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BACKGROUND AND PURPOSE: Intra-arterial chemotherapy is a very effective treatment option for
intraocular retinoblastoma. However, direct catheterization of the OA is not always possible. The
purpose of this work was to report our initial results with intra-arterial chemotherapy for intraocular
retinoblastoma when delivery of the drug was not via direct catheterization of the OA.

MATERIALS AND METHODS: Retrospective review of 110 eyes (89 patients) undergoing a total of 351
intra-arterial treatments at our institution between 2006 and 2010 identified 18 eyes (14 patients) that
received at least 1 infusion via a vascular route other than direct OA catheterization. Alternatives
included catheterization of the orbital branch of the MMA and temporary balloon occlusion of the ICA.

RESULTS: Tumor control was observed in 17 of 18 eyes at a mean follow-up of 18.9 months (median,
17.5 months; range, 8–36 months). The mean number of intra-arterial infusions was 3.7 per eye
(median, 3; range, 2–9). Treatment routes included the following: MMA only, 3 eyes; MMA � OA,
4 eyes; MMA � balloon, 2 eyes; balloon only, 1 eye; balloon � OA, 7 eyes; balloon � OA � MMA, 1
eye. Intra-arterial chemotherapies included melphalan, topotecan, and carboplatin. Complications were
all transient. ERG readings were the following: stable, 10 eyes; improved, 3 eyes; reduced, 5 eyes.
One patient died from a second malignancy (pinealoblastoma).

CONCLUSIONS: This initial experience shows that when direct OA catheterization is not possible, using
alternative routes of intra-arterial chemotherapy saves eyes and preserves vision with acceptable side
effects.

ABBREVIATIONS: CBC � complete blood count; ERG � electroretinogram; MMA � middle men-
ingeal artery; OA � ophthalmic artery; RE � Reese-Ellsworth group; XRT � external beam radiation
therapy

In our center and many others, intra-arterial chemotherapy
has become the first-line treatment for eyes with advanced

intraocular retinoblastoma.1-5 Ophthalmic intra-arterial che-
motherapy is not new, being first put into practice by Reese
et al,6 with direct ICA injections of the alkylating agent trieth-
ylenemelamine in 1954,7 but the methodology of intra-arterial
chemotherapy delivery to the eye continues to evolve as in-
creasing numbers of children receive this treatment.

As more children receive intra-arterial chemotherapy, we
have learned that direct catheterization of the OA is not always
possible for a number of reasons. In young children, the OA is
sometimes too small for catheterization by the usual micro-
catheters. Anatomic variations are common within the orbit,
and rarely, the primary blood supply to the globe comes from
another artery, most often the MMA,8 making it impossible to

catheterize with the standard direct OA technique. The angle
of the OA take off from the ICA can also make catheterization
difficult. Even in cases in which previous catheterization of the
OA has been successful, subsequent catheterization attempts
may fail secondary to a variety of factors, including vasospasm,
and alternative delivery of chemotherapy becomes necessary.

This article describes 2 alternative access routes other than
the direct OA catheterization technique and presents their an-
giographic and clinical results.

Materials and Methods
A retrospective review, approved by the Memorial Sloan-Kettering

Cancer Center Institutional Review Board, of 110 consecutive eyes

with a diagnosis of retinoblastoma receiving intra-arterial chemo-

therapy from May 2006 to November 2010 was performed. Subjects

included in this study had unilateral or bilateral retinoblastoma that

could not be treated by using local treatments such as laser and cryo-

therapy, and many had failed previous treatments including brachy-

therapy, XRT, and periocular or systemic chemotherapy.

Detailed chart reviews, including review of angiographic operative

procedure notes, identified patients who had received at least 1 intra-

arterial chemotherapy infusion by alternative routes to direct cathe-

terization of the OA. The technique of superselective intra-arterial

chemotherapy via the OA has been previously described in detail by

Abramson et al.1,3,5 In our experience, the 2 other vascular routes for

therapy include infusion via the MMA (branch of the external carotid

artery) and temporary balloon occlusion of the ICA distal to the ori-

gin of the OA.9
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Procedures
All procedures were performed on an outpatient basis. All patients

required general anesthesia with intubation. A 4F micropuncture set

was used to access the common femoral artery with subsequent place-

ment of an arterial sheath. The patient was then anticoagulated with

intravenous heparin (70 IU/kg). During the first procedure, direct

catheterization of the OA was always attempted before considering

alternative routes of therapy.5 Once the treatment session was com-

plete, the catheters were removed, the femoral sheath was pulled, and

the groin puncture was closed with manual pressure. Anesthesia was

discontinued, and the child was observed for 4 – 6 hours and was

discharged the same day.

