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Abst rac t

Background and purpose: The aim of the study was to pre-
sent our experience in the surgical treatment of intraventri -
cular ependymomas and subependymomas with special con-
sideration to the evaluation of the surgical outcome and risk
of tumour recurrence. 
Material and methods: We report a series of 36 consecutive
patients treated surgically for intraventricular ependymoma
or subependymoma in the years 1992-2008. There were 
26 lateral ventricle and 10 fourth ventricle tumours. Com-
plete resection was achieved in 19 patients while the remain-
ing 17 patients underwent either subtotal or partial resection.
Histopathological evaluation revealed ependymoma, sub -
ependymoma and anaplastic ependymoma in 20, 11 and 
5 cases, respectively. 
Results: Eight patients died after surgery due to postopera-
tive brain injury. Five patients were severely disabled post-
operatively: one patient developed hemiparesis, three patients
presented adynamic syndrome, and one patient developed
severe cerebellar ataxia subsequent to vermis injury. All
patients with posterior fossa tumours presented with lower
cranial nerve deficit. Seventeen patients received radiothe -
rapy postoperatively. There were five recurrent tumours dur-
ing follow-up; three patients underwent subsequent reope -
ration. Importantly, five patients with supratentorial tumours
and a history of incomplete resection with postoperative
radiotherapy had no tumour recurrence in over 10 years’ fol-
low-up.
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St reszczenie

Wstêp i cel pracy: Celem pracy by³o przedstawienie w³asnych
doœwiadczeñ w leczeniu operacyjnym wyœció³czaków i pod-
wyœció³czaków wewn¹trzkomorowych, ze szczególnym 
uwz glêdnieniem oceny wyników leczenia i ryzyka wznowy
guza.
Materia³ i metody: Materia³ kliniczny obejmuje kolejnych 
36 chorych leczonych operacyjnie w latach 1992–2008 z roz-
poznaniem wyœció³czaka lub podwyœció³czaka wewn¹trzko-
morowego. Wyodrêbniono 26 pacjentów z guzami komór
bocznych i 10 z wyœció³czakami IV komory mózgu. Guz 
usuniêto ca³kowicie u 19 pacjentów, prawie ca³kowicie u 6,
a czêœciowo u dalszych 11 osób. W badaniu histopatologicz-
nym wykazano obecnoœæ wyœció³czaka u 20, podwyœció³cza-
ka u 11, a wyœció³czaka anaplastycznego u 5 chorych.
Wyniki: Oœmiu chorych zmar³o po operacji w przebiegu
ciê¿kiego uszkodzenia mózgu. Piêciu pacjentów zosta³o wypi-
sanych w stanie ciê¿kim, w tym trzech z zespo³em adyna-
micznym, jeden z g³êbokim niedow³adem koñczyn i jeden
z ciê¿kim zespo³em mó¿d¿kowym. U wszystkich pacjentów
z guzem IV komory mózgu obserwowano zaburzenia po³yka-
nia i fonacji. Po operacji 17 pacjentów poddano radioterapii.
W okresie dalszej obserwacji u 5 pacjentów zanotowano
odrost guza; trzech pacjentów ponownie operowano, wszy-
scy zmarli z powodu dalszego rozrostu guza. U pacjentów
z wyœció³czakami nadnamiotowymi usuniêtymi nieca³kowi-
cie i poddanymi radioterapii zanotowano wieloletnie obser-
wacje bez dalszego rozrostu guza.
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Introduction

According to the World Health Organization
(WHO) classification, ependymomas (WHO grade II),
anaplastic ependymomas (WHO grade III) and sub -
ependymomas (WHO grade I) belong to the ependy-
mal tumours that show microscopic features of both epi -
thelial and glial cells. Ependymomas account for 2% of
intracranial tumours in adults while in children this pro-
portion approaches 12% [1-3]. At least half of epen-
dymomas occur in the first two decades of life; they lo -
calize in the posterior fossa then, particularly in small
children. Ependymomas in the adult population are most-
ly supratentorial; still only a half of them arise from ven-
tricle walls. The remaining half originate within the brain,
outside the ventricular system and stem from ependymal
cells that arrested within brain parenchyma during em -
bryonic development. Subependymomas, on the other
hand, are rare and comprise less than 0.7% of all intra -
cranial tumours [4]. Subependymomas and ependymo -
mas are more common in men; the majority of them relate
to the fourth ventricle when compared to subependymomas
of the lateral ventricles [5]. In contrast to ependymomas,
extraventricular localization of subependymomas is
extremely rare [4]. The most common clinical signs
include cognitive disturbances and signs of intracranial
hypertension that arise from cerebrospinal fluid circula-
tion disturbances and related hydrocephalus [1].

