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Abstract

Purpose Carmustine (1,3-bis[2-chloroetyl]-1-nitrosurea
(BCNU)) wafers are approved for the local treatment of newly
diagnosed and recurrent malignant glioma. Reassuring data on
both safety and efficacy of treatment have been previously
reported by phase III studies. Although most of related adverse
events are reported in the first few months after surgery, there is
alack in the literature of radiological data regarding this period.
Few anecdotal experiences have been reported about surgical
bed cyst occurrence. The aim of our study is to analyse the
radiological course of patients treated with wafers implantation
focusing on the relationship between radiological data, and in
particular bed cyst occurrence, and safety data.

Methods Forty-three patients affected by malignant glioma
underwent surgical removal and BCNU wafers implanta-
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tion at the Department of Neurosurgery of Padova from
April 2007 to October 2009. Safety data were collected
according to previously reported phase III studies. Patients
underwent clinical and radiological evaluation (MRI)
postoperatively, then before discharge, at 1 month, then
every 2 months. In the study were included only patients
whose both 1- and 3-month MRIs were available. Finally,
36 out of 43 patients were available for the revision.
Findings Fifty-eight percent of patients treated with
BCNU wafers presented a bed cyst of the surgical cave
at the 1-month MRI. Forty-eight percent of them were
symptomatic. Conversely, among patients who presented
one or more adverse event (27%), bed cyst was detected
in up to 90% of cases (OR 7.35), being intracranial
hypertension more frequently associated (OR 7.35; p
value <0.05). In general, cysts presented a benign
behaviour in the sense that patients promptly improved
with corticosteroid treatment, never required surgery,
never reported permanent neurological deficits.
Conclusions Surgical bed cyst occurrence in BCNU wafer-
treated patients resulted more frequent than expected.
Familiarity with the event is important to correctly handle
a possible evolving phenomenon. However, only further
larger experiences and prospective studies could reveal how
the understanding of such event might be helpful to
improve safety data.

Keywords Carmustine wafers - Safety - Surgical bed cyst -
High-grade gliomas
Introduction

Carmustine (1,3-bis[2-chloroetyl]-1-nitrosurea (BCNU))
wafers are an approved treatment for newly diagnosed and
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recurrent malignant glioma. Safety and efficacy of treat-
ment have been established by phase III studies [3, 25].
Additional experiences have been subsequently published
[1, 2, 4-6,9-13, 15, 16, 1822, 24]. More recently, a large
mono-institutional experience on newly diagnosed GBM
patients treated with Gliadel associated to radio-
chemotherapy with Temozolomide reported a median
survival of nearly 21.3 months and a 2-year survival rate
of 39% [15]. Surgical bed cyst occurrence among patients
operated on for a malignant glioma is well-known [23], and
it is commonly considered likelier to present after BCNU
wafers implantation. However, up to now, no large studies
have been reported in literature focusing on the event in
BCNU wafer-treated population. Most of the patients
presenting with this new local mass with contrast-
enhancing margins introduced a diagnostic problem so
revision surgery was not infrequently performed in the
clinical suspicion of tumour recurrence [7, 8, 12—14]. In
addition, we have no data about clinical behaviour of bed
cysts since the few reported cases were aggressively treated
by surgery and corticosteroid therapy [7, 8, 13, 14, 23]. In
our opinion, surgical bed cyst finding in the postoperative
period of patients treated with BCNU wafers is an
important issue because it may represent a diagnostic pitfall
and be itself a possible evolving phenomenon. We present
here our experience about the first postoperative 3 months
on a consecutive series of 36 patients affected by high-
grade glioma and treated with BCNU wafers. The revision
was particularly focused on the description of bed cyst
occurrence and its clinical presentation.

