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Abstract
Regarding coronary artery bypass grafting (CABG) in patients on hemodialysis, in situ internal thoracic
artery (ITA) grafting of the left anterior descending artery (LAD) improves survival and freedom from cardiac
events. Although a problem with the ITA can possibly occur, using the ITA ipsilateral to an arteriovenous
fistula (AVF) in the upper extremity of patients on hemodialysis can cause coronary subclavian steal
syndrome (CSSS). CSSS is a condition of myocardial ischemia caused by the diversion of blood flow from the
ITA following coronary artery bypass surgery. CSSS has been reported to occur in cases of subclavian artery
stenosis, AVF, and low cardiac function.

A 78-year-old man with end-stage renal disease experienced angina pectoris during hemodialysis. The
patient was scheduled for CABG, including anastomosis of the left internal thoracic artery (LITA) and LAD.
After completion of all anastomoses, the LAD graft demonstrated retrograde blood flow, suggestive of ITA
anomalies or CSSS. The LITA graft was transected at the proximal part and anastomosed to the saphenous
vein graft with sufficient flow to the high lateral branch eventually.
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Introduction
In situ bilateral internal thoracic artery (ITA) grafts are first-line conduits, even in coronary artery bypass
grafting (CABG) in patients on hemodialysis, particularly in those with multivessel disease and aortic
calcification [1,2]. However, there is controversy on the use of the ipsilateral ITA with an arm arteriovenous
fistula (AVF), regarding coronary subclavian steal syndrome (CSSS). This syndrome causes myocardial
ischemia by retrograde blood flow to the in situ ITA graft, even without structural stenosis of the subclavian
artery [3]. Moreover, because intraoperative spasms, dissections, or hematomas of the ITA may result in poor
flow, estimating CSSS occurrence intraoperatively or predicting it preoperatively can be challenging [4].
Based on our current findings, the feasibility of ipsilateral ITA grafts in patients on hemodialysis with AVF is
questionable because there are many intraoperative confounding factors affecting the decision.

Case Presentation
Here, we present the case of a 78-year-old man with end-stage renal disease who experienced angina
pectoris during hemodialysis. The patient was started on hemodialysis due to immunoglobulin A
nephropathy; no diabetes mellitus was noted. He was referred to our hospital for the management of angina
pectoris.

A subsequent coronary angiography showed a two-vessel lesion, including the left main coronary trunk. The
degree of stenosis was 75% in segment #5, 90% in segment #6 (instantaneous wave-free ratio [iFR], 0.61;
fractional flow reserve [FFR], 0.62), 90% in the high lateral branch (HL), and 90% in segment #11 (iFR, 0.86;
FFR, 0.68) (Figure 1). Contrast-enhanced computed tomography (CT) showed no stenosis in both the
bilateral ITA and subclavian arteries. In addition, the vessel diameters of the bilateral vertebral arteries were
similar. Magnetic resonance angiography (MRA) of the neck showed poor imaging of the left vertebral artery.
CT and MRA findings together indicated possible hypoperfusion in the same vessel.
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FIGURE 1: Coronary angiography showing stenosis in different
segments of the coronary arteries, according to the American Heart
Association Classification of Coronary Artery Segments.
Strong stenosis at the LMT to HL/LAD/LCX bifurcation. (A) CAG image showing 75% stenosis in segment #5, 90%
stenosis in segment #6, and 90% stenosis in segment #11. The image was taken using RAO 0°, CAU 40° view.
(B) CAG image showing 90% stenosis in HL, and 90% stenosis in segment #11. The image was taken using
LAO 50°, CRA 25° view.

CAG: coronary angiography; LMT: left main trunk; HL: high lateral branch; LAD: left anterior descending artery;
LCX: left circumflex artery; RAO: right anterior oblique; CAU: caudal; LAO: left anterior oblique; CRA: cranial

Ultrasonography revealed a relatively high flow volume of the AVF (1,132 mL/minute). The ankle-brachial
index (ABI) was 1.20 (right) and 1.04 (left); 169/128 mmHg (% mean arterial pressure [MAP], 52%) for the
right upper extremity, 161/120 mmHg (% MAP, 48%) for the left upper extremity, 202/82 mmHg (% MAP,
42%) for the right lower extremity, and 175/132 mmHg (% MAP, 43%) for the left lower extremity. These
values were within the standard range with no differences between the upper extremities, indicating no
blood flow captured by the AVF.

