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The incidence of Hodgkin lymphoma (HL) in Europe is 2.4 cases per 
100,000 persons.1 HL is yearly diagnosed in about 400 patients in the 
Netherlands.2 The exact prevalence of HL survivors (HLS) in the Neth-
erlands is unknown; in the Unites States there were approximately 
175.000 HLS on January 1, 2009.3  The International Agency for re-
search on Cancer reported that 1568 HLS were alive in the Nether-
lands who were diagnosed with HL within 5 years of January 1, 2008.2 
Based on these figures we estimate the current number of long term 
(more than 10 years after diagnosis) HLS in the Netherlands to be a 
few thousand patients. Overall survival rates have improved dramat-
ically over the last decades, attaining a mean of 90% (range 67-98%) 
5-year survival for HL patients treated between 1980 and 2010 with 
regimens including modern chemotherapy regimens. 4 After 10 years 
of follow-up, mortality from HL decreases substantially, whereas many 
Hodgkin lymphoma survivors (HLS) still suffer from long-term compli-
cations of treatment.5

During the past decades, treatment modalities have been improved, 
not only resulting in better cure rates of HL, but also in less long-term 
toxicity. For patients with stage I or II HL, treatment has evolved from 
subtotal nodal irradiation (of the cervical, axillary, mediastinal hilar, 
para-aortic lymph nodes and of the spleen) to combined modality 
treatment with chemotherapy and less extensive radiotherapy.6 How-
ever, there still is a major controversy 6-7 whether radiotherapy is really 
needed in combination with modern chemotherapy regimens in non-
bulky early stage HL. Monotherapy with chemotherapy has also been 
shown to result in high overall survival rates in this group.8 Further-
more, radiotherapy has been associated with most long-term compli-
cations in HL.9 Therefore, current practice guidelines from the National 
Comprehensive Cancer Network (NCCN) describe two alternative op-
tions for the treatment of patients with limited stage HL: abbreviated 
chemotherapy plus involved-field radiation therapy (IFRT) or chemo-
therapy alone with adriamycin, bleomycin, vinblastine, and dacarba-
zine (ABVD).10 Currently, some trials are investigating the role of interim 
positron emission tomography (PET) imaging, following 2 or 3 cycles of 
chemotherapy in the response-adapted tailoring of treatment (GHSG 
-HD16, EORTC-GELA H10 and the RAPID Trial).11 Radiation remains a 
critical component of the treatment of bulky early stage HL, since these 
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patients are at greater risk for relapse.12 For advanced stage HL there is 
consensus that combination chemotherapy is the standard initial ther-
apy. The chemotherapy regimen with the highest rate of response and 
least toxicity is still a matter of debate.13-14 The role of consolidation 
radiotherapy after chemotherapy induction for advanced stage HL is 
controversial and the decision to proceed with adjuvant radiation after 
chemotherapy should be individualised. 15-17 Especially HL patients in 
partial remission or presenting with bulky mediastinal disease (> 10cm 
or > 1/3 of mediastinum) benefit from adjunctive radiotherapy to re-
gions with residual disease or to the initial bulky site.15-17

The choice for a therapeutic regimen in HL patients is also influenced 
by the long term complications of treatment. Older chemotherapy reg-
imens have been replaced by newer combinations because of the high 
rate of secondary leukaemia which were observed years after treat-
ment (especially in patients treated with the alkylating agent mechlore-
thamine in the MOPP scheme). Many patients received extended field 
radiotherapy like subtotal nodal irradiation (STNI) and mantle field ir-
radiation (STNI without radiotherapy to the para-aortal lymph nodes 
and the spleen). This type of irradiation was abandoned at the end of 
the 1990’s because less extensive field radiotherapy in combination 
with chemotherapy resulted in similar curation rates with fewer side 
effects.18 Currently involved field radiotherapy (treatment to the en-
tirety of a lymphoid region) is the standard, with efforts being made 
to narrow the radiation fields even more, to involved node radiother-
apy.19 Furthermore, radiation doses were lowered from over 40 Gy to 
20-30 Gy in combination with chemotherapy.20 Limiting the exposure 
of normal tissues to the damaging effect of radiotherapy was the main 
reason for these adjustments. 

Over time, evidence became available that radiotherapy is associated 
with adverse effects, especially in long time survivors of extensive field 
radiotherapy.21 Secondary malignancies in tissues situated within the 
radiation fields (breast, lung, oesophagus, thyroid) have been the lead-
ing cause of death in long term survivors of HL.5 Numerous studies 
describing the risk of secondary malignancies and guidelines about 
screening for these cancers are available.22-25 
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Cardiovascular diseases (CVD) are the most prevalent non-malignant 
cause of death in HLS. 5 There are many studies describing the inci-
dence of symptomatic cardiovascular end points like stroke,  myocar-
dial infarction, valvular disorders, congestive heart failure, pericardial 
disease and conduction abnormalities.9, 26-32 However, data on pre-clin-
ical indicators of these disorders are scarce 33-35. No uniform guidelines 
are available for screening HLS for CVD.22-24 

Currently, many screening modalities are under investigation for the 
detection of pre-clinical CVD in high-risk populations like patients 
with diabetes, hypertension, hypercholesterolemia, renal dysfunction 
etc.36-41 Arterial stiffness parameters have been proven to adequately 
predict the occurrence of cardiovascular disease in several high risk 
populations.36 The aortic pulse wave velocity measured between the 
carotid and femoral arteries (PWVcf) is considered the ‘gold-standard’ 
indicator of arterial stiffness.42 Recently, a meta-analysis of 17 studies 
demonstrated a correlation between PWVcf and clinical outcomes. Pa-
tients with a high PWVcf have a relative risk of 2.26 of developing a car-
diovascular event.36 For HLS treated with mediastinal radiotherapy, the 
PWVcf would be of use to determine if aortic stiffening has occurred 
in consequence to radiotherapy. However, for HLS treated with radio-
therapy to the cervical lymph nodes only, PWVcf would not be of use. 
Common carotid artery (CCA) distensibility coefficient (DC) is another 
indicator of arterial stiffness which is probably more suitable to use in 
this subgroup of HLS.43 DC was also shown to be independently related 
to the occurrence of stroke and TIA in a high risk population for CVD.43 
In HLS treated with only chemotherapy, both indicators of arterial stiff-
ness can be used to assess the risk of cardiovascular disease. Advan-
tages of these parameters are the non-invasive way of investigation 
and the relative ease of use of the techniques. Furthermore, lowering 
blood pressure has been shown to be associated with a decrease in 
PWVcf, independent of blood pressure decrease.44-45 Also DC improved 
after a treatment regimen combining a statin, vitamin E and homocyst-
eine lowering in patients with chronic kidney disease.46 Whether lower-
ing arterial stiffness itself or lowering the blood pressure and optimis-
ing other CVD risk factors will lead to improved long-term outcomes, 
is not clear.
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Indicators of atherosclerosis like increased intima media thickness 
(IMT) of the CCA, the presence of plaque in the CCA and increased cor-
onary artery calcium (CAC)-score have also been used as predictors of 
CVD in asymptomatic patients.37-38, 47 In a recent meta-analysis of almost 
46,000 patients, increase in CCA IMT was associated with greater risk of 
myocardial infarction and stroke.48 However, the addition of IMT meas-
urements to the Framingham Risk Score was associated with small 
improvement in risk prediction of myocardial infarction or stroke.48 
Arterial plaque can also be detected by ultrasound during the meas-
urements of CCA IMT. The combination of plaque and increased IMT 
seems to define the group with the highest risk of developing CVD.38 
Since HLS have been shown to have an increased risk of developing 
stroke and transient ischemic attacks (TIA)49, the yield of screening HLS 
for carotid artery disease should be investigated. It is not being rec-
ommended to use screening ultrasounds of the CCA in asymptomatic 
patients because of the relatively low excess cases of stroke and TIA in 
HLS,49 however no research has been conducted yet to confirm these 
recommendations. Furthermore, timely recognition of carotid artery 
disease in HLS results in much better outcomes, since all patients with 
carotid artery disease presenting with a stroke were fatal or resulted in 
permanent hemiparesis.50

Since myocardial infarction was recognised as a frequent complica-
tion of mediastinal radiotherapy, several studies have been published 
on screening methods to detect asymptomatic coronary artery dis-
ease (CAD). In HLS stress-induced ischemia detection (by echography, 
electrocardiography or scintigraphy) has demonstrated disappointing 
diagnostic characteristics in the few studies in which they were com-
pared to the gold-standard: coronary angiography.33, 51-53 Non-inva-
sive modern imaging techniques like computed tomography (CT) for 
the measurement of CAC-score, CT- and MRI-angiography have been 
used since the 1990’s for the detection of CAD. The latter two methods 
are mainly used for research purposes for the detection of CAD, the 
broader applicability of research centre results is not yet established.54 
CAC-score measurements however, are available on a large scale. CAC-
score has been shown to be predictive of both coronary artery stenosis 
of more than 50% and cardiovascular events as well.55-57 Furthermore, 
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CAC-scoring has the advantage of being relatively cheap, the radiation 
exposure being low and not requiring intravenous contrast fluid. De-
spite the potential benefits of CAC screening, there are a number of 
limitations to CAC screening which cause disagreement about its val-
ue.58 The relative low-population risk in asymptomatic patients referred 
for CAC-score measurements means that a clinical event will only occur 
in a small number of patients with coronary calcifications. It has not 
been proven that initiating pharmacologic treatment in asymptomatic 
patients with high CAC-scores improves outcome.59-61 The cost-effec-
tiveness has not been established since additional tests are frequently 
required to identify the degree and significance of CAD.62 Mediastinal 
radiotherapy has been recognised as a risk factor for the development 
of CAD 63, however no trials performed so far into the prognostic value 
of CAC-scores have included HLS. Therefore the value of CAC screening 
in HLS remains unknown. For this group of patients screening for CAD 
has been advocated by experts in the field. 9, 29, 64 CAC screening can be 
a suitable method when looking at the advantages presented above 
and regarding the guidelines of the American College of Cardiology/
American Heart Association which recommend CAC screening in popu-
lations at intermediate (10-20%) ten year risk or CAD.65

Other less prevalent, but very invalidating, late effects of HL treatment 
like neurological complications have also received little attention in the 
literature.66-67 HLS treated with radiotherapy to the neck often complain 
of a painful neck or a tired feeling in the neck muscles. 66-67  Physicians 
treating HLS often recognize patients treated with mantle field radio-
therapy by their thin neck and sometimes even the necessity to sup-
port the head with their hand after sitting for a while. Since the etiology 
of muscle damage after radiotherapy is largely unknown, treating phy-
sicians do not know how to manage the complaints of these patients.68 

The desire of improving long-term survival of Hodgkin lymphoma pa-
tients by optimizing treatment modalities and decreasing long-term 
complications has led to the actual interest in the development of 
screening strategies, not only for secondary malignancies but also 
for neuro- and cardiovascular disorders. For example, the nationwide 
Dutch consortium BETTER (Better care after Hodgkin lymphoma: Eval-
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uation of long-Term Treatment Effects and screening Recommenda-
tions) has begun an initiative of uniformly screening Hodgkin lympho-
ma survivors on late effects of treatment. Data from our cohort HLS 
will contribute to a better understanding of the prevalence of subclin-
ical cardiovascular and neurological late effects. Furthermore, identi-
fication of risk factors for these late effects will facilitate the identifi-
cation, closer monitoring and treatment of individuals at high risk of 
developing symptomatic disease. 

Outline of the thesis
The aim of this thesis is to investigate subclinical cardio- and neuro-
vascular complications of treatment in Hodgkin lymphoma survivors 
(HLS). Preclinical cardiac and vascular disorders are investigated in a 
cohort of 82 HLS and 40 age and gender matched control subjects. 
Furthermore, neck muscle complaints are studied in a subgroup of 12 
HLS previously treated by mantle field radiotherapy.

In Chapter 2 a review of the available literature on cardiovascular com-
plications of radiotherapy is presented followed by a suggestion for a 
cardiovascular screening program. This review focuses on coronary ar-
tery disease, valvular disorders, pericardial disease, cardiomyopathy, 
arrhythmias and conduction system disease, carotid artery disease 
and other vascular pathology. For the two most prevalent disorders 
(coronay artery disease and valvular disorders) the rationale of screen-
ing, the risk groups among the HLS who should be closely monitored, 
the best timing of initiation of screening and screening intervals and 
the best screening modalities are assessed.  

In Chapter 3 arterial stiffness is described for the first time in patients 
treated with radiotherapy. The carotid-femoral pulse wave velocity 
(PWVcf) and the distensibility coefficient (DC) of the common carotid 
artery are used as markers of arterial stiffness. HLS treated with radi-
otherapy to the aorta and carotid artery respectively are compared to 
HLS treated without radiotherapy and to healthy controls. Patient- and 
HL therapy related risk factors for arterial stiffening are studied.
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The PWVcf is nowadays considered the ‘gold-standard’ indicator of 
arterial stiffness. Various measuring techniques have been used to 
estimate the PWVcf. However, there is no consensus about which 
measuring method is the most valid and reliable. In chapter 4, two 
instruments measuring PWVcf are compared: the Sphygmocor versus 
the Vicorder. The SphygmoCor is a device that has been extensively 
used in clinical studies for a long time, however it is a time consuming 
device which requires some experience from the technician using it. 
The Vicorder is a new device, recently approved by the FDA, which is 
supposed to be easy in use and less operator-dependent.

Radiotherapy of the neck has been associated with a higher risk of 
stroke and TIA in HLS.49 Carotid artery disease and cardiac emboli have 
been suggested as causes of stroke and TIA. Preclinical indicators of 
atherosclerosis are described in chapter 5. Intima media thickness 
(IMT) of the common carotid artery and occurrence of plaque in the 
neck arteries are compared between HLS irradiated on the neck, HLS 
treated without radiotherapy on the neck and healthy controls.

Coronary artery disease detection methods have been extensively in-
vestigated in HLS.33-34, 51-53, 69-70 A new method, recently introduced in 
cardiac practice, CAC-score measurement, is evaluated in chapter 6. 
75 HLS were measured and classified as having high-risk for develop-
ing CAD when exceeding the 75th percentile for age and sex in the nor-
mal population and low-risk when found to have a CAC-sore of 0.   

Chapter 7 describes the results of screening HLS with echocardiogra-
phy. Assessment of valvular disorders is presented and risk factors for 
developing these disorders are investigated. The aim of this chapter is 
to incorporate cardiac disease screening into a comprehensive screen-
ing program.

In chapter 8 the findings of neck muscle ultrasound, nerve conduction 
studies and needle electromyography are described in 12 HLS treated 
with mantle field radiotherapy. The aim of this study is to gain more 
insight in the pathophysiology and the clinical picture of neck muscle 
atrophy and weakness. Furthermore suggestions are given for the 
management of these complaints.
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The findings of the above mentioned studies are summarized in chap-
ter 9.  

Finally, in chapter 10 the obtained results are discusses and placed 
into perspective of the current literature. Suggestions are presented 
for a screening program for the detection of cardiovascular disorders 
in HLS and for further research on this subject. 
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Abstract
Long term prognosis of Hodgkin lymphoma (HL) survivors is affect-
ed by late toxicity of radiotherapy and chemotherapy. Cardiovascular 
complications of radiotherapy have been shown to have a great impact 
on the long term survival. The aim of this review is to summarize the 
available data on different screening modalities for cardiovascular dis-
ease and to suggest a screening program. 
Patients older than 45 years at HL diagnosis should be screened for 
coronary artery disease (CAD) starting five years after mediastinal ra-
diotherapy; they are at increased risk of pre-existent atherosclerosis 
which can be accelerated by radiotherapy. Screening for CAD should 
start 10 years after radiotherapy in younger patients. The best screen-
ing modality for CAD is subject of discussion, based on the latest stud-
ies we suggest screening by Coronary artery calcium score measure-
ments or CT-angiography. Valvular disorders should be looked for by 
echocardiography starting 10 years after radiotherapy. Electrocardi-
ograms should be performed at each cardiovascular screening mo-
ment in order to detect arrhythmia’s or conduction abnormalities. We 
suggest repeating these screening tests every five years or at onset 
of cardiovascular complaints; patients should be extensively instruct-
ed about signs and symptoms of cardiovascular disease. Furthermore 
traditional risk factors for cardiovascular disease should be carefully 
monitored and treated. We suggest determining a cardiovascular risk 
profile at diagnosis of HL in patients older than 45 years. In case of a 
high risk, treating HL without RT should be considered.
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Introduction
Hodgkin lymphoma (HL) accounts for approximately 0.6% of all can-
cers diagnosed in the developed world annually, with 8220 new cases 
and about 1350 deaths due to HL in the United States annually.1 Hodg-
kin lymphoma survivors (HLS) are at increased risk of developing late 
cardiovascular complications. The course of these cardiovascular dis-
orders is often asymptomatic even in the presence of severe disease.2 
Moreover, symptoms are often misinterpreted because of young age 
and lack of other cardiovascular risk factors (RF).3 
There are no guidelines for comprehensive cardiovascular screening 
programs in HLS. Different brief suggestions have been made by dif-
ferent organizations, all without high level of evidence.4-6 The most re-
cently updated guidelines, the National Comprehensive Cancer Net-
work (NCCN) Clinical Guidelines do recommend annual screening and 
‘aggressive management of cardiovascular risk factors’ and a base-
line ‘stress test/echocardiogram’ at 10 years. However there are no 
recommendations on the frequency of screening for coronary artery 
disease (CAD) or valvular disease. Furthermore the only article where 
this guideline is based on was published in 20057 and some important 
studies have been published since.2, 8, 9 The relative low numbers of 
HLS and the latency in the development of cardiovascular sequelae 
have hampered large studies into the costs and benefits of a screening 
program for cardiovascular disorders.10 
The purpose of this review is to summarize the available data on car-
diovascular events in HLS treated by radiotherapy (RT) and to suggest 
a screening program. This review focuses on CAD, valvular disorders, 
pericardial disease, cardiomyopathy, arrhythmias and conduction sys-
tem disease, carotid artery disease and other vascular pathology. Most 
information is available about CAD and valvular disorders; for these 
disorders, we address the following items: why screening, whom to 
screen, when to start screening and how to screen. 
Coronary artery disease (CAD)
Survivors of Hodgkin lymphoma who were treated with mediastinal 
RT face significantly increased risks of premature CAD. Many studies 
showed that the risk of a fatal myocardial infarction (MI) in HLS is 2.2 to 
7.6-fold greater than in the general population.7, 11-15 Aleman reported 
a cumulative incidence for myocardial infarction of 12.9% by 30 years 
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after mediastinal irradiation.8 They reported a standardized incidence 
ratio of 3.6 for MI, with 357 excess cases per 100,000 person years. 
Screening for asymptomatic CAD in HLS has been advocated by ex-
perts in the field.8, 12, 13, 15-17 

1. Why screening?
Patients with radiation-induced CAD are often asymptomatic even in 
the presence of severe CAD. This is best illustrated by screening stud-
ies in which severe CAD confirmed by coronary angiography (CAG) is 
diagnosed in asymptomatic HLS (Table 1).2, 18, 19 In the largest study 
of 294 patients the prevalence of asymptomatic severe CAD for which 
revascularization was required was 3.1%.2 Two smaller studies showed 
a prevalence of 4.2% (1/24 HLS) 18 and 1.7% (2/119 childhood HLS).19 
In other reports no signs of ischemia during the screening of asymp-
tomatic patients were documented, however these studies are only 
describing a small group of patients or have a short follow-up (FU) in-
terval (Table 1).20-24

The clinical presentation of RT-induced CAD is comparable to the gen-
eral population and mainly consists of angina pectoris (AP), (fatal) acute 
myocardial infarction (AMI) or sudden death.3, 25-32 However, typical AP 
complaints are the initial presentation of CAD in a smaller proportion 
of HLS (22%)25 compared to the Framingham population (45%).33 It is 
conceivable that patients with RT-induced CAD remain asymptomatic 
for a long time because of RT-related nerve impairment or reduced ex-
ercise tolerance.31 Not recognizing or misdiagnosing of AP complaints 
can cause substantial delays, especially in young HLS without other risk 
factors for CAD.3

Patients with significant CAD can present with symptoms other than 
AP, because patients with radiation-induced cardiac disease often have 
more concomitant disorders. 32, 34-36 In a case series of 15 patients sur-
viving mediastinal RT and suffering from severe CAD, only 8 had typical 
angina; 7 patients presented with dyspnea, weakness or heart failure. 
37 In a similar study, 10 of the 15 patients presented with AP, three with 
AMI, one with syncope and one with dyspnea. In these patients other 
cardiac involvement was demonstrated (8 had valvular disease, 3 con-
strictive pericarditis, 4 complete heart block).38 
Asymptomatic patients with severe CAD should be identified in order 
for timely revascularization to be performed.38 The outcomes of coro-
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nary artery bypass graft (CABG) and percutaneous transluminal cor-
onary angioplasty (PTCA) in RT-induced CAD do not seem inferior in 
HLS as compared to the general population: all 12 HLS were alive at a 
mean of two years FU after CABG.3 Combined surgery for other cardi-
ovascular disorders is often needed. Handa et al recommend a careful 
planning of interventions. They describe the follow-up of CABG in 47 
patients treated with mediastinal RT.39 In 12 of 21 patients who were 
assessed by echocardiography after a mean interval of 5.9 years from 
CABG, significant valvular disease was seen; two patients required a 
valvular surgery and two died of congestive heart failure. 
Follow-up of asymptomatic HLS with CAD who do not require immedi-
ate revascularization therapy is necessary.2, 34 In animal models it has 
been shown that irradiation accelerated the development of athero-
sclerosis.40 There is, however, no evidence from intervention studies 
regarding the benefit of any treatment altering the natural history in 
asymptomatic HLS with CAD. Therefore close monitoring and cardio-
vascular risk management has been advocated in these patients.4, 41 

2. Whom to screen?
Patients with concomitant traditional RF
Although several studies suggest that CAD develops only in HLS with 
more than one classical RF (hypertension, hypercholesterolemia, dia-
betes mellitus, obesity, smoking, positive family history of CAD) 17, 25, 

26, 29, other studies also showed an increased risk in subjects without 
classical RF. When describing irradiated patients with CAG or CT-angi-
ography proven CAD, 41/67 patients (61%) had no traditional RF. 19, 31, 

32, 34, 38, 42 Therefore the absence of traditional RF cannot be used as a 
criterion to exclude patients from screening.  
Glanzman et al found that the presence of traditional RF in HLS con-
ferred a 2.36 relative risk of ischemic heart disease compared with 
the expected rate among the general population with the same RF. 
This suggests that traditional RF are more hazardous among HLS than 
among the general population.26 HLS with traditional RF have been 
shown to develop CAD earlier and at a younger age than HLS without 
these RF.3 These findings demonstrate the importance of vigilant eval-
uation and treatment of traditional RF in HLS.9, 43 Chen et al developed 
a decision-analytic model to evaluate lipid screening in a hypothetical 
cohort of 30-year-old HLS who survived 5 years after mediastinal RT. 
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Table 1 Screening studies describing CAD in HLS. CAC coronary artery calcium; CAD coronary artery
vors; MI myocardial infarction; RT radiotherapy; SD standard deviation. 

Study Nr. of
HLS 
screened

Median age 
at treatment 
(SD/range)

Median FU in 
years 
(SD/range)

Treatment type Number of HLS 
with CAD

Heidenreich2

2007
294 42 (9) mean:  

15 (7)
All mediastinal RT 
median 44Gy 
(35-55 Gy).  
56% CT.

- 31/294 (11%), 
- 9/294 (3.1%) 
needing 
revascularisation

Gustavsson18

1990
24 38 (21-45) 15 (4-20) All mantle field RT 

mean 40Gy 
(35-43 Gy).  
No CT.

1/24 (4.2%)

Kupeli19

2009
119 7 (2-18) 12 (2-31) 92% CT+RT 

(mediastinal RT in 
54%). 
8% only CT.  

- 19/119 (16%),
- 2/119 (1.7%) 
needing 
revascularisation

Pohjola-Sintonen20 
1987

28 32 (12-38) 9 (5-14) All mediastinal RT 
mean 38Gy 
(34-47 Gy).  
No CT.

- 3/28 (11%), 
- 2/28 (7%) needing 
revascularisation

Adams56 
2004

48 16.5 (6-25) 14 (6-25) All mediastinal RT, 
mean 40Gy 
(27-52 Gy).  
44% CT.

2/48 (4%):
- 1 old q-wave MI, 
- 1 exercise induced 
ischemia

Gottdiener22

1983
25 28 11 (5-15) All mediastinal RT  

(all but one ≤40Gy). 
No CT. 

2/25 (8%)

Andersen10

2010
47 27 (6) 22 (3) All mediastinal RT, 

mean 41 ± 2Gy. 
74% CT.

- 7/47 (15%) had 
pre-existent CAD 
- 5/40 (13%) 
 CAC score >200

Glanzmann26

1998
144 30 (4-65) 14 (2-32) All RT, between  

30-45Gy. CT in 
unknown number.

5/144 (3%)

Kreuser21

1993
49 35 (15-58) 5 (2-10) Mediastinal RT in 63% 

(20 or 30Gy).  
All CT.

0

Pihkala23

1995
30 9 (2-16) 7 (2-13) All mediastinal RT 

mean 26Gy 
(10-51 Gy).  
93% CT. 

0

Watchie24

1987
57 30 (6) Mean: 

5 (4)
88% mediastinal RT 
(43-55Gy). 
47% CT.

0
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Mean time until 
CAD developed in 
years (SD/range) 

Screening modalities Remarks

21 (6) Stress echocardiography, treadmill 
testing, radionuclide perfusion 
imaging. HLS with a positive stress 
test were advised to undergo CAG.

HLS who already had CAD were excluded. 
In the whole cohort of 972 HLS, 14/33 HLS 
died from MI within 10 years after RT.   
The patients with CAD were asymptomatic

19 Exercise test and myocardial 
scintigraphy.

The patient with CAD was asymptomatic

14 (5-31) Computed tomography-angiography. 
One patient with significant stenosis 
underwent CAG, the other refused 
CAG.

The patients with CAD were asymptomatic

9 (6-11) Exercise test confirmed by CAG in 2 
patients. In the 3rd patient a thallium 
scintigraphy revealed no evidence of 
ischemia. 

The 3 patients with signs of ischemia were 
not asymptomatic, they complained of 
angina pectoris or dyspnea 

Data is not 
presented in the 
article.

Exercise test. No confirmation by CAG was available; 
there is no further description of the 2 
patients with documented ischemia on 
screening.

5yr in one patient, 
is not described in 
the other.

Radionuclide cineangiography at rest 
and during exercise in 15 patients.

No subcarinal shielding was used. The 2 
patients with wall motion abnormalities 
had already CAD disease previously 
demonstrated on CAG

Data is not 
presented in the 
article.

Coronary artery calcium score. No subcarinal shielding was used. No 
confirmation by CAG was available. 5 HLS 
with CAC score > 200 were asymptomatic.

Data is not 
presented in the 
article.

Exercise test. No confirmation by CAG was available, 
there is no further description of the 2 
patients with documented ischemia on 
screening.

- Exercise test.

- Exercise test. Only 7 patients were treated were HLS 
the other received RT for leukemia, non-
Hodgkin lymphoma, Wilm’s tumor. 

- Exercise test.

disease; CAG coronary angiography; CT chemotherapy; FU follow-up; HLS Hodgkin Lymphoma survi-
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They demonstrated that that lipid screening every 3 years would be 
the most cost-effective strategy in this population. Furthermore, when 
statin therapy is initiated in screen-positive HLS, survival was shown to 
be improved.44 The optimal screening interval for hypertension or dia-
betes mellitus has not been established. Different guidelines based on 
expert opinion recommend yearly measurements of blood pressure 
and fasting blood glucose.4, 5 When hypercholesterolemia, hyperten-
sion or diabetes mellitus are diagnosed, we recommend treating these 
disorders according to the appropriate guidelines,45-47 considering me-
diastinal RT as a risk factor.

Patients treated with higher radiation doses
Most studies in adult HLS report CAD in patients who received more 
than 35 Gy radiation to the heart (Table 2). Lower doses have only been 
given in adults in since the late 1990’s.2 Long term follow-up data are 
therefore not available for lower radiation doses. Most data on CAD in 
HLS treated with a lower radiation dose are from childhood HLS.48 In a 

Study Nr. of
HLS 

Median age 
at treatment 
(range)

Median FU 
in years 
(range)

Treatment type Number of HLS 
with CAD

Aleman8  
2007

 1 474 26
(max. 40yr, 
111 HLS <16yr)

19
(min 5yr)

84% mediastinal 
RT (30-36Gy when 
RT+CT, 40Gy if RT 
only). 72% CT. 

- 134/1474 (9%)
 angina pectoris 
- 102/1474 (7%) 
 AMI

Swerdlow13 
2007

7 033 60% <35yr
40% ≥35yr

10 49% 
supradiafragmatic 
RT. 99% CT. 

166/7033 (2%) 
deaths from  
MI 

Hull17

2003
415 25 

(4-75)
11 
(2-36)

95% mediastinal RT, 
mean 33 Gy (10-7Gy). 
62% CT

42/415 (10%) CAD

Kupeli19

2009
119 7 

(2-18)
12 
(2-31)

92% CT+RT 
(mediastinal RT in 
54%). 8% only CT.  

19/119 (16%) 
asymptomatic  
CAD on CTA.

Hancock48  
1993

635 15 
(2-20)

10 91% mediastinal RT 
(71% ≥40 Gy,  
 15% ≤30 Gy). 
 63% CT.

- 7/635 (1%) deaths
 from AMI
- 6/635 (1%)
 nonfatal CAD

Mulrooney49

2009
14 358 6 

(0-20)
20 
(5-27)

71% cardiac RT  
(34% <5 Gy,  
16% 5-34 Gy, 
7% 35 Gy).80% CT

101/14 358 (1%) 
first MI

Table 2 Cohort studies describing CAD in HLS. CAD coronary artery disease; CT chemotherapy;
HR hazard ratio; (A)MI acute myocardial infarction; RT radiotherapy.
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recent large cohort study (n=14 358) in childhood cancer survivors, a 
radiation dose of 15-34 Gy was associated with a hazard ratio (HR) for 
MI of 2.4 (p= 0.01) in comparison with patients treated without RT (Ta-
ble 2).49 Patients treated with radiation dose of 5-15 Gy did not have an 
increased risk when compared to patients treated without RT.49 Küpeli 
et al found CT-angiography proven CAD in 19 out of 119 childhood HLS; 
in multivariate analysis patients receiving > 20 Gy mediastinal RT had 
a 6.8 (95% CI, 1.6-28.8) times increased risk of developing CAD than 
patients treated without RT.19 Considering these results it seems rea-
sonable to consider mediastinal radiation above 15 Gy as a RF for the 
development of CAD. There is however growing evidence of a linear 
dose-response relation for CAD, as demonstrated in Japanese atomic 
bomb survivors.50

Patients treated with both chemotherapy and radiotherapy
There are unfortunately no long-term follow-up results describing the 
incidence of CAD in randomized controlled trials (RCT’s) comparing 

Median interval until 
CAD developed in  
years (range) 

Relative risk/hazard ratio associated 
with different RT doses

Remarks

- 21 (5-37) for angina  
 pectoris
- 19.5 (7-37.5) for AMI

Data on RT dose for individual 
patients was not collected 

Patients with a prior history of CVD 
before HL diagnosis were excluded. CVD 
occurring within 5 years after HL diagnosis 
were also excluded. 

57% of events  
occurred <10 yrs 
after treatment

Data on RT dose for individual 
patients was not presented

64% of deaths from MI occurred when 
age at 1st treatment was ≥45yrs (only 25% 
were ≥45yrs at treatment). 

 9 (1-32) CAD developed in HLS treated with 
25-42Gy (mean 36), not different 
from total HLS group

14 (5-31) HLS receiving >20 Gy had an 
6.8 times increased risk of CAD 
compared to ≤ 20Gy 

- 14 (6-22) for deaths 
 from MI 
- 16.5 (6-24) for  
 nonfatal CAD

- all deaths from AMI occurred in  
 HLS treated with 42-45 Gy 
- all nonfatal CAD occurred in HLS 
 treated with 44-45 Gy

No CAD disease or death from AMI 
occurred after RT with ≤ 30Gy, however 
the FU of these HLS was < 10 years.

+/-18
Age at MI 11-44yr

- < 5Gy:     HR  0.7 (0.4-1.4)
- 5-14Gy: HR  0.6 (0.1-2.5) 
- 15-34Gy: HR  2.4 (1.2-4.9)
- ≥ 35Gy:   HR  3.6 (1.9-6.9)

Childhood cancer survivors (13% HLS).
End points assessed by questionnaires 
filled in by patients. HR compared to no 
cardiac RT group.

CTA Computed tomography-angiography; FU follow-up; HLS Hodgkin Lymphoma survivors; 
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different treatment regimens in HL patients. All available large cohort 
studies with a sufficiently long follow-up period to detect CAD describe 
HLS who were treated during different periods with different treat-
ments: chemotherapy, combined with RT of chemotherapy alone or RT 
alone. The doses RT are variable, as are the chemotherapy regimens. 
The few studies that compare the occurrence of CAD in HLS treated 
with different regimes were not designed to detect a difference be-
tween these groups. For example Aleman et al found that the risk for 
MI in HLS who were only treated with chemotherapy was not increased 
in comparison to the general population: Observed/Expected (O/E) MI 
= 1 (95% CI 0.1-3.5). However the subgroup of patients treated with 
chemotherapy only was small (n =71) in comparison to the HLS treated 
with RT only (n=406) and RT combined with chemotherapy (n=994).8 
The addition of chemotherapy to RT did not increase the risk for MI: O/E 
for RT only= 3.9 (2.7-5.4) vs. 3.9 (2.9-5.1) for RT + chemotherapy with-
out anthracyclines and 3.5 (1.5-5.9) for RT + chemotherapy containing 
anthracyclines.8 Similar results are described by Myrehaug et al who 
found the highest risk for cardiac hospitalization in the group treated 
with mediastinal RT and doxorubicin (HR=2.8, p<0.0001), the risk of the 
patients treated with RT only was slightly lower (HR=1.8, p=0.038) but 
the difference was not statistically significant (p=0.24). When looking at 
the hospitalization rates for MI/ischemic heart disease specifically, the 
O/E ratios were similar in the RT + doxorubicin group vs. RT only group: 
2.4 (95% CI 0.8-7.2) vs. 2.8 (95% CI 0.9-8.4).9

3. When to start screening?
In contrast to radiation-induced valvular disorders which rarely occur 
within 10 years after RT, CAD has been diagnosed even within one year 
after RT.13, 15, 51 This early CAD is thought to be caused by accelerated 
vascular damage in patients who already suffer from atherosclerosis 
and have other RF for CAD. This is best illustrated by the fact that in 
the young HLS population described by Hancock et al, with a maximum 
age at diagnosis of 21 years, the first AMI occurred 6 years after RT.48 
In an older population, Swerdlow found that 53/166 (32%) deaths from 
AMI occurred within 5 years after treatment.13 Sixty-four percent of the 
AMI deaths occurred in patients older than 45 years at treatment. The 
prevalence of patients with previously diagnosed CAD or their risk pro-
file was unfortunately not registered. Other studies have shown that 
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HLS with CAD within 5 years of RT have at least 2 traditional RF.25, 34, 38  
The median FU period between RT and symptomatic CAD is 9-13 years 
in most large cohort studies.8, 15, 17, 25, 48 Aleman et al found a larger 
median interval of 19.5 years until the occurrence of MI.8 In case series 
describing symptomatic CAD, the median FU time ranges from 14-28 
years. 31, 34, 37, 38 In comparison to the general population, the risk for MI 
significantly began to rise 10 years after RT. 
The question remains when premature arteriosclerotic disease af-
ter mediastinal irradiation starts to develop and when screening for 
asymptomatic disease should begin. There are scarce data about when 
asymptomatic CAD begins to develop.18, 19, 26 In the cohort of 972 HLS 
who received >35 Gy to the mediastinum 53/345 deaths were attrib-
uted to heart disease (5.5% overall). Nine of the 33 deaths from acute 
myocardial infarction (27%) occurred before 40 years of age; 14 (42%) 
occurred within 10 years of treatment for Hodgkin lymphoma.2 Based 
on these data and on the description of patients with asymptomat-
ic CAD identified by screening, Heidenreich et al recommend to start 
screening for CAD 5 years after RT. Küpeli et al show a significantly 
different FU time from RT in HLS with coronary artery abnormalities 
(n=19) in comparison with HLS with normal CT-angiography(n=100): 14 
years vs. 10 years p=.04.19 The shortest FU from remission until detec-
tion of CAD was 5 years in a boy of 15 years without RF. Also other 37% 
(7/19) HLS with abnormal CT-angiography had a FU screening shorter 
than 10 years. The two patients with significant CAD needing revascu-
larisation had a FU of 8 and 20 years.19  
There is no minimal age limit for the development of CAD, even a boy 
of 12 years has been described who died of CAD seven years after RT, 
in the absence of traditional RF.20

These data suggest that screening for CAD should start five years after 
mediastinal RT in older HLS (≥45years) and 10 years after RT in young-
er HLS without traditional RF. In patients with coexisting RF, screen-
ing should be considered at an earlier stage, especially in the pres-
ence of ambiguous AP symptoms. There are no prospective studies 
that address the question whether or not patients with pre-existent 
CAD should be treated with mediastinal RT or with chemotherapy only. 
Myrehaug et al have shown that in HLS with pre-existent heart disease 
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are at increased risk for cardiac hospitalization when treated by medi-
astinal RT with or without chemotherapy HR 2.51 (1.06-5.94) and 2.70 
(1.14-6.25) respectively when compared to HLS treated with chemo-
therapy only.52  Many patients with possible concomitant atherosclero-
sis are treated with mediastinal RT, when considering that about 40% 
of HL is diagnosed in patients ≥45 years53. Future studies should inves-
tigate the best treatment regimen in these patients taking into consid-
eration the increased risk for RT-induced CAD.

