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Abstract
Purpose: To ascertain the impact of reflux of chemotherapeutic agent into the internal carotid artery, a known complication of selec-

tive catheterization of the ostium of the ophthalmic artery for intra-arterial chemotherapy, on treatment outcomes in retinoblastoma.
Methods: All patients with retinoblastoma who underwent endovascular treatment at an interventional neuroradiology center be-

tween January 2012 and November 2019 were retrospectively analyzed. Demographic data, type of retinoblastoma, number of drugs
used, catheterization sites, enucleation rate, and perioperative complications were recorded and compiled.

Results: Five hundred and six cycles of intra-arterial chemotherapy were performed in 113 patients (134 eyes). Ostial catheteriza-

tion was performed in 370 cycles (73%), with reflux to the internal carotid artery in 152 (30%). The globe preservation rate was

72%. The complication rate was 6.91%. The most severe complication was autonomic cardiorespiratory reflex reaction, which occurred in 1.97% of cycles.

Conclusion: In children undergoing intra-arterial chemotherapy for retinoblastoma, selective catheterization of the ostium of the
ophthalmic artery (OA) with reflux of chemotherapeutic agent into the internal carotid was frequent and had no impact on the response to treatment.
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Introduction

Retinoblastoma (RB) is the most common primary malignant ocular tumor of childhood [1-7]. Its incidence is highest in developing

countries such as Brazil, where approximately 400 new cases are diagnosed each year [7]. Prognosis is usually excellent in developed
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countries [3] but poor in developing countries. The first salvage treatment for advanced intraocular retinoblastoma was radiation therapy

(RT), but the risk of secondary neoplasms [4] is high, often with a higher mortality than that of retinoblastoma itself [5,6]. Systemic
chemotherapy was introduced in the early 1950s [7] and is still widely used today. Combination therapy (laser and cryotherapy) with

systemic chemotherapy became the treatment of choice in the 1990s [8,9], with a 100% cure rate in patients with group A and B disease

according to the International Classification of Retinoblastoma (ICRB) [10]. However, in groups C, D, and E, enucleation was required in 20
to 55% of cases [11]. In the mid-1950s, catheterization of the internal carotid artery (ICA) was used to perform intra-arterial chemotherapy (IAC), aiming to increase the local concentration of the drug and reduce systemic adverse effects [4]. This technique was used both

as a first-line treatment and as rescue therapy for retinoblastoma. Substantial progress in IAC was achieved in later years with the use of
microcatheters (MC) to access the ophthalmic artery (OA) directly and selectively [12]. In the 2000s, this technique became the first-line

treatment of choice for these patients, who previously would have been candidates for enucleation [13,14]. Subsequently, several studies
were published [14-22], such as the systematic review carried out by Yousef., et al. [3] and a meta-analysis of IAC conducted by Ravindran., et al. [20]. In the Yousef., et al. review, [3] the overall preservation rate was 66%. In the meta-analysis conducted by Ravindran., et
al. [20], the preservation rate was 88.2% overall and 35.6% in advanced cases (group E). Blood supply to the retina may be provided by

the internal carotid system, through the ophthalmic artery, or via the external carotid system. Selective catheterization of the ostium of

the ophthalmic artery is a simple technique, but predisposes patients to reflux of chemotherapeutic agent into the internal carotid. The

aim of this study is to investigate whether the effectiveness of intra-arterial chemotherapy in the treatment of retinoblastoma is affected
by catheterization of the ostium of the ophthalmic artery, with or without reflux of chemotherapeutic agent.

Materials and Methods

This retrospective study was approved by the relevant institutional research ethics committee. Informed consent was not required. We

retrospectively analyzed all patients with RB treated with IAC at an interventional neuroradiology center from January 2012 to May 2019.
Data on demographic parameters, distribution of ICRB groups, catheterization technique used and its aspects (especially in cases with

documented catheterization of the ostium of the ophthalmic artery, with or without contrast reflux into the ICA). Disease course, and
procedure-related complications were collected and analyzed.

