
Neuro-Oncology Practice
9(4), 338–343, 2022 | https://doi.org/10.1093/nop/npac030 | Advance Access date 23 April 2022

 338

© The Author(s) 2022. Published by Oxford University Press on behalf of the Society for Neuro-Oncology and the European 
Association of Neuro-Oncology. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Chantel Cacciotti, Christine Chordas, Katie Valentino, Rudy Allen, Alicia Lenzen, Karen Burns
Rajaram Nagarajan, Peter Manley, and Natasha Pillay-Smiley

Dana Farber/Boston Children’s Cancer and Blood Disorders Center, Boston, Massachusetts, USA (C.Ca., C.Ch., P.M.); 
Children’s Hospital, London Health Sciences, Western University, London, Ontario, Canada (C.Ca.); Ann & Robert 
H. Lurie Children’s Hospital, Northwestern University, Chicago, Illinois, USA (K.V., R.A., A.L., N.P.-S.); Cincinnati 
Children’s Hospital Medical Center, University of Cincinnati, Cincinnati, Ohio, USA (K.B., R.N., N.P.-S.)

Corresponding Author: Chantel Cacciotti, MD, Department of Pediatric Hematology/Oncology, London Health Sciences, 800 
Commissioners Road East, Rm B1-114, London, ON N6A 5W9, Canada (chantel.cacciotti@lhsc.on.ca).

Abstract
Background.  Medulloblastoma is an aggressive central nervous system (CNS) tumor that occurs mostly in the pe-
diatric population. Treatment often includes a combination of surgical resection, craniospinal irradiation (CSI), and 
chemotherapy. Children who receive standard photon CSI are at risk for cardiac toxicities including coronary ar-
tery disease, left ventricular scarring and dysfunction, valvular damage, and atherosclerosis. Current survivorship 
guidelines recommend routine echocardiogram (ECHO) surveillance. In this multi-institutional study, we describe 
markers of cardiac dysfunction in medulloblastoma survivors.
Methods.  A retrospective chart review of medulloblastoma patients who had photon beam CSI was followed by 
ECHO between 1980 and 2010 at Lurie Children’s Hospital and Dana-Farber/Boston Children’s Hospital.
Results.  During the 30-year study period, 168 medulloblastoma patient records were identified. Included in this 
study were the 75 patients who received CSI or spinal radiation and ECHO follow-up. The mean age at CSI was 
8.6 years (range, 2.9-20), and the mean number of years between radiation therapy (RT) completion and first ECHO 
was 7.4 (range, 2-16). Mean ejection fraction (EF) was 60.0% and shortening fraction (SF) was 33.8%. Five patients 
(7%) had abnormal ECHO results: three with EF <50% and two with SF <28%.
Conclusion. The majority of medulloblastoma patients who received CSI have relatively normal ECHOs post-
treatment; however, 7% of patients had abnormal ECHOs. The implication of our study for medulloblastoma sur-
vivors is that further investigations are needed in this population with a more systematic, longitudinal assessment 
to determine predictors and screenings.
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Central nervous system (CNS) tumors are the most common 
solid tumors in children and the second most common pedi-
atric malignancy after leukemia.1,2 Mortality from high-grade 
CNS tumors is disproportionately greater compared to other 
childhood malignancies, and even low-grade tumors can be 
associated with significant morbidity.3–5 The current ther-
apeutic strategy—typically a combination of surgery, che-
motherapy, and radiation therapy (RT)—poses a risk of 
cardiovascular complications. For example, the Childhood 

Cancer Cohort study found a 6-fold increased relative risk of 
myocardial infarction in childhood brain tumor survivors.6 As 
survival rates for childhood cancer increase, this population 
becomes increasingly vulnerable to long-term therapy-related 
cardiac toxicities. As such, studies focusing on early manage-
ment of these side effects are critical.

