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Abstract

Background: Thoracic radiation predisposes patients to accelerated 
coronary artery disease. There is a paucity of data in both short-term 
and long-term outcomes following revascularization in patients who 
have undergone thoracic radiation.

Methods: We performed a search of the Medline, Cochrane, and Sco-
pus databases for studies that compared outcomes in cancer patients 
who have undergone thoracic radiation and percutaneous coronary 
intervention (PCI). The primary outcome of our meta-analysis was 
all-cause mortality. Secondary outcomes included cardiac mortality, 
myocardial infarction (MI), and restenosis.

Results: The analysis included four observational studies with a total 
of 13,941 patients for the primary outcome of all-cause mortality. There 
were a total of 1,322 patients analyzed for cardiac mortality, 13,103 for 
MI, and 10,530 for restenosis. The longest follow-up for the primary 
outcome was 16 years. There was statistically significant higher risk of 
all-cause mortality in patients who underwent thoracic radiation (risk 
ratio (RR): 1.29, 95% confidence interval (CI): 1.08 - 1.54, P = 0.004). 
There was no statistically significant difference in cardiac mortality (RR: 
1.15, 95% CI: 0.83 - 1.61, P = 0.40), MI (RR: 1.01, 95% CI: 0.20 - 5.08, 
P = 0.99), and restenosis (RR: 1.92, 95% CI: 0.24 - 15.35, P = 0.54).

Conclusion: In this meta-analysis, we found a higher risk of all-cause 
mortality in patients with a history of thoracic radiation undergoing 
PCI, likely from underlying malignancy itself.

Keywords: Cardiotoxicity; Coronary restenosis; Coronary artery dis-
ease; Radiation

Introduction

Over the past several years, life expectancy in patients with 
malignancies has improved as a result of novel treatment ap-
proaches. Radiation therapy has become a hallmark of this lon-
gevity and accounts for treatment in approximately half of all 
malignancies, notably Hodgkin’s lymphoma and breast cancer 
[1]. Coronary artery disease (CAD) in patients who have un-
dergone radiation therapy is a well-known complication, with 
a prevalence of up to 85%. In terms of revascularization, there 
is no consensus, and most patients are treated similarly to their 
non-irradiated counterparts, with percutaneous coronary inter-
vention (PCI) or coronary artery bypass grafting (CABG) [2]. 
Given the paucity in data, we performed a systematic review 
and meta-analysis evaluating outcomes in patients who have 
undergone thoracic radiation and underwent PCI.

Materials and Methods

Data sources and search strategy

A search of the MEDLINE, Cochrane, and Scopus databases 
was performed from inception until March 2022 using the fol-
lowing search terms: “percutaneous coronary intervention”, 
“coronary artery disease”, “percutaneous coronary revascular-
ization”, “mediastinal radiation”, “thoracic radiation” in com-
bination or separately to identify articles evaluating outcomes 
in cancer patients who have undergone thoracic radiation and 
PCI. No language restrictions were applied. This meta-analy-
sis was performed following the Preferred Reporting Items for 
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Systematic Review and Meta-Analysis (PRISMA) guidelines 
(Supplementary Material 1, www.cardiologyres.org) [3]. IRB 
approval is not applicable as it is a meta-analysis. This study 
was conducted in compliance with the ethical standards of the 
responsible institution on human subjects as well as with the 
Helsinki Declaration.

Inclusion and exclusion criteria

Inclusion criteria included studies that evaluated outcomes 
in cancer patients who had undergone thoracic radiation with 
cardiac involvement and PCI that additionally included a con-
trol group of CAD requiring PCI without thoracic radiation. 
Patients who had undergone mediastinal radiation were addi-
tionally included. Case reports, case series, and case control 
studies were excluded due to inherently higher risk of bias and 
difficulty assessing validity in these studies. Studies were also 
excluded if they did not have a control group or compared out-
comes between PCI and CABG patients.

Data extraction

Final studies for inclusion in the analysis were obtained by 
authors RT, PB, ML, and DAJ. Data were extracted by authors 
RT and MP. Data were verified by authors RT, PB, and MP. If 
discrepancies occurred, they were resolved through joint dis-
cussion among all authors.

Outcomes

The primary outcome of this study was all-cause mortality in 
cancer patients undergoing thoracic radiation and PCI. Sec-
ondary outcomes included cardiac mortality, myocardial in-
farction (MI), and coronary stent restenosis.

Evaluation of quality of included studies

Bias was assessed using the Newcastle-Ottawa Scale as seen in 
Supplementary Material 2 (www.cardiologyres.org) [4].

