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Abstract Background Infratentorial ependymoma is a

common central nervous system tumor of childhood and in

patients [1 year of age is treated with maximally feasible

surgical resection and radiotherapy. Because of this tumor

typically arises within the 4th ventricle and can invade the

brainstem, patients are at risk for significant neurological

impairment. Purpose To characterize the incidence, evolu-

tion, and persistence of neurologic impairment in children

with infratentorial ependymoma following maximal safe

surgery and conformal or intensity-modulated radiation

therapy (CRT/IMRT). Patients and Methods After surgical

resection, 96 children with non-metastatic infratentorial

ependymoma were enrolled on a phase II study of image-

guided radiation therapy and were prospectively followed

with interval comprehensive neurological examinations.

Late adverse neurological severity was graded according to

the National Cancer Institute Common Terminology Crite-

ria for Adverse Events (CTCAE), version 3.0. Results The

most common deficits detected at baseline examination were

limb dysmetria, cranial nerve VI/VII palsy, limb paresis,

dysphagia, and truncal ataxia/hypotonia. When present, gait

dysfunction and dysphagia were often severe. Oculomotor

dysfunction, facial paresis, dysphagia, and gait impairment

improved over time. With the exception of hearing loss, in

the survivor cohort, very few severe late effects (CTCAE

Grade 3/4/5) were present at 60 months survival. Conclu-

sion In general, neurological deficits were maximal in the

post-operative period and either remained stable or

improved during radiation and the post-treatment evaluation

period. With the exception of hearing, the majority of

chronic residual neurological deficits in this at-risk popula-

tion are mild and only minimally intrude upon daily life.

Keywords Ependymoma � Children � Conformal

radiation � Neurological impairment

Introduction

Each year in the United States, approximately 200 children,

most of whom are \4 years old, are diagnosed with

ependymoma [1, 2]. Although this tumor is derived from

ependymal cells that traverse the central nervous system, in

the pediatric age group, ependymomas typically arise

within and grow to fill the 4th ventricle. Concurrent

brainstem invasion and tumor extension through the

foramina of Luschka to involve cranial nerves, pyramidal,

and cerebellar tracts are common.

Treatment of non-metastatic infratentorial ependymoma

in children [1 year of age consists of surgical resection

followed by local irradiation. Because the degree of
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resection has proven to be an important prognostic factor,

complete tumor extirpation is advocated whenever possible

[3]. The optimal dose of radiation remains unknown;

however, survival is presumed to correlate with a larger

prescription dose [3]. Given the invasive nature of epen-

dymoma within the brainstem and the need for an

aggressive therapeutic approach, these patients are at risk

to develop significant neurological deficits that may nega-

tively impact daily function.

Over the past decade, CRT/IMRT has become the prin-

cipal method to deliver therapeutic radiation in cooperative

group treatment trials for pediatric intracranial ependymoma

[4]. CRT/IMRT limits normal tissue exposure and presum-

ably mitigates the risk of untoward morbidity by conforming

the prescription radiation dose to a well defined intracranial

target. Despite its widespread use, long-term neurological

outcome in children treated with CRT/IMRT has not been

well established. To better characterize neurological mor-

bidity after maximal safe surgery and CRT/IMRT in

children with non-metastatic infratentorial ependymoma,

we reviewed longitudinal neurological examinations that

were prospectively completed as part of an institutional

phase II treatment trial. Based on our clinical experience, we

hypothesized that neurological deficits would be maximum

in the post-operative period and in most children severity

would either stabilize or improve over time. Additionally,

we did not expect the severity of persistent neurological

morbidity in long-term survivors to be excessive or signifi-

cantly impact daily life.

Patients and methods

Patients

From August 11, 1997 to February 8, 2006, 98 children

with non-metastatic infratentorial ependymoma were

enrolled on an institutional phase II study of image-guided

radiation therapy with quantification of radiation-related

CNS effects. Criteria for enrollment on this institutional

review board approved trial have been published previ-

ously [5]. One patient died of tumor related complications

after enrollment but before a baseline neurologic exami-

nation was performed. A second patient was determined to

have metastatic tumor shortly after enrollment and was

therefore ineligible for protocol treatment. Thus, 96

patients comprised this study’s cohort.

