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Radiation-induced cardiovascular disease is well described as a late effect in cancer patients

treated with radiation therapy. Advancements in surgery, radiotherapy, and chemotherapy have

led to an increasing number of cancer survivors with resultant long-term side effects related to

their cancer treatments. In this review, we describe the short- and long-term cardiovascular

consequences of mediastinal radiotherapy and discuss the optimal cardiovascular assessments

and diagnostic tools in asymptomatic and symptomatic patients.

KEYWORDS

Cardiovascular disease, Prevention, Radiotherapy

1 | INTRODUCTION

More than 50% of patients with cancer undergo radiation therapy (RT).

RT is an integral part of achieving long-term cure in a number of

intrathoracic malignancies, especially among patients with breast cancer

and Hodgkin lymphoma (HL). It is also frequently employed in patients

with lung, esophagus, and thyroid cancer. With improved surgical proce-

dures, radiation regimes, and chemotherapeutic treatments, the number

of cancer survivors is increasing—and so is the number of patients with

long-term RT-induced cardiovascular (CV) complications.1,2

In 1987, Cuzick et al published an analysis of trials comparing

radical mastectomy without RT against simple mastectomy with

RT. Overall, no significant difference in survival was seen, but

there was a nonsignificant trend for patients given RT to do worse

after 15 years of follow-up.3 A few years later, it was documented

that excess mortality was primarily related to cardiac deaths

among patients irradiated for left-sided breast cancer.4 Subse-

quently, there has been much focus on the risk of RT-induced

heart morbidity and mortality. There seems to be a clear dose-

response relationship,5,6 although no threshold dose of RT has

been documented.5 Meta-analyses show that RT-induced heart

disease develops slowly and is normally not seen before ≥15 years

of follow-up.4

In a study of 6039 HL patients followed for a median of 9 years

after RT, CV complications were seen in 703 patients (11.6%), the

most common being coronary heart disease (19%), arrhythmia (16%),

heart failure (12%), heart valve disease (11%), and pericardial

disease (5%).7

In this review we will focus on the different manifestations of

RT-induced heart and vascular disease (an overview is shown in the

Table 1).

2 | METHODS

We comprehensively reviewed the Cochrane Library, PubMed, and

Embase databases through April 29, 2016, for relevant studies evalu-

ating the association between RT and cardiovascular disease (CVD).

A total of 178 clinical and observational studies, meta-analyses, and

review studies were evaluated. Further searches were performed

using reference lists, and recent literature reviews from recent papers

were added; a total of 40 references were found eligible.

3 | RESULTS

3.1 | RT with dose-response association

During the last decade, most RT departments changed to computed

tomography (CT)-based dose planning. This provides opportunity for

definition of relevant targets and organs at risk, as, for example, the

heart.8 The largest groups of patients being treated with RT are those

with breast cancer and lymphoma.
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In particular, patients with breast cancer and lymphoma are sub-

ject to potential cardiotoxic chemotherapy used in the treatment of

both types of cancer, especially anthracyclines. In assessing the likeli-

hood that a given heart disease is induced by RT, it is appropriate to

examine whether there is overlap between heart damage and previ-

ous radiation fields.

In a population-based study of 5-year survivors of HL age

<41 years at time of treatment (1965–1995), the risk of CVD was 3×

to 5× higher than expected, even after a follow-up time of 25 years.9

The authors found a 30-year cumulative incidence of any CVD of

34.5%, with an incidence of myocardial infarction (MI) of 12.9% and

incidence of valvular disorders of 19.7%.9 CV side effects of RT are

directly related to RT dose and volume of the heart being irradiated.10

The mediastinal RT dose of 36, 30, 25, or 20 centigray (cGy), or no RT,

showed 25-year cumulative incidence of CVD of 21% in the 36-cGy

RT dose, decreasing to 10%, 6%, 5%, and 3% (no RT), respectively.10

Similar dose-response association has been shown in several studies.11

In a study of 14 358 survivors of cancer, of which >50% received

chemotherapy and radiation, survivors of cancer were significantly

more likely than siblings to report congestive heart failure (CHF; haz-

ard ratio [HR]: 5.9, 95% confidence interval [CI]: 3.4-9.6, P < 0.001),

MI (HR: 5.0, 95% CI: 2.3-10.4, P < 0.001), pericardial disease (HR:

