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                        ORIGINAL ARTICLE    

 Long-term cardiac abnormalities after cranial radiotherapy in 
childhood cancer survivors      

    YORAN M.     HUMMEL  1  ,       H É L È NE L.     HOOIMEIJER  2  ,       NYNKE     ZWART  2  , 
      WIM J. E.     TISSING  2  ,       JOURIK A.     GIETEMA  3  ,       ADRIAAN A.     VOORS  1     &   
      MAARTEN P.     VAN DEN BERG  1    

  1 Department of Cardiology, University Medical Center Groningen, University of Groningen, Groningen, 
The Netherlands,  2 Department of Paediatric Oncology/Hematology, University Medical Center Groningen, 
University of Groningen, Groningen, The Netherlands and  3  Department of Medical Oncology, University Medical 
Center Groningen, University of Groningen, Groningen, The Netherlands                             

  ABSTRACT 

  Background.  Cardiac morbidity is an important late effect in long-term childhood cancer survivors (CCS) treated with 
cardiotoxic agents or radiotherapy (RT) on the chest. However, there is limited data on the long-term cardiac sequelae 
in CCS who only received cranial RT. We hypothesized that cranial RT might negatively infl uence cardiac structure and 
function.  
  Methods and results.  We studied 13 CCS [mean age 30.8 (18.1 – 39.3) years, 7 males] who received RT only on the 
head for a cranial tumor and 36 age- and sex-matched healthy sibling controls. Echocardiographic follow-up was per-
formed at median 21.7 (12.6 – 30.8) years after diagnosis. CCS had lower indexed diastolic LV volumes [56.0 (31.4 – 68.3) 
vs. 60.5 (41.9 – 94.3) mL/m 2 , p    �    0.024]. CCS also had reduced LV systolic and diastolic function, refl ected by lower 
systolic LV myocardial velocities (5.3    �    0.9 vs. 7.1    �    1.7 cm/s, p    �    0.001) and longitudinal deformation ( � 17.3    �    3.1 
vs.  � 20.7    �    2.0%, p    �    0.001), as well as lower diastolic LV myocardial velocities ( � 10.7    �    1.7 vs.  � 12.2    �    1.5 cm/s, 
p    �    0.006) and deformation speed (1.1    �    0.3 vs. 1.5    �    0.2 1/s, p    �    0.005). Additionally, in CCS insulin-like growth 
factor levels [15.4 (9.2 – 34.6) vs. 24.4 (14.8 – 55.5) nmol/L, p    �    0.007] were lower. 
     Conclusion.  Cranial RT in CCS is associated with smaller cardiac volumes and reduced systolic and diastolic LV 
function. This off target effect of RT might be related to lower insulin-like growth factor levels. 

 Cardiac damage is an important late effect in child-
hood cancer survivors (CCS) [1]. It can be caused 
by several cytotoxic drugs, but also by radiotherapy 
(RT) [2]. Dependent on the target region, RT 
increases the risk of cardiac morbidity. Several stud-
ies have shown an association between mediastinal/
thoracic RT and subsequent coronary artery disease, 
pericardial disease and myocardial fi brosis [3 – 5]. In 
addition, myocardial perfusion defects are described 
in patients who are treated with RT for breast cancer 
[6,7] which can result in cardiac wall motion abnor-
malities. However, cardiac effects of RT outside the 
thoracic region have not been fully investigated. In 
this study we evaluated whether RT on the head, as 

a single treatment without chemotherapy, has long-
term effects on cardiac function. Vascular status was 
assessed since recent observations in CCS suggest an 
off-target effect of RT on the vascular system [8], 
which might in turn impact cardiac structure and 
function [9 – 12]. In addition, we evaluated the growth 
hormone axis because hypopituitarism is a common 
complication after cranial RT and growth hormone 
defi ciency frequently is the fi rst manifestation of 
hypopituitarism [13]. Growth hormone plays an 
important role in body composition and muscle 
development, including the myocardium, and growth 
hormone defi ciency has a negative effect on the 
cardiac function [14]. We hypothesized that cranial 
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RT might negatively infl uence cardiac structure and 
function, and that these effects (if demonstrable) 
might be related to growth hormone defi ciency and/
or deranged vascular function.  