Extent of resection defined

All patients underwent surgical resection before radiation

therapy. Gross-total resection was defined as resection after

which the only tumor cells that remained were visible with

the use of the operating microscope; patients for whom this

type of resection was achieved had no evidence of disease

on postoperative neuroimaging. Near-total resection was

defined as resection after which only residual tumor \5-

mm thick was visible on postoperative neuroimaging.

Subtotal resection was defined as resection that left behind

residual tumor [5-mm thick on postoperative neuroimag-

ing. Further surgery was systematically applied to

maximize the extent of resection before irradiation.

Conformal radiation therapy

The gross tumor volume (GTV) encompassed the tumor

bed, residual tumor, or both. The clinical target volume

(CTV) contained the GTV with an additional margin of

10 mm, which was included so that subclinical micro-

scopic disease beyond the GTV could be treated. The CTV

was anatomically confined; that is, it was limited by normal

tissue structures through which tumor extension was unli-

kely. The planning target volume included the CTV

surrounded by an additional margin of 3–5 mm expanded

in three dimensions to account for uncertainty in patient

positioning and image registration. Conventional fraction-

ation (1.8 Gy per day) was used to treat all patients, and the

prescribed dose was 59.4 Gy (except in children

\18 months; prescribed dose = 54.0 Gy).

Prospective assessment of neurological morbidity

A comprehensive neurological examination was scheduled

at baseline (defined as within 3 months of CRT) and every

6–12 months thereafter until reaching 120 months follow-

ing the start of CRT. All examinations were performed by a

board-certified neurologist and/or their designee. Using a

4-point severity scale (provided in Table 3), a total of 37

neurological functions were assessed with each visit: cra-

nial nerves (CN) III–VII (left/right), CN IX–XII (left/

right), muscle strength, tone, and reflexes in upper and

lower extremities (left/right), axial tone and motor control,

plantar reflexes (left/right), gross sensory function in upper

and lower extremities (left/right), coordination in upper and

lower extremities (left/right), ocular pursuit (including an

assessment for nystagmoid or saccadic eye movements),

speech, swallow, station, and gait. Initial hand dominance

was not routinely assessed in this predominantly infant

cohort. If a patient was taken off-protocol (progressive

disease, family or physician preference), further examina-

tions were excluded from the analysis.

Analysis of neurologic morbidity

Neurological morbidity was characterized with regard to

individual deficits and clinically relevant functional
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impairments. The first objective was to estimate the inci-

dence and evolution of specific neurologic deficits

observed within the entire cohort (n = 96). A deficit was

defined as any abnormal neurological sign demonstrated on

examination. Total number of neurological deficits noted at

each examination from baseline to the 60 months post-RT

examination was compiled. Neurological deficits were

defined as abnormal neurological signs on examination

(see above). For analysis, 21 of the 37 neurologic functions

routinely tested were utilized: CN III (left versus right), CN

IV (left versus right), CN VI (left versus right), ocular

pursuit, CN VII (left versus right), swallowing function

(CN IX, CN X), speech, muscle strength in upper and

lower extremities (left versus right; upper versus lower),

limb coordination (left versus right; upper versus lower),

station (truncal tone, truncal coordination), and gait.

Speech and gait were not assessed in patients who were

younger than 2.0 years at time of evaluation. With regard

to reporting total number of deficits, a score of 0 was

assumed in 34 evaluations for speech and gait in the 23

patients whose age was less than 2 years at time of eval-

uation. Based on 495 neurologic follow up exams from

baseline to 60 months after the start of RT, we used linear

mixed effects model with random coefficients [6] to

describe the trend of number of deficits; exponential decay,

simple linear function, and non-parametric function [7]

were considered for the relationship between average

number of deficits and time, and simple linear regression

function was chosen based on model validity and sim-

plicity. The intercept of the simple linear function

represents the average number of deficits at start of RT, and

the slope the average changing rate post-radiation. Com-

parisons between patient groups utilized Pearson and exact

Pearson chi-square tests.