Statistical analysis

Due to the potential for heterogeneity among the studies identi-
fied for our analysis, a random-effects model was utilized. The 
effect measure for our variables was relative risk (RR). P-val-
ues were statistically significant if < 0.05. Heterogeneity was 
obtained using I2 statistics [5]. Analysis was conducted with the 
RevMan 5.4 software (Cochrane Collaboration, Oxford, UK).

Results

Our meta-analysis identified four observational studies with 

a total of 13,941 patients who had undergone thoracic radia-
tion and PCI for our primary outcome of all-cause mortality 
[6-9]. The study selection according to PRISMA criteria can 
be found in Figure 1. Baseline characteristics of the patient 
population in the four studies can be found in Tables 1 and 2.

Primary and secondary outcomes

The primary outcome of this study was all-cause mortality de-
rived from all four studies [6-9]. All-cause mortality after PCI 
was significantly higher in patients with a history of thoracic 
radiation compared to those with no history of prior thoracic 
radiation (risk ratio (RR): 1.29, 95% confidence interval (CI): 
1.08 - 1.54, P = 0.004, I2 = 0%) (Fig. 2). There were a total of 
1,322 patients analyzed for cardiac mortality among three stud-
ies [7-9], and 13,103 for MI and 10,530 for restenosis among 
two studies [6, 7]. There was a numerically increased risk of 
cardiac mortality (RR: 1.15, 95% CI: 0.83 - 1.61, P = 0.40, I2 = 
0%) (Fig. 3), MI (RR: 1.01, 95% CI: 0.20 - 5.08, P = 0.99, I2 = 
48%) (Fig. 4), and restenosis (RR: 1.92, 95% CI: 0.24 - 15.35, 
P = 0.54) (Fig. 5) in the radiation group but it did not reach 
statistical significance. There was significant heterogeneity in 
Pheterogeneity < 0.0001, I2 = 94% in the restenosis group.

Discussion

In our analysis of 13,941 patients from four observational 
studies looking at post-PCI outcomes with and without a his-
tory of prior thoracic radiation, we found that there is a higher 
risk of all-cause mortality among patients who underwent 
thoracic radiation and PCI. Furthermore, there was no statisti-
cally significant risk in cardiac mortality, MI, or restenosis 
when compared to patients who did not receive prior thoracic 
radiation.

Numerous studies have shown an increased risk of prema-
ture cardiovascular disease in cancer survivors with prior ra-
diation exposure [10]. Radiation leading to arteriosclerosis has 
been a known phenomenon for decades [11]. The American So-
ciety of Echocardiography recommends screening patients for 
radiation-induced heart disease with imaging modalities such 
as transthoracic echocardiogram, cardiac magnetic resonance, 
or coronary computed tomography angiography in those who 
have received more than 35 Gy of radiation [10]. The timing 
recommended for screening is either 5 years after completion 
of radiation therapy or after ages 30 to 35 years. Equally im-
portant, evaluation should be done in patients who develop any 
new cardiac symptoms. Risk factors for developing radiation-
induced CAD include hypercholesterolemia, diabetes melli-
tus, chronic obstructive pulmonary disease, smoking history, 
and elevated body mass index [12]. Prevention is focused on 
limiting radiation delivered through a multimodality approach 
such as intensity-modulated radiation therapy, breath holding, 
image-guided radiation therapy, and four-dimensional imag-
ing. Management of CAD in such patients is often complex, 
with limited data to guide treatment decisions. Surgery has 
been reported to have higher rates of complications including 
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Table 1.  Patient Baseline Characteristics

Characteristics
Control Radiation

Schomig Liang Reed Fender Schomig Liang Reed Fender
Age, years 65 ± 11.1 70.2 ± 9.6 65.2 70.3 ± 10 56 ± 7.7 70.2 ± 9.7 65.2 70 ± 10
Female, % 24 64 75 63 20 64 74 63
Hypertension, % 61 77 48 83 33 76 61 73
Hyperlipidemia, % 57 74 48 77 53 73 58 74
Diabetes mellitus, % 24 24 31 29 7 20 32 25
Smoking history, % 24 58 7 65 13 60 16 67

All percentage values are rounded to the nearest whole number. n: number.

