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Background: Percutaneous coronary intervention (PCI) of the “culprit” artery is the recommended mechanical reperfusion strategy in 
the setting of ST-segment elevation myocardial infarction (STEMI). As PCI of bypass grafts may be associated with higher risks and 
lower procedural success rates, in patients with a history of previous coronary artery surgery, PCI directed at revascularization of the 
native vessels should be considered, but this may be difficult in the setting of a chronically occluded artery.
Case Presentation: A patient with a history of multivessel coronary artery disease and a chronic total occlusion (CTO) of the right 
coronary artery (RCA) requiring arterial bypass surgery, presented with an acute inferior STEMI and cardiogenic shock. It was felt that 
shock was caused by the acute thrombotic occlusion of a right internal thoracic artery (RITA) bypass graft that had been sequentially 
anastomosed to the left circumflex (LCx) and right coronary arteries. Despite initiation of extracorporeal membrane oxygenation 
(ECMO), the patient remained in refractory shock and acute revascularization of the right coronary artery was performed through the 
RITA bypass segment using antegrade access to the graft through the LCx and then a retrograde approach to open a CTO of the RCA. 
After successful revascularization, the patient was successfully weaned from ECMO. Over 12 months of follow-up, the patient did 
well and was documented to have improved left ventricular systolic function.
Conclusion: This report is the first to document the successful use of a retrograde approach through an arterial graft segment to 
revascularize a chronic total occlusion in the setting of acute STEMI and cardiogenic shock.
Keywords: chronic total occlusion, STEMI, rotational atherectomy, coronary bypass

Introduction
Urgent percutaneous coronary revascularization is the standard care for patients presenting with acute myocardial 
infarction (STEMI) and associated cardiogenic shock.1 Clinical outcomes have dramatically improved after the increased 
use of revascularization by primary PCI.2,3 However, catheter-based revascularization may be difficult to perform in the 
setting of a chronically totally occluded vessel (CTO) and a culprit lesion in a coronary artery bypass graft (CABG).4,5 

Technical success has been lower, and the incidence of adverse events has been documented to be higher among patients 
with prior CABG undergoing elective CTO PCI.6

Case Presentation
A 62-year-old male with a history of 3 vessel coronary disease and prior coronary artery surgery was admitted with an 
inferior STEMI and cardiogenic shock, 6 hours after the onset of symptoms. Twelve months earlier, the patient had 
undergone a failed attempt of anterograde CTO RCA PCI, followed by an arterial bypass graft placement using a LITA 
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graft to the left anterior descending artery (LAD) and a RITA graft sequentially to the obtuse marginal branch of the left 
circumflex and the RCA arteries.

The patient was diagnosed with an acute thrombotic occlusion of the RITA graft at its ostium and a patent LITA to the 
LAD artery. The posterior-descending artery (PDA) was also occluded. The patient was in refractory cardiogenic shock 
and was placed on ECMO. Concerns were raised that antegrade interventions through the RITA graft could result in 
distal thrombus embolization and acute revascularization was attempted using an antegrade approach from the native 
LCx into the RITA graft segment to the PDA and then a retrograde approach through the native RCA CTO.

The procedure was successful after the retrograde crossing of the remaining RITA graft (between the obtuse marginal 
and the PDA), retrograde dissection re-entry technique, externalization, rotational atherectomy of the lesion, and 
implantation of 3 drug-eluting stents.

The clinical evolution of the patient was favorable after the intervention and at 12 months follow-up.

Past Medical History
The patient had a history of diabetes, dyslipidemia, mild renal insufficiency and left ventricular systolic dysfunction with a 
LVEF of 45%.

Acute Presentation
The patient presented to the emergency department in cardiogenic shock with a blood pressure of 77/50 mm Hg and a 
pulse rate of 102 beats per minute. The patient was in a poor overall condition, the skin was pale, cool and diaphoretic.

An initial electrocardiogram (ECG) revealed 2 mm ST elevations in the inferior leads and ST segment depression in 
leads V1-2 (Figure 1). These findings are consistent with inferior and posterior injury.

An echocardiogram obtained on initial presentation documented severe left ventricular systolic dysfunction with 
limited basal inferior akinesia, severe hypokinesia in the anterior and inferolateral wall, and an LVEF of 20%. There was 
evidence of moderate mitral regurgitation, right ventricular dilatation, and systolic dysfunction.