6.3, 95% CI: 3.3-11.9, P < 0.001), or valvular abnormalities (HR: 4.8,

95% CI: 3.0-7.6, P < 0.001). Exposure to ≥250 mg/m2 of anthracy-

clines increased the relative hazard of CHF, pericardial disease, and

valvular abnormalities by 2× to 5× compared with survivors who had

not been exposed to anthracyclines. Cardiac radiation exposure of

≥1500 cGy increased the relative hazard of CHF, MI, pericardial dis-

ease, and valvular abnormalities by 2-fold to 6-fold compared with

nonirradiated survivors. The cumulative incidence of adverse cardiac

outcomes in cancer survivors continued to increase up to 30 years

after diagnosis.11

3.2 | Pericardial disease

Acute pericarditis can develop in experimental animals within days to

weeks after a single high irradiation dose of 20 to 40 cGy, due to

inflammation.12 Acute exudative pericarditis is a rare condition that

can occur during RT or within weeks post-RT and can be revealed by

asymptomatic pericardial effusion or symptomatic pericarditis

(Figure 1). Spontaneous clearance of an effusion may occur, but some

patients may develop large pericardial effusion. Pericardiocentesis is

indicated if the effusion is large or causing hemodynamic

compromise.13

Chronic pericarditis appears months to years after RT. Among

asymptomatic patients with previous mediastinal radiation, pericardial

thickening was present in 21% of patients and small pericardial effu-

sion was noted in 3% of the patients.14 The prevalence of pericardial

thickening increased with longer latency period, with a prevalence of

33% for the >20 years latency group.14 Most patients are relatively

asymptomatic, even with large pericardial effusions. The condition

may be detected as a coincidental finding on CT or X-ray of the

chest.

Treatment of acute pericarditis comprises conventional therapy,

including nonsteroidal anti-inflammatory drugs and colchicine.15 Ster-

oids are used as second-line agent. In resistant cases, an interleukin-

1β receptor antagonist (anakinra) may be useful.16

Constrictive pericarditis is the most severe form of RT-induced

pericardial disease.16 Symptoms are those of intractable CHF. Diure-

tics are used for symptomatic relief, but the definitive treatment is

surgical pericardiectomy.17

Pericardiectomy is associated with a perioperative mortality of

6%.17 Long-term outcome depends upon the etiology, left ventricular

systolic function, pulmonary artery pressure, and age. Prior RT is

associated with a poor outcome.17

TABLE 1 Overview of cardiovascular structures being affected after RT

Tissue Involved Diagnostic Consideration Time of Presentation After RT Cardiac Evaluation

Pericardium Acute pericarditis Days to weeks TTE

Chronic effusion Weeks to months TTE

Constrictive pericarditis Years TTE, MRI, right-sided catheterization

Vascular tree Premature CAD Years CT, SPECT, catheterization, TTE (stress), risk factors

MI Months to years Catheterization

Asymptomatic CAD Years CT, SPECT, catheterization, TTE (stress), risk factors

Aortic arch calcification Years CT, MRI

Carotid stenosis Years Perfusion imaging, MRI, risk factors

TIA/stroke Months to years Perfusion imaging, MRI, risk factors

PVD Months to years Perfusion imaging, CT-flow

Endocardium Valvular disease Years Echo (stress), TEE

Myocardium Myocarditis Weeks to months Echo, MRI, biomarkers

Cardiomyopathy Months to years TTE

Chronic HF Years TTE

Diastolic dysfunction Years TTE

Conduction system Heart block Months to years ECG, Holter

Abbreviations: CAD, coronary artery disease; CT, computed tomography; ECG, electrocardiogram; Echo, echocardiography; HF, heart failure; MI, myocar-
dial infarction; MRI, magnetic resonance imaging; PVD, peripheral vascular disease; RT, radiotherapy; SPECT, single-photon emission computed tomogra-
phy; TEE, transesophageal echocardiography; TIA, transient ischemic attack; TTE, transthoracic echocardiography.
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3.3 | Symptomatic CAD

