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tic treatment involves generating harmful side effects in the body, both in the short-term and in the long-term.
One of the most important side effects is cardiovascular disease after radiotherapy, which in addition to being
influenced by classic cardiovascular risk factors, can be also be influenced by anti-neoplastic therapy, and rep-
resents the main cause of death after a second cancer. We present a case that synthesizes the most relevant
and determining aspects of radiotherapy-induced heart disease.

We present the case of a 48-year-old male with a personal history of mediastinal Hodgkin lymphoma who was
treated with local radiotherapy 20 years ago, and who was admitted to hospital due to dyspnea and oppres-
sive chest pain with efforts. He was diagnosed with severe aortic stenosis, and a coronary angiography con-
firmed the existence of coronary disease. Two years before, he had been admitted to hospital due to syncope
and a pacemaker had been implanted. This patient experienced several cardiovascular complications that could
be attributed to the radiotherapy treatment received in his past.

Radiotherapy shows multiple cardiological complications, especially when applied at the thoracic level. This
fact is very relevant, and this report can help determine the aspects of radiotherapy-induced heart disease af-
fecting the mortality and morbidity of these patients.

Arrhythmias, Cardiac ¢ Breast Neoplasms ¢ Coronary Artery Disease ¢ Heart Valve Diseases ¢
Hodgkin Disease ¢ Radiotherapy Dosage
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Background

Nowadays, new chemotherapy agents and radiotherapy tech-
niques have improved mortality and survival of patients with
neoplastic diseases; however, new therapies can cause sig-
nificant side effects [1]. Even though cancer treatment is fo-
cused on carcinogenic cells, healthy cells are exposed to sec-
ondary toxicity [2] and one of the most important side effects,
worsening morbidity and mortality, is the so-called “radiation-
induced” heart disease (RIHD). Cardiovascular disease is one
of the main causes of mortality in oncologic patients and it
could have subclinical cardiac alterations increasing risk of
RIHD [1]. Breast cancer (BC) and Hodgkin’s lymphoma (HL)
are often treated with chest radiotherapy and are directly re-
lated to the development of RIHD [1]. For patients with lym-
phoma who develop RIHD, it usually manifests 15 to 20 years
after initial treatment and it seems that younger patients are
more susceptible than older patients. Long-term survivors of
Hodgkin’s lymphoma are at 4-fold to 7-fold increased risk of
coronary artery disease compared to the general population
and an accumulated incidence of cardiovascular disease up to
50% at 40 years after treatment. The risk of myocardial infarc-
tion in patients treated for Hodgkin’s lymphoma is increased
(2-fold to 7-fold) compared with the general population, with
a 30-years cumulative incidence of 10%. Acute pericarditis
and chronic pericardial effusion might appear 6 to 12 months
after radiotherapy, however, acute pericarditis is a rare com-
plication with the use of more contemporary thoracic radio-
therapy strategies. There have been reports of stenosis and
regurgitation of the mitral and aortic valves. There might be
fibrosis of the conduction system that causes disturbances of
the rhythm [2,3]. Both breast cancer and Hodgkin’s lymphoma
are the most common indications of thoracic radiotherapy in
young people and this therapy improves their survival. The rel-
ative risk of fatal cardiovascular events in breast cancer and
Hodgkin’s lymphoma is between 2.0 and 7.0 and between 1.0
and 2.2, respectively [3]. However, the current incidence is

unknown because radiotherapy methods and protocols have
changed significantly over time, so they have not been evalu-
ated in the long-term. Here is a case report of a patient with
multiple side effects on his cardiac function and structures af-
ter thoracic radiotherapy.