Off-pump CABG, comprising anastomosis of the left internal thoracic artery (LITA) to the left anterior
descending artery (LAD), right internal thoracic artery (RITA) to HL, and a saphenous vein graft to the
posterolateral branch had been scheduled. Based on the finding that the free flow of in situ LITA was 20
mL/minute but a weak pulsation, and its potential insufficiency for revascularization of LAD with high flow
demand, we revised the preoperative plan to anastomose RITA to LAD instead [5]. We also evaluated LITA
after anastomosis to HL. After completion of all anastomoses, as feared, the LITA graft demonstrated
retrograde blood flow on a transit time flowmeter (TTFM), which suggested the occurrence of ITA anomalies
or CSSS (Figure 2, Figure 3, Panel A).
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FIGURE 2: Schematic of surgical findings.
Retrograde blood flow from graft to AVF is shown. Image credits: Jien Saito.

RITA: right internal thoracic artery; LAD: left anterior descending artery; SVG: saphenous vein graft; AVF:
arteriovenous fistula; LITA: left internal thoracic artery; HL: high lateral branch

FIGURE 3: Transit time flowmeter.
Reanastomosis of the proximal side of the LITA graft has resulted in a better blood flow pattern. (A) LITA-HL graft
before reanastomosis. The blood flow showed a retrograde pattern. (B) Free LITA-LAD graft after reanastomosis.
The blood flow rate shows 14 mL/minute and improves to a progressive pattern.

LAD: left anterior descending artery; LITA: left internal thoracic artery; HL: high lateral branch

Electrocardiography indicated no changes, including in leads ST-T. Although the TTFM pattern was poor
and some intervention was needed, anastomotic stenosis was considered unlikely. If the ITA itself is
anomalous, such as with spasms, dissections, or hematomas, the graft may be occluded or improve over time.
However, in cases of CSSS, there is a risk of myocardial ischemia, which might further worsen the patient’s
condition. Therefore, in our case, the LITA graft was transected at the proximal part and anastomosed to the

2023 Saito et al. Cureus 15(2): e35517. DOI 10.7759/cureus.35517 3 of 5

https://assets.cureus.com/uploads/figure/file/565935/lightbox_cc7d6dc0b1e611edb97d35266fabd3e8-Figure-2.png
https://assets.cureus.com/uploads/figure/file/565938/lightbox_a3144be0b3f111edbfea9505d63d4d78-Figure3.png


saphenous vein graft with sufficient flow to reach the HL (14 mL/minute) as a Y-composite graft (Figure 3,
Panel B). Postoperative angiography showed good patency of all bypass grafts. The patient was discharged
from the hospital 16 days after surgery.

Ethics approval and consent for this case report were waived, as this report was conducted by anonymizing
medical institution and patient personal information so that the patient could not be identified. However,
written informed consent was obtained from the patient for the publication of this report and accompanying
images.

Discussion
In situ, both ITAs grafted to the LAD improve survival and freedom from cardiac events for CABG in patients
on hemodialysis [1,2]. However, ipsilateral AVF may compromise the mortality benefit originally provided by
ITA grafting. Although no prognostic value has been demonstrated regarding ipsilateral ITA grafting, the
risk of major adverse cardiac events increases due to the effects of AVF during hemodialysis. When using the
ipsilateral ITA, the possibility of CSSS should be considered beforehand [6,7].

In this case, the relatively lower free flow of the LITA and higher flow of the AVF indicated that the original
blood flow of the LITA might have been drawn into the AVF, even with no laterality of the preoperative ABI
[8]. The free flow was estimated to be approximately 20 mL/minute by quadrupling the blood stored for 15
seconds at the transection. Although the free flow of less than 40 mL/minute is considered inadequate, no
clear evidence is available [5]. We did not attempt the occlusion test of the AVF during the surgery. Although
the remarkable increase in graft free flow by the test might predict CSSS occurrence, it is difficult to affirm
that this pathophysiologic state is caused only by these clinical factors. This is partially because the ITA
itself may have been abnormal due to intraoperative manipulation. In this condition, it depends on the
blood flow balance between a graft and the target coronary arteries [9].