In animal studies, the mechanism of coronary artery disease (CAD) is

believed to be related to vascular endothelium damage leading to

arteritis, significant fibrosis of the adventitia, media destruction, and

secondary lipid deposition.18

A population-based case-control study of major coronary events

was conducted in women in Sweden and Denmark who received RT

for breast cancer between 1958 and 2001. Out of 35 000 RT-treated

women, 963 women suffered a major coronary event (MI, coronary

revascularization, or death from ischemic heart disease [IHD]) and

were included for study, as well as 1205 controls. Forty-four percent

suffered the coronary event within 10 years, 33% occurred within

10 to 19 years, and 23% occurred ≥20 years afterward.5,19 Women

being irradiated for cancer of the left breast had higher rates of major

coronary events than women being irradiated to the right.5 There

was an increase in risk of a major coronary event by 7.4% per 1-cGy

increase in mean heart RT dose. The risk was 6.7× as high in women

with prior IHD as compared with women with no such history. The

risk of major coronary events was also elevated among women with

other circulatory diseases, diabetes mellitus (DM), chronic obstructive

pulmonary disease, smoking, and high body mass index.5

A study of HL patients also identified a dose-response relation-

ship of the same magnitude and also confirms the long-term risk of

CAD, with a median time interval from diagnosis of HL and CAD of

19 years.6

An increased risk of fatal MI of 2.2-fold to 7.7-fold (as compared

with the general population) have been documented in several stud-

ies of HL survivors who had prior treatments with supradiaphrag-

matic RT.6 More than 1 classical CAD risk factor further increased

the risk of suffering symptomatic MI or angina.20 The risk of develop-

ing CAD increases with time. However, one randomized study asses-

sing morbidity and mortality from IHD in patients treated with post-

mastectomy RT or not, did not show an increased risk of IHD in the

RT group compared with the non-RT group within 12 years of

treatment.21

Patients with prior RT might have involvement of the proximal

coronary arteries22,23 and also myocardial perfusion defects, in nona-

natomical territories, suggesting small-vessel damage with RT.24

Development of CAD is related to the age of the patient, proximity

of the tumor to the heart, radiation dose, and presence of coexisting

risk factors.5 Treatment of radiation-induced CAD is similar to general

population,2 although the risk of restenosis in these patients is higher

than usual. In patients with prior RT treatment, the risk after surgical

procedures, such as coronary artery bypass grafting, is higher than in

patients without prior RT treatment.25 Evaluation of potential porce-

lain aorta must be performed before deciding on surgery.25

3.4 | Asymptomatic CAD

In a study of 294 asymptomatic HL survivors who had no known

CAD, 21.4% had abnormal ventricular images at rest, suggesting prior

myocardial injury.26 In this study, 49% were male, mean age was

42 years (SD = 9), with only 9% having a history of hypertension

(HTN), 27% smokers, and 1% with DM. During stress testing, 14%

developed perfusion defects. A coronary angiography (performed in

90% of patients with perfusion defects) showed stenosis >50% in

55% of the patients.26 Of 294 patients, screening led to bypass graft

surgery in 2.4%, and 7.8% developed coronary events during a

median 6.5 years of follow-up.26