Owing to the specificity of their intraventricular loca -
lization and associated, fastidious difficulties in their 
surgical treatment, we decided to select cases with ven-
tricular system tumours and put them under meticulous
analysis. Treatment of ventricular ependymomas is
complex and its final outcome is burdened by a high risk
of serious neurological complications. It relates to the
extent of a slowly growing tumour that expands within
the ventricular system and remains clinically silent until
it reaches undue dimensions. Accordingly, a successful
dissection of the tumour, which usually encompasses cri-

 tical paraventricular structures, poses a real challenge for
a neurosurgeon. On the other hand, the nature of the
tumour itself along with frequent partial resections
usually necessitates adjuvant oncological treatment.
Nonetheless, final outcomes in this group of intracranial
tumours remain unsatisfactory and further prognosis
uncertain. Accordingly, patients with hemispheric tu mours
located outside the ventricular system as well as those with
pineal region tumours were excluded from our cohort.
The objective of our study was to present our experience
with surgical treatment of ventricular ependymomas and
subependymomas based on a homogeneous, relatively
large group that encompasses adult patients treated in
a single centre over the last several years. Paramount prob-
lems relevant to treatment outcome and risk of recurrence
are also discussed. The majority of the studies published
so far depict outcomes in the paediatric population owing
to the much higher prevalence of these tumours. Accord-
ingly, the presented analysis seems particularly relevant.

Material and methods

Retrospective analysis of 36 patients treated surgical -
ly for intraventricular ependymomas or subependymo-
mas between 1992 and 2008 was performed. Two sub-
groups – one that encompassed 26 patients with lateral
ventricle tumours and one that included 10 patients with
tumours of the fourth ventricle – were separated.
Patient’s age varied from 16 to 75 years; the average age
was 34 years. Our cohort included 15 women and 21 men
(Table 1). The most common primary symptom was
headache (Table 2) while duration of symptoms did not
exceed a year; in 16 patients it was shorter than 3 months.
Clinical symptoms on admission are summarized in 
Table 3. Most of the patients presented with signs of
intracranial hypertension that included papilloedema on
fundoscopy. Obstructive hydrocephalus was present in 
23 cases; eight patients had a ventriculo-peritoneal
shunt implanted prior to definitive surgery. The extent
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Conclusions: Intraventricular ependymomas and subependy-
momas still remain a surgical challenge due to a relatively
high incidence of incomplete tumour resections and/or per-
manent neurological complications associated with their re -
moval. Still, even incomplete tumour removal with subse-
quent radiotherapy facilitates long-term progression-free
survival in some cases.

Key words: ependymoma, subependymoma, brain tumour,
operative treatment, radiotherapy.

Wnioski: Leczenie wyœció³czaków i podwyœció³czaków
wewn¹trzkomorowych jest zwi¹zane z du¿ym ryzykiem ope-
racyjnym i trudnoœci¹ w ca³kowitym usuniêciu guza. W gu -
zach nadnamiotowych nawet w przypadku ich czêœciowego
usuniêcia i poddania pacjenta radioterapii jest mo¿liwe wie-
loletnie prze¿ycie bez rozrostu nowotworu. 

S³owa kluczowe: wyœció³czak, podwyœció³czak, guz mózgu,
leczenie operacyjne, radioterapia.
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of extraventricular tumour invasion was assessed accord-
ing to the intraoperative representation and preoperative
neuroradiological studies (Table 4). Likewise, the extent
of resection was appraised based on the surgeon’s intra-
operative interpretation as well as an early postoperative
computed tomography (CT) scan (7 days after surgery)
and late magnetic resonance imaging (MRI) (3 months
after surgery), both of which were scheduled in concert
with current neuroimaging capabilities. Gross total and
partial resections were defined with subtotal resections
pointed out in cases when the performing neurosurgeon
deliberately left a small portion of the tumour within 
an eloquent area. The extent of resection in particulate
cases is summarized in Table 4. Lack of radicality in select-
ed cases arose from tumour infiltration into the deep brain
structures in lateral ventricle tumours, its penetration into
the fornix and/or corpus callosum in tumours within the
foramen of Monro’s vicinity or wide infiltration of the
ventricle floor in ependymomas of the fourth ventricle.
Histopathological examination revealed ependymomas
in 20 patients and subependymomas in 11; five patients
harboured anaplastic ependymoma. All subependy-
 moma cases involved tumours of the lateral ventricles.
Histopathological diagnoses in correlation to tumour loca-
tion are summarized in Table 4.

