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Radiation Related Cardiovascular 
Disease

S. Wamique Yusuf

Abstract

Cardiovascular disease, is a well known complication of radiation therapy. This is espe-
cially seen in Hogdkin’s lymphoma survivors, who have received mediastinal therapy.

In this chapter, we present some of the common conditions associated with radiation 
induced heart disease.
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Improvement in cancer therapy has led to an increasing num-
ber of survivors of childhood malignancy. In the United 
States alone, nearly 14.5 million children and adults with a 
history of cancer were alive on January 1, 2014 and it is esti-
mated that by 2024, the population of cancer survivors will 
increase to almost 19 million [1]. Some of these cancer sur-
vivors are afflicted with long term side effects of therapy. 
One well recognized late secondary effect in patients receiv-
ing mediastinal and chest wall radiation is cardiovascular 
disease (CVD) [2].

The data for possible causal association of radiation and 
heart disease mainly comes from studies of Hodgkin’s lym-
phoma (HL) and breast cancer patients undergoing radiation 
therapy (RT).

Amongst long term survivors of HL, previously treated 
with radiation, CVD is one of the most common cause of 
death [3]. Patients with HL treated with mediastinal radia-
tion, have a 3.0 times higher relative risk of death from myo-
cardial infarction [4]. Patients previously treated with 
mediastinal radiation are at increased risk for the develop-
ment of coronary artery disease (CAD), valvular heart dis-
ease, congestive heart failure (CHF), pericardial and 
conduction system disease [1, 5]. The incidence of cardiac 

events increases with time, can affect younger adults and is 
related to the radiation dose to the heart [5, 6].

A meta-analysis of eight randomized trials of patients 
with breast cancer found a 62% increase in cardiac deaths 
among women who were treated with RT [7]. The curve for 
development of cardiac diseases and subsequent cardiac pro-
cedures rises steeply after 10 years of RT [8].

The basic mechanism behind radiation induced vascular 
damage is endothelial dysfunction, with activation of inflam-
matory mechanism, release of cytokines and growth factors 
with cellular infiltration, fibrin leak into the tissues promoting 
collagen deposition, which may eventually lead to fibrosis [9].

This chapter illustrates some common CVD encountered 
in patients with history of previous RT.

RT can affect the pericardium, myocardium, coronary 
vessel, valves and the conduction system. Pericardium is 
most frequently involved (Table 7.1).

�Acute Pericarditis

Patients with acute pericarditis during RT, frequently present 
with chest pain, low grade fever and non- specific ECG 
changes. Sometimes classic ECG finding is seen, as illus-
trated in the case (Fig. 7.1).

Patients are treated with conventional therapy which 
includes non-steroidal anti-inflammtory drugs (NSAID), 
cochicine and steroids (in resistant cases). Treatment of 
underlying malignancy is usually continued. Echocardiogram 
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Table 7.1  Clinical manifestations of radiation related cardiovascular disease

Tissue involved Clinical presentation Histology

Pericardium Acute pericarditis Fibrous pericardial thickening, fibrinous adhesions, chronic 
inflammatory infiltrateChronic pericardial effusion

Constrictive pericarditis

Myocardium Myocarditis Increased collagen (especially Type 1), interstitial fibrosis, 
myocardial perfusion defectsCardiomyopathy

Congestive heart failure

Diastolic dysfunction

Vascular tree Coronary artery disease Intimal proliferation of fibrous tissue, media destroyed with 
adventia markedly thickened and fibroticVascular occlusion

Carotid stenosis

Conduction system Heart block Fibrosis of the conduction system

Endocardium Valvular disease (Stenosis/Regurgitation) Leaflets/cusps fibrosis, calcification, thickening

CMP Cardiomyopathy, CHF Congestive heart failure, CAD Coronary artery disease

Fig. 7.1  A 12 lead ECG 
shows concave ST elevation 
in all leads with ST 
depression in lead aVR, 
suggestive of acute 
pericarditis. The patient 
presented with pericardial 
chest pain during RT for 
carcinoma of the lung

may or may not show minimal to small pericardial effusion. 
Cases with pericardial effusion should be followed up by 
a limited echocardiogram in 4–6 weeks. In most cases the 
effusion resolves with medical therapy. Patients who develop 
pericardial effusion after radiation, even if minimal should 
be followed up by periodic echocardiogram, as rarely it may 
lead to chronic pericardial effusion.