In a prospective study of postoperative RT in left-sided breast

cancer, 12 patients were examined before and 1 year after RT.24 Six

of the 12 patients had new fixed scintigraphic defects after RT. The

average size of the defect on the bull’s-eye view was 63.3 pixels

(range, 36–80 pixels) and average depth was 247.8 pixels (range,

143–333 pixels), which on an average was 3.9× SD. The localization

of the defects corresponded well with the irradiated volume of the

FIGURE 1 ECG and Echocardiogram

showing pericarditis/pericardial effusion
related to radiation therapy. (A): ECG
shows diffuse ST elevation suggestive of
pericarditis. (B): Echocardiogram (subcostal
view) showing small pericardial effusion
during attack of recurrence. (C):
Echocardiogram (subcostal view) showing
complete resolution of the pericardial
effusion. A 60 year female with left lung
cancer, who presented in April 2014,
within 2 weeks of radiation therapy with
typical pain of pericarditis. She had
recurrence of pericarditis in Nov 14, for
which she was given NSAID and cochicine
with good effect.
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left ventricle.24 Neither electrocardiographic (ECG) changes nor left

ventricular segmental wall-motion abnormalities could be detected by

echocardiography.24

Computed tomography angiography is a useful evaluation tool in

asymptomatic patients. In a study of HL survivors age 17 to 28 years,

coronary abnormalities was detected 6.8× as often in patients who

received RT compared with patients who did not receive RT.27

In another study of HL survivors, the prior radiation doses to ste-

notic segments were compared with those received by normal seg-

ments (from cases and controls). In 11 cases out of 12, the highest of

the coronary dose distribution was on a damaged segment.20 The

coronary ostia and proximal segments were most often involved.23

The use of single-photon emission computed tomography gated

myocardial perfusion imaging is also useful in early detection of per-

fusion defects, which is seen in 44% to 47% of asymptomatic

patients as early as 6 months after RT.14,28 In a prospective study of

114 patients with left-sided breast cancer, the incidence of new per-

fusion defects at 6, 12, 18, and 24 months after RT was 27%, 29%,

38%, and 42%, respectively.29

Identification of classical CAD risk factors such as family history

of CAD, smoking, dyslipidemia, DM, HTN, adiposities, and inactivity

are important factors to treat and modify. A thorough clinical evalua-

tion of potential CV symptoms is of importance. In high-risk patients,

noninvasive testing should be considered, preferably with either com-

puted tomography angiography, single-photon emission computed

tomography, or stress echocardiography.1,2,30 Figure 2 illustrates the

case of asymptomatic CAD.

3.5 | Vascular disease

RT of the head and neck can induce early endothelial damage and

extensive fibrosis with lower flow in the carotid artery being irra-

diated.31 An increased risk of transient ischemic attack or stroke has

been documented in 5-year survivors of HL.32 Aortic-arch calcifica-

tion with porcelain aorta is seen >10 years after RT and is of impor-

tance when heart surgery is considered.25 The risk of dying after

surgery is higher in RT-treated patients, and alternative strategies

should be considered.25

Involvement of the femoral arteries and claudication can occur

after abdominal RT. Peripheral arterial disease has been documented

as early as 5 years after RT.33

Medical therapy with aspirin and statins should be considered.