The second objective of this study was to characterize

the incidence and evolution of specific neurologic impair-

ments over time. Neurological impairments were defined

by grouping individual neurological deficits (when appli-

cable) into eight clinically evaluable categories:

oculomotor dysfunction (CN III, IV, VI, and ocular pur-

suit), facial paresis (CN VII), dysphagia (CN IX, CN X),

dysarthria, limb paresis (irrespective of arm vs. leg or

laterality), limb dysmetria (irrespective of arm versus leg or

laterality), truncal ataxia/hypotonia, and gait dysfunction.

Because patient enrollment decreased over time, only a

subset of the entire cohort completed a baseline,

36 months, and 60 months post-RT examination (N = 42).

Descriptive statistics were used to characterize impairment.

The third objective was to characterize the severity of

residual neurologic deficits in long-term survivors of

pediatric infratentorial ependymoma. Forty-eight patients

survived C60 months and contribute to this analysis.

These late adverse neurological effects were defined as

neurological deficits persisting or occurring C60 months

after tumor diagnosis and, similar to other late effects

studies in pediatric cancer [8, 9], severity was graded

according to the National Cancer Institute Common Ter-

minology Criteria for Adverse Events (CTCAE), version

3.0. Although hearing (CN VIII) was not routinely assessed

during neurological examinations, all patients periodically

received a formal audiometric study [10], and the results of

the most recent assessment are included within this

analysis.

All analyses were performed by using SAS� (SAS�

Institute, Cary, NC).

Results

Cohort characteristics

The clinical and treatment characteristics of the study

cohort are presented in Table 1. The median total radiation

dose for this cohort was 59.4 Gy (54–59.4 Gy). Fourteen

children younger than 18 months and three children older

than 18 months (physician’s discretion) received 54.0 Gy

after gross-total resection of tumor.

Neurological examination participation

Cohort status is current to March 2008. The number of

patients assessed for individual neurologic impairments at

protocol-specified time points is shown in Table 2. Of the

96 patients who were initially enrolled, 40 patients (42%)

did not complete a neurological examination within the

12 month period that preceded analysis: 31 patients (78%)

were off-protocol because of either tumor progression

(n = 23), study completion (n = 3), or patient/parent/

physician preference (n = 5). Nine patients (23%) were

still enrolled on protocol but did not have a neurologic

examination in the last 12 months because of scheduling

conflicts or reasons unaccounted. The overall rate of

compliance for neurological assessment at the specific time

intervals was 66% and the median interval from initiation

of RT to last neurologic evaluation was 49.2 months (range

-0.4 to 98.7 months).

Baseline incidence and evolution of neurologic deficits

and impairments

No neurological deficits were detected at any time in 20

patients (21%). Among these patients, seven had survived

C60 months, seven had not yet reached 60 months survival,

and six were off-study at time of analysis (one completed

study, one non-compliance, and four progressive disease).

When the clinical and demographic characteristics of these
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20 patients are compared with the 76 patients who had at

least one morbidity, the presence of hydrocephalus

(P = 0.015) and a history of ventricular shunt placement

(P = 0.009) were significantly associated with the latter

group. In contrast, achievement of GTR (.043) was signifi-

cantly associated with the 20 patients without any morbidity.

Not surprisingly, majority of these patients had midline

tumors that rarely advanced into the lateral recesses where

cranial nerves would be most vulnerable.

For the entire cohort (N = 96), at the baseline exami-

nation, the average number of neurological deficits per

patient was 3.6. The most common deficits detected at

baseline were limb dysmetria (37 patients, 55%), CN VI

palsy (35 patients, 51%), CN VII palsy (34 patients, 50%),

limb paresis (27 patients, 40%), dysphagia (25 patients,

39%), and truncal ataxia and/or hypotonia (16 patients,

24%). Seventeen patients had at least one deficit charac-

terized as severe and, of these, 11 patients had 2–4

concurrent severe deficits and one patient had six concur-

rent severe deficits on baseline exam. Gait (nine patients,

18%) and swallowing (six patients, 9%) were the most

common severely compromised functions at baseline.