If direct catheterization of the OA was not possible or there was

inadequate injection of the OA with no visualization of the choroidal

crescent, then treatment via the OA was abandoned. According to the

flow pattern in the OA and the angioanatomy (Fig 1A, -B), alternative

routes of chemotherapy delivery, through the MMA or by balloon

assistance, were then performed.

Catheterization through the MMA
The microcatheter was advanced from the aortic arch into the exter-

nal carotid artery and guided into the MMA via the internal maxillary

artery (Figs 1 and 2), where an angiogram was performed to visualize

the orbital branch of the MMA. If it was well-developed, then the

orbital branch was catheterized (Fig 1B), another angiogram was per-

formed to visualize the choroidal blush (Fig 1C, arrow without label),

and chemotherapy infusion was initiated.

Balloon-Assisted Infusion
Alternatively, if the ophthalmic anastomosis of the MMA was not

well-developed, then the decision was made to infuse chemotherapy

by using temporary balloon occlusion of the ICA just distal to the

branch point for the OA. The technique is similar to the one used by

Yamane et al,9 except that our balloon microcatheter is guidewire-

directed instead of flow-guided. In summary, a 5F femoral sheath was

placed, and a 5F guide catheter was advanced into the ICA. The bal-

loon microcatheter (HyperForm 4 � 7; ev3, Irvine, California) was

advanced into the guide catheter and into the supraophthalmic seg-

ment of the ICA (Fig 3). The balloon was carefully inflated under

fluoroscopy to match the diameter of the ICA, so as to redirect all

internal carotid flow into the OA. Angiography was performed to

look for the choroidal crescent (Fig 3B, arrow). Infusion of drugs was

then performed, alternating 4-minute balloon inflation (infusion

time) and 2-minute balloon deflation (reperfusion time). With bal-

loon assistance, drugs were each diluted in 6 mL of normal saline and

infused during 4 minutes (infusion time). This procedure limits the

number of balloon inflations to a maximum of 3 during a single

treatment session if 3 drugs are used.

When we used these alternative routes, no patient failed to receive

intra-arterial chemotherapy during any planned treatment session.

A detailed description of chemotherapy drug dose determination

and appropriate combination drug treatment has been previously

described.5,10 In brief, chemotherapeutic agents included melphalan,

2.5–7.5 mg, carboplatin, 30 –50 mg, and topotecan, 0.15– 0.5 mg. The

highest dose of chemotherapy administered in a session to a single eye

was melphalan, 7.5 mg, � carboplatin, 50 mg, � topotecan, 0.5 mg.

Dosage, combination of chemotherapy administered, and number of

treatment sessions were determined by age, individual angio-

anatomy10 of the OA and its branches, patient weight, extent of dis-

ease (with particular attention to the extent of vitreous seeding), and

clinical response to previous intra-arterial treatments.

Following each intra-arterial treatment session, tumor regression

pattern, decrease in tumor size, improvement of tumor seeding (ei-

ther diminution or calcification), and resolution of retinal detach-

ment were used as objective measures to determine the effectiveness

of individual treatment sessions.

Ophthalmic examinations were performed every 3– 4 weeks after

treatment and included external examination, visual acuity testing,

intraocular pressure measurement, pupil and motility evaluation,

and a complete fundus examination with the patient under anesthe-

sia, including RetCam III digital photography (Massie Industries,

Dublin, California), B-scan sonography with the OTI unit (Ophthal-

mic Technologies, Toronto, Ontario, Canada), and ERG testing un-

der photopic and scotopic conditions in accordance with modified

International Society for Clinical Electrophysiology of Vision stan-

dards as described in a previous publication.11 The amplitude of the

response to a 30-Hz flicker, measured in microvolts, was compared

from visit to visit. ERG readings were grouped according to 6 catego-

ries: none (0.0 mV), poor (0.2–25 mV), fair (25.1–50.0 mV), good

(50.1–75.0 mV), very good (75.1–100 mV), and excellent (�100 mV).