�Chronic Pericardial Effusion

Chronic pericardial effusion can develop months or years 
after completion of radiation therapy. The development of 
chronic pericardial effusion is usually discovered by the inci-
dental finding of enlarged cardiac silhouette on chest–X-ray 

or development of pericardial effusion on CT scan, which is 
done routinely for follow up purposes (Figs.  7.2 and  7.3). 
Some of these patients may develop symptoms of fatigue, 
dyspnea on exertion and leg edema.

Following case illustrates the development of chronic 
pericardial effusion due to RT.

A 49  year old man, stage 3 lung carcinoma, who had 
received a total of 70 Gy radiation to the chest, completed in 
Jan 2006. When seen in the clinic on 3rd Dec 2007, he was well 
and walking 5 miles/day with minimal shortness of breath. A 
chest-X-ray showed enlarging cardiac silhouette (Fig.  7.2). 
Review of CT scans showed a slowly increasing pericardial 
effusion (Fig. 7.3)

This led to an echocardiogram showing a large pericardial 
effusion, with tamponade physiology, for which he underwent 
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successful pericardiocentesis. The pericardial fluid showed  
only inflammatory cells with no malignant pathology. 
Subsequent follow up echocardiograms shows no re-accumu-
lation of the fluid. When seen last in clinic in 2014, he was 
asymptomatic and doing well.

�Constrictive Pericarditis

Pericardial constriction can develop many years after com-
pletion of radiation therapy. Patients usually present with 
fatigue, dyspnea and signs of heart failure.

Pericardial effusionFig. 7.2  Chest-X-ray 
(C-x-R) on 2nd Feb 2007, 
shows minimal cardiomegaly 
due to a small pericardial 
effusion. C-x-R on 3rd Dec 
2007 shows a significantly 
enlarged cardiac silhouette 
due to a large pericardial 
effusion

6th Mar 06
No Effusion

30th May 06
Small Effusion

3rd Dec 07
Large Effusion

9 Jan 2012
No Effusion

22nd May 07
Moderate Effusion

20th Nov 06
Stable. slightly increased

Chronic Pericardial Effusion

Fig. 7.3  CT scans shows 
development of chronic 
pericardial effusion. A CT 
scan on 6th Mar 2006 showed 
no pericardial effusion. 
Subsequent CT scan on 30th 
May 2006 shows small 
pericardial effusion, which 
progressively increases to 
become large in Dec 2007, 
necessitating a pericardial 
drainage. CT scan on 9th Jan 
2012, shows no 
re-accumulation of pericardial 
fluid. The red arrow points to 
the large pericardial effusion
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Figure 7.4 illustrates the case of a young man who com-
pleted his radiation therapy 40 Gy to mediastinum and neck 
for HL in 1984. He presented with complete heart block in 
2005 for which a permanent pacemaker was implanted. In 
March 2007 he presented with a pericardial effusion for 
which he underwent pericardiocentesis and a pericardial 
window. His symptoms persisted and further evaluation con-
firmed a pericardial constriction for which he underwent a 
pericardial stripping in April 2007. The coronary angiogram 
also showed a 50% LAD. Figure 7.5 shows hemodynamic 
findings of constrictive pericarditis.

�Coronary Artery Disease (CAD)

CAD may manifest many after completion of RT. Proximal 
vessels which are in the field of RT are frequently affected. 
However radiation is also known to affect the small vessels. 
Asymptomatic cardiac perfusion defects are seen in about 
50% of breast cancer patients treated with RT and can occur 
as early as early as 6 months after radiotherapy [10].

Following cases illustrates the development of symptomatic 
and asymptomatic radiation induced CAD (Figs. 7.6 and 7.7).

Patients with radiation induced CAD are treated as per 
ACC/AHA guidelines, with aggressive medical therapy for 
stable disease and per-cutaneous intervention for unstable 
disease. Surgical intervention can sometimes be challenging 

Fig. 7.4  Echocardiogram 
shows pericardial thickening, 
respiratory variation in mitral, 
tricuspid inflow and a 
permanent pacemaker in the 
right ventricle. The red arrow 
points to the thickened 
pericardium and the blue 
arrow points to the pacemaker 
lead in right ventricle

Fig. 7.5  Constrictive pericarditis: Hemodynamics showing venticular 
discordance (interdependence) with an increase in right venticular (RV) 
pressure and a simultaneous decrease in left venticular (LV) pressure 
during inspiration in a patient with constrictive pericarditis due to previ-
ous thoracic surgery (The red arrow points to the RV and the black 
arrow points to the LV)
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Fig. 7.7  Coronary artery disease: A 50  year old man with previous 
history of mesothelioma and radiation in the cardiac field, fully asymp-
tomatic. A routing pre-op tress test shows severe ischemia in the inferior 
wall (in the region of previous radiation). (a) A nuclear scan showing 

inferior wall ischemia. (b) A coronary angiogram shows significant 
RCA disease. (c) Following successful coronary intervention and 
stenting