 Material and methods 

 This study used data obtained in a recent study on 
late cardiovascular sequelae in a large group of CCS 
[1]. For the present analysis we selected the subgroup 
of CCS who were diagnosed with a cranial tumor or 
a tumor in the high neck region who received local 
(non-thoracic) RT as single therapy without any addi-
tional systemic treatment with anthracyclines or other 
cytostatics. Age-matched healthy subjects (2 controls 
per CCS), drawn from the control group of the main 
study, served as controls. All subjects gave written 
informed consent and the study was approved by the 
local medical ethics committee. 

 Echocardiography was performed by one single 
operator (Y.M.H.), who was blinded for the status of 
the subjects. Echocardiographic examinations were 
performed on a VIVID-7 (General Electric, Horten, 
Norway) utilizing a 2.5 – 3.5 MhZ probe, and the mea-
surements were performed in accordance with ASE 
and EAE recommendations [15]. Left ventricular 
(LV) dimensions were acquired on two-dimensional 
(2D) images. LV and left atrial volumes were mea-
surements and indexed for body surface area where 
appropriate. Evaluation of LV diastolic function con-
sisted of transmitral infl ow measurements (early 
mitral valve infl ow, late mitral valve infl ow, decelera-
tion time and isovolumetric relaxation time) and early 
diastolic tissue velocities (e ’ ) and early diastolic strain 
rate. Evaluation of LV systolic function consisted of 
LV ejection fraction (LVEF), stroke volume, systolic 
tissue velocity (s ’ ) and longitudinal strain ( Ɛ ). All tis-
sue velocities (e ’  and s ’ ) were measured at the septal 
and lateral side of the mitral annulus, and averaged. 
LV systolic and diastolic longitudinal deformation 
measurements were performed using 2D speckle 
tracking technique on offl ine images using an 
ECHOPAC system (General Electric, Horten, Norway). 
LV longitudinal deformation, i.e. longitudinal strain 
( Ɛ ), represents a change in the dimension of an object 
normalized to its original dimension and is expressed 
in a percentage, a negative value representing tissue 
shortening/contraction in the longitudinal direction 
of the LV. Early diastolic deformation speed (1/s) rep-
resents the velocity of 1 unit of deformation in the 
early phase of the diastole, and is considered a mea-
sure of diastolic tissue function (relaxation). Finally, 
we evaluated post-systolic tissue shortening, which is 
considered present in case tissue shortening occurs 
after aortic valve closure [16]. For this purpose, we 
evaluated 12 LV segments (septal, lateral, anterior 

and inferior; at the basal, mid and apical level). In 
case  �    2 segments were not analyzable by the 2D 
speckle tracking software the analysis was discarded. 
Vascular structure and function were evaluated 
through measurement of carotid intima media thick-
ness, carotid compliance and mean pulse pressure. All 
measurements were performed on a vascular ultra-
sound system (Acuson Corp. 128 XP ultrasound sys-
tem, Mountain View, CA, USA), using a 7 MHz 
linear array transducer. Autonomic function was eval-
uated through non-invasive measurement of barore-
ceptor refl ex sensitivity (BRS) as described by 
Brouwer et   al. and others [1,17,18]. 

 Biomarkers were evaluated from overnight fasting 
blood samples according to standard laboratory rou-
tine. We evaluated blood glucose, insulin and insulin-
like growth factor (IGF-1). We used IGF-1 z score 
   �     �  2 SD and IGF-1    �    15 nmol/l, for referral to an 
endocrinologist on suspicion of growth hormone 
defi ciency (GHD). GHD was determined by a 
growth hormone stimulation test by the endocrinol-
ogist. Seven of eight patients were known with GHD 
at the study visit, and one patient was discovered 
at the study visit. Homeostatic model assessment 
insulin resistance (HOMA-IR) was performed. Renal 
function was measured by creatinin clearance. 

 Statistical analysis was performed in SPSS ver-
sion 18.0 (IBM SPSS, Inc., Chicago, IL, USA). Dif-
ferences between CCS and controls were evaluated 
through  χ  2 -tests for categorical variables. Normality 
of distribution was tested through probability plots. 
Normally distributed variables were tested through 
t-tests and expressed in mean  �  standard deviation, 
and non-normally distributed variables were tested 
through Mann-Whitney U-tests and expressed in 
median and range. Differences between groups were 
tested through Fisher ’ s exact test in case    �    20% of 
the cells showed an expected count of less than 5. 
Correlations were tested using Pearson ’ s test. Two-
sided p-values  �    0.05 were considered signifi cant.   