Overall, the number of neurological deficits per patient

decreased over time on an average rate of 0.28 per year

(0.024 per month). The average number of neurological

deficits at 60 months was 2.2. Of the 17 patients with at

least one severely compromised function, 15 were exam-

ined at a later time point (other two patients had early

progression and came off-study) and 13 had improved

neurological status. Severe dysphagia was the function

Table 1 Patient Demographics and Clinical Characteristics

All patients (N = 96) 5 ± year survivors (N = 42) Morbidity free (N = 20)

N % N % N %

Gender Female 42 43.8 23 54.8 8 40

Male 54 56.3 19 45.2 12 60

Race Black 9 9.4 2 4.8 1 5

Other 10 10.4 5 11.9 3 15

White 77 80.2 35 83.3 16 80

Age at diagnosis Mean (SD) 3.7 (3.8) 4.2 (4.5) 3.8 (4.0)

Median (range) 2.3 (0.8–22.7) 2.3 (0.9–22.7) 2.3 (1.0–16.8)

Age at irradiation Mean (SD) 4.2 (3.8) 4.5 (4.5) 4.1 (4.0)

Median (range) 2.7 (1.1–22.9) 2.6 (1.1–22.9) 2.5 (1.1–16.9)

Presence of hydrocephalus Yes 74 77.1 36 85.7 11 55

No 22 22.9 6 14.3 9 45

Ventricular shunt placement No 57 59.4 30 71.4 17 85

Yes 39 40.6 12 28.6 3 15

Pre-RT tumor progression No 84 87.5 39 92.9 20 100

Yes 12 12.5 3 7.1 0 0

Pre-RT chemotherapy No 86 89.6 36 85.7 19 95

Yes 10 10.4 6 14.3 1 5

Number of surgeries 1 60 62.5 30 71.4 17 85

2 27 28.1 12 28.6 3 15

3 7 7.3 0 0 0 0

4 2 2.1 0 0 0 0

Tumor laterality within brainstem Left 9 9.4 3 7.1 1 5

Midline-Lefta 20 20.8 12 28.6 4 20

Midline 42 43.8 17 40.5 13 65

Midline–bilaterala 5 5.2 2 4.8 0 0

Midline–righta 16 16.7 7 16.7 2 10

Right 4 4.2 1 2.3 0 0

Pre-RT extent of resection GTR 77 80.2 38 90.5 20 100

NTR 9 9.4 1 2.4 0 0

STR 10 10.4 3 7.1 0 0

a Although primarily centered at midline, these tumors have extended within the lateral recesses
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most resistant to improvement over time; no improvement

was evident in 33% of these patients. Of note, 27 patients

(28%) had a gastrostomy tube (G-tube) placed because of

severe dysphagia. The G-tube remained in place for a

median of 234 days (range = 17–2453 days). On a similar

note, 15 patients (16%) required a tracheotomy for a

median of 473 days (range = 68–2196 days).

Of the 48 patients who had survived C60 months since

diagnosis of tumor, 42 patients (88%) had a neurological

evaluation at baseline, 36 months post-CRT, and 60 months

post-CRT. The characterization of severity and incidence of

impairment within this group is provided in Table 3. Over-

all, this group tended to have mild or no detected

neurological impairment from baseline to 60 months post-

RT examination. The number of outliers with more severe

impairment decreased in almost all categories. Baseline

limb paresis and limb dysmetria was generally mild but did

not improve over time. Facial paresis, dysphagia, and gait

impairment improved within 36 months and then remained

stable. Oculomotor dysfunction continued to improve at

60 months. Bilateral neurological impairment was noted in

some patients at baseline: oculomotor dysfunction (7.1%),

facial paresis (2.4%), limb paresis (11.9%), and limb dys-

metria (23.8%). At the time of the 60 month post-RT

examination, the incidence of bilateral impairment had

decreased within the following categories: oculomotor

dysfunction (4.8%), limb paresis (0%), and limb dysmetria

(9.5%). The incidence of bilateral facial paresis remained

stable over 60 months.