Tumours of the lateral ventricles were removed via the
middle frontal gyrus approach; for tumours of the tri -
gonum, the middle temporal gyrus or superior parietal
lobule approach was implemented. Ependymomas of the
fourth ventricle were accessed either via a telovelar ap -
proach or with partial resection of the vermis.

Patients were evaluated on admission, at discharge
from the department and in long-term follow-up (either
in the department or in the outpatient clinic) based on
neurological exam and imaging studies. Radiological dia -

Age Ependymomas in the lateral ventricles Ependymomas in the fourth ventricle Overall

women men women men

16-30 5 7 2 3 17

31-40 3 5 1 1 10

41-50 – 1 – 2 3

51-60 2 1 – – 3

> 60 2 – – 1 3

Overall 12 14 3 7 36

Table 1. Age and sex of studied patients

First sign Ependymomas Ependymomas Overall
in the lateral ventricles in the fourth ventricle

Headache 14 8 22

Epileptic seizures 5 – 5

Psychoorganic syndrome 3 – 3

Sudden disorders of consciousness 2 – 2

Vertigo 2 2 4

Table 2. First signs of tumour in studied patients

Clinical signs Ependymomas Ependymomas
on admission in the lateral in the fourth

ventricles  ventricle

Headache 22 10

Vomiting 12 7

Consciousness disturbances 8 2

Visual disturbances 9 7

Psychoorganic syndrome 5 1

Limb weakness 3 –

Epileptic seizures 4 –

Table 3. Clinical signs on admission
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gnostics included CT or MRI; notably, since 1998 all
of the patients have had MRI in their preoperative
workup. It is worth mentioning, however, that CT has
limited value in preoperative diagnostics as it provides
inadequate evaluation of infiltration of structures cri tical
for the surgical strategy such as basal ganglia, fornix, 
corpus callosum or brainstem. Postoperative follow-up
varied from 2 to 18 years (mean, 7 years). Catamnesis
was available for 24 out of 28 patients in our cohort (86%).

Results

Immediate outcomes assessed with the Glasgow Out-
come Scale (GOS) and stratified by tumour location,
tumour size and extent of resection are presented in Ta-
bles 5 and 6. Four patients died following surgery for tu -
mours of the lateral ventricle. In 3 cases, where large 
tu mours encompassed the lateral ventricles and third 

ventricle, patients succumbed to injury of the fornix and
hypothalamus. The fourth patient, who underwent sur -
gery for an ependymoma within the trigonum approached
through the superior parietal lobule, died due to pneu-
monia. Likewise, four patients operated for fourth ven-
tricle tumours died. In two cases brainstem injury was
the immediate cause of the death while the third patient
died due to meningitis following ventriculo-peritoneal
shunt implantation for hydrocephalus and the fourth one
succumbed to postoperative haematoma. High mortal-
ity in the group of patients with fourth ventricle tumours
is clearly visible (40%) in comparison to the patients with
supratentorial tumours (15%). Interestingly, we found
a relationship between outcome and the extent of resec-
tion. In the group of the patients with fourth ventricle
tumours the percentage of gross total or subtotal resec-
tions reached 70%. Concurrently, three out of seven
patients died. At the same time, out of three patients with
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Location Extent of resection Histopathology Overall

