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Abstract

Background: The heart and great vessels were once thought to be relatively resistant to the da-
maging effect of radiation therapy. There is now clear evidence that thoracic irradiation may
cause acute inflammation and progressive fibrosis of different structures, including the heart
valves, the myocardium and the pericardium, the coronary arteries and the conduction system. As
new therapies have improved survival, many patients with cancer (mostly Hodgkin’s disease and
breast cancer) are now at risk of cardiovascular (CV) complications following radiation therapy.
Objectives: To raise awareness of CV complications following chest irradiation. Method: We
present 5 patients that we treated during a short period of time (between June 2013 (6/2013) and
February 2015 (2/2016)), who suffered CV involvement that needed therapy, following chest ir-
radiation. Conclusions: Patients after chest irradiation should be followed periodically, in order to
diagnose and treat CV complications, in time.
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1. Introduction

The heart and great vessels were once thought to be relatively resistant to the damaging effects of radiation
therapy. There is now clear evidence that thoracic irradiation may cause inflammation and progressive fibrosis
of different thoracic structures, including the heart valves, the myocardium, the pericardium, the coronary arte-
ries, and also the conduction system [1]-[9].

Although radiotherapy is not the sole or only causative factor, in all cases, for rapid calcification of blood
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vessels and cardiotoxicity, it is no doubt an accelerating factor.

As new therapies have improved survival, many patients with cancer (mostly Hodgkin’s disease and breast-
cancer) are now at risk of cardiovascular (CV) complications after radiation therapy.

It has been shown that among Hodgkin’s lymphoma and breast cancer patients, treated with radiotherapy,
cardiovascular disease (CVD) is the most common malignant cause of death; and over the long term, the bene-
fits of radiotherapy might be partially offset by cardiac complications.

Multiple studies have shown that radiation induced cardiac disease encompasses a wide spectrum of delete-
rious effects on the heart, from pre-clinical histopathological findings to symptomatic clinical disease, including:
coronary artery disease, valvular heart disease (mainly left (high pressure) side) [1], and mostly valvular insuffi-
ciency, also pericardial disease, autonomic dysfunction and sudden death.

It has been shown that the higher incidence of late effects of cardiac complications is related to factors such as:
the (younger) age at the time of thoracic irradiation; topography, left-sided vs. right sided irradiation [5]; coex-
istence of adjuvant chemotherapy, as well as the longer time that had elapsed since radiation therapy (“the time
and era of the old radiation therapy protocols™) [4] and the existence of the risk factors of CAD [6]. It was em-
phasized that one should be careful before drawing any conclusions concerning the effectiveness of the modern
irradiation therapy methods, such as “breath holding techniques” during therapy in reducing cardiac toxicity;
because older trials, which have reported excess cardiac toxicity, were dealing with a much longer follow-up
duration [10].

It has been shown that the sequels of chest irradiation were: pericardial thickening, pericardial effusion, con-
strictive pericarditis, valves cusp-leaflet fibrosis (with or without calcification), marked chordal thickening and
fusion (mostly left-side valves (Mitral and Aortic)), presented with valve insufficiency and less stenosis; and
myocardial and coronary arteries fibrosis.

Our purpose was to raise awareness of CV complications following chest irradiation.

2. Method

We present data obtained through medical history, during the index event, from 5 patients who had suffered
from cardiovascular complications following chest irradiation.

First Case: A 42-year-old male was presented with dizziness and second degree (2:1) Atrio-Ventricular (AV)
block, two years post Coronary-Artery Bypass Graft (CABG) surgery. 25 years earlier, the patient had been
treated with radiotherapy to the mediastinum for lymphoma. A chest CT revealed calcification of the 3 coronary
arteries, the aortic root, aortic valve and Mitral annulus (Figure 1).

The patient was treated with a permanent pacemaker.

Second Case: A 60-year-old female, who was treated at childhood by radiation therapy to her upper chest and
neck, for cervical neuroblastoma, presented with dyspnea at effort, for the past 10 years, with the clinical and

Figure 1. Chest CT demonstrating calcification
of mitral annulus and of the coronary arteries.
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laboratory evidence of severe pulmonic stenosis (Figure 2), with peak Systolic Pressure Gradient (PG) of 70
mmHg, and documented patent coronary arteries (Figure 3; Figure 4). The patient was successfully treated by
pulmonic balloon valvuloplasty, followed recently by percutaneous Pulmonic Valve Implantation.

Third Case: A 56-year-old female, known with hyperlipidemia and a family history of IHD, who was treated
two years earlier by left chest irradiation for breast cancer, had complained of effort angina and had a positive
Exercise Test.

On heart catheterization there was evidence of two-vessel disease—successfully treated by PCI (Figure 5;
Figure 6).

Forth Case: A 43-year-old female, known to suffer from Diabetes-Mellitus and Hyperlipidemia, was treated in
1996 by radiotherapy to the mediastinum for Hodgkin’s Lymphoma. During 2012-2014 the patient passed 4 co-
ronary angioplasty because of angina pains, during which stents were implanted in the Left Main (LM) and Right
Coronary Artery (RCA). Moderate Aortic Valve stenosis (of 45 mm Hg gradient) was diagnosed (Figure 7).

Fifth Case: A 64-year-old female, known with Juvenile Diabetes, peripheral vascular disease and renal failure,
was presented a few months ago with sudden fatigue, slow heart rate (Atrio-ventricular (AV) block with ventri-
cular rate of less than 30 beats/min) (Figure 8) treated with a temporary pacemaker, and later by a permanent
CRTD (defibrillator) implantation (Figure 9). The patient was treated 10 years earlier for left breast cancer, by
lumpectomy, chemotherapy and chest irradiation, followed by congestive heart failure (LVEF = 25%).
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Figure 3. (Case 2): Patent RCA.
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Figure 4. (Case 2): Left coronary artery system.
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Figure 5. (Case 3): RCA.

