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Long-Term Outcomes of Patients With Mediastinal
Radiation—Associated Coronary Artery Disease Undergoing
Coronary Revascularization With Percutaneous Coronary
Intervention and Coronary Artery Bypass Grafting

of coronary artery disease (CAD) and worse outcomes from coronary revascu-

larization compared with patients without prior radiation.' In addition, 60%
to 80% of patients with radiation-associated cardiac disease have valvular disease
requiring intervention."?> Because of the paucity of literature comparing outcomes
of various coronary revascularization strategies for radiation-associated CAD, we
sought to study the association of various coronary revascularization strategies
with longer-term mortality in such patients.

This observational cohort study included 333 consecutive unique patients with
previous mediastinal radiation exposure (190 [57%] for Hodgkin lymphoma, 72
[22%] for breast cancer, 32 [10%] for non-Hodgkin lymphoma, and 39 [11%] oth-
ers) ~2 decades before who subsequently developed CAD and underwent coro-
nary revascularization with percutaneous coronary intervention (PCl) or coronary
artery bypass grafting (CABG) at a high-volume center between January 2000 and
May 2019 (follow-up through September 2019). The Institutional Review Board
approved the study with waiver of individual informed consent. All patients were
free of recurrent tumor at coronary revascularization. The primary outcome was all-
cause mortality. Secondary outcomes were major adverse cardiac events, defined
as cardiac death, unplanned revascularization, and nonfatal myocardial infarction.
Cox proportional hazards survival analysis was performed (after testing Schoenfeld
residuals), and variables with a value of P<0.1 on univariable analyses were consid-
ered in the multivariable model. Kaplan-Meier analysis was used to generate event
curves and compared with the generalized Wilcoxon statistic.

One hundred thirty-three patients (40%) underwent PCl, and 200 (60%) under-
went CABG. Clinical and demographic data of the 2 groups are shown in Figure (A).
Despite similar baseline SYNTAX (Synergy Between Percutaneous Coronary Interven-
tion With Taxus and Cardiac Surgery) scores (13.8 versus 11.7; P=0.20), left main dis-
ease and multivessel disease were more prevalent in the CABG group (P<0.001). At
106+78 months, death occurred in 158 patients (47%), and 146 patients (44.0%)
experienced major adverse cardiac events. There was no significant difference in lon-
ger-term mortality among patients undergoing PCl versus those undergoing CABG
(generalized Wilcoxon P=0.61; Figure [B]), although patients undergoing CABG (ver-
sus PCl) experienced lower longer-term major adverse cardiac events (36.0% ver-
sus 56.0%; generalized Wilcoxon P<0.001), repeat revascularization (29.0% versus
50.0%; generalized Wilcoxon P<0.001), and myocardial infarction (12.0% versus
19.0%; generalized Wilcoxon P=0.01). After stratification based on concurrent val-
vular intervention, patients undergoing isolated CABG had better long-term sur-
vival compared with patients undergoing isolated PCl, PCl+transcatheter aortic valve
replacement, or CABG+multivalve surgery (generalized Wilcoxon statistic P<0.001;
Figure [C]). On multivariable analysis, concomitant valve intervention (hazard ratio,
3.89[95% Cl, 2.26-6.71]; P<0.001) and involvement of the left anterior descending
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A B
Variables PCI(n=133) | CABG (n=200) |p-value "
N (%) N (%) NCABG
Age (years) 58=13 57=12 0.61 _PCl
Male gender 65 (49) 112 (56) 0.22 g -
Malignancy history 0.20 =
Hodgkin’s lymphoma 75 (56) 115 (58) 3
Breast cancer 26 (20) 46 (23) -
Non-Hodgkin’s lymphoma 12(9) 20 (10) [
Other 20(15) 19(9) S .
Comorbidities
Hypertension 90 (68) 133 (67) 0.81 s
Hyperlipidemia 101 (76) 135 (68) 0.08 o 20 “ 3 [ 100 120
Diabetes mellitus 32 (24) 49 (25) 097 Follow-Up (Months)
Smoking History 53 (40) 74 (37) 0.65 )
—= AtRisk:
Medication use CABG 200 175 155 136 116 9 89
Aspirin 114 (86) 150 (75) 0.02 pcl 133 115 104 85 7 55 46
Statin 109 (82) 153 (77) 0.21
Beta blocker 93 (70) 143 (12) 0.80 C ' B
ACE inhibitor 33 (25) 36 (18) 0.17 N . ';a"f%&t,i'
ARB 17(13) 17(9) 0.27 s ~lsolated
SYNTAX Score 13=8 117 0.20 s )
Echocardiographic data 2 ~ICABG + Valve
>Moderate MR 50 (38) 78 (39) 0.82 = v
>Moderate TR 46 (35) 82 (41) 0.24 [ o
RVSP (mmHg) 41.7+14.6 4225137 0.79 3
LVEF (%) 51.7£12.5 52.8+11.2 0.41 os
Laboratory data -
Creatinine (mg/dL) 1.140.45 1.09+0.6 0.38 w % T 7
Pulmonary function testing Follow-Up (Months)
FEVUFVC (%) 9214 92=13 0.81 At Risk:
DLCO (%) 6318 6219 0.74 Isolated PCI 87 75 69 58 a8 34 30
Left main disease 13 (10) 5427 <0.001 e s 1 o o Eoonon B
Multivesse disease 26 (20) 153 (77) <0.001 CABG + Valve 100 7% 64 50 35 u 19
Number of target vesses 1.2+0.6 24=1.1 <0.001