 Results 

 The initial study group consisted of 18 CCS (10 
males and 8 females) who had previously received 
RT on the head or the neck without any other sys-
temic anti-cancer treatment. They were matched 
with 19 males and 17 females in the control group 
(healthy siblings). Fifteen CCS had a brain tumor, 
one had a malignant lymphoma, one sarcoma, and 
one neuroblastoma. Sixteen CCS (88.9%) received 
RT to the head, one (5.6%) received RT to the head 
and neck and one (5.6%) RT to the neck. The latter 
subject was excluded from analysis based on RT 
region (only neck). Eight CCS had growth hormone 
defi ciency. Two CCS of them who received growth 
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hormone substitution at the time of the study echo 
visit were excluded from the analysis. Two more CCS 
had an inadequate echocardiographic window pre-
cluding echocardiographic analysis and were also 
excluded from analysis. After the exclusion of the fi ve 
above mentioned subjects 13 CCS remained and 
they constituted the fi nal study group (Figure 1). 
Median age at evaluation was 30.8 (18.1 – 39.3) ver-
sus 29.2 (19.7 – 43.3) years (p    �    NS) for the sibling 
controls. Median follow-up time for the CCS since 
the RT was 21.7 (12.6 – 30.8) years (Table I). The 
dose of irradiation varied between 40 and 68.4 Gy. 
Heart rate, blood pressure and body mass index were 
comparable in CCS and controls, but body surface 
area was lower in CCS (Table I). 

 Echocardiographic results are presented in 
Table II. LV mass index was comparable in CCS and 
controls. LV end-diastolic volume index was lower in 
CCS compared to the controls [56.0 (31.4 – 68.3) vs. 
60.5 (41.9 – 94.3) mL/m 2 , p    �    0.024], as was the LV 
stroke volume index [26.5 (19.2. – 36.2) vs. 33.2 
(22.0 – 58.8) mL/m 2 , p    �    0.008]. 

 Indeed, although no difference was found in 
LVEF, systolic LV function was decreased in CCS as 
compared to controls, shown by a lower s ’  (5.3    �    0.9 
vs.7.1    �    1.7 cm/s, p    �    0.001) and less longitudinal 
deformation  Ɛ  ( � 17.3    �    3.1 vs.  � 20.7    �    2.0%, 
p    �    0.001). Diastolic LV function was also decreased 
in CCS, shown by a lower e ’  ( � 10.7    �    1.7 vs. 
 � 12.2    �    1.5 cm/s, p    �    0.006) and early diastolic 
strain rate (1.1    �    0.3 vs. 1.5    �    0.2 1/s, p    �    0.005). 
Furthermore, CCS showed more segments which 
contract after the systole has ended (post-systolic 
shortening) (4.9    �    1.7 vs. 3.6    �    1.3, p    �    0.019) .

 Results on vascular structure and function are 
presented in Table I. Both carotid compliance 
and barorefl ex sensitivity were lower in CCS as 
compared to the controls but this difference was not 
signifi cant. 

 Results on biochemical parameters are presented 
in Table I. IGF-1 was lower in CCS [15.4 (9.2 – 34.6) 
vs. 24.4 (14.8 – 55.5) mmol/L, p    �    0.007]. Moreover, 
in CCS a positive correlation was found between 
IGF-1 levels and LV end-diastolic volume index 
(r    �    0.801, p    �    0.003) as well as LV stroke volume 
index (r    �    0.782, p    �    0.04). Furthermore, IGF-1 lev-
els in CCS correlated negatively with e ’  (r    �     � 0.752, 
p    �    0.005) and positively with s ’ (r    �    0.650, p    �    0.022) 
(Figure 2).   

 Discussion 

 The main and novel fi nding of the present study is 
that CCS who received RT on the head had on 
average smaller cardiac volumes and decreased LV 
systolic and diastolic function at long-term follow-up. 

