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Abstract
Purpose The purpose of this study is to evaluate the results
of microsurgical treatment for choroid plexus tumors (CPT)
in adult patients.
Methods From 1990 to 2008, 14 patients >18 years were
treated at our institution for CPT, including seven males
and seven females with a mean age of 46 years. Mean
follow-up was 40 months. We reviewed the respective
patients' charts, operative, and follow-up notes. Telephone
interviews were performed as necessary. Neurological
status was determined using the Karnofsky performance
index pre- and post-operatively and at last follow-up.
Results This series includes 12 plexus papillomas (CPP)
and two atypical plexus papillomas (APP). Ten tumors were
located in the fourth ventricle, two tumors in the cerebello-
pontine angle, one growth each in the third and lateral
ventricle. In 12 cases, a complete tumor resection was
achieved. No recurrence was observed in these cases. Two
recurrent CPP were diagnosed 11 and 25 years after the
initial surgery. Brain stem infiltration prevented a complete
tumor removal in one case. In the other, the degree of
resection after the first operation could not be ascertained.
None of the patients received adjuvant chemo- or radio-
therapy. In four patients (29%), a permanent ventricular-
peritoneal shunt was necessary. Three patients initially
presented with a Karnofsky index of 60 or below. During
follow-up, three patients (21%) never improved beyond a
Karnofsky index of 60.

Conclusions Surgery aiming radical excision is the key to
successful treatment of CPP and APP in adults. Postoper-
ative outcomes may be less than satisfactory in some
patients.
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Introduction

Choroid plexus tumors (CPT) are intraventricular, papillary
neoplasms derived from the choroid plexus epithelium.
They account for only 0.3–0.6% of all brain tumors. The
WHO classification [11] distinguishes between choroid
plexus papilloma WHO grade I (CPP), atypical plexus
papiloma WHO grade II (APP), and choroid plexus
carcinoma WHO grade III (CPC). About 80% of CPC
arise in children [5, 15, 19].

CPT typically grow in areas where choroid plexus is
normally found, i.e., most CPT are intraventricular tumors.
Primary manifestation of a CPT in the cerebellopontine
angle (CPA) near the openings of the fourth ventricle is not
uncommon [5]. The choice of the surgical procedure and
the treatment of hydrocephalus pose significant challenges.
As a result of their deep intraventricular location, adhesion
to cranial nerves in the posterior fossa and high vascular-
ization surgical treatment may be demanding. Brain stem
infiltration may prevent total extirpation in some cases. The
value of adjuvant chemotherapy and radiotherapy is
unclear.

A complete resection is thought to be curative in CPP.
Recurrences are infrequent and the prognosis is good [13].
APP represent a novel intermediate-grade subtype of CPT.
Its clinical features and treatment outcomes have not been
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well delineated in the literature. Recently published data
from the CPT-SIOP-2000 study support the intermediate
dignity of APP [20]. The event-free-survival rate was 83%
in APP, but 92% in CPP and 28% in CPC.

Because of the rarity of CPT, treatment strategies are
based on the results of small case series. There are only
scarce contemporary data. Most reports concentrate on
pediatric patients. In the present paper, we detail our
experience with these rare tumors in 14 adult patients
treated at our institution between 1990 and 2008.

Methods

Fourteen adult patients with a CPT were treated between
1990 and 2008 at the Department of Neurosurgery of Bonn.
One patient had his primary operation performed in another
institution and was referred to our institution only at the
time of recurrence. Clinical, histopathological and operative
reports, as well as out-patient records, were reviewed. In
cases without follow-up documentation (n=7), a telephone
interview was performed in order to determine the time
point of the last MRI and the radiologists' findings
(recurrence vs no recurrence) and the patient's current
neurological and overall condition recorded as Karnofsky
performance index (KPI) [6]. Two out of seven patients
were not available for an interview. In 4/7 cases, the patient
himself could be interviewed. In one case, the interview
was performed with the (deceased) patient's wife.