According to the institutional evaluation protocol, all patients are examined every 3 weeks under general anesthesia by an experienced

ophthalmologist to assess: clinical characteristics, RB staging, indications for IAC, and tumor progression. Ocular ultrasonography and

fundus examination are performed; all images are recorded with a RetCam® (Pleasanton, CA, USA). If there is no disease progression after

6 months of evaluation, the patient is considered cured, and subsequent follow-up is done annually. IAC sessions were performed on a

monoplane flat-panel detector angiograph (Artis Zee with PURE machine; Siemens, Erlangen, Germany). All patients were treated by 3
experienced neuroradiologists, under general anesthesia, with nasal vasoconstrictor, systemic heparinization (50 IU/kg), and close control of activated clotting time (ACT). All patients were also premedicated with intravenous hydrocortisone. Femoral access was obtained

with a 4F pediatric introducer sheath. In patients with indications for more than one treatment session, puncture is performed alternately

between the right and left common femoral arteries. A VER 4F diagnostic catheter (Cordis, USA) is navigated to the ICA and/or ECA for
assessment of cerebral and ocular vascular supply. We defined three patterns of irrigation in terms of vascular supply to the globe: ICA-

dominant, ECA-dominant, and hemodynamically balanced between the two. Two different IAC techniques can be applied to each of these
patterns: 1) ICA-dominant: catheterization of the ostium or canalicular segment of the OA (Figure 1 and 2); 2) ECA-dominant: catheterization of the middle meningeal artery (MMA) or meningo-ophthalmic artery (Figure 3 and 4); 3) Hemodynamically balanced: balloonassisted injection [21,22] into the ICA or ECA (Figure 5).
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Figure 1: A) Distal navigation. B) Microcatheter (MC) pullback maneuver for selective catheterization
of the ostium of the ophthalmic artery (OA).

Figure 2: Selective catheterization of the canalicular segment of the ophthalmic artery (OA).

Figure 3: Selective catheterization of the middle meningeal artery (MMA).
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Figure 4: Selective catheterization of the meningo-ophthalmic branch.

Figure 5: Selective catheterization of the ophthalmic artery (OA) with balloon occlusion of the external carotid artery (ECA).

Briefly, 1.2F to 1.7F microcatheters (Magic, Balt, Montmorency, France; Headway DUO 1.3F Microvention, Tustin, CA, USA; Echelon

10 or Marathon, Medtronic, Irvine, CA, USA) are navigated over microguidewires (Hybrid 0.007, Balt, Montmorency, France; Traxcess,
Microvention, Tustin, CA USA; Silverspeed 10 and Avigo 14, Medtronic, Irvine, CA, USA) to the optimal position, depending on the type

of hemodynamic pattern observed. A balloon (Hyperform or HyperGlide, Medtronic, Irvine, CA, USA) is used when vascular supply is he-

modynamically balanced between the ICA and ECA. We perform a pullback maneuver to catheterize the ostium of the OA. This technique
consists of navigating the microcatheter to the communicating segment of the ICA, past the origin of the OA, with the aid of a microw-
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ire. We then remove the microwire and pull back the microcatheter until its tip engages the ostium of the OA. Conventional navigation
techniques are used for the other types of catheterization. Chemotherapeutic agents are injected manually, according to the following

protocol: first-line treatment, melphalan (0.5 mg/kg) alone; rescue treatment, melphalan (0.5 mg/kg) followed by topotecan (0.5 - 2 mg);

nonresponders or lesion progression after the first cycle, melphalan (0.5 mg/kg) followed by topotecan (0.5 - 2 mg) and carboplatin (15
- 30 mg).

Statistical analysis
Statistical analysis of all collected data was first carried out descriptively. For quantitative variables, summary measures such as mean

and standard deviation were calculated. Qualitative variables were expressed and analyzed as absolute (number) and relative (percentage) frequency. All data were stratified according to treatment outcome (enucleation or preservation). The hypothesis of data normality

in relation to age and number of chemotherapy cycles was refuted by the Shapiro–Wilk test. Thus, the Wilcoxon Mann–Whitney test was
used to compare means. The chi-square test or Fisher’s exact test was used to ascertain whether drug infusion site was associated with
presence of reflux. Analyses were carried out in R version 3.4.3 for Windows, using the base, ggplot2, and PMCMR packages [23-25]. The
significance level was set at 5% (p ≤ 0.05) for all conclusions based on inferential analyses.

Results and Discussion

Five hundred and six IAC cycles were performed in 113 patients, for a total of 134 treated eyes; 59 patients (52%) were female and

54 (48%) were male. The mean age of patients at the first IAC cycle was 23.3 months (range, 3.6-105 months), while the mean age at

diagnosis was 19 months (range, 1-105 months). Disease was unilateral in 59 patients (52%) and bilateral in 54 (48%). The distribution
of patients by ICRB group [26] is given in figure 6.

