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Abstract

Introduction. Radiation therapy (RT) has been widely used since the 1970s in the treatment of Hodgkin’s 
lymphoma. RT increases the risk of secondary malignancies and heart disease including coronary artery 
disease, noncoronary atherosclerotic valvular disease, valvular dysfunction, pericardial disease and radiation 
induced vasculopathy. Case Presentation. We describe a case of a patient with 4 secondary malignancies 
due to previous RT including parotid mucoepidermoid carcinoma, breast multicentric infiltrating ducta, thyroid 
papillary microcarcinoma with follicular pattern and lung adenocarcinoma that later presented with severe 
constrictive pericarditis, which led to an emergency pericardiectomy – all of these were complications of 
her previous radiotherapy. She received a prompt diagnosis and treatment. Discussion. Radiation-induced 
vascular disease (RIVD) occurs due to endothelial injury following RT; patients have up to 3–4 fold increase 
in risk of myocardial infarction due to CAD, therefore screening of CAD with a CT coronary angiography is 
recommended to begin 5 years after receiving RT in patients 45 and older and 10 years after RT in patients 
<45 years old. Radiation induced secondary malignancies (RISM) are seen in 17–19 % of cases and the 
risk increases by time since last RT session. Many factors contribute to the risk severity of developing RISM 
such as age of radiation, dosage and size of the area irradiated, and radiation technique. Lung and breast 
cancer are the most common forms of second malignancy. A prompt screening, diagnosis and treatment of 
the RT complications are vital and should be prioritized in every control.
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ЧЕТЫРЕ РАДИОИНДУЦИРОВАННЫЕ ЗЛОКАЧЕСТВЕННЫЕ 
ОПУХОЛИ, ИШЕМИЧЕСКАЯ БОЛЕЗНЬ СЕРДЦА, 

АТЕРОСКЛЕРОЗ И КОНСТРИКТИВНЫЙ ПЕРИКАРДИТ 
У БОЛЬНОЙ С ЛИМФОМОЙ ХОДЖКИНА, ПОЛУЧАВШЕЙ 

ЛУЧЕВУЮ ТЕРАПИЮ: КЛИНИЧЕСКИЙ СЛУЧАЙ
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Аннотация

Актуальность. Лучевая терапия (ЛТ) для лечения лимфомы Ходжкина широко используется с 1970-х гг. 
ЛТ увеличивает риск развития злокачественных новообразований и заболеваний сердца, включая 
ишемическую болезнь сердца, некоронарное атеросклеротическое поражение клапанов, дисфункцию 
клапанов, заболевание перикарда и васкулопатию, индуцированную лучевой терапией. Описание 
клинического случая. Представлен клинический случай пациентки с 4 злокачественными новообра-
зованиями, возникшими вследствие ЛТ: мукоэпидермоидная карцинома околоушной слюнной железы, 
мультицентрический инфильтрирующий протоковый рак молочной железы, папиллярная микрокар-
цинома щитовидной железы с фолликулярным вариантом и аденокарцинома легкого, с разитием 
последующего тяжелого констриктивного перикардита, что привело к экстренной перикардэктомии. 
Все эти осложнения были результатом предыдущей лучевой терапии по поводу лимфомы Ходжкина. 
Пациентка получила своевременную диагностику и лечение. Обсуждение. Радиоиндуцированные 
сердечно-сосудистые заболевания возникают из-за повреждения эндотелия после лучевой терапии. 
У пациентов с ИБС риск развития инфаркта миокарда повышается в 3–4 раза, поэтому скрининг ИБС 
с помощью КТ-коронарографии рекомендуется начинать через 5 лет после ЛТ у пациентов в возрасте 
45 лет и старше и через 10 лет после ЛТ у пациентов в возрасте <45 лет. Развитие радиоиндуциро-
ванных злокачественных новообразований наблюдается в 17–19 % случаев; риск их развития растет 
с увеличением времени, прошедшего после завершения лучевой терапии. Многие факторы влияют на 
риск возникновения злокачественных опухолей: возраст, доза, размер полей и метод облучения. Рак 
легкого и рак молочной железы являются наиболее частыми локализациями радиоиндуцированных 
новообразований. Своевременная диагностика и лечение осложнений ЛТ должны быть приоритетом 
при контрольном обследовании. 

Ключевые слова: лучевая терапия, лучевой перикардит, радиоиндуцированные злокачественные 
новообразования.

Introduction
During the 1970’s, 60Co  radiation was the mainstay 

treatment in Hodgkin’s lymphoma (HL) for its 
promising results and cure rate [1]. Nevertheless, 10 
to 20 years later 60Co  radiation concerning side effects 
were discovered such as secondary cancers and cardiac 
toxicity and are still being experienced in survivors.

