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Early-Onset Bilateral Severe Valvular Regurgitation
After Mediastinal Radiotherapy in Hodgkin Lymphoma
Survivors: Should We Screen Prior to 10 Years After
Mediastinal Radiotherapy?
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Background: Radiation-induced valvulopathy (RIV) is a common complication of mediastinal radiotherapy and usually occurs at
least 10 years after exposure to radiotherapy.
CaseReport:Wereport the caseof a37-year-old femalewithahistoryof stage IIIBHodgkin lymphomawhowasdiagnosedwithRIV
after all other potential causes of shortness of breath and valvular dysfunction were excluded. The patient’s presentation, 6 years
after receiving chemotherapy and radiotherapy for Hodgkin lymphoma, was earlier than expected after mediastinal radiotherapy.
The patient was started on a regimen of lisinopril, nifedipine, and metoprolol, and her symptoms improved significantly within
4daysof startingmedical therapy.We review the literature, discuss the risk factors anddeterminants of developingRIV, and suggest
the ideal timing to screen patients.
Conclusion: This case is of educational value for internal medicine, oncology, and cardiology healthcare providers who should
consider RIV as a cause of shortness of breath in patients who underwent mediastinal radiotherapy for Hodgkin lymphoma.
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INTRODUCTION
Hodgkin lymphoma is a commonmalignancy, especially in

young adults, accounting for approximately 8,220 new cases
diagnosed in the United States annually.1 Since the intro-
duction of chemotherapy and radiotherapy, patients with
Hodgkin lymphoma have improved cure rates and progno-
sis compared to the era preceding the introduction of these
interventions, with more than 80% of patients now achieving
a 20-year survival.2

Because of the increased life expectancy of these
patients, healthcare providers are witnessing an increas-
ing number of long-term side effects of these treatments.
At long-term follow-up of patients after radiotherapy for
Hodgkin lymphoma, cardiovascular disease was the third
most common cause of death, responsible for 12%-16%
of deaths.3 Mediastinal radiotherapy is known to cause
valvular disease, pericarditis, coronary artery disease, and
cardiomyopathy.4

We present the case of a patient who developed
radiation-induced valvulopathy (RIV) 6 years after receiving
chemotherapy and radiotherapy for Hodgkin lymphoma.

CASE REPORT
A 37-year-old female with a history of stage IIIB Hodgkin

lymphoma presented with shortness of breath for 3 months.
Her symptoms had gradually worsened to the extent that
she could no longer walk one block without becoming short
of breath. She had a cough productive of small amounts
of clear sputum with occasional streaks of blood. She
denied orthopnea or paroxysmal nocturnal dyspnea. Her
blood pressure was 129/85 mmHg, heart rate 98 bpm,
respiratory rate 17 breaths per minute, and oxygen sat-
uration 98%. Her temperature was normal. Cardiovascu-
lar examination revealed a grade 3 apical holosystolic
murmur radiating to the axilla, a loud holosystolic mur-
mur at the left lower sternal border increasing in inten-
sity with inspiration, and bilateral lower extremity pitting
edema. Six years prior, she had received 6 cycles of
chemotherapy with doxorubicin (a total of 300 mg/m2 dose),
bleomycin, vincristine, and dacarbazine. Chemotherapy was
followed by radiotherapy to her mediastinum and supra-
clavicular fossae for a total dose of 36 Gy in a period of
30 days.
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Chest x-ray revealed straightening of the left heart border
with pulmonary vascular congestion and an N-terminal pro
b-type natriuretic peptide (NT-proBNP) level of 1,640 pg/mL
(reference value, <450 pg/mL). Transthoracic echocardiog-
raphy (TTE) demonstrated an ejection fraction of 60% and
severe mitral and tricuspid valve regurgitation. The right ven-
tricle was severely dilated and hypokinetic. Right ventricu-
lar systolic pressure was estimated to be 74 mmHg. Com-
puted tomography (CT) imaging of the chest ruled out inter-
stitial lung changes or the presence of pulmonary emboli that
could explain the dilated right ventricle. Ventilation–perfusion
(V/Q) scan was negative for chronic thromboemboli. Trans-
esophageal echocardiogram demonstrated thickened and
fibrotic atrioventricular valves with resultant malcoaptation
and severe valvular regurgitation. Left heart catheteriza-
tion did not reveal any coronary artery disease. Right heart
catheterization revealed elevated mean pulmonary artery
pressure (60 mmHg) and pulmonary vascular resistance of
7.7 Wood units. Pulmonary capillary wedge pressure was
33 mmHg. Bilateral atrial tracings demonstrated prominent
V waves corresponding to severe mitral and tricuspid regur-
gitation.
Suspicion of pulmonary or cardiac causes in this patient