Case Report

A 48-year-old male with a personal history of mediastinal
Hodgkin’s lymphoma, type nodular sclerosis in stage Il, treated
with local radiotherapy and chemotherapy 20 years ago and
without current evidence of recurrence, was admitted to our
Cardiology Department due to progressive dyspnea and chest
pain. The patient received mantle-type supradiaphragmatic ra-
diation therapy with a cumulative dose of approximately 36 Gy
and associated chemotherapy. We have no information on the
chemotherapy regimen received by our patient, because he had
been treated at a different center. The patient did not have any
cardiovascular risk factor or known history of heart disease.
Two years before the current admission, he had been admit-
ted to the Cardiology Department of our hospital due to effort
syncope, not preceded by prodromes, and without any other
symptomatology. Clinical semiology of mild aortic stenosis and
mild mitral valve regurgitation excelled in the physical exam-
ination, without clinical data of heart failure. The bilateral ca-
rotid sinus massage was negative. The electrocardiogram at that
time showed sinus rhythm and complete right bundle branch
block (Figure 1). Heart rate monitoring during admission was
normal. A transthoracic echocardiogram (TTE) was performed
showing slight left ventricular hypertrophy with diastolic dys-
function type I. Thickened aortic valve with isolated areas of
calcification and slightly decreased opening, Doppler echocar-
diography mean gradient was 23 mmHg and an aortic valve
area of 1.8 cm? was calculated, also showing mild-moderate
aortic regurgitation. Mitral valve was thickened, with some ar-
eas of mild valvular and mitral ring calcification, and with mild
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Figure 1. Electrocardiogram showing the basal
rhythm of the patient. Sinus rhythm
with complete right bundle branch
block.
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Figure 2. Transthoracic echocardiography. (A) Long axis parasternal view, with aortic and mitral valvular thickening. (B) Short axis
parasternal view, mitral valve thickening, with some area of mild valvular and mitral ring calcification. Ao — aorta; LA — left
atrium; LV — left ventricle; RV — right ventricle; MV — mitral valve.
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Figure 3. Electrocardiogram of the stress test. (A) Asystole during stage 2 of the stress test. (B) After cessation of stress test, recovery
of ventricular activity showing complete atrioventricular block with complete left bundle branch block.

regurgitation (Figure 2). All these findings were attributed to
former radiotherapy in the absence of any clinical history of
interest. A tilt table test and electrophysiological study were
performed, and both were normal. Since the clinical symptoms
were presented in relation to exertion, a treadmill test was per-
formed. During this test, the patient showed a complete atrio-
ventricular block with a 10-second asystole (Figure 3A), recov-
ering pulse once the test was stopped (Figure 3B). Coronary
angiography was performed, and significant obstructive coro-
nary lesions were ruled out. (Figure 4). The conduction disor-
der was attributed to a late complication of radiation therapy
and a definitive bicameral pacemaker was implanted.
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Two years later, he was readmitted due to dyspnea and pro-
gressive angina. In the examination, clinical semiology of left
and right heart failure, with cardiac auscultation of double
aortic lesion with severe stenosis and moderate mitral insuf-
ficiency excelled. A new TTE was performed that evidenced
a hypertrophic left ventricle, with preserved left ventricular
systolic function. The aortic and mitral valves showed more
severe thickening of the leaflets and more extensive and in-
tense areas of calcification, with a double aortic lesion with
severe stenosis and mild regurgitation, and moderate mitral
regurgitation, accompanied by mild pulmonary arterial hyper-
tension (Figure 5). The angiographic and hemodynamic study
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Figure 4. Coronary angiographic study and presence of pacemaker bicameral electrodes. (A) Right coronary artery with presence of
non-significant obstructive lesion (asterisk). (B) Left coronary artery without significant obstructive lesions.

Figure 5. Transthoracic echocardiography. (A) Long axis parasternal view, with presence of jet of moderate mitral regurgitation.
(B) Apical 5 chambers view, jet of mild aortic regurgitation. Ao — aorta; LA — left atrium; LV — left ventricle; RV - right

ventricle.

evidenced coronary artery disease of 2 vessels, posterior de-
scending coronary artery dependent on the right coronary ar-
tery (Figure 6A) and left anterior descending coronary artery
(Figure 6B), with mild pulmonary arterial hypertension and se-
vere pulmonary capillary hypertension with the presence of
prominent V wave. The patient underwent aortic and mitral
valve replacement surgery with mechanical prostheses, St. Jude
n° 19 in aortic position and St. Jude n°® 25 in mitral position,
as well as complete myocardial revascularization by double cor-
onary artery bypass grafting (left internal mammary artery to
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left anterior descending coronary artery and saphenous vein
graft to posterior descending coronary artery). The patient’s
postoperative course was satisfactory, being discharged and
remaining asymptomatic until the present time.