Due to fibrosis in the neck, symptomatic severe carotid disease may

be more amenable to percutaneous intervention. Patients who

undergo neck radiation are good candidates for carotid stenting and

can undergo this procedure with good results.34

3.6 | Valvular heart disease

Valvular heart disease is frequently seen in patients with RT-induced

heart disease. In one postmortem series, the incidence was high, with

81% of patients showing evidence of mild valvular damage.22 The

aortic and mitral valves are more commonly involved than the tricus-

pid and pulmonary valves. Asymptomatic HL survivors after 20 years

(as compared with survivors after 10 years) have a higher incidence

of aortic regurgitation (60% vs 4%) and aortic stenosis (16% vs 0%),

and also a higher incidence of mitral regurgitation (52% vs 26%,

respectively).14 Echocardiography shows unusually marked calcifica-

tion of the intervalvular fibrosa of the aortic valve (Figure 3) and the

anterior mitral leaflet.14

In a nested case-control study from a cohort of 1852 five-

year HL survivors (diagnosed at ages 15–41 years), 89 patients

had valvular heart disease of at least moderate severity as their

first CV diagnosis following HL treatment. Of 89 patients with

moderate valve disease, the aortic valve was affected in 71% and

the mitral valve in 47%. Risks increased more than linearly with

radiation dose.35 With lower doses and newer RT techniques in

recent decades, the risk of valvular heart disease is reduced, and

the authors stated that in patients treated in recent years with

RT of 20 to 30 cGy, the 30-year risk of valvular heart disease will

be increased by only about 1.4% compared with the general

population.35

FIGURE 2 Myocardial perfusion study showing ischemia in the

inferior wall (region of radiation theraphy). A 57 year old
asymptomatic man, who had received a total of 50 Gy radiation 2
years previously for cancer esophagus. Myocardial perfusion study
shows ischemia in the inferior wall.

FIGURE 3 Echocardiogram showing moderate arotic stenosis mild

regurgitation. A 57 year old man with history of Hodgkin’s lymphoma
treated with mediastinal radiation in 1982. In February 2012 he was
evaluated because of symptoms of fatigue. Echocardiogram showed
mild mitral annular calcification and moderate calcific aortic stenosis.
A cardiac catherization also showed CAD, with signficant RCA
disease for which he underwent stenting. (A): Echocardiogram
(parasternal view) showing mild mitral annular calcification and severe
aortic valve calcification. (B): Doppler shows moderate aortic stenosis
with mild regurgitation.
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Patients with murmurs and echocardiographic findings suggestive

of valve disease should be evaluated with echocardiography at regu-

lar intervals, and the patients should be educated in signs of progres-

sion. In patients with severe valve disease, surgery should be

considered. A high preoperative EuroSCORE and an increased thick-

ness of the junction between the base of the anterior mitral leaflet

and the aortic root is a predictor of poor outcome.25,36 In appropriate

cases, other treatment strategies such as transcatheter aortic valve

replacement and percutaneous mitral valve clips may be considered.

3.7 | Myocarditis, cardiomyopathy

Myocardial injury after irradiation is known to be associated with

damage to the microvasculature, which is demonstrated by decreased

microvessel density, focal loss of endothelial alkaline phosphatase,

and increased expression of von Willebrand factor.37 Acute myocar-

ditis related to RT-induced inflammation with transient ST- and T-

wave ECG abnormalities and myocardial dysfunction may occur.

Measurement of cardiac biomarkers, echocardiography with global

longitudinal strain (GLS), and magnetic resonance imaging of the

heart should be considered.

Diffuse myocardial fibrosis can occur, often after a >25-to-30-

cGy RT dose, with resultant systolic and diastolic dysfunction, con-

duction disturbance, and autonomic dysfunction. Restrictive cardio-

myopathy represents an advanced stage of myocardial damage due

to fibrosis with severe diastolic dysfunction and signs and symptoms

of heart failure.14 The risk of developing symptoms of CHF after RT

is 5.9× as high as in siblings not being treated with RT.11

In one study, 1820 young cancer survivors exposed to anthracy-

cline chemotherapy (n = 1050), RT (n = 306), or both (n = 464) were

evaluated with echocardiographic assessment, including 3-

dimensional left ventricular ejection fraction (LVEF), GLS and circum-

ferential myocardial strain, and diastolic function (median age,

31 years, with a median time from diagnosis of 23 years).38 Only

5.8% of survivors had abnormal 3D LVEFs (<50%); however, 32.1%

of patients with normal 3D LVEFs had evidence of cardiac

Mediastinal/Cardiac Radiation 

Baseline: Identify and treat risk factors: e.g. Smoking, Hypertension, Hypothyroidism, 

Diabetes, Vascular disease, obesity. 

Baseline lipids, Thyroid function test, ECG, Echocardiogram. 