Table 2.  Angiographic Characteristics

Characteristics
Control Radiation

Schomig Liang Reed Fender Schomig Liang Reed Fender
Multivessel disease, % 75 64 56 67 53 74 49 71
Complex lesion, % 75 NR 36 51 87 NR 71 50
RCA, % 30 42 53 41 40 38 38 37
LM, % 22 0 6 3 7 0 4 4
LAD, % 41 48 69 41 33 42 52 39
LCx, % 21 24 37 29 13 31 25 32
Graft, % 6 0 NR 0 7 0 NR 1
Number of stents 1.5 ± 0.9 1.5 ± 0.9 2.6 1.3 ± 0.8 1.5 ± 1.1 1.5 ± 0.8 1.5 1.3 ± 0.8

All percentage values are rounded to the nearest whole number. n: number; NR: not reported; RCA: right coronary artery; LM: left main artery; LAD: 
left anterior descending artery; LCx: left circumflex artery.

Figure 1. PRISMA study flow sheet.



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org336

PCI Outcomes in Prior Thoracic Radiation Cardiol Res. 2022;13(6):333-338

mortality due to radiation-related changes in anatomy such as 
scar tissues or even adhesions around the heart, pericardium, 
lung or other organs [13].

Radiation-induced CAD was first described in 1957 [14]. 
In patients receiving radiation for breast cancer, the risk for 
radiation-induced coronary injury increases within the first 5 
years after exposure and continues for at least 20 years [15]. 
This risk is even higher in patients receiving radiation therapy 
for lymphoma due to higher radiation doses [16]. The exact 

mechanism of radiation-induced CAD is still being investi-
gated. The major pathways are believed to be endothelial cell 
death and changes in endothelial cell environment. In terms 
of endothelial cell death, it is believed that DNA damage sec-
ondary to ionizing radiation results in cell cycle arrest and 
ultimately endothelial senescence and apoptosis. Through the 
endothelial senescence, there is activation of inflammatory 
markers that results in oxidative changes and low-density lipo-
protein (LDL) deposition in the vascular endothelium. The ap-

Figure 3. Cardiac mortality.

Figure 4. Myocardial infarction.

Figure 5. Restenosis.

Figure 2. All-cause mortality.
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optosis pathway leads to accelerated atherosclerosis. In terms 
of the cell environment, the mechanisms purported to play a 
role include changes in cell adhesion structure, increased co-
agulopathy, increased reactive oxygen species, inflammatory 
cytokines, angiogenesis, glycolysis, and immune system acti-
vation [17].

Our analysis of four observational studies revealed a high-
er risk of all-cause mortality in patients with previous radia-
tion therapy who underwent PCI. Upon closer examination of 
the individual studies [6-9], we noted discrepant findings with 
regards to all-cause mortality. Three studies did not show in-
creased mortality in patients who underwent radiation and PCI 
[6, 7, 9], while the remaining one study did show an increase in 
mortality [8]. In terms of cardiac mortality, our findings were 
similar to those of Liang et al and Fender et al [7, 9], who 
did not demonstrate statistical significance, but contrasted the 
findings of Reed et al [8]. Our findings of non-significance in 
stent restenosis were similar to Liang et al [7] but contrasted 
those of Schomig et al [6]. The high degree of heterogene-
ity when evaluating restenosis can likely be explained by the 
limited number of studies, as well as difference in end points 
with 6-month evaluation by Schomig et al [6] and 3 years by 
Liang et al [7].

There are limitations to our analysis. The number of stud-
ies evaluating our outcomes was limited, although there was a 
decent population size. There was a large difference in popula-
tion size among the control and events group in the study by 
Schomig et al [6]. Although, we aimed to reduce heterogeneity 
with a random-effects model. There was a high degree of het-
erogeneity when evaluating restenosis likely secondary to only 
two studies being analyzed. Schomig et al [6] had a large dif-
ference in population between the control and treatment group. 
The study also was completed prior to drug-eluting stents in 
the late 1990s and early 2000s [18]. Furthermore, Schomig 
et al evaluated restenosis at 6 months [6], while Liang et al’s 
longest follow-up was at 3 years [7].

Conclusion

In our meta-analysis of a small number of studies examin-
ing post-PCI outcomes in cancer patients, we found a statis-
tically significant higher risk of all-cause mortality post-PCI 
in patients with a history of prior thoracic radiation therapy 
compared to those with no prior thoracic radiation, likely, at-
tributably to malignancy itself. Additionally, we found no sta-
tistically significant increase in risk of cardiac mortality, MI, 
or restenosis in patients with prior thoracic radiation therapy 
compared to those without prior thoracic radiation. Further 
large-scale studies are needed to better appreciate both short-
term and long-term outcomes in patients who undergo thoracic 
radiation therapy and PCI.

Supplementary Material

Suppl 1. PRISMA guidelines.
Suppl 2. Newcastle-Ottawa scale.
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