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Highlights
Coronary artery disease (CAD) has become a common diagnosis. Managing the symptoms of CAD continues to be an ongoing
dilemma requiring optimal medication management or potential revascularization with either percutaneous coronary interventions
or coronary artery bypass grafting (CABG). We present a case of debilitating refractory angina in a patient with severe CAD
after optimal medical therapy and CABG secondary to coronary steal phenomenon via the left internal mammary artery conduit
supplying a large unligated side branch to the internal chest wall. While current data are inconclusive on this phenomenon, our
patient had complete resolution of angina following coil embolization of unligated side branch of the internal mammary artery.
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Introduction

Coronary steal phenomenon (CSP) occurs when there is an
alteration of blood flow away from the coronary circulation in
patients who have undergone coronary artery bypass grafting
(CABG) utilizing an internal mammary conduit. The left internal
mammary artery (LIMA) is commonly used as a bypass graft to
the left anterior descending artery (LAD) because of its favorable
long-term patency rates [1]. CSP has been seen in patients with
LIMA grafts and proximal left subclavian stenosis but has been
controversial in patients with LIMA grafts and large unligated
side branches (LIMA-SB). We present a case of recurrent chest
pain in a patient with chronic total occlusion (CTO) of the right
coronary artery (RCA), patent LIMA-to-LAD graft with left-toright collaterals, and a large unligated LIMA-SB that completely
resolved after coil occlusion of the LIMA-SB.
A 66-year-old male with coronary artery disease (CAD) status
post CABG 15-years ago and ischemic cardiomyopathy was
referred to the cardiology clinic for daily recurrent chest pain.
His medical therapy included aspirin, atorvastatin, amlodipine,
carvedilol, lisinopril, spironolactone, and isosorbide mononitrate.
He underwent coronary angiography which was significant for
known CTO of the native RCA and saphenous vein bypass graft

(SVG) with left-to-right collaterals from the LAD. The LIMA-toLAD graft was widely patent with a large thoracic side branch
supplying blood flow to the inner chest wall (figure 1). Myocardial
perfusion imaging (MPI) was significant for perfusion defects
along the inferior wall with associated wall motion abnormalities.
Percutaneous revascularization of the native RCA and SVG was
attempted but was unsuccessful and the patient was discharged
home with ranolazine in addition to his previous antianginal
therapy. He continued to have chest pain and was brought back
to the cardiac catheterization laboratory where he underwent
coil embolization of the LIMA-SB (figure 2) leading to complete
resolution of his chest discomfort.
The use of the internal mammary artery in CABG has been shown
to have superior graft patency and long-term survival when
compared to the saphenous vein grafts [2, 3]. The incidence of
large thoracic side branches from the LIMA has been approximated
between 10-30% [3, 4]. While large side branches of the LIMA are
typically ligated during surgery, doing so remains controversial as
the incidence of coronary steal from these branches is thought to
be rare.
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Figure 1. Angiography of left internal mammary artery with
large side branch (arrow).
Critics to the idea of CSP have pointed out that coronary blood
flow predominantly occurs during diastole when the myocardium
is less resistant to perfusion whereas the LIMA-SB flow to the
chest wall predominantly occurs during systole negating a steal
phenomenon [5, 6]. Gaudino, et al. found that the only significant
change in blood flow through the LIMA occurs with selective
muscular relaxation which leads to increased systolic flow with
a corresponding decrease in diastolic flow [7]. Others have also
found no significant intracoronary hemodynamic changes using
fractional flow reserve (FFR) measurements in hyperemic states
and that flow near the LIMA-LAD anastomosis is predominantly
diastolic [6].
While some have failed to produce data to support refractory
angina secondary to CSP, several LIMA-SB cases with refractory
angina have found symptomatic improvement with coil occlusion
[1, 3, 4, 8-10]. Previous studies have utilized intracoronary flow
measurements with inconsistent data, however, Benton, et al.
utilized MPI to evaluate-exercise induced anterior wall ischemia in
patients with a LIMA-SB and found a 95.8% sensitivity and a 100%
specificity in predicting anterior ischemia in patients with LIMA-SB
greater than 11.0 cm in length and 1.3 mm in diameter [3].
Our patient presented with recurrent angina limiting his quality
of life. While his MPI was significant for reduced perfusion to the
inferior portion of his heart, PCI of the native RCA and RCA-SVG
were not feasible. Intracoronary FFR of the LIMA, pre and post
occlusion of the large unligated side branch, were not performed
due to paucity of other treatment options. Given that he had
developed left-to-right collaterals from his LAD to RCA, a coil was
successfully placed in the LIMA-SB leading to complete resolution
of his angina and an improved quality of life.
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Figure 2 Angiography of left internal mammary artery after
successful coil embolization (arrow) of large side branch leading
to resolution of chest pain.