Figure 6: Distribution of International Classification of Retinoblastoma (ICRB) groups.

Table 1 shows the characteristics of the sample, stratified according to outcome. Children whose eyes were preserved were significantly

younger than those who ultimately required enucleation. Furthermore, the frequency of group E disease in children who required
enucleation was statistically higher than in children who avoided enucleation.
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Parameters evaluated
n
Age in months, mean (SD)
Sex, n (%)
Female
Male
Affected eye, n (%)
Right
Left
Stage, n (%)
A
B
C
Post
E
IAC cycles, mean (SD)

Outcome
Enucleation Preservation
37
97
31.3 (21.8)
20.7 (17.0)
17 (45.9)
20 (54.1)

14 (37.8)
23 (62.2)

0 (0.0)
2 (5.4)
1 (2.7)
15 (40.5)
19 (51.4)
3.81 (2.16)

47 (48.5)
50 (51.5)

50 (51.5)
47 (48.5)

2 (2.1)
10 (10.3)
19 (19.6)
59 (60.8)
7 (7.2)
3.94 (1.78)

p

0.004 a
0.947b
0.220b
<0.001b

0.728 a

Table 1: Sample distribution by age, affected eye, disease stage, and number of chemotherapy cycles, stratified by outcome.
n, number; SD, standard deviation; IAC, intra-arterial chemotherapy.
Wilcoxon Mann–Whitney test

a
b

chi-square test.
Regarding the type of catheterization performed in this series, the following data were recorded: OA: catheterization of the OA ostium

in 370 cycles (73%), with reflux into the ICA in 152 (30%) (Figure 7A); canalicular segment catheterization in 35 cycles (7%); ECA-dominant circulation with MMA catheterization in 51 cycles (10%) (Figure 7B); catheterization of the meningo-ophthalmic branch (Figures
7C, 7D and 7E) in 40 cycles (8%); and hemodynamically balanced circulation in 10 cycles (2%).

Figure 7: A) Lateral angiogram of the OA ostium (arrow) showing choroidal blush (stars) and reflux into the ICA (arrowhead). B) Lateral
MMA angiogram (arrow) showing choroidal blush (stars) and retrograde flow in the OA (double arrow). C) AP angiogram of the left MMA
(arrow) showing the meningo-ophthalmic branch (white arrow) and retrograde flow in the OA (double arrow). D) AP angiogram of the
left meningo-ophthalmic branch (arrow) showing retrograde flow in the OA (double arrow). E) Unsubtracted view of image D showing the
position of the microcatheter.
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Table 2 and 3, respectively, show the result of the comparison between infusion sites and presence of reflux for all cycles, stratified by

outcome. There was no significant association between infusion site and occurrence of reflux, regardless of the outcome or cycle.
Infusion site

n
Cycle 1, n (%)
Canalicular
Meningeal
Ostium of ophthalmic artery
Cycle 2, n (%)
Canalicular
Meningeal
Ostium of ophthalmic artery
Cycle 3, n (%)
Canalicular
Meningeal
Ostium of ophthalmic artery
Cycle 4, n (%)
Canalicular
Meningeal
Ostium of ophthalmic artery
Cycle 5, n (%)
Canalicular
Meningeal
Ostium of ophthalmic artery
Cycle 6, n (%)
Canalicular
Meningeal
Ostium of ophthalmic artery
Cycle 7, n (%)
Meningeal
Ostium of ophthalmic artery
Cycle 8, n (%)
Meningeal
Ostium of ophthalmic artery
Cycle 9, n (%)
Meningeal
Ostium of ophthalmic artery

Outcome
Enucleation
Preservation
37
97
15 (40.5)
3 (8.1)
19 (51.4)
9 (30.0)
2 (6.7)
19 (63.3)
5 (20.0)
4 (16.0)
16 (64.0)

4 (21.1)
4 (21.1)
11 (57.9)

2 (14.3)
3 (21.4)
9 (64.3)

1 (11.1)
1 (11.1)
7 (77.8)

31 (32.0)
8 (8.2)
58 (59.8)

