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Background Cardiovascular disease and cancer remain the most prevalent conditions worldwide. The relationship between the two is becoming
increasingly recognized, with both sharing similar risk factors. Currently, there are no guidelines or substantial data for the management
of this subset of patients. This case presents the management of a patient with advanced malignancy and ischaemic cardiomyopathy,
exploring the difficult decision making process for revascularization, ensuring an individualized approach is used for each patient.

Case summary A 68-year-old man with Stage Il lung cancer and overall poor prognosis with multiple comorbidities limiting his functional status
presented with a non-ST elevation myocardial infarction and ischaemic cardiomyopathy due to extrinsic tumour compression
and left internal mammary artery graft-obtuse marginal fibrosis due to chest wall radiation. He had a prolonged admission with
the heart team discussions regarding optimal management. He subsequently underwent percutaneous coronary intervention to
his native left circumflex chronic total occlusion. He was discharged home on dual antiplatelet and heart failure therapy.

Discussion This case reflects that the management of patients with cancer and coronary artery disease is complex. Many factors including
patient comorbidities adversely impact on prognosis, and treatment goals need to be clearly defined. The evidence in the area is
lacking but continues to grow; however, the care for such patients needs to be individualized.

ESC Curriculum 3.2 Manage a patent with an acute coronary syndrome ® 6.2 Manage a patient with heart failure with reduced ejection
fraction

Learning points

e Cancer survivors have a three-fold increased risk of myocardial infarction.

e Occurrence of acute coronary syndromes in cancer patients (whether in remission or not) has a large impact on quality of life, hospital
admissions, and accelerated adverse outcomes (such as death).

e No major evidence base to guide revascularization in cancer patients as they are largely excluded from clinical trials and only limited regis-
try data are available.

e Percutaneous coronary intervention is a preferred revascularization modality especially in palliative patients, but this decision should be
individualized.
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Primary specialties involved

Cardiology, cardiothoracic surgery, critical care, medical oncology.

Introduction

The relationship between ischaemic heart disease and cancer is be-
coming increasingly recognized with both sharing similar risk factors
and pathogenesis of inflammation and oxidative stress." Ongoing de-
velopment in cancer diagnosis and treatment has improved mortality
rates, also increasing the number of patients with cancer that develop
coronary artery disease. Cancer, in itself, is a cardiovascular risk fac-
tor, with survivors having a three-fold increase in 6-month cumula-
tive incidence of myocardial infarction.? Currently, there are no
guidelines or substantial data for the management of this subset of
patients as they have largely been excluded from clinical trials and na-
tional registries. However, as the number of cancer survivors or
those undergoing active treatment increases, so does the frequency
of percutaneous coronary intervention (PCl) performed on these
patients.

Timeline

Date Significant event

May 23,2021 Presentation to the Emergency Department with Type
2 respiratory failure and chest pain. Admitted to
ICU and commenced on milrinone, dual antiplatelet
therapy, intravenous heparin, and antibiotics
May 24,2021 TTE showed severe left ventricular dysfunction with
akinesis of the anterior wall
CT chest showed tumour encasing the LIMA-OM graft
Diagnostic coronary angiogram showed diffuse
segment of disease in the LIMA-OM graft with a

June 1, 2021
June 4, 2021

mid-segment 99% lesion

June 11,2021 PCl to the native LCx CTO

June 15,2021  Discharged home after optimization of heart failure
therapy

Case presentation

A 68-year-old man presented with Type 2 respiratory failure after
several days of increasing dyspnoea and pleuritic chest pain. He
had left upper lobe Stage Il squamous cell lung carcinoma diagnosed
1 year ago, for which he had completed 20 fractions of 55 Gy radio-
therapy 6 months before. He was considered unsuitable for chemo-
therapy with cisplatin/paclitaxel due to his poor Eastern Cooperative
Oncology Group performance status, and history of coronary bypass
grafting [left internal mammary artery (LIMA)-obtuse marginal (OM),
saphenous vein graft (SVG)-OM, SVG-right posterior descending ar-
tery (RPDA)] 7 years prior, poorly controlled diabetes, endovascular
aneurysm repair for abdominal aortic aneurysm, hearing loss,

peripheral neuropathy, and voice hoarseness due to tumour involve-
ment of the recurrent laryngeal nerve. Transthoracic echocardio-
gram 1-year prior had shown normal left ventricular (LV) systolic
function with abnormal septal motion.