4. Which screening methods should be used?
Screening for CAD is not easy as the golden standard to detect ob-
structive CAD is CAG. This invasive method can not be performed in all 
HLS as the expected diagnostic yield probably does not outweigh the 
risks of this procedure. Therefore a non-invasive diagnostic procedure 
is needed to detect HLS at risk of CAD.
Alternative tests, as stress-induced ischemia detection by echography, 
ECG and scintigraphy, have been investigated. Many of these studies 
did not use CAG to evaluate the abnormalities identified with these 
non-invasive studies. Therefore test characteristics are difficult to com-
pare with the golden standard.54-56 
The largest study investigating non-invasive techniques in compar-
ison to CAG demonstrated disappointing test characteristics of the 
non-invasive tests.2 In this study, 294 HLS were screened for CAD by 
ECG, echocardiography and radionuclide perfusion imaging at one 
stress session. CAG was subsequently performed in 40 patients with 
abnormal results at stress imaging, at the discretion of the physician. 
Twenty-two patients showed ≥50% stenosis, 11 had stenosis < 50% 
and seven had a normal CAG. Within the 40 patients who underwent a 
CAG, sensitivity and specificity to detect stenosis ≥50% were 59% and 
89% for stress echocardiography, 65% and 11% for nuclear scintigra-
phy and 38% and 100% for stress ECG. Of 20 patients with ST depres-
sions >1mm on stress ECG, 12 did not undergo CAG because they were 
asymptomatic and showed no abnormalities on stress imaging. Test 
characteristics of the stress ECG can only been interpreted in patients 
with abnormal stress imaging. The combination of three tests revealed 
seven false positive results for any CAD. This approach only identifies 
patients with a positive stress test; the amount of false negative re-
sults can not be calculated. At least some patients with CAD were not 
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detected by this screening approach, as during a median follow-up of 
6.5 years, 23 patients developed symptomatic CAD (including 10 AMI, 
of which two fatal). Of these, six events occurred within 2 years after 
screening. No details were provided on the results of the screening 
tests of these patients.
The value of non-invasive testing in diagnosing CAD was correlated to 
CAG in two smaller studies.18, 26 By screening asymptomatic patients by 
stress ECG, and myocardial scintigraphy, Gustavsson et al identified 1 
out of 24 patient with CAD. Because this low incidence, no test char-
acteristics can be calculated for the different tests (CAG was only per-
formed in this patient).18 Glanzmann et al describe findings of exercise 
ECG and myocardial scintigraphy using 99mTc-MIBI in 144 HLS.26 They 
detected 4 out of 144 (2.8%) patients with CAG-confirmed CAD who 
had typical ischemia signs on the scintigraphy and exercise ECG. One 
other patient had unequivocal signs of ischemia only on stress ECG. Of 
five patients with CAD detected by screening, two underwent revascu-
larization. Routine CAG was not performed in all patients; calculation 
of false negative results of stress ECG and scintigraphy were, therefore, 
not possible. Two patients with normal screening tests and without AP 
had a fatal MI less than six months after testing. A third patient with a 
non-fatal MI reported increased fatigability but had normal tests, four 
months before the MI.  
These results stress the need for more accurate, non-invasive screen-
ing tests for CAD. New diagnostic tools, like CT-, MRI-angiography and 
coronary artery calcium (CAC) score measurements, have been devel-
oped. Computed tomography can noninvasively detect and quantify 
CAC using serial thin section (3 mm) tomograms from the aorta through 
the apex of the heart. The sensitivity and specificity for the presence 
of significant (≥50%) angiographic stenosis vary with the amount of 
CAC. Diagnostic accuracy can be improved by the use of age- and gen-
der-specific threshold values. As the CAC score varied from >20th per-
centile to >75th percentile for age, the sensitivity fell from 97-81% in 
men and from 98-76% in women but the specificity increased up to 
77% in predicting significant stenosis. As to the predictive value of CAC 
score for clinical end-points in the general population, asymptomatic 
subjects with a CAC of zero had no cardiac event after a FU of mean 
40 months.57  Furthermore, a CAC score above the 75th percentile had 
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a positive predictive value of 45% for MI or cardiac death within 40 
months.57 

Three studies have used these diagnostic tools in HLS.10, 19, 31 Andersen 
et al performed CAC score measurements in 47 HLS treated with me-
diastinal RT, mean age 50 years. Seven patients already had verified 
CAD and had high CAC.10 Of the remaining 40 HLS, eight had a CAC of 
zero. Twenty-seven had a CAC between 1 and 199 and five had a CAC 
score between 200 and 999. Probably many of the HLS described by 
Andersen had a CAC score above the 75th percentile adjusted for the 
age and gender (for example the 75th percentile for a male and a fe-
male of 59 years is 201 and 25 respectively).58 Unfortunately there are 
no follow-up data available of this cohort and no CAG was performed 
to asses the severity of CAD. 
In a pilot study Rademaker et al present the results of CAC score en 
CT-angiography in nine HLS. Eight patients had a CAC score above the 
75ste percentile adjusted for age and gender.31 One patient had a CAC 
score of zero. All eight HLS with a high CAC score, had CAD on CT-angi-
ography: three had stenoses < 50%, two patients died soon after the in-
vestigations and did not undergo further evaluation and three patients 
underwent further investigations (one underwent an angioplasty, one 
a two vessel CABG and one a normal stress echocardiogram and un-
derwent risk profile modification). No follow-up data are presented. 
This study shows the potential of screening asymptomatic HLS by CAC 
scores and CT-angiography, but also the need for performing addition-
al stress tests to confirm significant CAD. 
In another recent study, Küpeli investigated 119 HLS by CT-angiogra-
phy and found coronary artery abnormalities in 19 (16%).19 Based on 
these findings, four were eligible for a CAG. One patient with ≥70% 
stenosis in the proximal LAD refused CAG. Stent implantation was per-
formed in a second patient because of 90% osteal stenosis in the RCA. 
The remaining two patients showed only some wall irregularities on 
CAG and were taken to close medical follow-up, as were the remaining 
15 patients.
More studies should be performed in which different combinations 
of non-invasive screening tests are performed in HLS. Clinical evalu-
ation, stress-ECG and stress-scintigraphy have shown poor diagnostic 
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properties in detecting CAD in asymptomatic HLS. Recent data on CAC 
measurements and CT-angiography show more promising results, 
while their prognostic yield still has to be determined in HLS in relation 
to the possible disadvantages as radiation burden (one CAC measure-
ment is equivalent to 30 chest x-rays) and cost aspects (cost effective-
ness was difficult to assess in the studies performed so far with CAC 
measurements).59 The 2007 American College of Cardiology/American 
Heart Association (ACC/AHA) guideline on CAC scoring recommended 
the use of CAC scores in populations at intermediate ten year risk (be-
tween 10 and 20%) of CAD.59 The ten year risk of CAD in HLS subgroups 
is difficult to estimate considering that there are many unknown fac-
tors, but cohort studies found an incidence of CAD between 1-16% (Ta-
ble 2), which categorizes HLS in the low-intermediate risk group for 
CAD. Considering these findings, it can carefully be recommended that 
serial determination of CAC score would be beneficial in HLS. HLS who 
have a low-risk of CAD based on a CAC-score of 0 and a low NCEP/ATP 
III score can be followed-up at 5 years intervals as the 5-year mortal-
ity is <1% in the general population.60 However, a CAC score of 0 will 
not completely rule out CAD as non-calcified plaques can still be pres-
ent, therefore HLS should still be encouraged to avoid traditional RF 
for CAD and to be alert for signs and symptoms of CAD. Patients with 
higher CAC score, especially those with a score above the 75th percen-
tile should undergo further screening either by CT-angiography and/
or stress tests, or medical therapy should be started aimed at lowering 
the cholesterol levels and lowering the blood pressure to levels appro-
priate for patients in the highest risk categories for CAD (Figure).

Valvular disorders
HLS are also at increased risk of developing valvular disease. In two 
large retrospective cohort studies, the incidence of valvular disorders 
was 6% and 11% after a median of 22 (range, 6-31) and 23 (range, 
5-37.8) years respectively. 8, 17 Information about the relevance of the 
diagnosed valvular disease was not given. The incidence of clinically 
relevant valvular disease varies in several cross-sectional screening 
studies.18, 20, 21, 56, 61-64  This is most probably due to the differences in 
patient numbers, follow-up time and treatment modalities (Table 3). 
The definition of clinically relevant valvular disease is a matter of de-
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HLS treated by mediastinal RT 

Age at diagnosis 
 < 45 years 

Age at diagnosis 
 ≥ 45 years 

Screen for 
cardiovascular RFa 

- Adress smoking, obesity, 
  exercising 
- Measure fasting glucose b, BP c 
- Detect carotid bruits d 
- Instruct about complaints 

- Measure cholesterol level e 

- CAC score f  
- ECG 

- CAC score g 
- ECG 
- Echocardiogram 

At HL diagnosis 

Yearly 

3 yearly 

After 5 years f 

After 10 years and 
5 yearly 
subsequently 

Figure 1 Cardiovascular screening program in HLS.
BP blood pressure; CAC coronary artery calcium; ECG electrocardiogram; HLS Hodgkin 
lymphoma survivors; RF risk factor; RT radiotherapy.

a Cardiovascular RF: hypercholesterolemia, hypertension, obesity, smoking, positive fam-
ily history of cardiovascular disorders, history of cardiovascular disorders. In case of pre-
vious cardiovascular disease or a high risk profile (including cardiovascular complaints), 
consider treating HL without RT to the mediastinum.
b Treat diabetes mellitus according to the ADA/EASD guidelines44, considering RT as one 
risk factor for atherosclerosis.
c Treat hypertension according to the JNC 7 guidelines45, considering RT as one risk factor 
for atherosclerosis.
d In HLS treated by cervical RT.
e Treat hypercholesterolemia according to the NCEP ATP III guidelines46, considering RT 
as a risk factor.
f Also perform measurements of CAC score after 5 years in HLS <45 years at diagnosis 
with ≥ 2 RF for cardiovascular disease.
g In case of a CAC-score >0 referral to a cardiologist for ischemia detection. If no ischemia 
is detected on additional testing and there are no cardiac symptoms, repeat CAC-score 
in 5 years. In case of an augmentation of the CAC-score during subsequent testing, isch-
emia detection should be repeated as well.

bate. In older studies, relevant valvular disorders were defined as the 
need for endocarditis prophylaxis.26, 61 Since the 2008 update of the 
ACC/AHA guideline, endocarditis prophylaxis is no longer indicated in 
patients with acquired valvular disorders without prosthetic valves.65 
The rationale of screening asymptomatic HLS for valvular disorders will 
be discussed in the next paragraph.  
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Why screening asymptomatic patients?
The rationale of identifying asymptomatic valvular disorders in HLS is 
to find individuals who can benefit from conservative medical treat-
ment and close monitoring. 66 It is a matter of debate whether asymp-
tomatic HLS with severe valvular disorders could be eligible for early 
valvular surgery.
According to ACC/AHA guidelines, valvular surgery is indicated in some 
asymptomatic patients with significant valvular disorders in case of left 
ventricular (LV) dysfunction.66 However, caution is recommended when 
considering valve replacement in asymptomatic patients with radia-
tion-induced valvular disease. There is no evidence based consensus 
on indication and timing of valvular replacement in RT-induced valvu-
lar disease. The ACC/AHA guideline suggests surgery only in patients 
with significant symptoms or concomitant CAD. This recommendation 
points towards the increased surgical risks in radiation-induced valvu-
lar disease, mainly caused by pericardial and pulmonary fibrosis. The 
peri-operative mortality of about 13% in HLS  undergoing valvular sur-
gery is significantly higher than in patients treated with less extensive 
mediastinal irradiation (breast cancer, lung cancer, non-Hodgkin lym-
phoma etc.): 4%.67, 68 However, these authors advocate early surgical 
intervention to avoid the development of risk factors like severe symp-
toms, LV dysfunction, cardiac failure or atrial fibrillation (AF). These 
are associated with a worse long term outcome.68 One may argue that 
the increased mortality in these patients was caused by late presenta-
tion and advanced disease. Furthermore, high peri-operative mortal-
ity rates are observed in patients with present or previous restrictive 
pericarditis: 4/10 (40%) comparing to those without pericarditis 3/50 
(6%).68 As restrictive pericarditis is less often encountered since mod-
ern radiation modalities are used, one can expect that the high surgical 
mortality associated with this comorbidity will decrease in the future. 
Furthermore, less invasive procedures like endovascular valvular re-
placement have not yet been evaluated in HLS.Up till now there have 
been no RCT’s comparing the outcomes of valvular surgery in symp-
tomatic vs. asymptomatic patients with radiation-induced valvular 
dysfunction. The incidence of valvular surgery in HLS is low and varies 
from 0.5% (3/635) to 2.4% (10/415) and 5.8% (3/51) in 3 studies. The 
difference in incidence can in part be explained by different FU periods 
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Study Nr. of
HLS

Median age 
at treatment 
(SD/range)

Median FU  
in years 
(SD/range)

Treatment type AV 
regurgitation

Pohjola 20

1987
28 32 (12-38) 9 (5-14) All mediastinal RT mean 

38Gy (34-47Gy). 
No CT.

4%

Gustavsson 18 
1990

25 38 (21-45) 15 (4-20) All mantle field RT mean 
40Gy (35-43Gy). 
No CT.

4% 

Kreuser 21

1993
49 35 (15-58) 5 (2-10) All CT (COPP/ABVD),

mantle field RT in 63%.
moderate 2%

Glanzman 26

1994
112 31 (10-58) 10 (1-27) All RT. Doses between 

30-45 Gy. 
CT in unknown number 
of patients.

- mild: 2.7%
- moderate: 0.9%
- mild AV regurgitation 
and AV stenosis: 2.7%

Lund 64

1996
116 Age at HL<50

Age at FU:37
9 (3) All mediastinal RT mean 

40.6 ± 1.4Gy. 
66% CT.

17%

Heidenreich 61

2003
294 42 (9) 15 (7) All mantle field RT mean 

43± 0.3Gy.  
56% CT.

mild: 21%
- 3.4% after 2-10yr ‡ 

- 20% after 11-20yr
- 45% after >20yr 

moderate/ severe: 5.1%
- 1.1% after 2-10yr
- 2.3% after 11-20yr
- 15% after >20yr

Adams 56

2004
47 16.5 (6-25) 14 (6-25) All RT mean 40Gy (27-

51Gy).  
CT in 4 patients.

≥ mild: 19%

Greenfield 63

2006
58 23 (7-34) 17 (4-36) All mantle field RT mean 

35Gy (27-39 Gy).  
72% CT

≥mild 9%

Table 3 Screening studies describing valvular disease in HLS. ABVD adriamycin, bleomycin,
MVP mitral valve prolapse; PV pulmonal valve; RT radiotherapy; SD standard deviation; 

a On right sided cardiac catheterization a mild PV stenosis was found in 7% and 4% had a  
 subvalvular stenosis over the PV.
b All patients with AV stenosis also had mild AV regurgitation.
c All grade >1 (none of the 40 control subjects had these abnormalities)
d MV stenosis in 2%
e Mixed aortic valve abnormality (stenosis or ≥ mild regurgitation): 9%
‡ FU from RT
* not statistically different from expected.
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MV 
regurgitation

TV   
regurgitation

PV 
regurgitation

AV  
stenosis

Other

- - - 4% a

mild: 32% 
moderate 4%

mild: 84%
moderate: 4%

35% -

- mild 7.3% - -

- in patients with MVP:    
    - mild MR: 4.5%  
    - moderate MR: 0.9%
- in patients with mitral 
sclerosis : 2.7%

6.3% - mild: 1.8% 
rate: 0.9%

b

10% 5% 2% - c

mild: 36%
- 24 % after 2-10yr
- 37% after 11-20yr
- 48% after >20yr 

moderate/ severe: 3.4%
- 2.3% after 2-10yr
- 3.8% after 11-20yr
- 4.1% after >20yr

mild: 15%
- 9% after 2-10yr
- 14% after 11-20yr
- 22% after >20yr 

moderate/ severe:1.4%
- 0% after 2-10yr
- 0.8% after 11-20yr
- 4.1% after >20yr

mild: 7%
- 2 % after 2-10yr
- 7% after 11-20yr
- 12% after >20yr 

moderate/ severe:0% 

4%
- 2-10 yr: 0%
- 11-20yr: 1% 
- >20yr: 16%

≥ mild: 21% ≥ mild: 26%* any grade 2.6% 6% d

≥ mild: 5,2% 9% e

and vinblastine, dacarbazine; AV aortic valve; CT chemotherapy; FU follow-up; MV mitral valve;
TV tricuspidal valve.
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of the cohorts of 10, 11 and 22 years respectively.17, 48, 69 The incidence 
of valvular replacement will rise as these cohorts will be followed for a 
longer period; the median FU from RT until diagnosis of moderate or 
severe valvular disorder was 22 years in a large cohort (n=415).17 
Timing of valvular surgery is often influenced by the need for other 
cardiac interventions; many patients undergo combined surgery. A 
single or multiple valvular procedure was often combined with CABG, 
aortic surgery or pericardectomy.67, 68 Authors state that they combine 
revascularization surgery with valvular interventions to avoid a second 
intervention which may be difficult due to fibrosis after RT. Establishing 
timing and indication of surgery is complex and should be individual-
ized based on complaints and expected outcome. As CAD has been 
shown to develop earlier than valvular disorders after mediastinal RT,8 
it is important to thoroughly investigate the valves and consider a con-
comitant valvular intervention in patients undergoing CABG.39 A long 
ischemic time during surgery is associated with a poor post-operative 
prognosis. So the risk of prolonging the operation time to perform a 
valvular intervention, should be weighted against the difficulty of per-
forming a second operation after some years for the valvular disor-
der.68

There are no studies in HLS investigating the benefit of close follow-up 
by a cardiologist and of medical treatment on delaying symptoms from 
valvular disorders or improving outcome. A high percentage of HLS 
have been shown to have chronic valvular disorders. 69 The ACC/AHA 
guideline recommends specific medical interventions by cardiologists 
in these patients.66 Close follow-up by a cardiologist is particularly 
warranted in asymptomatic patients with severe aortic stenosis (AS); 
these patients are at increased risk of sudden death, before symptoms 
occur. This risk can be reduced to less then 1% per year when these 
patients are closely followed prospectively.66 Patients with aortic re-
gurgitation (AR) can remain asymptomatic until severe LV dysfunction 
has developed. LV systolic function is the most important determinant 
of postoperative survival, thus patients should be monitored carefully 
and surgery should be performed timely.66 In patients with more than 
a mild degree of mitral stenosis (MS), counseling on avoidance of se-
vere physical stress is advised. Patients with MS are prone to develop 
AF, increasing the risk of stroke. Patients with mitral regurgitation (MR) 
are also at increased risk of developing AF. In patients with functional 
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or ischemic MR and LV systolic dysfunction, primary treatment of the 
LV systolic dysfunction with ACE inhibitors or beta blockers and biven-
tricular pacing have all been shown to be beneficial.66

Following asymptomatic valvular disorders in time will help establish-
ing whether the valvular disorder is responsible for emerging dyspnea. 
If this is the case, making a decision on whether a valvular interven-
tion is needed will be easier. Dyspnea (on exertion) can be caused by a 
number of other causes besides valvular disorders in HLS.20, 70 Lund et 
al investigated the cardiac and pulmonary sequelae in a group of 116 
long-term survivors of HL.70 They classified the patients according to 
the diagnosis of a cardiac, pulmonary or combined abnormality. They 
found that dyspnea on exertion was a complaint present in all sub-
groups of abnormalities: combined cardiopulmonary 59%, pulmonary 
only 38%, cardiac only 12% and also in patients with no detected se-
quelae 22%.

2. Whom to screen?
In a large cohort study of childhood cancer survivors, radiation dos-
es between 15-34Gy and ≥35Gy were associated with a significant HR 
of 3.3 an 5.5 respectively, when compared to patients treated without 
mediastinal RT.49 Patients who were only treated with chemotherapy 
have been shown to have the same risk for developing valvular dis-
orders as the general population.8 However patients treated with RT 
and anthracyclines had a twofold increased risk of valvular disorders, 
on top of the effect of mediastinal RT, especially when the anthracy-
cline dose was ≥250mg/m2.8, 49 The role of patient related covariates 
remains questionable; Aleman et al found a significant higher risk for 
valvular disorders in HLS with hypercholesterolemia (HR 1.65) and di-
abetes mellitus (HR 1.81). This was not confirmed in the study by Hull 
et al.17

Some authors have suggested that female RT survivors have a higher 
risk of developing valvular disorders than men.8, 49, 70, 71 In a large ret-
rospective cohort of 1474 HLS, among 356 cardiac events in men, 19% 
consisted of valvular disorders, compared to the 36% valvular disorders 
from the total 263 cardiac events observed in women.8 In a screening 
study, 41% of the women and 16% of the men had a valvular dysfunc-
tion, despite comparable base-line and treatment characteristics.70 The 
authors could not find an explanation for this difference. Other studies 
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did not confirm this finding.17 Young age at treatment was also shown 
to be associated with a higher risk for developing valvular disorders, 
especially in patients treated before the age of 10 years, compared to 
patients treated between 15-20 years of age.49 However the cumulative 
incidence of valvular disorders at 30 years of FU was only 4% in child-
hood cancer survivors (age less than 20 years at treatment) 49 com-
pared to 20% in an older population of HLS treated before 41 years of 
age.8 The 4% cumulative incidence found in the total group of child-
hood cancer survivors will be higher in the subgroup of HLS, as HLS 
had the highest HR of developing valvular disorders of 10.5, compared 
to 4.8 for the whole group.49     
Considering the inconsistent findings from the different studies we 
recommend screening all HLS for valvular disorders, until more data 
will become available confirming the different risk factors suggested 
above.

3. When to begin screening?
Screening should begin when patients start developing valvular disor-
ders for which close monitoring, medical treatment or valvular replace-
ment surgery is needed. These end-points have not been identified as 
such in HLS. As shown in Table 3, screening studies only report the 
incidence of valvular abnormalities without uniformly stating their im-
portance or consequence. Heidenreich et al found that moderate or 
severe valvular abnormalities were present in 42/294 (14%) of HLS. Of 
these, only 3/294 (1%) presented with symptoms within 10 years of 
follow-up. Another 10 and 29 patients presented after a FU of 11- 20 
years and ≥20 years respectively. There are no prospective data about 
the course of their disorders.
There is only one prospective study which re-evaluated the valvular 
disorders at a median of 12 years after the first screening echogra-
phy.69 In the first article, 116 HL survivors were studied by echocardi-
ography in 1993.64 At that time they had a median follow-up of 10 years 
and moderate AR and MR were present in 36 (31%). One patient was 
identified with a severe valvular dysfunction (MR) for which he received 
a prosthetic valve. In 2005, 51 patients were re-evaluated at a median 
follow-up of 22 years after RT.69 Of the 14 patients with no AR or MR in 
1993, 13 (93%) had developed a new abnormality, none of these was 
severe. Of the 37 patients with an identified abnormality in 1993, 12 
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(32%) had an unchanged status of the MR or AR. Twenty-five patients 
(68%) had either worsened MR, AR or developed a new abnormality. Of 
these 25, two had received a valvular operation (including the patient 
with a severe MR at the first screening) and four progressed to severe 
MR or AR. Of the whole investigated group in 2005, 20/51 (39%) had a 
new AS, an anomaly that was not present in any HLS in 1993. One pa-
tient with a normal echocardiography in 1993 developed a severe AS 
before 2005 for which he needed an AV replacement. 
The rate of occurrence of valvular disorders in these studies justifies 
starting screening for valvular disorders 10 years after mediastinal RT. 
However, this suggestion applies to patients who were treated with 
higher RT doses than are used nowadays and who have mostly already 
exceeded a 10 year latency period from RT. Thus we recommend per-
forming a first screening echography to detect valvular disorders in all 
patients treated with mediastinal RT at a dose of more than 35Gy or 
with older RT techniques.  
There is no data available yet on adult patients who have been treated 
with less extensive and lower dose mediastinal RT. Aleman et al found 
however that HLS treated with mediastinal RT and anthracyclines 
seem to develop valvular disease earlier than HLS who were treated 
with RT alone, after 14 respectively 18 years of FU.8 Combined modal-
ity treatment with anthracycline chemotherapy and lower dose RT is 
the standard therapy nowadays in stage I and II HL. The dose RT has 
been lowered but the addition of anthracyclines may increase the risk 
of developing valvular disorders which may also occur earlier. There-
fore we also recommend a first echocardiography after 10 years of FU 
in HLS treated with modern combined modality therapy. In case no 
valvular disorders are detected, the next screening echocardiography 
should be performed every 5 years subsequently. A close cardiologic 
follow-up according to the ACC/AHA guidelines should be performed in 
case valvular disorders are found.

4. Which screening methods should be used?
All valvular abnormalities have been detected by echocardiography 
in previously published studies. Heart auscultation for murmurs can 
also be a good screening method to detect valvular dysfunction when 
assessed by an experienced physician. The diagnostic yield of heart 
auscultation by an attending radiation or medical oncologist blinded 
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to the outcome of the echocardiography was prospectively assessed 
in one study.61 The physical examination in these asymptomatic HLS 
following mediastinal RT proved to be little informative, with a positive 
predictive value of 25% for a systolic murmur to detect aortic stenosis, 
moderate mitral or tricuspid regurgitation. The sensitivity for a diastol-
ic murmur to detect mild or greater aortic regurgitation was 5%. For 
this reason we recommend that all HLS treated with mediastinal RT 
should undergo a first screening for valvular disease by transthoracic 
echocardiography.

Pericardial disease
The most prevalent and frequently described cardiac complication 
of mediastinal RT used to be pericarditis.48, 72 Patients with constric-
tive pericarditis had typical complaints of fatigue, peripheral edema, 
breathlessness, and abdominal swelling.73 Nowadays it rarely occurs 
since the LV has been shielded, thereby diminishing the total radia-
tion dose on the heart. In a recent study, asymptomatic HLS treated 
with RT and a LV block were screened for pericarditis.61 Although 21% 
(62/294) had a thickened pericardium and small pericardial effusions 
were present in 3%, no patients had wall-motion abnormalities or Dop-
pler findings suggestive of constrictive pericarditis. The course of oc-
cult pericarditis identified by screening has been shown to be mild. 
Of the 13 patients with occult pericarditis identified by Applefeld et 
al, none had to undergo pericardectomy, as their symptoms were not 
incapacitating.72 
The prognosis of patients who develop symptomatic radiation-induced 
constrictive pericarditis is poor.68, 72, 74 Karram et al identified six pa-
tients with radiation-induced pericarditis and found that all had de-
ceased at a median of 10 months after the diagnosis of pericarditis.75 
In a surgical series, a 5-year survival after pericardectomy for RT-relat-
ed cases was only 51% compared with 83% for non-RT-related cases.76 
The poor outcome with RT-induced constriction is probably multi-fac-
torial and is to be expected in patients with other co-morbidities like 
pulmonary fibrosis or myocardial, valvular or coronary damage.75 A 
comprehensive evaluation should thus take place before pericardec-
tomy is performed.
Because of the diminished prevalence and mild course of occult peri-
carditis, we do not recommend routinely screening asymptomatic HLS 
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for constrictive pericarditis. HLS should undergo serial echocardiogra-
phy, also as part of screening for occult valvular disorders. The pres-
ence of a thickened pericardium, pericardial effusion and other Dop-
pler parameters characteristic for constrictive pericarditis should be 
recorded and followed in time. However, the diagnosis of pericardial 
disease can often be challenging, as it is not always accompanied by 
thickened pericardium.77 

Cardiomyopathy
RT-induced myocardial fibrosis has been demonstrated in patholog-
ical studies and is thought to be caused by microvascular injury.78, 79 
The predominant clinical picture related to these changes is restrictive 
cardiomyopathy characterized by diastolic dysfunction. Systolic dys-
function is more common in those who also received an anthracycline 
and high radiation dose.55, 61 In contrast to systolic dysfunction which 
has decreased in frequency, diastolic disorders are still encountered 
in HLS. The prevalence of diastolic dysfunction was comparable in two 
studies using modern RT techniques.55, 80 Heidenreich et al found mild 
and moderate diastolic dysfunction in 9% and 5% of 294 investigat-
ed HLS.80 Patients with diastolic dysfunction were older, more likely to 
have hypertension or diabetes, had received higher dose RT and had a 
long latency period from RT. CAD related events were more common 
in patients with diastolic dysfunction 4/40 (10%) than in patients with 
normal diastolic function 5/242 (2%, p=0.005). The authors hypothesize 
that CAD can be another cause of diastolic dysfunction. 
As there is no evidence that medical therapy can alter the course of 
asymptomatic diastolic dysfunction, routine screening has not been 
recommended in asymptomatic HLS to detect myocardial damage. In 
patients presenting with signs of congestive heart failure (CHF), first 
other, more common and treatable causes of CHF (such as silent is-
chemic, hypertensive or valvular heart disease) should be excluded.81 
Diastolic and systolic function measurements should be part of the 
routine cardiac screening program. Special attention should be paid to 
women who want to become pregnant after therapy for HL, as occult 
cardiomyopathy can become symptomatic during pregnancy.82 
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Arrhytmias and conduction system disease
Conduction abnormalities have been associated with mediastinal 
RT, especially as very late effects and in patients who did not receive 
sub-carinal blocking.61 There are two types of injury: a direct damage to 
the cardiac conduction system and dysfunction of the autonomic regu-
latory system. RT can result in fibrosis of tissue adjacent to the conduc-
tion system resulting in a wide spectrum of abnormalities like QT-in-
terval prolongation, sick sinus syndrome, all forms of atrioventricular 
(AV) block, and bundle branch block. The incidence of these defects 
varies widely. Some demonstrate no ECG abnormalities,21, 83 others 
with similar cohort sizes and follow-up report ECG abnormalities in 46 
and 48% of HLS.20, 22 In patients with AV block, the level of the block is 
usually infranodal and the progress to third-degree AV block occurs 10-
20 years after RT.84 In patients with bundle branch block, right bundle 
abnormalities tend to be more common.20, 24, 61, 62 The true incidence 
of severe symptomatic conduction anomalies is not known since this 
has only sporadically been reported. Most symptomatic presentations 
involve complete heart block and syncope.81 
All these are easily identifiable by a routine ECG. We recommend per-
forming an ECG at every cardiac evaluation moment, especially as con-
duction system disease tends to occur in HLS who have other forms of 
radiation induced heart disease.

Carotid disease and other vascular abnormalities
Atherosclerosis of the carotid arteries is a well-known late treatment 
effect of RT 85, 86, but has only scarcely been described in sites other 
than the coronary arteries in HLS. The only study in which 42 asymp-
tomatic HLS are screened by modern Duplex ultrasonography of the 
carotid arteries identified 24% of patients with intima-media abnor-
malities that did not cause significant stenosis.87 Only one patient had 
≥70% stenosis of both common carotid arteries. In this young group 
of HLS (mean age 27 years at HL diagnosis) followed for a mean of 
13 years after treatment the intima-media thickness was significantly 
higher in irradiated patients compared to non-irradiated patients and 
to age-matched control subjects. A longitudinal study is needed to as-
ses the importance of these minor changes. The low prevalence of sig-
nificant carotid artery stenosis can be explained by the young age of 
the cohort and the short follow-up. In a large cohort study by Hull et al 
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(n=415), non-coronary atherosclerosis in young HLS (median 20 years 
at diagnosis of HL) has been shown to have a long latency of median 
21 years.17 This subgroup of patients had lesions not commonly seen 
in the general population, like isolated carotid or subclavian artery 
stenosis ≥40%. These lesions are thought to be caused by endotheli-
al cell loss which in turn can cause progressive atherosclerosis many 
years later.17 When examining the patients who experienced transient 
ischemic attack (TIA) or stroke, the median age when they underwent 
RT was 51 years and the median FU from therapy to event was only 
5.6 years. The authors believe that the difference between these two 
subgroups lies in the fact that the older subgroup probably had pre-ex-
istent atherosclerosis which was accelerated by RT. In total 7.4% of HLS 
had developed carotid and/or subclavian artery disease at a median of 
17 years after treatment.17

A recent multicenter cohort study in 2201 HLS treated before age 55 
confirms a twofold and threefold increased risk of stroke and TIA in 
HLS, when compared to the general population.88 The median time in-
terval from RT until stroke diagnosis was 17.4 years (the authors only 
included HLS who survived 5 year after therapy). The cumulative inci-
dence of ischemic stroke or TIA 30 years after HL treatment was 7%. 
The excess burden was one excess case each of stroke and TIA among 
hundred HLS followed for 10 years. The most important RF associat-
ed with cerebrovascular events was RT to the neck. Modifiable RF like 
hypertension, hypercholesterolemia and diabetes mellitus were also 
associated with the occurrence of stroke or TIA. The risk for ischemic 
stroke or TIA was twofold higher in HLS with cardiac disease than those 
without the cardiac disease. This can be explained by the fact that be-
sides atherosclerosis of the carotid arteries, cardio-embolisation can 
also cause stroke and TIA’s. The etiology of the cerebrovascular event 
could be established in 80% of cases and was due to large vessel ath-
erosclerosis in 43% and 28% of patients with ischemic strokes and TIA 
respectively. A cardioembolic source was identified in 18% and 31% 
of patients with ischemic stroke and TIA. Results of carotid Duplex im-
aging could be retrieved in 66% of patients and showed substantial 
(≥50%) carotid stenosis in 20% of patients who suffered from ischemic 
stroke and 13% of patients who experienced a TIA. Furthermore 41% 
had no stenosis at all.88
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The authors do not advocate screening in asymptomatic patients be-
cause of the relatively low excess cases of stroke and TIA. Moreover, 
the management of asymptomatic patients with more severe carotid 
arterial disease will provide clinicians with a management dilemma in 
which the risks of progression and stroke have to be weighted against 
the risks of surgical or percutaneous interventions. The best treatment 
for asymptomatic carotid artery stenosis is a matter of debate and 
should be patient tailored.87, 88 Treatment of the traditional RF is very 
important, as they are associated with cerebrovascular disease. 
Screening for carotid stenosis should be considered in patients who 
have symptoms of vascular damage at other sites.16 Patel et al present 
21 patients with RT-induced noncoronary atherosclerotic vascular dis-
ease and found that eight patients had atherosclerosis at more than 
one site.16 They also emphasize the importance of recognizing less spe-
cific symptoms at an early stage. Carotid artery involvement was fatal 
or resulted in permanent hemiparesis when stroke was the presenting 
symptom. All patients presenting with amaurosis fugax, visual field dis-
tortion or a carotid bruit however have not developed adverse neuro-
logic sequelae because they could be treated on time. Other presenta-
tions of noncoronary vascular disease were postprandial pain as a sign 
of intestinal angina as result of stenosis of the superior mesenteric ar-
tery. A difference in blood pressure between arms, breast and axillary 
edema, or a subclavian bruit were signs of subclavian artery stenosis.  
When the arteries to the legs are exposed to radiation patients may 
develop atherosclerosis leading to intermittent claudication.