There were seven male and seven female patients,
with a mean age of 46 years (years) (range 20–79,
median 43 years). During the same period, we operated
on four children aged 2, 4, 5, and 6 years, respectively.
Mean follow-up was 58 months (range 1–214, median
30 months). Histopathological evaluations were per-
formed according to the WHO classification [11] in n=
12 cases. In n=2 cases, the histopathological specimens
were not available for evaluation according to the WHO
guidelines. The degree of tumor resection was subdivided
into subtotal vs total removal, based on the operative
reports and post-operative imaging. Tumor recurrence or
progression was defined as a new or progressive tumor on
follow-up MRI.

Results

Tumor location and histopathology findings

Tumors were located in the fourth ventricle in 10 cases, in
the CPA in two cases, and one case each in the third and the
left lateral ventricles (trigonum). There were 12 CPP and
two APP (for a detailed overview see Table 1).

Clinical presentation

Four patients presented with symptoms and signs of
hydrocephalus (three posterior fossa CPTs and one tumor
in the third ventricle). Cerebellar signs were seen in 9/12
cases of posterior fossa tumors. In two patients (11%), the
tumor was a coincidental finding (one case each during
neuroimaging work-up for parkinsonism and for unspecific
symptoms). Symptomatic occlusive hydrocephalus (n=1)
and severe cerebellar symptoms (n=2) resulted in a KPI≤
60 at diagnosis in 3/14 (21%) of cases.

Surgical treatment

Tumor removal at first operation was complete in 12
patients and incomplete in one case. Two patients under-
went a second and one of them a third operation for
recurrent/progressive tumor: In one case, the initial tumor
resection had been incomplete, and in the second case, the
degree of resection after the first operation could not be
ascertained.

All surgeries were performed utilizing standard
approaches. Tumors located in the fourth ventricle were
operated through an osteoplastic suboccipital median
craniotomy with opening of the foramen magnum. Depend-
ing on the precise location of the tumors and the surgeon's
preference, splitting of the inferior vermis or a telovelar
approach allowed for good visualization of the growth in all
cases. CPA tumors were approached through a lateral
suboccipital craniotomy. The lower cranial nerves (IX and
X), as well as the vertebral artery and the PICA, had to be
dissected and released from the tumor. A subtemporal
transcortical approach was used for the tumor in the
trigonum and a supracerebellar infratentorial approach for
the tumor in the dorsal part of the third ventricle. In five
patients, brain stem tissue invasion was noted intra-
operatively, precluding a complete resection in one case.
None of the patients received adjuvant radiation or
chemotherapy.

Hydrocephalus

Four patients (29%) presented with occlusive hydrocephalus,
which required external CSF drainage in three cases.
Permanent CSF diversion was necessary in 4/14 cases
(29%). There was no case in which the recorded CSF drainage
volume suggested a hypersecretory hydrocephalus.

Functional outcomes and tumor recurrence

The KPI improved by ≥20 points in two patients early after
surgery, and in 5/14 patients during further follow-up.
Permanent postoperative worsening by ≥20 points was seen
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in one case with a tumor located in the fourth ventricle. A
total of 3/14 (29%) patients never improved beyond a KPI
of 60 during follow-up. Reasons for lack of improvement
were caudal nerves palsy in one case, brain infarction due
to vasospasm (proven by angiography) in another patient,
and hydrocephalus and meningitis in an elderly woman.

There was no surgical mortality. One patient with a CPP and
first tumor recurrence/progression after 25 years and tumor
progression another 4 years later died of unknown causes.

Tumor recurrence or progression was noted in 2/14
(14%) patients (both diagnosed with a CPP). Time to first
tumor progression was 11 and 25 years. Both APP patients
remain progression-free 28 and 74 months after their initial
surgery. There was no documented tumor recurrence or
progression after a complete resection.

Discussion

CPT are rare lesions that occur mostly in infants and young
adults. Hence, many contemporary reports on CPT focus on
pediatric cases [1, 3, 4, 9, 10, 12, 14]. CPT in adults may
have a different etiology than their pediatric counterparts
[19]. The present paper reports our institutional experience
with adult patients, which accounts for the finding that the
majority of the tumors were localized in the posterior fossa
(12/14, 86%) and for the mostly benign histologies (CPP
12/14, 86%). Similarly, these findings are well documented
in the literature. McGirr et al. reported on 19 adult cases, all
of them with a CPP and all of which were located in the
posterior fossa; likewise, Talacchi et al. reported on 12

adult cases, all of them presenting with a CPP. Sampath et
al. analyzed 47 cases including 19 adults. Seventy four
percent of the adult cases were located in the fourth
ventricle or CPA and 95% were classified as CPP [7, 13,
16, 18, 19].