In the field of radiotherapy, radiation dose is 
measured in Gray units (Gy) where 1 Gy is the 
absorption of 1J of ionizing radiation energy by 1 Kg of 
tissue [2]; it’s described that low doses of radiotherapy 
(<2 Gy) have been shown to be associated with both 
secondary cancers and a bit of cardiac toxicity, but true 
heart damage occurs with radiation dose above 30 Gy 
[2, 3]. In a hybrid phantom Monte Carlo-based method 
for historical reconstruction of organ doses in patients 
treated with 60Co for HL, it was shown that out-field-
doses were 38 % on average. Also, distances of 60 cm 
from the central axis of treatment fields were reported 
increasing the risk for second malignancies [3].

Among the cardiac toxicities associated with HL 
treated with radiation therapy (RT) are coronary 
artery disease, noncoronary atherosclerotic valvular 
disease, valvular dysfunction, pericardial disease, 
cardiomyopathy and radiation induced vasculopathy; 
these are usually observed from 5 to 35 years after 
therapy on average [2, 4]. Furthermore, the risk of a 
second malignancy peaks at 35 years after HL radiation 
treatment. These second malignancies are mostly 
solid tumors such as cancers of the lung, esophagus, 
mouth and pharynx, thyroid, stomach and breast [5]. 
Cardiovascular disease and second malignancies are 
the leading causes of death in these patients.

Herein, we present a case of a 58-year-old patient 
who received Cobalt-60 RT for HL at 13 years old and 
has since battled four different primary neoplasia and 
now a severe constrictive pericarditis and coronary 
heart disease.
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Case Presentation
A 58-year-old woman from Lima – Perú was ad-

mitted to the Internal Medicine ward for presenting a 
15-day history of shortness of breath associated with 
fatigue, palpitations and dry cough.

Her past medical history was significant for 
Hodgkin lymphoma treated with 60Co radiotherapy 
in 1977, parotid mucoepidermoid carcinoma treated 
with parotidectomy in 2000, breast multicentric infil-
trating ductal carcinoma treated with mastectomy in 
2003, thyroid papillary microcarcinoma with follicular 
pattern treated with total thyroidectomy in 2010, and 
lung adenocarcinoma treated with a lobectomy in 2019 
with a negative genetic mutation test.

On physical examination, her pulse was 77 bpm, 19 
rpm, oxygen saturation was 97 % with 2L of oxygen 
via nasal cannula. During lung examination, there 
were diminished breath sounds more prominently in 
the lower left hemithorax along with diffuse crackles. 
No intercostal retractions were seen. Cardiac exami-
nation was positive for a prominent Kussmaul sign, 
pericardial friction rub and the cardiac sounds had 
decreased intensity. The patient also had a bilateral 
lower limb edema. The rest of the physical exam was 
within normal limits.

Due to the shortness of breath, a chest CT was 
requested and showed cardiomegaly, pericardial effu-
sion, atheromatosis of the thoracic aorta and coronary 
arteries, alongside with bilateral pleural effusion being 
more notorious on the left side (Fig. 1). A CT angiog-
raphy showed no evidence of pulmonary embolism.

A pleural ultrasound showed 500cc of left echo-
genic pleural effusion and a thoracocentesis was done. 
The pleural liquid was turbulent and semi-hematic (Ta-
ble). It was sent for biochemical and pathology testing. 
Light’s criteria were met, and the fluid was categorized 
as an exudative effusion. The cytological report later 
showed no evidence of malignant neoplasia. Labora-
tory exams showed a Pro-BNP of 1369 pg/ml, D dimer 
3.77 ug/ml, moderate anemia (9.4 g/dL).

Oxygen therapy was begun, and she was started on 
enoxaparin, atorvastatin and furosemide. A cardiology 
consultation was made, and an echocardiography was 
done which showed severe pulmonary hypertension 
(80mmHg) a thickened pericardium, along with mild 
right atrial enlargement and tricuspid and aortic valve 
insufficiency (Fig. 2) A cardiac MRI was taken and 
showed a thickened pericardium with a pericardial 
effusion (Fig. 3).

A cardiac catheterization finally made the con-
firmative diagnosis of constrictive pericarditis by 
showing right atrial hypertension with a sharp X 
and Y wave decrease (“W” image), the “square root 
sign” (dip plateau) with increased diastolic pressure 
“Kussmaul sign” with decrease in systolic LV pressure 
in inspiration associated with no variation of RA and 
enhanced ventricular interdependence (Fig. 4); the 
procedure also showed ostial occlusion (60–70 %) 
of the circumflex artery and a total occlusive on of 
the right coronary artery. Besides, severe pulmonary 
hypertension was confirmed.