An absolute change of �25 mV compared with previous readings was

considered to be a notable change. Systemic evaluation included in-

Fig 1. Procedural angiograms: catheterization of the MMA. A, Common carotid angiogram, lateral view, shows both the OA arising from the ICA and the MMA arising from the external
carotid artery. The microcatheter was first placed into the OA, but because of its small size, there was stagnation of contrast (flow arrest). Therefore, the decision was made to treat via
the MMA. B, Preliminary lateral angiogram showing the vascular anatomy of the MMA and its orbital branch. C, Lateral angiogram showing excellent choroidal crescent (arrow without
label) and reflux into the OA after radiopaque contrast injection via the orbital branch of the MMA.
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terval history, height and weight measurements, and CBC 7–14 days

after the procedure.

Statistical Analysis
A 2-tailed paired t test comparing ERG readings before and after

intra-arterial treatment was performed by using GraphPad Prism,

Version 5.00 for Windows (GraphPad Software, San Diego, Califor-

nia; www.graphpad.com).

Results

Ocular Survival
Tumor control was observed in 17 of 18 eyes (94.4%) at a
mean follow-up of 18.9 months. One eye was enucleated 18

months after initial intra-arterial treatment session due to in-
adequate tumor control.

Patient Survival
Thirteen of 14 patients (92.9%) are alive. One patient with
bilateral retinoblastoma died 29 months after the first intra-
arterial treatment session due to a second malignancy
(pinealoblastoma).

Of the 110 consecutive eyes treated with intra-arterial che-
motherapy (Table 1), we identified 18 eyes (16%, 18/110) that
received at least 1 intra-arterial treatment through an alterna-
tive route to the OA. These 18 eyes received 67 intra-arterial
infusions: 23 were by direct OA catheterization, 27.5 by cath-

Fig 2. External carotid artery orbital vascular anatomy. A, Superior view of the orbital vascular supply via the MMA. B, Anterior view of the orbit, the lacrimal foramen (also known as
the Hytl foramen), located superolateral to the superior orbital fissure, is the route by which the orbital branch of the MMA may enter the orbit. C, A lateral view of the vascular supply
to the orbit via the MMA (zygomatic, frontal, temporal, and greater wing of the sphenoid bones partially cut away; additionally the lesser wing of sphenoid bone to the anterior clinoid
process has been cut away to show the OA entering the orbit).
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eterization of the MMA, and 16.5 by balloon-assisted infusion
(Table 1). On 1 occasion, the orbital branch of the MMA was
successfully catheterized and the first drug was successfully
infused, but midway through infusion of the second drug,
fluoroscopy demonstrated retrograde migration of the cathe-
ter into the proximal anterior segment of the MMA. At this
point, the microcatheter was repositioned in the orbital
branch of the MMA. However, subsequent contrast injections
performed under fluoroscopy demonstrated unstable micro-
catheter position due to the small size of the arterial branch,
and a decision was then made to switch to the balloon occlu-
sion technique. Given the infusion of chemotherapy via both
the MMA and the balloon-assisted method during this 1 treat-
ment session, this procedure was ascribed a 0.5 treatment ses-
sion value via the MMA and a 0.5 treatment session value via
the balloon-assisted method for purposes of quantification in
this study.

Among all intra-arterial treatments (n � 351) reviewed
during the time of this study, overall 12.5% (n � 44 of 351
infusions) of infusions occurred through an alternative route
to the OA, 7.8% (n � 27.5 of 351 infusions) via the MMA and
4.7% (n � 16.5 of 351 infusions) via balloon-assisted infusion.
A summary of the treatment routes is detailed in Table 2. Eyes
underwent 2–9 intra-arterial treatment sessions each (mean,
3.7; median, 3). RetCam images before and after treatment for
1 case treated via the MMA are presented in this report (Fig 4).

Chemotherapy regimens used at individual treatment sessions
are detailed in Table 3; the most common regimens used in-
cluded single-agent melphalan in 23 sessions and a combina-
tion of melphalan � topotecan in 24 treatment sessions—
together these 2 drug treatment regimens represent 70% of the
treatments administered in this cohort.