21 (23.1)
15 (16.5)
55 (60.4)
12 (16.0)
14 (18.7)
49 (65.3)

8 (14.3)
16 (28.6)
32 (57.1)

2 (5.9)
13 (38.2)
19 (55.9)

0 (0.0)
4 (30.8)
9 (69.2)

0 (0.0)
5 (100.0)

1 (11.1)
8 (88.9)

0 (0.0)
0 (0.0)

2 (33.3)
1 (33.3)

0 (0.0)
2 (100.0)

2 (33.3)
4 (66.7)

p

0.635 a
0.365 a
0.880 a
0.702 a
0.406 a
0.301 a
1.000b
1.000b
*

Table 2: Association between infusion sites and outcome (enucleation or globe preservation).
n, number
a

chi-square test

b

Fisher’s exact test

* not calculated, as no child required enucleation at cycle 9.
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Reflux
n

Cycle 1, n (%)

Outcome

p*

Enucleation

Preservation

37

97

No

30 (81.1)

No

22 (73.3)

No

19 (76.0)

No

14 (73.7)

43 (76.8)

No

10 (71.4)

29 (85.3)

No

5 (55.6)

10 (76.9)

1 (20.0)

3 (33.3)

Yes

Cycle 2, n (%)
Yes

Cycle 3, n (%)
Yes

Cycle 4, n (%)
Yes

Cycle 5, n (%)
Yes

Cycle 6, n (%)
Yes

Cycle 7, n (%)
No

Yes

Cycle 8, n (%)
No

Yes

Cycle 9, n (%)
No

63 (64.9)

7 (18.9)

34 (35.1)

8 (26.7)

28 (30.8)

6 (24.0)

21 (28.0)

5 (26.3)

4 (28.6)

4 (44.4)
4 (80.0)
0 (0.0)

2 (100.0)
0 (0.0)

63 (69.2)

54 (72.0)

13 (23.2)
5 (14.7)

3 (23.1)

6 (66.7)
4 (66.7)

2 (33.3)

3 (100.0)

0.109
0.845
0.897
1.000
0.477
0.554
1.000
0.414
**

Table 3: Association of occurrence of chemotherapeutic agent reflux, per cycle, with outcome (enucleation or preservation).
n, number
* Fisher’s exact test
** not calculated, as no child required enucleation at cycle 9.
The mean fluoroscopy time was 6.4 min, 7.1 min, and 6.9 min for ostial, canalicular, and ECA catheterization, respectively. First-line

treatment was performed in 70 eyes (52%) and salvage treatment in 64 eyes (48%). The average number of cycles was 3.8 per eye (range,

1 - 9 cycles). In 67% of cycles, two drugs were infused (melphalan and topotecan). In 16%, only one drug (melphalan) was used, and in
the remaining 16%, three drugs were infused (melphalan, topotecan, and carboplatin). Enucleation was ultimately required in 37 eyes
(28%); 97 (72%) were preserved. Figure 8 shows an example of tumor regression after four cycles of IAC in a primarily treated patient.
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Figure 8: RetCam® images showing an ICRB group C tumor (E) and its partially calcified regression (B) after 4 cycles of IAC.

Regarding complications of IAC (Table 4), adverse drug reactions were recorded in 15 patients, and included periocular edema, frontal

erythema, neutropenia, vitreous hemorrhage, retinal ischemia/atrophy, and cataract. Another 20 events were related to the catheteriza-

tion procedure, including autonomic manifestations consistent with cardiorespiratory reflex reactions (bradycardia, hypotension, and

bronchospasm during catheterization), inguinal hematoma, femoral artery pseudoaneurysm, and transient alopecia. There were no cases
of metastasis, cerebral ischemia, or death.

Complications

Drug-related

Procedure-related

Periocular edema, n=4

Cardiorespiratory reflex, n=10

Retinal ischemia/atrophy, n=4

Inguinal hematoma, n=6

Frontal erythema, n=2

Femoral pseudoaneurysm, n=1

Neutropenia, n=2

Transient alopecia, n=4

Vitreous hemorrhage, n=2
Cataract, n=1

Table 4: Complications.

