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ABSTRACT
Purpose To evaluate the effects of intra-arterial
chemotherapy on retrobulbar blood ﬂow parameters in
patients with retinoblastoma.
Methods 20 eyes of 10 patients with unilateral
retinoblastoma that were treated with intra-arterial
chemotherapy were evaluated using colour Doppler
imaging. The peak systolic and end-diastolic velocities of
the ophthalmic, central retinal and posterior ciliary
arteries were determined. The pulsatility and resistance
indices were calculated automatically. The treated eye
was compared with the untreated (control) eye and with
itself before and after intra-arterial chemotherapy.
Results When comparing the retinoblastomacontaining eyes with the contralateral normal eyes, the
peak systolic and end-diastolic velocities of the central
retinal artery were signiﬁcantly higher in the tumorous
eyes than in the normal eyes before intra-arterial
chemotherapy. Moreover, the peak systolic and enddiastolic velocities in the posterior ciliary and central
retinal arteries were signiﬁcantly decreased after intraarterial chemotherapy in the tumorous eyes ( p<0.05).
There were no statistically signiﬁcant differences in the
other parameters.
Conclusions Our results suggest that intra-arterial
chemotherapy has a measurable effect on the
retrobulbar blood ﬂow, which can cause a decrease in
the peak systolic and end-diastolic velocities in the
posterior ciliary and central retinal arteries.

INTRODUCTION
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Retinoblastoma is the most common paediatric
intraocular malignancy, occurring in approximately
1 in 15 000–20 000 live births.1 For over a decade,
treatment has been focused on globe-preserving
techniques, including systemic chemotherapy and a
combination of focal consolidative therapy.2–4
Recently, superselective intra-arterial chemotherapy
(IAC) for the treatment of retinoblastoma has
gained popularity and has begun to be used as a
ﬁrst-line treatment.5–7 However, vaso-occlusive
disease has been described following superselective
intraophthalmic arterial chemotherapy as a potentially sight-threatening complication,8–10 and
ophthalmologists should be aware of such vascular
complications. Colour Doppler imaging (CDI) is
one of the most important diagnostic methods for
detecting haemodynamic alterations in orbital
vessels.11 12 However, there are limited reports in
the literature about CDI changes of these vessels
after IAC. In this study, we prospectively evaluated
the effects of intra-arterial melphalan on the retrobulbar blood ﬂow parameters in patients with

retinoblastoma via CDI to determine a correlation
between the clinical ﬁndings and IAC.

METHODS
Ethics statement
This research was conducted in strict accordance
with the tenets of the Declaration of Helsinki.
Written informed consent was obtained from the
parents, caretakers or guardians on behalf of all of
the children, and placed in the patient record.
Consent was given for the use of this established,
previously published off-label treatment for
chemotherapy.

Patients
The medical records of 10 patients diagnosed with
unilateral retinoblastoma and treated with IAC at
the Department of Ophthalmology, Eye and Ear,
Nose and Throat Hospital of Fudan University in
Shanghai, China, from January 2014 to December
2015, were reviewed for this study. The exclusion
criteria were eyes with bilateral tumours and painful
glaucoma, buphthalmos, anterior chamber seeding,
diffuse inﬁltrating retinoblastoma or phthisis bulbi,
which were indications for primary enucleation.13

Surgical technique
IAC was performed by a skilled radiologist ( JZ)
specialised in the intervention procedure. In order
to reduce potential thrombotic complications,
intravenous heparin (70 U/kg) was used during
the procedure. A femoral arterial puncture and the
insertion of a Hunter catheter passing through the
aorta, common carotid artery and internal carotid
artery were conducted, and a Marathon microcatheter was positioned at the ostium of the ophthalmic
artery (OA). The melphalan dose was 3, 5 or
7.5 mg, increasing with the patient’s age and
tumour size. The carboplatin dose was 20 mg,
while each chemotherapy dose was diluted in
30 mL of saline and administered in a pulsatile
fashion over 30 min.7