Initial workup

Investigations on admission showed elevated serum creatinine of
151 umol/L, eGFR of 46 mL/min/1.73 m? and C-reactive protein of
35 mg/L. Serum high sensitivity troponin T measured 4 h apart was
134 ng/L (normal <14 ng/L) and 210 ng/L, peaking at 334 ng/L;
consistent with non-ST elevated myocardial infarction (NSTEMI).
An electrocardiogram showed sinus rhythm and pre-existing left
bundle branch block. Chest X-ray showed left lower zone consolida-
tion and pulmonary oedema. Transthoracic echocardiogram showed
normal LV size with moderate—severe systolic dysfunction. Notably,
akinesis of the whole anterior and anterolateral wall was seen. He was
admitted to the intensive care unit for non-invasive ventilation, ino-
tropic support with milrinone, intravenous diuretics, and intravenous
antibiotic therapy for community-acquired pneumonia. He was also
commenced on dual antiplatelet therapy and an intravenous heparin
infusion for management of an NSTEMI. Chest computerized tomog-
raphy (CT) showed an infiltrating mass of 10 cm x 6.5 cm in size in-
vading the left hilum (Figure 7). There was a severe narrowing of the
left upper lobe bronchus with complete occlusion of the small
airways supplying the anterior portion of the lobe. Coronary angi-
ography via the left radial artery showed a right dominant circu-
lation, a discretely diseased left main coronary artery (LMCA)
with 70% stenosis, minor diffuse disease of the left anterior des-
cending artery (LAD), diffusely diseased non-dominant left cir-
cumflex artery (LCx) with 100% proximal chronic total
occlusion (CTO) which had a multicentre CTO Registry of
Japan score (J-CTO) score of 3 (calcification, length >20 mm
and ambiguous cap), proximal dominant right coronary artery oc-
clusion with patent SVG to the RPDA (Figure 2). The LIMA graft
to the OM artery had a long segment of diffuse disease with a
99% lesion in the mid-portion (Figure 3). Fractional flow reserve
(FFR) to the LMCA and proximal LAD was 0.80 and LMCA min-
imal luminal area (MLA) was 5.5 mm? and was unlikely to be
ischaemic.

Diagnosis and management

Left internal mammary artery grafts are generally resistant to athero-
sclerosis and the appearance of the mid-LIMA lesion raised the sus-
picion of extrinsic tumour compression. Computerized tomography
chest confirmed recurrent lung neoplasm encasing and compressing
the mid-LIMA graft. It is unclear as to how much tissue fibrosis sec-
ondary to previous irradiation was contributing to the occlusive le-
sion. There was extensive discussion about the optimal
revascularization management approach post-NSTEMI with new se-
vere ischaemic cardiomyopathy due to extrinsic tumour compres-
sion of the LIMA graft. He was at high risk for redoing CABG, and
PCl was preferred. The anterior akinesis was likely due to progres-
sion of LMCA disease, but PCl was not required given negative
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Figure 1 Chest X-ray and computerized tomography chest at admission demonstrating infiltrating mass in the left lung. The chest X-ray in (A)
demonstrates hyperinflation of the lungs with increased peribronchial markings in the left lung. The computerized tomography demonstrates in
panel (B), an infiltrative irregular and speculated mass in the left hilum measuring ~10 cm x 6.5 cm. There is peribronchovascular thickening and

compression of the left upper lobe bronchus with complete occlusion of the small airways. There is involvement of the left pleura (B) and (C).
The mass is encasing the left internal mammary artery graft, with resultant extrinsic compression (C) and (D).

FFR and adequate MLA. A differential cause for LV dysfunction due
to the direct effects of radiotherapy was considered. Stenting of
the mid-LIMA graft lesion was thought to have a low success, given
the ability for rapid tumour regrowth leading to re-occlusion. An al-
ternate approach with a covered stent would be prone to thrombot-
ic occlusion. Not only was he was thought to be at higher thrombotic
risk from cancer but wiring and balloon dilatation of the LIMA lesion
would have concomitant risks of bleeding and perforation as it is
within a friable tumour with increased vascularity. The consensus
opinion was that LIMA lesion stenting was a suboptimal option as ra-
pid re-occlusion is likely due to tumour progression, based on previ-
ous clinical experience at our centre. Furthermore, the pathological
mechanisms responsible for in-stent restenosis via neointimal hyper-
plasia are well described. However, there is little known about the
mechanical factors that might contribute to stent failure?
Anatomical factors that increase the likelihood of longitudinal stent
deformation include lesion calcification, length, and vessel tortuos-
ity.* With an expected median survival of 18 months, PCl to the na-
tive LCx CTO lesion vs. medical therapy alone was discussed with
the patient and his family who agreed to proceed with percutaneous