Materials and methods
Patient and tumours

We retrospectively reviewed 43 cases of craniotomy for
resection and BCNU wafers implant of malignant brain
astrocytoma (World Health Organization (WHO) grades 3 or
4) performed at Department of Neurosurgery of Padova from
April 2007 to October 2009. All patients were operated on in
a MRI neuro-navigational setting. Patients’ presenting
clinical, radiological, operative and hospital course records
were retrospectively reviewed. Outpatient clinic notes were
available from both neurosurgical and neuro-oncology
follow-up visits and reviewed in all cases. Demographics,
presenting symptoms and signs, Karnofsky performance
score, peri-operative morbidity, intraoperative use of Gliadel
were collected. Tumour grade was histologically confirmed
in all cases. All patients underwent peri-operative antiepi-
leptic and antibiotic prophylaxis. Corticosteroid treatment
was dexametasone 16 mg/die during the first week and
subsequently adjusted on the basis of clinical and radiolog-
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ical findings. Patients whose 3-month follow-up was not
available was recorded as lost to follow-up and not included
in the study.

Patients and treatment

All patients (newly diagnosed and recurrent GBM)
performed adjuvant treatment after surgery. Patients
affected by newly diagnosed high-grade gliomas under-
went radio and chemotherapeutical treatment. Within
6 weeks from surgery and BCNU wafers implantation,
external beam radiation was administered at a dose of
1.8-2.0 Gy per day over 6 weeks, for a total dose of
59.4-60.0 Gy. Oral TMZ was administered concurrently
with radiotherapy at a dose of 75 mg/m? daily for 6 weeks.
One-month MRI was performed to have a radiological
evaluation pre-adjuvant treatment. Within 2-4 weeks of
completion of chemoradiotherapy, patients received TMZ at
200 mg/m? daily for 5 days during a 28-day cycle and for at
least 6 cycles.

Patients affected by recurrent tumours did not undergo
radiotherapy. In all cases within 6 weeks from surgery,
alchylant-based chemotherapy was administered.

Inclusion and exclusion criteria

Inclusion criteria for our study were Carmustine wafers
implantation after malignant glioma resection and available
clinical and radiological follow-up data about first 3 months
after surgery. In particular, only patients who performed
both 1- and 3-month MRI were revised. According to these
criteria, only 36 out of 43 patients were included in the
study.

Implantation technique of BCNU wafers

BCNU wafers were not implanted when tumour was
multifocal, when it extended across corpus callosum, when
its resection required a large opening of the ventricle or
when it was intra-operatively thought to be sub-totally
resected. BCNU wafers were implanted after surgical
removal of tumour and intra-operative pathological confir-
mation of high-grade glioma. When a little ventricular
defect was obtained, the defect was repaired by means of a
piece of sponge fixed with some fibrin glues. If the final
result was a complete exclusion of ventricular cavities from
surgical cave, up to eight BCNU wafers were then
implanted.

Clinical follow-up

Patients were clinically evaluated pre-operatively, post-
operatively, before discharge and then every month. In



Acta Neurochir (2010) 152:1923-1931

1925

any case, a neurological assessment was performed. In
particular, according to phase III studies (3,26) patients
were investigated for BCNU wafer-related adverse events
such as signs of infection, wound healing abnormalities
(CSF leak and skin abnormalities), intracranial hyperten-
sion symptoms (see “Research Variables”).

MRI sequences and follow-up

MRI was performed with 1.5-T GE scanner (Achieva,
Philips, Best, The Netherlands). All MRI studies included
Fluid Attenuated Inversion Recovery, T2-weighted and T1-
weighted before and after administration of Gadolinium
contrast material (gadopentetate dimeglumine). MRI was
performed within 48 h from surgery to evaluate extent of
removal. Degree of resection was retrospectively classified
from postoperative MRIs as gross total resection (no
residual nodular enhancement on MRI) or as subtotal
resection (residual nodular enhancement on MRI). Since
BCNU-treated patients were expected to present an adverse
event related to BCNU wafers implant within the 3 months
after surgery, they underwent subsequent MRI at 7 days
(pre-discharge), 1 and 3 months after surgery. One-month
MRI was performed also to assess patients’ status before
beginning of other treatments. Then, patient performed
MRI 3 months after surgery and then every 2 months. Pre-
and postoperative MRI reports documented by an attending
neuroradiologist were re-evaluated.