Gross Subtotal Partial Subependymoma Ependymoma Anaplastic
total ependymoma

Lateral ventricle 10 2 1 8 3 2 13

Both lateral ventricles 2 – 2 1 3 – 4

Lateral and third ventricle 2 1 2 1 4 – 5

Lateral ventricle and basal – 1 3 1 2 1 4
ganglia

Fourth ventricle 3 – 1 – 4 – 4

Fourth ventricle 
and brainstem – 2 2 – 3 1 4

Fourth ventricle and vermis 2 – – – 1 1 2

Overall 19 6 11 11 20 5

Table 4. Tumour location, extent of resection and histopathology

Outcome Tumour localization Overall

(GOS) Lateral Both Lateral Lateral Fourth Fourth Fourth
ventricle lateral ventricle ventricle ventricle ventricle ventricle

ventricles and third and basal and and
ventricle ganglia brainstem vermis

Good recovery 11 3 2 2 – – – 18

Moderate disability – – – 1 2 2 – 5

Severe disability 1 – 1 1 – 1 1 5

Death 1 1 2 – 2 1 1 8

Table 5. Outcome (Glasgow Outcome Scale, GOS) in relation to tumour location
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fourth ventricle tumours that were partially resected, only
one died. In our series of 13 patients with lateral ventricle
tumours that encompassed both lateral ventricles, the third
ventricle along with tumours that infiltrated the basal gan-
glia we achieved gross total or subtotal resection in six
patients. Still the outcome was unsatisfactory: three pa -
tients died and one was discharged in a poor condition.
Conversely, all seven patients with large lateral ventricle
tumours who underwent partial resection had very
good outcomes.

Only one (9%) out of eleven cases of partial tumour
resection in our study had an unfavourable outcome while
amongst 25 patients with complete or subtotal resection
7 patients died (28%). Based on these data one can argue
that in cases where tumours encompass critical brain struc-
tures such as the basal ganglia, corpus callosum, tegmen-
tum or brain stem any attempts to achieve radicality should
be limited by the very high risk of postoperative neuro-
logical sequelae. Likewise, tumour size influenced the out-
come. Three out of 9 patients (33%) with massive tu -
mours in which the largest dimension exceeded 6 cm died
after surgery while mortality for remaining, smaller tu -
mours was significantly lower at 18.5% (5 out of 27 cas-
es). Differences existed amid histopathologically differ-
ent tumour types as well. Only one patient (9%) with
subependymoma died postoperatively while in the pa tient
groups with ependymoma and anaplastic ependymomas
case-fatality averaged 25%.

Five patients were discharged with unfavourable out-
comes: three patients with adynamic syndrome, one with
severe cerebellar injury and one with profound hemi-
paresis. In two cases adynamic syndrome was related to
postoperative hydrocephalus and significant improvement
was achieved with ventriculo-peritoneal shunting; in one
case adynamic syndrome arose from fornix injury.
Severe cerebellar syndrome subsequent to the dissection
of ependymoma that encompassed the fourth ventricle

and the vermis developed after dentate nucleus injury in
one of the patients. Yet another patient with lateral ven-
tricle ependymoma that infiltrated basal ganglia devel-
oped hemiparalysis following complete tumour removal
due to injury of the basal ganglia. A patient with pre-
operative blindness did not improve her vision after tu -
mour removal. All of the patients with a fourth ventri-
cle ependymoma presented swallowing, expectoration and
phonation disturbances that gradually diminished 
during the postoperative period and required phoniatric
rehabilitation; on top of that, three patients developed tran-
sient sixth nerve paresis. Two patients with lateral ven-
tricle tumours developed epileptic seizures during the late
follow-up. One patient with a lateral ventricle tumour and
two patients with fourth ventricle ependymomas required
shunting for postoperative hydrocephalus.

Seventeen patients underwent conventional radio-
therapy following surgery – 14 of them after surgery for
supratentorial and three after surgery for fourth ventri-
cle tumours discharged in a good condition. Another 
10 patients with ependymomas and three with anapla stic
ependymomas along with four patients with subependy-
momas were qualified for radiotherapy after subtotal resec-
tion based on the risk of tumour progression. Three cas-
es of ependymomas (WHO grade II) after gross total
resection were not qualified for radiotherapy. The deci-
sion was made based on the therapeutic strategy valid dur-
ing the first years of the analysed period which enforced
radiotherapy solely on the basis of the radicality of the
surgery. Follow-up revealed tumour recurrence in 5 cas-
es (Table 7). Three supratentorial tumours recurred two
years after surgery (one patient with ependymoma and
two others with anaplastic ependymomas). One of them
underwent reoperation (primarily ependymoma, recur-
rence progressed to anaplastic ependymoma). All three
patients succumbed to the recurrent tumour’s progres-
sion. Of the two patients with recurrent tumours of the

