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Technical Modification in the Intracarotid
Chemotherapy and Osmotic Blood-Brain Barrier
Disruption Procedure to Prevent the Relapse of

Carboplatin-Induced Orbital Pseudotumor

David Fortin, Joseph A. Salamé, Annick Desjardins, and Andrew Benko

Summary: The blood-brain barrier disruption (BBBD)
procedure is an established strategy to enhance drug de-
livery to brain tumors. Complication rates associated with
this procedure are usually low, but when complications do
occur, they usually mandate discontinuation of treatment.
Orbital pseudotumor is an inflammatory condition of one
or more extraocular muscles that produces limitation of
ocular motility. Patients usually experience sudden diplo-
pia associated with orbital pain, conjunctival chemosis and
injection, and proptosis. Imaging of the orbit shows diffuse
enlargement of the extraocular muscles, exophthalmia,
and, rarely, sinusal or intracranial infiltration. On patho-
logic examinations, the soft tissues of the orbit are infil-
trated with a mixture of eosinophils, lymphocytes, and
plasma cells. Many etiologies can induce this syndrome,
including the intracarotid infusion of platinum molecules.
As part of a phase II study, a total of 110 patients were
treated for malignant brain tumors with intra-arterial car-
boplatin, enhanced by the BBBD procedure, at the Sher-
brooke University Hospital. Here we report on three pa-
tients who developed orbital pseudotumor ipsilateral to the
carotid infused a few hours to days after the procedure.
After the occurrence of this syndrome in the first patient,
we developed a technical modification to the procedure that
enabled uninterrupted treatment in the other two patients.
This modification was as follows: after the mannitol infu-
sion, and before carboplatin, the catheter was changed for
a 3.5 tracker and was repositioned just above the emer-
gence of the ophthalmic artery.

Birch-Hirschfel first described the syndrome of or-
bital pseudotumor in 1905. Orbital pseudotumor is an
inflammatory condition of one or more extraocular
muscles that produces limitation of ocular motility; it
may be bilateral and recurrent. Patients usually expe-
rience painful eye movements, lid edema, conjuncti-
val hyperemia and chemosis, poor extraocular motil-
ity, diplopia due to restriction of extraocular muscle
movement, and proptosis (1-3). Many diseases are
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associated with orbital myositis, including Crohn dis-
ease, Lyme disease, Wegener granoulomatosis, para-
neoplastic syndrome in non-Hodgkin lymphoma, pso-
riatic arthropathy, systemic lupus erythematosus, and
rheumatoid arthritis (4, 5). The major differential
diagnosis includes thyroid ophthalmopathy, orbital
cellulitis, metastasis, Tolosa-Hunt syndrome, trochle-
itis, and infectious myositis due to trichinosis (4).

Imaging of the orbit typically shows diffuse enlarge-
ment of the extraocular muscles, exophthalmia, and,
rarely, sinusal or intracranial infiltration. Pathologic
examination depicts orbital soft tissues (fat, muscles,
lacrimal glands, and optic nerve) infiltration with a
mixture of eosinophils, lymphocytes, and plasma cells.
Proliferating fibrous tissue is also seen (5). Typically,
a rapid clinical response to steroids is observed. Cases
resistant to steroids can be treated with radiation
therapy and chemotherapy.

To date, five cases of orbital myositis related to
chemotherapy have been described in the literature:
one case each related to nimustine/carmustine, and a
combination of carboplatin and etoposide, and two
cases related to cisplatin (6-38).

Platinum salts are broad-spectrum alkylating
agents composed of a central platinum atom attached
to two ammonia groups and one or more leaving
groups, which confer their properties to the molecule
(9-11). The antineoplastic effects of platinum com-
pounds are exerted through induction of DNA and
RNA alkylation and cytoplasmic proteins modifica-
tions. Carboplatin has been shown to have activity in
the treatment of malignant gliomas in numerous clin-
ical studies (12-18). The effectiveness of carboplatin
is dose-dependent, however, and this drug does not
cross the intact blood-brain barrier (BBB) well when
administered intravenously.