Cardiovascular side effects in pediatric cancer survivors 
manifest most commonly as pericardial disease—followed 
by coronary artery disease, cardiomyopathy, left ventricular 

Cardiac dysfunction in medulloblastoma survivors 
treated with photon irradiation
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scarring and dysfunction, valvular abnormalities, and ath-
erosclerosis.6–13 While the drivers of therapy-induced car-
diac toxicities can be multifactorial, the most common 
causes are RT with cardiac exposure and chemotherapy. 
Several studies in pediatric cancer survivor populations 
point to mediastinal/thoracic radiation (eg, for Hodgkin’s 
disease and other mediastinal malignancies) as playing 
a significant role.6,8,14 Cumulative doses of >30 Gy to the 
mediastinum/thoracic area are thought to contribute to 
cardiac damage.14 Cardiac toxicity in adults who receive 
RT treatment during childhood is linked to radiation dose, 
as well as the fraction given and exposed heart volume.6 
It has been known that cumulative doses of >30 Gy radi-
ation to the mediastinum/thoracic contribute to cardiac 
damage with further studies suggesting that lower doses 
(15-35 Gy) may result in damage to the coronary circula-
tion.6,14 The risks for different manifestations of cardiac 
disease are 2- to 6-fold higher when the cardiac RT dose 
exceeds 15 Gy.7,13,14 Pediatric medulloblastoma patients 
treated with craniospinal irradiation (CSI) all receive spinal 
doses greater than 15 Gy, regardless of treatment protocol, 
with patients typically receiving 23-36 Gy in combination 
with chemotherapy. Doses to the heart vary, depending on 
the RT modality; but have been shown to result in doses 
to the heart that were approximately 50% and 28% of the 
spinal dose.15,16 While the mechanistic underpinning of 
RT-induced cardiotoxicity is unclear, there is postulation 
that radiation induced inflammatory reactions, such as the 
release of tumor necrosis factor, interleukins, and trans-
forming growth factor may result in diffuse interstitial 
fibrosis.16,17

In addition to RT, chemotherapy and targeted drug ther-
apies can cause cardiotoxicity in survivors of childhood 
cancer—particularly anthracyclines, with cumulative life-
time doses of more than 300 mg/m2 imparting the highest 
risk,8,18 but also alkylating agents and targeted biological 
agents.10,19,20 Anthracycline use is uncommon in the treat-
ment of CNS tumors. Additionally, blood transfusions due 
to therapy-related anemia may contribute to cardiotoxicity 
by iron overload cardiomyopathy.21–25

In CNS tumor patients, there is direct cardiac damage 
from CSI-related scatter to the heart. Additionally, cranial 
RT exposure damages the hypothalamic-pituitary axis,26,27 
which can lead to growth hormone (GH) deficiency, often 
the first manifestation of hypopituitarism.28,29 This can lead 
to changes in metabolism and/or hormone production 
that negatively impact obesity, lipid metabolism, insulin 
resistance, and diabetes mellitus30–32—thereby increasing 
cardiovascular risk.

Precisely because of these risks, a screening electrocar-
diogram (EKG) upon entry to into long-term follow-up, re-
peated as clinically indicated and serial echocardiogram 
(ECHO) (every 2-5 years) for monitoring left ventricular size 
and function has been included in the Children’s Oncology 
Group (COG) Survivorship Guidelines since their inception 
in 2003. These guidelines were developed as a resource 
for healthcare providers to aid in screening late effects of 
therapy in asymptomatic survivors of childhood cancers. 
Risk factors (eg, radiation type and dose tumor location, 
and exposure to anthracyclines) are taken into considera-
tion when establishing patient-specific follow-up screening 
plans. In this study, our objective was to retrospectively 

examine clinical records of pediatric medulloblastoma pa-
tients treated with CSI photon radiation and determine the 
incidence of cardiotoxicity.

Materials and Methods

A retrospective cohort study was conducted at Dana-
Farber/Boston Children’s Cancer and Blood Disorders 
Center and Lurie Children’s Hospital. Both the Dana-Farber 
Cancer Institute and Lurie Children’s Hospital IRBs ap-
proved this study.

Objectives

Data collected included demographics, details of 
medulloblastoma diagnosis and therapy, radiation dosing 
and field, and ECHO results.

Inclusion and exclusion criteria

Patients were (1) diagnosed with medulloblastoma be-
tween 1980 and 2010, (2) children (<21 years of age at di-
agnosis), (3) at least 2 years from the end of treatment, (4) 
received craniospinal or spinal photon beam radiation and 
had at least one ECHO post-treatment. Patients who re-
ceived proton beam radiation were excluded.

Statistical analysis

Descriptive methods were used to present demographics, 
tumor histology, and age at diagnosis. Continuous vari-
ables were reported as mean, standard deviation, median, 
and ranges. Categorical variables were described by fre-
quency and percentage. Adverse events were evaluated by 
chi-squared testing and adverse events over time by gen-
eralized estimating equations.