Research variables

The aim of the study was to analyse clinical data and
radiological data within the first 3 months after BCNU wafers
implantation. To compare our data to larger experiences’ data,
safety data were recorded according to what was previously
described by phase I1I studies and large revision studies [3, 19,
25]. The incidence of peri-operative morbidity was assessed
during the first 3 months after surgery in all cases. Morbid-
ities included peri-operative surgical site infection, CSF leak,
meningitis, incisional wound healing difficulty, symptomatic
malignant oedema, 3-month seizure incidence, deep-vein
thrombosis, pulmonary embolism and hydrocephalus. Symp-
tomatic malignant oedema was defined as an acute increase
in oedema surrounding the resection cavity in the first
3 months that was not attributed to early tumour progression
and that required hospital admission for corticosteroid
therapy. Wound healing difficulty was defined as non-
infectious dehiscence or wound breakdown occurring within
the first 3 months after surgery. The incidence of 3-month
seizure activity was defined by the presence of simple or
generalised partial or complex seizure activity occurring
within the first 3 months after surgery. Radiological inves-
tigations particularly pointed to evaluate bed cyst occurrence.

To adapt multiplicity of adverse events to radiological
findings in the data analysis, patients affected by one or
more adverse event related to BCNU wafers were defined as
“symptomatic”; conversely, “asymptomatic” were defined
patients who did not present any adverse event related to
BCNU treatment. To evaluate possible risk factors for bed
cyst formation, preoperative size of tumour (maximum
diameter on T1-weighted MRI images after contrast admin-
istration) and site of cyst developing (cortical-sub-cortical
junction vs. deep-seated lesion) were recorded. To evaluate if
safety data could be correlated to cysts’ site, areas of cyst
arising were distinct in eloquent and not eloquent. Eloquent
were considered the areas involved in motor, speech,
sensitive and visual functions. Finally, demographics, Kar-
nofsky performance score and intra-operative use of Car-
mustine wafers were also recorded.

Statistical methods

Parametric data were expressed as mean + standard
deviation (SD). Non-parametric data were expressed as
median (interquartile range). Count data (categorical vari-
ables) were compared between cohorts via x* test in two-
way tables. If any value was <10 in the two-way table,
Fisher’s exact test was used.

Ethical approvals

An informed consent concerning treatment and postopera-
tive follow-up was signed by all patients.

Results

Patient population

Thirty-six patients were included in the study (Table 1).
Twenty-four patients (67%) were men and 12 were women

Table 1 Clinical characteristics of patients

Variable All patients ~ Reviewed
(n=43) (n=36)

Age (year), mean+DS 54+12 55+11
Male sex 27 (63%) 24 (67%)
Karnofsky performance status, median 100 100

[IQR] [90,100] [90,100]
Preoperative seizures 5 (11%) 4 (11%)
Revision resection 23 (53.5%) 18 (50%)
Gross total resection 30 (70%) 20 (56%)
n Wafer implanted, median [IQR] 8 [4, 8] 8 [4, 8]
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(33%). Mean age was 56 (£12 SD). Median preoperative
KFS score of patients was 100 [90-100]. Eighteen patients
(50%) underwent primary resection and subsequent radio-
treatment. Eighteen patients (50%) underwent revision
resection while no radio-treatment was performed. Twenty
patients (56%) received gross total resection of tumour, and
16 (44%) received subtotal resection. Histopathological
report was of astrocytoma grade IV section WHO in 33
patients (91.7%) and astrocytoma grade III section WHO in
three patients (8.3%). Median number of wafers implanted
was eight [range 4-8].

Peri-operative morbidity

Peri-operative morbidities of the 36 patients included in the
study are summarised in Table 2. Ten (27.8%) presented at
least one adverse event in the postoperative course
(“symptomatic patients”). Discrepancy between the sum
of total adverse events’ incidence and the number of
patients affected is due to the coexistence in some patients
of multiple complications. Indeed, nine of them had
multiple adverse events. Three patients (8%) experienced
postoperative seizures; among them two within the first
week after surgery. Surgical site infection was observed in
one patient (2.8%) after removal of a recurrent glioma.
Deep-vein thrombosis was observed in three patients (8%).
None of our patients had pulmonary embolism. Healing
abnormalities were found in three patients (8%) while CSF
leaks in two (5.5%). One patient had symptomatic cerebral
oedema requiring re-admission for e.v. high-dose cortico-
steroid administration. All patients who developed an
adverse event were also affected by intracranial hyperten-
sion related symptoms: six of them had been treated for a
newly diagnosed glioma and four of them for a recurrent