Based on these data we agree with De Bruin et al that routine screen-
ing of asymptomatic HLS for carotid artery disease is not advisable. 
However, future prospective studies should be performed in which 
HLS are identified which have an increased risk of stroke. The yield of 
yearly screening HLS for carotid bruits is unknown and should also be 
addressed in future studies. Furthermore, atrial fibrillation should be 
treated as it contributes to the high risk of stroke and TIA. Physicians 
should pay special attention to symptoms of non-coronary artery dis-
ease at sites at which HLS have been irradiated. HLS complaining from 
such symptoms should be referred timely to a neurologist or vascular 
specialist. 
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Conclusion
There are only few studies investigating the importance of screen-
ing asymptomatic HLS for cardiovascular disease. Furthermore these 
studies describe HLS treated with strategies that are mostly not in use 
any more, making it difficult to compose screening programs for the 
patients treated currently. Screening these patients is important be-
cause they are at increased risk of developing disabling late cardio-
vascular sequelae which contribute to increased mortality at a relative 
young age. We suggest a cardiovascular screening program (Figure) 
starting five years after mediastinal RT in patients older than 45 years 
at diagnosis and in younger patients with ≥ two RF for cardiovascular 
disease. These patients are at increased risk of pre-existent atheroscle-
rosis which can be accelerated by RT. HLS diagnosed at a younger age 
and who do not have cardiovascular RF should be screened starting 
10 years after mediastinal RT. Subsequently, patients without signs or 
symptoms of CAD or valvular disease can be followed at 5 year inter-
vals by CAC-score measurements and echocardiography. When these 
signs appear, prompt referral to a cardiologist is warranted for close 
follow-up and timely intervention. Moreover, patients should be in-
structed to contact their physician in case cardiovascular symptoms 
develop and their traditional cardiovascular RF should be addressed. 
We suggest determining a cardiovascular risk profile at diagnosis of 
HL in patients older than 45 years. In case of a high risk, treating HL 
without RT should be considered. Prospective studies are needed to 
confirm the value of these screening tests in HLS. Screening programs 
should also be evaluated with regard to the long-term impact on sur-
vival of HLS and their cost-effectiveness.
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Abstract
Radiotherapy has been associated with an increased risk for cardiovas-
cular disease (CVD) in Hodgkin lymphoma survivors (HLS). Identifying 
subjects most likely to develop these complications is challenging. Ar-
terial stiffness has been frequently used as an early marker of CVD, but 
was never investigated in patients treated with radiotherapy.

Methods and results
The carotid-femoral pulse wave velocity (PWV) and the distensibility co-
efficient (DC) of the common carotid artery were used as markers of 
arterial stiffness. 82 HLS and 40 age and gender matched control sub-
jects were studied. Aorta and the carotid arteries were situated within 
the radiation field in 50 and 39 patients. Mean PWV was not signifi-
cantly different in HLS treated with radiotherapy on the mediastinum 
when compared to HLS treated without mediastinal radiotherapy and 
to controls. If HLS were 40years or older at radiotherapy their PWV was 
significantly higher (8.54m/s) than patients irradiated at younger age 
(7.14m/s, p=0.004) and controls (6.91m/s, p<0.001), after adjusting for 
current age and other CVD risk factors.
Mean DC was lower, indicative of stiffer arteries, in HLS treated with 
radiotherapy on the common carotid artery (2.79) than HLS without 
radiotherapy (3.35, p=0.029) and versus controls (3.60, p=0.001). DC 
was lowest in HLS treated at 35years of age or later (2.05), compared 
to HLS irradiated at younger age (2.98, p=0.046). 

Conclusion
In HLS radiotherapy is associated with increased arterial stiffness. The 
effect of radiotherapy seems most evident when RT is administered at 
ages above 35-40years.



Arterial stiffness is increased after radiotherapy

65

Introduction
As treatment modalities have advanced over the past decades, the 
number of long-term cancer survivors is increasing. These patients 
have significant long term morbidity related to their cancer therapy, 
cardiovascular (CV) events being the leading non-malignant cause of 
death.1 Of all cancer treatments, radiotherapy (RT) has been mostly 
associated with the development of arterial disease, as frequently in-
vestigated in Hodgkin lymphoma survivors (HLS).2 Most previous stud-
ies in HLS have concentrated on clinical end-points, showing a 30-year 
cumulative incidence of myocardial infarction and stroke of 12.9% and 
7% respectively. 1, 3 Traditional risk factors for CV disease (diabetes, 
hypertension, hypercholesterolemia, smoking, positive family history) 
increase the risk of developing myocardial infarction or stroke in HLS.4 
However, HLS with RT as the only risk factor have been reported to de-
velop CV events as well.5 This makes it difficult to identify the subgroup 
of HLS having the highest CV risk. 
In other high risk populations like patients with diabetes and chronic 
kidney disease, arterial stiffness has been identified as an early marker 
of cardiovascular disease and a surrogate marker for cardiovascular 
mortality.6 The aortic pulse wave velocity (PWV) and the carotid dis-
tensibility coefficient (DC) are frequently used parameters to meas-
ure arterial stiffness.6 So far there are no studies investigating arterial 
stiffness and its relation with cardiovascular morbidity and mortality 
in survivors of radiation treatment. The aim of our study is to evaluate 
arterial stiffness in HLS treated with and without RT, compared to con-
trol subjects.

Materials and methods
Participants
Between November 2007 and August 2008, 122 participants were en-
rolled in this study: 82 HLS and 40 age and gender matched control 
individuals. The control population consisted of randomly selected 
spouses of patients. This study was approved by the review committee 
of our institution and all subjects gave informed consent. At our institu-
tion all patients previously treated for HL are monitored at regular in-
tervals by their hematologist to detect recurrences of HL or long-term 
treatment complications. All HLS registered at our institution who were 
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free of disease and had a follow-up from diagnosis of HL of more than 
2 years were invited to participate in the current study (n=113). Nine-
teen HLS had died; the cause of death could be retrieved in 11 patients: 
seven suffered from a secondary malignancy, three from cardiovas-
cular complications and one died from an infectious complication. Six 
HLS did not attend their regular check-ups and could not be traced. 
Another six HLS declined participation because of old age (n=3), long 
travelling distance (n=1) or without a specific reason (n=2). The patients 
who declined participation were slightly older than the included sub-
jects (mean age 57 ±17 years) but did not differ in terms of treatment 
characteristics.
Patients were treated between 1969 and 2005 with different regimens. 
Typically extended field radiotherapy (mostly mantle field RT to the 
neck, mediastinum, axillary lymph nodes and sometimes para-aortic 
lymph nodes) was performed in patients with limited stage HL until the 
late 1990’s, being replaced by involved field radiation in the more re-
cently treated patients. HLS with more advanced stages were primarily 
treated with chemotherapy (CT) to which radiotherapy was added in 
case of bulky disease, mostly located in the mediastinum. Recently CT 
and RT were combined in most patients (Figure 1). The radiation dose 
was 40Gy in fractions of 2 Gy when RT was the only treatment and 30-
36 Gy when RT was combined with CT.
Until the 1980’s the CT consisted mainly of MOPP (mechlorethamine, 
vincristine, procarbazine, prednisone). In the 1980s, anthracycline-con-
taining regimens such as ABVD (doxorubicin, bleomycin, vinblastine, 
and dacarbazine) were introduced as a part of the primary treatment.
Data was collected on the CV history and CV risk factors. Body mass in-
dex (BMI) and abdominal circumference were measured. Furthermore 
a blood sample was drawn after overnight fasting for determination of 
glucose, HbA1C and lipid profile.

Arterial Stiffness Measurements
Prior to measurements the participants were asked to rest supine in a 
quiet room for ten minutes. Blood pressure (BP) was recorded before 
every PWV and DC measurements. BP was measured using an auto-
matic oscillometric device (Model MX3 Plus, Omron Matsusaka, Tokyo, 
Japan). All measurements were done by one researcher in the same 
room, blinded for the initial treatment of the HLS. Mean BP was calcu-
lated by using the formula 0.4(systolic BP - diastolic BP) + diastolic BP.7

The SphygmoCor device (Model SCOR-Px, Software version, 7.01, AtCor 
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Any RT 
(n=55) 

Subtotal nodal RT (n=2) 

Mantle field RT (n=18) 

Mediastinal RT only (n=14) 

Cervical RT only (n=4) 

Para-aortic/inverted Y RT (n=1) 

Other RT fields (n=1) 

Mediastinal and cervical RT (n=15) 
Carotid RT n= 39 

Aortic RT n= 50 

Chemotherapy only 
(n=27) 

Figure 1. Treatment modalities in 82 Hodgkin lymphoma survivors

Medical Pvt. Ltd, Sydney, Australia) equipped with a tonometric Millar 
transducer was used to determine the aortic PWV.  The pulse wave 
was recorded sequentially at the femoral artery and at the carotid ar-
tery. A simultaneously recorded electrocardiogram (ECG) is used as a 
reference to calculate wave transit time. Transit time between carotid 
and femoral pressure waves is calculated by recording duration from 
R-wave to intersection tangent of pulse wave arrival to the carotid or 
femoral sites during 10 heart beat cycles. Two surface distances are 
measured by the investigator: between the recording point at the ca-
rotid artery and the sternal notch (distance 1) and between the sternal 
notch and the recording point at the femoral artery (distance 2). The 
distance travelled by the pulse wave (DPW) is calculated by the Sphyg-
moCor as (distance 2) - (distance 1). The PWV is then calculated as PWV 
= DPW (m) / transit time (s). We have described this technique in detail 
elsewhere.8 Higher PWV is indicative of stiffer arteries.
Arterial stiffness was assessed by measurement of distension of the 
right and left common carotid arteries. The distension of an artery 
is the change in diameter in systole relative to the diastolic diameter 
during the cardiac cycle. A 9-3 MHz multi-frequency linear array probe 
attached to a high-resolution ultrasound machine (Philips IU22) was 
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used to record the ultrasound images. After a rest of at least 5 min-
utes, patients were examined in supine position with the head turned 
approximately 45 degrees away from the side examined. Longitudinal 
B-mode images were obtained of the left and right common carotid 
arteries, immediately proximal to the carotid bifurcation. The sonogra-
pher adjusted focus and gain settings to optimise far-wall echoes and 
to minimise noise in the arterial lumen. The end-diastolic diameter (D), 
the absolute stroke change in diameter during systole (∆D), and the rel-
ative stroke change in diameter (∆D/D) were computed. The cross-sec-
tional arterial wall DC was calculated according to the following equa-
tion: DC= 2(∆D/D)/pulse pressure (10-3/mmHg). Lower DC is indicative 
of stiffer arteries.

Statistics
The two primary outcome measures required a different grouping of 
the HLS cohort at analysis, as the PWV and DC are markers of  arterial 
stiffness at the aorta and common carotid artery (CCA) respectively. 
In order to analyze the PWV, the total group of HLS was divided in pa-
tients in whom the radiation field included the aorta (RTaorta+, n= 50 
HLS) and patients in whom it did not include the aorta (RTaorta−, n=32 
HLS).Similarly, for DC analysis the following groups were defined: RT-
CCA+ (n=39 HLS) and RTCCA− (n=43 HLS), according to whether the CCA 
was included or not in the radiation field (Figure 1).
DC was measured in the right and left CCA, as eight patients had been 
treated with unilateral RT. To account for this intra-individual varia-
tion, we used linear mixed models with a random intercept per patient 
when analyzing the DC as an outcome variable. PWV was analyzed us-
ing linear regression.
In order to determine which parameters were predictors of DC or PWV, 
models containing only one predictor were fitted for the HLS and con-
trol groups separately. First we examined traditional CV risk factors 
(age, male gender, cholesterol, glucose, blood pressure, smoking, ab-
dominal circumference, BMI, current use of blood pressure or choles-
terol lowering medication, family history of CV disease), differentiating 
between HLS and controls in order to compare the effect of these risk 
factors in these two groups. Characteristics of HL treatment (age at 
diagnosis, follow-up since diagnosis, RT dose) were compared between 
HLS treated with and without RT.  We used the RT dose as a categorical 
variable (eg. RTaorta dose <= 36Gy (n=12) and RTaorta >36Gy (n=38)) since 
it was not normally distributed.
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In the simple linear regression analysis, age at diagnosis of HL (age HL) 
proved to be a variable associated with both DC and PWV; for obvious 
reasons, this variable cannot be defined for the control subjects. To 
deal with this problem we created a grouping variable combining RTaor-

ta+/ RTaorta− (or RTCCA+/ RTCCA−) and a dichotomized age at diagnosis of 
HL (age HL ). This resulted in five groups: controls, patients diagnosed be-
fore the cut-off age and RT+, patients diagnosed before the cut-off age 
and RT-, patients diagnosed after the cutoff age and RT+, and patients 
diagnosed after the cutoff age and RT-. Choosing the cut-off point was 
performed by analyzing which age HL best predicted the PWV or DC re-
spectively. For PWV, age was dichotomized at 40 years, and for DC at 
35 years. The reason that 40 years was not chosen as a cut-off point for 
the DC is that only 5 patients were irradiated on the neck at 40 years of 
age or older which resulted in a less solid association with the DC for 
the first group. 
Finally, a multiple regression model was fitted for PWV and a multiple 
linear mixed model for DC. Both models included the following vari-
ables: current age, gender, the RTaorta  / RTCCA and ageHL group, mean BP, 
current use of cholesterol lowering medication, HDL, LDL, family histo-
ry of CV disease, pack years of smoking, current use of blood pressure 
lowering medication. From the multiple regression models, adjusted 
mean PWV or DC was estimated for the different RT/age groups, and 
those means were compared using the Bonferroni-adjusted post-hoc 
tests. 

Results
Base line characteristics of the study population are described in Table I.

Pulse Wave Velocity
Pulse wave velocity did not differ significantly the RTaorta+ group vs. 
RTaorta− group vs. controls: means (95% CI) 7.3 m/s (6.9−7.8) vs. 7.1 m/s 
(6.6−7.7) and 6.6 m/s (6.2−7.1) respectively. In unadjusted analysis, tra-
ditional risk factors for cardiovascular disease were better predictors 
of PWV in the control group compared to the entire HLS group (Table 
II). The parameter estimate indicates, for example, that in the entire 
HLS group, the PWV increases with increasing age, by 0.09m/s for every 
year. For categorical variables, the parameter estimate should be inter-
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preted as follows, for example, the PWV increases if the subject uses 
BP lowering medication, by 1.56m/s if the patient uses BP lowering 
medication versus non-users.
Age at diagnosis was the only treatment related factor associated with 
PWV in univariate analysis; RT to the aorta, RT dose and chemotherapy 
were not significant predictors (Table III). In the multiple linear regres-
sion model the following variables were still significant predictors of 
PWV: current age, the RTaorta and ageHL group and mean BP (Table IV). If 
we included gender and the traditional risk factors in the multivariate 
model as confounders, PWV was highest in the RTaorta+ and ageHL≥40 
group. (Figure 2)

Carotid Artery Distensibility
The mean (95%CI) DC was lowest in the RTCCA+ group: 2.79 (2.47−3.11) 
and differed significantly (p=0.029) from the RTCCA− group, mean 3.35 
(3.08−3.62) and controls (p=0.001), mean 3.59 (3.28−3.91). In the unad-
justed analysis, traditional risk factors for cardiovascular disease were 
better predictors of DC in the control group compared to HLS. (Table 
II). The parameter estimate should be interpreted in the opposite way 
for the DC since a lower DC is indicative of stiffer arteries (in contrast 
to higher PWV indicative of stiffer arteries). For example, in the entire 
HLS group, the DC decreases with increasing age, by 0.07x10-3/mmHg 
for every year, etc.
RT to the neck and age at diagnosis were the only treatment related 
factors associated with DC in univariate analysis; RT dose and che-
motherapy were not significant predictors (Table III). In the full linear 
mixed model the following variables were still significant predictors of 
DC: current age, mean BP, the RTCCA and ageHL group (Table IV). If we in-
cluded gender and the traditional risk factors in the multivariate mod-
el as confounders, DC was lowest in the RTCCA+ and ageHL≥35 group. 
(Figure 3) Furthermore present use of cholesterol lowering medication 
became significant in the adjusted model, showing a protective effect 
on DC.
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Figure 2. Adjusted means of PWV (in m/s) after fitting a general linear regression model 
including current age, gender, the RTaorta  and ageHL group, mean BP, current use of 
BP lowering medication., HDL, LDL, family history of CVD, pack years of smoking, current 
use of cholesterol lowering medication. Covariates appearing in the model are evaluated 
at the following values: current age = 47,77, mean BP = 97.7, abdominal circumference = 
95.8, pack years of smoking = 6.6, HDL = 1.44, LDL = 3.1. All subgroups were compared 
with each other. Only statistically significant results are shown in the figure.

Table III. Univariate association of HL treatment related factors and arterial stiffness 
indicators in HLS.

Hodgkin lymphoma survivors

RT  aorta/CCA+ RT  aorta/CCA−

Treatment related factor Parameter 
Estimate

 
95% CI

 
p

Parameter 
Estimate

 
95% CI

 
p

Pulse wave velocity (m/s)
Radiotherapy on the aorta 0.19 -0.54 0.92 NS reference
Age at diagnosis, years 0.085 0.06 0.11 .000 0.06 0.03 0.10 .001

Distensibility coefficient (10-3/mmHg)
Radiotherapy on the neck -0.60 -1.00 -0.19 .004 reference
Follow-up since HL, years -0.02 -0.07  0.02 NS -0.06 -0.10 -0.01 .025
Age at diagnosis, years -0.07 -0.10 -0.05 .000 -0.04 -0.06 -0.01 .003
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Discussion
In the present study, arterial stiffness was evaluated in a group of 
HLS and their age and gender matched controls. Arterial stiffening 
was found in HLS treated with RT when compared to controls and to 
HLS who were not treated with RT. This finding is most evident in HLS 
treated at older age (>35-40 years). This is in agreement with a large 
retrospective trial in which older patients at RT had the highest risk of 
MI and stroke. They developed these cardiovascular end-points earlier 
than HLS treated at younger age 4. Similarly, the 15-year cumulative 
incidence of a cardiac hospitalization was estimated to be higher for 
HLS treated at age 40 versus age 20 (1.8% compared to 16.5%). 9 Large 
cohort studies have reported that the relative risk of MI and stroke de-
creases with increasing age at diagnosis, finding that probably reflects 
the lower background risk of CVD at younger age. 1, 3, 10 However, these 
studies also found an increased absolute excess risk of these CV end-

Tabel IV. Multivariable association of factors related to DC and PWV in HLS treated with or without 
RT on the carotid arteries.

Pulse wave velocity (m/s)
Multiple general linear model with PWV as dependent variable

Parameter 
estimate

95% CI p value F

Current age 0.05 0.03 0.07 .000 20.2
Mean BP, mmHg 0.04 0.03 0.06 .000 25.7
RTCCA and ageHL group

RTaorta+ and ageHL≥40 
RTaorta+ and ageHL<40 
RTaorta− and ageHL≥40 
RTaorta− and ageHL<40 
controls

1.63 
0.23 
0.20 
0.31 
 ref.

0.90 
-0.24 
-0.47 
-0.27

2.37 
0.71 
0.87 
0.89

.000 
NS 
NS 
NS

5.1

Distensibility coefficient (10-3/mmHg)
Multiple mixed linear model with DC as dependent variable

Parameter 
estimate

95% CI p value F

Current age -0.05 -0.07 -0.04 .000 40.5
Mean BP, mmHg -0.02 -0.04 -0.01 .000 12.7
RTCCA and ageHL group

RTCCA+ and ageHL≥35 
RTCCA+ and ageHL<35 
RTCCA− and ageHL≥35 
RTCCA− and ageHL<35 
controls

-1.56 
-0.62 
-0.14 
-0.30 
 ref.

-2.15 
-1.05 
-0.60 
-0.71

-0.97 
-0.19 
 0.32 
 0.12

.000 

.005 

.547 

.164

8.1

Cholesterol lowering medication  0.49 0.06  0.91 .024 5.2
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Figure 3. Adjusted means of DC (10-3/mmHg) after fitting a mixed models linear regres-
sion including current age, gender, the RTCCA  and ageHL group, mean BP, current se of 
cholesterol lowering medication, HDL, LDL, family history of CVD, packyears of smoking, 
current use of blood pressure lowering medication. Covariates appearing in the model 
are evaluated at the following values: current age = 47.81, mean BP = 95.9, abdominal 
circumference = 95.7, pack years of smoking = 6.6, HDL = 1.45, LDL = 3.1. All subgroups 
were compared with each other. Only statistically significant results are shown in the 
figure.

points with increasing age at RT. 1, 3, 10 This absolute excess risk might 
be of greater relevance for the individual patient who has a high abso-
lute increased risk of developing CVD if treated with RT at older age. 
These patients might benefit from individually tailored therapy: older 
patients at diagnosis, who have a high CV risk profile based on tradi-
tional RF, being best treated with CT only. Future studies are needed in 
to address this hypothesis.
Our paper is the first to report on RT-associated arterial stiffening. Even 
though many epidemiologic studies show an increased risk of man-
ifest cardiovascular disease after RT, only few observational studies 
in humans have investigated early signs of RT-induced vasculopathy. 
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Endothelial dysfunction 11-13, increased intima media thickness (IMT) 14-

15 and coronary artery calcifications 5, 16 have been described. Further 
follow-up studies are needed before the most valuable method of as-
sessing CV risk in irradiated patients is defined. One earlier report in 
HLS showed impaired endothelial function in 26 HLS at an average of 
6.7 years after mediastinal RT 13. There was no association between 
endothelial dysfunction and age at treatment. This can be due to the 
young age at examination (12-30 years) in this study. Furthermore, 
even though arterial stiffness and endothelial dysfunction have been 
shown to be associated 17, they represent different aspects of vascular 
disease 18. Although the precise relationship between arterial stiffness 
and endothelial dysfunction still remains to be established 19, it has 
been shown that endothelial dysfunction is already present at an early 
stage after RT 12. Sugihara et al found that NO- and prostacyclin-medi-
ated endothelium dysfunction was present 4-6 weeks after RT in hu-
man cervical arteries 12. Diminished endothelium-dependent vasodila-
tation was still observed years after RT by Beckman et al 11. 
The pathological substrate of radiation induced vascular damage has 
been investigated in animal studies and human autopsy studies in sub-
jects previously treated with RT 15, 20-21. Atherosclerotic lesions consisted 
mainly of fibrous tissue in intima and media in 10 patients previously 
treated with RT 20. Furthermore the internal elastic membrane was dis-
rupted in 39% of coronary artery sections in these patients 20. Both the 
presence of fibrous tissue and the degeneration of the elastic fibers 
might result in arterial stiffening 21. Recently, Russel et al found an in-
creased intima-media thickness and increased proteoglycan content of 
the irradiated vessels 15. These changes are known to stiffen the extra-
cellular matrix of vessel walls 22.  
Remarkably, we found that the effect of RT on arterial stiffness was 
stronger when patients were treated at older age. We hypothesize 
that nitric oxide (NO) and atherosclerosis play an important role in this 
RT-induced arterial stiffness in HLS treated at older age 22. It has been 
shown that bioavailabilty of NO decreases with older age in healthy 
subjects 23. RT also decreases the level of NO 12, possibly causing a 
more pronounced arterial stiffness in subjects treated with RT at older 
age. Atherosclerosis is associated with arterial stiffness in older healthy 
adults 24. Furthermore, RT has been shown to induce or accelerate ath-
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erosclerosis 25, which is increasingly present in elderly patients. 
The fact that survival time (time since RT) was not related to both mea-
surements of arterial stiffness might indicate that the effect of RT on 
arterial stiffness mainly occurs at the time of RT or during the first 2 
years after RT. If RT induced stiffening would continue to increase at 
increased pace, we would have expected a relationship between the 
stiffness parameters and survival time. This finding could help identify 
patients at risk for CVD at an early stage after RT. These patients could 
be monitored more closely and cardiovascular risk factors could be 
treated more strictly, as we have found that a lower blood pressure 
and using cholesterol lowering medication is associated with lower ar-
terial stiffness. 
Traditional risk factors for CVD were shown to have an increased effect 
in the development of symptomatic CVD in HLS.2, 4 We observed that 
traditional RF were stronger associated with arterial stiffness in con-
trols than in HLS. Apparently RT has strong and overruling effect on 
arterial stiffness. 
Results are more evident for DC than for PWV. This can be explained by 
the larger number of measurements, hence a higher power resulting 
from the double sided DC measurements. Furthermore the DC was 
measured in the CCA which was fully irradiated, whereas the aorta was 
only partially included in the radiation field. Unfortunately we were not 
able to determine the exact RT dose to the aorta in comparison to the 
common carotid artery, but a higher RT dose to the common carotid 
artery could also play a role in our findings. In pathological studies it 
was shown that larger arteries are less prone to lesions due to RT when 
compared to smaller diameter arteries.21 
HLS treated without RT or with RT at younger age had comparable 
PWV and DC to the general population.26-27 In the RTaorta+ and ageHL≥40 
group, PWV was 8.54m/s in the multivariable model with the current 
age set at 47.77 years. This value corresponds to the PWV for the 50-59 
years old patients with normal blood pressure and to the 45-49 years 
old patients with grade 1 hypertension.26 Similarly, DC in the RTcca+ at 
age >35 group was comparable with subjects who had smoked for at 
least 20 years.27

Strong points of this study are the similar results for two independent 
measures of large arterial stiffness: PWV and DC. The measurements 
of arterial stiffness were performed by an independent researcher 
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blinded for the initial treatment of the HLS. We have collected data 
on many known atherosclerosis risk factors for which we could adjust 
in the multivariate models. Most important weaknesses of the study 
are the small numbers of patients and the fact that it is an observa-
tional study in which we do not have data on arterial stiffness at the 
time of diagnosis and RT. Since we performed the study in patients 
surviving HL at least 2 years we cannot establish the acute effects of 
RT. The disadvantage of studying subjects at various times after RT, 
turns in the advantage of being able to study the effect of survival time. 
However, over time, the RT techniques and treatment regimens have 
changed. In recent years, patients with higher stage HL were no longer 
primarily treated with RT, but with anthracycline containing CT. As a 
consequence there is a different follow-up time from diagnosis in the 
patients treated with and without RT (Table I). In this cohort we did 
not find an effect of follow-up time on arterial stiffness parameters, 
but further studies including patients treated more recently with new-
er regimens are needed to confirm this finding. Another difference at 
baseline is the higher age at diagnosis in the patients treated without 
RT. This can be explained by the fact that this patient group was treat-
ed more recently and by the fact that older patients treated by old 
regimens (mostly including RT) deceased before we performed this 
cross-sectional study. Furthermore during the past years more elderly 
patients were diagnosed and treated for HL than before. The higher 
age at treatment in the non-RT group might be expected to result in 
stiffer arteries in this group. However, we observed the opposite. The 
observed increased stiffness in patients treated with RT might under-
estimate the true effect of RT due to this age difference.
The cohort described in this paper has been treated with older treat-
ment regimens. The RT doses are currently as low as 20-30Gy, in com-
parison to 36-40Gy which were mostly used in our study population. 
We did not find a relationship between RT dose and arterial stiffness, 
but this can be due to the small variations in RT dose between patients. 
Moreover, anthracycline-based CT regimens are almost always used 
nowadays, with or without RT. In our population CT regimens includ-
ed anthracyclines in 80% of the HLS treated by CT. There is evidence 
that these new CT regimens also increase arterial stiffness shortly (4 
months) after RT. 28 Our study showed that CT does not influence the 
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arterial stiffness on the long term. Further investigations should be 
performed in long-term HLS treated with modern regimens to address 
these issues.

In conclusion we show that RT seems to stiffen large arteries, especially 
when RT is administered at ages above 35-40 years. Since follow-up 
time from treatment was not associated with stiffer arteries, stiffening 
seems to occur soon after RT. Therefore, PWV and DC could be of help 
to identify patients at risk of CVD. Prospective studies are needed to 
follow these patients and to investigate the direct relation of stiffness 
and CVD in patients who have undergone RT. 
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Abstract
Background
The carotid-femoral pulse wave velocity (PWVcf) is used as an indicator 
of arterial stiffness. It is often measured using applanation tonometry, 
for instance with the SphygmoCor. In young children this method is 
difficult to perform. Therefore, techniques are needed that are less de-
pendent on patient compliance. The Vicorder device uses the oscillo-
metric technique to measure the PWVcf and is thought to be less time 
consuming and less dependent on operator skills.

Objective
To compare the PWVcf measured by an extensively used device (Sphy-
gmoCor) and the Vicorder in adults initially.
Methods
38 healthy volunteers (20 men, mean age 48 ± 13.1 years) participated 
in this cross-sectional study. The PWVcf was assessed twice using the 
SphygmoCor and the Vicorder by a single investigator during one visit. 
Intra-rater reproducibility of each instrument and comparison between 
the two instruments were assessed by the Bland-Altman method.

Results
The mean difference [95% Confidence Interval] between repeated 
measurements was 0.09 [-0.20 – 0.38] m/s and 0.24 [-0.55 – 1.03] m/s, 
for the SphygmoCor and Vicorder, respectively. The Limits of Agree-
ment (LoA) were -1.53 – 1.71 m/s and -4.24 – 4.72 m/s, for the Sphyg-
moCor and Vicorder, respectively. The mean PWVcf measured by the 
Vicorder was 0.58 [-0.20 – 1.35] m/s higher than the PWVcf measured 
by the SphygmoCor. The LoA between the two instruments were -3.50 
– 4.66 m/s.

Conclusions
The LoA of both instruments exceed a value of 1.5m/s. The LoA of the 
Vicorder PWVcf measurements are considered too wide for using this 
technique reliably in adults or in children.
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Introduction
Carotid-femoral PWV (PWV cf) is nowadays considered the ‘gold-stan-
dard’ indicator of arterial stiffness.1 PWV cf has been demonstrated to 
be a strong predictor of cardiovascular mortality in various patient pop-
ulations, especially in patients with End Stage Renal Disease (ESRD).2 
In children and young adults with ESRD the mortality is mainly due 
to cardiovascular disease.3 Therefore, PWV cf measurement might be 
a valid indicator of the extent of vascular damage in this patient group 
and could be used to identify patients at higher risk of cardiovascular 
disease.
Measuring the PWV over the carotid-femoral trajectory has been con-
sidered the gold standard in a recent guideline.1 Various non-invasive 
techniques have been used4 like computerized oscillometry5, tonom-
etry (SphygmoCor)6, ultrasound7-8 and methods using mechanotrans-
ducers (Complior)9. There is no consensus about which measurement 
method is the most valid and reliable.4 This is why there is room for 
new instruments to enter the market and be promoted by their pro-
ducers as a valid instrument for measuring the PWVcf.  
The SphygmoCor is an instrument using applanation tonometry that 
has been extensively used, is easily applied in adults and has a fair 
reproducibility.10-11 However, we noticed that in young children the 
measurements by the SphygmoCor are often difficult to carry out as 
they are time consuming and require some degree of patient cooper-
ation. Therefore we searched for a new device that is better applicable 
in children.
The Vicorder is a new automatic device that was originally used to 
measure differences in blood pressure like the ankle-brachial index.12 
It has been adapted to measure the PWVcf   by adding a neck pad which 
is placed over the carotid artery. The Vicorder uses the oscillometric 
technique to measure the PWVcf, through the inflation of this neck 
pad and a cuff around the thigh. It is presented as a simple and quick 
non-invasive method which is little dependent on operator skills and 
experience.
Before investigating the clinimetric properties of the Vicorder in chil-
dren, we decided to test the validity of the instrument in adults. For the 
Vicorder to be valid, we consider it necessary that its measurements 
are reproducible, i.e., differences between repeated measurements 
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without clinically relevant change in the subject should be reasonably 
small, and the measurements should be comparable to measurements 
made by the Sphygmocor. To this purpose, we compared the Vicorder 
with the SphygmoCor in a group of adults in an ongoing study. The 
precise aims of the current study are the following:
to compare the test-retest reproducibility of the PWVcf measurements 
with the SphygmoCor and the Vicorder; and
to investigate the comparability of the PWVcf measurements with both 
instruments.

Methods
Participants
The HORCIA study is a single centre cohort study to detect late seque-
lae of radio- and chemotherapy in survivors of Hodgkin lymphoma. To 
detect preclinical markers of cardiovascular disease, PWVcf measure-
ments with the SphygmoCor are performed in all patients. Forty spous-
es of the patients were randomly selected and asked to participate as 
control subjects. These control subjects also underwent PWVcf meas-
urements in order to have reference values for their spouses. These 
volunteers were invited to participate in the present cross-section-
al study. Ethical approval has been given by the Institutional Review 
Board of the St. Antonius hospital in Nieuwegein. 

Technique
All participants were measured twice with both devices during a single 
visit. The measurements were performed as described in the manual 
of each device. Prior to the measurements the participants took 10 
minutes of rest lying supine in a quiet room. Blood pressure (BP) was 
measured before each PWVcf measurement. The BP was measured 
using an automatic oscillometric device (Model MX3 Plus, Omron Mat-
susaka, Tokyo, Japan). All measurements were done by one researcher 
in the same room. The order of PWVcf measurements was as follows: 
Vicorder1, SphygmoCor1, SphygmoCor2 and Vicorder2. 