Discussion
From the 1950s onwards, treatment of RB has evolved from enucleation to radiation therapy and systemic chemotherapy to minimally

invasive techniques which involve less morbidity. Local modalities, such as laser and cryotherapy, have been used; IAC has been added to
this therapeutic arsenal consistently since the year 2000 [4,7-9]. The feasibility, safety, and effectiveness of IAC in preserving the globe and

vision have been demonstrated in several studies. In our experience, the eye preservation rate was 72%, similar to that of 67% reported

by Shields., et al. [13], although this rate has varied in the literature [27,28]. IAC has changed treatment practice in RB and improved the
cure rate across all ICRB groups [20]; our series reproduces this finding.

No cases of metastasis were recorded in our cohort. Indeed, metastasis is a rare occurrence in patients with RB treated with IAC.

Abramson., et al. [29] reported only 3 deaths attributable to metastatic disease in 1139 patients from 6 different centers (including Brazil)
over 10 years of follow-up.
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Regarding the evolution of IAC for the treatment of RB, the initial technique for ICA injection, described by Reese., et al. [4], has been

dramatically improved by other authors [12,30] with superselective catheterization of the OA. The ideal technique for IAC, however, is still

a matter of debate. OA catheterization may be a complex procedure, and some technical variations such as its ostium catheterization were

recently described by Sweid., et al. [31]. In this case series, chemotherapeutic agent reflux into the ICA did not interfere with the response

of the tumor to treatment. Statistical analysis also showed that injection site and occurrence of reflux did not influence the outcome of IAC.
Despite an extensive body of evidence on the indications for IAC [13,31-35], there are few publications on the optimal technique for this

method. Sweid., et al. [31] suggested that the best microcatheter position depends on the operator’s experience and that, in some cases,
reflux will be better tolerated than multiple attempts to reach a position in which reflux should not occur. Multiple attempts at microcath-

eter repositioning could increase the procedure time and, consequently, increase the risk of complications such as vasospasm, dissection,

and endothelial injury. In our experience, the pullback maneuver for catheterization of the OA ostium proved to be very simple and fast,
used in 370 of 506 cycles (73%), with reflux occurring in 150 cycles (30%). As we observed that infusion site and occurrence of reflux

had no negative influence on the response to therapy, this has become our first-line technique of choice whenever the ocular irrigation
pattern allows it. The preservation rate recorded in our cohort is similar to those described elsewhere in the literature, corroborating

our hypothesis that reflux of chemotherapeutic agent into the ICA has no influence on treatment response. In our view, the operator’s
experience is the single most important factor when deciding the optimal position for the microcatheter, regardless of whether reflux will

occur. We were not able to quantify the reflux in our series and this represents an important limitation. We assumed that once the choroidal blush was visible on the angiograms the chemotherapeutic drugs could be injected. Obviously, different amounts of reflux occurred,

and we could not measure it. Besides that, the reflux can vary with many factors such as injection speed, changes in the MC position and
hemodynamics changes during the procedure. For future studies a tool to access the reflux and its related aspects should be developed.

In our series, complications occurred in 35 cycles (6.91%). Of these, 16 patients had mild complications requiring only conservative

treatment measures. We noticed that the most serious complication was the occurrence of autonomic cardiorespiratory reflex reactions,

which have been recently described as an adverse effect of manipulation of the intracranial arteries in the pediatric population [35]. This

complication occurred in 10 patients in our series (1.97% of the total cycles), and 4 procedures had to be interrupted. In all cases, there
was bradycardia, hypoxia, hypotension, and reduced pulmonary compliance (bronchospasm with no wheezing). These manifestations can
range from mild to life-threatening. The pathophysiology is unclear, but appears consistent with the trigeminocardiac and oculorespira-

tory reflexes [35]. The manipulation of trigeminal receptors present in the intracranial arteries (particularly in the cavernous segment of
the ICA) may explain it [36]. Phillips., et al. observed that this event is more common during the second cycle of ICA. At our facility, upon

occurrence of this event, catheterization is immediately abandoned, the microcatheter is withdrawn, mechanical ventilation is optimized
and, if necessary, atropine and vasopressors such as norepinephrine are administered intravenously.

Conclusion

In this study, selective catheterization of the ostium of the ophthalmic artery with reflux of chemotherapeutic agent into the internal

carotid were frequent in children undergoing intra-arterial chemotherapy for retinoblastoma, had no impact on the globe preservation
rate. We conclude that this simple and agile technique should be preferred in those patients in which the ophthalmic artery is the most
appropriate site for injection of intra-arterial chemotherapy.
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