Results

During the study period (1980-2010), 168 patients were 
treated for medulloblastoma, 75 of whom had photon ir-
radiation and ECHO follow-up and were therefore included 
in the study. Of the 75 patients, 73 were treated with CSI 
at diagnosis, one was treated with CSI at recurrence, and 
one with focal spinal RT. The mean age at CSI was 8.6 years 
(range, 2.9-20), and the median CSI dose was 23.4 Gy 
(range, 21.6-39.6) (Table 1). One patient received an addi-
tional 9 Gy boost to the spine (C6-S2/3), due to the pres-
ence of spinal disease. Two patients who initially received 
RT sparing treatment, subsequently received spine RT due 
to recurrent disease, doses at recurrence included 800 cGy 
focal to T9-10 and 36 Gy CSI. While one patient received 
only focal spine RT, the remainder (74 out of 75) received 
CSI: 35% were treated with 36 Gy to the spine and 63% 
with 21-35 Gy. Patients did not receive anthracyclines as 
part of their therapy.
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Cardiac dysfunction

Most patients (80%; 60 out of 75)  had one ECHO post-
treatment, and the remainder (20%; 15 out of 75) had re-
peat cardiac testing. A  minority (43%; 32 out of 75)  of 
patients completed therapy prior to the implementation 
of the COG Survivorship Guidelines, but still had an ECHO 
performed following completion of therapy. The mean time 
post-CSI to first ECHO was 7.4 years (range, 2-16), and to 
second ECHO, when performed, was 11.9  years (range, 
8.6-17.3). For the 4% (3/75) who received a third ECHO, the 
mean time post-RT was 12.6 years (range, 11.4-13.3).

Mean ejection fraction (EF) in the entire cohort was 60.0% 
and shortening fraction (SF) was 33.8%. Five patients (7%) 
had abnormal ECHO results (P < 0.001): three had EF <50%, 
and 2 had SF <28% (Table 2). All five patients were asympto-
matic and treated with observation, with lifestyle changes 
suggested for two. Interestingly, four of the five patients 
with abnormal ECHOs were treated with lower dose irra-
diation (23.4 Gy CSI), whereas the fifth patient received 36 
Gy CSI. Only two of the five patients with abnormal ECHOs 
had electrocardiograms (ECGs) performed, one of which 
was normal and the other demonstrated sinus tachycardia 

with a borderline prolonged QTc. Finally, one of the five 
patients had a cardiac MRI, which was normal.

Discussion

With improved survival in patients diagnosed with 
medulloblastoma over the past four decades, a great deal 
has been learned about long-term sequelae of treatment 
and, consequently, more attention has been directed at re-
ducing these treatment-related late effects. By reviewing 
data from a large volume of patients seen in two pediatric 
neuro-oncology cancer survivorship programs, we show 
that 7% had abnormal ECHO findings, specifically abnor-
malities in EF or SF. Brain tumor survivors are at high risk 
for stroke, dyslipidemia, and obesity, and it is uncertain if 
these factors have a more profound long-term impact on 
their cardiac health as they age in comparison to the direct 
toxicity from radiation and chemotherapy. Further long-
term cardiac investigations are needed in this population 
given that a small cohort of our patients had abnormal 
ECHO findings.

Although echocardiographic EF and SF have tradition-
ally been used to monitor left ventricular systolic function, 
variation exists when alternative means, such as cardi-
ovascular magnetic resonance (CMR) or gated single-
photon emission computed tomography (SPECT) are 
used.33 EF and SF may not reflect ventricular contractibility 
and instead are influenced by ventricular overload and 
afterload.8 They are operator dependent and have demon-
strated poor reproducibility in a large multi-centered study 
of healthy pediatric patients.34 Thus, it has been postulated 
that perhaps EF and SF are not the best measures to eval-
uate cardiac function post-treatment and we worry that 
cardiac disease may have been underrepresented in our 
patient cohort.