It is not clear whether CSSS is established only by measuring graft blood flow after the completion of a
bypass anastomosis. Although predicting CSSS preoperatively or intraoperatively is challenging, it can be
caused by excessive AVF or subclavian artery stenosis [7]. Therefore, in patients on hemodialysis with AVF,
contralateral ITA is highly recommended to prevent CSSS. Ipsilateral ITA should be used as a free graft,
considering the advantages of arterial graft in CABG. Further studies are needed to evaluate the utilization
of ITA in concomitant ipsilateral constructed AVF.

Conclusions
For CABG in a patient on hemodialysis with an arm AVF, the blood flow of AVF and free flow of the
ipsilateral ITA are regarded as predictive factors of CSSS occurrence. However, they do not represent
decision factors. The ipsilateral ITA may be used as a free graft and not as an in situ graft in cases where
there are concerns about ipsilateral ITA blood flow to prevent CSSS occurrence.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
We would like to thank Editage (www.editage.com) for English language editing.

References
1. Ruttmann E, Fischler N, Sakic A, et al.: Second internal thoracic artery versus radial artery in coronary

artery bypass grafting: a long-term, propensity score-matched follow-up study. Circulation. 2011, 124:1321-
9. 10.1161/CIRCULATIONAHA.111.030536

2. Tatoulis J, Buxton BF, Fuller JA: The right internal thoracic artery: is it underutilized? . Curr Opin Cardiol.
2011, 26:528-35. 10.1097/HCO.0b013e32834b9f87

3. Lak HM, Shah R, Verma BR, Roselli E, Caputo F, Xu B: Coronary subclavian steal syndrome: a contemporary
review. Cardiology. 2020, 145:601-7. 10.1159/000508652

4. Akhrass R, Bakaeen FG: Intraoperative graft patency validation: friend or foe? . JTCVS Tech. 2021, 7:131-7.
10.1016/j.xjtc.2020.12.040

5. Tyras DH, Barner HB, Kaiser GC, Codd JE, Pennington DG, Willman VL: Bypass grafts to the left anterior
descending coronary artery: saphenous vein versus internal mammary artery. J Thorac Cardiovasc Surg.
1980, 80:327-33.