Mean follow-up was 18.9 months (median, 17.5 months;
range, 8 –36 months). Mean age at follow-up was 39.4 months
(median, 37 months; range, 11– 83 months). The RE included:
RE II, 3 eyes; RE III, 4 eyes; and RE V, 11 eyes (International
Classification of Retinoblastoma: group B, 5 eyes; group C, 3
eyes; and group D, 10 eyes). Retinoblastoma was bilateral in
79% of patients.

ERGs
ERGs performed before and after most recent intra-arterial
treatments were available for all 18 eyes. Most (10 eyes) main-
tained stable ERG readings after treatment, and 3 eyes showed
improvement. A decreased ERG reading posttreatment was
noted in 5 eyes compared with pretreatment reading. A distri-
bution of the ERG classification of this cohort of eyes before
and after treatment is shown in Fig 5.

A paired 2-tailed t test comparing the ERG readings before
and after intra-arterial treatment of the entire cohort showed
no significant change (P � .3395). Likewise, a paired 2-tailed t
test comparing the ERG readings before and after intra-arte-

Table 2: Routes and frequency of administration of IA
chemotherapya

Route Eyes
Mean Total

Tx
Median Total

Tx
Min
Tx

Max
Tx

MMA Only 3 4 3 3 6
MMA � OA 4 4.75 4 2 9
MMA � balloon 2 3 3 2 4
Balloon only 1 3 3 3 3
Balloon � OA 7 3.29 3 2 5
Balloon � OA � MMA 1 4 4 4 4
Total 18 3.72 3 2 9

Note:—IA indicates intra-arterial; MMA, IA infusion via the orbital branch of the MMA;
Balloon, IA infusion via the OA through a balloon-assisted method; Min, minimum; Max,
maximum; Tx, treatment session.
a All values listed as No.

Table 1: IA treatment characteristics of cohort

Characteristic No.
Cumulative eyes treated with IA 110
Cumulative patients treated with IA 89
Cumulative IA treatments 351
Eyes treated with alternative to OA (study cohort) 18
Patients treated with alternative to OA (study cohort) 14
Total alternatives to OA injections 67
Total OA infusions 23
Total MMA infusions 27.5
Total balloon infusions 16.5
Eyes treated other than via OA with previous IV

chemotherapy/cryotherapy/laser
16

Note:—IA indicates intra-arterial.

Fig 3. Procedural angiograms: balloon-assisted method. A, Unsubtracted lateral view showing the inflated balloon catheter in the ICA, just distal to the origin of the OA. Note the ocular
prosthetic after enucleation of the contralateral eye. B, Subtracted ICA angiogram, lateral view, balloon-inflated, showing the exclusive filling of the OA by the radiopaque contrast. Notice
filling of contrast into the OA and consequent choroidal blush (arrow).
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rial treatment for the subgroup of 6 eyes treated solely through
alternatives to OA catheterization showed no significant
change (P � .9354).

Ocular and Systemic Complications
There were no adverse effects on ocular motility, cornea, an-
terior chamber, lens, or orbit. There were no cases of central
retinal artery occlusion. Local complications included tran-
sient medial forehead hyperemia (3.0%, n � 2), nasal loss of
lashes (3.0%, n � 2), and lid edema (1.5%, n � 1) after indi-
vidual intra-arterial treatment sessions, constant with previ-
ous reports of these temporary side effects of intra-arterial
chemotherapy.12 Bronchospasm (significant 13.4%, n � 9;
mild, 6.0%, n � 4) was noted in a minority of cases during the
angiographic procedure and was adequately treated with in-
jection of epinephrine bitartrate intravenously.5 No episodes
of sustained bradycardia were observed. There were no neu-
rologic deficits or any other complications.