 RT on the chest is known to have negative effects 
on vascular and cardiac function. Several studies pro-
vided evidence of increased myocardial fi brosis as a 
consequence of RT on the chest, which in turn leads 
to increased stiffness of the LV [3,4,19,20]. In addi-
tion, a higher incidence of coronary artery and 
pericardial disease [3 – 5], as well as myocardial perfu-
sion defects [6,7] was observed in CCS after RT. 
However, in most cases a difference in LVEF was not 
demonstrated [2,21 – 23], but LVEF is known to be 
a relatively insensitive measure of systolic myocardial 
LV function when subtle cardiac damage is suspected 
[2,24]. Using more subtle contemporary techniques, 
a decrease in systolic LV function after RT was found 
by Tsai et   al, reporting decreased global longitudinal 
strain in cancer survivors who were treated with 
mediastinal RT (with and without additional chemo-
therapy) [2]. Importantly however, to our knowledge 
there is only one study about possible cardiac effects 
of non-chest RT. Landy and co-workers thus recently 
reported in a group of CCS that cranial RT was asso-
ciated with an additional decrease in LV mass and   Figure 1.     Flow chart of patient selection.  
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dimension compared to CCS who only received 
anthracyclines on top of the cranial RT [25]. In addi-
tion, IGF-1 levels were lower in the CCS who had 
received RT but the authors did not report a correla-
tion between the structural remodeling and IGF-1 
levels. Results from our study are in line with this 
important paper but with more detail and additional 

data. First, in addition to cardiac structure, we also 
assessed subtle derangements of cardiac function. 
Second, we performed additional analyses to inves-
tigate the possible role of decreased IGF-1 levels. 
Third, we also considered the possible role of 
impaired vascular function. Moreover, as opposed to 
the CCS in the study by Landy and co-workers, the 

  Table I. General characteristics, vascular structure and function and biomarkers in CCS who receive 
radiotherapy on the head as sole treatment and controls.  

Variable
CCS

  n    �    13
Controls
  n    �    36 p-Value

General characteristics
Age at treatment (years) 9.4 (1.7 – 16.6)
Follow-up post-treatment (years) 21.7 (12.6 – 30.8)
Age (years) 30.8 (18.1 – 39.3) 29.2 (19.7 – 43.3) 0.455
Men 7 (54%) 19 (53%) 0.947
Growth hormone defi ciency at visit 5 (39%) 0 (0%) 0.001 F
Growth hormone substitution 0 (0%) 0 (0%)
Heart rate (beats/min) 72.3    �    6.3 69.7    �    10.2 0.410
Systolic blood pressure (mmHg) 111 (101 – 156) 116 (98 – 156) 0.156
Diastolic blood pressure (mmHg) 79 (70 – 96) 80 (58 – 104) 0.802
Body mass index (kg/m 2 ) 23.8 (21.5 – 31.9) 24.0 (19.5 – 35.0) 0.556
Body surface area (m 2 ) 1.9 (1.7 – 2.0) 2.0 (1.6 – 2.4) 0.010

Vascular structure and function
Intima media thickness carotid artery (mm) 0.60 (0.55 – 0.68) 0.60 (0.52 – 0.84) 0.858
Baroreceptor refl ex sensitivity (ms/mmHg) 1.9 (1.6 – 3.7) 2.6 (1.0 – 3.8) 0.069
Carotid compliance ( μ m/mmHg) 8.6 (6.7 – 18.1) 11.8 (5.5 – 30.3) 0.060
Mean pulse pressure (mmHg) 57.9 (5.4) 56.9 (13.0) 0.741

Biomarkers
Glucose †  (mmol/L) 4.8 (4.1 – 5.1) 4.8 (3.8 – 6.6) 0.970
Insulin †  (mE/L) 6.5 (1.6 – 13) 8.3 (2.6 – 24.0) 0.599
HOMA-IR † 1.4 (0.3 – 2.8) 1.7 (0.6 – 5.6) 0.499
IGF1 † , ‡  (nmol/L) 15.4 (9.2 – 34.6) 24.4 (14.8 – 55.5) 0.007
Creatinin ( μ mol/L) 67 (47 – 85) 72 (52 – 98) 0.129  

    CCS, childhood cancer survivors; F, Fischer exact test; HOMA-IR, homeostatic model assessment 
insulin resistance; IGF1, insulin-like growth factor; n, number.   
  † Glucose, insulin, HOMA, IGF1: only after overnight fast.   

  Table II. Echocardiographic measurements.  