SphygmoCor
The SphygmoCor (Model SCOR-Px, Software version, 7.01, AtCor Med-
ical Pvt. Ltd, Sydney, Australia) uses a single high-fidelity tonometric 
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Millar transducer. To determine the PWVcf, the pulse wave is recorded 
sequentially at the femoral artery and at the carotid artery by the trans-
ducer. A simultaneously recorded electrocardiogram (ECG) is used as a 
reference to calculate wave transit time. Transit time between carotid 
and femoral pressure waves is calculated using the ‘foot-to-foot’ meth-
od. Wave ‘feet’ are identified using intersecting tangent algorithms.  
Two surface distances are measured by the investigator: between the 
recording point at the carotid artery and the sternal notch (distance 1) 
and between the sternal notch and the recording point at the femoral 
artery (distance 2). The distance travelled by the pulse wave (DPW) is 
calculated by the SphygmoCor as (distance 2) - (distance 1). The PWVcf 
is then calculated as PWVcf = DPW (m) / transit time (s). To assure good 
quality of the measurements, the following rules, as described previ-
ously, were taken into account:
Visually acceptable pulse-waveforms and a mean pulse height above 
80mV were required and the time difference between the ECG-signal 
and the signal from the recording sites should have an SD of less than 
10% of the mean value.10

Vicorder
The Vicorder (Skidmore Medical Limited, Bristol, United Kingdom) is 
a new device that received FDA approval on December 20th 2007.12 
The Vicorder simultaneously records the pulse wave from the carotid 
and femoral site by using the oscillometric method. First a neck pad 
which is only inflatable over several centimetres is placed around the 
patient’s neck. This pressure pad is applied over the right carotid artery 
to prevent compression of the trachea and compression of both carot-
id arteries at the same time. Next a cuff is placed around patient’s right 
upper thigh. Both carotid and femoral cuffs are inflated automatically 
to 65mmHg and the corresponding oscillometric signal from each cuff 
is digitally analyzed to extract, in real time, the pulse time delay. After 
acquiring several steady pulses the investigator “freezes” the recording 
on the display and the Transit Time in milliseconds is presented. DPW 
is measured as follows: DPW = the distance between the upper edge 
of the femoral cuff and sternal notch minus the distance between the 
lower edge of the carotid cuff and sternal notch. This value is entered 
into the computer and the Vicorder software computes the PWVcf.
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Statistics
For the intra-rater reproducibility Bland-Altman plots were used.13 In-
traclass Correlation Coefficients (ICC) and Coefficients of Variation (CV) 
were calculated as well, as previously described by others.14 The meas-
urement results of the two devices were compared by Bland-Altman 
plots. In a Bland-Altman plot the differences between two measure-
ments per patient are plotted against the means of two measurements 
per patient. If differences are associated with mean values, a correction 
has to be applied. The 95% Confidence Interval (95% CI) of the mean 
difference should include zero to exclude systematic differences. The 
Limits of Agreement (LoA) (± two times the Standard Deviation of the 
differences per patient) indicate the range between successive meas-
urements in a subject without real change. Only changes greater than 
the LoA can be interpreted as “real” change, not due to measurement 
error. 
Paired t-tests were performed to compare the difference between the 
BP measurements preceding the first and second ViCorder PWV meas-
urement with the difference between the BP measurements preceding 
the first and second Sphygmocor PWV measurement to detect a possi-
ble difference in BP, since the ViCorder measurements were separated 
by a longer time interval than the Sphygmocor measurements.
All analyses were performed using SPSS 16.0. P-values smaller than 
0.05 were considered statistically significant.

Results
Of the 40 invited subjects 38 were willing to participate. Two female 
subjects did not participate for practical reasons not related to the 
study. Useful results of repeated measurements were obtained in a 
total of 30 subjects. In three subjects the PWVcf values obtained by the 
SphygmoCor were rejected because of quality control reasons as de-
scribed elsewhere.10 One or both Vicorder recordings were missing in 
five patients for various reasons, mainly because they were not saved 
properly. Apart from this, the Vicorder was easy to use; the neck pad 
did not cause discomfort in the participants. 
Table 1 summarizes the characteristics of these 30 subjects. The base-
line characteristics of the eight patients without usable PWV measure-
ments did not differ significantly from the entire group.
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The mean difference [95% CI] between repeated measurements was 
0.09 [-0.20 – 0.38] m/s and 0.24 [-0.55 – 1.03] m/s, for the SphygmoCor 
and Vicorder, respectively. This means that neither of these differenc-
es was statistically significant different from 0. The LoA were -1.53 – 
1.71 m/s and -4.24 – 4.72 m/s, for the SphygmoCor and Vicorder, re-
spectively (Figure 1a and Figure 1b). The ICC was 0.76 and 0.54 for the 
SphygmoCor and the Vicorder, respectively. The CV was 9% and 22% 
for the SphygmoCor and the Vicorder, respectively. The mean PWVcf 
measured by the Vicorder was 0.58 [-0.20 – 1.35] m/s higher than the 
PWVcf measured by the SphygmoCor, i.e. not statistically significant 
different. The LoA between the two instruments were -3.50 – 4.66 m/s 
(Figure 2). 
The paired t-tests showed no statistically significant difference in BP 
preceding the first and second Vicorder measurement and preceding 
the first and second SphygmoCor measurement (mean differences 
[95% CI] were 2.3 [-2.5 – 5.1] mmHg and 0.5 [-3.9 – 5.0] mmHg, for sys-
tolic and diastolic BP differences, respectively).

Table 1. Demographic characteristics of the study group (n=30). 
Expressed as n and %. § Systolic BP > 140 (and/or diastolic BP>90 mmHg). No patients 
were using antihypertensive drugs. BP blood pressure.

Characteristics Mean SD Range

Male 16 53.3

Age (years) 46.9 13.6 21-74

Weight (kg) 82.6 13.4 56-110

Height (cm) 178.7 8.4 165-200

BMI (kg/m2) 25.8 3.2 21-31

Heart rate (bpm) 59.6 10.6 42-85

Systolic BP (mmHg) 124.5 14.3 94-157

Diastolic BP (mmHg) 74.9 8.7 61-99

Hypertensive§ patients 4 13.3
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Figure 1a. Intra-rater reproducibility of pulse wave velocity (PWV) measurements by the 
SphygmoCor

Figure 1b . Intra-rater reproducibility of pulse wave velocity (PWV) measurements by the 
Vicorder.
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Discussion
The main finding of our study is that the LoA of both the SphygmoCor 
and the Vicorder exceed a value of 1.5 m/s. This indicates that chang-
es in an individual less than 1.5 m/s cannot be determined reliably. 
Although there is no consensus about the size of a minimal clinically 
relevant difference, these LoA are larger than what we would consider 
clinically relevant. The LoA for the Vicorder were much wider than for 
the SphygmoCor, indicating that the reproducibility of the Vicorder is 
by far inferior.
The LoA we have found for the PWVcf  measured by the SphygmoCor 
are smaller than those reported by Wilkinson (-2.27– 2.41 m/s) in a 
group of 10 healthy subjects, 8 hypertensive and 6 hypercholesterol-
emic patients.11 The CV for the PWVcf  measured by the SphygmoCor 
was in line with values found by others15: 13% vs. 9% in our study. 
SphygmoCor uses the systolic upstroke to detect the pressure wave. 
Oscillometric devices (Vicorder) detect the time point of maximal pres-
sure. The time point of maximal pressure during the pressure wave 
can differ from site to site. The systolic upstroke is amplified towards 

Figure 2. Comparison between pulse wave velocity (PWV) measurements by the Vicorder 
and SphygmoCor.
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the periphery.  At peripheral measurement sites such as the brachial 
artery or the femoral artery the maximal pressure excursion will occur 
early in systole. In central arteries like the aorta and the carotid artery 
reflected pressure waves may cause the maximal pressure to occur 
late during systole. Pressure wave reflections vary from person to per-
son and also from moment to moment. The fact that the maximal pres-
sure occurs early during systole at the femoral artery, and at a later 
moment in the pressure cycle at the carotid artery, theoretically results 
in the calculation of a higher PWV. This is in agreement with our ob-
servation that we derived a PWV with Vicorder which was, on average, 
higher than the PWV calculated with SphygmoCor. The variability in 
the time point of maximal pressure excursions caused by variations in 
reflected pressures might in part explain the differences between PWV 
as calculated with both techniques. A technique which uses the systolic 
upstroke (SphygmoCor) is not hampered by variations in pressure later 
during the pressure cycle, and might thus be expected to show a better 
reproducibility. This is in agreement with our observations.  
Another possible explanation for the observed differences between the 
Vicorder and SphygmoCor results could be the larger interval between 
the Vicorder measurements. The stiffness of elastic arteries measured 
by the PWV shows beat to beat differences due to beat to beat differ-
ences in blood pressure. However, the absolute differences are small.16  
We measured blood pressure before each PWV measurement and did 
not observe significant changes in blood pressure over time. Therefore 
we conclude that our results are not strongly influenced by the order 
of measurements.
The wide LoA values may be due to the cuff used at the carotid site. The 
pulse wave recorded at this site was frequently not accurate, with nu-
merous artifacts being recorded, and irregular shapes of the pressure 
curve. These might have altered the PWVcf   calculations by the Vicord-
er. We think this is the cause of the inaccurate measurements because 
the pulse waves recorded at the femoral site had in almost all cases the 
expected regular shape. Unlike the other cuffs used by the Vicorder, 
the carotid cuff is not inflatable all around the neck, but just for a few 
centimeters, to be applied over the right carotid artery. It is possible 
that this adaptation of the carotid cuff is the cause of the inaccurate 
measurements because only locally inflating the pad to 65 mmHg may 
not be enough to exclude other oscillating movements by veins, other 
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arteries than the carotid artery, muscles or air from the trachea. These 
artifacts are recorded by the cuff and transmitted to the software, 
giving rise to additional curves besides the carotid artery pulse wave. 
However, the Vicorder does not provide any information to the user on 
which of these oscillometric curves are used for calculation of the PWV-
cf and which are recognized as artifacts and excluded. This information 
is provided by the SphygmoCor software which marks in red the curves 
which are inaccurate and have not been used for analysis.
We became aware of this flaw already at the beginning of the record-
ings and have tried several ways to reduce the amount of artifacts. 
We instructed the patients to lie absolutely still, to take a deep breath, 
exhale and hold their breath while the recordings were made; we tried 
positioning the head in such way that the neck muscles were complete-
ly relaxed, but unfortunately none of these adjustments improved the 
recordings. 
The lack of experience or previous descriptions of the use of the Vicord-
er may have contributed to the results of the current study. However, 
we have followed the instructions in the Vicorder manual and those 
provided on site by a representative of the manufacturer (http://www.
dopstudio.co.uk/VicorderManual.pdf). Furthermore, for five patients, one 
or two Vicorder recordings were not available, most because of faults 
in saving the data. The Vicorder software does not provide a warning 
when data are not saved properly by the investigator. However, these 
missing data probably did not alter the results of the study, because 
the available recordings of the remaining 33 subjects were consistent 
in showing multiple artifacts.
We conclude that the Vicorder, although it may be useful for many oth-
er applications, is unsuitable for accurate measurements of the PWV cf 
in adults and probably also in children. Before further research can be 
initiated with this device, we recommend the manufacturer to improve 
the neck pad and/or provide more detailed user information to solve 
the problems we encountered.
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Abstract
Background
Hodgkin lymphoma survivors (HLS) are at increased risk of developing 
strokes and TIA’s mostly long after treatment with radiotherapy. The 
purpose of this study is to investigate the prevalence of subclinical 
atherosclerosis assessed by intima-media thickness (IMT) and 
occurrence of plaque.

Methods and results
Eighty-two HLS and 40 age and gender matched control subjects 
underwent bilateral ultrasound investigations of subclavian, carotid 
and vertebral arteries. Plaque occurrence and stenosis were evaluated 
in these arteries. IMT was measured in the common carotid artery. 
Radiotherapy on the neck (20-44Gy) was included in the therapy regimen 
of 39 HLS. Mean IMT was higher in HLS treated with radiotherapy 
(0.595mm) versus HLS treated without radiotherapy (0.546mm, 
adjusted p=.000) and controls (0.550mm, adjusted p=.027). If irradiated 
HLS had a follow-up of 15 years or more from radiotherapy, their IMT 
was highest (0.631mm), after adjusting for traditional cardiovascular 
risk factors. IMT was positively associated with current age (p=.000), 
abdominal circumference (p=.037), pack years of smoking (p=.001), 
radiotherapy on the neck and follow-up time from diagnosis. Plaque 
was present in 46.2% of HLS treated with radiotherapy, significantly 
more frequent than in non-irradiated HLS (23.3%, p=.031) and versus 
controls (7.5%, p=.000). Plaque was positively associated with current 
age (p=.046), female gender (p=.010), radiotherapy and follow-up time 
from diagnosis. Nine irradiated HLS had a asymptomatic significant 
carotid artery stenosis versus three non-irradiated HLS and two 
controls. 

Conclusions
Carotid artery disease is more prevalent among HLS treated with 
radiotherapy on the neck compared to non-irradiated HLS and healthy 
controls.
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Introduction
Radiotherapy (RT) to the neck has often been associated with 
atherosclerosis and stroke in patients treated for head and neck 
cancer.1-7 These patients were treated with high dose RT and often 
harbor additional risk factors for vascular disease like smoking, male 
gender, older age at diagnosis and hypercholesterolemia.2 RT is 
presumed to accelerate the already existing atherosclerosis. In these 
patients, the risk for stroke increases 10 fold compared to the general 
population.1

Another group of patients frequently treated with RT to the neck are 
Hodgkin lymphoma patients. They are treated with lower dose RT, are 
on average younger at time of treatment and have less often other 
vascular risk factors. Nevertheless Hodgkin lymphoma survivors 
(HLS) also have a 2.2 and 3.1 fold increased risk of stroke and TIA 
respectively.8 The etiology of these long-term complications in HLS is 
thought to be multifactorial, because HLS are often also treated with RT 
to the mediastinum and with chemotherapy. One large study in 2201 
HLS showed that most cerebral ischemic events resulted from large 
artery atherosclerosis (36%) and cardioembolism (24%); the cause was 
unknown in 13%.8 
Because long-term HLS have an increased risk of developing a wide 
scale 9 of therapy-related complications, efforts are being made to 
develop comprehensive screening programs for timely detection of 
these late sequelae. These screening programs mainly focus on the 
detection of secondary cancers, cardiovascular (CV) diseases and 
thyroid disorders.10 Cerebrovascular complications have rarely been 
included in screening propositions. This is mainly due to the different 
causes and the low absolute excess risk of stroke and TIA.8 
Intima media thickness (IMT) of the carotid artery is a strong predictor 
of stroke in high risk populations.11 Furthermore it can be used 
together with the presence of plaque and other CV risk factors to 
stratify patients in high/low risk categories.12 Subsequently high risk 
patients can be monitored more intensively and their risk factors can 
be treated accordingly. 
Recently several studies reported on IMT measurements in HLS.13-

17 The results were inconsistent in demonstrating differences in IMT 
between HLS and controls. Furthermore it is hard to draw conclusions 
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due to combined results of HLS and survivors of other types of cancer 
and because patients were treated with different RT regimens. In the 
current study we present IMT measurements performed in adult HLS 
compared to a matched group of healthy controls. The purpose of this 
study is to investigate the prevalence of subclinical atherosclerosis 
assessed by IMT and plaque adjusted for patient- and therapy-related 
risk factors.

Methods
Between November 2007 and August 2008, 122 participants were 
enrolled in this study: 82 HLS and 40 age and gender matched control 
subjects. The control population consisted of randomly selected 
spouses of patients. At our institution all patients previously treated 
for HL are monitored at regular intervals by their hematologist to 
detect recurrences of HL or long-term complications of treatment. All 
HLS registered at our institution who were free of disease and had a 
follow-up from diagnosis of HL of more than 2 years were invited to 
participate in the current study (n=113). Nineteen HLS had died; the 
cause of death could be retrieved in 11 patients: seven suffered from a 
secondary malignancy, three from CV complications and one died from 
an infectious complication. Six HLS did not attend their regular check-
ups and could not be traced. Another six HLS declined participation 
because of old age (n=3), long travelling distance (n=1) or without a 
specific reason (n=2). The patients who declined participation were 
slightly older than the included subjects (mean age 57 ±17 years) but 
did not differ in terms of treatment characteristics.
Patients were treated between 1969 and 2005 with different regimens. 
Typically extended field RT (mostly mantle field RT to the neck, 
mediastinum, axillary lymph nodes and sometimes para-aortic lymph 
nodes) was performed in patients with limited stage HL until the late 
1990’s, being replaced by involved field radiation in the more recently 
treated patients. (Figure 1) HLS with more advanced stages were 
primarily treated by chemotherapy (CT) to which RT was added in case 
of bulky disease, mostly located in the mediastinum. Recently CT and 
RT were combined in most patients (Figure 1). The radiation dose was 
40Gy in fractions of 2 Gy when RT was the only treatment and mostly 
30-36 Gy when RT was combined with CT.
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Until the 1980’s the CT consisted mainly of MOPP (mechlorethamine, 
vincristine, procarbazine, prednisone). In the 1980s, anthracycline-
containing regimens such as ABVD (doxorubicin, bleomycin, vinblastine, 
and dacarbazine) were introduced as a part of the primary treatment.
Data was collected on the CV history and CV risk factors. Body mass index 
(BMI) and abdominal circumference were measured. Furthermore a 
blood sample was drawn after overnight fasting for determination of 
glucose, HbA1C and lipid profile.
IMT was assessed with the subjects in supine position, with the head 
tilted slightly to the contralateral side for the measurement in the 
common carotid artery (CCA). A 9-3 MHz multi-frequency linear array 
probe attached to a high-resolution ultrasound machine (Philips iU22 
ultrasound system, Philips Inc.) was used to record the ultrasound 
images. The sonographer obtained longitudinal B-mode images of 
the left and right common CCA, immediately proximal to the carotid 
bifurcation, outside of a plaque, in case plaque was present in this 
predefined area. The sonographer adjusted focus and gained settings 
to optimise far-wall echoes and to minimise noise in the arterial lumen. 
Measurement of IMT was performed at the far wall of the CCA, in the 
10mm segment proximal to the bifurcation, using the Philips QLAB IMT 
plug-in.  

Any RT 
(n=55) 

Subtotal nodal RT (n=2) 

Mantle field RT (n=18) 

Mediastinal RT only (n=14) 

Cervical RT only (n=4) 

Para-aortic/inverted Y RT (n=1) 

Other RT fields (n=1) 

Mediastinal and cervical RT (n=15) 
RT on CCA n= 39 

No RT 
(n=27) 

Figure 1. Treatment modalities in the 82 HLS.
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Ultrasound images were reviewed for plaque or stenosis in the 
common, bulb, internal and external segments of the carotid artery, 
as well as the subclavian and vertebral arteries on both sides and the 
innominate artery on the right side. Presence or absence of plaque 
deposits was recorded and the degree of stenosis was estimated from 
the peak systolic velocity measurements. A degree of stenosis of >50% 
was defined as being significant.
All measurements were done by one researcher in the same room, 
blinded for the initial treatment of the HLS. One neurologist (O.J.M.V) 
reviewed and approved the results, also blinded for the initial treatment 
of het HLS

Statistics
IMT
In order to analyze IMT, the total group of HLS was divided in patients 
in whom the radiation field included the common carotid artery (n=39 
HLS) and patients in whom it did not include the common carotid artery 
(n=43 HLS)  (Figure 1). IMT was measured in the right and left common 
carotid arteries, as eight patients had been treated with unilateral RT. 
IMT was thus compared between 3 groups: irradiated common carotid 
arteries of HLS (RTCCA+, n=70), not irradiated common carotid arteries 
of HLS (RTCCA−, n=94) and common carotid arteries of controls (controls, 
n=80). To account for this intra-individual variation, we used linear 
mixed models with a random intercept per patient when analyzing the 
IMT as an outcome variable. 
In order to determine which parameters were predictors of IMT, 
models containing only one predictor were fitted for the entire group 
of HLS and control groups separately. First we examined traditional 
CV risk factors (age, male gender, cholesterol, glucose, blood pressure, 
smoking, abdominal circumference, BMI, current use of blood pressure 
or cholesterol lowering medication, family history of CV disease). 
Characteristics of HL treatment (age at diagnosis, follow-up since 
diagnosis, RT dose) were compared between HLS treated with and 
without RT. Variables with p-values <0.20 from the univariate analyses 
were included in the multivariate regression analyses.
We fitted a multiple linear mixed model for IMT including the following 
variables: RTCCA (RTCCA +/ RTCCA−/controls), current age, gender, mean BP, 
current use of cholesterol lowering medication, HDL, LDL, pack years 
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of smoking, current use of blood pressure lowering medication. From 
the multiple regression model, adjusted mean IMT was estimated for 
the different RTCCA groups, and those means were compared using the 
Bonferroni-adjusted post-hoc tests.
In the simple linear regression analysis, follow-up since HL (FU HL) 
proved to be a variable associated with IMT; for obvious reasons, this 
variable cannot be defined for the control subjects. Since we were 
interested in the IMT values according to FU, we created a grouping 
variable combining RTCCA+/ RTCCA− and a dichotomized follow-up time 
since HL (FU HL). This resulted in five groups: controls, patients with a 
longer follow-up than the cut-off period and RTCCA+, patients with a 
longer follow-up than the cut-off period and RTCCA-, patients with a 
shorter follow-up than the cut-off period and RTCCA+, and patients with 
a shorter follow-up than the cut-off period and RTCCA-. Choosing the 
cut-off point was performed by analyzing which FU HL best predicted 
the IMT. We found that a FU HL of 15 years predicted the IMT most 
accurately.
Finally, a second multiple linear mixed model was fitted for IMT. This 
model included the variables used in the first multiple linear model, 
except that the RTCCA+/ RTCCA−/controls grouping variable was replaced 
by the RTCCA+ and FUHL grouping variable. From the multiple regression 
model, adjusted mean IMT was estimated for the different RTCCA/follow-
up groups, and those means were compared using the Bonferroni-
adjusted post-hoc tests. 

Plaque and stenosis
The occurrence of plaque was investigated in several cervical arteries 
and indicates the presence of atherosclerotic disease in a subject. The 
eight subjects treated with unilateral RT had either no plaque (n=6) or 
only plaque on the irradiated side (n=2). Therefore, we analyzed the 
occurrence of plaque for each individual, not for each artery. Thus, 
three groups were compared for the occurrence of plaque: HLS in 
whom the radiation field included the cervical arteries (RTneck+, n=39), 
HLS in whom it did not include the cervical arteries (RTneck-, n=43) and 
controls (controls, n=80). The comparison between these groups was 
performed using chi square tests (Figure 5). Similarly to the analysis 
of IMT, we used linear logistic regression to identify independent 
correlates of plaque. 
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Results
The baseline characteristics of the study population are described in 
Table 1.

Table 1. Baseline characteristics.

Hodgkin Lymphoma survivors  
n=82

Control 
subjects 

n=40
Radiotherapy 

on the CCA  
n= 39

No radiotherapy 
on the CCA  

n= 43
Male (%) 51 58 55
Age (mean) 46.5 49 48
BMI (kg/m2) 24.4 27.2 26.1
Abdominal circumference (cm) 92 99 96
Positive family history of CVD (%) 28 14 25
Smoking (pack years) 5.4 9.3 4.8
Glucose (mmol/l) 5.6 5.4 5.1
HbA1C (%) 5.7 5.6 5.5
HDL cholesterol (mmol/l) 1.53 1.41 1.41
LDL cholesterol (mmol/l) 3.08 3.04 3.19
Current use of cholesterol lowering 
medication (%)

36 9 5

Mean BP (mmHg) 96.7 100.3 95.4
Current use of BP lowering medication (%) 18 21 8
Age at diagnosis (mean) years 29.3 37.2 -
Time since diagnosis (mean) years 16.1 10.7 -
Treatment with anthracycline based CT (%) 48.6 76.6 -
Median radiotherapy dose (range) Gy 40 (20-44) - -

Using a simple linear mixed model, mean IMT (95% confidence interval 
(CI)) was significantly higher in the RTCCA+ group 0.582mm (0.549-
0.615mm) compared to the RTCCA- group 0.538mm (0.498-0.580mm, 
p=.031) and versus controls 0.530mm (0.499-0.562mm, p=0.020).
After fitting a multiple linear mixed model, mean IMT was still 
significantly higher in the RTCCA+ 0.595mm (0.570-0.620mm) compared 
to the RTCCA- 0.546mm (0.520-0.572mm, p=.000) and versus controls 
0.550mm (0.519-0.580mm, p=0.027) (Figure 2). In this model we 
adjusted for traditional CV risk factors which were predictors of IMT 
in univariable analysis (Table 2). Since RTCCA and follow-up time since 
HL were treatment related factors associated with IMT (Table 3), we 
grouped HLS according to FU time since diagnosis. RTCCA+ and FUHL≥15 
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Figure 2. Adjusted means of IMT (95% CI) after fitting a mixed models linear regression 
including current age, gender, the RTCCA +/RTCCA-/control group, mean BP, current 
use of cholesterol lowering medication, HDL, LDL, pack years of smoking, current use of 
blood pressure lowering medication. Covariates appearing in the model are evaluated 
at the following values: current age = 47.6 years, mean BP = 95.8 mmHg, abdominal 
circumference = 95.6 cm, pack years of smoking = 6.6 years, HDL = 1.45 mmol/L, LDL = 
3.1 mmol/L. All subgroups were compared with each other. Only statistically significant 
differences are shown in the figure.

was a significant predictor of IMT, together with current age, abdominal 
circumference and pack years of smoking (Table 4). The patients 
treated with RTCCA more than 15 years before measurements had the 
highest IMT in multivariable analysis (Figure 3).
Plaques were found more frequently in HLS treated with RT compared 
to non-irradiated HLS (unadjusted p=.031) and to controls (unadjusted 
p=.000), (Figure 4). There was no significant difference in plaque 
occurrence between controls and HLS treated without RT on the neck 
(unadjusted p=.070, not illustrated in Figure 4). Moreover, HLS treated 
with RT on the neck more than 15 years ago had the highest prevalence 
of plaque (Figure 5).
Of all treatment related factors only RT on the cervical arteries and 
follow-up time since HL were significant predictor of plaque in HLS 
treated with RT. (Table 3) These factors, together with the traditional 
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Table 4. Multivariable association of factors related to IMT in the total study population 
n=244 common carotid arteries. * Model including current age, gender, the RTCCA  
and FUHL group, mean BP, current use of cholesterol lowering medication, HDL, LDL, 
pack years of smoking, current use of hypertension lowering medication, abdominal 
circumference.

Multiple mixed linear model with IMT as dependent variable*
Parameter estimate 95% CI p value F

Age  .003 .001 .004 .000 18.1
Abdominal circumference, cm  .001 .0001 .003 .037   4.5
Cigarette smoking, pack years  .002 .001 .003 .001 11.5
RTCCA and FUHL group   5.8
 RTCCA+ and FUHL≥15 .087 .046 .129 .000
 RTCCA+ and FUHL<15 .009 -.030 .049 .649
 RTCCA− and FUHL≥15 -.006 -.046 .035 .787
 RTCCA− and FUHL<15 -.003 -.036 .030 .841
 controls reference

Table 5. Multivariable association of factors related to plaque in the total study 
population n=82 subjects. * Model including current age, gender, the RTneck  and 
FUHL group, mean BP, current use of cholesterol lowering medication, pack years of 
smoking, current use of hypertension lowering medication

Multivariable logistic regression model with Plaque (yes/no) as dependent variable*
Odds ratio 95% CI p value

Age   1.062 1.001 1.126 .046
Male gender   0.225 0.072 0.701 .010
RTneck and FUHL group .028
 RTneck+ and FUHL≥15 14.842 2.757 79.909 .002
 RTneck+ and FUHL<15   7.564 1.158 49.425 .035
 RTneck- and FUHL≥15   2.155 0.255 18.225 .481
 RTneck- and FUHL<15   3.957 0.720 21.758 .114
 Controls reference

CV risk factors with p-values <0.20 in univariate analysis (Table 2) were 
used in a multivariable model (Table 5). In this model the RTneck+ and 
FUHL≥15 group had the highest odds for the occurrence of plaque 
when compared to controls (Table 5). HLS treated with RT less than 15 
years before this study also had a significant higher odds ratio for the 
occurrence of plaque vs. controls, albeit slightly lower than the RTneck+ 
and FUHL≥15 group. (Table 5)
Significant arterial stenoses were present in 9 patients who were treated 
with RT. In these patients the following stenoses were encountered 
(more than one per patient possible): 5 subclavian stenoses (none with 
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Figure 3. Adjusted means of IMT (95% CI) after fitting a mixed models linear regression 
including current age, gender, the RTCCA  and FUHL group, mean BP, current use of 
cholesterol lowering medication, HDL, LDL, pack years of smoking, current use of 
blood pressure lowering medication. Covariates appearing in the model are evaluated 
at the following values: current age = 47.6 years, mean BP = 95.8 mmHg, abdominal 
circumference = 95.6 cm, pack years of smoking = 6.6 years, HDL = 1.45 mmol/L, LDL = 
3.1 mmol/L. All subgroups were compared with each other. Only statistically significant 
differences are shown in the figure.

Figure 4. Prevalence of plaque.
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a permanent steal), 5 stenoses in the external carotid artery (ECA), 3 
in the vertebral artery, 2 in the internal carotid artery (ICA) and one 
the CCA (50-65% stenosis of the CCA). Three HLS treated without RT 
on the neck had significant stenoses: 3 in the ECA and one proximal 
subclavian stenosis. Two controls also had a significant stenosis, both 
in the ECA. None of the subjects were symptomatic (TIA or CVA) except 
one HLS treated with mantlefield RT who had a symptomatic stenosis 
of the ICA for which he received a stent, 5 years before this study, 22 
years after RT. 

Discussion
The present study demonstrates that IMT of the CCA is significantly 
increased in HLS treated with RT on the neck when compared to non-
irradiated HLS and controls. The group treated with RT 15 years or 
longer ago had the highest IMT, whereas the patients irradiated less 
than 15 years ago had an IMT comparable with non-irradiated HLS and 
controls. Furthermore, all HLS treated with RT on the neck, regardless 
of follow-up time from RT, had higher odds of having atherosclerosis of 
the cervical arteries, demonstrated by the presence of plaque. 

Figure 5. Prevalence of plaque according to the RTneck and FU15yr group.
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These findings are in concordance with earlier cohort studies 
demonstrating an increased risk of neuro- and cardiovascular disease 
more than 10 years after RT in HLS and other cancer survivors.1, 8, 18-21 
Since there is also evidence that RT accelerates atherosclerosis, age at 
treatment could be a significant predictor of IMT after RT as well. Hull et 
al. 21 identified 2 groups of patients at risk for cerebrovascular damage 
after RT. First, older patients with probable pre-existing vascular disease, 
in which RT apparently accelerated atherosclerosis. In this group with 
median age of 51 years, vascular disease developed a relatively short 
time interval after RT (median 5.6 years). Second, younger patients 
(median 20 years of age) had a longer latency period before diagnosis 
(median 20.8 years). In our study we would thus have expected patients 
treated with RT at older age to have increased IMT when compared to 
patients younger at RT with presumably atherosclerosis-naïve arteries. 
Yet, age at RT was not a predictor for IMT in our study. Probably, our 
study group was too young (mean age at treatment= 29.3 years) to find 
this difference. This finding is in concordance with an older study 22 in 
118 mainly HLS, who did not find a greater sensitivity to radiation in 
older patients with presumed pre-existing atherosclerosis.
Our results showing an effect of follow-up time since RT on IMT are in 
concordance with earlier studies describing IMT after RT. Dorresteijn et 
al.5 showed that IMT was significantly increased in the irradiated CCA 
compared to the non-irradiated side after RT in head and neck cancer 
patients. This difference was only found in patients with a post-RT 
interval of 10 years or longer. In a recent study in 30 pediatric cancer 
survivors, IMT was positively associated with years after treatment.23 
Moreover Gianicolo et al.14 showed no difference in IMT between 
irradiated patients and controls, when the patients had completed RT 
at a mean of 2.9 years before (range 1month-6 years). The only study 
previously performed in 42 HLS (aged 18-37 at screening) also shows 
a significantly greater IMT in irradiated patients versus 33 healthy 
controls (0.51 mm vs. 0.43 mm; p< .005). This study does not report 
on the relationship of the follow-up time and IMT, but all HLS had 
undergone neck RT > 5 years earlier (mean 13 years, range 5.1-22.8 
years).13

Animal studies and human clinical pathological studies have consistently 
shown that radiation induces or accelerates atherosclerosis.24-28 A 
recent study, describing irradiated arteries in head and neck cancer 
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and breast cancer patients, showed an increased intimal thickening, 
proteoglycan deposition and inflammatory cell infiltrates.27 These 
pathological changes translate clinically into increased IMT. This study 
was performed in patients with a mean FU of 3-4 years after RT. There 
was a non-significant effect of time on intima:media ratio (IMR), leading 
to an increased IMR with increasing FU, but the numbers were too 
small for a detailed analysis.27 
In our study only the RTCCA+ and FUHL≥15 group had a significant higher 
IMT when compared to controls, while all irradiated HLS had a higher 
odds of plaque occurrence. As intima medial thickening is thought 
to be the first step in atherosclerosis, after which evident plaque 
formation occurs, one would expect the opposite of these findings: 
higher IMT in all irradiated HLS and more prevalent plaque only in 
the RTneck+ and FUHL≥15 group. This can be explained by the fact that 
the IMT is measured on a predefined location, outside of a plaque, on 
which location the IMT may be lower due to a lack of damage on that 
site. Plaque occurrence was not subject to this kind of ‘sampling error’, 
as we looked for plaque at various segments of the cervical arteries. 
Furthermore, in large populations the additive value of plaque to 
traditional risk factors for predicting CV disease, was higher than the 
addition of IMT, especially in women, while adding both plaque and 
IMT to the model resulted in the best area under the curve.12 In a recent 
study carotid plaque burden was also found to correlate stronger with 
coronary artery calcium score than did IMT. 29

Cigarette smoking and abdominal circumference were of influence on 
IMT on multivariable analysis, making it very important to address these 
issues during FU of HLS by their hematologist.30 Female gender was an 
independent risk factor for the development of plaque, but was not a 
predictor of IMT. Just the opposite was observed: in univariate analysis, 
male gender was associated with a higher IMT. This is an interesting 
finding, which cannot be explained easily. It has been shown that 
female survivors of pediatric cancer have a higher risk of developing 
long-term RT related complications like CV disease 31 , hypothyroidism 
and cognitive dysfunction.32 The occurrence of plaque for which female 
HLS are at increased risk in our study is an evident manifestation 
of atherosclerotic disease. IMT is not clearly increased in females, 
because of lower baseline IMT compared to males (resulting from the 
univariate analysis), which is a known phenomenon from the general 
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population.33 The measurements of IMT are arbitrarily performed on 
a segment of the CCA where there might be no or limited vascular 
damage, but the presence of plaque clearly indicates atherosclerosis. 
Therefore we believe that the association of female gender and the 
presence of plaque is indicative of the fact that female HLS are at 
higher risk of developing atherosclerosis after RT. This finding can be 
due to the fact that female HLS develop premature menopause due to 
gonadotoxic chemotherapy, which was shown earlier to be associated 
with an increased risk of CVA.34 As previously discussed by others, the 
underlying mechanism remains unknown.23 
In our population CT regimens included anthracyclines in 80% of the 
HLS treated by CT. HLS treated with CT only did not show a significantly 
higher IMT nor had more frequently plaque than controls. This is in 
accordance with another study in HLS in which CT did not increase the 
risk of CVA and TIA.8 
A recent study by de Bruin et. al 8 pointed out that the risk of CVA 
and TIA is increased in HLS, but that screening by carotid ultrasound 
is not recommended due to the small excess number of events 
and other probable causes of CVA and TIA like CV disease. In our 
study population only one patient had a carotid artery stent due to 
symptomatic stenosis. All other 12 HLS diagnosed with significant 
stenoses in our study were asymptomatic and, according to current 
guidelines, are not eligible for surgical or endovascular treatment of 
the stenoses in order to prevent the occurrence of TIA or CVA. Although 
the asymptomatic stenoses will not be treated endovascularly, it is 
important to recognize these stenoses in HLS in order to instruct these 
patients to be alert of symptoms of TIA or CVA and to further modify 
their CV risk factors. Further, large longitudinal studies are needed to 
follow-up the HLS and identify the most important risk factors for CV 
disease: IMT, plaque, stenoses or other factors. Only than prediction 
models can be built which incorporate traditional risk factors and other 
treatment-associated risk factors in HLS and decisions can be made 
for the initiation of medical therapy (cholesterol or blood pressure 
lowering for example) or closer follow up. The cohort of HLS described 
in this study will be followed in order to determine whether IMT or 
plaque better predict the occurrence of symptomatic CVA, TIA or other 
cardiovascular end-points.
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Our study is limited by its cross-sectional design, as patients had 
different FU periods. This disadvantage yields an advantage; it enabled 
us to determine the effect of time post-RT on the IMT. A major limitation 
is the fact that in time RT techniques have changed making it impossible 
to determine if FU time or the older techniques are the cause of the 
found differences. Over the years the radiation fields have become less 
extensive, and RT intensity has decreased. In our study most patients 
were treated with 40 Gy in total and only 13 had received 36 Gy or 
less (one patient treated with 20 Gy), mostly in recent years. These 
small differences and small numbers make it impossible to determine 
the role of the older techniques. Further studies in HLS treated in the 
modern time should clear out whether these patients are still at risk of 
carotid artery disease when treated with lower doses RT. 