was high given her history of chemotherapy and radiother-
apy. Both bleomycin and radiotherapy can cause pulmonary
fibrosis and subsequent shortness of breath.5,6 However,
the findings of heart murmurs on physical examination
and elevated NT-proBNP suggested a cardiac cause. Con-
strictive pericarditis and restrictive cardiomyopathy were in
the differential given the patient’s history of radiotherapy.7

Cardiomyopathy as a result of chemotherapy or radio-
therapy was also being considered. The possibility of RIV
was initially low given that most clinically significant symp-
tomatic cases are reported at least 10 years after radio-
therapy, which was not the case for our patient.7 Given
the TTE findings of bilateral severe mitral and tricuspid
regurgitation, our workup aimed to clarify the cause of the
valvulopathy. The patient’s left ventricular ejection fraction
was normal, so functional mitral regurgitation was unlikely.
TTE also revealed a severely dilated right ventricle, indi-
cating that cor pulmonale might be the cause. However,
a normal high-resolution CT scan and pulmonary func-
tion test ruled out interstitial lung disease. In addition, the
V/Q scan did not reveal any ventilation/perfusion mismatch
suggestive of chronic pulmonary thromboembolic disease.
Simultaneous left and right heart catheterization did not
reveal any interventricular dependence as would be seen
in constrictive or restrictive cardiomyopathy. No evidence
of atherosclerotic disease was found on coronary angiog-
raphy. The nonspecific valve thickening and severe regurgi-
tation of mitral and tricuspid valves suggested primary valve
disease.
After all the potential causes of shortness of breath and

valvular dysfunction were excluded, the diagnosis of RIV was
made. The patient was started on a regimen of lisinopril,
nifedipine, and metoprolol, and her symptoms improved sig-
nificantly within 4 days of starting medical therapy. Because
the primary pathology of RIV damage cannot be reversed
with medication therapy, the patient was referred to car-
diothoracic surgery for further management. This patient
also possibly had pulmonary arterial hypertension (PAH) that
can partly explain the severe tricuspid regurgitation. Studies

have demonstrated that PAH can occur after radiotherapy or
chemotherapy.8,9

DISCUSSION
RIV should always be considered as a cause of dyspnea

in patients who received radiotherapy in the past. Diagnosis
can be challenging because many other causes, pulmonary
and cardiac, can affect the integrity of the heart valves and
result in valvular dysfunction. Echocardiography may not
reveal an underlying cause for the regurgitation. Many fac-
tors interact to determine the extent of valvular damage in
these patients, making it difficult to establish the best time
to start screening for this condition.
The prevalence of RIV reported in the literature varies

widely, from 2%-37% in Hodgkin lymphoma survivors after
mediastinal radiotherapy, which is much higher than the
prevalence of valvular heart disease in the general US pop-
ulation, reported to be approximately 2.5% in a large pooled
population-based study.10,11 This wide variation of preva-
lence in RIV can be attributed to the different study designs
and diagnostic techniques used to assess patients with
Hodgkin lymphoma.11 Many investigators reported an inci-
dence of RIV of approximately 4% and a median interval to
diagnosis ranging from 18-23 years.12 Mediastinal radiother-
apy increases the risk of valvular heart disease by 2- to 12-
fold.13,14

The aortic valve is the most commonly affected valve, fol-
lowed by the mitral and tricuspid valves.7 The most com-
mon lesions reported are aortic stenosis followed by mitral
regurgitation, tricuspid regurgitation, and mitral stenosis.12