Outcome (GOS) Extent of resection Tumour size

Gross total Subtotal Partial � ≤ 3 cm > 3 cm ≥ 6 cm
� < 6 cm

Good recovery 10 1 7 4 11 3

Moderate disability 2 1 2 – 4 1

Severe disability 2 2 1 1 2 2

Death 5 2 1 1 4 3

Overall 19 6 11 6 21 9

Table 6. Outcome (Glasgow Outcome Scale, GOS) in relation to the extent of resection and the size of the tumour
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fourth ventricle, the first one presented with recurrence
and concomitant tumour dissemination within the spinal
canal 1.5 years after the initial surgery. Corresponding-
ly, primary diagnosis was ependymoma while recurrent
tumour proved to be anaplastic ependymoma. The other
case initially presented as anaplastic ependymoma. It was
a 16-year-old patient whose tumour recurred 9 years after
initial, partial resection with adjuvant radiotherapy; this
patient died after second, subtotal resection of the tu mour
due to severe brain injury. The efficacy of the radiotherapy
is summarized in Table 8. All the three cases of anaplas-
tic ependymomas recurred despite adjuvant radiother-
apy while ependymomas (WHO grade II) recurred in
two out of three cases that had not any radiotherapy. 
Of particular importance are the cases with subtotal resec-
tions of ependymomas (WHO grade II) who underwent
subsequent radiotherapy. Out of seven patients in this
group, four have had a follow-up period exceeding 10
years (11, 12, 15 and 18 years) with no clinical or radi-
ological signs of recurrent tumour.

Discussion

Ependymomas (WHO grade II), anaplastic epen -
dymomas (WHO grade III) and subependymomas
(WHO grade I), according to the WHO classification,
appertain to ependymal tumours that reveal micro-
scopic features of both epithelial and glial cells. Ependy-
momas account for approximately 2% of intracranial
tumours in adults, where they are predominantly locat-
ed in the supratentorial space, while in children an in -
fratentorial location is much more common and ependy-
momas make up to 12% of all paediatric brain tumours
[1-3]. Subependymomas are much less prevalent and
constitute 0.7% of all intracranial tumours; nonetheless
this value might be widely underestimated owing to the
fact that a significant percentage of these tumours are
asymptomatic [4]. Reports exist, however, on rare, pe -
diculate subependymomas of the lateral ventricle [6]. In
contrast to ependymomas, subependymomas are extreme-
ly rare outside the ventricular system. Despite significant
differences in biological activity between various types of
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Patient with Location Size Extent Histopathology Radiotherapy
tumour of resection
recurrence

C.S. Lateral ventricle > 6 cm Gross total Ependymoma No

I.B. Lateral ventricle > 3 cm < 6 cm Gross total Anaplastic Yes
ependymoma

K.N. Lateral ventricle > 3 cm < 6 cm Partial Anaplastic Yes
and basal ganglia ependymoma

J.C. Fourth ventricle > 6 cm Gross total Ependymoma No

S.T. Fourth ventricle > 3 cm < 6 cm Partial Anaplastic 
ependymoma Yes

Table 7. Tumour recurrence

Histopathology Radiotherapy (+) Radiotherapy (–) Recurrence

Subependymoma (WHO grade I)
4 0

6 0

Ependymoma (WHO grade II)
10 0

3 2

Anaplastic ependymoma (WHO grade III)
3 3

– –

Overall 17 9 5

Table 8. Radiotherapy efficacy
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ependymal tumours, a whole group has common char-
acteristics including similarities in the surgical manage-
ment. Moreover, these tumours are often discussed
together [7]. On top of that, although radiological pre-
sentation of subependymomas is slightly different from
more aggressive ependymal tumours (subependymomas
show moderate contrast enhancement in T1-weighted
MRI sequences with no surrounding oedema while
ependymomas demonstrate intensive, rather homogeneous
contrast enhancement and peritumoural oedema) in symp-
tomatic tumours differential diagnosis based on imaging
studies is always doubtful and clinically irrelevant. Con-
versely, asymptomatic tumours necessitate a distinctive
approach since a justified suspicion of subependymoma
usually imposes conservative treatment and close follow-
up of the tumour [5].