Late neurological effects in long-term survivors

of pediatric infratentorial ependymoma

At the time of analysis, 48 patients had survived C60-

months (median = 84.7; range 56–108.3 months) from

diagnosis. The incidence and impact upon daily life of late

neurological effects as measured by CTCAE criteria are

presented in Table 4. With the exception of hearing loss

sufficient to indicate therapeutic intervention, very few

severe late effects (Grade 3/4/5) were present. Mild (Grade

1/2) residual neurological deficits that do not interfere with

daily functions included impaired eye abduction (CN VI),

facial paresis (CN VII), limb paresis, and limb dysmetria.

Given the lack of clinically significant late effects in this

population, further covariate analyses using pertinent

medical risk factors (Table 1) were not attempted.

Discussion

Improvements in therapeutic radiation technique as well as

advancements in diagnostic imaging, neurosurgical tech-

nique, and supportive patient care measures over the past 3

decades have resulted in an increased 5-year survival rate

for children diagnosed with CNS tumors [1, 2]. With

improved survival, systematic characterization of the long-

term sequelae affecting these patients is important as this

information may inform future treatment trials and help to

identify patient groups who require closer surveillance and/

or specific interventions to limit disability. Characteriza-

tion of neurological outcomes in brain tumor patients may

be particularly important as these patients are reported to

potentially have a higher risk for mortality from accidental

trauma due to underlying neurosensory/neuromotor deficits

[11, 12].

In general, neurological impairment (as differentiated

from neuro-cognitive or neuro-endocrine function) in

pediatric brain tumor patients is poorly described. The

literature is devoid of any prospective series that track the

evolution of neurological deficits over time. With respect

to chronic neurologic outcomes, more literature is avail-

able. The largest cohort of pediatric brain tumor patients

Table 2 Number of patients evaluated for neurological impairment over time

Neurological impairment Number of patients (%)

Baselineb

N = 96 (%)

12 monthsb

N = 86 (%)

24 monthsb

N = 76 (%)

36 monthsb

N = 76 (%)

48 monthsb

N = 76 (%)

60 monthsb

N = 74 (%)

Oculomotor dysfunction 68 (71) 65 (76) 72 (95) 61 (80) 50 (66) 45 (61)

Swallow dysfunction 64 (66) 64 (74) 72 (95) 61 (80) 50 (66) 45 (61)

Facial paralysis 68 (71) 65 (76) 72 (95) 61 (80) 50 (66) 45 (61)

Limb payalysis 68 (71) 65 (76) 72 (95) 61 (80) 50 (66) 45 (61)

Truncal ataxia/hypotonia 68 (71) 65 (76) 72 (95) 61 (80) 50 (66) 45 (61)

Limb dysmetria 67 (70) 65 (76) 72 (95) 61 (80) 50 (66) 45 (61)

Speech impairmenta 50 (68) 61 (71) 71 (93) 61 (80) 50 (66) 45 (61)

Gait impairmenta 51 (69) 65 (76) 72 (95) 61 (80) 50 (66) 44 (59)

a Patients \24 months old not evaluated
b Time interval from initiation of CRT
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with available neurological outcomes is from the Child-

hood Cancer Survivor Study [13]. This report demonstrated

childhood brain tumor survivors have excess risk for

chronic neurosensory deficits, focal neurological dysfunc-

tion, and epilepsy. Unfortunately, the characterization of

neurological impairment in this cohort is limited because

Table 3 Evolution of neurological impairment from the start of RT (N = 42)