Figure. Cohort description and primary study outcomes.

A, Characteristics of study population. Kaplan-Meier curves divided into 2 subgroups: (B) percutaneous coronary intervention (PCl) vs coronary artery bypass
grafting (CABG) and (C) 4 subgroups (isolated PCl, PCl+transcatheter aortic valve replacement (TAVR), isolated CABG, CABG+valves). ACE indicates angiotensin-
converting enzyme; ARB, angiotensin receptor blocker; DLCO, diffusion lung capacity; FEV1, forced expiratory volume at 1 minute; FVC, forced vital capacity; LVEF,
left ventricular ejection fraction; MR, mitral regurgitation; RVSP, right ventricular systolic pressure; SYNTAX, Synergy Between Percutaneous Coronary Intervention

With Taxus and Cardiac Surgery; and TR, tricuspid regurgitation.

artery (hazard ratio, 1.97 [95% Cl, 0.51-1.44]; P=0.02)
were independently associated with mortality.

The optimal strategy for management of CAD in ra-
diation-associated cardiac disease remains understudied.
Although the SYNTAX scores tend to be lower in radia-
tion-associated cardiac disease because of discrete lesions
that are more proximal rather than bi/trifurcation,? an ad-
ditional challenge is concomitant valvular disease, requir-
ing more complex procedures.’** In this study, we identi-
fied no difference in mortality between those treated with
PCl and patients treated with CABG. However, patients
with isolated CABG had much better longer-term survival
compared with other groups, including those with isolat-
ed PCl. CABG had several favorable long-term outcomes
(versus PCl), including lower rates of major adverse cardiac
events, revascularization, and myocardial infarction despite
comparable baseline SYNTAX scores and demographics.
A plausible explanation is that mediastinal radiation expo-
sure is associated with proximal vessel involvement, a fac-
tor associated with poorer outcomes in patients after PCl
compared with those without proximal disease or those
with proximal disease undergoing CABG.™ Our study
also provides additional evidence for a high burden of val-
vular disease in patients with radiation-associated cardiac
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disease, with 44% of patients with CAD requiring concur-
rent valvular intervention. Such patients were nearly 4-fold
as likely to experience long-term mortality. Given the high
rate of comorbid valvular disease among patients with
radiation-associated CAD and the poor outcomes among
this cohort undergoing reoperations,® there is need for
further investigation into comprehensive heart team-led
management strategies.’
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