The BBB disruption (BBBD) procedure is an es-
tablished strategy to enhance transport of a drug
across the BBB. Williams et al have shown that intra-
arterial administration with BBBD increases delivery
of carboplatin to the tumor, brain around tumor, and
brain distant to tumor (19). Moreover, Doolittle et al
have reported on the safety of this approach in a
multi-institutional setting (20).

We use carboplatin as part of a tridrug regimen in
a phase II study on BBBD to enhance delivery of
chemotherapy. In this regimen, the carboplatin is
administered intra-arterially after osmotic opening of
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the BBB, with the goal of significantly increasing its
regional area under the curve, while minimizing
streaming (21, 22). In the context of this phase II
study, a total of 110 patients with different histologic
malignant brain tumors subtypes were exposed to this
treatment technique at our institution (23).

In this technical note, we report ocular toxicity in
the form of orbital pseudotumor in three patients
treated with BBBD and intra-arterial carboplatin. Al-
though treatment was discontinued in the first pa-
tient, we designed a simple modification to the pro-
cedure that allowed treatment continuation in the two
subsequent patients.

BBBD Technique and Carboplatin Infusion

The procedure has been described extensively else-
where and is conducted in the angiography suite (24).
In brief, the patient is placed under general anesthe-
sia. A SF transfemoral intra-arterial catheter is placed
in the parent vessel responsible for most the tumor
irrigation (right or left internal carotid artery, domi-
nant vertebral artery). The catheter is placed at the
level of C1-C2 for the carotid circulation, and at the
level of C5-C6 for the vertebral circulation. Via this
catheter, BBBD is performed by the infusion of
warmed mannitol (25%) administered at a predeter-
mined flow rate to completely fill the vascular tree for
30 seconds. Five minutes after the completion of the
mannitol infusion, intracarotid carboplatin (400 mg/
m?) is infused at a rate of 0.2 mL/s to limit streaming.
The other chemotherapy agents are infused intrave-
nously.

Case Reports and Technical Modification

Patient 1

A 41-year-old white male patient was referred to our center
10 years after having been diagnosed with a temporal low-grade
astrocytoma and after undergoing partial resection. The pa-
tient was reoperated in August 2000, and a diagnosis of right-
sided anaplastic oligodendroglioma was reported. The samples
from the first surgery were requested and reanalyzed, and the
diagnosis was changed to that of an oligodendroglioma. The
patient qualified for BBBD and intra-arterial carboplatin ad-
ministration and, after giving consent, was enrolled in the
phase II study.

The first cycle was well tolerated. Approximately 36-48
hours after the second treatment, upon awakening, he pre-
sented a painful swelling of the right orbit, with blurred vision,
ptosis, chemosis, and limitation of ocular motility. The exami-
nation depicted a visual acuity of 20/200, lid swelling with a
complete ptosis, exophtalmia, relative afferent papillary defect,
and complete paresis of outward and upward movements of the
right eye (Fig 1). Imaging of the orbit with CT demonstrated a
right-sided exophtalmia, fat infiltration, swelling of intraorbital
muscles and lacrimal gland, confirming the diagnosis of orbital
myositis (Fig 2). The patient was treated with a 3-day course of
1 g intravenous solumedrol followed by 100 mg prednisone for
14 days and then gradual weaning. Conjunctival biopsy at day 2
revealed inflammatory changes. Intra-arterial carboplatin was
discontinued, and the patient was offered oral temozolomide.
On 5-week follow-up, the patient had recovered well. His right
eye vision improved to 20/40, color vision was 10/10, and no
proptosis or ophthalmoplegia was observed. The patient has
discontinued temozolomide after three cycles because of
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Fic 1. Photograph of patient 1, taken 12 hours after he pre-
sented with the first stigmata of the pseudotumor syndrome.
Note the exophthalmia, hyperemia, and chemosis of the right
eye.

poorly tolerated side effects. The patient is still alive but pre-
sents a gradual decline in his neurologic condition.