Variable CCS (n    �    13)
Controls 
(N    �    36) p-Value

Left ventricular mass index (g/m 2 ) 84.0    �    14.1 82.3    �    19.4 0.769
Left ventricular enddiastolic volume index (ml/m 2 ) 56.0 (31.4 – 68.3) 60.5 (41.9 – 94.3) 0.024
Left ventricular endsystolic volume index (ml/m 2 ) 25.7 (11.9 – 34.4) 28.2 (18.0 – 39.5) 0.248
Left atrial volume index (ml/m 2 ) 27.7    �    7.1 31.5    �    5.9 0.081
Left ventricle, systole

Left ventricular ejection fraction (%) 53.5    �    6.1 55.9    �    5.5 0.213
Left ventricular stroke volume index (ml/m 2 ) 26.5 (19.2 – 36.2) 33.2 (22.0 – 58.8) 0.008
Systolic tissue velocity (mean septal / lateral) (cm/s) 5.3    �    0.9 7.1    �    1.7 0.001
Systolic longitudinal strain (%)  � 17.3    �    3.1  � 20.7    �    2.0  �    0.001
Post-systolic shortening   (number of segments) 4.9    �    1.7 3.6    �    1.3 0.019

Left ventricle, diastole
Early diastolic mitral valve infl ow (m/s) 0.85 (0.68 – 0.90) 0.96 (0.62 – 1.46) 0.016
Late diastolic mitral valve infl ow (m/s) 0.52 (0.35 – 0.69) 0.58 (0.34 – 0.96) 0.248
Deceleration time of mitral valve early infl ow (ms) 198.7    �    24.6 201.3    �    37.8 0.818
Isovolumetric relaxation time (ms) 82.5    �    10.6 81.3    �    11.6 0.761
Early diastolic tissue velocity (mean septal / lateral) (cm/s)  � 10.7    �    1.7  � 12.2    �    1.5 0.006
Early diastolic strain rate (1/s) 1.1    �    0.3 1.5    �    0.2 0.005  
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CCS we investigated only received RT thus circum-
venting possible confounding effects of anthracy-
clines or other systemic treatment. Like Landy 
and co-workers, we also observed lower end-diastolic 
volumes in CCS who received cranial RT compared 
to healthy controls. In addition, although LVEF was 
not lower, systolic myocardial velocities as well as 
systolic longitudinal myocardial deformation were 
reduced indicating subtle derangement of systolic 
function. Moreover, our study showed more post-
systolic shortening in CCS. To some extent post-
systolic shortening, i.e. shortening of individual 
segments of the myocardium beyond closure of the 
aortic valve is also found in healthy subjects as 
described by Voight et   al. [16]. However, increased 
post-systolic shortening is considered indicative of 
a diseased myocardium [16]. Finally, we found 
signifi cant differences in diastolic LV function 
between CCS and controls, with lower values of 

tissue velocities and strain rate. Taken together, it 
appears that RT on the head region is associated 
with smaller cardiac dimensions and slightly reduced 
systolic and diastolic LV function. 

 The observed cardiac effects in our analysis can-
not be explained by factors like age, sex, body mass 
index, or differences in cardiovascular risk factors as 
the CCS group and the control group were well 
matched and no signifi cant differences were present 
in general characteristics. The only difference was a 
lower body surface area in CCS, but the cardiac vol-
umes were indexed for body surface area. However, 
we did observe differences in vascular function (albeit 
non-signifi cant), shown by carotid compliance and 
barorefl ex sensitivity which were both lower in CCS. 
These alterations can contribute to the difference 
in cardiac structure and function between the CCS 
and controls as was shown in preclinical study in 
subjects with cardiovascular risk factors [10]. In that 

  Figure 2.     Left upper panel; Scatterplot representation of the positive correlation between IGF-1 (nmol/L) and left ventricular end-diastolic 
volume index (Ml/m2) (r    �    0.801, p    �    0.003). Right upper panel; Scatterplot representation of the positive correlation between IGF-1 
(nmol/L) and left ventricular stroke volume index (Ml/m2) (r    �    0.782, p    �    0.004). Left lower panel; Scatterplot representation of the 
positive correlation between IGF-1 (nmol/L) and left ventricular systolic myocardial velocity (s ’ ) (cm/s) (r    �    0.650, p    �    0.022). Right lower 
panel; Scatterplot representation of the positive correlation between IGF-1 (nmol/L) and left ventricular early diastolic myocardial velocity 
(e ’ ) (cm/s) (r    �    -0.752, p    �    0.005).  
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tolerance. If anything, a strict cardiac follow-up uti-
lizing echocardiography seems to be warranted for 
CCS who received RT to the head, even when the 
heart was not in the fi eld of irradiation.            

   Declaration of interest:   The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper. 
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