In conclusion RT seems to induce intima media thickening and the 
formation of atherosclerotic plaque which become more evident with 
longer follow-up of more than 15 years. Further studies are needed 
to establish the risks associated with newer RT techniques and to 
establish the benefits of screening for and treatment of CV risk factors 
in HLS. 
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Abstract
Coronary artery disease (CAD) is a well know complication of 
mediastinal radiotherapy (MRT). Long term survivors of Hodgkin 
Lymphoma have an increased risk of myocardial infarction compared 
to the general population. Pre-clinical CAD, detected using modern 
imaging techniques, has been rarely described in these patients. In this 
cross-sectional study we describe 82 Hodgkin Lymphoma survivors 
(HLS) with a mean current age of 47.8 years and mean follow-up time 
from diagnosis of 13.4 years. Fifty patients were treated with MRT with 
or without chemotherapy. Seventy-five patients underwent coronary 
artery calcium (CAC) score measurements. Five HLS treated with MRT 
and one treated without MRT had already developed symptomatic 
CAD before screening. During four years follow-up after screening, 
two more patients developed CAD for which revascularisation therapy 
was needed. Significantly increased CAC-scores (i.e. CAC-score > 75th 
percentile for age and gender) were more frequently observed in 
HLS treated with MRT 41.3%, than in HLS treated without MRT 10.3% 
(p=.004). In multivariable analysis, HLS treated with MRT ≥ 10 years 
ago had an odds ratio of 12.1 of having a CAC-score > 75th percentile 
compared to HLS treated without MRT. HLS irradiated < 10 years ago 
had a similar incidence of significantly increased CAC-scores compared 
to the no-MRT group. HLS treated with MRT and CAC-score > 75th 
percentile had more traditional cardiovascular risk factors (median 3) 
than HLS treated with MRT with a CAC-score < 75th percentile (median 
2), p=.036. We therefore recommend that screening HLS by CAC-score 
measurements should begin 10 years after MRT and that traditional 
cardiovascular risk factors should be addressed in this high risk 
population.
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Introduction
Hodgkin Lymphoma survivors (HLS) have an increased risk to develop 
coronary artery disease (CAD). The risk remains increased for at least 25 
years following treatment 1 and is mainly associated with mediastinal 
radiotherapy (MRT).1-3 The overall 30-year cumulative incidence of 
myocardial infarction was 12.9% in 1241 mediastinally irradiated 
patients1 and recent screening studies showed an incidence of 11-16% 
of asymptomatic CAD in HLS treated with MRT.4-6 
HLS suffering  from CAD show less often typical angina pectoris than 
“regular” patients with CAD7. Irradiated patients often present with 
myocardial infarction or sudden cardiac death.7-9 This suggests that 
patients with RT-induced CAD remain asymptomatic for a longer time, 
probably due to RT-related nerve impairment or reduced exercise 
tolerance.10

Screening programmes have been advocated for timely identification 
of CAD in asymptomatic HLS. The best screening method is however a 
matter of debate since the gold standard, coronary angiography is an 
invasive method, and not free of risk.  The presence of coronary artery 
calcifications (CAC) was shown to have good diagnostic characteristics 
for the detection of significant coronary artery stenosis in the general 
population.11 Asymptomatic subjects with a CAC-score of zero had no 
cardiac events during a follow-up period of three years. Furthermore, a 
CAC-score above the 75th percentile for age and gender had a positive 
predictive value of 45% for MI or cardiac death within 40 months.11

The aim of this study is to compare computer tomography (CT) detected 
CAC-scores in HLS treated with and without MRT. Furthermore we 
tried to identify risk factors (RFs) predisposing HLS to develop coronary 
artery calcifications.

Methods and patients
Participants
Between November 2007 and August 2008, 82 HLS underwent a 
screening program aimed at identifying complications of RT and 
chemotherapy. The study was approved by the institutional review 
committee. All subjects gave informed consent. All HLS registered at 
our institution who were free of lymphoma and had a follow-up from 
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diagnosis of HL of more than 2 years were invited to participate in 
the current study (n=113). Eighty-two HLS gave informed consent for 
participation in the current study. Nineteen HLS had died, six were lost 
to follow-up and six patients declined participation. Of these thirty-one 
not included patients, seven were diagnosed with CAD at a median 
of 18 years after MRT (six HLS had deceased before this study and 
one HLS was lost to follow-up). In the studied group, MRT was a part 
of the treatment regimen in 50 HLS. Sixty-six HLS were treated with 
chemotherapy which contained anthracyclines in 80% of the cases. 
Detailed treatment characteristics of the HLS were described in detail 
previously.12 
Data was collected on the cardiovascular (CV) history and CV RFs.  Blood 
pressure (BP), body mass index (BMI) and abdominal circumference 
were measured. A blood sample was drawn after overnight fasting to 
determine glucose, HbA1C and lipid profile. Hypertension was defined 
as a systolic BP >140 or diastolic BP > 90 or current use of BP lowering 
medication. Hypercholesterolemia was defined as a LDL cholesterol 
> 3.0 mmol/l, HDL cholesterol < 1.0 mmol/l or total cholesterol > 5.0 
mmol/l or current use of cholesterol lowering medication. Overweight 
was defined as a BMI > 25kg/m2. Older charts of patients with 
documented CAD before this screening study were evaluated in order 
to score the presence of RFs at diagnosis of CAD.
Of 82 HLS included in the study, 75 underwent a CAC-score 
measurement. Seven HLS did not undergo these screening studies: 
three patients died between the start of the screening study and the 
CT scanning and four withdrew informed consent (IC).  The patients 
who died were all treated with MRT: two died of secondary malignancy 
after RT and one of heart failure due to constrictive pericarditis. Of the 
four patients who withdrew IC (one because of recently diagnosis of 
a malignancy and three without reason), three were treated without 
MRT. Only one patient who did not undergo CAC measurements had a 
history of CAD: coronary artery bypass graft (CABG) 11 years after HL. 
This patient was not treated with MRT and had 3 traditional RFs for CAD. 
These seven patients who did not undergo CAC-score measurements 
are described in the baseline table only.
CAC-score measurements were performed with a Philips 16 slice CT 
scanner (Philips Medical Systems, Best, the Netherlands).
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A nonenhanced scan to calculate the total CCS was performed with 
the following scanning parameters: prospective ECG triggering, at 
inspiration, 2,5mm slice thickness, 120kV tube voltage, 55mAs tube 
current. Agatston scores were computed with the Extended Brilliance 
Workspace software (Philips Medical Systems, Best, the Netherlands).
Four years after the initial screening study a chart review was 
performed of the 82 HLS. Death, cause of death, symptomatic CAD and 
revascularisation interventions were scored. 

Statistics
Statistical analyses were performed the after categorising patients in 
those with CAC-score > or < than the 75th percentile for age and sex, 
using the values from Schmermund et al. 13 
In order to identify those with a low risk of symptomatic CAD, analyses 
were also performed for HLS with CAC-scores ≥ 0. Comparisons 
between these groups were performed using chi square or 
independent students t-test. We used linear logistic regression to 
identify independent correlates of CAC-scores. Statistical analyses 
were performed with SPSS 18.0.

Results
Baseline characteristics of the study population are described in Table 1.

Median CAC-scores for the total group of HLS who underwent CAC-
score screening was 0, since 43/75 HLS (52.4%) had a CAC score of 0, 
with an interquartile range of 102. Median CAC-score for HLS treated 
without MRT was 0, as 22/29 (75.9%) had a CAC score of 0, with an 
interquartile range of 4. For the HLS treated with MRT the median CAC 
was 4.7 with an interquartile range of 275.3.
A CAC-score > 75th percentile for age and gender was more frequently 
observed in HLS treated with MRT 41.3%, than in HLS treated without 
MRT 10.3% (p=.004).  HLS irradiated less than 10 years ago did not 
show an increased incidence of CAC > 75th percentile compared to the 
no-MRT group (Figure 1). Furthermore, 65.7% of HLS treated with MRT 
longer than 10 years ago had a CAC-score > 0, compared to 24.1% of 
HLS treated without MRT (p=.001), Figure 2. 
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Tabel 1. Baseline characteristics 
Hodgkin Lymphoma survivors n=82
Radiotherapy 

 on the  
mediastinum 

n= 50

No radiotherapy  
on the  

mediastinum 
n= 32

Male (%) 52 59
Current age (years) 47.6 48.1
BMI (kg/m2) 24.7 27.7
Abdominal circumference (cm) 92.1 100.8
Positive family history of CVD (%) 30 16
Smoking (pack years) 4.6 11.9
Glucose (mmol/l) 5.5 5.4
HbA1C (%) 5.7 5.6
HDL cholesterol (mmol/l) 1.56 1.31
LDL cholesterol (mmol/l) 2.96 3.01
Current use of cholesterol lowering  
medication (%)

32.0 18.8

Mean BP (mmHg) 96.9 100.1
Current use of BP lowering medication (%) 22.0 15.6
Age at diagnosis (years) 30.0 38.8
Time since diagnosis (years) 16.5 8.1
Median RT dose on mediastinum (range) Gy 40 (28-44) -
Anthracycline containing chemotherapy (%) 52 84

 Figure 1. HLS with CAC score > 75th percentile for age and gender.
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Apparently HLS treated with MRT have the highest risk of developing 
CAD. Therefore, we looked for predictors of significantly increased 
CAC-score (i.e. > 75th percentile for age and gender) in the MRT group 
only. Within the group of patients treated with MRT patients with a 
CAC-score > 75th percentile had more traditional RFs (median 3) than 
HLS with a CAC-score < 75th percentile (median 2), p=.036 (Table 2).  
By comparison, all three HLS treated without MRT with a CAC-score 
> 75th percentile had four traditional CV RFs. HLS with CAC-scores > 
75th percentile had more often hypercholesterolemia, were more 
frequently treated with blood pressure lowering medication and had 
more pack-years of smoking. Furthermore they had a longer follow-up 
time from MRT. There were no significant differences between MRT 
dose, use of anthracyclines or age at diagnosis (Table 2). 
Significant parameters in the univariate analysis (Table 2) were used 
in order to determine significant predictors of a CAC-score > 75th 
percentile in a multivariate analysis. Since HLS treated more than 10 
years ago had the highest prevalence of an abnormal CAC-score (Figure 
1), we digotomised the follow-up time since MRT in ≥ 10 years and < 10 

Figure 2. HLS with CAC score > 0.
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Table 2. Differences between HLS treated with MRT with CAC < or > 75th percentile.
Hodgkin Lymphoma survivors 

treated with MRT
CAC score > 75th 

percentile 
n=19

CAC score < 75th  
percentile 

n=27

p- value

Male (%) 53 52 .958
Current age (years) 51.0 46.2 .207
Total CVD RF (mean / median) 2.4 / 3 1.6 / 2 .036
Positive family history of CVD (%) 26.3 37.0 .445
Hypercholesterolemia (%) 84.2 44.4 .007
Current use of chol. lowering med. (%) 31.6 22.2 .477
Hypertension % 31.6 18.5 .307
Mean BP (mmHg) 96.4 95.0 .692
Current use of BP lowering med. (%) 42.1 11.1 .032
Overweight (%) 36.8 37.0 .989
BMI (kg/m2) 23.8 25.7 .139
Abdominal circumference (cm) 93.4 92.0 .678
Smoking (%) 52.6 22.2 .033
Smoking (pack years) mean/median 8.2 2.5 .039
Time since diagnosis (years) 21.1 13.0 .003
Age at diagnosis (years) 28.3 32.2 .297
Dose MRT ≥ 40Gy (%) 84.2 70.4 .320
Anthracycline containing chemo. (%) 42.1 59.3 .251

Table 3. Multivariable association of factors related to CAC score > 75th percentile in the 
total studied group of 75 HLS.

Multivariable logistic regression model with CAC score >75th percentile as dependent 
variable

Odds ratio 95% CI p value
MRT and FU group .006
 MRT and FU ≥10 yr 12.122 2.303 63.817 .003
 MRT and FU <10 yr   1.476 .112 19.512 .767
 No MRT   reference
Current use of BP lowering med.   6.129 1.289 29.139 .023
Smoking   3.447 .818 14.517 .092
Dyslipidemia   2.891 .662 12.619 .158
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years. In this multivariable analysis, HLS treated with MRT ≥ 10 years 
ago had an OR 12.1 (95% confidence interval 2.3-63.8) of having a CAC-
score > 75th percentile compared to HLS treated without MRT (Table 
3). Similar results were encountered in the multivariable analysis with 
CAC-score of > or =0 as a dependent variable (Table 4). 
Table 5 describes patient- and treatment characteristics of HLS with 
abnormal CAC-scores. Seven HLS treated with MRT underwent 
revascularisation therapy: five before and two after CAC-score 
measurements. None had cardiovascular disease before MRT. Median 
interval between MRT and first revascularisation was 17 years. Median 
age when HLS needed revascularisation was 47 years. All HLS needing 
revascularisation were treated with 40 or 42 Gy. However, the mean FU 
from MRT of <40 Gy was lower, 8.27 years (n= 11 HLS with CAC-scores) 
compared to 18.8 years in the HLS treated with ≥40 Gy MRT (p=.000).  
No HLS with a CAC-score of 0 had been diagnosed with CAD or had 
undergone coronary revascularisation procedures

Table 4. Multivariable association of factors related to CAC score > 0 in the total studied 
group of 75 HLS.
Multivariable logistic regression model with CAC score > 0 as dependent variable

Odds ratio 95% CI p value
MRT and FU group .005
 MRT and FU ≥10 yr 12.866 2.431 68.090 .003
 MRT and FU <10 yr 1.329 .169 10.447 .787
 No MRT reference
Dyslipidemia 8.217 2.135 31.625 .002
Smoking 6.731 1.429 31.709 .016
Current use of BP lowering med. 2.794 .519 15.053 .232
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Tabel 5. Characteristics of patients with abnormal CAC scores. O-overweight/obesity
of cholesterol lowering med), HT- hypertension (> 140/90 or current use of blood

Pat. Nr. Sex Current 
age

Follow-up 
from diagn.

Anthra- 
cyclin

Dose 
MRT

CAC-
score

CAC  
>75th %

1 male 62 35 no 40 3100 yes
2 male 53 39  no 40 2920 yes
3 male 74 3 yes 0 2070 yes
4 female 50 21 no 40 1629 yes
5 male 60 27 no 40 1510 yes
6 male 61 15 yes 36 999 yes
7 female 79 13 no 40 869 yes
8 male 58 26 no 40 775 yes
9 male 46 28 yes 42 722 yes
10 male 60 37 no 44 414 yes
11 female 40 11 yes 40 300 yes
12 female 65 19 no 40 267 yes
13 female 65 3 yes 0 233 yes
14 female 56 14 yes 0 152 yes
15 male 37 16 yes 40 138 yes
16 female 61 10 yes 36 128 yes
17 male 48 23 no 40 79 yes
18 female 47 25 no 40 43,8 yes
19 female 45 19 yes 40 23 yes
20 female 31 11 yes 40 18 yes
21 female 33 15 no 40 9,5 yes
22 male 32 9 yes 36 8,2 yes
23 male 68 6 yes 28 391 no
24 male 60 4 no 0 160 no
25 male 55 2 yes 36 102 no
26 male 51 17 no 40 36,7 no
27 male 54 11 no 40 35 no
28 female 62 15 no 40 29 no
29 female 56 21 no 40 12,7 no
30 male 67 5 yes 0 7,9 no
31 male 41 15 yes 40 1,2 no
32 female 52 15 no 40 0,6 no
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(BMI > 25), F-positive family history for CVD, HC-hypercholesterolemia (LDL> current use pressure 
lowering medication), S-ever smoking

Presenting signs 
of CAD

Revascularisation therapies CV Risk factor

HC, HT, MRT 
AP PCI LM 36yrs, CABG 37yrs after MRT S, MRT
IP MI PCI 1yr before HL HC, HT, O, S
Atypical AP PCI+re-PCI(stent thrombosis) RCA 17yrs after MRT F, HC, O, MRT
AP CABG LAD, RCA15yrs and PCI LAD 21yrs after MRT HC, HT, S, MRT

F, S, HC, O, MRT
HC, HT, O, MRT
HC, HT,S, MRT

screening MVR CABG D1 30yrs after MRT, 2 years after CAC-score MRT
HC, HT, S, MRT

IP MI CABG LAD, MO 3yrs; PCI LM, RCA 4yrs after MRT F, HC, O, S, MRT
screening AVR CABG LAD, RCA 17 yrs after MRT HC, HT, S, MRT

F, HT, O, S
HC, HT, O, S
HC, MRT
HC, HT, O, S, MRT
F, O, MRT
HC, MRT
HC, MRT
HC, S, MRT
F, HC, S, MRT
HC, O, MRT
MRT
HC,HT, O
HC, S, MRT
HC, S, MRT
HC, HT, O,  S, MRT
F, HC, MRT
HC, O,  S, MRT
HC, S

anterior MI PCI LAD 16 years after MRT, 1 year after CAC-score HC, O, MRT
FA, HC, O, S, MRT
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Discussion
In this study we describe CAC-scores in HLS treated with and without 
RT to the mediastinum. Significantly increased CAC-score was more 
frequently present in HLS treated with MRT compared to not irradiated 
HLS. HLS treated with MRT ≥ 10 years ago had a 12.1 fold increased 
odds of having a CAC-score > 75th percentile compared to HLS treated 
without MRT. We defined a significant increased CAC-score as being 
> 75th percentile for age and gender since it was shown to be a better 
predictor of future cardiac events than the absolute score.14 This is 
the first report comparing CAC-scores between adult HLS treated with 
and without MRT. Our findings are in accordance with large clinical 
epidemiological studies which did not show an increased risk of CAD in 
HLS treated with chemotherapy only.1 
Furthermore, we show for the first time that only HLS treated with 
RT longer than 10 years ago have increased CAC-scores. HLS with 
CAC-scores > 75th percentile had a mean FU from MRT of 21.1 years 
versus 13.0 years in the HLS with CAC-scores <75th percentile. Studies 
published until now have found various data regarding the interval 
from MRT to the development of CAD. This is due to the differences in 
study populations (adult vs. paediatric populations, duration of follow-
up from RT etc.) and the definition of the CAD endpoints (asymptomatic 
CAD vs. MI/AP vs. death from CAD). In most large cohort studies median 
FU period between RT and symptomatic CAD was 9–13 years.7, 15-17 This 
is slightly lower than our findings, maybe due to the older treatment 
regimens and shorter FU time used in these older studies.  In another 
study from the Netherlands with a similar follow-up duration from RT, 
Aleman et al. found a larger median interval until MI, of 19.5 years.1 
It was also observed that, the risk for MI significantly began to rise 10 
years after MRT, in comparison to the general population.1

However, there are numerous descriptions of HLS who suffered from 
MI or even died from CAD within 10 years of MRT. 2, 5-6, 15, 17-19 Based on 
these findings Heidenreich et al. recommends to start screening for 
CAD 5 years after MRT.5 When looking at our data, one HLS treated 
with MRT suffered from symptomatic CAD within 10 years after MRT 
(patient nr. 11). Starting screening for CAD at 5 years would not have 
identified this patient since she already developed a MI 3 years after 
MRT. This patient was probably already at risk of developing accelerated 
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CAD from MRT since she had 4 traditional RFs of CAD. Therefore, based 
on these small numbers we would recommend starting screening for 
CAD 10 years after MRT, this will probably result in the most efficient 
way of identifying HLS at risk.
Starting a screening programme only 10 years after MRT does not mean 
that treating physicians should not be aware of the cardiovascular RFs 
of HLS. We show, like other studies before 8-9, 16, 20, that HLS with more 
traditional RFs have higher odds of developing CAD. It is therefore 
important to consider these patients as having a high risk of developing 
cardiovascular disease and to address their RFs accordingly.21 Chen et 
al. developed a decision-analytic model to evaluate lipid screening.22 
They demonstrated that lipid screening every 3 years would be the 
most cost-effective strategy. Furthermore, when statin therapy is 
initiated in screen-positive HLS, survival was shown to be improved.22 
There is no evidence to which cholesterol levels to aim, but a LDL-
cholesterol of 2.6 mmol/L or lower is currently advised by experts, in 
accordance to guidelines for other high-risk populations.23 The optimal 
screening interval for hypertension or diabetes mellitus has not been 
established. Different guidelines based on expert opinion recommend 
yearly measurements of blood pressure and fasting blood glucose.21, 24

As we reviewed recently, various screening modalities have been 
evaluated to detect CAD in HLS.25 Many of the studies described in this 
review did not use the gold standard, CAG, to confirm the significance 
of the abnormalities identified with non-invasive studies. Therefore, 
test characteristics are difficult to compare with each other and with 
the golden standard. In this study we chose for the CAC-score as a 
screening method for detecting CAD. This method has been used in two 
previous studies. Andersen et al. performed CAC-score measurements 
in 47 HLS treated with MRT. They observed fewer patients with a CAC-
score of 0 (8/40 HLS compared to 21/41 HLS treated with MRT in our 
study) in a population with a longer FU time (22 vs. 16.5 years) and a 
slightly higher age (50 vs. 47.5 years). Further treatment and patient 
characteristics were similar in the two studies. This can implicate that 
CAD is a progressive process, in which even HLS without CAC will 
eventually progress to developing CAC in the future. Andersen et al. 
do not describe the effect of follow-up time from MRT on the CAC-
score. This is probably due to the small variation within their studied 
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population, since all HLS were treated between 1980 and 1988. Based 
on their results the authors advocate that CAG should be seriously 
considered in HLS with CAC-scores > 200. A CAC-score < 200 should 
call for additional non-invasive testing.
In a pilot study Rademaker et al. present the results of CAC-score en 
CT-angiography in nine HLS. Eight patients had a CAC-score above the 
75th percentile and one HLS had a CAC-score of 0.  All eight HLS with 
a high CAC-score had CAD on CT-angiography: three had stenoses < 
50%, two patients died soon and three patients underwent further 
investigations (one underwent an angioplasty, one a two vessel 
CABG and one a normal stress echocardiogram and underwent risk 
profile modification). This study also shows the potential of screening 
asymptomatic HLS by CAC-scores and CT-angiography, but also the 
need for performing additional stress testing to confirm clinically 
relevant CAD.
An important weakness of this study is the fact we did not systematically 
perform additional confirmation tests to evaluate the significance of 
CAD in HLS with high CAC-scores. However we followed the HLS 4 
years after CAC-score measurements. One HLS (nr. 31) with a CAC 1.2 
(CAC< 75th percentile) suffered from a large anterior MI 1 year after 
CAC measurement, after having AP complaints for some days but not 
attending a hospital. Another patient (nr. 9) was screened for CAD 
because of a planned mitral valve surgery. A significant asymptomatic 
stenosis of a diagonal branch was bypassed during valve replacement 
surgery. Furthermore one patient treated by mantle field RT 17 years 
before screening had died 2 years after CAC-score.  At screening he 
had a CAC-score of 0, but two years later autopsy showed significant 
atherosclerosis of the right coronary artery. Another eight HLS have 
died during follow-up. None had undergone autopsy, but by reviewing 
the charts or based on information from the family physician, none 
were deceased because of CAD related causes. At four years follow-
up, none of the13 living HLS with CAC-scores > 75th percentile without 
previous CAD had developed symptomatic CAD for which attending 
the hospital was needed.
The cross-sectional design of our study enabled us to determine the 
effect of time post-MRT on CAC-scores. However, in time RT techniques 
have changed, making it difficult to determine whether older techniques 
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are an important cause of the effects we observed. In our study most 
patients were treated with 40 Gy in total and only 11 had received 37 
Gy or less, mostly in recent years. These small differences and small 
numbers make it impossible to distinguish the effects of radiation dose 
and radiation technique. A common limitation of studies analysing 
RFs of CAD is that we only measured cholesterol profiles and blood 
pressure at the time of the study. We were not able to estimate how 
long the HLS were exposed to specific RFs. 
In this study we compared HLS (treated with and without MRT) 
indirectly to the general population described by Schmermund 13 since 
we categorized HLS as having CAC- scores higher or below the 75th 
percentile for age and gender. The CAC-score measurements from the 
study of Schmermund et al. were performed in a general population 
of asymptomatic patients referred by their primary care physician for 
CV risk stratification. Patients with an established history of CAD were 
excluded.  After excluding the 6 HLS with proven CAD before this study, 
the percentage HLS treated with MRT more than 10 years ago with a 
CAC-score > 75th percentile was still higher (43.3%) than the expected 
25% in the general population. Furthermore, the cohort described 
by Schmermund had a higher prevalence of cardiovascular risk 
factors (inherent to the reason for referral for CAC-score screening), 
underscoring once more the importance of recognising MRT as a 
risk factor for CAD. Comparing our cohort HLS with another recent 
study from the general population 26 shows that when looking at all 
different current age categories, HLS treated with MRT more than 10 
years ago have a higher incidence of a CAC-score > 0. For the current 
age categories < 45 years, 45-54 years and 55-64 years the prevalence 
of a CAC score of 0 was 55.6% vs. 70%, 33.3% vs. 52% and 30% vs. 
36% in HLS treated with MRT more than 10 years ago and the general 
population respectively. This shows that MRT induces calcification of 
the coronary arteries not only in older HL patients at treatment but 
also in young HL patients at MRT. Tota-Maharaj show in their study 
that subjects younger than 45 years at screening, with a CAC score > 
400 (4% of subjects < 45years), have the worst 5 year survival of 85.8%. 
This is comparable with a person older than 75 years with a CAC-score 
of 400. These young subjects are thought to have a more aggressive 
form of atherosclerosis making them particularly vulnerable to a worse 
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outcome. We did not find any HLS currently younger than 45 years to 
have a CAC score > 400, maybe this is due to the fact that HL patients 
with CAD already present at MRT have died from CAD shortly after MRT, 
or due to the referral bias present in the article by Tota-Maharaj. We 
encountered however 5 HLS < 45 years treated with RT which have a 
CAC-score > 0. Atherosclerotic disease can be accelerated by MRT and 
develop into significant CAD.27 This is best illustrated by patient nr. 13 
with a high CAC score of 300 at screening who developed CAD shortly 
(3-4 years) after RT. These findings should encourage haematologists to 
further attempt patient tailored treatment in HL patients, incorporating 
CV risk screening at diagnosis of HL. 
In conclusion, we show that HLS with ≥ 10 years follow-up from MRT 
are at increased risk of having significantly increased CAC-scores, 
compared to HLS treated without MRT. We therefore recommend that 
screening by CAC-score measurements should begin 10 years after 
MRT. In the meantime, haematologists should carefully monitor HLS 
for cardiovascular RFs. Patients should be encouraged to quit smoking; 
hypertension and hypercholesterolemia should be treated according 
to guidelines of patients at high risk of developing CAD. HLS with 
increased CAC-scores on screening should be referred for additional 
stress testing and be even considered candidates to undergo CAG. All 
HLS should be counselled on timely recognition of symptoms of CAD 
and timely attendance of medical assistance. Even HLS with a CAC-score 
of 0 should be warned about these signs, since a CAC-score of 0 does 
not rule out CAD. Evaluation of this screening recommendations and 
sequential follow-up after 10 years should be evaluated in prospective 
studies, especially in recently treated HLS. Future studies should reveal 
the importance of patient-tailored HL therapy, based not only on the 
HL risk factors but also on the CV risk profile.
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Abstract

Objective
The aim of this study is to identify risk factors for development of 
valvular heart disease in Hodgkin Lymphoma Survivors (HLS). 

Background
As the number of cancer survivors grows because of advances in therapy, 
understanding long-term complications of these treatments becomes 
more important. In Hodgin Lymphoma, mediastinal radiotherapy (MRT) 
seems to cause valvular disease, and  the prevalence might increase 
during follow-up.

Methods
In this cross-sectional study 82 HLS participated (52% male, mean age 
47.8 years, 50 treated with MRT). Valvular heart disease was diagnosed 
by transthoracic echocardiography (TTE) and compared between HLS 
treated with and without MRT. Univariate and multivariate logistic 
regression analysis was used to identify predictors for valvular disease.

Results 
During a median follow up of 13.4 years (range 2–39 years), severe 
valvular disease occurred in 24.5% of HLS with MRT compared to 3.4% 
of HLS without MRT(p=0.016). Irradiated patients had significantly 
more ≥mild aortic regurgitation (AR) (38.2% vs. 6.8%, p=0.007). Time 
after radiotherapy was an independent predictor for AR (OR 1.1, 95%CI 
1.01–1.26, p=0.035). Within the MRT subgroup, time after radiation of 
>15 years was associated with AR (OR 4.70, 95%-CI 1.05-21.03, p=0.043), 
after adjusting for current age and hypertension. Valvular replacement 
was performed in 7 (14.0%) HLS with MRT compared to none in HLS 
without MRT.

Conclusion
The prevalence of valvular disease in HLS treated with MRT is high and 
increases with time following irradiation. Screening HLS for valvular 
disease by TTE might be worthwhile , starting 10 years after MRT. 
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Introduction
Of all cancers diagnosed in the developed world, Hodgkin Lymphoma 
(HL) accounts for approximately 0.6%, with about 8220 new cases and 
1350 deaths due to HL in the United States annually.1

Treatment modalities for cancer have advanced over time, leading 
to an increase in the number of long-term cancer survivors. In 
HL, radiotherapy (RT) and chemotherapy used either alone, or in 
combination have led to significant improvement of disease-specific 
survival.2

Heart disease is a potential long-term adverse effect of mediastinal 
RT (MRT). Most frequently observed are valvular disease, pericarditis, 
coronary artery disease and cardiomyopathy, which might eventually 
lead to increased mortality.3 Death of cardiac origin is estimated to 
be responsible for approximately one quarter of mortality in Hodgkin 
Lymphoma survivors (HLS) for other reasons than HL itself, which 
equals 2-5% of overall mortality in HL patients.4-5

There appears to be a strong association between the time following 
MRT and prevalence of cardiac disease, implicating that radiation-
associated cardiovascular toxicity may be progressive.2, 6 HLS, who are 
relatively young and survive for long periods, are therefore at increased 
risk of developing radiotherapy-induced heart disease.6 However, the 
course of this disease is often asymptomatic and symptoms are often 
misinterpreted due to young age and lack of traditional cardiovascular 
risk factors.7

Most prevalent non-coronary cardiac disease are valvular disorders. 
Previous studies on this subject report differently on the occurrence of 
(preclinical) heart disease.2, 6, 8-9 It remains challenging to identify which 
HLS are susceptible to develop radiation-associated valvular disorders.2, 

6 This study aims to assess the prevalence and clinical determinants 
of (asymptomatic) valvular disease in HLS who underwent MRT. 
Knowledge of these determinants is a prerequisite for the development 
of appropriate follow-up and screening programs in HLS.
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Methods
Subjects
All disease-free HLS registered at our institution with a follow up of 
at least 2 years after the initial diagnosis, were invited to participate 
(n=113). Between November 2007 and August 2008, 82 HLS could be 
included. Nineteen HLS died, with a known cause of death in 11 patients 
(7 secondary malignancies, 3 cardiovascular complications, 1 infectious 
complication). Six patients could not be traced since they did not attend 
regular check-ups and another six declined participation (3 because of 
old age, one because of long travelling distance and 2 without specific 
reason). This study was approved by the institutional review committee. 
All participating subjects gave informed consent.

Treatment regimens
Patients were treated between 1969 and 2005 with different regimens. 
Until the late 1990’s,typically extended field radiotherapy (mostly 
mantle field RT to neck, mediastinum, axillary lymph nodes and para-
aortic lymph nodes) was performed in patients with limited stage 
HL, being replaced by involved field radiation in the more recently 
treated patients. HLS with more advanced stages of disease were 
primarily treated with chemotherapy (CT), to which radiotherapy was 
added in case of bulky disease, mostly located in the mediastinum. Until 
the 1980’s, chemotherapy consisted mainly of MOPP (mechlorethamine, 
vincristine, procarbazine, prednisone). Afterwards, anthracycline-
containing regimens such as ABVD (doxorubin, bleomycin, vinblastine 
and dacarbazine) became part of the primary treatment.

Cardiac evaluation
Participants underwent cardiac evaluation by transthoracic echo-
cardiography (TTE) to assess possible valvular disorders. Major risk 
factors for development of cardiac disease were recorded for each 
patient. History of cardiovascular disease (CVD), diabetes mellitus 
(DM) and hypercholesterolemia was noted, as well as family history 
of CVD, (current) use of medication and smoking behaviour. For each 
patient, blood pressure was measured and body mass index (BMI) was 
calculated. Lipid profile, glucose and NT pro-Brain natriuretic peptide 
(NT pro BNP) were determined after overnight fasting. All investigations 
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were conducted for the purpose of this study and took place between 
2007 and 2009. Hypertension was defined as systolic blood pressure 
(BP) above 140 mmHg or diastolic BP below 90 mmHg at three different 
measuring points or current use of vasoactive medication. Dyslipidemia 
was defined as total cholesterol > 5.0 mmol/L/ or HDL cholesterol <1.0 
mmol/L or LDL cholesterol > 3.0 mmol/L/ or triglycerides > 1.7 mmol/L.10

Echocardiography
Two-dimensional echocardiography, Doppler (color and continues wave) 
studies of aortic, mitral, tricuspid and pulmonary valves were obtained, 
using the Philips IE33 ultrasound scanner. Standard parasternal long-
axis, short-axis, apical three, four and five-chambers and subcostal two-
dimensional views were recorded.
The echocardiographic studies were interpreted by two independent 
experienced echocardiographers (J.B. and M.C.P), who were blinded 
to patient and treatment details. Valve regurgitation and stenosis 
were assessed using guidelines of the European Association of 
Echocardiography.11-13 Symptomatic valvular disease that had already 
resulted in valvular replacements were graded according to severity at 
time of valvular surgery.

Statistical Analysis
To evaluate valvular heart disease of MRT, the group was divided in 
patients who received mediastinal RT and in patients who did not. 
Because of the assumed association between time following irradiation 
and valvular heart disease, prevalence was also assessed in irradiated 
patients grouped by number of years between irradiation and cardiac 
examination (2 to 10 years, 11 to 20 years and >20 years). For analysis 
of valvular disease patients were categorised into two groups based 
on severity: none or trace versus more than or equal to mild (≥mild) 
valvular disease. HLS who underwent valvular replacement were 
scored according to the degree of severity of valvular disease before 
surgery. Analysis was performed per patient and for specific types of 
valvular lesions. Data were expressed as mean/median with standard 
deviations/range or as percentages. Comparisons of means and 
medians were performed using the Student’s t-test and the Mann-
Whitney test respectively, whereas differences in proportions were 
evaluated by the Chi-Square test. 
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In the irradiated group, clinical variables possibly associated with valvular 
heart disease were assessed using regression models. If outcome 
variables were categorical, logistic regression was performed and results 
were expressed as odds ratio (OR) and 95%- confidence intervals (CI). 
If outcome variables were continuous, linear regression models were 
used and results were expressed as regression coefficients and 95%-CI.  
For all outcomes, univariate analysis was performed first, after which 
significant findings were assessed in a multivariate model. Variables 
used in univariate analysis were current age, sex, BMI, smoking, diabetes, 
dyslipidemia, hypertension, age at diagnosis, time after treatment, 
irradiation dose (<40/≥40 Gy), treatment containing chemotherapy and 
anthracycline containing chemotherapy. In univariate analysis, time 
after treatment was used as a continuous variable. If this parameter 
showed a significant univariate association and remained predictive in 
multivariate analysis, we searched for the optimal cut-off value for this 
variable.
All analyses were performed using IBM SPSS Statistics version 21. 
A two-tailed p value < 0.05 was considered statistically significant.  