Intraventricular ependymomas, in the majority of cas-
es, grow relatively slowly and remain asymptomatic long
enough to reach a relatively large size at diagnosis [8].
The most common clinical signs include cognitive de -
cline along with symptoms of intracranial hypertension
that arise from cerebrospinal fluid circulation deficien-
cy and subsequent hydrocephalus. Likewise, in our cohort
the most often reported signs were those related to in -
tracranial hypertension (headache, papilloedema) while
imaging studies revealed obturative hydrocephalus in most
of the cases. Less prevalent signs and symptoms in patients
with intraventricular tumours included seizures, focal
deficits and cerebellar ataxia in posterior fossa cases [1].
Only three patients in our group with tumours localized
within the body of the lateral ventricle or trigonum pre-
sented with focal deficits. The therapeutic scheme for
intracranial ependymomas encompasses surgical dissection
and postoperative radiotherapy [3,9,10]. The surgical
approach depends on the prospective site of the prima-
ry tumour expansion, the degree of intraventricular expan-
sion, transependymal outgrowth into the periventricular
zone and the size of the tumour. Yasargil stresses that the
essence of intraventricular tumour surgery involves
tumour dissection via an approach that avoids critical brain
structures and minimizes the risk of perioperative neuro -
logical deficits [11]. A piecemeal dissection was imple-
mented in most of the cases owing to the large size of the
tumour prior to its final dissection; a similar approach
has been stressed by others [12].

In our series of lateral ventricle tumours, we used sole-
ly transcortical approaches. Tumours of the anterior part
of the body of the lateral ventricle as well as tumours with-
in the foramen of Monro’s vicinity, which comprised the
majority of our cases, were approached via the middle

frontal gyrus. The presence of a large mass of the tumour
with transependymal infiltration was the main justifica-
tion for this approach; moreover, it allowed the dissec-
tion of extensive tumours that often comprised both 
lateral ventricles along with an anterior part of the third
ventricle, which represented a significant percentage of
the cases. Yasargil advocates for an anterior, transcallo -
sal approach for tumours located within an anterior horn
and the body of the lateral ventricle in order to avoid
transcortical approaches’ complications such as seizures,
limb pareses or memory and cognitive deficits [11,13,14].
The transcortical approach has its advantages, though:
it is simple, and facilitates a wider surgical manoeuvre
within the surgical corridor in the lateral ventricle which,
in the era of microsurgery, generates much lower risk 
of the aforementioned complications than reported pre-
viously [15]. This approach was complicated by seizures
in two cases; however, the frequency was significantly 
lower than reported by others [8,12].

In tumours located within the posterior part of the
body of the lateral ventricle and trigonum, we applied 
an approach via the superior temporal lobule and mid-
dle temporal gyrus. The middle temporal gyrus approach,
which facilitates a shorter surgical corridor, is particular -
ly feasible for either solely intraventricular tumours or
tumours with lateral, transependymal extension where it
ensures good, early control over the branches of the pos-
terior lateral choroid artery. On the other hand, a poten-
tial risk of aphasia in tumours of the dominant hemisphere
along with possible visual field deficit has been described
[16,17]. A number of authors stress the advantages of
a superior temporal lobule approach [11,12,18], par-
ticularly in cases with tumour expansion rostrally and with-
in the dominant hemisphere. When compared to the mid-
dle, temporal approach it reduces the risk of visual and
speech deficits but it does not provide good control over
tumour vascularity [19], which conversely increases the
risk of limb pareses. One should also remember that
transcortical approaches carry higher risk of intracere-
bral haemorrhage and increase the risk of hemisphere col-
lapse following extensive resection with subsequent peri -
cerebral haematoma or hygroma [19]. In our hands no
intracerebral hematoma occurred; however, a few times
we found asymptomatic hygromas adjacent to a collapsed
hemisphere.

Gross total or subtotal resection was achieved in over
60% of patients with lateral ventricle ependymomas.
Schwartz et al. [20] reported analogous results in a si -
milar group of patients with supratentorial ependymo-
mas while Majchrzak et al. [21] reported 85% radical
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dissections of lateral ventricle neoplasm. However, these
series are hardly comparable to our cohort as the first one
included ependymomas of the lateral ventricle along with
pineal region ependymomas and extraventricular tumours
as well; the other one presented a plethora of various types
of ventricular tumours with only one case of ependymoma.