Table 2 Peri-operative morbidities of the 36 patients included in the
study

Adverse event Patients Percentage
(n) (n=30)
Cerebral oedema 5 13.8
Malignant symptomatic cerebral oedema 1 2.8
Intracranial hypertension 10 27.8
Healing abnormalities 3 8.3
CSF leaks 2 5.5
Intracranial infections 1 2.8
Seizures 3 8.3
Thromboembolic events 3 8.3
Deep vein thrombosis 3 8.3
Pulmonary embulos 0 0
Hydrocephalus 0 0
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glioma. Among patients who presented an adverse event,
50% underwent a gross total tumour resection while 50%
underwent a subtotal resection.

Radiological findings

Undergoing 1-month MRI, 21 patients (58%) showed a
surgical bed cyst (Table 3). In all cases, it appeared decreased
in volume at the 3-month MRI. This was the case of both
radio-treated patients and not radio-treated patients. Thirteen
of them (62%) had a subtotal tumour removal. Cyst
incidence in patients treated for a newly diagnosed malignant
glioma (radio-treated group) was 57%, and in recurrent
malignant glioma-treated patients, it was 43%, showing no
statistically significant differences (p=1.05). Cysts developed
equally in grade IV and in grade III tumour. Among patients
with bed cyst detection at 1-month MRI, 43% presented one
or more adverse event while 57% were asymptomatic.
Conversely, among patients with no bed cyst detection at
I-month MRI, 7% presented one or more adverse event
while 93% were asymptomatic. However, among patients
with one or more adverse event 90% presented bed cyst of
the surgical cave. In all cases, bed cyst were associated to
raised intracranial pressure symptoms. Bed cysts formation
had analogous incidence both in large (=3 cm) and in small
tumours (<3 cm). There was no statistically significant
association between cyst formation and tumour location
(cortical-sub-cortical junction vs. deep-seated lesion). How-
ever, symptomatic cysts appeared to develop more frequently
when the original tumour major diameter was >3 cm, and all
of them were in eloquent areas.

Discussion
Our present relevant results

Safety data have been summarised in Table 2. Intracranial
hypertension represented the more frequent adverse event
(27%) while seizures, healing abnormalities and thrombo-
embolic events were less frequent (8%, respectively). Our
more interesting results were about imaging data, firstly
about bed cyst incidence. Retrospective analysis of data
showed surgical bed cyst occurrence in 21 of the 36
patients (58%) at the 1-month MRI (Table 3). We analysed
the possible relationship between bed cyst and adverse
events (Table 3). At 1-month MRI investigation, among
patients affected by bed cysts, 57% were asymptomatic and
43% were symptomatic. However, 90% of patients devel-
oping one or more adverse events had a concomitant bed
cyst. We observed a significant association between
intracranial hypertension symptoms and surgical bed cyst
(OR 7.35; p=.019). We argued that bed cyst occurrence
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Table 3 Radiological findings at 1-month MRI

1-Month MRI Cysts No-cyst p Value
(n=36) (n=21) (n=21)
Male sex 14 (678%) 10 (67%) .637
Adverse events 9 (43%) 1 (7%) .019
Intracranial hypertension 9 (43%) 1 (7%) .019
Cerebral oedema 5 (24%) 0 (0%) .053
Healing abnormalities 3 (14%) 0 (0%) .186
Seizures 2 (9%) 1 (7%) .627
Revision resection 9 (43%) 9 (60%) 912
Subtotal resection 13 (62%) 3 (20%) .014
n wafer implanted, 8 [4-8] 8 [4-8] .679

median [IQR]

was needed even if not sufficient for symptoms presenta-
tion. However, we observed that bed cysts were associated
to some adverse events above all when patients were
preoperatively affected by large tumours located in elo-
quent areas. Seventeen percent of our patients were not
included in the study because of the incomplete radiological
follow-up. These patients reported a similar rate of clinical
complication (32%). However, we have no MRI data about
these patients to assess cyst occurrence.