Discussion

Radiotherapy may significantly increase the risk of triggering
obesity, hypertension, dyslipidemia, and diabetes, worsening
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Figure 6. Coronary angiographic study and presence of pacemaker bicameral electrodes. (A) Right coronary artery with presence of
significant obstructive lesion (asterisk). (B) Left coronary artery with significant obstructive lesion in anterior descending
coronary artery (asterisk) and circumflex artery free of significant obstructive lesions.

cardiovascular risk [4]. The effects of radiation therapy on myo-
cardial structures and function include vascular alterations,
molecular interactions, induction of apoptosis, and deteriora-
tion of stem cells [2]. Long-term side effects have been seen in
cardiomyocytes due to little regenerative capacity and at vas-
cular histology, despite its extensive regeneration [5]. Radiation
induces injury to single or double DNA chains, shortening telo-
meres and aging the cell, representing a significant impact on
the development of RIHD [6]. This shortening in endothelial
cells has been linked to the generation of atherosclerosis [7].
At a histologic level, radiotherapy generates vasodilatation
with production of proinflammatory cytokines [8], resulting
on a final fibrotic tissue formation response which would re-
place the native myocardium, triggering valvular alterations,
conduction disturbances, cardiomyopathies, coronary artery
disease, etc. [9,10]. However, in spite of everything, the patho-
physiological mechanism that ultimately generates this cas-
cade is still unknown.

Cardiac absorbed dose of radiotherapy is greater in patients
with left side breast cancer than those with right side breast
cancer with higher mortality rates in the first group [11].
Mediastinal radiotherapy for patients with Hodgkin’s lym-
phoma triggered increased long-term cardiovascular events [12].
Nowadays, with 3-dimensional conformal radiotherapy and
field-in-field techniques, we can reduce the patient’s direct car-
diac dose [11]. During the 1970s and 1980s, radiation absorbed
by the heart was greater in patients with left side breast can-
cer than those who had neoplasia on the right side [11], and
a higher cardiac dose was absorbed on the left side than on
the right, around 13 to 17 Gy and 2 to 10 Gy respectively [13].
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Currently with more precise measures, such as 3-dimensional
conformal radiotherapy and field-in-field techniques, the direct
cardiac dose of the patient can be reduced [11]. Other tech-
niques such as image guided radiotherapy, intensity modu-
lated radiotherapy, and stereotactic body radiotherapy deter-
mine better image and delimitation of tumor volume in order
to reduce the dose of adjacent organs. Even techniques such
as deep inspiration breath hold versus free breathing reduce
cardiac exposure by 50%, assuming 2 to 3 Gy of the total dose
absorbed. The therapies with x-rays and gamma particles ac-
cumulate electromagnetic radiation in depth. However, thera-
pies with charged particles such as protons or heavy ions gen-
erate greater attenuation in deep layers where the therapeutic
objective has been set [11].

Cardiac alterations
Valvular disease

Incidence of valvular disease ranges from 2% to 17% after
radiotherapy and may be underestimated [14]. It is higher
when applied to the left breast than to with right breast [15].
Incidence increases when absorbed cardiac dose is 30 Gy or
greater in patients with Hodgkin’s lymphoma treated with ra-
diotherapy [14,16]. Radiotherapy generates calcification and fi-
brosis, with 90% mitral and aortic calcification at 20 years [17].
Left valves are more affected, and the aortic valve has a signifi-
cant incidence of stenosis of 16% after 20 years of radiotherapy,
as our clinical case. Surgical treatment should be considered for
severe valvular disease and percutaneous valve replacement
could be considered for patients at high surgical risk [18,19].
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Coronary artery disease