The increasing involvement of the aortic valve is thought to
be attributable to the proximity of the valve to the medi-
astinal radiation field.7 However, our patient had involve-
ment of both mitral and tricuspid valves with features of
severe regurgitation without the involvement of the aortic
valve.
The mechanism of valvulopathy with radiation is not fully

understood. Because no blood vessels are in the valves,
the pathophysiology appears to be different from that of
coronary artery disease. The more frequent involvement of
left-sided valves suggests that higher pressures act as a
direct contributor or as a trigger for initiating the damage
that continues and accumulates for many years, leading
to RIV. Radiation induces the inflammatory, mesenchymal,
and epithelial cells to produce transforming growth factor
beta-1 (TGF-β1), which activates fibroblasts into matrix-
producing myofibroblasts, leading to collagen formation and
fibrosis.15 After initiation, TGF-β1 is no longer required to
sustain the process, as fibrosis is further perpetuated by
autocrine induction of a cytokine called connective tissue
growth factor. Twenty years after the inciting event, the pro-
cess of valve damage slowly progresses, leading to clin-
ically significant valvulopathy. Another suggestion is that
radiation activates an osteogenic phenotype in human aor-
tic valve interstitial cells, leading to increased production of
osteogenic factors such as bone morphogenetic protein 2,
osteopontin, alkaline phosphatase, and transcription factor
RUNX2, which would explain the increased calcification of
valves seen in RIV.16

Risk factors for the development of RIV include dose
of radiation, time since treatment, adjuvant anthracycline
chemotherapy, and age at presentation.12-14 Understanding
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the interplay among these factors can help predict the risk
of RIV in individual patients. A retrospective study of 1,852
Hodgkin lymphoma survivors found a nonlinear relationship
between radiation dose and the incidence of RIV. The risk of
RIV at doses <30 Gy was very low, but the risk increased
incrementally with doses >30 Gy. For exposure to radia-
tion doses of 31-35 Gy, 36-40 Gy, and >40 Gy, the risk
of RIV increased by factors of 3.1%, 5.45%, and 11.8%,
respectively.13 Other studies have also reported amean dose
of 30-46 Gy associated with the development of RIV.1,7,17 In
the 1960s, patients with Hodgkin lymphoma received a total
mantle field radiation of 35-45 Gy spreading to lymph nodes
in the neck, mediastinum, and axillae, resulting overall in
27.5 Gy to the heart and >35 Gy to parts of the heart such as
the pulmonary and aortic valves.3,18 In 2004, involved-field
radiotherapy, which requires a mean dose of 30 Gy, became
the gold standard for early-stage Hodgkin lymphoma.19 Our
patient had stage IIIB Hodgkin lymphoma and received a
total dose of 36 Gy, so she was clearly at risk of RIV.
The increasing prevalence of RIV with time has been

reported in multiple studies. Heidenreich et al studied
294 Hodgkin lymphoma survivors and demonstrated an
increased risk of aortic regurgitation, tricuspid regurgitation,
and aortic stenosis 20 years after mediastinal radiotherapy
compared to patients who hadmediastinal radiotherapy less
than 10 years before evaluation.7 In a retrospective study of
415 patients with Hodgkin lymphoma who underwent medi-
astinal radiotherapy, the incidence of clinically significant
valvular dysfunction 10 years after treatment was 1% and
the incidence at 20 years was 6%.20 The median duration
for development of clinically significant valvular dysfunction
was 22 years. Findings from both of these studies were in
agreement that the risk of developing RIV within 10 years of
treatment is relatively low. Our patient developed features of
RIV within 6 years of receiving treatment, which is not com-
mon.
The adjuvant use of anthracyclines as part of chemother-

apy has been reported to double the incidence of valvu-
lar dysfunction in Hodgkin lymphoma survivors, while a
nonanthracycline-based regimen did not increase the risk.14

van Nimwegan et al demonstrated an incremental inci-
dence of valvular disease with increasing doses of an
anthracycline-based regimen.21 The hazard ratios for devel-
oping valvular heart disease were 1.1, 2.2, and 3.7 for
patients who received dose ranges of 35-200 mg/m2, 210-
325 mg/m2, and 350-880 mg/m2, respectively. Our patient
received a dose of 300 mg/m2 and thus had increased
chances of developing RIV.
Given the interplay among these factors and the risk of RIV,