Neutropenia (Common Terminology Criteria for Adverse
Events, v3.0, grade 3 or higher; http://bioportal.bioontology.
org/ontologies/1415) was observed after 15 of 40 (for those
with available CBC results) intra-arterial treatment sessions
(37.5%), most commonly when the melphalan dose exceeded
0.4 mg/kg of body weight, which most often occurred during
tandem treatment sessions. The toxicity was grade 3 (absolute
neutrophil count, 500 –1000 mm3) in 12 cases and grade 4
(absolute neutrophil count, �500 mm3) in 3 cases. One pa-
tient previously treated with 6 cycles of systemic intravenous
chemotherapy was hospitalized after 2 intra-arterial treatment
sessions. The first hospitalization was for intravenous fluid
hydration due to poor oral intake secondary to mucositis. The
second hospitalization was for neutropenic (grade 4) fever re-
quiring intravenous antibiotics and transfusion of blood

products (1 unit of packed red blood cells, 1 unit of platelets).
No other patients in this series were hospitalized, experienced
febrile neutropenia, or required transfusion after intra-arterial
treatment.

Discussion
Prior studies have demonstrated that the OA catheterization
technique can be used successfully as a primary therapy,3 es-
pecially with advanced disease,1,5,13 in bilateral cases (treating
both eyes),2 and in eyes that have previously failed conven-
tional management.1,5,13 This article shows that 2 alternative
routes to OA catheterization (by using the MMA or temporary
balloon occlusion of the ICA) are feasible and safe for the
treatment of intraocular retinoblastoma. Two case reports
have also examined other routes aside from direct OA cathe-
terization for the delivery of intra-arterial chemotherapy for
the treatment of retinoblastoma.14,15

In 1968, Kiribuchi and Hasegawa16 compared the tissue
concentration of mitomycin in dogs when treated intra-arte-
rially via the common carotid artery and the external OA by
way of the infraorbital artery. Despite an equal dose of 2 mg of
mitomycin, they reported universally higher doses in the
aqueous, vitreous, and retina/uvea when injected via the in-
fraorbital artery compared with the common carotid artery.
When the chemotherapy was injected via the common carotid
artery, there was no detectable mitomycin level in the vitreous
body. This finding highlights the potential advantage of selec-

Fig 5. Cohort ERG before and after intra-arterial treatment sessions. Graph showing ERG
classification of all eyes included in this study before and after all intra-arterial treatments.

Table 3: Summary of chemotherapeutic agents used at individual
treatment sessionsa

Chemotherapeutic Agent
Number of

Tx
Melphalan � topotecan 24
Melphalan 23
Melphalan � topotecan � carboplatin 11
Carboplatin � topotecan 7
Carboplatin 2
Total IA infusions 67

Note:—IA indicates intra-arterial; Tx, single IA treatment session.
a All values listed as No.

Fig 4. RetCam images before and after intra-arterial treatment only via the MMA. The left eye of a child with bilateral retinoblastoma successfully treated with 6 intra-arterial chemotherapy
infusions (melphalan � topotecan � 3, melphalan � 2, melphalan � topotecan � carboplatin � 1) via the MMA. No significant change in ERG function was noted after 6 treatment
sessions. Left, pretreatment image; right, after 6 intra-arterial infusions.
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tive infusion to deliver higher concentrations of drug to the
eye, especially the vitreous.

In humans, the MMA may form an anastomosis with the
lacrimal artery soon after it branches off the OA (Fig 2); this
anastomosis is called the orbital branch of the MMA and en-
ters the orbit through the Hyrtl foramen or, when this fora-
men is not separated from it, through the most lateral aspect of
the superior orbital fissure. When this orbital branch is devel-
oped enough to be catheterized, contrast or chemotherapy
drugs can be injected to fill the lacrimal artery and reflux into
the OA, resulting in flow of chemotherapy to the eye through
the normal ciliary and retinal circulation. Additionally, the
most prevalent (but rare) alternative origin of the OA, re-
ported as early as 1887, is from the MMA,8,17 which can be
another alternative anatomic route for delivery of intra-arte-
rial chemotherapy to the eye.

Tumor control was achieved in 17 of 18 eyes at a mean
follow-up of 18.9 months. One eye with advanced intraocular
disease (RE group Vb) that had previously failed systemic che-
motherapy required enucleation due to tumor progression
despite intra-arterial treatment. One patient with bilateral in-
traocular retinoblastoma died due to a second malignancy
(pinealoblastoma). A limitation of this study is that 16 of 18
eyes had received previous intravenous chemotherapy or con-
comitant therapies including cryotherapy and local laser pho-
tocoagulation, potentially confounding the effect of intra-ar-
terial treatment, but these eyes were referred for intra-arterial
treatment due to failure of these previous treatments. The al-
ternative routes to direct OA catheterization are able to
achieve excellent tumor control. For instance, an eye with ad-
vanced disease that failed treatment with intravenous chemo-
therapy (carboplatin � vincristine sulfate) achieved tumor
control and globe preservation with 6 intra-arterial treatments
via the MMA and 1 session of focal laser photocoagulation
(Fig 4).