Cysts showed a benignant behaviour: they usually
reached the maximal extension at the 1-month MRI and
subsequently appeared decreased in volume at 3-month MRI
(100% of cases; Figs. 1, 2 and 3). Symptoms followed cyst’s
course: patients developed raised intracranial pressure-

Fig. 1 M/57 Y, newly diagnosed right temporal GBM. MRI T1-
weighted axial images after Gadolinium administration: pre-
operative stage (a), post-operative (<48 h after surgery) (b), 7 days
(¢), 1 month (d), 3 months (e), 5 months (f) after surgery; 1-month

MRI shows an enlarged surgical bed with enhancing margins and
“spherical” shape (d). The cyst appears decreased in volume gradually
at the 3- and 5-month MRI (e, f)
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Fig. 2 F/65 Y, newly diagnosed right frontal GBM. MRI TI-
weighted axial images after Gadolinium administration: pre-operative
stage (a), post-operative stage (<48 hr after surgery) (b), 7 days (c),
1 month (d), 3 months (e), 5 months (f) after surgery; 7-day MRI
already shows an enlarged surgical bed with enhancing margins,
“spherical” shape, and almost no oedema surrounding the cyst (c¢). At

related symptoms approximately 1 month after surgery and
improved during following months. In addition, we
analysed the possible relationship between cyst occurrence
and some clinical and surgical data in order to identify
some risk factors for cyst development. We observed only a
higher rate of bed cyst when tumour removal was subtotal,
with an OR of 5.67 (p=0.014). Conversely, it was found no
correlation between cysts and number of wafers implanted,
patients’ age, WHO grade, tumour recurrence or radio-
treatment. Finally, 83% of the patients with bed cyst
detection at the 1-month MRI were presenting initial cyst’s
growing signs at the 7-day MRI (Fig. 2).
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the 1-month MRI, the lesion appears grown, surrounded by important
oedema and shifting the midline (d). Patient deteriorated so her
hospitalisation was decided. After high-dose e.v. corticosteroid
treatment the symptoms regressed completely, and the cyst appears
decreased in volume at the 3- and 5-month MRI (e, f)

Comparison our relevant results to results from other
relevant studies

We recorded safety data similar to what previously reported
in larger studies [2, 14]. Safety and efficacy of BCNU
wafers treatment after surgical removal of high-grade
gliomas are well described by two phase III [3, 25] and
23 non-phase III studies [19]. According to published data
[3, 9, 19, 25], intracranial hypertension and healing
abnormalities were the adverse events mainly reported after
BCNU wafers implantation. Variations in data collection,
study design, centre’s experience, corticosteroids’ use,
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Fig. 3 M/62 Y, recurrent right parietal lobe GBM. MRI T1-weighted
axial images after Gadolinium administration: pre-operative stage (a),
post-operative CT (<48 hr after surgery) (b), 7 days (¢), 1 month (d),
3 months (e), 5 months (f) after surgery; 7-day MRI shows a surgical
cave enlargement with BCNU wafers dislocation towards the

might partially explain adverse events incidence differences
between various authors [19]. Despite the large clinical use
of BCNU wafers also large experience reports lack of
radiological data concerning the postoperative period of
these patients [2]. Actually, although wafers locally release
more than 70% of Carmustine over the first weeks, we are
deficient in radiological data concerning this time window.
To date, bed cyst is an unusual report in the postoperative
course of patients operated for malignant glioma. In
literature some authors reported a 16% rate of cyst
formation among GBM patients, whose 60% were symp-
tomatic. However, we are not allowed to make a compar-
ison with our data because they referred about a later period
in the post-operative course that was after radio-therapeutic
treatment [23]. Even if the event is considered likelier
among patients treated with BCNU wafers implantation, a

perimeter of the cavity (c). At the 1-month MRI is evident a surgical
bed cyst with enhancing margins and “spherical” shape. BCNU wafers
are displaced towards the cavity edges, suggesting the presence of
positive pressure (d).The cyst’s volume appears gradually decreased at
the 3- and 5-month MRI (e, f)

