
R adiotherapy, an established thera-
py for local and regional control in
neoplastic disease, may have sev-

eral acute, subacute and chronic side ef-
fects. One of the main concerns about me-
diastinal radiotherapy is the occurrence of
cardiovascular side effects a long time after
the treatment, the so-called “radiation-in-
duced heart disease”.1 This is an important
issue—especially for thoracic neoplasms
with long-term survival, such as breast can-
cer or Hodgkin’s lymphoma—because of
the increase in cardiovascular morbidity and
mortality.

We present a case with cardiovascular
involvement long after the successful treat-
ment of a neoplasm, with particular prob-
lems related to the optimal therapeutic op-
tion.

Case presentation

A 50-year-old female patient was admitted
for chest pain on low-grade exertion and
cold exposure that started approximately

one week before hospital presentation. The
patient had a long medical history, starting
in 1994 with a stage II B Hodgkin’s lym-
phoma, nodular sclerosis type with medi-
astinal involvement. At that time, chemo-
therapy and radiotherapy with a mantle tho-
racic field were initiated, with a favorable
oncological result, remission of oncological
disease being maintained until the present.

Ten years after the cancer treatment, in
2004, the patient, then aged 45, started pre-
senting anginal chest pain with progressive
worsening. Coronary angiography showed
severe left main artery ostial stenosis, with-
out any other coronary artery involvement.
Under the circumstances, coronary artery
bypass surgery was performed, using two ar-
terial grafts, the left and right internal mam-
mary arteries (IMA). The arteries were ske-
letonized in situ and a “Y” anastomosis was
performed: the left IMA was used for graft-
ing the ramus intermedius and the right
IMA (proximally anastomosed to the left
IMA) for the left anterior descending coro-
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nary artery (LAD). After surgery, the patient was pau-
cisymptomatic for 4 years.

In 2008 the patient had 5 episodes of syncope, with-
out prodroma; a complete medical evaluation after the
first two episodes (ECG, echocardiography, Holter
ECG monitoring, tilt test, electroencephalogram, ca-
rotid artery ultrasound) failed to show any cause of the
syncope. After the evaluation, the patient had another
three episodes of loss of consciousness. During the last
one the mechanism was elucidated, as the ECG showed
transient complete atrioventricular block (Figure 1),
and a DDDR pacemaker was implanted. No transitory
etiology of the intermittent atrioventricular conduction
abnormality was found (normal lab values for blood
electrolytes and renal function, no medication with neg-
ative chronotropic effect), the possible mechanisms tak-
en into account being either an ischemic substrate or
the long term side effect of thoracic radiotherapy.

At the present admission, the patient presented
with unstable angina (new onset on low-grade exertion
or cold exposure), which made a coronary angiographic
reevaluation advisable given the previous coronary re-
vascularization surgery. The patient had no classical
cardiovascular risk factors (50-year-old pre-menopausal
female, non-smoker, no arterial hypertension or dyslipi-
demia, no family history of cardiovascular disorders).

The physical examination and laboratory data were
within normal limits. The ECG showed sinus rhythm
and paced QRS complexes. The echocardiographic ex-
amination showed normal left ventricular function,
without wall motion abnormalities except for pacing-in-
duced septal dyssynchrony, and mild mitral and aortic
regurgitation.

Coronary angiography (Figure 2) confirmed the
previously diagnosed 70-80% left main coronary ar-
tery ostial stenosis, but also found new coronary le-
sions, in both the native vessels (75% LAD stenosis in
segment 2-3, ramus intermedius subocclusion) and the
grafts (occluded left IMA [ramus intermedius bypass],
patent right IMA [LAD bypass], with 70% stenosis at
the level of the distal anastomosis).

Percutaneous coronary revascularization was per-
formed, including protected angioplasty of the left main
coronary artery using a drug-eluting stent, and balloon
angioplasty of the distal anastomosis of the LAD graft,
with good final results (Figure 3). The patient remained
symptom free for 8 months after revascularization.

Discussion

The development of modern anticancer therapies ex-
plains why, in a significant proportion of patients, can-

Radiotherapy and Cardiovascular Disease

(Hellenic Journal of Cardiology) HJC ñ 539

Figure 1. Electrocardiogram: complete atrioventricular block, ventricular frequency 33/min, QRS duration 0.12 s
with a right bundle branch block morphology and ST-T secondary changes, atrial sinus rhythm with an atrial fre-
quency ~100/min.



cer is now considered as a treatable disease. However,
because more and more oncological patients have a
long life expectancy, treatment-related comorbidities
become one of the essential issues for cancer survivors.