The cardiothoracic team was then consulted and 
recommended an emergency pericardiectomy. The 
patient then presented with acute kidney injury due 
probable cardiorenal syndrome and was admitted to 
the Intensive Care Unit, where she was stabilized. The 
patient and her family finally accepted the surgical 
intervention and anterior pericardiectomy was made. 
After 2 weeks, the patient was discharged without 
complications. 

Fig. 1. Chest CT showing cardiomegaly, pleural and pericardial 
effusion, and atheromatosis of the thoracic and coronary arteries

Рис. 1. КТ грудной клетки. Кардиомегалия, плевральный и 
перикардиальный выпот, атероматоз грудных и коронарных 

артерий

Table/Таблица

Pleural effusion results

Результаты плеврального выпота

Test/Тест Pleural liquid/ Плевральная жидкость Serum/Сыворотка

Protein/Белок 352 g/dL (NR: 0–3.0) 8.17 g/dL (NR: 6.40–8.30)

LDH/ЛДГ 281.6 U/L (NR: 125–333) 331 U/L (NR: 135-214)

Glucose/Глюкоза 124 mg/dL (NR: 70–110) 89 (NR: 70–100)

Red blood cells/Эритроциты 110,000/mm3 (NR: 0–400) –

ADA 11.67 U/L (NR: 0–45) –
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Fig. 2. (A) Dilatated Inferior Vena 
Cava without inspiratory collapse; 

(B) interventricular septum with para-
doxical movement; (C) Negative flow 

in pulsed doppler of suprahepatic 
veins; (D) Variation of mitral diastolic 

filling rates; (E & F) Lateral tissue 
doppler with velocity less than medial

Рис. 2. (A) Расширенная нижняя 
полая вена без инспираторного 

коллапса; 
(B) Межжелудочковая перегородка 

с парадоксальным движением;
(C) Отрицательный поток в 

импульсной допплерографии над-
печеночных вен; (D) Варьирование 
скоростей митрального диастоли-

ческого наполнения;
(E, F) Латеральная допплерогра-
фия тканей со скоростью меньше 

медиальной

Fig. 3. Cardiac MRI T2 showing increased pericardial thickness, 
pericardial effusion and bilateral pleural effusion predominantly in 

left hemithorax
Рис. 3. МРТ сердца T2. Утолщение перикарда, перикарди-

альный выпот и двусторонний плеврит, с большим объемом 
выпота в левом гемитораксе

Discussion
In this patient, three major complications of RT 

presented simultaneously: radiation-induced vascular 
disease, four different primary neoplasia, and severe 
constrictive pericarditis. Radiation-induced vascular 
disease (RIVD) occurs due to direct endothelial injury 
following RT. HL survivors that were exposed to RT 
alone or in combination with chemotherapy, have up to 
3–4 fold increase in risk of myocardial infarction due 
to coronary artery disease (CAD), and this increases if 
irradiation has been taken before 21 years old [6]. Due 
to this risk, screening of CAD with a CT coronary angi-
ography is recommended to begin 5 years after receiv-
ing RT in patients 45 and older, and 10 years after RT in 
patients less than 45 years old [7]. Prevention of RIVD 
consists of a strict control of radiation intensity, breath-
holding, image guided radiation therapy for minimal 
radiation to other healthy tissue. Statin therapy during 
RT has shown promising results in in-vitro studies, 
due to having anti-inflammatory and anti-thrombotic 
effects on irradiated endothelial cells [7].

Radiation induced secondary malignancies (RISM) 
are seen in 17–19 % of cases years after RT and the 
risk increases by time [8]. Many factors contribute 
to the risk severity of developing RISM such as age 
of radiation, dosage and size of the area irradiated, 
and radiation technique. Lung and breast cancer are 
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Fig. 4. Right Ventricle. End 
Diastolic pressure/End systolic 
pressure Ratio: >⅓ (7/10). RV 
diastolic curve: “Square root” 
sign (Dip Plateau), diastolic 

pressures (initial/end) increased
Рис. 4. Правый желудочек. 