Urgent coronary angiography was performed and the patient was started on ECMO immediately because of 
cardiogenic shock status despite pharmacological support. An intra-aortic balloon pump (IABP) was not preferred as a 
first choice regarding the stage D cardiogenic shock and the need for optimal perfusion in this acute coronary syndrome. 
A potential higher risk of mortality in acute settings could be related to the limited hemodynamic benefit of the IABP in 
comparison to other mechanical devices.7–9

The patient was documented to have a CTO of the RCA (Figure 2) and an occluded proximal LAD after the origin of 
the first diagonal branch. The LITA graft to the LAD was patent (Figure 3), and there was an acute ostial occlusion of the 

Figure 1 ECG tracing recorded in the ambulance: 2mm ST elevation in inferior leads (see blue circles).
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RITA graft. The ostial circumflex showed 80% lesion and the segment of the RITA graft between the left circumflex and 
the PDA artery was widely patent but with an occlusion in the native PDA vessel related probably to thrombotic 
embolization (Figure 4).

Management
Flow to the distal PDA and the posterolateral artery (PL) was absent and attempts were made to establish the reperfusion 
of these vessels.

Figure 2 Angiogram (projection LAO 30 °/ CRA 0°): chronic total occlusion of the mid RCA. Blunt and ambiguous proximal cap, length of 30mm, severely calcified (JCTO 4).

Figure 3 Angiogram (projection LAO 5°, CRA 0°): patent LITA to LAD. Ostial occlusion of RITA at the level of Y connection (see the yellow arrow).
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The RCA was chronically occluded and revascularization was attempted by bilateral sheathless distal radial artery access 
with 7Fr guiding catheters. Knowing that the anterograde true to true lumen approach had previously failed we performed an 
anterograde knuckle with Fielder XTR (Asahi Intecc, Japan) supported by 7Fr TrapLiner (Teleflex Medical Incorporated, US) 
and Corsair Pro 135cm (Asahi Intecc, Japan). The retrograde Sion (Asahi Intecc, Japan) wire supported by a Corsair Pro 
150 cm microcatheter was able to pass through the remaining anastomosis between the RITA and the obtuse marginal to the 
distal anastomosis with the PDA (Figure 5). The guideliner reverse CART was successful after the retrograde Gaia 3 wire 
crossed and the externalization was made using an RG3 wire (Asahi Intecc, Japan).

Figure 4 Angiogram (projection RAO 5°, CAUD 25°): CTO of LAD, significant disease of the first diagonal branch, mild disease of the LM, 80% lesion in the ostial 
circumflex artery (see the yellow arrow). The segment of the RITA graft between the left circumflex and the PDA artery was widely patent (see the green arrow) but with a 
limited distal flow. Distal occlusion of the PDA artery (see the red arrow).

Figure 5 Angiogram (projection RAO 5°, CAUD 25°): retrograde passage with Corsair Pro 150 cm microcatheter and Sion wire (see the red line) through the remaining 
RITA graft between the circumflex and the RCA artery.
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Due to the severity and the extension of calcium the balloon failed to open and we performed a rotational atherectomy 
(Figure 6) after crossing the CTO with an anterograde microcatheter on the RG3 and exchanging it with an extra support 
Rota Wire.

The procedure was successful after implantation of 3 drug-eluting stents (Figure 7). The first stent was placed from 
the distal RCA to PDA using a provisional technique. The second stent was placed on the mid part of the RCA by 
overlapping with the first one and the third one on the proximal part of the RCA. The intervention was completed within 
2 hours and 40 minutes.

Follow-Up
After 12 months of clinical follow-up the patient had mild NYHA II (New York Heart Association) dyspnea without 
angina.

The echocardiography revealed an improvement of ventricular function (40% EF).

Figure 6 Rotational atherectomy. Angiogram (projection RAO 25°, CAUD 2°): rotational atherectomy using a 1.5 Burr (see the yellow arrow) through an extra support 
rota wire.