Alternatively, evaluation of myocardial strain by ECHO 
may be considered. Myocardial strain is a non-invasive 
measurement on 2-dimensional speckle tracing ECHO, it is 
reported as a percentage that can be measured by global 
longitudinal strain (GLS), global circumferential strain 
(GCS), and global radial strain (GRS). Prior studies have 
demonstrated decreased GLS and GCS despite normal 
left ventricular EF or SF in childhood cancer survivors, 
implying the presence of left ventricular systolic dysfunc-
tion or subclinical myocardial dysfunction.35–39 Reduction 
in GLS by 10%-15% appears to be the most useful param-
eter for prediction of cardiotoxicity, as it may define a de-
crease in left ventricular ejection fraction (LVEF) or heart 
failure. Thus, measures of cardiac strain in late survivors 
of childhood cancer may be abnormal, even in the context 
of normal LVEF. The true value in predicting subsequent 
ventricular dysfunction or heart failure needs to be further 
evaluated. In a recent article by Martinez et al, the ECHO re-
sults from 51 patients treated for pediatric CNS malignan-
cies at Cincinnati Children’s Hospital with CSI who had at 
least one ECHO done after CSI, did not have abnormal left 
ventricular dysfunction noted.39 However, the abnormal 
cardiac strain was demonstrated.39

Proton beam RT in brain tumor patients receiving CSI 
may be advantageous given the lack of “scatter” that is 

  
Table 1.  Characteristics of 75 Childhood Medulloblastoma Survivors

 No. of Cases (%) 

Gender  

  Male 33 (44)

  Female 42 (56)

Medulloblastoma histological subtype  

  Classic 30 (40)

  Desmoplastic or nodular 10 (10)

  Anaplastic or large cell 12 (16)

  Unknown 23 (31)

Risk group  

  Average 46 (61)

  High 29 (39)

RT field  

  CSI 75 (99)a

  Focal RT only 1 (1)b

 Mean (range)

Age at CSI 8.6 (2.9-20)

ECHO  

  Age at ECHO 15.6 (0.9-27)

  Years post-RT at first ECHO 7.4 (2-16)

 Median (range), Gy

CSI dose 23.4 (21.6-39.6)

Total RT dose (CSI + boost) 54 (36-57.6)

Abbreviations: CSI, craniospinal irradiation; ECHO, echocardio-
gram; RT, radiation therapy.
aOne patient was treated with RT sparing approach upfront and then 
with CSI at recurrence.
bSpinal focal RT.

  

  
Table 2.  Summary of Cardiac Abnormalities in 5 Medulloblastoma Survivors

Age/
Gender 

Risk 
Diagnosis 

Therapies Years From RT to 
Abnormal ECHO 

Abnormalities Management of 
Cardiac Abnormality 

Chemo CSI dose 
(Gy)a 

ECHO (%) ECG 

13 y, 2 mo/F AVG CCG/POG A9961 (CCNU, 
Cisplatin, Vincristine)

23.4 7.7 EF 31.6 ND Repeat 
ECHO24 months 
later (normal)

8 y, 6 mo/M AVG CCG/POG A9961 (CCNU, 
Cisplatin, Vincristine)

23.4 7.5 EF 34.9 ND Repeat ECHO 
12 months later 
(normal)

6 y, 7 mo/F AVG CCG/POG A9961 (CCNU, 
Cisplatin, Vincristine)

23.4 5.3 EF 29.6 ND None

20 y, 4 
mo/M

High POG9631 (Cisplatin, 
Etoposide, 
Cyclophosphamide, 
Vincristine)

39 6.5 SF 27.7 Normal Cardiac MRI 
12 months 
later (normal), 
observation

8 y, 6 mo/F AVG ACNS0331 (CCNU, 
Cisplatin, Vincristine, 
Cyclophosphamide)

23.4 5.7 SF 26.6 Sinus tachy-
cardia; border-
line prolonged 
QTc

Repeat ECHO 
12 months later 
(normal)

Abbreviations: AVG, average; CCG, Children’s Cancer Group; CSI, craniospinal irradiation; ECG, electrocardiogram; ECHO, echocardiogram;  
F, female; M, male; m, months; ND, not done; POG, Pediatric Oncology Group; y, years.
aAll 5 patients also received a 54 Gy boost to the primary tumor.
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with a borderline prolonged QTc. Finally, one of the five 
patients had a cardiac MRI, which was normal.

Discussion

With improved survival in patients diagnosed with 
medulloblastoma over the past four decades, a great deal 
has been learned about long-term sequelae of treatment 
and, consequently, more attention has been directed at re-
ducing these treatment-related late effects. By reviewing 
data from a large volume of patients seen in two pediatric 
neuro-oncology cancer survivorship programs, we show 
that 7% had abnormal ECHO findings, specifically abnor-
malities in EF or SF. Brain tumor survivors are at high risk 
for stroke, dyslipidemia, and obesity, and it is uncertain if 
these factors have a more profound long-term impact on 
their cardiac health as they age in comparison to the direct 
toxicity from radiation and chemotherapy. Further long-
term cardiac investigations are needed in this population 
given that a small cohort of our patients had abnormal 
ECHO findings.