Thoracic radiotherapy, a well-established part of
the combined cancer therapy for breast cancer or me-
diastinal lymphoma, with an important role in local
control of the disease, may induce a wide spectrum of

long-term cardiovascular disorders, as summarized in
Table 1.2,3 While during the first half of the 20th cen-
tury the heart was considered a relatively radio-resis-
tant organ,4 starting in the 1960s several isolated case
reports of cardiovascular involvement emerged, with
pericarditis, valvular heart disease, conduction abnor-
malities, and coronary heart disease, and in the 1980s
the first studies of large groups of patients were pub-
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Figure 2. Coronary angiography at presentation. A: 70-80% left main coronary artery ostial stenosis. B: patent right internal mammary –
left anterior descending artery bypass, with 70% stenosis at the level of the distal anastomosis.
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Figure 3. Coronary angiography after percutaneous revascularization. A. Left main coronary artery patency after drug-eluting stent im-
plantation. B. Patent distal anastomosis of the right internal mammary – left anterior descending graft.
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lished. In a large meta-analysis, increased cardiac mor-
tality after radiotherapy was demonstrated after tho-
racic field radiotherapy in breast cancer and Hodgkin’s
lymphoma, and vascular complications were also cit-
ed in head, neck and testicular cancers.5 The degree
of cardiac involvement correlates with the dosage and
cardiac volume included in the radiotherapy field, as
well as with time from radiotherapy and younger age
during oncological treatment.6

The cardiac side effect remains the accelerated
coronary artery atherosclerosis, responsible for the
doubling of the relative risk of cardiovascular death at
10 years after radiotherapy in patients with breast can-
cer or Hodgkin’s disease.7 King et al found a 2.8 fold in-
creased risk for fatal myocardial infarction after mantle
irradiation for Hodgkin’s lymphoma,8 while Hancock et
al showed that mediastinal irradiation in children and
adolescents with Hodgkin’s lymphoma increases car-
diac mortality even in the first 5 years after irradiation.9

The mechanisms of radiotherapy-induced my-
ocardial and vascular injury have not been completely

understood. Radiotherapy determines endothelial in-
jury and perivascular fibrosis, with subsequent intimal
thickening, smooth muscle cell proliferation and col-
lagen intimal and medial deposits during the repara-
tory phases; radiation also has a prothrombotic effect,
as an increased deposition or release of von Willebrand
factor has been noticed after irradiation of endothelial
cells in vitro.4

Radiation-induced coronary lesions have several
clinical characteristics that differentiate them from clas-
sical atherosclerosis; they tend to be localized proximal-
ly or at the ostial level, usually with normal distal ves-
sels, with a propensity for the left main coronary artery,
left anterior descending artery ostium and right coro-
nary artery ostium. This is due to the inclusion of these
parts in the radiation field4,11-13 during radiotherapy for
mediastinal lymphoma or breast cancer (Figure 4).

In the reported case, the patient had a history of
mantle field thoracic irradiation, nowadays an outdated
treatment technique because of the long-term increased
risk of cardiovascular involvement.12,14 The isolated os-
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Table 1. Cardiac complications after thoracic field radiotherapy (modified after refs. 5,6,9,10).

Localization Type of complication Time interval from radiotherapy

Pericardial disease Acute effusion During radiotherapy (acute pericarditis)
Chronic effusion
Constrictive pericarditis 5-10 years (chronic/constrictive pericarditis)

Myocardial fibrosis Myocardial fibrosis secondary to Subclinical changes in systolic and diastolic
microvascular alterations cardiac function from 1-6 months after radiotherapy
Progressive, restrictive cardiomyopathy
with fibrosis may occur
Isolated diastolic dysfunction 
Systolic dysfunction in later stages (more common
in patients with concurrent anthracycline
chemotherapy)

Coronary artery disease Structural changes in coronary arteries associated >10 years
with radiotherapy similar to atherosclerosis
Premature fibrosis may accelerate atherosclerosis
High frequency of proximal/ostial stenosis
High rates of silent ischemia (due to autonomic
dysfunction with decreased perception of anginal 
pain)
Increased risk with other coronary risk factors
association