Patient 2 and Technical Modification

A 67-year-old white female patient with a left frontal me-
tastasis of a B-cell systemic lymphoma was referred to our
institution after not responding to radiation therapy and high-
dose systemic methotrexate. This patient showed excellent re-
sponse throughout nine cycles of BBBD and intra-arterial car-
boplatin. Forty-eight hours after administration of the 9th
cycle, she observed a slight swelling of the left eye that even-
tually progressed to a painful swelling and ptosis. The neuro-
logic examination demonstrated, in addition to the ptosis and
swelling of the eyelid, a visual acuity of 20/200 (20/30 right eye),
a complete downward paresis, and moderate abduction paresis
of the left eye. Brain MR imaging obtained 12 hours after the
onset of this syndrome demonstrated a left-sided exophtalmia
with swelling and enhancement of all left extraocular muscles
(Fig 3). She was treated with steroids and responded equally
well.

The excellent response of the frontal metastasis to our ther-
apeutic regimen (Fig 4), combined with the lack of alternatives,
prompted us to continue therapy and attempt supraophthalmic
infusion of carboplatin to bypass the emergence of the oph-
thalmic artery. To do so, the BBBD procedure was performed
as described above. After mannitol infusion, and before carbo-
platin, however, the catheter was changed for a 3.5 tracker and
was repositioned just above the emergence of the ophthalmic
artery (Fig 5). The patient underwent her 10th and 11th cycles
without any ocular adverse events. Two weeks after the 11th
cycle, she was admitted in another institution for a sudden
onset of severe dyspnea and died of a massive pulmonary
embolism.

Patient 3

A 59-year-old female patient, known for a bronchogenic
adenocarcinoma, presented with gradual onset of right hemi-
paresis and hemihypesthesia. Investigation demonstrated the
presence of a unique left parietal metastasis. She refused sur-
gery and was enrolled and began treatment with intra-arterial
carboplatin and BBBD in May 2002. Two days after the second
cycle, she developed orbital swelling and pain. Decadron dos-
age was increased for 2 weeks, and we observed complete
resolution of the symptomatology.

By the same technique of supraophthalmic catheterization
post BBBD, the 3rd-5th cycles were performed without recur-
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Fic 2. Axial (A) and coronal (B) CT im-
ages, demonstrating the right-sided ex-
ophthalmia, fat infiltration, and swelling of
intraorbital muscles and lacrimal gland in
patient 1. CT was performed 14 hours
after the initiation of the pseudotumor
syndrome.
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Fic 3. MR characteristics of the pseudotumor syndrome as displayed in patient 2. A, Axial T1-weighted brain MR imaging highlighting
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the left-sided exophthalmia and swelling of the extraocular muscles. B, Contrast-enhanced T1-weighted MR study in the same patient
depicting enhancement of the extraocular muscles of the left orbital cavity.

rence of the orbital myositis. Two days after her 6th cycle,
however, signs of ocular toxicity recurred despite the supraoph-
thalmic injection of carboplatin. The position of the catheter
was borderline, and it is presumed that the catheter slipped
back below the origin of the ophthalmic artery, although this
was not controlled. Treatments were discontinued. The patient
presented in the following months a progression of her primary
disease and died of respiratory insufficiency in July 2002.

Discussion

Orbital pseudotumor is an inflammatory condition
of one or more extraocular muscles and produces
limitation of ocular motility. Many etiologies are re-
sponsible for orbital myositis, but rarely has it been
associated with chemotherapy. The rapid response of
orbital myositis to corticosteroids is almost diagnostic
(4). The three patients reported in our series demon-
strated significant improvement in the first few days
on corticosteroids and almost complete resolution of
there symptomatology after 4-9 weeks of treatment.

Intracarotid platinum compounds are widely used
to treat a variety of malignant tumors. Numerous
studies have established the activity of these mole-
cules in the treatment of malignant brain tumors
(12-18). The antineoplastic effects of platinum com-
pounds are exerted through induction of DNA and

RNA alkylation and cytoplasmic proteins modifica-
tions.