Figure 6. (Case 3): Lt. coronary artery system.
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Figure 7. (Case 4): (a) M-model echocardiography-calcified aortic
stenosis; (b) Aortic stenosis and pressure gradient.
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Figure 8. (Case 5): Atrio-ventricular block.
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Figure 9. (Case 5): Chest X-ray and permanent
CRTD.

In Summary: Thus, during a short period of time (less than two years), we met 5 patients who suffered cardi-
ovascular toxicity following chest irradiation therapy.

3. Discussion

The prevalence of radiation associated cardiac disease is increasing, due to the prolonged survival following
mediastinal irradiation. It has been shown that the side effects of radiation therapy include: pericarditis, accele-
rated coronary disease, myocardial fibrosis, valvular and heart conduction system injury, central and peripheral
arteries calcification and stenosis. These conditions often required surgical or percutaneous interventions, and
often presented years and decades after radiation therapy [11]-[23]. This is especially so when radiation therapy
was combined with adjuvant therapy [24].

The pathology and pathogenesis of radiation induced heart disease has been studied in the last four decades in
patients in whom cardiac-tissue, that exhibited radiation related injury, was available (surgical or at autopsy) [25]
[26], as well as in animal models [27].

It has been shown [10] that the mechanism of radiation-induced myocardial fibrosis is the sequel of damage to
the endothelial cells of blood capillaries, which vary from luminal projections of cytoplasm—to cell necrosis,
with rapture of the capillary wall. Platelets and fibrin thrombi were the prominent features of injured capillaries,
seen in the early “silent” clinical period. Later, after 70 days, the ultra-structural lesions were less prominent, but
there was marked reduction in the number of capillaries, and concomitant progressive fibrosis.

The compensatory mechanism of endothelial cell renewal was inadequate to construct the damaged capilla-
ries' network; and thus, the insufficient microcirculation finally lead to diffuse myocardial fibrosis [10]. It has
also been emphasized that the non-dividing myocytes are relatively resistant to the direct harmful radiation ef-
fect; and the damage to the myocardium leading to myocardial-fibrosis—is indirect—via the lowering humber
of available capillaries and blood vessels that supply blood, oxygen, glucose, etc.

The first reported case of radiation-induced heart disease with compared image views operative findings and
pathological findings was reported by Domoto et al. in 2014 [28].

We have described 5 patients, who suffered cardiovascular involvement after chest radiation therapy, who we
had met and treated between June 2013 (6/2013) and February 2015 (2/2016). The first one was treated in his
youth with chemotherapy and radiotherapy to the mediastinum, for Hodgkin’s Lymphoma, and treated again, a
generation later, by a coronary artery bypass graft (GABG) operation and by permanent pacemaker therapy.

Santoro et al. described in 2012 a case of a 44-year-old man with history of Hodgkin lymphoma, treated with
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chemo- and radio-therapy 6 years earlier, who presented with episodes of syncope and complete AV block and
needed pacemaker therapy implantation [29].

Two years later, Trapani et al. described a 47-year-old female patient with no history of cardiac disease, who
presented with recurrent syncope, high degree AV Block, treated with temporary and permanent pacemaker im-
plantation. The patient had a history of left breast cancer, treated with chemotherapy and radiotherapy 13 years
earlier, with regular follow-up for many years. The conduction disturbances were attributed to the radiotherapy
[30].

Our second case was a female patient who was treated in her childhood by irradiation therapy to her upper
chest and neck, for cervical neuroblastoma; through the patient’s medical history, it was established that cardiac
systolic murmur or data indicating congenital pulmonic stenosis were not mentioned or recorded until the age of
12. Two generations later, echocardiographic data did not show doming or dysplasia of pulmonic valve, but
showed heavy calcification that was successfully treated by pulmonic balloon valvuloplasty, for severe pulmon-
ic valve stenosis. We presume, and cannot rule out, that the extensive fibrosis and calcification of the valve was
due to the radiation therapy.

Velebit et al. have described Right Ventricular outflow obstruction after radiation therapy [13]. Pure infundi-
bular pulmonary stenosis induced by radiation therapy was also described by Ratayama et al. in 1988 [14].

The third patient in our study was treated successfully by percutaneous coronary intervention for symptomatic
two vessel disease, two years after left chest radiation for breast cancer, which initiated or aggravated her coro-
nary artery disease (CAD).

The forth patient presented with CAD and Aortic Valve Stenosis. This is similar to cases Tamura et al. re-
ported in 2007, of four patients who underwent mediastinal radiotherapy for malignancy almost a generation
earlier—who all suffered from Aortic Stenosis and required valvular operations [31].

Finally, our fifth patient presented with symptomatic high degree AV Block that needed permanent pacemak-
er therapy.

It is emphasized in many clinical and experimental studies and publications [25] [26] that time elapsing be-
tween the radiation insult and the symptomatic cardiovascular disease, can take years and even decades. It was
recommended that patients who were previously treated by chest irradiation should be followed clinically and by
electrocardiography, especially when other risk factors for CAD exist [6]. It was also suggested that because of
the high prevalence of asymptomatic heart disease following mediastinal irradiation, annual screening echocar-
diography should be considered after irradiation, in the same way that it is carried out following chemotherapeu-
tic-adjuvant therapy [24].

4. Conclusion

Patients, after chest irradiation, should be followed periodically in order to diagnose and treat CV complications,
in time.
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