Fig. 7.6  A 34 year female with history of diabetes mellitus and no other 
risk factors. She completed RT for HL in Nov 2005. In Jan 2014 she pre-
sented with a Non ST elevation myocardial infarction (NSTEMI). A coro-
nary angiogram showed a significant proximal right coronary artery (RCA) 
disease for which she underwent successful percutaneous intervention. The 
red arrow points to the proximal RCA lesion (Image courtesy of Dr. C. 
Iliescu)

due to significant mediastinal fibrosis and involvement of the 
internal mammary arteries.

�Valvular Heart Disease

There is a high prevalence of asymptomatic valvular disease  
(particularly aortic), following mediastinal irradiation [11]. 
Most of the lesions are regurgitant and mild [11]. Rarely 
severe valvular disease may occur. Fig.  7.8 illustrates the 
case of radiation induced valvular disease.

�Vascular Calcification and Stenosis

Following cases illustrates the development of calcification 
and stenosis in major vessels (Figs. 7.9, 7.10 and 7.11).

�Cardiomyopathy

Cardiomyopathy is also a known complication, and myocar-
dial strain imaging is a novel method to detect myocardial 
abnormality in patients with RT [12] (Fig. 7.12).
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Fig. 7.8  Illustrates the case 
of a 46 year asymptomatic 
female, who had completed 
30 Gy radiation to the 
mediastinum and neck for HL 
in 1976. Following 
echocardiogram in 2005 
(29 years after completion of 
radiation therapy) was 
obtained for routine follow 
up. The echocardiogram 
shows mild regurgitation of 
all valves with moderate 
aortic stenosis

Fig. 7.9  Shows aortic 
calcification in a childhood 
lymphoma survivor with 
non-ischemic cardiomyopathy 
who had received 48 Gy 
radiation, 36 years ago. The 
red arrow points to the 
calcification in the aorta 
(Images courtesy of 
Dr. I. Daher)
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Fig. 7.10  Shows complete occlusion of the left subclavian artery 
(radial approach) in a 66 year old man with history of radiation in the 
region of subclavian artery for a hypopharyxngeal tumor. He had a pre-
vious history of CABG in 2000. The coronary angiogram was done in 
Nov 2008 for an abnormal stress test obtained for a pre-operative evalu-
ation. The patient was otherwise asymptomatic, with finding of absent 
left radial and a barely palpable left brachial pulse. Image shows com-
plete occlusion of the left subclavian artery (red arrow) (left brachial 
artery approach). Left Internal mammary artery (LIMA) is visible. In 
addition there is about 50% stenosis at the origin of the left vertebral 
artery. Slide courtesy of Dr. Iliescu
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Fig. 7.11  The following 
image shows carotid 
atherosclerosis/stenosis in a 
patient who has received 
radiation for nasopharyngeal 
carcinoma more than 25 years 
ago. This 77 year old man was 
physically active, with no 
neurological symptoms and 
had no history of other vascular 
disease. A carotid Doppler 
showed calcified plaques in the 
right and left bulbs with 
secondary 50–69% stenosis of 
the left internal carotid artery 
segment and <50% stenosis of 
the right internal carotid artery 
segment. Normal forward flow 
was present in the right and left 
vertebral arteries

�Conduction System Disorder

Heart block can occur many years after completion of the 
RTand is due to fibrosis of the conduction system (Fig. 7.13).

�Discussion

As illustrated by cases above, radiation causes pericardial, 
valvular, vascular, myocardial and conduction system 
disease.

Effort should be made to prevent the development of 
these complications. With advancement in radiation and 
decreasing dose the incidence may decrease over a period of 
time, but globally still many patients will be afflicted with 
these cardiovascular side effects of RT.