Four of our patients with lateral ventricle ependy-
momas (15%) succumbed to severe brain injury after the
operation. Three of these patients had tumours that en -
compassed both lateral ventricles, and two of those had
tumour in the third ventricle as well; the last, fourth one
had a tumour that filled the trigonum. Similar or slight-
ly lower mortality was reported by others [7,20,21], who
confirmed an increased risk of surgery in patients with
large and infiltrative tumours of a higher grade. Two 
other cases of lateral ventricle tumours developed ady-
namic syndrome that was related to fornix injury in one
patient and postoperative hydrocephalus in the other; 
in this case ventriculo-peritoneal shunt significantly
improved agility of the patient and restored his motor
independence. Interestingly, in our group of patients we
found a well-defined relationship between the outcome
and the extent of resection. It is particularly true for ex -
tensive tumours of lateral ventricles that involved the
fornix, corpus callosum and basal ganglia. Our analysis
proved that in cases like that an aspiration for complete
resection is futile as it is connected with a very high risk
of postoperative neurological deficits.

Fourth ventricle tumours were initially approached
via the vermis (five patients), a corridor that ensures a wide
view into the fourth ventricle but is burdened by numer-
ous complications. For this reason it was later substituted
by the telovelar approach [11]. Two patients after re sec-
tion via the vermis presented intense cerebellar ataxia pos-
sibly related to dentate nucleus injury. In cases where
ependymoma extended caudally into the spinal canal
(Figs. 1 A-D) (in three cases it reached C2 level and 
C3 level in a single one), the tumour itself formed the sur-
gical corridor while difficulties were usually related to
a displaced posterior inferior cerebellar artery, often
encased in tumour [22]. Yasargil and others stress a sig-
nificant risk of new, postoperative neurological deficits
that are related to tumour compression on critical struc-
tures within the floor of the fourth ventricle, deep cere-
bellar nuclei and cerebellar peduncles [11,22]. More-
over, one should emphasize that benign ependymomas
do not show infiltrative tendencies apart from their point
of origin [23]. The difficulty with radical tumour dis-
section in this location results in a percentage of gross total
resections that varies from 20% to 70% according to var-

ious authors [10,22,24]. A crucial part of the operation
involves separation of the tumour from the fourth ven-
tricle floor, which is associated with a high risk of injury
to the ninth and tenth cranial nerve nuclei. In our expe-
rience, the risk of unfavourable outcome is high: as many
as four patients succumbed to severe brain injury. All of
the patients had postoperative dysphagia and dysarthria.
In two cases of fourth ventricle ependymomas, the tu -
mours were located in the roof of the fourth ventricle. In
these cases the ependymoma arises from the inferior me -
dullary velum and is feasible for radical dissection, but
still it necessitates incision of the vermis [22].

No intraoperative neurophysiological monitoring
was implemented during our study. Currently, intra-
operative neurophysiological monitoring is an indispen -
sable tool for a neurosurgeon during an intervention 
within eloquent areas [25]. In our cohort intraoperative
monitoring would be particularly applicable in cases with
fourth ventricle tumours. Neurophysiological monitor-
ing should then involve brainstem mapping (BSM) 
and corticobulbar tract motor-evoked potentials (CBT-
MEP) [26]. Aforementioned studies provide more infor-
mation on preserved function of brainstem tracts and
nerve centres than previously applied somatosensory
evoked potentials (SSEP) and auditory brainstem res -
ponse (ABR). BSM allows localization of cranial nerves
and their motor nuclei within the floor of the fourth ven-
tricle. CBT-MEP allow continuous intraoperative mon-
itoring of the integrity of motor tracts from the cortex via
motor nuclei within the brainstem to the supplied mus-
cle. Simultaneous application of both techniques results
in a significant reduction of the risk of postoperative neu-
rological deficits.