2023 Saito et al. Cureus 15(2): e35517. DOI 10.7759/cureus.35517 4 of 5

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1161/CIRCULATIONAHA.111.030536
https://dx.doi.org/10.1161/CIRCULATIONAHA.111.030536
https://dx.doi.org/10.1097/HCO.0b013e32834b9f87
https://dx.doi.org/10.1097/HCO.0b013e32834b9f87
https://dx.doi.org/10.1159/000508652
https://dx.doi.org/10.1159/000508652
https://dx.doi.org/10.1016/j.xjtc.2020.12.040
https://dx.doi.org/10.1016/j.xjtc.2020.12.040
https://pdf.sciencedirectassets.com/272864/1-s2.0-S0022522319X71755/1-s2.0-S0022522319377578/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAUaCXVzLWVhc3QtMSJHMEUCICLoE5Msie%2FVjsr2K%2F0PkrZ36tYYdPFvMEo8OPdmLeHBAiEA8SFdvlpTesPLUF5Py1WjGL4SJhGeV8mRyVhV9E9TWGMq1QQInv%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDKa5oitwUJ2SvCLL%2FiqpBF7q964381TMRNl3d5uAK89%2FEq9mLYqpLVZjywzZ%2FQdI7XdDn5eGEgnMuV3S%2FJ7JLbBxGheDTZscl10WHkFX9OvG2zwD60iYILXRiYc75bnUuPAnv%2BPOQfamHk4bT8XRjZDx8GN4NDciTVIEeJ7malrGvmHudtTIFCiJ6ltrY0aXEQaJ5%2BcAIKkvNfzp9UBN5JjvO77DLb8X6kyIVYQCCgs1f11jljIqA%2BSYX5EocwZWGGMbMym0rsZ%2F51ALnkwgebu2g7BslkUSB4Z48Ny1LY47BYc4CuO4%2BxcvAfNBuRKluQxBURhj6kvfFaQTP%2BZfqYCYUATCTEaN%2FejjUDL3%2FxCR09YdATE6WgUnpQrCx20z2Efm5280KBP2tZHpb9gUxDOEUlDFpLPymORJJM%2BymTv6es%2BjI%2FKwYeA7Adxw7xhDfMHeNy2MsT530NMMCJuqYdirEGIQ9AJGKA6DYlSooBDYJxHlByYdJaRIum5mfRgLmlYHrxUScWcOzwqO1tMq1H%2FtHSqbc5UmJajDk6%2B12yqBHJeZdevg%2BJi12okaepcu2VJ3thYPmn9%2FQc%2Fdte5i6hZ2Sk5PmCqVrplUyIfPFZFUyEvakad1knieeV%2FZkYoBvsBoLL9ZCYKQPLNM3K%2BTv1lbVPrxdgcMy7WJ4S1j3w4%2F7TmpBsy6Z9y05rPW%2Bc%2BC0cyoOg6HwV6khziVYLKJbY13%2FnmTT7CjkOkVN0SK4OCm3VPAMMaKTSYwwuzLnwY6qQG%2F2PgYNH1aHif8qu9jI5zC9nZFiGCvN7dTzOseaMc6aMHpFvGDzLNaH871fZNfoFKZU1EFbtZLdVcynHnvnyCuLTZoF8Z%2B%2F8AxgPj%2FaCXbRvT%2BL1O4EGIhrjeJwlCRaw5Hu9uUt%2FcZalv3aqFEuv6De6sAZbu3cOICo7xKZ9t3ivQ8r9Ngb5AEIDQxMYBNmmZ16wVqRrBZwbe7DiA1LV8nnT%2BbvXMbMeZy&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20230220T050648Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYXA4EZBVU%2F20230220%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=4a4920f361611e38ccd82ea88b9c289ee515e7a4e3abef79995eb95242800e4f&hash=15ab4857c7447edb2fa34dd7638cda09586d86fd4e2d2fe4c736779b29dafc4d&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0022522319377578&tid=spdf-18927f1e-eff2-499f-994d-586c060abeff&sid=9d1683d81c61b341720b2f5582dc05ed954fgxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0415585f0d5a0d5254&rr=79c4b7098f69836a&cc=jp


6. Takami Y, Tajima K, Kato W, Fujii K, Hibino M, Munakata H, Sakai Y: Effects of the side of arteriovenous
fistula on outcomes after coronary artery bypass surgery in hemodialysis-dependent patients. J Thorac
Cardiovasc Surg. 2014, 147:619-24. 10.1016/j.jtcvs.2013.01.031

7. Gaudino M, Serricchio M, Luciani N, et al.: Risks of using internal thoracic artery grafts in patients in
chronic hemodialysis via upper extremity arteriovenous fistula. Circulation. 2003, 107:2653-5.
10.1161/01.CIR.0000074777.87467.73

8. Tan CS, Fintelmann F, Joe J, Ganguli S, Wu S: Coronary-subclavian steal syndrome in a hemodialysis
patient, a case report and review of literature. Semin Dial. 2013, 26:E42-6. 10.1111/sdi.12077

9. Hiraki T, Watanabe S, Miyawaki N, Kano T: Cuff occlusion on the left upper arm increases flow of the left
internal mammary artery and bypass flow to the left anterior descending artery. J Anesth. 2009, 23:1-5.
10.1007/s00540-008-0684-5

2023 Saito et al. Cureus 15(2): e35517. DOI 10.7759/cureus.35517 5 of 5

https://dx.doi.org/10.1016/j.jtcvs.2013.01.031
https://dx.doi.org/10.1016/j.jtcvs.2013.01.031
https://dx.doi.org/10.1161/01.CIR.0000074777.87467.73
https://dx.doi.org/10.1161/01.CIR.0000074777.87467.73
https://dx.doi.org/10.1111/sdi.12077
https://dx.doi.org/10.1111/sdi.12077
https://dx.doi.org/10.1007/s00540-008-0684-5
https://dx.doi.org/10.1007/s00540-008-0684-5

	Management of Coronary Artery Bypass Grafting Using an Arteriovenous Fistula: An Intraoperative Change in the Preoperative Plan
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Coronary angiography showing stenosis in different segments of the coronary arteries, according to the American Heart Association Classification of Coronary Artery Segments.
	FIGURE 2: Schematic of surgical findings.
	FIGURE 3: Transit time flowmeter.

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