Outcomes

Sampath et al. [16] compared their results in pediatric vs
adult patients. They pointed out that gross total excision is
more feasible in adults with better outcomes in this group.
These findings are certainly influenced by the more benign
characters of the tumors in the adult patient group (95%
CPP). In contrast, Due-Tonessen et al. [3] reported a mostly
favorable outcome in their mostly pediatric patient cohort.
Eighty three percent of their cases (papilloma) presented
with a KPI of 100 at follow-up. A poor outcome was seen
only in a patient with CPC. This successful outcome may
be based on the young population combined with non-
carcinoma histologies of the series.

Our data confirm that survival after CPT surgery in
adults is usually good. However, functional outcomes in
three of our 14 cases (21%) were not satisfactory and only
5/14 cases (36%) presented with a KPI of 100 at last
follow-up. This may be a chance finding due to the small
sample size. This may also reflect, in part, the risks of
posterior fossa surgery, particularly in elderly patients.

A poorer outcome in surgically treated CPP was reported
by Tacconi et al. [17]. An overall favorable outcome was
documented in only 51.5% of their cases. This may be
related to the fact that 30% of the cases were treated in the

Table 1 Clinical data of the study cohort

No Age G KPI Localization Histopathology Permanent HDC Resection Recurrence FU (months)

Pre-op Post-op FU

1 35 F 60 90 90 4th V. CPP + T − 9

2 39 M 70 50 0 4th V. CPP + n.a. After 300 months 348

3 42 F 90 80 100 4th V. CPP − T − 11

4 43 M 90 40 50 4th V. CPP + T − 34

5 48 M 90 90 70 4th V. CPP − T − 214

6 48 F 80 80 – 4th V. CPP + T − 1

7 73 M 40 20 50 4th V. CPP − S After 143 months 144

8 79 F 50 40 60 4th V. CPP − T − 4

9 29 M 80 90 100 CPA CPP − T − 66

10 34 F 90 80 – CPA CPP − T − 1

11 35 M 80 80 100 CPA CPP − T − 15

12 58 F 90 90 90 LV CPP − T − 91

13 20 F 70 100 100 3rd V. APP − T − 28

14 55 M 80 90 100 4th V. APP − T − 74

G gender, M male, F female, FU follow-up, V ventricle, LV lateral ventricle, HDZ hydrocephalus, T total, S subtotal
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pre-microsurgical era. If these cases were excluded, the
percentage of favorable outcomes rose up to 73.9% and is
comparable with other reports [3, 16]. A review of the
literature is illustrated in Table 2.

Factors influencing recurrence and surgical management

Total surgical excision has been identified as the key to the
successful management of most CPT in various studies [7,

12, 14, 17, 19]. Our data support this view. We observed
only two recurrent tumors. Tumor recurrence was diag-
nosed in one case following an incomplete resection (the
only patient who had incomplete surgery in our series). In
the other case, the operative notes and/or early postopera-
tive neuroimaging data were lacking, i.e., the degree of
resection at the first operation remained unknown. There
was no documented true recurrence after complete tumor
removal.

Table 2 Review of the literature

Author/year No. of patients Histology (n) Localization (n) Follow-up Hydrocephalus (n) Prognosis

LV 4th V./CPA 3rd
V.