Although echocardiographic EF and SF have tradition-
ally been used to monitor left ventricular systolic function, 
variation exists when alternative means, such as cardi-
ovascular magnetic resonance (CMR) or gated single-
photon emission computed tomography (SPECT) are 
used.33 EF and SF may not reflect ventricular contractibility 
and instead are influenced by ventricular overload and 
afterload.8 They are operator dependent and have demon-
strated poor reproducibility in a large multi-centered study 
of healthy pediatric patients.34 Thus, it has been postulated 
that perhaps EF and SF are not the best measures to eval-
uate cardiac function post-treatment and we worry that 
cardiac disease may have been underrepresented in our 
patient cohort.

Alternatively, evaluation of myocardial strain by ECHO 
may be considered. Myocardial strain is a non-invasive 
measurement on 2-dimensional speckle tracing ECHO, it is 
reported as a percentage that can be measured by global 
longitudinal strain (GLS), global circumferential strain 
(GCS), and global radial strain (GRS). Prior studies have 
demonstrated decreased GLS and GCS despite normal 
left ventricular EF or SF in childhood cancer survivors, 
implying the presence of left ventricular systolic dysfunc-
tion or subclinical myocardial dysfunction.35–39 Reduction 
in GLS by 10%-15% appears to be the most useful param-
eter for prediction of cardiotoxicity, as it may define a de-
crease in left ventricular ejection fraction (LVEF) or heart 
failure. Thus, measures of cardiac strain in late survivors 
of childhood cancer may be abnormal, even in the context 
of normal LVEF. The true value in predicting subsequent 
ventricular dysfunction or heart failure needs to be further 
evaluated. In a recent article by Martinez et al, the ECHO re-
sults from 51 patients treated for pediatric CNS malignan-
cies at Cincinnati Children’s Hospital with CSI who had at 
least one ECHO done after CSI, did not have abnormal left 
ventricular dysfunction noted.39 However, the abnormal 
cardiac strain was demonstrated.39

Proton beam RT in brain tumor patients receiving CSI 
may be advantageous given the lack of “scatter” that is 

associated with traditional photon beam RT. As such, pro-
tons may eliminate the cardiac RT exposure in patients 
receiving CSI. Several groups have demonstrated the 
advantage of proton RT in sparing critical normal struc-
tures.40–46 No late cardiac effects were reported by Yock 
et  al44 in 59 pediatric medulloblastoma patients treated 
with proton RT with a median of 7-year follow-up, although 
no ECGs or ECHOs were performed in their study; there-
fore, only symptomatic cardiac disease would have been 
detected. Although proton irradiation “spares” the heart, 
the hypothalamic-pituitary axis remains affected, which 
in turn may increase the risk of cardiovascular disease in 
these survivors.16 Thus, further studies are needed to de-
termine the presence or absence of asymptomatic cardiac 
dysfunction in this population.

In our study, variation exists in the management and 
screening of pediatric cancer survivor patients after com-
pletion of therapy.12,40 It is important to continue to screen 
for cardiac dysfunction as the pediatric CNS survivorship 
population reaches older adulthood and acquires more 
medical morbidity (eg, dyslipidemia and stroke).

While additional studies need to be done to further in-
vestigate if cardiac strain should be followed as part of 
survivorship guidelines in pediatric survivors of CNS tu-
mors, the data by Martinez et al are compelling and should 
be considered for evaluation of these patients. While ad-
ditional research is underway, one suggested approach 
would be to use a multipronged approach to assess for 
cardiac dysfunction in pediatric CNS survivors based on 
individual risk, with greater focus on early identification 
and management of comorbidities, such as decreased 
exercise tolerance, dyslipidemia, and management of 
endocrinopathies. In patients that have received CSI, a 
screening ECG and ECHO should continue to be performed 

in all patients. In addition to radiation, an assessment of a 
patient’s individual cardiac risk factors, such as ethnicity, 
obesity, dyslipidemia, inability to perform aerobic exer-
cise due to physical deconditioning or tumor/treatment in-
duced or iron overload should always be factored into any 
treatment plan.