Neurological impairment Impairment

score

Baseline 36 months 60 months

n % n % n %

Oculomotor dysfunction

None 0 23 54.8 25 59.5 27 64.3

\50% affected 1 8 19.1 3 7.1 5 11.9

50–99% affected 2 7 16.7 12 28.6 8 19.1

Either ophthalmoplegia or nystagmus at primary gaze 3 4 9.5 2 4.8 2 4.8

Facial paresis

None 0 29 69.1 30 71.4 29 69.1

\50% affected 1 5 11.9 6 14.3 8 19.1

50–99% affected 2 4 9.5 4 9.5 3 7.1

Complete paralysis 3 4 9.5 2 4.8 2 4.8

Dysphagia

None 0 30 71.4 32 76.2 33 78.6

Mild 1 3 7.1 6 14.3 5 11.9

Moderate 2 0 0.0 2 4.8 2 4.8

Requires G-tube 3 9 21.4 2 4.8 2 4.8

Dysarthriaa

None 0 25 59.5 29 69.1 36 85.7

Mild, easy to understand 1 4 9.5 10 23.8 6 14.3

Moderate, some repetition required 2 1 2.4 3 7.1 0 0.0

Frequent repetition required 3 1 2.4 0 0.0 0 0.0

Limb paresis

None 0 30 71.4 28 66.7 30 71.4

Mild paresis 1 10 23.8 13 31.0 11 26.2

Moderate paresis 2 1 2.4 1 2.4 1 2.4

Paralysis 3 1 2.4 0 0.0 0 0.0

Limb dysmetriab

None 0 28 66.7 20 47.6 25 59.5

Mild, \1 inch temor, \50% misses target 1 5 11.9 17 40.5 14 33.3

Moderate, 1– inches tremor, [50% misses target 2 7 16.7 5 11.9 3 7.1

3 = Unable to do, [6 inches tremor 3 1 2.4 0 0.0 0 0.0

Truncal ataxia/hypotonia

None 0 36 85.7 42 100.0 42 100.0

Mild difficulty with posture 1 2 4.8 0 0.0 0 0.0

Titubation, no support required 2 1 2.4 0 0.0 0 0.0

Requires support to sit 3 3 7.1 0 0.0 0 0.0

Gait dysfunctionc

None 0 22 52.4 34 81.0 36 85.7

Mild imbalance, no support required 1 7 16.7 8 19.1 5 11.9

Moderate imbalance, occasional support 2 1 2.4 0 0.0 0 0.0

Cannot walk with assistance 3 3 7.1 0 0.0 0 0.0

a 11 were not evaluated at baseline
b 1 was not evaluated at baseline
c 9 were not evaluated at baseline and 1 not evaluated at 60 months
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outcomes are based upon the patient’s own recall of events

and their ability to interpret relevant neurologic symptoms

or signs. Also, like much of the available literature, the

cohort is from an era dominated by whole-brain megavolt-

age radiotherapy. This may not represent more contem-

porary patients treated with advanced multi-modal therapy.

Another deficiency of the existent literature is that risk

factors for chronic neurological impairment in pediatric

brain tumor patients are often not well characterized with

respect to individual tumor type or location [13–22]. More

recently, treatment strategies for pediatric brain tumors

have become more diversified and are now often custom-

ized with respect to underlying tumor histopathology,

tumor molecular profile, tumor location, and/or individual

patient characteristics. Because treatment exposure and

attendant risk for untoward morbidity will vary, it is no

longer tenable to aggregate childhood brain tumor patients

when reporting treatment outcomes.

Given the paucity of literature that characterizes neu-

rological impairment in contemporary pediatric brain

tumor patients, this longitudinal study of neurological

function in pediatric infratentorial ependymoma patients

treated with maximal safe surgery and CRT/IMRT is

notable. To our knowledge, this report is the first to

describe the evolution of neurological impairment from

treatment initiation to achievement of long-term survival in

a cohort of pediatric brain tumor patients. Because neuro-

logical function is such an important consideration for

clinicians and parents, these findings should provide some

reassurance and assist treatment decision-making in pedi-

atric infratentorial ependymoma patients.