recent review comprehensive of published larger clinical
series has reported only a 0.1% incidence (range 0—11.1%)
[19]. The lower incidence than expected is probably to refer
to the scarceness of radiological data within first 3 months
after surgery. In fact, both phase Il and non-phase III
studies’ design did not include a first postoperative period
radiological monitoring [3, 19, 25]: according to NCCN
guidelines [17], radiological follow-up of patients operated
for high-grade glioma was routinely composed by a
postoperative MRI (before the following 48 h) and by a
3-month MRI to assess radio-treatment effect. Consequent-
ly, no data on l-month MRI in BCNU wafer-treated
patients are available in literature to compare our observa-
tions about this particular stage. Concerning the relation-
ship of bed cyst with adverse events and with cyst’s course,
only few data have been reported in literature. It is
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important to emphasise that all papers were case reports
referring exclusively to symptomatic patients and that no
more than four total cases were described in each report.
Intracranial hypertension-related symptoms were principal
clinical findings, being probably related to cyst’s mass
effect and surrounding oedema [7, 8, 12—-14]. Most of
patients presenting with this new local mass with contrast-
enhancing margins introduced a diagnostic problem so
revision surgery was not infrequently performed in the
clinical suspicion of tumour recurrence [7, 8, 12—-14]. No
data are available in literature on the better management of
bed cysts since the few reported cases were equally treated
by surgery and corticosteroid therapy [7, 8, 13, 14, 23].
Finally, literature completely lack of data about supposed
predisposing factors and early signs or time of cyst arising.

Strengths and weaknesses of the present study

Strength of the study is the homogeneity of population
(high-grade gliomas patients), of surgical treatment (mono-
institutional study), of post-operative treatment (radiotherapy
and chemotherapy as above reported) and of post-operative
investigations (MRI sequences, timing of investigations).

Weakness of the study is due to the lack of a
retrospective, non-randomised but stratified, non-wafer
control cohort.

Significance of our relevant results and indications
for further research

The design of our study does not enable us to change
current management of BCNU wafer-treated patients.
However, our data provide helpful information about a
crucial period of these patients that up to now has not been
radiologically investigated. Bed cyst incidence and usual
time of occurrence are important issues because bed cyst
can represent a diagnostic pitfall. Besides, knowledge of the
frequent occurrence of surgical bed cyst over the first
3 months after BCNU wafers implant can be helpful to
achieve correct diagnosis when a ring-enhancing mass is
detected in a symptomatic patient. In fact, bed cyst has to
be differentiated both by surgical cave infection and by
tumour recurrence. This is even more important if we
consider divergent treatment strategy required by the
events. Familiarity with the cyst occurrence in BCNU
wafer-treated patients is important to correctly monitor and
untimely treat a possible evolving phenomenon. It is
interesting to note that patients who presented one or more
adverse event were frequently affected by bed cyst. We
could argue that BCNU wafer patients affected by a bed
cyst should be more carefully monitored for an adverse event.
In our experience, 7-day MRI was recurrently able to early
detect arising cyst. However, only differently designed studies
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could investigate if a specific follow-up could influence
clinical outcome of patients. Cyst detection influenced our
clinical management of patients. In fact, clinical monitoring
was more rigorous and corticosteroid treatment more
aggressive when early cyst’s signs were detected. Patients
underwent high-dose corticosteroid treatment as long as
gradual decrease of symptomatic cyst’s size was observed.
Conversely, asymptomatic patients affected by bed cyst
were carefully monitored, but corticosteroid therapy was
tapered after 1-month MRI. The result was that no clinical
sequelac were recorded and no revision surgeries were
needed. We could finally argue that bed cyst in the surgical
cavity of BCNU wafer-treated patient is a frequent but
benign phenomenon and that corticosteroid therapy is
usually sufficient to manage these patients. Again, only
further studies could define if such clinical approach could
ameliorate safety data.

Conclusions

In our series of patients treated with BCNU wafers, we
recorded a higher surgical bed cyst occurrence than what
expected. Patients who developed intracranial hypertension
or cerebral oedema were most frequently (90%) affected by
bed cysts (p=0.019). No data on 1-month MRI in BCNU
wafer-treated patients are reported in literature to compare
our observations. The diagnosis of the event could be
important to the better management of these patients.
Undoubtedly, we have to underline the limits of our report
as it was a non-prospective study in a small series of
patients. However, we believe that further investigations in
the management of postoperative course could be important
in the improvement of the outcome in implanted patients.
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