Follow up at end of radiation : Clinical Follow up, and if indicated, i.e. heart related 

symptoms or murmors: ECG, Echocardiogram. 

1 year follow up: Clinical follow up, plus Thyroid function test, Lipids. and if indicated, 

i.e. heart related symptoms or murmors: ECG, Echocardiogram.

5 years follow up: Clinical follow up plus Lipids, Thyroid function test, and if indicated, 

i.e. heart related symptoms or murmors: ECG, Echocardiogram.

10 year follow up: Clinical follow up plus Lipids, thyroid function test, and if indicated, 

i.e. heart related symptoms or murmors: ECG, Echocardiogram and consider CT of coronary 

arteries or stress test. 

FIGURE 4 Suggested algorithm for

cardiovascular screening after mediastinal
radiation therapy. Abbreviations: CT,
computed tomography; ECG,
electrocardiogram.
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dysfunction by GLS (28%) or diastolic assessment (8.7%), or both.38

Abnormal GLS was associated with RT at 1 to 19.9 cGy (relative risk

[RR]: 1.38), 20 to 29.9 cGy (RR: 1.65), and >30 cGy (RR: 2.39).38 Also,

anthracycline dose >300 mg/m2 was associated with abnormal GLS

(RR: 1.72). Survivors with metabolic syndrome were twice as likely to

have abnormal GLS.38

In recent consensus statements, it was recommended to use ech-

ocardiography as first choice of LVEF evaluation with use of

GLS.30,39 Treatment with angiotensin-converting enzyme inhibitors

and β-blockers should be initiated if LVEF is <53% or if LVEF or GLS

decrease by >10 percentage points.30,39

3.8 | Conduction system

The conduction system is rarely involved after RT. Changes in the

ECG after RT may range from nonspecific ST-T changes to low volt-

age and right bundle branch block.22,40 Right bundle branch block is

commonly associated with mediastinal RT because the right bundle

lies close to the endocardium on the right side. Injury to bundle may

occur either directly from RT or indirectly from associated myocardial

fibrosis and ischemia. A serious manifestation is complete atrioven-

tricular block. Extensive heart disease with CAD, valve disease, and

constriction is concomitantly present in a large fraction of patients

who developed complete heart block.23

3.9 | Cardiac biomarkers (Tn and BNP)

In one prospective study, serial cardiac biomarkers (troponin I [TnI] and

brain natriuretic peptide [BNP]) were measured in 25 patients treated

with RT with high-dose cardiac exposure.40 After the first RT fraction,

no changes were noted in ECG or median TnI or BNP levels; at the

end of RT, 2 patients had elevated TnI and BNP, but neither difference

was statistically significant. At first follow-up, TnI had returned to nor-

mal, but the median BNP remained elevated. BNP did not increase

over time in the 18 patients who received only RT. Twelve patients

experienced acute ECG changes during RT, which resolved in 7 patients

by the next measurement. No patients experienced clinically significant

RT-related events.40 Based on current data, routine measurement of

cardiac biomarkers is not recommended routinely after RT.

3.10 | Surveillance and prevention after RT in
cancer survivors

The incidence of RT-induced heart disease in general is low,19 but in

a small fraction of cancer survivors, especially those with known

heart disease or with prior RT doses >30 cGy, >1 CV risk factor, or

prior treatment with anthracycline, lifelong follow-up and surveillance

is recommended.2,30 Modifiable risk factors such as HTN, lipids, DM,

smoking habits, adiposities, and inactivity should be treated as per

current guidelines wherever applicable (Figure 4).2,30

4 | CONCLUSION

Cancer survivors initially treated with RT are at increased risk of

developing CVD with multiple manifestations. Efforts to prevent RT-

induced CVD are of paramount importance. Although modern RT,

with heart-protective techniques, is likely to reduce the prevalence

and severity of CV complications, more efforts to diagnose and pre-

vent these side effects are still needed.
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