Valvular disease Predominantly mitral valve and aortic valve Prevalence increases with time since therapy
(both regurgitation and stenosis possible)

Conduction system/ Complete or incomplete bundle branch block 10-15 years
arrhythmia (right side more frequent)

Complete atrioventricular block 
Persistent tachycardia at a fixed rate and loss
of circadian variability in heart rate (due to
autonomic dysfunction)



tial involvement of the left main coronary artery ten
years after radiotherapy in a patient with no cardiac risk
factors suggests a process of accelerated atherosclerosis
as a side effect of thoracic irradiation.15

Given the young age of the patient at revasculariza-
tion, as well as the high risks of unprotected left main
coronary artery angioplasty, the decision was made to
perform coronary artery bypass grafting and full arterial
revascularization was chosen. However, the arterial
graft patency at 4 years was in our case inferior to that
reported in the literature.16,17 The explanation might be
the poor quality of the IMA in a patient with a history
of thoracic radiotherapy. The optimal form of myocar-
dial revascularization for radiation-induced coronary
artery disease has not been yet established. In view of
the proximal lesions, with normal distal vessels, bypass
surgery is a frequent choice. In this situation two diffi-
culties can arise: the more difficult surgical approach
because of post-irradiation mediastinal fibrosis, as well
as the choice of graft type.11,18 The thoracic radiothera-
py field frequently includes the IMA, which can thus be
affected by accelerated atherosclerosis. Iqbal reports
finding an internal mammary artery reduced to a fibrot-
ic thread. Therefore, most groups have reported using
saphenous venous grafts,11,18,19 but the available data
come from small series or case reports. Moreover, these
patients are usually young, so that long-term graft pa-
tency is a particularly important issue. Nasso et al20

published a study of 98 patients, half with radiotherapy
history (but with a radiotherapy to cardiac surgery time
of 395 ± 84 days) and half without radiotherapy, who
underwent coronary revascularization using at least
one IMA. The short- and medium-term (18 months’
follow up) results showed no difference between the
two groups. However, there still are no data regard-
ing long-term graft patency.

In our case, the ischemic symptomatology reap-
peared as unstable angina 4 years after the surgical
revascularization, with evidence of more severe native
coronary atherosclerosis as well as dysfunction of the
arterial grafts. A percutaneous revascularization ap-
proach was preferred over the surgical option because
of the risks associated with redo surgery, especially af-
ter mediastinal irradiation, and the limited options with
regard to available conduits (an episode of right calf
vein thrombosis in the past history, other arterial con-
duits with known lower long-term patency versus IMA).
Coronary angioplasty is a viable alternative in these pa-
tients13 and was successfully performed in our patient.

Another less frequently documented deleterious
cardiac effect of radiotherapy is the development of
conduction abnormalities (e.g. permanent or transient
bundle branch block or various degrees of atrioventric-
ular block), with some patients requiring a permanent
pacemaker. The mean interval between treatment and
the appearance of heart block is 12 years (limits 10-15
years).9,21

In the present case, several radiotherapy complica-
tions occurred in the same patient more than 10 years
after oncological remission: accelerated coronary ather-
osclerosis, vascular involvement of IMA, and conduc-
tion tissue involvement with complete heart block.

Oncological disorders associated with long-term
survival after remission sometimes present particular
problems, as even the most modern oncological thera-
pies can lead to a secondary serious illness, such as a
second neoplasm or cardiovascular disorder, a situation
placing both patient and physician “between Scylla and
Charybdis”. This case study highlights the importance
of cardiovascular follow up in patients with a history of
thoracic radiotherapy, especially when old techniques
were used, as well as the difficulties in the choice of the
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Figure 4. Treatment planning CT for left side breast cancer without (A) and with (B) involvement of the internal
mammary and medial supraclavicular lymph nodes, with superimposed radiation field (color-coded for irradiation
dose, Gy). Colored dots for coronary arteries included in the irradiation field: red dot – left anterior descending;
yellow dot – right coronary artery.
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coronary revascularization method in such a patient.
Several groups now advocate the active long-term car-
diovascular screening of patients after radiotherapy, us-
ing rest and stress electrocardiography and echocardio-
graphy.22-24
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