After surgery, 17 patients received conventional ra -
diotherapy. No prospective, randomized clinical trials exist
so far that would compare outcomes of surgical treatment
alone versus combined surgery and adjuvant radiothe -
rapy; several series exist, however, that compare the ef -
ficacy of these therapeutic schemes and report more
favourable results in patients whose treatment included
surgery followed by radiotherapy [10,27]. Patients
who qualified for radiotherapy included 10 patients with
ependymomas, three patients with anaplastic ependy-
momas and four patients with incomplete resection of
subependymoma. Initially, qualification criteria includ-
ed anaplastic ependymoma diagnosis and incomplete dis-
section of the tumour. During postoperative follow-up,
however, we found recurrent tumours after gross total
resection of ependymomas (WHO grade II) without
adjuvant radiotherapy. Accordingly, all of the subsequent
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patients with ependymomas (WHO grade II) were re -
ferred for adjuvant radiotherapy. Still, reports exist that
support a conservative approach in the treatment of
ependymomas (WHO grade II), i.e. claiming that ra -
diotherapy is unjustified in cases with complete tumour
removal [28-31]. The extent of resection is regarded as
one of the most important factors that influence survival,
recurrence and tumour dissemination. Moreover, it has

been pointed out that the tumour should be dissected with
a certain margin of white matter [7] and ependymomas
adjacent to eloquent areas should be irradiated, when-
ever radicality of their dissection is uncertain. It is par-
ticularly relevant to fourth ventricle tumours. The main
aim of radiotherapy is to ensure local control of the tumour
at its point of origin for in the vast majority of cases the
recurrence takes place at the point of the primary tu mour

A B

C D

Fig. 1. Ependymoma (WHO grade II) of the fourth ventricle floor. Preoperative (A, B) and postoperative (C, D) magnetic resonance image
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growth [13]. Thus, irradiation of the whole brain and
spinal canal is deemed inefficient in tumour recurrence
prevention [31,32]. Posterior fossa ependymomas are an
exception; some authors suggest spinal canal irradiation
in these cases [33].

Long-term follow-up revealed tumour recurrence in
five patients. One of them, an anaplastic ependymoma
of the fourth ventricle, presented with tumour dissem-
ination in the spinal canal. Both supra- and infratento-
rial tumours, primarily or secondarily anaplastic ependy-
momas, recurred and all of the patients eventually died
sovereign of any attempts of reoperation. Some of the
authors indicate that even after recurrence ependymo-
mas (WHO grade II) retain their primary biological 
characteristics [7]. Our data did not confirm this state-
ment, however, for we had had two cases of anaplastic
transformation of the tumour. A critical factor that influ-
ences overall survival and recurrence is histopatholo gi -
cal diagnosis of anaplastic ependymoma. Likewise, tu -
mour dissemination within the central nervous system 
is unequivocally related to malignant tumour diagnosis
and partial dissection of the tumour. It also renders an
unfavourable outcome [31,34]. In our group we found
one case of anaplastic ependymoma recurrence as late as
9 years after surgery. Similar remarks on long-term sur-
vivals of patients with malignant tumours were report-
ed by others [7]. Our findings in the group of patients
with ependymomas (WHO grade II) after subtotal resec-
tion who underwent radiotherapy are particularly inte -
resting. In four out of seven patients the follow-up peri-
od exceeds 10 years (11,12,15 and 18 years, respectively),
yet the clinical and radiological examination revealed no
recurrence. The only factors that significantly influenced
the recurrence in our material were the diagnosis of ana -
plastic ependymoma (all three patients) and lack of radio-
therapy in ependymoma (WHO grade II) cases. Neither
age, sex, tumour location nor the radicality of the resec-
tion had any influence on tumour recurrence.

Conclusions

1. Surgical treatment of intraventricular ependymomas
and subependymomas is burdened by the high oper-
a tive risk and difficulties with radical dissection of the
tumour.

2. Attempts to achieve radical resection in tumours of
the ventricular system that encompass critical struc-
tures such us the basal ganglia, fornix or brainstem
hold a very high risk of neurological deterioration and

such a strategy should be thoroughly contemplated.
Significantly, the patients with supratentorial tumours
even partially resected, who underwent adjuvant ra -
diotherapy, can survive many years without progres-
sion.

3. Surgery for fourth ventricle ependymomas carries the
highest operative risk.

4. The most important factor that influences the risk of
recurrence is the histopathological diagnosis of an
anaplastic ependymoma.

5. It seems justified to implement postoperative radio-
therapy in all ependymoma (WHO grade II) cases
regardless of its location and the extent of resection.
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