Соотношение конечного 
диастолического давления/
конечного систолического 

давления: >⅓ (7/10). Диасто-
лическая кривая ПЖ: признак 

«квадратный корень» (Dip 
Plateau); диастолическое дав-
ление (начальное/конечное) 

повышено

the most common forms of second malignancy, as 
well as thyroid cancer, all of which presented in our 
patient at different times with different histology. To 
our knowledge, only a few malignant parotid tumors 
following RT have been reported and it is most likely 
due to the mantle field radiation used in the 1970’s, 
when our patient was treated. As of today, this radiation 
technique is barely used since more precise techniques 
have been developed. Fortunately, due to excellent 
screening and follow ups after RT, the malignant 
neoplasia were found in early stages where surgery 
was the only treatment.

The most severe complication found in our patient 
was constrictive pericarditis, which presented several 
diagnostic findings in: Echocardiography, Compu-
ter Tomography, Cardiac MRI and Hemodynamic 
catheterization. In the echocardiographic criteria our 
patient had an inspiration-related ventricular septal 
shift to the left (best assessed with a combination 
of 2-dimensional and M mode assessment) which is 
the most important finding with a sensitivity of 93 % 
[9], to explain this it’s important to understand that 
normally during inspiration a negative intrathoracic 
pressure is created and stimulates the venous return 
which increases RV filling, but during inspiration in 
CP the right ventricle can’t expand as usual because of 
the rigid pericardium, this leads to an interventricular 
shift to the left because the septum is the only part that 
is not compromised by the rigid pericardium [10]; the 
presence of this finding in combination with a medial 
mitral e’ velocity of ≥9cm/s or a hepatic vein expiratory 
diastolic flow reversal ratio of ≥ 0.79 is 87 % sensi-
tive and 91 % specific for CP according to the Mayo 
Clinic Criteria [11].

The CT scan findings that suggest CP are pericar-
dial thickening or calcification with deformation of the 
cardiac contour or dilatation of the inferior vena cava. 
Meanwhile the cardiac MRI provides more specific 
cardiac characterization such as pericardial thickening 

or peri-myocardial adherence, late gadolinium peri-
cardial enhancement (this occurs because of fibroblast 
proliferation and neovascularization) and also can be 
seen the same respiration- related ventricular shift 
described previously [9].

The gold standard diagnostic test for CP is cardiac 
catheterism [9], this shows the rise of diastolic pres-
sure in the four cardiac chambers and the pressure 
between both ventricles was <5 mmHg. Also, once 
the ventricular volume reaches the limit imposed by 
the rigid pericardium, suddenly the cardiac chamber’s 
filling stops and this is presented by the “Dip Plateau” 
sign. Nevertheless, the most important hemodynamic 
characteristic in CP is the enhanced ventricular inter-
dependence during breathing [10].

Heart radiation can cause significant pericardial 
disease which presents as pericardial calcifications, 
thickening and effusions sometimes found incidentally 
on imaging. The presentation of constrictive pericar-
ditis decades after RT presents with congestive heart 
failure and is treated with conventional medications 
such as diuretics and ACE inhibitors. Furosemide was 
initiated in our patient which initially decreased her 
shortness of breath. 

The definite treatment for constrictive pericarditis is 
pericardiectomy, however the operative mortality risk 
ranges between 5–20 % [12], and when the etiology 
is secondary to RT, is associated with a poor overall 
survival even following surgery (about 27 % at 7 years) 
[2, 13], this is also reported by Tzani et. al. when their 
meta analysis showed higher mortality rates after peri-
cardiectomy in this kind of patients [14].

Minimizing radiation delivery to cardiovascular 
structures and healthy organs should be prioritized; 
protocols have been created for new radiation deliv-
ery techniques and have reduced ionizing radiation 
to nontarget structures without the compromise of a 
state-of-the-art cancer therapy and outcomes regard-
ing cancer care [15]. Although the risk is becoming 
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less prominent because of novel radiation techniques, 
screening of CV disease should be emphasized as part 
of the follow-up of cancer patients who have received 
RT in their lifetime. Furthermore, although pericardial 
disease is decreasing its incidence following new RT 
techniques, many patients who were treated between 
the 1970–1980’s are now facing the devastating side 
effects of prior RT and should be carefully screened 
for cardiovascular disease and second malignancies 
to guarantee a prompt treatment.

Conclusion
Hodgkin lymphoma patients have been successfully 

treated with radiotherapy since the 1960’s, but a wide 
variety of late onset complications are concerning. In 
this case report, we present a 58-year-old patient who 
presented with 4 secondary malignancies, coronary 
artery disease, and severe constrictive pericarditis 45 
years after RT for Hodgkin’s Lymphoma. The impor-
tance of knowing the potential side effects of RT relies 
on prompt screening guidelines during the follow ups 
of these patients and a prompt treatment.
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