Radiotherapy alone is a risk factor for developing long-term
coronary artery disease and pathological changes generated on
medium and large caliber coronary vessels are similar to those
produced by atherosclerosis [10]. Heidenreich et al., described
coronary artery disease incidence around 10% after medias-
tinal radiotherapy, with an absorbed dose between 25 and
42 Gy [17]. The left anterior descending coronary artery is the
most predisposed in up to 85% of cases, possibly in relation
to the absorbed dose in the anterior face of the thorax [20].
Management of radiation-induced coronary artery disease fol-
lows therapeutic guidelines. However, thoracic fibrosis makes
coronary artery bypass grafting (CABG) more difficult and the
left internal mammary artery could be occluded [21]. Due to
a possibly high mortality at follow-up by CABG [22] percuta-
neous revascularization and new drug-eluting stents might be
an alternative, at least for patients at high surgical risk [23].

Conduction disturbances

Conduction disturbances secondary to radiotherapy range from
isolated ventricular extra systolic to atrioventricular conduction
disorders [10]. Conduction block disorders are described imme-
diately after radiotherapy [24] and most reported are of com-
plete or incomplete blockage of right branch conduction [25].
Conduction disorders after radiotherapy have been described
for the last 30 years, and atrioventricular block is associated
with a dose around 52 Gy [26]. However, Santoro et al. de-
scribed one case of atrioventricular block after 6 years of me-
diastinal radiation [27]. All evidence suggests higher doses of
radiation induce conduction disturbances than other cardiac
disorders [23]. Autonomic dysfunction generated by thoracic
radiotherapy might increase heart rates [28]. Even our case
was initially presented as an atrioventricular conduction dis-
order in relation to exertion [29].

Pericardial disease

One of the RIHD after radiation is pericardial disease. This
one is one of the earliest cardiac disorder after thoracic radi-
ation and currently, near 5% to 6% of left breasts cancer cases
treated with radiotherapy could develop it [30]. Pericardial dis-
ease after radiotherapy is dose-dependent and the mean car-
diac absorbed dose described is near 36 or 40 Gy. However,
the incidence could be higher around 50 Gy and it improves
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when cardiac absorbed dose is less than 26 Gy [30]. Radiation
induces pericardial fibrosis after inflammatory and microvas-
cular changes, hindering venous and lymphatic drainage [10].
Constrictive pericarditis usually appears after 12 months of ra-
diotherapy which spontaneously resolves in most cases, but
other cases progress to a restrictive disorder requiring peri-
cardiectomy [21,31].

Cardiomyopathy and myocardial fibrosis

After radiotherapy, there is an insufficient capillary prolifer-
ation due to microvascular damage generating fibrosis tis-
sue [32]. Fibrosis tissue increases filling pressures in the left
ventricle, and reduces the ejection fraction [10] and anterior
face of the myocardium could have smaller compliance [33].
Gadolinium-enhancement magnetic resonance imaging may
be useful for the early diagnosis [34] and final treatment usu-
ally focuses on cardiac transplantation [35].

Conclusions

This unusual case illustrates several cardiac complications
possibly secondary to radiotherapy, such as advanced disor-
ders of atrioventricular conduction, coronary artery disease,
and mitral aortic valve disease, which have never before been
described in the same patient and in a short period of time
of 2 years. Radiotherapy in neoplasms, especially in thoracic
neoplasms, generates a significant cardiac absorbed dose.
Improvement in survival after radiotherapy in oncological pa-
thology implies development of RIHD, constituting one of the
main causes of long-term mortality. Our case shows the im-
portance of using new radiotherapy techniques to protect the
heart and limit morbidity and mortality from cardiovascular
diseases. Histopathological changes degenerate into vascular
damage and myocardial fibrosis, determining a broad spectrum
of cardiac pathology, often requiring surgical treatment and
even cardiac transplantation. There are currently not enough
studies related to this topic and therefore, more studies are
needed to analyze new techniques of thoracic radiotherapy,
current incidence of RIHD and how to prevent complications
both cardiovascular and from other organs.
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