Our study has limitations. A  limited number of repeat 
ECHOs were performed, which limited our ability to cap-
ture changes over time. In addition, radiation doses were 
limited to spinal or CSI dosing; estimated doses to the car-
diac muscle were not available. Furthermore, while our 
study charts range from 1980 to 2010, the first version of the 
COG guidelines was only published in 2003, and this is the 
first time radiation was formally included in cardiotoxicity 
monitoring recommendations. All patients in our cohort 
who had ECHOs performed were done following the pub-
lication of these recommendations. Prior to this, Steinherz 
and colleagues published the first imaging recommenda-
tions for cardiac monitoring in children in 1992, but this 
was limited to patients who had received anthracyclines.41 
This may account for the lack of screening in some of the 
patients in this study, as medulloblastoma patients are not 
treated with anthracyclines. Although the mean duration 
from treatment to ECHO monitoring was 7.4 years, most pa-
tients underwent only one ECHO evaluation and this could 
lead to underestimations of long-term cardiac-associated 
side effects. A  large percentage of patients did not have 
ECHOs completed and were excluded from the study and 
information is not available. Given that the incidence of 
cardiac disease increases with age and longer duration of 
treatment, this relatively young cohort may underestimate 
the risk of cardiac dysfunction in medulloblastoma sur-
vivors. Additional longitudinal studies would be beneficial. 
Further studies should also evaluate whether access to 

  
Table 2.  Summary of Cardiac Abnormalities in 5 Medulloblastoma Survivors

Age/
Gender 

Risk 
Diagnosis 

Therapies Years From RT to 
Abnormal ECHO 

Abnormalities Management of 
Cardiac Abnormality 

Chemo CSI dose 
(Gy)a 

ECHO (%) ECG 

13 y, 2 mo/F AVG CCG/POG A9961 (CCNU, 
Cisplatin, Vincristine)

23.4 7.7 EF 31.6 ND Repeat 
ECHO24 months 
later (normal)

8 y, 6 mo/M AVG CCG/POG A9961 (CCNU, 
Cisplatin, Vincristine)

23.4 7.5 EF 34.9 ND Repeat ECHO 
12 months later 
(normal)

6 y, 7 mo/F AVG CCG/POG A9961 (CCNU, 
Cisplatin, Vincristine)

23.4 5.3 EF 29.6 ND None

20 y, 4 
mo/M

High POG9631 (Cisplatin, 
Etoposide, 
Cyclophosphamide, 
Vincristine)

39 6.5 SF 27.7 Normal Cardiac MRI 
12 months 
later (normal), 
observation

8 y, 6 mo/F AVG ACNS0331 (CCNU, 
Cisplatin, Vincristine, 
Cyclophosphamide)

23.4 5.7 SF 26.6 Sinus tachy-
cardia; border-
line prolonged 
QTc

Repeat ECHO 
12 months later 
(normal)

Abbreviations: AVG, average; CCG, Children’s Cancer Group; CSI, craniospinal irradiation; ECG, electrocardiogram; ECHO, echocardiogram;  
F, female; M, male; m, months; ND, not done; POG, Pediatric Oncology Group; y, years.
aAll 5 patients also received a 54 Gy boost to the primary tumor.
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care, consistent follow-up, formal survivorship screening 
programs, or lack of insurance coverage serve as barriers 
to obtaining imaging. Cardiac health in CNS survivors is 
multifactorial, as such the weight of each factor is unknown 
and further studies evaluating other confounding factors 
such as GH deficiency may be beneficial.

Conclusion

The risk for cardiac morbidity and mortality is multifac-
torial in childhood CNS tumor survivors, resulting from 
treatment modalities and their sequelae. Such individuals 
require ongoing monitoring for these late effects, espe-
cially as they approach ages in which cardiovascular and 
cerebrovascular disease is more prevalent. The risk and 
extent of cardiac toxicity following CSI is not well docu-
mented in the literature, although existent. Long-term, on-
going follow-up in CNS survivors is critical to evaluate the 
risk of therapy, including late-onset cardiac toxicity. Proton 
radiation has the potential to deliver spinal radiation while 
eliminating cardiac dosing and ongoing research will dem-
onstrate if this will help mitigate long-term risk. Further 
long-term follow-up studies specific to pediatric CNS sur-
vivors are needed to better determine cardiac late effects in 
this population and the frequency and modality of cardiac 
monitoring, as patients with cardiac abnormalities may be 
asymptomatic and our current surveillance strategy may 
not be effective as our patients’ transition to adulthood.
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