tally and in patients must be applied and buttressed by 
statistical analysis accounting for methodologic impreci-
sion to avoid misinterpretation of data with their potential 
erroneous clinical application for high- risk interventions 
having no physiologically demonstrable gain.
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Figure 2. Apparent steal arising from measurement noise.
Assume a population with reduced coronary flow reserve (CFR) but no steal (CFR <1), here simulated with mean 1.5 and SD 0.50 
but constrained to the range 1 to 3 as might be encountered in the immediate postinfarct population. This true CFR distribution is 
measured using bolus thermodilution, which has known scatter (bias −0.17 and 95% CI from −1.23 to +0.88 by Bland- Altman analysis) 
when compared in paired fashion against an implanted flow meter in an animal model, reproduced from figure 1A of a publication 
from 2003.10 The resulting population artifactually appears to have a subset of vessels with coronary steal (CFR <1), here simulated by 
Monte Carlo techniques resulting in a mean of 1.80 and SD 0.65. The center panel was reproduced from Fearon et al 10 with permission 
from the American Heart Association, Inc. © 2003. The Creative Commons license does not apply to this content. Use of the material 
in any format is prohibited without written permission from the publisher, Wolters Kluwer Health, Inc., on behalf of the American Heart 
Association, Inc.
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