As hypothesized, in most patients, neurological deficits

were maximal in the post-operative period and either

remained stable or improved during radiation and the post-

treatment evaluation period. Presence of hydrocephalus

and history of shunt placement was associated with

increased morbidity. Even those deficits characterized as

severe typically improved over time. Need for G-tube and

tracheotomy placement was rare. When placed, both were

generally required for about 1 year. With the exception of

hearing, the majority of chronic residual neurological

deficits in this at-risk population is mild and only mini-

mally intrudes upon daily life. The primary impairments

noted 5-years after start of radiation include impaired

ocular motility, facial weakness, mild hemiparesis, and

limb dysmetria. With respect to radiation-related morbid-

ity, within the first 5 years after irradiation, no patient

experienced untoward radiation necrosis or radiation

induced neurological decline. Although the maximally-

tolerated dose of small volume fractionated irradiation to

the brainstem in children is unknown, the prescribed dose

59.4 Gy appears to be generally safe with regard to cranial

nerves and white matter bundles subserving motor and

sensory functions travelling within or near the 4th ventri-

cle. Despite these optimistic findings, it is pertinent to note

that the majority of children are pre-adolescent at time of

5-year follow-up (median age 7.7 years) and with age and

additional social pressures, these survivors may develop

further impairments such as peer rejection because of facial

asymmetry or inability to obtain drivers permit because of

motor difficulties. Continued monitoring of this population

with particular attention to quality of life is thereby

required.

When interpreting the results of this study, several

limitations should be considered. With regard to patient

participation, overall rate of compliance to mandated

examinations at specific intervals was moderate (66%).

Unfortunately, the challenge in reconciling often complex

patient schedules (multiple competing clinical appoint-

ments, extended sedation for irradiation or surveillance

scans, prolonged post-sedation effects, etc.) to the limited

availability of neurological subspecialty appointments lar-

gely contributed to this deviance. However, because most

patients underwent multiple examinations (median number

of examinations per patient = 7, range = 1–14) risk for

referral bias was believed to be minimal. On a similar note,

given the reduced flexibility in scheduling, neurological

examinations were not performed by a single neurologist

and, thus, inter-rater reliability may be of concern. Also,

the interpretation of neurological impairment from clinical

notes was retrospective and subject to additional bias.

Furthermore, the severity scale for deficits/impairments

was an ‘‘in-house’’ measure and has not been validated at

this juncture. Although validated clinical severity scales

exist for some for some deficits of interest, these were not

assessed prospectively and therefore were not utilized for

Table 4 Late adverse neurological effects

CTCAE category/grade Grade 0 Grade 1/2 Grade 3/4/5

N % N % N %

Impaired hearing (R) 36 75.0 3 6.3 9 18.8

Impaired hearing (L) 31 64.6 5 10.4 12 25.0

Ocular dysmetria 34 70.8 14 29.2 0 0.0

CN III palsy 48 100.0 0 0.0 0 0.0

CN IV palsy 48 100.0 0 0.0 0 0.0

CN VI palsy 41 85.4 7 14.6 0 0.0

CN VII palsy 36 75.0 11 22.9 1 2.1

CN IX/X palsy 40 83.3 8 16.7 0 0.0

Dysarthria 42 87.5 6 12.5 0 0.0

Limb paresis 43 89.6 5 10.4 0 0.0

Limb dysmetria 36 75.0 12 25.0 0 0.0

Truncal Ataxia/Hypotonia 48 100.0 0 0.0 0 0.0

Gait dysfunction 28 58.3 20 41.7 0 0.0
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this study. St. Jude Children’s Research Hospital serves as

a national referral center and our pediatric neurosurgeons

have experience that only several institutions in the United

States can equal. Therefore, our rate and degree of neuro-

logical morbidity after maximal safe surgery may not be

well generalized to all patients. Because of the potential

risk of harm in removing infratentorial ependymoma,

resection by an experienced neurosurgeon is highly

advised. Finally, there is growing optimism that radio-

therapy using protons rather than photons may provide

additional protection to normal brain structure in pediatric

brain tumor patients. It is unclear whether the results of this

study will be applicable to a growing population of patients

receiving proton therapy.
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