Results
Subjects
Fifty out of 82 HLS were treated with MRT. Patient characteristics and 
distribution of risk factors for CVD are listed in Table 1. Participants ranged 
in age from 24 to 79 years and time from MRT varied from 4 to 39 years. 
Most of irradiated HLS (70%) were treated with a radiation dose of 40 Gy 
or higher. Between the two groups, no significant differences in mean 
age and gender distribution were found. However, BMI and number of 
pack years of smoking were significantly higher in the non-MRT group. 
Levels of NT pro-BNP were significantly higher in irradiated patients. 
Also, subjects in the irradiated group were about 9 years younger at 
diagnosis and received treatment approximately 8 years earlier. 

Valvular disease
In the total group of HLS, ≥mild valvular disease was present in 39 of 
all patients (47.6%) and a total of 65 valves showed abnormalities (24 
aortic, 24 mitral, 11 tricuspid, 6 pulmonary). The number of diseased 
valves exceeds the number of affected patients because more than one 
valvular lesion occurred in many patients. 
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Valvular disease was more prevalent in irradiated patients (Figure 1). 
In total, ≥mild valvular disease was present in 61.2% of HLS with MRT 
(n=30), compared to 31.0% of HLS without MRT (n=9) with an OR 3.51 
(95%-CI: 1.32 to 9.30, p=0.01).

Table 1 Patient characteristics. Values are shown as percentages/ mean ± SD 
(median for pro-BNP and dose of RT)

MRT (n=50) No MRT  (n=32) P-value
Current age (yrs) 48 ± 14 48 ± 12 0.870
Male gender (%) 52 59 0.513
BMI (kg/m²) 24.7 ± 4.3 27.7 ± 4.2 0.002
Positive family history of CVD (%) 30 16 0.139
Smoking (pack yrs) 4.6 ± 10.1 11.9 ± 17.7 0.021
Diabetes (%) 4.2 0 0.250
Dyslipidemia (%) 72 72 0.990
NT-proBNP (pg/ml) 155 (27-3633) 45 (9-3270) 0.001
Hypertension (%) 28 28 0.990
Age at diagnosis (yrs) 30 ± 13 39 ± 14 0.003
Time after treatment (yrs) 16.5 ± 8.5 8.1 ± 6.5 0.000
Mediastinal irradiation dose (Gy) 40 (28-44) - -
Chemotherapy (%) 70 97 0.003
Anthracycline chemotherapy (%) 52 84 0.192

Figure 1 Prevalence of valvular disease graded by severity for subjects in MRT-/non-MRT-
group. If multiple valves of one patient were involved, the patient was grouped according 
to the valve with highest  grade of severity.
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Table 2 Valvular disease. * P-value for differences in ≥ mild valvular disorders between MRT- and non-
MRT-group ** Data for tricuspid regurgitation available for 48 subjects in MRT-group (follow-up >20 yrs: 
14 subjects) *** Data for pulmonic regurgitation available for 46 subjects in MRT-group (follow-up 2-10 
yrs: 11 subjects, >20 yrs: 14 subjects) and 27 subjects in non-MRT-group. Percentages may not add up to 
100% due to rounding

Echocardiographic 
finding

HLS with  
MRT

HLS with no 
MRT p-value* General 

population
Years following irradiation

All patients 
n=49

2-10 yrs 
n=13

11-20 yrs 
n=21

>20 yrs 
n=15

All patients 
n=29 Prevalence

Aortic regurgitation 0.007
  None (%) 24 (48.0) 10 (76.9) 11 (52.4) 3 (20.0) 26 (89.7)
  Trace (%) 6 (12.2) 1 (7.7) 4 (19.0) 1 (6.7) 1 (3.4) 3.1(11)

  Mild (%) 13 (26.0) 2 (15.4) 4 (19.0) 7 (46.7) 1 (3.4) 1.3(11)

  Moderate/severe (%) 6 (12.2) 0 (0) 2 (9.5) 4 (26.7) 1 (3.4) 0.15(11)

Mitral regurgitation 0.074
 None (%) 9 (18.4) 3 (23.1) 3 (14.3) 3 (20.0) 12 (41.4)
 Trace (%) 22 (44.9) 5 (38.5) 11 (52.4) 6 (40.0) 12 (41.4) 75(11)

  Mild (%) 12 (24.5) 5 (38.5) 6 (28.6) 1 (6.7) 5 (17.2) 13(11)

  Moderate/severe (%) 6 (12.2) 0 (0) 1 (4.8) 5 (33.4) 0 (0) 0.54(11)

Tricuspid regurgitation** 0.068
 None (%) 8 (16.0) 5 (38.5) 2 (9.5) 1 (7.1) 13 (44.8)
  Trace (%) 30 (62.5) 8 (61.5) 14 (66.7) 8 (57.1) 15 (51.7) 70(11)

  Mild (%) 7 (14.6) 0 (0) 4 (19.0) 3 (21.4) 1 (3.4) 13(11)

  Moderate/severe (%) 3 (6.0) 0 (0) 1 (4.8) 2 (14.3) 0 (0) 0.55(11)

Pulmonary regurgitation*** 0.847
 None (%) 23 (50.0) 6 (54.5) 8 (38.1) 9 (64.3) 18 (66.7)
  Trace (%) 19 (41.3) 4 (36.4) 12 (57.1) 3 (21.4) 7 (25.9) 17(14)

  Mild (%) 4 (8.7) 1 (9.1) 1 (4.8) 2 (14.3) 2 (7.4) <0.5(14)

  Moderate/severe (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) <0.5(14)

Aortic stenosis 0.229
  None (%) 41 (83.7) 12 (92.3) 20 (95.2) 9 (60.0) 27 (93.1)
  Mild (%) 2 (4.1) 0 (0) 1 (4.8) 1 (6.7) 1 (3.4) <0.5(15)

  Moderate/severe (%) 6 (12.3) 1 (7.7) 0 (0) 5 (33.4) 1 (3.4) <0.5(15)

Mitral stenosis -
  None (%) 47 (95.9) 13 (100) 21 (100) 13 (86.7) 29 (100)
  Mild (%) 1 (2.0) 0 (0) 0 (0) 1 (7.1) 0 (0)
  Moderate/severe (%) 1 (2.0) 0 (0) 0 (0) 1 (7.1) 0 (0)

The degree of severity of valvular dysfunction for separate valves is 
shown in Table 2. 
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Left-sided valvular regurgitation was most prevalent in HLS with MRT, 
≥mild AR in 38.2% versus 6.8% (OR 8.55, 95%-CI: 1.82-40.16, p=0.007) 
and ≥mild MR in 36.7% versus 17.2% (OR 2.8, 95%-CI: 0.91-8.59, 
p=0.074), respectively. Mild or greater TR was found in 20.4% (n=10) of 
HLS treated with MRT, compared to 3.4% (n=1) HLS treated without MRT 
(OR 7.37, 95%-CI: 0.89-60.95, p=0.064). For MS, a comparison between 
the two subgroups could not be made since ≥mild MS did not occur in 
non-irradiated HLS. For all types of valvular disease, prevalence and 
degree of severity are highest in the group treated more than 20 years 
before evaluation.
Within the MRT-group, clinical determinants of overall ≥mild valvular 
disease were current age (OR 1.09 per year, 95%-CI: 1.03-1.17, p=0.004) 
and time after treatment (OR 1.10 per year, 95%-CI: 1.01-1.21, p=0.026). 
In multivariate analysis, only current age remained predictive for ≥mild 
valvular disease (OR 1.08 per year, 95%-CI: 1.01-1.14, p=0.023).
Within the MRT-group, AR could be predicted by current age, 
hypertension and time after treatment using univariate analysis. In 
a multivariate model, only time after treatment remained associated 
with AR (OR 1.13 per year, 95%-CI: 1.01-1.26, p=0.035). A significant cut-
off point was found at 15 years after treatment,  patients irradiated 
> 15 years before evaluation shows a 4.70-fold increased odds  for 
AR (95%-CI:1.05-21.03, p=0.043), adjusted for age and hypertension. 
For TR and AS: hypertension, time after treatment and treatment 
containing chemotherapy proved to be predictive. Hypertension was 
also associated with PR. No clinical variables remained associated 
in multivariate analysis in these valvular lesions. For MR and MS no 
significant predictors could be identified in univariate analysis in the 
MRT-group (Table 3).
For the non-MRT group, no significant predictor could be identified 
for ≥mild valvular disease or other valvular disorders. Time after HL 
diagnosis was not associated with valvular disorders in this subgroup.
Valvular replacement was performed in 7 (14.0%) of the irradiated 
patients for a total of 10 valves (Figure 2). Operations performed were 6 
aortic valve, 3 mitral valve and 1 tricuspid valve replacements, because 
of significant aortic stenosis(n=4), aortic regurgitation (AR) (n=2), mitral 
regurgitation (MR) (n=3) and tricuspid regurgitation (TR) (n=1). No HLS 
without MRT underwent valvular surgery.
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Table 3 Clinical variables associated with valvular disease in univariate analysis in 
irradiated HLS.

Parameter
Univariate analysis
Odds Ratio       95%-CI p-value

Aortic regurgitation
Current age (years) 1.09 1.03 to 1.16 0.004
 Presence of hypertension 10.00 2.24 to 44.57 0.003
Time after treatment (years) 1.16 1.06 to 1.28 0.002
Tricuspid regurgitation
Presence of hypertension 6.64 1.47 to 30.00 0.014
 Time after treatment (years) 1.11 1.02 to 1.21 0.021
 No chemotherapy 10.03 2.13 to 50.26 0.004
Pulmonic regurgitation
  Presence of hypertension 11.00 1.02 to 118.87 0.048
Aortic stenosis
Presence of hypertension 14.57 2.42 to 87.73 0.003
 Time after treatment (years) 1.14 1.03 to 1.26 0.010
 No chemotherapy 5.17 1.04 to 25.57 0.044

Figure 2 Kaplan-Meier curve showing event -free survival for irradiated and non-irradiated 
HLS

0
yrs

5 
yrs

10 
yrs

15 
yrs

20 
yrs

25 
yrs

30 
yrs

35 
yrs

Nr. of events 0 0 2 3 3 4 6 6
Nr. of remaining cases (MRT) 50 47 36 23 14 7 2 1
Nr of remaining cases (no MRT) 32 15 9 3 3 2 0 0
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The left ventricular- ejection fraction (LV-EF) in HLS with MRT was 55 ± 
6.2% compared to 58 ±6.6% in HLS without MRT (mean difference 3.28, 
95%-CI: 0.11-6.45, p=0.043) A LVEF of < 50% was present in 15.6% of 
HLS with MRT (n=7/45) compared to 8% (n=2/25) of HLS without MRT 
(p=0.37). Diastolic parameters did not differ significantly between HLS 
treated with and without MRT. 

Discussion
This is one of the few studies describing valvular disease in HLS treated 
with MRT compared to non-irradiated patients. In our cohort of 82 
HLS, (asymptomatic) valvular disease was more prevalent in irradiated 
subjects and increased with time since treatment.

Valvular disease
This study points out that valvular disease is more common in subjects 
that were treated with MRT, and prevalence increases with follow-up 
time. This finding was most striking for AR, the most prevalent valvular 
disorder in our study. More than 20 years after MRT, 75% of patients 
showed at least a mild severity of AR. Incidence of valvular disease has 
been reported to increase during the second decade after mediastinal 
radiotherapy.5, 8 Heidenreich et al. described almost 300 patients who 
underwent  mediastinal radiotherapy in HLS, and found a clinically 
important valvular disease in  the majority of asymptomatic patients 20 
years after irradiation.6 Furthermore, different rates of AR were found 
in different studies, depending on the follow-up time of the studies 
cohort.5, 14-17

The second most common valvular disorder encountered was MR. The 
prevalence of ≥ mild MR was 37% in HLS with MRT, compared to 17% 
in HLS without MRT. This difference did not reach significancy, however 
moderate or severe MR was only encountered in HLS treated with MRT 
(12.2%). Our results are in accordance with studies with comparable 
follow-up times after MRT.6, 8, 18 
Increased prevalence of TR has also been reported by Heidenreich6, at 
least moderate TR occurred in 4% of irradiated participants compared 
to 0% for non-irradiated group (p=0.06). The higher prevalence of TR in 
our irradiated cohort could be due to the fact that we also took a mild 
degree of regurgitation into account when classifying the presence of 
TR.
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Aortic and mitral stenosis were present in 16.4% and 4% of HLS treated 
with MRT. The prevalence of these disorders were lower in other studies 
6, 8-9, 19, probably due to the fact that we included HLS with previous 
valvular replacements in this screening study.
Univariate analysis in HLS treated with MRT, showed that hypertension 
and time after MRT were the most frequent predictors for the different 
valvular disorders. We could not find an association with other 
treatment related factors, except for additional chemotherapy which 
was associated with TR and AS. This ‘protective’ effect of chemotherapy 
can be probably explained by the fact that HLS treated with combination 
of chemotherapy and MRT were treated during more recent years, zo 
that the effect of chemotherapy is due to the shorter follow-up time 
in these patients. We also confirm the findings of an earlier study, 
showing that significant AR did not occur within 10 years after MRT in 
patients younger than 40 years of age. 6 Furthermore, we also found 
that a follow up time of at least 15 years after MRT was associated 
with AR (OR 4.7). These findings underlie the importance of initiating 
screening programs in HLS in order to identify individuals with severe 
valvular heart disease.  
In valvular disease, the cusp and/or leaflets of valves show fibrotic 
changes sometimes accompanied by calcification. However, up to 
now, the pathophysiology of these valvular changes is not very well 
understood.20 More common and severe left-sided valvular lesions 
suggest a possible role of higher pressures of the systemic circulation 
in pathogenesis of valvular disease.21 The highest occurrence of aortic 
valve pathology could be due to the proximity of the aortic valve to 
the mediastinal RT field.5 Furthermore, altered arterial elasticity of the 
aortic root may play a role in AR,22 since we show that MRT is associated 
to arterial stiffening.23

With regard to systolic function, ejection fraction was slightly lower in 
irradiated patients. However, the proportion of HLS with an impaired 
LV-EF of < 50% was not statistically different, suggesting that both 
MRT and chemotherapy seem to induce some degree of ventricular 
dysfunction in HLS, as previously described.24 Time after radiotherapy 
did not seem to have an influence on the prevalence of impaired LV-
EF, concluding that ‘old’ and modern treatment regimens seem to have 
the same effect on LV-EF. Furthermore, of 7 HLS treated with MRT with 
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a LV-EF< 50%, 2 had undergone valvular surgery, and 1 HLS had CAD 
before this study, so impaired LV-EF could also be a consequence of 
valvular damage of myocardial infarction. 3/15 (20%) of HLS treated 
with MRT without valvular surgery in the past who were found to 
have mild or greater AR, had also an impaired LV-EF <50%. LV systolic 
function is the most important determinant of postoperative survival 
in patients with AR, thus HLS with AR and impaired LV-EF should be 
monitored carefully and surgery should be performed timely.25

Screening with echocardiography, a non-invasive and relatively cheap 
diagnostic procedure, is recommended. The optimal moment to start 
screening and recommendations for length of screening intervals are 
difficult to deduct from this small cohort. Our study found significantly 
higher occurrence of AR 15 years after irradiation. Based on these 
findings and other studies reviewed before,26 we would recommend 
to perform a echocardiogram 10 years after mediastinal RT. Treating 
physicians should consider cardiac disease at younger ages than in the 
non-irradiated subjects and patients should be instructed about signs 
and symptoms of cardiovascular disease. Furthermore, appropriate 
risk-reducing strategies should be applied; hypertension should be 
treated, and lifestyle advises should be provided.

Limitations
This study has several limitations. Over the last 40 years, radiation 
treatment has changed. With techniques like 3-dimensional treatment 
planning, treatment fields, beam weighting, subcarinal blocks and 
decreased daily fraction-size, a decrease in cardiac dose-volume 
irradiation has been achieved.16 Therefore, our group  of irradiated 
patients with different treatment regimens and time since treatment 
may not be very well comparable with the effects of current practice. 
At this moment information on longer periods of follow-up is not yet 
available for those treated with newer techniques. The benefit of these 
new methods is unclear.
The cross-sectional nature of this study makes it difficult to assess exact 
time of origin and time-dependent progression of cardiac disease in the 
individual patient. Since the reported results are obtained and patients 
are categorised according to time since irradiation at one point in time, 
one can only say whether or not (asymptomatic) cardiac abnormalities 
are present at that point. However, they might have originated several 
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years before screening, thus actually faster after treatment. Moreover, 
due to the lack-of follow-up, it remains unclear whether asymptomatic 
cardiac disease becomes symptomatic over time.
The relative risk of cardiac disease after radiotherapy might have been 
affected and possibly underestimated by baseline differences between 
the two groups (the mediastinal RT group was 9 years younger at 
diagnosis and was followed for 8 more years).
The sample size of this study might have been too small to detect all 
predictive characteristics of cardiac disease in irradiated subjects. 

Conclusion 

We found a high prevalence of valvular abnormalities, especially AR, 
in asymptomatic HLS after mediastinal irradiation. Absence of cardiac 
disease early after irradiation does not guarantee freedom of cardiac 
disease later on. Therefore, long time follow up is important. This 
cardiac follow-up seems even more relevant since the patients at risk 
are relatively young and have a considerable life expectancy. Screening 
HLS treated with MRT by echocardiography is recommended starting 
10 years after MRT.
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Abstract
Purpose
To describe the damage to the muscles and propose a pathophysiological 
mechanism for muscle atrophy and weakness after mantle field 
radiotherapy in Hodgkin Lymphoma (HL) survivors. 

Methods and Materials
We examined 12 patients treated by mantle field radiotherapy between 
1969 and 1998. Besides evaluation of complaints, the following tests 
were performed: dynamometry, ultrasound of the sternocleidomastoid, 
biceps and antebrachial flexor muscles and needle electromyography 
of neck, deltoid and ultrasonographically affected arm muscles.

Results
Ten patients (83%) suffered from neck complaints, mostly pain and 
muscle weakness. On clinical examination neck flexors were more often 
affected than neck extensors. On ultrasound the sternocleidomastoid 
was severely atrophic in eight patients, but abnormal echo intensity 
was seen in only three patients. Electromyography of the neck 
muscles showed mostly myogenic changes, while the deltoid, biceps 
and antebrachial flexor muscles appeared to have mostly neurogenic 
damage.

Conclusions
Many patients previously treated by mantle field radiotherapy develop 
severe atrophy and weakness of the neck muscles. Neck muscles 
situated within the radiation field show mostly myogenic damage and 
muscles situated outside the mantle field show mostly neurogenic 
damage. The discrepancy between echo intensity and atrophy suggests 
that muscle damage is most likely caused by an extrinsic factor such 
as progressive microvascular fibrosis. This is also presumed to cause 
damage to nerves situated within the radiated field resulting in 
neurogenic damage of the deltoid and arm muscles.
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Introduction
The survival of Hodgkin lymphoma (HL) patients has improved 
significantly during the past decades, with 70-97% of the present cases 
being cured.1-3 With longer follow-up, it has become apparent that 
survivors of HL carry risks for treatment-related side effects that may 
not manifest until many years later.4, 5 In patients previously treated 
by radiotherapy (RT), cardiovascular complications and secondary 
malignant tumours have the greatest impact on the patients’ survival 
and have been extensively investigated.6-9 
Less frequently reported late effects are atrophy and weakness of the 
muscles situated within the radiation fields.10-14 A considerable number 
of HL survivors report pain, stiffness or weakness of the muscles; in 
two reports, 25% and 50% of patients treated by mantle field RT suffer 
from these problems after a mean of 10 and 19 years of follow-up.15, 

16 Although the mantle field technique has been replaced over the 
past years by less extensive radiation fields, many patients are still 
alive who have been treated by this method. As an estimate, 573 HL 
survivors were treated by RT including the mantle field in the EORTC-
GELA H8 Trial from 1993-1999 in 8 European countries.3 The 10-year 
overall survival was 92% and 84% for patients with favorable and 
unfavorable features respectively,3 leaving about 500 patients still alive 
who were treated during this period with mantle field RT. Furthermore, 
in a recent cohort study performed in four centers in the Netherlands, 
1415 HL survivors were identified who were treated by mantle field RT 
between 1965 and 1995.7

Muscular complaints of the neck and shoulder areas have long onset 
latency.12, 13 Since weakness may be progressive, clinicians dealing with 
HL survivors will be confronted with these complaints and should have 
knowledge about the treatment and prognosis of these late effects. 
The aim of this study is to gain more insight in the pathophysiology 
and the clinical picture of muscle atrophy in HL survivors treated by the 
mantle field technique.  Furthermore we will give suggestions for the 
management of these complaints.
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Methods and Materials
Patients
Between November 2007 and August 2008, 81 HL survivors were 
enrolled in a study towards evaluating late sequelae of treatment. 
Ethical approval has been given by the Institutional Review Board of the 
St. Antonius hospital, Nieuwegein.  All HLS registered at our institution 
who were free of disease and had a follow-up from diagnosis of HL 
of more than 2 years were invited to participate (n=113). Nineteen 
HL survivors were deceased; seven HL survivors did not attend their 
regular check-ups and could not be traced. Another six HLS declined 
participation because of old age (n=3), long travelling distance (n=1) or 
without a specific reason (n=2). 
Part of this study is neurological examination including determination 
of muscle strength. Twenty patients had been irradiated by mantle 
field radiotherapy (RT) (Table 1). They were all considered candidates 
for the current study. Three patients were not invited to participate 
because of recently diagnosed metastatic malignancy (n=2) or end-
stage heart failure (n=1). Five of the remaining 17 patients refused 
participation because of a long travelling distance (n=3), advanced age 
(n=1) and absence of neck complaints (n=1). Twelve patients (eight 
women and four men) gave informed consent (Figure 1). The baseline 
characteristics did not differ from the HL survivors treated by mantle 
field RT who were not included. 

Table 1. Baseline characteristics of the total cohort of 81 HL survivors.

Hodgkin lymphoma survivors
(n=81)

Mantle field RT
(n=20)

RT on the 
neck only

No RT on 
the neck

(n=19) (n=43)
Gender, man 10 10 28
Age, years ± SD 53±10 40±11 49±13
RT-dose, Gy ± SD 40±1 36±4 -
Follow-up since diagnosis, years ± SD 23±8 9±5 11±7
Neck muscle weakness, total: 17 (83%) 4 (21%) 4 (9%)

According to FU time from RT:
- <10 years - 0/13
- 10-19 years 6/8 4/6
- 20-29 years 7/8 -
- >30 years 4/4 -
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Treatment characteristics
The total RT-dose to the mantle field was 40 Gy in 20 fractions of 2 Gy, 
given in alternating anterior-posterior and posterior-anterior fields. 
Three patients were also treated with chemotherapy. 

Clinical examination
All patients were examined using a standardized protocol. A detailed 
history was taken about previous neurologic complaints or operations 
before treatment for HL. Patients were asked to fill in a customized 
questionnaire including all neurological complaints and functional 
impairments we had encountered in the whole group. Furthermore, 
two standardized questionnaires were distributed: the Neck Disability 
Index (NDI) to enquire about neck complaints17 and the Checklist 
Individual Strength-20 (CIS 20) to examine fatigue.18 
A detailed clinical examination was performed by a senior staff 
neurologist (OJMV). Strength of the neck flexor muscles was assessed 
in supine position, the neck extensors in a prone position. Both were 
graded using the Medical Research Council (MRC) scale.19

Muscle strength was also measured with a hand-held dynamometer 
(Citec dynamometer CT 3001, C.I.T. Technics, Groningen, the 
Netherlands) in five different muscle groups (neck flexors, neck 
extensors, shoulder abductors, elbow flexors and grip strength). 
Maximum muscle strength was tested using the ‘break’ method, in 

20 patients treated by  
mantle field radiotherapy 

3 not invited to participate: 
-2 metastatic malignancy  
-1 heart failure 

5 refused to participate: 

12 patients treated by mantle field radiotherapy included: 
-10 with neck weakness     

-2 without neck weakness 

Figure 1. Selection of study population.
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which the examiner gradually overcomes the muscle strength of 
the patient and stops at the moment the extremity gives way.20 Grip 
strength was measured using the ‘make’ method. In each patient every 
muscle group was measured three times and the average score was 
calculated. Results under p5 of the normal population (for gender) 
were considered abnormal.21 

Ancillary investigations
Quantitative muscle ultrasound 
Muscle ultrasound examinations were performed of the sterno-
cleidomastoid, the biceps and the antebrachial flexor muscles using a 
standard technique and normal values as described previously.22, 23  A 
broadband linear 5-17 MHz transducer (Philips IU22, The Netherlands) 
was used. All system-setting parameters were kept constant throughout 
the study (gain 70 dB, compression 55, no adjustments in time gain 
compensation or focus). For echo-intensities (EI), three consecutive 
measurements were taken of every muscle and results were averaged. 
The mean muscle EI was calculated of a region of interest comprising as 
much muscle tissue without the surrounding fascia using a histogram 
based grey-scale analysis with 256 grey levels.23 Muscle thickness was 
measured with electronic callipers. An increased echo-intensity is 
indicative of an intrinsic muscle disease.24

To compare individual patients and muscles in this study, echo-
intensity and muscle thickness were transformed into Z-scores. The 
Z-score reflects the number of standard deviations a measure deviates 
from normal, given a certain age and gender. Abnormal EI for individual 
muscles was defined as a Z-score of more than 2. For muscle atrophy, 
the same cut-off value was used (Z-score below -2). 

Nerve conduction studies and Needle electromyography (EMG)
Electrophysiological examination was performed using standard 
techniques with a Medelec Synergy EMG system (Viasys, Oxford 
Medical Instruments, Surrey, United Kingdom). Both nerve conduction 
studies and needle electromyography were performed according to 
standardized clinical protocols for the detection of a polyneuropathy 
and myopathy. Findings were compared to normal values from our 
centers database. Nerve conduction studies included sensory nerve 
action potential (SNAP) amplitude and nerve conduction velocity of 
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both median nerves to the 3rd digit and both superficial radial nerves. 
Needle EMG of splenius capitis, sternocleidomastoid, and deltoid 
muscles was performed bilaterally in all patients. Additional needle 
EMG was performed of the biceps and antebrachial flexor muscles if 
they showed an abnormal EI on ultrasound.

Statistical analysis
Statistical analysis was performed using SPSS version 15.0 (SPSS 
Inc., Chicago, IL). One sample t-tests were conducted for comparison 
between the EI or muscle thickness Z-scores and 0 (the standardized 
value for certain age and gender).  

Results
HL survivors
Baseline characteristics of the HL survivors (n=81) are presented in 
table 1. Neck muscle weakness revealed by clinical examination had a 
prevalence of 31%, being highest in the subgroup of patients treated 
by mantle field RT: 85%. This high percentage was not found in patients 
treated by RT to the neck only (25%). These patients were treated more 
recently and with lower RT-dose, reflecting a change of treatment 
approach in more recent years. The percentage of patients with neck 
weakness increased form 0% (0/13) in patients irradiated less than 10 
years ago to 71% (10/14), 88% (7/8) and 100% (4/4) in patients irradiated 
between 10-20 years ago, 20-30 years ago and more than 30 years ago, 
respectively.

Mantle field subgroup
Demographic data of the subgroup of 12 mantle field patients are 
presented in table 2. Nine patients had other co-morbidities within 
the radiation field including three women suffering from breast cancer 
treated by mastectomy.
Neck complaints were present in 10 patients. (Table 3). They reported 
pain and fatigue in the neck muscles already a few years after RT. Neck 
complaints were constantly present in two patients and were triggered 
by activities during which the head had to be held in the same position 
for more than 30 minutes in eight patients. The patients suffered more 
frequently of headache than prior to RT; they also experienced pain 
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Table 3. Results of the 12 HL survivors treated by mantle field radiotherapy.
Abbreviations: CIS-20 = Checklist Individual Strength-20; MRC = Medical Research 
Council scale; EMG = electromyography; SNAP = sensory nerve action potential.

Investigations Abnormal findings (n)
Questionnaire about neck complaints:
 Neck pain
 Tired feeling in the neck muscles
 Hanging neck
 Thinner neck

9 (75%)
7 (58%)
7 (58%) 
9 (75%)

Neck Disability Index
 Severely disabled (score 25-34) 
 Moderately disabled (score 15-24) 
 Mildly disabled (5-14)

9 (75%) 
1 (8%) 

5 (42%) 
3 (25%)

CIS 20  10 (83%)

Clinical examination (MRC scale)
 Neck flexors 
 Neck extensors 

 10 (83%)
   6 (50%)

Dynamometry 
 Neck flexors
 Neck extensors
 Shoulder abductor
 Elbow flexors 
 Antebrachial flexors

8 (67%)
4 (33%)
8 (67%)
5 (42%)
2 (17%)

Echointensity
 Sternocleidomastoid muscles
 Biceps muscles
 Antebrachial flexor muscles

3 (25%)
3 (25%)
3 (25%)

Diameter
 Sternocleidomastoid muscles
 Biceps muscles
 Antebrachial flexor muscles

8 (67%)
1 (8%)

0

Needle EMG
 Sternocleidomastoid muscles
 Splenius capitis muscles
 Deltoid muscles
 Biceps muscles
 Antebrachial flexors

 12 (100%) 
 12 (100%)
 10 (83%)
   2 (17%)
   5 (42%)

Nerve conduction studies
 SNAP amplitude median nerves
 SNAP amplitude radial nerves
 Conduction velocity median nerves
 Conduction velocity radial nerves

1 (8%)
5 (42%)
2 (25%)
1 (8%)
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and weakness in the shoulders and arms. Because of these complaints, 
patients were particularly disabled in the following activities: walking 
for more than 30 minutes, swimming, lifting the head while in supine 
position, driving a car, working on the computer, reading and lifting 
heavy bags. Ten patients were using pain medication for neck pain on 
a regular basis, or had repeatedly consulted a physiotherapist with 
satisfactory, but only temporary relief. 
On the CIS 20 scale, ten patients had mean scores exceeding 35 points, 
meeting the criterion for chronic fatigue. On the NDI, the mean and 
median scores of the total group were 14 and 17 (range, 0-25) (Table 3). 

Clinical examination
The ten patients suffering from neck complaints were found to have 
neck flexor weakness on clinical examination. This was graded 2–4+ 
on the MRC scale. Neck extension was less often impaired, in six of 
the twelve patients. In two patients a dropped head syndrome was 
observed, signifying a grade < 3 paresis on the MRC scale i.e. a disability 
of the neck extensors to overcome gravity in prone position. On muscle 
dynamometry muscle weakness in one or more
 of the investigated muscles was found in all but four patients (Table 3). 

Muscle ultrasound 
Muscle ultrasound showed atrophy of the sternocleidomastoid muscles 
in all but one patient. The mean Z-score of this muscle was -2.27, 
significantly lower than in the normal population (p<0.01). In contrast 
with the decrease in muscle volume, the EI was rarely above 2 SD in the 
sternocleidomastoid muscles. Abnormal findings on ultrasound were 
rare in the muscles located outside the radiation field (Table 3).

Nerve conduction studies
Nerve conduction studies showed abnormalities in 6 patients, of which 
only one had been treated by chemotherapy (patient nr.11). One patient 
had low SNAP amplitudes and borderline low conduction velocities of 
all investigated nerves. Another patient had borderline low amplitude 
SNAP of the superficial radial nerves on both sides and borderline low 
nerve conduction velocities of both median nerves. Three patients had 
low SNAP amplitudes of the superficial radial nerves; in one patient 
this was present unilaterally. Finally, one patient had isolated low nerve 
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conduction velocity of the right median nerve at the wrist segment, 
compatible with a (subclinical) carpal tunnel syndrome unrelated to 
the radiotherapy.

Needle EMG
Needle EMG showed abnormal findings in the majority of the neck and 
deltoid muscles. Abnormalities were less prevalent in the biceps and 
antebrachial flexor muscles (Table 3). 
Myogenic changes (small amplitude, short duration motor unit action 
potentials) were most prevalent in the cervical muscles, occurring 
in 11 patients (Figure 2). Only one patient showed light neuropathic 
changes (large amplitude, long duration motor unit action potentials) 
in the neck muscles. The deltoid muscles showed mostly neuropathic 
abnormalities (in six patients), while myogenic changes and mixed 
changes were present in three and one patient respectively.  The 
biceps and antebrachial flexor muscles showed neuropathic damage 
in all but one patient who were investigated. No spontaneous activity 
pointing to denervation or myositis was found in any of the patients, 
but two patients showed myokymia; one in the right deltoid and the 
other in the right sternocleidomastoid muscle.

Figure 2. Results of needle EMG.