Intra-arterial chemotherapy was well-tolerated. Local side
effects were transient and minor. We observed no vitreous
hemorrhage or arteriopathy (choroidal or intraretinal) after
intra-arterial treatment. No neutropenia was noted after a ma-
jority (62.5%) of treatment sessions, which is consistent with a
larger recent study from Gobin et al.5 One child who failed to
achieve tumor reduction with 6 cycles of intravenous vincris-
tine, etoposide, and carboplatin was subsequently treated at
our center with 4 cycles of intra-arterial chemotherapy. The
final 2 intra-arterial treatments resulted in 2 hospitalizations:
the first for 1 day of intravenous hydration secondary to poor
oral intake due to mucositis and the second for neutropenic
fever that necessitated prophylactic intravenous antibiotics
along with transfusion of blood products (1 unit of packed red
blood cells, 1 unit of platelets). In this case, the small dose of
chemotherapy used intra-arterially caused myelosuppresion,
perhaps because the patient had been treated before with ex-
tensive systemic chemotherapy. No other child required any
transfusion of blood products, had fever with neutropenia,
or was hospitalized for treatment-related complications. No
severe systemic complications including nausea, vomiting, al-
opecia, severe systemic infection requiring intravenous anti-
biotics, or failure to thrive, which commonly occur with intra-
venous chemotherapy,18 were observed.

XRT, the oldest form of ocular salvage therapy, is able to

save up to 53.4% of advanced (RE group Vb) eyes at 10-year
follow-up, but most (52.4%) patients are plagued with signif-
icant side effects, including cataract, vitreous hemorrhage, ra-
diation retinopathy, radiation optic neuropathy, and facial
bone hypoplasia among others.19 XRT also increases the risk
of second nonocular cancers (sarcomas), particularly in pa-
tients with heritable retinoblastoma.20,21 In low-grade retino-
blastoma (RE group I-II), focal therapy in combination with
systemic therapy can offer good tumor control, with Mur-
phree et al22 reporting 100% tumor control for these eyes.
Another study reported 100% tumor control for RE group
I-III eyes with chemoreduction and focal therapy, but for RE
group IV eyes only 66% avoided enucleation or XRT.23 Shields
et al24 report that RE group I-IV eyes treated with chemore-
duction and focal therapy required additional XRT in 10% of
cases and enucleation in 15% at 5-year follow-up. Among RE
group V eyes, however, 47% required XRT and 53% required
enucleation at 5 years, highlighting the inadequacy of this
treatment technique for patients with advanced disease. In
comparison, a large study investigating intra-arterial chemo-
therapy for eyes with advanced RE group V retinoblastoma
showed that the Kaplan-Meier estimate of ocular event-free
survival at 2 years for all group V eyes was 80.5% when used as
a primary treatment and was still 51.5% when used as an al-
ternative to enucleation after failure of previous treatments
with intravenous chemotherapy or XRT.5

Moreover, intravenous chemotherapy is not without sig-
nificant side effects regardless of stage of disease. Adverse ef-
fects of systemic chemotherapy include nausea, vomiting,
alopecia, severe myelosuppresion,18 failure to thrive,25 otoxic-
ity,26 and acute myelogenous leukemia.27 In contrast, minimal
side effects are observed with intra-arterial chemotherapy,
given the small amount of chemotherapeutic administered.
Intra-arterial chemotherapy for advanced retinoblastoma is
an important alternative treatment, given its preliminary suc-
cess and lack of frequent severe systemic side effects.

Conclusions
For the 16% of eyes in which direct catheterization of the OA is
not possible, alternative techniques, such as the balloon tech-
nique or access through the MMA, appear to be safe and ef-
fective routes for administering local chemotherapy for the
treatment of intraocular retinoblastoma.
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