Colour Doppler imaging measurements
The sonographer (AL) performed the orbital CDI
studies preoperatively and after the IAC cycles. The
blood ﬂow in the retrobulbar vessels was assessed
by a Philips high deﬁnition imaging 5000 CDI
system (Philips Ultrasound, Bothell, Washington,
USA) with a 7.5 MHz linear probe, used as
described by Founti14 and colleagues with a paraocular approach, while the patients were in the
supine position. All of the patients were examined
under oral chloral hydrate sedation (0.5 mL/kg).
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The samples of the pulsed Doppler signal from within a
0.2×0.2 mm sample area were analysed to calculate the blood
velocities in the retrobulbar vasculature. The CDI measurements
were taken in the OA, central retinal artery (CRA) and posterior
ciliary artery (PCA), and the peak systolic velocity (PSV) and
end-diastolic velocity (EDV) were determined in each vessel.
The IAC procedures do not change the anatomical location of
retrobulbar ocular vessels. The CRA should always be measured
within the centre of the optic nerve shadow, 1–2 mm behind the
surface of the optic nerve. To measure the OA blood ﬂow velocities, the Doppler sample gate was set 10–15 mm posterior to
the globe. Appropriate angle correction was used for the OA
measurement. Angle correction was not applied in CRA or PCA
because of the coincidence of the axis of arteries with the sound
beam. We applied the same parameter and angle before and
after IAC to ensure the measurements were comparable. The
pulsatility and resistance indices were calculated automatically
by the scanner, after measuring the systolic and diastolic blood
ﬂow velocities of each vessel, and the appropriate angle correction was used for the vessels measured. All of the parameters
were recorded three times during the same session, and the
mean values were used in the statistical analyses.

Table 1 Unilateral retinoblastoma treated with IAC in 10 patients:
demographics and tumour features
Patient

Age
(months)

Sex

Affected
eye

Treatment

ICRB

SRS

VS

1
2
3
4
5
6
7
8
9
10

20
18
22
16
11
20
14
24
9
19

F
M
M
M
M
M
F
F
F
M

OS
OD
OD
OS
OS
OS
OS
OD
OD
OD

Primary
Primary
Primary
Primary
Primary
Salvage
Primary
Primary
Salvage
Salvage

E
D
E
D
D
D
D
E
D
D

+
−
+
+
+
−
+
+
−
−

+
+
+
+
+
+
+
+
+
+

F, female; IAC, intra-arterial chemotherapy; ICRB, International Classification of
Retinoblastoma; M, male; OD, right eye; OS, left eye; SRS, subretinal seeds; VS,
vitreous seeds.

Table 2 Unilateral retinoblastoma treated with intra-arterial
chemotherapy (IAC) in 10 patients: treatment and outcomes

Statistical analysis
The treated eye was compared with the untreated (control) eye
in the same patient, and the comparisons were made preoperatively and after the IAC cycles. The data are presented as the
mean value with the SD. The comparisons of the preoperative
and postoperative values and the differences between the
treated and control eyes were performed using the paired t-test
or Wilcoxon signed-rank test, depending on the data distribution. A value of p<0.05 was considered to be statistically
signiﬁcant.

RESULTS
Ten eyes of 10 patients who underwent a total of 34 IAC treatments for unilateral retinoblastoma were analysed. Six of the
patients were male, and four were female, and the mean age at
diagnosis was 17.3±4.3 months old. In the treated eyes, the
International Classiﬁcation of Retinoblastoma groups were D
(n=7) and E (n=3). The IAC was delivered as the primary
therapy in seven eyes and as a salvage therapy in three eyes. The
demographic characteristics and tumour features are listed in
table 1. None of the patients in this series had a stroke, seizure,
neurological impairment, limb ischaemia, secondary leukaemia
or metastasis, and none died. No IAC-related serious catheterisation complications (carotid artery spasm, OA thrombosis,
vasospasm or artery injury) were present in any of the 34 procedures. Catheterisations were successful in all procedures. The
mean number of IAC treatments was 3.4±1.5 (median, 3;
range, 2–5), and the mean interval from the last IAC to the CDI
measurements was 6.8±1.4 weeks (median, 6 weeks; range, 3–
9 weeks). The mean total dose of melphalan received per
patient was 15.8±8.3 mg (median, 15 mg; range, 5–30.5 mg).
The clinical features and outcomes are listed in table 2.
The mean retrobulbar blood ﬂow values of the OA, PCA and
CRA before and after IAC are shown in table 3. After comparing
the retinoblastoma-containing eyes with the contralateral
normal eyes, the PSV and EDV of the CRA were signiﬁcantly
higher in the tumorous eyes than in the normal eyes before the
IAC treatment. The PSV and EDV in the PCA and CRA were signiﬁcantly decreased after IAC in the tumorous eyes ( p<0.05)
(Patient 5, ﬁgures 1 and 2). When compared with the normal
controls after IAC, the decrease in the EDV in the CRA was
1420