Figure 7 Angiogram (projection LAO 5°, CRA 0°): final angiographic result after 3 drug eluting stents’ implantation with TIMI 3 flow in the distal PAD et posterolateral 
artery.
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Discussion
This case represents a complex clinical situation with an acute STEMI and shock caused by a CTO of the RCA and an 
acute occlusion of a RITA graft to the RCA. The approach of using antegrade wiring of the bypass graft segment to enter 
the RCA and then performing a retrograde RCA CTO intervention has not been previously described in the setting of an 
acute infarction.

Total arterial revascularization (TAR) and the use of both arterial thoracic arteries have been shown to improve the 
short- and long-term mortality in patients undergoing CABG when compared to those undergoing revascularization with 
a single arterial graft and vein grafts.10 The early patency at 12 months is between 93–96% for internal thoracic artery 
grafts. In a previous study the rate of occlusion of the arterial grafts was significantly lower than for the venous grafts.11 

Accordingly, the use of both LITA and RITA grafts for coronary revascularization has been increasing.12 There is limited 
data in the literature regarding the management of the acute closure of arterial grafts during a STEMI. In patients with 
acute coronary syndromes (ACS), revascularization of arterial grafts is more complex and is associated with higher rates 
of procedural failure and complications when compared with patients without prior surgery.5

CTO PCI for post-CABG patients is more difficult, even in elective cases, needing more contrast and higher doses of 
radiation, and is associated with a higher risk of adverse events at 12 months.13 The use of CTO PCI algorithms and 
techniques that are normally employed for elective cases could increase the rate of success of PCI in highly selected 
patients with acute myocardial infarction.14 In our case, we were not able to precisely detect the location of the 
anastomosis between the LITA and RITA arterial graft, therefore, any attempt to recanalize it seemed technically very 
challenging.

Given the patient’s presentation with an acute inferior infarction and cardiogenic shock, attempts were then directed at 
re-establishing blood flow to the inferolateral LV by opening a right CTO.

PCI CTO procedures are usually performed electively to allow adequate time for procedural planning and 
preparation,15 but in this particular setting of STEMI and refractory cardiogenic shock, an impromptu approach may 
be required.

A primary retrograde approach was performed in the presence of a complex CTO with a (Japan CTO score) J-CTO13 

at 4 (proximal cap ambiguity, length of the occlusion, calcifications and retry). The retrograde crossing was easily 
achieved via the left system using the remaining arterial graft between the obtuse marginal and the PDA. In cases of 
retrograde approach, the easiest and safest collateral is the venous graft for post-CABG patients16 but in our case, the 
arterial graft was large and straight enough to allow crossing with a regular microcatheter.

Retrograde dissection and re-entry is the most commonly used retrograde crossing technique17,18 and was also 
preferred in our case. After externalization, the lesion was prepared by rotational atherectomy.

After PCI the ECG and hemodynamic status of the patient improved significantly. The patient was successfully 
weaned from ECMO only 6 hours after opening the RCA. The renal function recovered rapidly 24h after the procedure. 
The total amount of contrast was limited by the retrograde technic that allowed us the realization of almost all PCI steps 
without additional contrast administration. Acute kidney injury needs to be limited as much as possible knowing that it 
could negatively impact the prognosis of the patients.

Our case is unique in that it is the only case, to our knowledge, that describes the effective treatment of cardiogenic 
shock due to an acute inferior posterior STEMI in a patient with a history of RCA CTO using retrograde percutaneous 
interventions performed through an arterial graft segment from the left circumflex coronary artery to the distal RCA.

Conclusion
The use of arterial bypass grafts for coronary revascularization is increasing. Accordingly, in the future, there will likely 
be an increase in the number of patients with arterial bypass grafts who present with acute STEMIs requiring emergency 
percutaneous revascularization. This report documents the unique use of an approach for acute PCI using the native left 
circumflex artery and an arterial graft segment to provide access to the RCA to allow retrograde CTO interventions. Our 
patient presented with an acute inferior STEMI and cardiogenic shock but was stabilized after revascularization. While 
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this case may be unusual, it demonstrates that alternative approaches of revascularization may be needed in patients with 
previously placed arterial coronary bypass grafts and acute myocardial infarctions.

Patient Consent
The patient provided informed consent for publication of their case details and any accompanying images, Institutional 
approval was not required to publish the case details.

Disclosure
The authors report no conflicts of interest in this work.
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