Neck muscle atrophy and weakness after radiotherapy

167



Discussion
Clinical findings
Neck muscle weakness is a very frequent late complication in HL 
survivors treated with mantle field RT, occurring in 85% of the patients 
in our cohort. Patients with impaired neck muscle strength have a large 
scale of complaints which negatively influence their daily activities and 
result in increased fatigue scored on the CIS 20 scale. Mantle field RT 
survivors with preserved neck muscle strength do not experience such 
severe complaints.
All patients diagnosed with cervical muscle weakness were radiated 
more than 10 years ago, and most patients (11/12) had an onset latency 
of more than 15 years. These findings are in line with previous reports 
describing symptomatic neck muscle weakness mostly occurring more 
than 10 years after radiotherapy.13 The progressive character of the 
muscle damage is shown by the fact that no patients irradiated less 
than 10 years ago had weakness compared to diminished strength in 
all survivors treated more than 30 years ago. 
Few reports on HL survivors with impaired neck muscle strength 
describe patients with neck extensor weakness, presenting with a 
dropped head syndrome.13, 25 Clinically, we found predominantly neck 
flexor weakness. When we examined the neck flexors and extensors 
by needle EMG, all patients showed an equal amount of abnormalities 
in both muscle groups, suggesting that both the anterior and posterior 
neck compartments are equally affected by radiotherapy. 
Our study is the first one in which systematic testing of all neck muscles 
has been performed in an unselected group of mantle field treated 
patients. Typically patients will not consult their physician because of 
neck flexor weakness as this will manifest in impairment of lifting the 
head from the pillow or maintaining head position when swimming on 
the back. These are not very debilitating complaints, in contrast to the 
dropped head syndrome that occurs when severe damage to the neck 
extensors develops.26 
Two mantle-field irradiated HL survivors did not show neck muscle 
weakness at all. They are both engaged in sport actvities after 
radiotherapy in which the neck muscles are trained (rowing and water 
polo). Possibly, muscle strength training may have prevented neck 
muscle weakness. Interestingly, they showed no late sequelae in other 
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structures either (cardiac valves, carotid wall, thyroid gland). Apparently, 
some patients are les vulnerable to radiation induced damage in these 
tissues, possibly due to genetic differences in radiosensitivity.27

Pathophysiology
There is no consensus about the etiology of the muscle atrophy in the 
few studies performed so far. Several theories have been proposed 
based on a small number of cases.10, 11, 13, 28, 29 There have been findings 
consistent with primary damage to the neurons, the muscles and to 
extrinsic factors like the vasculature or the connective tissue. 
In our study the sternocleidomastoid muscle was severely atrophic 
in 67% of patients and the group as a whole had a significant lower 
diameter (and thus volume) of this muscle in comparison to the general 
population. The discrepancy between this severe atrophy and the 
mostly normal EI suggests that muscle damage is most likely caused 
by an extrinsic factor, e.g. the progressive microvascular fibrosis. This 
has been hypothesized earlier as Fajardo et al showed that capillaries 
are susceptible to radiation damage.30

Needle electromyography of the neck muscles situated in the radiation 
field showed mostly myogenic changes, with small motor units 
consistent with the amount of atrophy found. This pattern was also 
found by others 10, 11, 13 but our study includes the largest number of 
patients and shows a consistent pattern of myogenic changes in 71% 
of the muscles entirely situated within the radiation field. Twenty 
percent of the neck muscles showed neuropathic or mixed changes 
which can presumably also be explained by vascular injury triggering 
nerve damage. 
The deltoid muscles which are partially situated in the radiation field 
and the muscles entirely situated outside the radiation field appeared 
to have mostly neuropathic damage on needle EMG, suggesting 
primary affection of the nerve roots and brachial plexus which are 
situated in the radiation field for a long distance. Especially the axillary 
nerves which innervate the deltoid muscles are prone to injury as they 
have a smaller diameter and are situated in the axilla which receives 
a substantial amount of the radiation.31 Only one of the three patients 
who were treated by chemotherapy showed neuropathic changes, so 
this has not substantially contributed to this finding. The myogenic 
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changes in the deltoid muscles could have been directly caused by 
radiation to these muscles, as there is some dispersion of radiation as 
shown in dosimetry studies.31

We did not perform muscle biopsy in these patients to confirm our 
hypothesis. However a myogenic origin of damage in irradiated muscles 
was shown in four previous reports analyzing muscle biopsies.10-12 
One case report describing the trapezius muscle in a 42 year old HL 
survivor previously treated by mantel field RT is suggestive of nemaline 
myopathy12. This disorder characterized by muscle atrophy and 
intracytoplasmatic rod formation in the myofibers, has been observed 
in a variety of settings (eg. polymyositis, spinal progressive muscle 
atrophy, acute alcoholic myopathy), when discarding the congenital 
and familial types which are most frequent. However, it is also a known 
phenomenon in muscle ageing,32 possibly suggesting that RT induces 
accelerated muscle ageing. This disorder was however not described 
in other HL survivors with muscle weakness. Two other studies 
performing muscle biopsies in irradiated patients are suggestive 
of muscular damage.10, 11 Unfortunately, biopsies were taken from 
the deltoid muscle, which is not completely  situated within the 
radiation field.11 Furthermore, Aggarwal et al conclude, after extensive 
investigations including muscle biopsies, that the etiology of the muscle 
atrophy is myogenic, but their report had only been presented as an 
abstract which does not state from which muscles the biopsies were 
taken.10 Another case study describes a muscle biopsy from a deltoid 
muscle in a patient who had been treated by ‘whole body RT’, a highly 
uncommon treatment modality for HL. The muscle biopsy revealed 
chronic neurogenic reinnervation.13 

Clinical implications
Until now therapy has been focused on supportive care measurements 
like soft neck collars or surgery (posterior spinal arthrodesis) in more 
severe cases.26 Based on our hypothesis that primary vascular injuries 
may cause myogenic damage in the muscles situated in the radiation 
field, we recommend training of the affected muscles. This hopefully 
may promote increased vascularisation of the muscles by forming of 
collateral vessels, which can contribute to maintaining muscle strength 
and integrity. Our theory is supported by the fact that the two mantle 
field irradiated patients without neck weakness perform sports during 
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which the neck muscles are intensively trained. Moreover, patients 
visiting a physiotherapist on a regular basis report beneficial results 
from performing regular training exercises.
Currently, we refer our patients with neck weakness to an academic 
rehabilitation centre in order to undergo a suited muscle strength 
training program aiming at reduction of neck complaints and at gain 
of muscle strength. Further studies are needed in which mantle field 
irradiated HL survivors are randomized between training on a regular 
basis versus no training. 
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Summary9



Cure can be achieved with current treatment modalities in most 
patients with Hodgkin Lymphoma (HL). For many years, focus of initial 
therapy is reduction of long-term complications, mainly secondary 
malignancies and cardiovascular diseases. This thesis focuses on 
cardiovascular complications in Hodgkin Lymphoma survivors (HLS). 
The development of cardiovascular complications is mostly related 
to mediastinal radiotherapy. Although numerous studies describe 
cardiovascular complications after radiotherapy, guidelines for 
comprehensive cardiovascular screening and treatment of risk factors 
in HLS are still lacking. 

In chapter 2, the available data on different screening modalities 
for cardiovascular disease are summarized and a proposal for a 
cardiovascular screening program in HLS treated with radiotherapy is 
given. Part of this proposal is screening for coronary artery disease 
(CAD) starting five years after radiotherapy in HLS 45 years or older and 
in younger HLS with two or more traditional cardiovascular risk factors. 
Screening for CAD can be delayed till 10 years after radiotherapy in 
younger patients with one or less traditional risk factors. Modern 
imaging techniques like coronary artery (CAC) score or CT-angiography 
may be the preferable methods for screening. HLS with CAD can 
remain asymptomatic for a long time due to nerve damage caused 
by radiotherapy. Therefore, in HLS with CAD on modern imaging 
techniques, additional testing for the detection of the severity of CAD 
should be performed, even in the absence of complaints. Valvular 
disorders can be most properly evaluated by echocardiography starting 
10 years after radiotherapy in all HLS. Arrhythmias or conduction 
abnormalities can be detected by electrocardiography, which should 
be performed at each cardiovascular screening moment. Repeating 
these screening tests every five years is advised. Furthermore, 
HLS should be repeatedly instructed about signs and symptoms of 
cardiovascular disease and should contact their treating physician in 
case of complaints. Furthermore treating physicians should be aware 
of the risks of cardiovascular disease in HLS. Traditional cardiovascular 
risk factors should be carefully monitored and treated, considering 
patients treated with RT as high risk patients for cardiovascular 
disease, who should be treated according to guidelines for secondary 
prevention.
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Arterial stiffness has been shown to be an early marker of cardiovascular 
disease and a surrogate marker for cardiovascular mortality in several 
high risk populations like patients with diabetes and chronic kidney 
disease. In chapter 3, arterial stiffness is described for the first time 
in patients treated with radiotherapy. Two different parameters of 
arterial stiffness are measured: the carotid-femoral pulse wave velocity 
(PWVcf) and the common carotid artery (CCA) distensibility coefficient 
(DC). A high PWVcf and a low DC are indicative of stiffer arteries. Overall, 
PWVcf was not significantly higher in HLS with radiotherapy to the aorta, 
compared to HLS without radiotherapy to the aorta or to controls. Age 
at radiotherapy proved to be a significant predictor of PWVcf. PWV was 
significantly higher in patients treated with radiotherapy at age > 40 
years (8.54 m/s) than in patients irradiated at younger age (7.14 m/s) 
and controls (6.91 m/s), even after adjusting for traditional risk factors. 
Similar results were found in HLS irradiated on the CCA. The lowest 
CCA-DC was found in HLS treated with radiotherapy at an age of > 35 
years. In general, radiotherapy is associated with increased arterial 
stiffness. The effect of radiotherapy seems most prominent when RT is 
administered at older age (above 35-40 years).

PWVcf had not been measured previously in patients treated with 
radiotherapy. The optimal technique for measuring PWVcf has still to 
be determined. Therefore, two devices (SphygmoCor and Vicorder) for 
measuring PWVcf were compared in chapter 4 in a group of 38 healthy 
individuals. The SphygmoCor is based on applanation tonometry and 
the Vicorder uses an oscillometric technique to measure the PWV over 
the carotid-femoral trajectory. The Vicorder is a new device, designed 
to be easy in daily use and less operator-dependent. The Vicorder 
was compared to the widely used SphygmoCor. Intra-operator 
reproducibility of each instrument and comparison between the 
two devices, assessed by the Bland-Altman method, showed better 
properties for the SphygmoCor device. This device has subsequently 
been used to measure PWV in HLS (chapter 3).

Intima media thickness (IMT) of the carotid artery is a strong predictor 
of stroke in high risk populations. Together with the presence of plaque 
and other traditional cardiovascular risk factors, IMT can be used to 
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stratify patients in high/low risk categories for the development of 
cardiovascular disease. The results of IMT and plaque in 82 HLS and 
40 control subjects are described in chapter 5. HLS treated with 
radiotherapy on the CCA had higher unadjusted IMT (0.582 mm) than 
HLS treated without radiotherapy (0.538 mm) and controls (0.530 mm). 
After fitting a multiple mixed model, IMT was highest (0.631 mm) in the 
HLS treated with RT more than 15 years before screening. In multivariable 
analysis the following predictors of IMT were identified: follow-up time 
from radiotherapy, current age, abdominal circumference and pack 
years of smoking. The occurrence of plaque was also most prevalent 
(12/20 patients) in the HLS treated with radiotherapy on the CCA more 
than 15 years before. In multivariable logistic regression analysis, age 
and female gender proved to be significant factors too. In conclusion, 
HLS treated with radiotherapy to the neck are at increased risk of 
developing subclinical atherosclerosis of the CCA, the risk increasing 
with increasing follow-up time from radiotherapy. Due to the small 
differences in radiotherapy dose used in this group of HLS, we could 
not demonstrate an effect of radiotherapy dose on IMT or plaque.

CAC-score measurements have been performed in 75 HLS, of which 
46 patients had been treated with mediastinal radiotherapy (MRT). 
The results of the CAC-score measurements and clinical characteristics 
of these patients are described in chapter 6. Significantly increased 
CAC-scores (i.e. CAC-scores >75th percentile for age and gender of the 
normal population) were found in 41.3% of HLS treated with MRT, 
compared to 10.3% in non-irradiated HLS. Most significantly increased 
CAC-scores were observed in the 35 HLS treated with MRT more than 
10 years before screening (51.4%). The percentage HLS with a CAC-
score > 75th percentile was 9.1% in the HLS treated with MRT less 
than 10 years ago, comparable to 10.3% in the non-MRT group. HLS 
treated with MRT and CAC-score > 75th percentile had more traditional 
cardiovascular risk factors (median 3) than HLS treated with MRT with 
a CAC-score < 75th percentile (median 2). 

Chapter 7 describes the findings from echocardiography in 82 HLS, 
of which 50 were treated with MRT. Overall, during a median follow 
up of 13.4 years, severe valvular heart disease occurred in 24.5% of 
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the irradiated HLS patients compared to 3.4% of non-irradiated HLS 
(p=0.016). Aortic and mitral insufficiencies were most frequently 
observed. Follow-up time after MRT and hypertension seem to be 
associated with an increased risk of valvular disorders, especially aortic 
regurgitation. HLS treated with MRT more than 15 years ago, have a 
significant 4.70-fold (95%-CI: 1.05-21.03, p=0.043) increased odds for 
AR than HLS treated with MRT shorter than 15 years ago, after adjusting 
for age and hypertension. Valvular replacement was performed in 
14.0% of the irradiated patients for a total of 10 valves, comparing to 0 
non-irradiated HLS.

During the extensive cardiovascular work-up, a remarkable 
phenomenon was reported by HLS. They had various complaints of 
their neck muscles, varying from pain to weakness. In order to reveal the 
pathogenesis of these neck muscle complaints in HLS, 12 HLS treated 
with mantle field radiotherapy underwent a thorough investigation, 
described in chapter 8. Besides a precise description of their 
complaints, additional tests were performed, such as dynamometry, 
ultrasound of the sternocleidomastoid, biceps and antebrachial 
flexor muscles and needle electromyography of neck, deltoid and 
ultrasonographically affected arm muscles. Ten HLS reported 
neck complaints, most had neck pain and muscle weakness which 
sometimes were very invalidating. On clinical examination neck flexors 
were more frequently affected than neck extensors. Patients suffering 
from neck extensor weakness were most invalidated due to pain. One 
patient even had a dropped head syndrome. Additional investigations 
showed that muscles situated within the mantle radiation field mostly 
showed myogenic damage; muscles situated outside this field showed 
mostly neurogenic damage. A discrepancy was found between echo-
intensity and muscle atrophy, suggesting that muscle damage is most 
likely caused by an extrinsic factor such as progressive microvascular 
fibrosis, which can also cause damage to nerves situated within the 
mantle field. 
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Discussion10



This thesis focuses on the early detection of cardiovascular and 
neurological abnormalities in Hodgkin Lymphoma Survivors (HLS) in a 
relatively small population of 82 patients and 40 controls and in a cross-
sectional setting. So far, most studies have described symptomatic 
cardiovascular diseases in terms of clearly defined end points. Contrary 
to the guidelines with regard to screening for secondary malignancies 
and hypothyroidism which have been implemented widely, no well 
designed screening programs for cardiovascular disease have been 
designed in HLS. Radiotherapy regimens for Hodgkin Lymphoma (HL) 
have changed substantially during the last decades, less intensive 
treatment modalities being introduced. From the studies presented 
in this thesis, one may conclude that especially patients who received 
radiotherapy before 1995-2000 (more than 10-15 years ago) are prone 
to cardiovascular events. For these patients, a screening program 
is urgently needed. First, we discuss the changes in the treatment 
modalities for HL and the limitations of our study sample with regard 
to the recommendations for screening. Then, we discuss the results 
of the different cardiovascular screening modalities performed in this 
group of HLS. Based on these findings we suggest a cardiovascular 
screening program for HLS.

Changing treatment modalities in HL patients
In our study, HLS survivors were treated between 1969 and 2005 with 
different first line regimens. The findings from the studies presented 
in this thesis should be judged in light of the treatment modalities and 
their changes over the past decades. Especially radiotherapy has been 
adapted to less extensive fields and to lower dose. However, there 
were no uniform treatment strategies for certain periods of time. As 
of the early 1990’s, most of the patients described in our study were 
treated within randomized controlled trials designed by the European 
Organisation for Research and Treatment of Cancer (EORTC). These 
studies, aiming at the optimal treatment for HL patients, compared 
old with new treatment strategies and have been described in detail 
elsewhere.1 As a consequence of participation in these trials, some HL 
patients were treated with extensive field radiotherapy until the late 
1990’s.2 Furthermore, the highest radiotherapy dose of 40 Gy was still 
used in 3 of 13 patients treated with radiotherapy from 2000 until 2005. 
Before the early 1990’s, HL patients were mostly treated with extensive 
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field radiotherapy. However in our study, of the 28 patients treated 
with radiotherapy before 1993, 11 received involved field radiotherapy 
(mostly radiotherapy to the mediastinum only, n=9 patients). Also 
chemotherapy regimens were modernised, most HL patients treated 
during recent years receiving ABVD treatment. However, older 
schemes like EBVP were also part of EORTC trials until early 2000 (see 
abbreviation list for explanation of chemotherapy regimens). MOPP 
containing chemotherapy was abandoned in our study population in 
1997. Because of this variation in treatment modalities over the years, 
it is difficult to differentiate whether certain types of treatment or 
follow-up time from treatment determine the long-term outcomes of 
HLS in our studies.
In order to better illustrate the characteristics of the different treatment 
regimens in our HLS, we will describe in more detail the different 
treatment modalities (Table). Extensive radiotherapy fields (currently 
abandoned) were used in 20 HLS described in this thesis: mantle field 
radiotherapy (n=18) and subtotal nodal irradiation (n=2). Involved field 
radiotherapy was given in 35 HLS: radiotherapy to the mediastinal and 

Table. Patients and treatment characteristics in all 82 HLS described in this thesis.
Patient characteristics in HL survivors 

n=82

Treatment regimens in HL survivors n=82 Age at HL 
diagnosis 

years (range)

Follow-up from 
HL diagnosis  
years (range)

All HLS (n=82) 33.4 (12-69) 13.4 (2-39)
Chemotherapy only (n=27) 39.1 (18-69) 8.4 (2-26)
Chemotherapy and radiotherapy (n=39) 30.6 (16-61) 14.1 (2-37)
Radiotherapy only (n=16) 29.5 (12-65) 20.2 (11-39)
Extensive field radiotherapy (n=20) 28.9 (12-65) 22.7 (11-39)
Involved field radiotherapy (n=35) 31.1 (16-61) 11.9 (2-28)
Radiotherapy dose ≥ 40 Gy (n=37) 28.2 (12-65) 19.4 (5-39)
Radiotherapy dose < 40 Gy (n=18) 34.6 (16-61) 8.6 (2-19)
Anthracyclin containing chemotherapy (n=54) 34.6 (16-69) 9.0 (2-28)
Chemotherapy without anthracyclin (n=12) 30.9 (21-51) 21.8 (11-39)
ABVD (n=26) 38.3 (18-61) 5.5 (2-10)
MOPP/ABV (n=16) 32.6 (18-69) 13.5 (10-19)
BCVPP (n=8) 32 (21-49) 19 (16-21)
MOPP (n=7) 27.1 (17-51) 27.6 (23-37)
EBVP (n=5) 27.2 (24-32) 6 (5-8)
BEACOPP (n=2) 34.5 (24-45) 11 (7-15)
OPPA (n=2) 17 (15-17) 15 (14-16)
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cervical lymph regions (n=15), mediastinal region only (n=14), cervical 
region only (n=4), inverted Y technique (para-aortic and inguinal 
regions) and axillary region only (n=1 for each). Two-thirds of patients 
treated with radiotherapy received 40 Gy (n=35) or more (n=2; 42 Gy 
and 44 Gy respectively) and only one third was treated with 36 Gy (15 
patients, one with 37 Gy) or less (n=2; 20 Gy and 28 Gy respectively).
Currently, ABVD is the first-line chemotherapy regimen of choice in HL 
patients. In our cohort 26 patients were treated with this regimen, the 
other chemotherapy regimens are described in the Table. 54 HLS have 
been treated with anthracycline containing chemotherapy: 47 as first 
line treatment for HL, 4 as treatment of HL relapse and 1 patient because 
of secondary breast cancer. The mean cumulative anthracycline dose 
was 304 mg/m2 (range 100-660 mg/m2). This dose was calculated taking 
into account all anthracycline containing treatments (relapse and 
treatment for secondary malignancy).
Of the 82 included HLS, 12 patients were treated for a relapse of HL. 
During recent years (mean follow-up from relapse until current study: 
5 years), relapses were treated with DHAP-VIM-DHAP chemotherapy 
followed by BEAM and autologous stem cell transplantation in 7 HL 
patients (4 were previously treated with ABVD chemotherapy only, 
two with ABVD and involved field radiotherapy and one with EBVP 
chemotherapy only). A relapse after initial treatment with radiotherapy 
only occurred in 3 HL patients. All were treated with ABVD or MOPP/
ABV for their relapse. One patient previously treated with MOPP and 
involved field radiotherapy was treated with 6 cycles of ABVD for the 
HL relapse in 1984. One patient previously treated with EBVP and 
involved field radiotherapy was treated with 6 cycles of MOPP/ABV for 
the HL relapse.
Eight patients were diagnosed with a secondary malignancy, six before 
and two during the course of this screening study. Four women suffered 
from breast cancer, three being previously treated with mantle field 
radiotherapy and one patient with radiotherapy on the mediastinum. 
Two other patients were diagnosed with a lung carcinoma and two with 
a thyroid carcinoma, all being treated with radiotherapy to the mantle 
field or mediastinum. The median interval between radiotherapy and 
the diagnosis of secondary malignancy was 17 years.
Because of the different treatment regimens over the years, these 
patients form a heterogeneous group, but are a typical HLS population 
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that most haematologists encounter in their practice. Patients treated 
longer ago not only have a longer follow-up time but were also treated 
differently (with radiotherapy only, more extensive radiotherapy 
fields, higher radiation dose and older chemotherapy regimens), see 
Table. Due to the well-known late effects of treatment, haematologists 
keep following these patients on the outpatient clinic, without exactly 
knowing what they should be looking for in the individual patient. 
Screening guidelines for secondary cancers and hypothyroidism have 
been implemented, but there are no evidence based recommendations 
on how to monitor HLS for other late cardiovascular disorders 
and neurological diseases. There are especially no patient tailored 
guidelines on what investigations are to be performed in the different 
groups of HLS based on the treatment modalities they were exposed 
to. There is no data on which factors should be taken into account 
when deciding how to screen HLS, like gender, cardiovascular risk 
factors, the occurrence of other late complications of treatment (like 
hypothyroidism), age at treatment, etc.
We hope that the data from this cohort HLS will contribute to a 
better understanding of the prevalence of sub-clinical cardiovascular 
and neurological damage in HLS, despite treatment with various 
radiotherapy and chemotherapy regimens. Furthermore, risk factors 
for these late effects are studied; their identification will hopefully 
facilitate the recognition, closer monitoring or, if necessary, treatment 
of individuals at high risk of developing symptomatic disease. The 
final aim is to improve the long term quality of life and survival of HL 
patients.

Vascular disease
Arterial stiffness
We show for the first time that arterial stiffness is associated with 
radiotherapy. Based on animal studies and human histological 
research we hypothesise that the pathophysiology of arterial stiffening 
after radiotherapy is multifactorial. First, arterial stiffening can be a 
consequence of nitric oxide (NO)- and prostacyclin-mediated endothelial 
dysfunction which was shown to occur early 3-4 and probably still is 
present years after radiotherapy.5 Furthermore, atherosclerotic lesions 
of the arterial wall can contribute to the stiffening of arteries, since 
fibrous tissue deposition, disruption of the internal elastic membrane 
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and increased proteoglycan content were found in irradiated vessels.6-8 
We found that arterial stiffness was most increased in HLS irradiated 
treated at older age. This can be explained by the further decrease 
in NO levels by radiotherapy 4 in older subjects who already have 
lower levels of NO than younger healthy subjects.9 Furthermore, RT 
can accelerate atherosclerosis which is more often present in older 
subjects.10 
Based on these findings and on the fact that follow-up time from 
radiotherapy was not associated with arterial stiffness, we hypothesise 
that arterial stiffening probably occurs early after radiotherapy. This 
hypothesis could have two implications:
First, HL patients aged 35-40 or older at diagnosis (half of HL patients, 
since median age at diagnosis is 38 years) should be treated with a 
patient-tailored approach. Patients with high cardiovascular risk based 
on traditional cardiovascular risk factors, arterial stiffness parameters 
might best be treated with chemotherapy only. For example, a 45 
years old HL patient with 2 cardiovascular risk factors (for example 
smoker and diagnosed with untreated hypercholesterolemia) and a 
PWV above the reference value for age and gender should be treated 
with an intensive chemotherapy regimen only (BEACOPPescalated for 
example). In contrast, another HL patient of 45 years old with the same 
HL risk-factors, but without cardiovascular risk factors and a normal 
PWV, might best be treated with chemotherapy (for example ABVD) 
and involved field radiotherapy. 
Second, arterial stiffness measurements can be a potential screening 
method after radiotherapy to detect which HLS are at increased risk of 
developing cardiovascular disease. However, we do not recommend 
screening irradiated HLS with arterial stiffness parameters, since no 
therapeutic intervention can be initiated that improves the arterial 
stiffness. Hypertension and other risk factors for cardiovascular 
disorders should be treated in irradiated HLS, independently of the 
outcome of arterial stiffness measurements.
Our findings need to be confirmed in HLS treated with modern 
regimens. However, since follow-up time from radiotherapy and 
radiotherapy dose were not associated with PWV or DC, these findings 
are expected to be comparable in HLS treated with modern techniques 
only. Of course, prospective trials are needed to assess the predictive 
value of arterial stiffness in the occurrence of cardiovascular events 
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in HLS. Randomized controlled trials are needed to assess the best 
cardiovascular- and HL-risk factor- based treatment strategy of HL. 
Current HL treatment strategies based on HL prognostic factors and 
PET guided decision making should be compared to a strategy in 
which cardiovascular profile is also taken into account. At diagnosis 
of HL, a randomisation should take place for standard HL treatment 
without considering the cardiovascular risk profile, compared to a 
cardiovascular-tailored approach as suggested in the example above.
Furthermore, individual results of single PWV measurements should 
be interpreted with care; since it was shown in reproducibility studies 
that differences in PWV in the same subject can vary up to 1.5 m/s.11-13 
In order to improve accuracy of the obtained PWV value which would 
classify HLS in the low/high risk group for CVD, the mean of three PWV 
measurements should be taken into consideration.   

Atherosclerotic disease
The two studies evaluating atherosclerotic disease (carotid and coronary 
artery disease) show similar findings. Both demonstrate an association 
between radiotherapy and atherosclerotic disease. Atherosclerosis was 
most prevalent when HLS were followed for 10-15 years or more form 
radiotherapy. This is consistent with findings from studies describing 
symptomatic cardiovascular disease,14-16 suggesting that radiotherapy 
has a prolonged effect on atherosclerosis. As discussed above, it is 
difficult to differentiate between the effects of follow-up time from 
radiotherapy and the older radiotherapy techniques as the true 
risk factors for atherosclerosis. Further follow-up of this cohort and 
other studies in a larger number of recently treated HLS are needed 
to clarify this issue. Another consistent finding in these two studies is 
that traditional risk factors for cardiovascular disease are predictors of 
IMT, plaque and CAC-scores. This in concordance with other studies 17-

18 and underlines once more the importance of treating hypertension, 
hypercholesterolemia and encouraging smoking cessation and losing 
weight in HLS. 
Based on our results, screening HLS for sub-clinical atherosclerotic 
disease (intima media thickening of the common carotid artery, 
plaques of the neck arteries or coronary artery calcium) seems 
reasonable starting 10 years after radiotherapy. This cross-sectional 
study is not designed to identify the best screening method for the 
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prediction of cardiovascular disease. Of course, in patients treated 
with radiotherapy to the neck only IMT/plaque should be monitored. In 
HLS with radiotherapy to the mediastinum only, screening by imaging 
of the coronary arteries should be performed. In HLS treated with 
radiotherapy to both cervical lymph nodes and mediastinum, further 
follow-up of this cohort of HLS is needed in order to identify the best 
parameter to be monitored. 
From the studies presented in chapters 4 and 5 we cannot 
distillate the clinical consequences of the detection of sub-clinical 
atherosclerotic disease. With regard to asymptomatic carotid artery 
stenosis, the treatment of choice is still a matter of debate. 19-20 In 
the guidelines of the American Heart Association/American Stroke 
Association the advantages of current medical therapy are underlined 
in contrast to the small absolute risk reduction of stroke in patients 
treated by revascularisation techniques.19 Therefore, a careful 
selection of asymptomatic patients who should be treated with 
carotid revascularisation is advocated. 19 In contrast, guidelines from 
the Society for Vascular surgery recommend carotid endarterectomy 
(CEA) as first-line treatment for most patients with asymptomatic 
carotid stenosis of 60 to 99 percent.20 In the current guidelines, there 
are no recommendations for the management of asymptomatic 
carotid artery stenosis in patients treated with radiotherapy to the 
neck.19 A recent meta-analysis in irradiated patients showed that 
stenting and CEA are feasible revascularization techniques with low 
risk for any cerebrovascular adverse effects.21 Although patients 
undergoing CEA had more temporary cranial nerve injury, higher 
rates of late cerebrovascular adverse effects and restenosis were 
identified after carotid stenting.21 HLS treated with radiotherapy to 
the neck who are found to have asymptomatic carotid artery disease 
have other characteristics than the patients on which the guidelines 
are based on.22 They are younger at diagnosis of atherosclerosis and 
therefore can benefit longer from the effects of revascularisation 
strategies. Furthermore, atherosclerosis is thought to be accelerated 
by radiotherapy, therefore HLS may already benefit from aggressive 
(medical) therapy at diagnosis of atherosclerosis, even before a 
significant stenosis has occurred. 
The clinical consequence of significantly increased CAC-scores is 
even more unclear. Until now it has not been proven that initiating 
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pharmacologic therapy in asymptomatic patients with CAC improves 
outcomes. However the studies performed on this subject did not 
include irradiated patients and mostly had a short follow-up.23-25 CAC 
was shown to be highly sensitive and moderately specific for the 
presence of ≥50 percent angiographic coronary stenosis.26 Therefore 
additional diagnostic studies are probably warranted in order to 
detect the degree and significance of coronary artery stenosis. This 
is particularly important since HLS with significant CAD can remain 
asymptomatic for a long time.27 Subsequently, the best treatment 
strategy can be instituted.
This thesis thus raises several questions which can only be answered 
by prospective studies:
• Should HLS in which plaque or a high IMT was detected in the neck 

arteries be followed with ultrasound for the timely detection of 
significant carotid artery stenoses? 

• How often should follow-up studies be performed? 
• Should HLS with sub-clinical carotid atherosclerosis and no 

significant stenosis receive aggressive medical treatment with 
platelet aggregation inhibitors, statins and antihypertensive agents 
even in the absence of hypercholesterolemia/hypertension?

• What should be done if asymptomatic carotid artery stenosis has 
occurred (aggressive medical therapy, percutaneous stenting or 
surgical intervention)?

• What are the consequences of the detection of a significantly 
increased CAC-score during follow-up?

• Should HLS in which a significantly increased CAC-score was found 
be tested with additional tests (stress-tests/coronary angiogram) in 
order to detect clinically relevant CAD?

• How often should HLS be screened for sub-clinical CAD? Should HLS 
with a significantly increased CAC-score (without proven significant 
CAD) be screened more often than HLS with a not-significantly 
increased CAC score? Can HLS with a CAC score of 0 be screened 
less frequently?

• What is the optimal screening method?
• Should HLS with sub-clinical coronary atherosclerosis receive 

prophylaxis with platelet aggregation inhibitors or lipid lowering 
drugs even in the absence of hypercholesterolemia?
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Furthermore, research should be initiated on the role of atherosclerosis-
screening in HL patients at diagnosis of HL. As has been shown by others18, 
HLS seem to develop cardiovascular disease at an earlier stage after 
radiotherapy if they are older at radiotherapy. This is possibly caused 
by accelerated vascular disease by radiotherapy.10, 18 We were not able 
to confirm these findings in our study, since older age at radiotherapy 
was not associated with IMT, plaque or CAC-score. However, since 
arterial stiffness was associated with age at radiotherapy and taking 
into consideration the data from the literature, it seems reasonable to 
us that a detailed cardiovascular risk profile should be determined at 
diagnosis of HL. This cardiovascular profile can be based on traditional 
cardiovascular risk factors, arterial stiffness and/or atherosclerotic 
parameters. The best combination of tests should be determined by 
further research in HLS, as is currently being investigated in other high-
risk populations like the SMART-study cohort.28-29 In HL patients with a 
high-risk profile on cardiovascular screening, treating haematologists 
can consider initiating HL treatment without radiotherapy, as patient-
tailored HL treatment has been frequently advocated by experts in this 
field.30

Cardiac disease
In addition to coronary artery disease we looked into other cardiac 
abnormalities in HLS. When screening for valvular disease, we found 
that nearly half (47.6%) of all patients had mild, moderate or severe 
valve abnormalities. Valvular disease was more prevalent in HLS 
treated with mediastinal radiotherapy (61.2 %) when compared to HLS 
treated without mediastinal radiotherapy (31%). Left-sided valvular 
regurgitations, together with tricuspid valve regurgitation were the 
most common valvular disorders. These results are similar to recent 
studies in larger groups of HLS.31-32 Furthermore, the prevalence 
of valvular disease increased with time after radiotherapy, as also 
described by others.32-33

Based on these findings and on the available literature summarised in 
chapter 2 we suggest performing a first screening echocardiography 
10 years after mediastinal radiotherapy. Identifying even mild valvular 
disorders or functional cardiac abnormalities should prompt closer 
follow-up by cardiologists and treatment of associated risk factors and 
symptoms at an early stage. 
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We did not find any relevant abnormalities by screening electro-
cardiography (ECG), so the importance of this screening modality 
remains unknown (data not shown). Older studies show a high rate 
of abnormalities on ECG 34-35, while a new study also showed mostly 
normal ECG’s in HLS 32, suggesting that more recently treated HLS are 
not as much as risk of developing arrhythmias or conduction system 
abnormalities.

Neurological disease
This is the first study that systematically investigates the burden and 
pathophysiological mechanism of radiation-induced muscular damage. 
Based on clinical findings, results of muscle ultrasound and needle 
electromyography of muscles situated within and outside the radiation 
field, we conclude that damage is most likely caused by an extrinsic 
factor such as progressive microvascular fibrosis. When considering a 
vascular injury as the primary cause of myogenic damage, we suggest 
training of the affected muscles, starting soon after radiotherapy to 
promote increased vascularisation of the muscles by forming collateral 
vessels. Prospective studies are needed to assess the effectiveness of 
such programs. 

Future perspectives and cardiovascular screening programs
Extrapolating the findings in our studies the following screening 
recommendations for cardiovascular disease seem reasonable (Figure):
1. At HL diagnosis patients older than 35 years should be screened for 

cardiovascular risk factors and cardiovascular burden in order to 
suggest a patient tailored HL therapy. We recommend considering 
treatment with only chemotherapy in the following situations:
•  patients with a previous history of CAD or stroke/transient  

 ischemic attacks.
• patients above 35-40 years and:

 o two or more cardiovascular risk factors or
 o high cardiovascular risk based on additional screening 

tests. Screening tests can consist of arterial stiffness 
parameters (PWV/DC) and perhaps also atherosclerotic 
measurements (CAC score/IMT).
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2. After HL treatment including mediastinal radiotherapy screening 
for CAD should be performed as follows:
• HL patients with a low risk for CAD (age at treatment < 35 years, 

0-1 cardiovascular risk factors, radiotherapy dose < 36Gy to the 
mediastinum) should undergo screening for CAD by CAC-score 
at 10 years after mediastinal radiotherapy.

• HL with a high risk for CAD should undergo screening for CAD 
5 years after mediastinal radiotherapy

• In HLS with significantly increased CAC-scores, additional 
ischemia-detection tests or coronary artery imaging should be 
considered. 

• Subsequent screening points should be scheduled depending 
on the abnormalities observed at first screening, on the 
complaints of the patient and on the cardiovascular risk profile.

3. After HL treatment including radiotherapy to the neck, HLS should 
be screened by Doppler ultrasound of the neck arteries at 15 years 
after radiotherapy:
• If plaque is present in the neck arteries, HLS should be 

monitored more often by their treating neurologist for the 
timely detection of significant stenoses. Sequential IMT 
measurements is probably not of prognostic significance, 
as has been demonstrated recently36, therefore we do not 
recommend following IMT.

• Aggressive medical treatment should be considered even in 
the absence of asymptomatic stenoses in patients with (quickly 
developing) atherosclerosis of the neck arteries.

• If a significant stenosis has occurred, patients tailored therapy 
should be instituted as advised by current guidelines19, 
considering aggressive medical therapy, percutaneous carotid 
stenting or surgical interventions.

4. After treatment including radiotherapy to the mediastinum, HLS:
• should undergo a screening echocardiography (and possibly 

also an ECG) 10 years after mediastinal radiotherapy for the 
timely detection of valvular disorders and functional cardiac 
problems. 
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• These screening modalities should be repeated at an interval 
dependent on the detected abnormalities. If no disorders are 
found at screening 10 years after mediastinal radiotherapy, HLS 
should not be discharged from follow-up, but a next screening 
moment should be scheduled probably 5-10 years after the 
first echocardiogram.

5. After treatment with anthracycline containing chemotherapy 
cardiac function should be assessed as well.37 In this study we did 
not focus on HLS treated with anthracycline chemotherapy.

In conclusion, we have updated our earlier recommendations made 
in chapter 2 (based on the literature reviewed at that time) with the 
data from the current studies (Figure). The most important change 
is lowering the age at which decision making regarding the most 
appropriate treatment for HL patients should be made, taking into 
consideration the individual CV risk profile. Based on the literature 
review we previously recommended 45 years, but based on results from 
chapter 3 we recommend regarding HL patients aged 35-40 as being 
already at risk of developing CVD after treatment with radiotherapy. 
We also recommend screening for sub-clinical cardiovascular disease 
(arterial stiffening and perhaps atherosclerosis) and cardiovascular 
risk factors at the moment of HL diagnosis. Furthermore, we added 
the suggestion of screening HLS treated with radiotherapy to the neck 
with Doppler ultrasound of the cervical arteries starting 15 years after 
radiotherapy. 
Further studies should be performed in recently treated HLS to confirm 
these recommendations, especially for HL patients treated with lower 
radiotherapy doses of 20-30 Gy. Recommendations based on this 
group of HLS should be evaluated for the individual HLS. The cohort 
of HLS described in this thesis should be followed five years after 
these screening studies in order to determine which of the screening 
modalities have the strongest predictive power for cardiovascular and 
neurological disease. 
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Screen for CV RFa and 
test for subclinical CVD 

- Address smoking, obesity, 
  exercising  
- Measure fasting glucoseb, BPc 
- Detect carotid bruitsd 
- Instruct about complaints 

- Measure cholesterol levele 

- CAC scoref  
- ECG ? 