Intra-arterial administration following BBBD im-
proves delivery of antitumoral drugs to the tumor and
the hemisphere involved and allows higher efficiency
with less systemic toxicity. Intracarotid administra-
tion, however, might be associated with higher ocular
and neural toxicity because of the infusion of highly
concentrated drugs. Ocular, retinal, and neural toxic-
ity have been described with cisplatin administration
and, less commonly, with carboplatin. Supraselective
catheterization distal to the ophthalmic artery has
been shown to reduce retinal and ocular toxicity as-
sociated with cisplatin infusion. Kupersmith et al (6)
demonstrated a decrease in ocular toxicity associated
with cisplatin or carmustine with supraophthalmic
infusion; however, reports of severe ocular toxicity
ipsilateral to a supraophthalmic infusion of cisplatin
with or without nimustine have been outlined by sev-
eral authors (7, 8).

To conserve its theoretical advantage, the BBBD
procedure should be accomplished in a parent vessel,
not in a supraselective way. Malignant gliomas are
infiltrative lesions, and tumor cells have been identi-
fied at a distance from the radiologic abnormalities
on MR images and isolated from areas appearing
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Fic 4. Response obtained in the treat-
ment of a 67-year-old patient with a primary
CNS lymphoma (patient 2). Before study
accrual, the patient had been treated with
high-dose intravenous methotrexate and
radiation and had not responded to these
modalities. A, Axial T1-weighted brain MR
image obtained at study accrual in April
2001. The highly and homogeneously left
frontal enhancing lesion is obvious, as well
as the surrounding vasogenic edema. A
mass effect is produced on the ipsilateral
ventricle, as well as on the gyri. B, Axial
T1-weighted brain MR image obtained be-
fore the 10th cycle, in April 2002. The tu-
moral nodule has completely receded, and
presence of left frontal encephalomalacia
and a vacuum effect on the left frontal horn
translate the decrease in mass effect.
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Fic 5. The modified BBBD technique applied in patient 2. The patient had just undergone mannitol infusion. A, The catheter has been
changed for a 3.5 microcatheter tracker and a first infusion is accomplished. B, The catheter is moved caudally until the identification of
the origin of the ophthalmic artery. C, The catheter is positioned just above the origin of the ophthalmic artery to bypass it. Chemotherapy is
infused in a supraophthalmic setting after the BBB has been disrupted by using the standard infraophthalmic carotid mannitol infusion.

normal at pathologic examination in brain tumor pa-
tients (25). As for metastatic disease, the presence of
multiple lesions is not unusual. Thus, the procedure
should cover the greatest vascular distribution feasi-
ble. The orbital pseudotumor syndrome has never
been observed in patients treated with BBBD and
intra-arterial methotrexate infusion (26). We there-
fore concluded that the intra-arterial infusion of man-
nitol was not directly responsible for the syndrome
and that repeated mannitol infusion could safely be
accomplished even in patients who presented with the
condition. After disruption, the position of a catheter
just above the origin of the ophthalmic artery re-
quired to change the 5F catheter for a 3.5 tracker, a
catheter that would be inappropriate for the infusion
of high-flow mannitol, but that is ideal for slow deliv-
ery of chemotherapy. Thus, it appeared logical to
accomplish disruption and change the catheter for the
chemotherapy infusion in a supraophthalmic fashion.
The theoretical risk of using a smaller catheter to
infuse chemotherapy involves the possibility of in-
creasing streaming that could, in turn, increase neu-
rotoxicity (22). Nonetheless, by modifying the rate of
administration, this risk can be minimized (22).
Patient 3 presented a relapse in her condition after

uneventfully having undergone three additional cy-
cles with supraophthalmic infusion. Although this is
pure speculation, we believe that the catheter, having
been placed just above the ophthalmic artery and
twice slipping back below before chemotherapy infu-
sion, moved and again fell below during the infusion.
The catheter was checked just before the initiation of
chemotherapy infusion, but, unfortunately, not there-
after.

Before this report, the occurrence of orbital
myositis had always been considered an absolute
contraindication to treatment continuation in centers
performing intra-arterial chemotherapy and BBBD
(20). We believe that this should no longer be con-
sidered the case and that the modification to the
technique of BBBD described in this report should be
considered in these circumstances.
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