The evidence for coronary steal phenomenon due to internal
mammary artery side branches continues to be controversial.
The exact pathophysiology as to why some patients are more
affected than others warrants further investigation. We presented
a patient plagued by recurrent angina with complete resolution
of symptoms after successful coil embolization of large internal
mammary side branch artery.

Declaration of Interest

The authors declare no conflict of interest.

Acknowledgements

The authors state that they abide by the authors’ responsibilities
and ethical publishing guidelines of the International
Cardiovascular Forum Journal [11].

References
1.

2.
3.

4.

Morocutti, G., et al., Functional evaluation of steal by unligated first
intercostal branch before transcatheter embolization in recurrent angina
after a LIMA-LAD graft. Catheter Cardiovasc Interv, 2002. 56(3): p. 373-6.
DOI: 10.1155/2016/3175798
Cameron, A., et al., Coronary bypass surgery with internal-thoracic-artery
grafts--effects on survival over a 15-year period. N Engl J Med, 1996.
334(4): p. 216-9. DOI: 10.1056/NEJM199601253340402
Beton, O., et al., The value of exercise SPET for the detection of coronary
artery steal syndrome secondary to unligated major side branch of left
internal mammary artery. Hell J Nucl Med, 2016. 19(3): p. 200-207. DOI:
10.1967/s002449910401
Sawaya, F.J., H. Liberman, and C. Devireddy, Physiologic Functional
Evaluation of Left Internal Mammary Artery Graft to Left Anterior Descending
Coronary Artery Steal due to Unligated First Thoracic Branch in a Case
of Refractory Angina. Case Rep Cardiol, 2016. 2016: p. 3175798. DOI:
10.1155/2016/3175798

30

5.

|

Letters to the Editor

Kern, M.J., Mammary side branch steal: is this a real or even clinically
important phenomenon? Ann Thorac Surg, 1998. 66(6): p. 1873-5. ISSN:
00003-4975
6. Guzon, O.J., et al., Fallacy of thoracic side-branch steal from the internal
mammary artery: analysis of left internal mammary artery coronary flow
during thoracic side-branch occlusion with pharmacologic and exerciseinduced hyperemia. Catheter Cardiovasc Interv, 2004. 61(1): p. 20-8. DOI:
10.1002/ccd.10722
7. Gaudino, M., et al., Steal phenomenon from mammary side branches: when
does it occur? Ann Thorac Surg, 1998. 66(6): p. 2056-62. ISSN: 0003-4975
8. Abdo, N., et al., Coronary steal syndrome with coil embolization of a large
LIMA side branch: radionuclide evidence for reversible ischemia. Catheter
Cardiovasc Interv, 2005. 66(3): p. 360-3. DOI: 10.1002/ccd.20501
9. Akilli, A., et al., Transbrachial coil occlusion of unligated thoracic side
branch of arterial graft of internal mammary artery leading to silent ischemia
in a diabetic patient. Int J Cardiol, 2006. 113(1): p. E16-8. DOI: 10.1016/j.
ijcard.2006.01.075
10. Firstenberg, M.S., et al., Impaired myocardial perfusion from persistent
mammary side branches: a role for functional imaging and embolization.
Cardiol Res Pract, 2010. 2010. DOI: 10.4061./2010/203459.203459
11. Shewan LG, Coats AJS, Henein MY. Authors’ Responsibilities and Ethical
Publishing. International Cardiovascular Forum Journal 2018;13:3-4, DOI:
10.17987/icfj.v13i0.525

International Cardiovascular Forum Journal 14 (2018)
DOI: 10.17987/icfj.v14i0.527