For patients undergoing mediastinal radiation, at baseline 
evaluation clinical risk factors like smoking, hyperlipidemia, 
diabetes mellitus and hypertension should be identified and 
treated according to existing guidelines. At baseline a lipid 
profile, thyroid function, 12 lead ECG and an echocardio-
gram should also be obtained.
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Fig. 7.13  Shows the ECG of 
a patient who presented with 
complete heart block 29 years 
after completion of RT. The 
patient presented underwent 
RT for HL (when aged 
16 years) in 1978. In 1998 she 
was found to have moderate 
aortic regurgitation. In 2001 
she under Aortic Valve 
replacement (AVR) with 
coronary artery bypass 
grafting (CABG). In 2009 
(aged 47 years), she presented 
with syncope and was found 
to be in complete heart block 
for which she underwent a 
permanent pacemaker 
placement

Fig. 7.12  The above image is of a 35 year old man with mediastinal 
lymphoma, ex-smoker, Chol = 234, LDL = 150, who had received a 
total of 39.6 Gy radiation between Sep and Oct 2010. The initial global 

strain (GLPSAvg) (24th Sep 2010) was −18.5, which decreased to 
−15.7 (19th Jan 2011) with RT, indicating abnormal myocardial strain 
due to RT(normal myocardial strain is >−18.5)
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The prevalence and development of radiation associated 
valve disease (RAVD) is related to the time following RT e.g. 
in one study the prevalence of moderate to severe aortic 
regurgitation was 1.1% amongst those who had undergone 
RT 2–10 years earlier, which increased to 15% amongst the 
group receiving RT > 20 years ago [11]. Hence a follow up 
echocardiogram should be done at least at a minimum of 
10 year interval after radiation therapy.

Likely due to tumor location, radiation related CAD primar-
ily has been described to involve the proximal vessels, the coro-
nary ostia and left main artery [13, 14]. Patients with radiation 
induced CAD commonly present with angina, myocardial 
infarction or syncope related to complete heart block [14]. 
Rarely, sudden death may be the initial presentation in these 
patients [14]. Myocardial perfusion defects, in irradiated por-
tion of left ventricle in asymptomatic patients also suggest small 
vessel damage due to RT [15]. In one study, which included 
patients who had received more than 35 gray of RT, about 8.4% 
of patients had some sort of perfusion defect on their stress test. 
Of these only 5% had received RT within 2–10 years of being 
enrolled in this study, compared to 20% who had received radia-
tion therapy >20 years ago [16]. In this study, in the group that 
had received RT within 5–10  years of being enrolled in the 
study only 1.7% of the total patients enrolled underwent coro-
nary angiogram based on the result of the stress test [16].

A functional non-invasive stress test is recommended 
5–10 years after completion of RT, in high risk asymptom-
atic patients. (patients who have undergone anterior or left 
sided chest radiation with >1 risk factors for radiation 
induced heart disease) [17].

Carotid stenosis, is recognosed complication of radiation 
therapy to the neck. Long segement of the carotid artery may be 
affected. In one study in which patients received a mean cumula-
tive radiation dose of 6420 cGy (range 5500–7680), with a mean 
duration of 10.2  years since their last radiation treatment, 16 
patients (40%) had significant carotid artery stenosis [18]. Based 
on little data, a firm conclusion cannot be made for Doppler 
screening in these patients, but it is not unreasonable to have a 
screening Doppler of the carotid arteries, at >10 years after com-
pletion of radiation, or earlier if any clinical finding of bruit.

�Key Points

•	 Hodgkin’s lymphoma and breast cancer survivors treated 
with radiation therapy are at increased risk of develop-
ment of cardiovascular disease.

•	 Radiation related damage to the heart affects the pericar-
dium, myocardium, valves, and coronary vessels, with 
pericardium being most frequently involved.

•	 Asymptomatic cardiac perfusion defect are seen in about 
50% of breast cancer patients treated with radiation ther-
apy and can occur as early as early as six months after 
radiotherapy.

•	 Due to improvement in radiation techniques, the risk 
of cardiovascular complications in relation to radia-
tion may have declined over time, but the risk of death 
from myocardial infarction in patients with HL 
remains increased even amongst those treated after 
1985. Recently, population based case-control study 
of major coronary events in women who received radi-
ation therapy for invasive breast cancer between 1958 
and 2001, reported that the subsequent rate of isch-
emic heart disease was proportional to the mean dose 
to the heart, with the relative risk increasing by 7.4% 
per Gray (Gy) [19].

•	 Endothelial damage is an early sign of radiotherapy 
induced vascular injury.

•	 Radiation induced fibrosis seems to be the result of 
multicellular interactions mediated by inflammatory 
cytokines, vascular inflammation and endothelial cell 
dysfunction.

•	 Prevention of radiation induced heart disease should be 
the main goal of all clinicians involved in the care of these 
patients.

•	 Risk factors like smoking, hypertension, diabetes melli-
tus, and hyperlipidemia should be aggressively targeted 
and treated as per current guidelines.

•	 Echocardiogram should be done at 5–10 years follow up, 
or earlier if clinically indicated.

•	 A functional non-invasive stress test is recommended 
5–10  years after completion of radiation, in high-risk 
patients.
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