Patient

Number
of IAC
cycles

Tumour
control
achieved

Catheterisation
complications

Fundus
evidence of
choroidal
atrophy

1
2
3
4
5
6
7
8
9
10

3
3
5
2
3
4
3
2
3
6

Partial
Total
Partial
Total
Total
Partial
No
Total
Total
Partial

No
No
No
No
No
No
No
No
No
No

−
+
+
−
+
−
−
+
−
+

Fundus
evidence
of vascular
stenosis or
occlusion
+
+
−
−
+
−
−
+
−
−

signiﬁcant ( p<0.05); however, the decrease in the PSV in the
CRA or PSV and EDV in the PCA did not reach signiﬁcance.
There were no statistically signiﬁcant differences in the other
parameters.

DISCUSSION
Although the intra-arterial infusion of melphalan has shown
promising results, ophthalmologists have noted several side
effects, among which vascular toxicity has been described as a
potentially sight-threatening complication. Post treatment,
Munier et al9 found that 3 of 13 (23%) patients had choroidal
ischaemia or retinal arteriolar emboli. Shields et al10 found that
6 of 17 eyes (35%) had choroidal vasculopathy or retinal artery
occlusion. The CRA supplies blood to the retina, while the PCA
supplies blood to the optic nerve head and the choroidal layer.
Therefore, the measurements of the blood ﬂow velocities in the
PCA and CRA may be good indicators of the capillary blood
ﬂow of the optic nerve head, retina and choroidal layer. Since it
is impossible to determine the diameter of the orbital vessels in
vivo, the blood ﬂow velocity can be estimated by spectral
Doppler analysis. CDI has been used with success in the assessment of retrobulbar vessel haemodynamics in healthy eyes and
eyes with retinal disease, and in detecting haemodynamic
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Table 3 Haemodynamic Doppler parameters in the OA, PCA and CRA in 10 eyes in patients with retinoblastoma before and after IAC
Treated eye (treated)
Parameter
Central retinal artery
PSV (cm/s)
EDV (cm/s)
RI
PI
PCA
PSV (cm/s)
EDV (cm/s)
RI
PI
Ophthalmic artery
PSV (cm/s)
EDV (cm/s)
RI
PI

Pre-IAC

Post-IAC

Untreated eye (control)
p Value

Pre-IAC

Post-IAC

p Value

T vs C pre-IAC
p Value

T vs C post-IAC
p Value

13.88±3.02
4.69±1.28
0.75±0.08
1.12±0.23

7.55±2.21
1.80±0.71
0.68±0.07
1.11±0.22

0.0000
0.0000
0.0717
0.9285

9.64±2.16
2.68±1.08
0.70±0.11
1.10±0.22

9.42±2.30
2.69±0.82
0.68±0.12
1.13±0.23

0.8208
0.9816
0.7580
0.7809

0.0011
0.0013
0.2627
0.8972

0.0655
0.0184
0.9818
0.8111

10.73±1.96
3.46±1.04
0.67±0.12
1.03±0.26

8.29±2.03
2.22±1.01
0.72±0.14
1.16±0.36

0.0137
0.0148
0.4220
0.3628

9.77±2.46
3.11±1.19
0.61±0.09
1.05±0.19

9.64±2.55
3.08±1.31
0.68±0.11
1.06±0.23

0.9089
0.9578
0.9780
0.9798

0.3472
0.4928
0.7500
0.7980

0.2070
0.1177
0.5499
0.4651

24.25±5.98
6.98±1.63
0.75±0.08
1.72±0.47

22.61±5.58
7.11±1.43
0.72±0.06
1.65±0.44

0.5342
0.8518
0.3463
0.7367

22.26±5.04
6.46±1.22
0.72±0.08
1.68±0.45

21.84±4.07
6.59±1.41
0.71±0.09
1.64±0.38

0.8399
0.8278
0.7044
0.8284

0.4318
0.4298
0.4411
0.8523

0.7286
0.4235
0.7421
0.9574

Bold indicates statistically significant differences (p<0.05).
CRA, central retinal artery; EDV, end-diastolic velocity; IAC, intra-arterial chemotherapy; OA, ophthalmic artery; PCA, posterior ciliary artery; PI, pulsatility; PSV, peak systolic velocity; RI,
resistance.