- CAC scoreg 
- ECG ? 
- Echocardiogram 

HLS treated with mediastinal RT ≥15Gy  

Age at diagnosis 
 < 35 years 

Age at diagnosis 
 ≥ 35 years* 

At HL diagnosis 

Yearly 

3 yearly 

After 5 yearsf 

After 10 years and 
5 yearly 
subsequently 

After 15 years,  
if treated with RT  
to the neck arteries 

- Doppler cervical arteries 

Figure: Cardiovascular screening program in HLS.
BP blood pressure; CAC coronary artery calcium; CVD cardiovascular disease; ECG 
electrocardiogram; HLS Hodgkin lymphoma survivors; RF risk factor; RT radiotherapy.

* Consider treating HL patients aged > 35 years at diagnosis without radiotherapy in 
case of a prior history of CVD, if having ≥ 2 RF for CVD at HL diagnosis or if having a high 
CV risk profile after screening with arterial stiffness parameters (PWV/DC) and perhaps 
atherosclerotic parameters (IMT/CAC-score).

a Cardiovascular RF: hypercholesterolemia, hypertension, obesity, smoking, positive 
family history of cardiovascular disorders, history of cardiovascular disorders. In case 
of previous cardiovascular disease or a high risk profile (including cardiovascular 
complaints), consider treating HL without RT to the mediastinum.
b Treat diabetes mellitus according to the ADA/EASD guidelines44, considering RT as one 
risk factor for atherosclerosis.
c Treat hypertension according to the JNC 7 guidelines45, considering RT as one risk 
factor for atherosclerosis.
d In HLS treated by cervical RT.
e Treat hypercholesterolemia according to the NCEP ATP III guidelines46, considering RT 
as a risk factor.
f Also perform measurements of CAC score after 5 years in HLS <35 years at diagnosis 
with ≥ 2 RF for cardiovascular disease.
g In case of a CAC-score >0 referral to a cardiologist for ischemia detection. If no ischemia 
is detected on additional testing and there are no cardiac symptoms, repeat CAC-score 
in 5 years. In case of an augmentation of the CAC-score during subsequent testing, 
ischemia detection should be repeated as well.
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Introductie
Hodgkin lymfoom is een vorm van lymfklierkanker die in Nederland 
jaarlijks bij ongeveer 400 patiënten wordt vastgesteld. Bij diagnose 
zijn de patiënten meestal tussen de 20 en 35 jaar oud of ouder dan 
50 jaar. De laatste decennia zijn de mogelijkheden voor behandeling 
aanzienlijk verbeterd, waardoor tegenwoordig ongeveer 80-90% 
van de patiënten geneest. De kans op een recidief van het Hodgkin 
lymfoom is vanaf 10 jaar na diagnose erg klein. Daarentegen, neemt 
de kans op complicaties gerelateerd aan de behandeling juist toe in de 
loop der jaren. 
De behandeling van het Hodgkin lymfoom bestaat uit chemotherapie 
met of zonder bestraling, afhankelijk van het stadium waarin de ziekte 
zich bevindt. Patiënten met stadium I of II (ziekte beperkt zich tot één 
lymfkliergebied/orgaan of twee of meer lymfkliergebieden boven of 
onder het middenrif) worden behandeld met chemotherapie, meestal 
gevolgd door bestraling. Patiënten met meer verspreide ziekte (stadium 
III of IV) ontvangen veelal alleen chemotherapie (intensiever of meer 
cycli dan bij stadium I of II). Aanvullende bestraling vindt alleen nog 
plaats als de ziekte niet geheel op de chemokuren heeft gereageerd. 
Vroeger werd bestraling ook zonder chemotherapie toegepast en was 
het bestralingsgebied vaak uitgebreider (niet alleen de aangedane 
lymfklieren, maar ook de aangrenzende lymfklierstations werden 
bestraald; bijvoorbeeld de mantelveldbestraling). Hierdoor vielen 
ook grote delen van gezond weefsel (zoals hart, longen, borsten) in 
het bestralingsgebied. Om de schade aan de gezonde weefsels te 
beperken, werd in de loop van de jaren het bestralingsgebied kleiner 
(alleen de betrokken lymfklierstations of zelfs alleen de betrokken 
lymfklieren werden bestraald); de totale dosis bestraling werd ook 
verminderd, van 40Gy naar 20-30Gy. Door bestraling te combineren 
met chemotherapie (ook aangepast omdat sommige middelen meer 
kans op een secundaire leukemie gaven) was kans op genezing van 
de patiënten nog steeds groot, met minder kans op lange termijn 
complicaties. 
De meeste lange termijn complicaties worden veroorzaakt door 
bestraling. Daarom wordt tegenwoordig onderzocht of bestraling 
helemaal achterwege gelaten kan worden bij bepaalde groepen 
Hodgkin patiënten die goed reageren op de chemokuren. Ook wordt 
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onderzocht welke combinatie van chemokuren de beste kans op 
genezing geeft met de daarbij de kleinste kans op bijwerkingen.
De meest voorkomende late effecten van bestraling zijn het ontwikkelen 
van nieuwe kwaadaardige ziekten uitgaande van weefsels in het 
bestralingsveld (bv. borstkanker of longkanker). Daarnaast blijkt dat 
hart- en vaatziekten frequent voorkomen als doodsoorzaak bij Hodgkin 
patiënten (de tweede doodsoorzaak na kwaadaardige ziekten). Eerdere 
onderzoeken naar het hart- en vaatziekten bij Hodgkinpatiënten 
richtten zich op symptomatische patiënten. Er zijn maar weinig studies 
naar het voorkomen van beginnende (asymptomatische) hart- en 
vaatziekten lange tijd na behandeling voor Hodgkin lymfoom. Het is 
daarom ook niet bekend welke tests men het beste kan inzetten om 
asymptomatische hart- en vaatziekten op te sporen.

Inhoud proefschrift
In een dwarsdoorsnede (cross-sectioneel) onderzoek is in dit 
proefschrift het voorkomen van asymptomatische hart- en vaatziekten 
onderzocht bij 82 patiënten die succesvol zijn behandeld voor Hodgkin 
lymfoom en bij 40 gezonde vrijwilligers. Verschillende indicatoren 
van vroege hart- en vaatziekten zijn gemeten. Tevens is gezocht 
naar Hodgkin therapie- en patiënt gerelateerde risicofactoren die 
voorspellers kunnen zijn voor het optreden van hart- en vaatziekte 
op de lange termijn. Daarnaast wordt aandacht besteed aan minder 
bekende complicaties bij Hodgkin patienten, namelijk neurologische 
problemen van het nek- en schoudergebied. Dit proefschrift beoogt 
te komen tot een screeningsprogramma voor Hodgkin patiënten om 
hart- en vaatziekten in een vroege fase op te sporen.
In hoofdstuk 2 wordt een overzicht gegeven van de beschikbare 
literatuur over cardiovasculaire complicaties van bestraling. 
Vervolgens wordt een suggestie gegeven voor een cardiovasculair 
screeningsprogramma voor Hodgkin patiënten, gebaseerd op de 
weergegeven studies. Screening op kransslagader afwijkingen wordt 
aanbevolen vanaf 5 jaar na bestraling op de thorax bij Hodgkin 
patiënten van 45 jaar of ouder (op het moment van bestraling) en 
bij jongere patiënten met twee of meer risicofactoren voor hart- en 
vaatziekten. Bij de overige patiënten kan de screening met CAC-
score beginnen vanaf 10 jaar na bestraling op de thorax. Tien jaar na 
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bestraling is bij alle patiënten ook een screenings-echocardiografie 
aanbevelenswaardig om hartklepafwijkingen op te sporen. Om 
hartritmestoornissen te detecteren zou een ECG moeten plaatsvinden 
bij klachten of bij elk cardiovasculair screeningsmoment. Traditionele 
risicofactoren voor hart- en vaatziekte zullen zeker behandeld moeten 
worden. Behandelende artsen zullen zich bewust moeten zijn van de 
verhoogde risico’s op hart- en vaatziekten bij Hodgkin patiënten. Ook 
zullen patiënten instructies moeten ontvangen, wanneer (bij welke 
klachten) zij zich bij een arts moeten melden.
Bij andere patiëntengroepen met een verhoogd risico op hart- en 
vaatziekten (zoals patiënten met diabetes, nierziekten, hypertensie) 
zijn meer onderzoeken verricht naar de waarde van screeningstesten. 
Een aantal indicatoren voor vaatstijfheid van slagaders voorspelt bij 
deze patiënten het optreden van hartinfarcten en herseninfarcten. In 
hoofdstuk 3 worden twee van deze parameters onderzocht: de pols 
golf snelheid (PWV) over de aorta en de distensibiliteitscoëfficient 
(DC) van de halsslagaders bij Hodgkin patiënten en vrijwilligers. Hoge 
PWV en lage DC geven stijvere slagaders aan. De PWV was hoger bij 
patiënten bestraald op oudere leeftijd (40 jaar of ouder) in vergelijking 
met patiënten bestraald op jongere leeftijd, patiënten behandeld met 
alleen chemotherapie of vrijwilligers. Vergelijkbare resultaten werden 
gevonden voor de DC. De laagste DC werd gevonden bij patiënten 
bestraald op 35 jarige leeftijd of ouder. Dit is de eerste publicatie over 
vaatstijfheidsparameters na bestraling. 
In hoofdstuk 4 worden twee apparaten vergeleken voor de meting van 
PWV in gezonde vrijwilligers. Er is geen consensus over de wijze waarop 
de PWV het beste kan worden vastgelegd, waardoor nu verschillende 
methoden worden gebruikt. De nieuwe Vicorder blijkt minder goede 
diagnostische eigenschappen te hebben dan de SphygmoCor (die 
langer in gebruik is). In het vervolgonderzoek in hoofdstuk 3 gebruiken 
we de SphygmoCor.
In de loop van de jaren is bekend geworden dat patiënten die bestraald 
zijn geweest een hogere kans hebben op het ontwikkelen van een 
herseninfarct. Eén van de verklaringen is dat bestraling aderverkalking 
kan veroorzaken. Het vroeg opsporen van aderverkalking in de 
halsslagaders kan plaatsvinden door het meten van de Intima-Media 
Thickness (IMT). De IMT is de dikte van de binnenste twee lagen (intima 
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en media) van de wand van een slagader en wordt vooral bepaald door 
de mate van aderverkalking. Een hogere IMT, samen met het voorkomen 
van de atherosclerotische plaque (die zich in een latere fase vormt), 
zijn sterke voorspellers van een herseninfarct. In hoofdstuk 5 worden 
de resultaten van de IMT metingen en het voorkomen van plaques in 
de halsslagaders vergeleken tussen Hodgkin patiënten die wel/niet 
bestraald zijn op de hals en vrijwilligers. Bestraling op de hals van meer 
dan 15 jaar geleden was geassocieerd met het de hoogste IMT en het 
optreden van plaques. Daarnaast waren leeftijd, buikomvang en roken 
geassocieerd met een hogere IMT.
Hodgkin patiënten die bestraald zijn op de thorax hebben een 
verhoogd risico op het krijgen van een hartinfarct. Dit is meestal het 
gevolg van kransslagadervernauwing als gevolg van aderverkalking. 
Verkalkingen in de kransslagaders kunnen in een vroege fase 
opgespoord worden met CT-scans die coronaire calcium scores (CAC-
scores) berekenen. Een CAC-score boven het 75ste percentiel voor 
leeftijd en geslacht is geassocieerd met een verhoogd risico op het 
krijgen van een hartinfarct. In hoofdstuk 6 worden de resultaten van 
CAC-score metingen beschreven. Iets meer dan de helft van Hodgkin 
patiënten die bestraald waren op de thorax meer dan 10 jaar geleden 
had een CAC score boven het 75ste percentiel, in vergelijking met 
ongeveer 10% van de niet bestraalde patiënten en patiënten die korter 
geleden bestraald waren. Er waren meer traditionele risicofactoren 
(diabetes, hoge bloeddruk, roken etc.) aanwezig in de patiënten met 
een significant verhoogde CAC score. 
In hoofdstuk 7 worden hartklepafwijkingen beschreven bij de Hodgkin 
patiënten. Patiënten die bestraald waren op de thorax hadden vaker 
hartklepafwijkingen. De meest vaak voorkomende klepafwijkingen 
waren aortaklepinsufficiëntie en mitralisklepinsufficiëntie. Hoge bloed-
druk en een langere tijd na bestraling waren geassocieerd met deze 
klepafwijkingen in bestraalde patiënten. Van de bestraalde patiënten, 
had 14% een hartklepoperatie ondergaan; hartklepchirurgie kwam in 
het geheel niet voor in de niet-bestraalde groep.
Tijdens het screeningsprogramma viel op dat veel Hodgkin patiënten 
klachten hadden van zwakte en pijn van de nekspieren. Twaalf 
Hodgkin patiënten die behandeld waren met de mantelveldbestraling 
werden uitgebreider onderzocht om de oorzaak van deze klachten 
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te achterhalen. De resultaten van deze aanvullende tests worden 
beschreven in hoofdstuk 8. De nekbuigers bleken vaker aangedaan 
te zijn dan de nekstrekkers. De schade aan de spieren die in het 
bestralingsveld lagen bleek veroorzaakt te zijn door directe schade aan 
de spieren zelf, terwijl de schade aan de spieren die net buiten het 
bestralingsveld lagen veroorzaakt was door schade aan de zenuwen. 
De uitslagen van de verschillende onderzoeken wijzen erop dat deze 
spier- en zenuwschade waarschijnlijk veroorzaakt werd door het effect 
van de bestraling op de bloedvaten in de spieren en de zenuwen. 
Deze bevindingen betekenen dat patiënten die radiotherapie hebben 
ondergaan op de nek waarschijnlijk baat hebben bij spierversterkende 
oefeningen indien er klachten optreden van de nekspieren.

Voorstel voor een screeningsprogramma voor het 
opsporen van hart- en vaatziekten bij Hodgkin 
patiënten
Op basis van de bovengenoemde bevindingen en de beschikbare 
literatuur kunnen de volgende adviezen gegeven worden:
1. Bij diagnose moeten Hodgkin lymfoom patiënten ouder dan 35 

jaar gescreend worden op risicofactoren voor hart- en vaatziekten 
en op reeds aanwezige cardiovasculaire schade. Overweeg het 
weglaten van bestraling als onderdeel van de behandeling bij:
• patiënten met hart- of vaatziekten in de voorgeschiedenis.
• patiënten ouder dan 35-40 jaar met:

 o twee of meer traditionele risicofactoren voor hart- en 
vaatziekte

 o verhoogd cardiovasculair risico op basis van aanvullende 
screeningstesten ( vaatstijfheid, coronair-calcium-score)

2. Bij Hodgkin lymfoom patiënten die op de thorax bestraald zijn 
geweest, wordt de volgende screening voor schade aan de 
kransslagaders geadviseerd:
• screen patiënten met een laag cardiovasculair risico (leeftijd 

bij behandeling < 35 jaar, 0-1 cardiovasculaire risicofactoren, 
bestralingsdosis < 36 Gy op de thorax) met een CAC-score 
vanaf 10 jaar na bestraling
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• screen patiënten met een hoog cardiovasculair risico met een 
CAC-score vanaf 5 jaar na bestraling

• overweeg aanvullende ischemie-detectie testen in asymp-
tomatische Hodgkin patiënten met een significant verhoogde 
CAC-score

• het interval van vervolgscreening na de initiële CAC-score meting 
zou bepaald moeten worden op basis van de afwijkingen bij de 
eerste test, klachten en cardiovasculaire profiel

3. Bij Hodgkin lymfoom patiënten die bestraald geweest zijn op de 
nek, wordt screening op schade aan de halsslagaders geadviseerd 
vanaf 15 jaar na bestraling:
• als plaques worden gevonden in de halsslagaders, moeten 

patiënten nauwkeurig vervolgd worden door de neuroloog om 
tijdig significante vernauwing op te sporen.

• intensieve medicamenteuze behandeling (met bv. cholesterol-
verlagers, bloedverdunners) wordt aanbevolen indien snel 
ontwikkelende atherosclerose van de slagaders wordt 
gevonden. 

• bij significante vernauwingen in de halsslagaders moet de 
behandeling (operatie van de halsslagaders of stentplaatsing) 
aangepast worden op de individuele patiënt.

4. Hodgkin lymfoom patiënten die bestraald zijn geweest op de 
thorax:
• zouden een screenings echocardiografie moeten ondergaan 

10 jaar na bestraling, om hartklepafwijkingen op te sporen
• op basis van de bevindingen bij de eerste echocardiografie 

moet het interval bepaald worden voor vervolgonderzoek. 
In elk geval moeten patiënten niet uit de controle ontslagen 
worden, maar moet er een echocardiografie herhaald worden 
na 5-10 jaar.
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Allereerst wil ik alle Hodgkin patiënten en hun partners bedanken 
voor deelname aan dit onderzoek. Zonder u was dit onderzoek er niet 
geweest. 

Prof. dr. D.H. Biesma, beste Douwe. Mijn eerste contact met de 
hematologie was als derdejaars co-assistent op de D2 in het St. Antonius. 
Ik kan me nog steeds de grote visite herinneren met jou, Okke en Gerda 
met papieren dossiers op de kamer van de hoofdverpleegkundige, 
inclusief lastige vragen voor de co-assistent. Wat is er sindsdien veel 
gebeurd en wat heb ik veel aan jou te danken! Na mijn semi-arts 
stage bij de hematologie mocht ik in het St. Antonius blijven werken 
als AGNIO. Het leek me ook leerzaam om onderzoek te doen en toen 
stelde je voor dat ik het onderzoeksplan over late complicaties bij 
Hodgkin patiënten kon oppakken. Zelf had ik toen nog niet het idee dat 
dit tot een opleidingsplek bij de Interne Geneeskunde en een promotie 
zou leiden, maar jij had natuurlijk al een plan bedacht. Dit is typerend 
voor de rest van onze samenwerking. Door je vooruitziende blik en 
faciliterend en organisatorisch talent was het mogelijk om dit onderzoek 
op te zetten en mij in de gelegenheid te stellen te promoveren. Ook al 
was het niet altijd eenvoudig om onderzoek te combineren met alle 
andere gebeurtenissen in mijn leven, ik ben heel blij dat ik het gedaan 
heb en ik ben je heel dankbaar voor je altijd bemoedigende woorden 
in tijden dat de vaart er niet meer zo in zat. 

Dr. O.J.M. Vogels, beste Oscar. Wat begon als een idee van jou en 
Lucille om de IMT te meten bij bestraalde patiënten, is uitgegroeid 
tot een heel screeningsprogramma. Je stond altijd open voor nieuwe 
ideeën en motiveerde iedereen op de KNF om aan ons onderzoek 
mee te werken. Ik heb veel bewondering voor hoe deskundig en 
nauwkeurig je het neurologische onderzoek uitvoerde en tegelijkertijd 
veel aandacht had voor het persoonlijke verhaal van de deelnemers. Je 
kende uiteindelijk het persoonlijke verhaal van bijna alle patiënten. Je 
merkte terecht op dat het een bijzondere groep patiënten is die veel 
heeft meegemaakt, maar ondanks klachten of lange termijn effecten 
van de behandeling heel sterk en gemotiveerd in het leven staat. 
Bedankt voor de vele leerzame uren op de KNF! Of het nu Duplex 
uitslagen, plaques of nekspieren betrof, je nam altijd rustig de tijd om 
mijn vragen te beantwoorden. 
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Dr. W.J.W. Bos, beste Willem-Jan. Je was niet vanaf het begin bij het 
onderzoek betrokken, maar tijdens een onderzoeksbespreking met 
Douwe, Oscar en Lucille ontstond het idee om vaatstijfheidsmetingen 
toe te voegen aan het onderzoeksprotocol. Je kwam even tijdens 
je drukke programma op de kamer van Oscar en je was gelijk 
enthousiast. Uiteindelijk heb je als vaatspecialist veel bijgedragen aan 
het gehele onderzoek. Wat heb jij veel tijd besteed aan het nakijken 
van mijn manuscripten! Als je even tijd had, in de trein of het vliegtuig 
(ik geloof dat er ergens nog op een vliegveld een eerste versie van 
een manuscript ligt), keek je alle stukken aandachtig na. Zelfs op de 
racefiets of in de skilift werden er nog korte onderzoeksbesprekingen 
gehouden. Bedankt voor je goede begeleiding met aandacht voor 
zowel de persoonlijke als de professionele zaken.   

Dr. L.D.A. Dorresteijn, beste Lucille. Het bestuderen van vaatschade na 
bestraling bij Hodgkin patiënten werd door jou voorgesteld in het kader 
van je promotie onderzoek. Inmiddels ben je zelf gepromoveerd en 
heeft dit onderzoek geen onderdeel uitgemaakt van jouw boekje, maar 
je hebt er onzettend veel werk ingestoken om het te kunnen initiëren. 
Jouw ervaring in het NKI-AvL en Nijmegen en grote inhoudelijke kennis 
zijn heel belangrijk geweest bij het opzetten van het onderzoek. Je 
waardevolle praktische adviezen, bijvoorbeeld over het zelf volgen 
van een goede statistiekcursus vroeg in het beloop van het onderzoek, 
hebben me veel geholpen. Ik kijk met plezier terug op de uren die we 
bij je thuis hebben doorgebracht bij het opzetten van de database in 
Access (met de vrolijke afleiding van de net geboren Nanne) en later de 
besprekingen over de nekspieren. Jammer dat Enschede zo ver weg is, 
want bij elkaar zitten was heel gezellig! 

De fijne samenwerking voor dit onderzoek met de afdeling cardiologie 
en radiologie is kenmerkend voor de prettige, collegiale sfeer in het 
St. Antonius ziekenhuis. Dr. Benno Rensing en Dr. Jan van der Heijden, 
hartelijk dank voor jullie betrokkenheid bij dit project. Jullie waren 
altijd bereid mee te denken over welke screeningsmethoden we het 
beste konden gebruiken en leverden kritisch commentaar op de 
manuscripten. Dr. Marco Post en drs. Jesse Bijl, hartelijk dank voor het 
beoordelen van de echocardiografiebeelden en het analyseren van de 
verkregen data. Marleen Roos, student geneeskunde, maar inmiddels 
zelf arts, dank voor je hulp bij de dataverwerking en bij het schrijven 
van het artikel over de hartkleppen. 
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De leden van de leescommissie prof. dr. M.L. Bots, prof. dr. M.H.H. 
Kramer, prof. dr. ir. F. E. van Leeuwen, prof. dr. M.C. Verhaar, en prof. 
dr. J.H.J. Wokke wil ik graag bedanken voor hun kritische beoordeling 
van het manuscript.

De samenwerking met de AMC-groep van dr. Jaap Groothoff op het 
gebied van PWV meetmethodes heeft geleid tot de eerste publicatie van 
dit project. Ik wil dan ook dr. Hanneke van der Lee speciaal bedanken 
voor het begeleiden van mijn eerste publicatie. De werelden van SPSS 
en submissions werden een stuk eenvoudiger na jouw tips en tricks.

Dr. Nens van Alfen en de afdeling klinische neurofysiologie van het 
UMC St. Radboud ziekenhuis in Nijmegen wil ik bedanken voor het 
beschikbaar stellen van hun middelen en grote expertise om de 
nekschade na mantelveld radiotherapie nader te onderzoeken. Nens, 
jouw kennis op dit gebied is indrukwekkend en de doortastende manier 
van onderzoeken zijn zeer belangrijk geweest voor de resultaten van 
onze zoektocht naar de oorzaak van de nekklachten. Bovendien was 
jouw prettige begeleiding bij het schrijven van het artikel heel leerzaam, 
zeker voor mij als hematoloog in wording met veel belangstelling, maar 
weinig verstand van de neurofysiologie.     

Danny van Maurik, altijd vrolijk en opgewekt, vol met verhalen over 
je mooie reizen. Als je aan het werk was, was je altijd secuur en 
betrouwbaar. Je hebt veel vrije tijd besteed op de KNF afdeling om de 
Hodgkin patiënten en de gezonde deelnemers te onderzoeken. Het 
was nooit een probleem wanneer een deelnemer liever na zijn werk, in 
de avonduren wilde komen. Je vond het ook leuk om nieuwe dingen te 
leren, dus de nieuwe technieken van het meten van de PWV had je zo 
onder de knie. Het was leuk om met je samen te werken, dank je wel 
voor je inzet voor de Hodgkin patiënten.

De verschillende afdelingen van het St. Antonius ziekenhuis wil ik 
bedanken voor het begeleiden van de deelnemers aan dit onderzoek. In 
het bijzonder wil ik Willeke van de KNF afdeling, Loes van de hartfunctie 
afdeling en de verschillende medewerkers van de radiologie afdeling 
bedanken voor hun hulp. De afdeling Research en Development van 
de Maatschap Interne en met name Nicole en Irma; fijn dat jullie mij 
zo konden steunen met de METC aanvragen en later het afnemen van 
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de vragenlijsten bij de deelnemers. Ook Joke, Marianne en Irene, dank 
voor jullie belangstelling en ondersteuning bij alle logistiek rond mijn 
opleiding en onderzoek.

De maatschap Interne Geneeskunde van het St. Antonius ziekenhuis en 
mijn collega’s arts-assistenten wil ik bedanken voor hun belangstelling 
tijdens mijn promotie onderzoek. Dr. Tom Geers in het bijzonder dank 
voor je toestemming om twee keer mijn opleiding te onderbreken 
voor onderzoek. Door die onderbrekingen heb ik een extra lange 
opleidingstijd in Nieuwegein gehad en het voelt nog steeds als thuis 
als ik terug ben; het kost nog steeds moeite om in het UMC een zin niet 
te beginnen met  ‘wij in Nieuwegein...’. Dr. Mariette Agterof, fijn dat ik 
gebruik mocht maken van de door jou verzamelde gegevens over de 
Hodgkin populatie. Je promoveerde op de HOME studie, maar de uren 
die je gestoken hebt in dit onderzoek zijn ook zeker zeer waardevol 
geweest. Ook de hematologen van het St. Antonius ziekenhuis wil 
ik bedanken voor het motiveren van de  patiënten om mee te doen 
aan dit onderzoek en voor de begeleiding tijdens mijn periodes op de 
hematologie afdeling.

De hematologen van het UMC Utrecht en mijn collega fellows en 
assistenten bedankt voor jullie belangstelling en het invallen tijdens 
de afrondende maand van mijn onderzoek. Dr. Reinier Raymakers, fijn 
dat ik die extra tijd onderzoeksverlof mocht opnemen om de promotie 
af te ronden.

Sabine en Doreen, paranimfen hoeven tegenwoordig geen vragen meer 
te beantwoorden van de commissie, maar volgens mij horen ze met 
name goed te weten wat een promovendus allemaal heeft meegemaakt 
tijdens de promotietijd. Jullie hebben mij de afgelopen jaren veel 
gesteund en jullie belangstelling en tips hebben me veel geholpen. We 
hebben uiteindelijk allemaal verschillende paden bewandeld tot de 
doctorstitel (Doreen, bij jou is het einde ook in zicht), maar we hebben 
toch wel heel veel dingen gemeen: met onderzoek (en opleiding) 
beginnen in het Antonius, nagenoeg dezelfde onderzoeksbegeleiders 
en daarbij ook nog kinderen krijgen en trouwen (en allemaal niet 
per sé volgens de ideale volgorde van Douwe ). Lieve Sabine, jouw 
doorzettingsvermogen en geconcentreerde en enthousiaste manier 
van werken zijn enorm inspirerend en werken aanstekelijk. Ik heb 
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onzettend veel bewondering voor je en vind het heel fijn dat je er altijd 
bent, bij leuke dingen maar ook in minder leuke tijden. Ik kijk er naar 
uit om straks samen achter onze vier mannetjes te rennen, maar ook 
weer eens samen te skiën. Lieve Doreen, wat hebben we samen veel 
gelachen, op de racefiets, tijdens de EHA congressen, op je bruiloft. Jij 
bent altijd zo enorm vrolijk en ongecompliceerd dat het altijd gezellig 
is als je er bent. Snel promoveren daar in Amsterdam en dan kunnen 
we zonder zorgen weer leuke dingen doen samen en dan een leuke 
hematologie kliniek samen beginnen!

Lieve oma en grootvader Stoop, zonder uw in mij gestelde vertrouwen 
en uw motiverende woorden op de juiste momenten zou ik hier 
vandaag niet staan! Ik weet zeker dat grootvader tevreden naar 
beneden kijkt nu; dit proefschrift wil ik dan ook graag aan u beiden 
opdragen. Bedankt dat ik uw kleindochter mag zijn!

Lieve Roel, Diny, Esther, Ruben en Eva. Jullie hebben mij de laatste 
jaren laten ervaren hoe belangrijk het is om een warme, vertrouwde, 
liefdevolle thuisbasis te hebben, helemaal als je ver van huis bent. 
Jullie zijn mijn Nederlandse familie en zonder jullie had ik me nooit 
zo thuis gevoeld in Nederland en het nooit volgehouden in moeilijke 
momenten. Door jullie onvoorwaardelijke steun heb ik kunnen doen 
wat ik graag doe en kunnen zijn wie ik ben en dat heeft me zover 
gebracht. Bedankt!

Lieve schoonfamilie, toen ik dit dankwoord begon te schrijven had ik 
nooit gedacht dat mijn lieve schoonmoeder er plotseling niet meer 
zou zijn als ik mijn proefschrift af had. Ik zou schrijven: Annie en Ben, 
zonder jullie oppashulp op mijn ‘mamadag’ had ik dit boek nooit 
kunnen afmaken. Wetende dat Tim in zulke goede handen was heeft 
me altijd de rust gegeven om het proefschrift af te maken. Annie, je zult 
altijd in onze gedachten blijven, dit boek is nu voor jou. 

Dragă mama si dragă Ioana, vă mulţumesc ca m-aţi ajutat totdeauna 
in momentele grele şi că aţi fost alături de mine in momentele fericite. 
Nu o să uit niciodată originile noastre şi nici faptul că şi datorita voua 
am reuşit in viaţa. Simbol al rădăcinilor noastre şi ale lui Maia si Tau, 
am ales Cazinoul pe copertă, super mulţumesc Ioana!
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Allerliefste Bernie, er zijn niet genoeg woorden om te omschrijven hoe 
onzettend dankbaar ik ben voor je hulp de afgelopen jaren. Ik ben zo 
gelukkig bij jou, je steunt me in alles en we passen het beste bij elkaar! 
Ik houd van jou het allermeeste. We gaan met onze jongens nog mooie 
avonturen meemaken!

Tim, lieve, kleine boef en grote jongen, mama komt nu met jou spelen, 
de laptop gaat dicht... tenzij je Bumba, Pieter Post, Woezel & Pip of 
Shrek wil kijken! Nu hoeft mama niet meer bang te zijn dat je de laatste 
versie van het manuscript per ongeluk gaat deleten.
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Elena Monica Segărceanu werd geboren op 24 mei 1980 in Constanţa, 
Roemenië. Tijdens haar jeugd heeft ze veel tijd doorgebracht bij haar 
grootouders in Constanţa, aan de Zwarte Zee. Vervolgens heeft ze het 
basisonderwijs gevolgd in Boekarest. Op haar 12e jaar verhuisde ze voor 
een half jaar met haar moeder en zusje naar Nederland, op uitnodiging 
van de Jan en Pauline Stoop. Ze volgde in die periode basisonderwijs 
op de Daltonschool Pieterskerkhof in Utrecht, waar ze Nederlands 
leerde. Na terugkeer in Roemenië bezocht ze de middelbare school, het 
Cantemir Voda College in Boekarest, tot en met 5 VWO. In 1998 kwam 
ze naar Nederland in het kader van een internationaal uitwisselingsjaar 
van de Rotary Club in Dronten, door bemiddeling van Lammert 
en Anneke Segaar. Na een verblijf van een jaar bij de gast-familie 
Visscher in Dronten en het behalen van het atheneum diploma aan 
het Almere College in Kampen, besloot ze mee te loten voor de studie 
Ggeneeskunde. Ze werd ingeloot en met behulp van studentendecaan 
Paul Herfs en Jan Stoop werden verschillende stichtingen, fondsen en 
fundaties bereid gevonden om studiefinancering te verlenen, zodat 
zij geneeskunde kon studeren aan de Universiteit Utrecht. Tijdens 
haar eerste co-schap en Algemene semi-arts stage op de afdeling 
hematologie van het St. Antonius ziekenhuis, raakte ze gefascineerd 
door de hematologie. Maar ook de neurologie, waar ze kennis mee had 
gemaakt tijdens haar onderzoeksstage in het Zweedse Lund had haar 
interesse. Toen Douwe Biesma voorstelde onderzoek te doen naar  de 
cardiovasculaire en neurologische complicaties bij Hodgkin patiënten 
nam ze het besluit om hematoloog te worden met aandacht voor de 
neurologie. In september 2006 startte zij met de opleiding tot internist 
in het St. Antonius ziekenhuis in Nieuwegein (opleiders: Douwe Biesma 
en later Tom Geers) en vervolgde deze vanaf 2011 in het UMC Utrecht 
(opleiders Elsken van der Wall, Douwe Biesma en Margriet Schneider). 
In 2012 startte zij met het enkelvoudig profiel hematologie (opleider: 
Reinier Raymakers). Elena onderbrak haar opleiding tot internist totaal 
anderhalf jaar om aan dit promotieonderzoek te werken. Elena is 
getrouwd met Bernie van Leeuwen; sinds 18 januari 2011 zijn zij de 
trotse ouders van Tim en in augustus 2013 verwachten zij hun tweede 
zoon. 
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ABVD:  adriamycin, bleomycin, vinblastine, and dacarbazine
AP: angina pectoris
AR: aortic regurgitation
AS: aortic stenosis 
BCVPP: BCNU (carmustine), cyclophosphamide, vinblastine,  
 procarbazine, prednisone
BEACOPP: bleomycin, etoposide, adriamycin, cyclophosphamide,  
 vincristine, procarbazine, and prednisone
BEAM: BCNU (carmustine), etoposide, Ara-C, and melphalan
BP: blood pressure
CABG: coronary artery bypass graft
CAC: coronary artery calcium
CAD:  coronary artery disease
CAG: coronary angiography
CCA: common carotid artery
CI: confidence interval
CVD: cardiovascular disease
DC: distensibility coefficient
DHAP: dexamethasone, high-dose ara-C, cisplatin
EBVP: epirubicin, bleomycin, vinblastine, prednisone
ECG: electrocardiography
FU: follw-up
IFRT: involved field radiotherapy
IMT: Intima media thickness
HL: Hodgkin lymphoma
HLS: Hodgkin lymphoma survivors
MI: myocardial infarction
MOPP: meclorethamine, vincristine, procarbazine, prednisone
MR: mitral regurgitation
MS: mitral stenosis
MRT: mediastinal radiotherapy
NO: nitric oxide
OPPA: vincristine, procarbazine, prednisone, adriamycin
PET: positron emission tomography
PR: pulmonary regurgitation
PWVcf: carotid-femoral Pulse Wave Velocity
RF:  risk factor
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STNI: subtotal nodal irradiation
TIA:  transient ischemic attack
TR: tricuspid regurgitation
VIM: etoposide, ifosfamide, methotrexate