Kumabe et al. 2008 5 (A+C) CPP=2 – 5 – 64 months n.a. No tumor progression so far
CPC=3

Krishnan et al. 2004 41 (A+C) CPP=36 7 31 3 78 months 14 (at diagnosis) 5 years OS=97%

APP=5 5 years PFS=84%

Due-Tonnessen
et al. 2001

16 (YA+C) CPP=13 13 1 2 153 months 8 permanent CPP: 5 and 10 years OS=85%

CPC=3 CPC: 5–10 years OS=33%

McEvoy et al. 2000 34 (C) CPP=25 24 7 5 CPP 73.5 months 14 permanent CPP: median survival 75.5 months

CPC=9 CPC: 6 months CPC: median survival 6 months

Pencalet et al. 1998 38 (C) CPP=25 27 8 3 CPC with complete
excision (n=8) 42
months

9 permanent CPP: 5 years OS=100%

CPC=13 CPC: 5 years OS=40%

Tacconi et al. 1996 33 (A+C) CPP=32 14 18 1 156 months 6 permanent NA
CPC=1

Boström et al. 2010 14 (A) CPP=12 1 12 1 40 months 4 permanent CPP: 5 and 10 years OS 100%
APP=2

A adults, V ventricle, CPP choroid plexus papilloma, OS overall survival, YA young adults, LV lateral ventricle, APP atypical plexus papilloma,
PME premicrosurgical era, C children, CPA cerebellopontine angle, CPC choroid plexus carcinoma, ME microsurgical era

Fig. 1 a CT of a 35-year-old woman who presented with headache,
nausea and vomiting, gait disturbance, and diplopia. An infratentorial
tumor with calcification resulting in obstructive hydrocephalus was
diagnosed. An MRI obtained after urgent insertion of an external

ventricular drain showed a highly vascularized well-defined tumor
located in the fourth ventricle. b Gadolinium enhanced axial and c
coronal T1 weighted scans. The histopathological diagnosis was
choroid plexus papilloma WHO grade I (CPP)
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Adherence to the brain stem may prevent a complete
tumor resection. Kumabe et al. reported that resection
results in cases with brain stem infiltration were not
satisfactory in a number of CPT cases of the fourth
ventricle [8]. In contrast, invasion of brain parenchyma by
nests of tumor cells did not confer a poor prognosis in the
series reported by Sampath et al. [16]. Brain stem
infiltration was seen in five of our cases but prevented a
complete resection in one patient. This case was diagnosed
with recurrent/progressive CPP 11 years after surgery.

Hydrocephalus

Treatment of CPT-associated hydrocephalus is an important
aspect of surgical management as reported in several series [2,
3, 14, 17]. Obstruction of the CSF pathways and hyperse-
cretion of CSF by the tumor are causes that can be treated by
tumor removal. However, patients may develop persistent
hydrocephalus. Due-Tonnessen et al. reported that 50% of
their 16 CPT patients required CSF shunting after tumor
resection. In contrast, in the series of Pencalet et al.,
permanent hydrocephalus was diagnosed in only 24% of
their patients. Tacconi et al. [17] reported that, in 17 out of
23 cases (74%), the hydrocephalus resolved after insertion of
a ventricular drain during tumor surgery, which was kept in
place for 2–3 days (Fig. 1). Hydrocephalus requiring
permanent shunting was seen in four cases (29%) in our
series, including two cases with slow onset of symptoms
after surgery, who did not have a prior external CSF
drainage. Nevertheless, the overall rate of patients requiring
CSF shunting procedures leaves room for improvement.

Conclusions

Surgery is the key to the successful management of CPTs in
adults. A complete removal of the tumor will likely cure most
patients. A significant number of patients require shunting
procedures after CPT surgery, and postoperative functional
outcomes can be less than satisfactory in some cases.

Conflicts of interest None.
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Comment

The group from Bonn provided us with an excellent review of their
surgical experience on CPT. This is a contemporary series including a
relatively large number of adult patients affected by choroid plexus
papillomas and a few even rarer cases of atypical plexus papillomas.
The take-home message from this paper is straightforward and
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convincingly discussed: aggressive surgery is the key to successful
treatment of such tumors in adults. In this respect, the information that
patients with atypical plexus papillomas remain progression-free at 28
and 74 months after their initial surgery emphasizes the role of an
operative strategy aimed at complete resection. Nevertheless, the
authors do not underscore the problems inherent to this difficult
pathology, including post-operative shunt-dependent hydrocephalus in

almost one third of cases and a less-than-optimal functional outcome
in one fourth. This series will serve as a reference for future
investigations on this rare group of tumors.

Domenico d’Avella
Giorgio Perilongo
Padova, Italy
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