Figure 1 Patient 5. RetCam III previously showed large tumour
(ﬁgure 1).
alterations in the orbital vessels.15 16 These individual vessels
can be investigated, and the Doppler frequency shifts are
received from a speciﬁc sample volume.
Steinle et al undertook parallel in vitro and in vivo lines of
research and indicated that IAC may trigger vascular toxicity
through endothelial cell inﬂammation and leucostasis. The vascular toxicity may be related to the pH, the pulsatile delivery or
the chemotherapeutic drugs used.17 In a non-human primate
model, the retinal arterioles revealed smudging of the endothelial cells and their basement membranes with terminal vessel
occlusion.18 Maidana et al19 have reported thinning of the
choroid after IAC, as accessed by optical coherence tomography.
In addition, Tse et al presented a case that developed enophthalmos, choroidal ischaemia, iris atrophy and scleritis as delayed
toxicities of IAC. They hypothesised that the vascular insult to
the PCA led to ischaemia, resulting in iris atrophy and chronic
damage to the orbital vasculature, ocular growth impairment
and orbital fat atrophy.20 In our series, no eyes were enucleated,
and we ﬁrst proposed decreases in the blood ﬂow in the PCA
and CRA, but the blood ﬂow remained unchanged in the OA.
This proved that IAC may lead to ocular and orbital vessel

Figure 2 Patient 5. Involved left eye (ﬁgure 2) with calciﬁed
regression retinoblastoma in the macular region after intra-arterial
chemotherapy (IAC). The choroidal atrophy and vascular occlusion were
visible. The peak systolic velocity and end-diastolic velocity in the
central retinal artery signiﬁcantly decreased from 22.9 and 7.3 cm/s to
3.2 and 3.6 cm/s after three IAC cycles in the tumorous eye.
toxicity, which requires close clinical follow-up to assess the
long-term consequences.
Before IAC, the PSV and EDV in the CRA and PCA were signiﬁcantly higher in the tumour-containing eyes than in the
contralateral normal eyes, indicating a haemodynamic change in
the retrobulbar vessels caused by the presence of a large and
malignant tumour. As for the reason, a retinoblastoma is a
rapidly growing malignant tumour that requires an additional
blood supply, triggering the sequence of events that cause elevations in the PSV and EDV in the CRA and PCA, and consistent
with the results of Bonanomi.21 The decreases in the blood ﬂow
velocities of the retrobulbar circulation were in part due to the
regression of the tumour, indicating a response to the therapeutic approach, and partly because of the vascular toxicity
from the delivery of higher concentrations of chemotherapy.
After IAC, the untreated fellow eyes showed no statistical signiﬁcance. When compared with the normal controls, the PSV and
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EDV in the PCA and CRA were decreased, but only the decrease
of EDV in the CRA reached signiﬁcance, probably due to the
limited number of patients. The OA showed no measurable
changes, which suggested that IAC may affect smaller vessels
more, rather than bigger vessels like the OA. The IAC technique
does not change the blood ﬂow of the OA.
This study was not without certain limitations. First of all, we
must mention that the number of participants included was
limited and that the follow-up was short. However, the difference in the means was broad, short-term, after IAC. Long-term
follow-up should be conducted in the future to show the longterm effects of IAC. For CDI performed under sedation, the
shadows in a tumour-containing eye can be challenging; so, we
chose either the nasal or temporal PCA to compare the same
artery after IAC.

2
3

4
5

6

7

8

9

CONCLUSION
Our results suggest that some signiﬁcant decreases in the blood
ﬂow velocities occur in the retrobulbar circulation in some arteries after IAC. Further clinical studies will clarify the long-term
effects of IAC on the retrobulbar blood ﬂow in patients with
retinoblastoma.
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