revascularization. Chronic total occlusion -PCl was also high risk, gi-
ven the J-CTO score but likely to be a more durable result if success-
ful. He underwent intravascular ultrasound (IVUS)-guided PCl to the
LCx CTO lesion 4 days later using bilateral radial artery access.
Antegrade wire escalation strategy was successful with 1.7 Fx mizuki
microcatheter, and IVUS showed extensive calcification and intravas-
cular lithotripsy (C2 3.0 x 12 mm—proximal 30 pulses and mid-40
pulses) and placement of two drug-eluting stents (Orsiro 3.0 x
22 mmand 2.5 x 26 mm) (Figure 4). There were no procedural com-
plications, and he was discharged home on aspirin and clopidogrel
and heart failure therapy including beta-blocker, angiotensin recep-
tor—neprilysin inhibitor, and mineralocorticoid receptor antagonist.

Follow-up

The patient was followed up 1 month following PCl and was limited by
exertional dyspnoea primarily due to lung cancer and anaemia (Hb
78 g/L) but remained angina-free and did not require re-hospitalization.
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Figure 2 Diagnostic coronary angiogram demonstrating the left
circumflex artery chronic total occlusion. These RAO —27.0° and
Caudal —35.4° coronary angiography images show the sternotomy
wires from prior coronary artery bypass surgery, 70% distal sten-
osis of the left main coronary artery, minor diffuse disease of the
left anterior descending artery, and an occluded proximal chronic
total occlusion of the left circumflex artery.

Figure 3 Diagnostic coronary angiogram demonstrating com-
pression of the left internal mammary artery to obtuse marginal
graft. This is a LAO 2.8° and cranial 27.2° view with the left internal
mammary artery graft selectively engaged. There is a diffuse seg-
ment of flow-limiting disease in the mid-section of the left internal
mammary artery to obtuse marginal graft with flow distal to the le-
sion, secondary to extrinsic compression of the tumour. There is
no atherosclerotic disease in the rest of the graft.

Figure 4 Final image of left circumflex artery after the intravas-
cular ultrasound-guided percutaneous coronary intervention of
the chronic total occlusion. In the LAO 49.7° and caudal —15.0°
view with engagement of the left main coronary artery showing
flow restored to a revascularized proximal left circumflex artery
after the intravascular ultrasound-guided percutaneous coronary
intervention with intravascular lithotripsy and placement of two
drug-eluting stents (Osiro 3.0 X 22 mm + 2.5 x 26 mm).

Discussion

In general, patients with metastatic cancer have a poor prognosis
post-PCl, with an increased risk of in-hospital mortality and bleeding
complications despite optimal medical therapy."” Overall, a conserva-
tive approach is preferred; but even in patients with a life expectancy
of <1 year who present with an acute coronary syndrome, PCl should
be considered, as these patients have lower mortality than those man-
aged conservatively.® Management of cancer patients requiring PCI
mandate balancing bleeding and thrombotic risks as dual antiplatelet
therapy is routine. Underlying primary or inherited thrombocytopenias
and coagulopathies can restrict the use of dual antiplatelet therapy and
increase the risk of bleeding post-PCI. This is balanced with the higher
risk of stent thrombosis in a physiologically pro-coagulant state.”®

The challenge for patient management is defining the goals of ther-
apy and balancing the risks of treatment. In this case, percutaneous
intervention was preferred to revascularize a terminally ill patient
with recurrent lung cancer refractory to chest radiation therapy
who has already had CABG. There was expected viability in the
LCx territory and revascularization of the LIMA graft or native LCx le-
sion and their antecedent risks was complex. Left internal mammary
artery graft intervention posed uncontrollable and unacceptable risks
if bleeding occurred leading to haemo-mediastinum formation, which
is extremely difficult to manage. Even if LIMA lesion stenting was sim-
ple, the likelihood of medium-term patency is poor. Left circumflex ar-
tery CTO-PCl with complex JCTO3 lesion was associated with higher
complication risks compared with non-CTO-PCI.
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Understandably, the HEART team, patient, and family discussions
were extensive and prolonged. The expected benefits of PCl and revas-
cularization are attenuated in the setting of advanced Stage Il lung cancer
which was the primary determinant of his prognosis, and other co-
morbidities limiting his function and quality of life even in the absence
of angina. Hospital discharge with reduced re-admission and well-being
were the primary objectives of treatment. To be aresident at home with
controllable symptomatology and reduced hospitalization duration was
agoal. The patient had an advanced care directive and was not for resus-
citation in the event of a cardiac arrest or ventilation.

This case highlights that patients with cancer and coronary artery
disease may have multiple complex issues all impacting on prognosis
and clearly defining treatment goals should be a priority. Evidence in
the area is lacking but continues to evolve but each patient’s care
needs to be individualized.
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