formulating a predictive model would be constructive, taking
into account the most common variables such as radiation
dose, time since treatment, and adjuvant anthracycline dose
to develop an objective risk assessment for each patient.
Then the screening period could be defined depending on
patient-specific risks. Cella et al have already attempted to
use dosimetric predictors and multiple variables to predict
the risk of asymptomatic heart disease following mediastinal
radiation in Hodgkin lymphoma survivors.22,23 These predic-
tion models have shown high agreement between observed
and predicted outcomes, but the major challenge for their
use is that many factors that have not been accounted for
might affect the risk of developing RIV. Also, more external

validation must be performed before these models can be
applied in clinical practice.

Although the evidence from prospective trials is lacking,
multiple retrospective studies have recommended screen-
ing Hodgkin lymphoma survivors who have received radio-
therapy beginning 10 years after treatment.1,3,7 Echocardio-
graphy is the initial diagnostic modality, and cardiac mag-
netic resonance imaging can provide complementary infor-
mation, including identifying myocardial fibrosis.11 Echocar-
diographic evidence of valve thickening may be present ear-
lier than the actual dysfunction, thus providing a window
of opportunity for screening. The characteristic pattern of
thickening of aortic and mitral valves involving aortic-mitral
curtains has been reported in the literature.24 Echocardio-
graphic evidence of aortic-mitral calcification was present
in 39% patients at 5 years and in approximately 90% of
patients at 20 years.7 Our patient was only 6 years post-
treatment, but she developed features of severe valvular
dysfunction that were probably attributable to the higher
radiation dose requirement and concomitant anthracycline
use. Therefore, in addition to time since radiotherapy, taking
other factors, such as the dose of radiation and concomi-
tant anthracycline use, into account is crucial when deciding
the ideal screening interval for each patient. Management
of these patients usually includes either surgical or percuta-
neous modalities, and the optimal choice is still not clearly
defined. A study of 22 patients who had RIV and under-
went valve repair showed no difference in 5-year survival or
freedom from reoperation or transplantation compared to a
cohort who underwent valve replacement.25 In a study of 37
patients who underwent surgery, transcatheter aortic valve
implantation (TAVI), or transcatheter mitral valve implanta-
tion (TMVI), the transcatheter groups had a lower overall in-
hospital mortality (25% in the surgery group, 6% in the TAVI
group, and 0% in the TMVI group) and shorter lengths of
stay (14 days in the surgery group, 7 days in the TAVI group,
and 6 days in the TMVI group).26 One-year mortality was
25% in the surgery group, 18% in the TAVI group, and 50%
in the TMVI group, with overall mortality of 24%. Wu et al
compared outcomes of open heart surgery in patients with
previous breast cancer or Hodgkin lymphoma who had a
confirmed diagnosis of RIV and/or radiation-induced heart
disease to a group of controls without previous radiation or
malignancy.27 After a mean follow-up period of 7.6 years, the
mortality rate was higher in the radiation group vs the control
group (55% vs 28%, P<0.001).

The generalizability of these studies is limited by their
small sample sizes and the differences in underlying severity
of disease in the patients, thus confounding the results and
interpretability of these studies. A transcatheter approach
(TAVI or TMVI) can be considered in patients with RIV given
the high likelihood of the presence of mediastinal fibrosis,
chest wall deformities, and porcelain aorta that can make
surgical approach difficult.

CONCLUSION
As the life expectancy of patients with Hodgkin lymphoma

has substantially improved, RIV is becoming an increasingly
recognized disease entity. Our patient’s presentation was
unique because she presented relatively early after treat-
ment completion with severe mitral and tricuspid dysfunc-
tion that are rarely involved in combination and without the
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involvement of the aortic valve. The recommended screen-
ing duration of 10 years might not be applicable to all patient
groups, and other risk factors such as radiation dose and
concomitant anthracycline use—along with the application
of predictive models—should be used when deciding the
optimal timing for screening each patient.
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