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BACKGROUND AND PURPOSE: AES contrast-enhancement is recognized in a substantial number of
retinoblastoma-affected eyes. We retrospectively investigated the histopathologic basis of AES con-
trast-enhancement on MR images in retinoblastoma.

MATERIALS AND METHODS: Pretreatment contrast-enhanced MR images were obtained from 42
children with retinoblastoma. Forty-two enucleated eyes were included in this study, AES enhance-
ment was evaluated by using a 3-point score, and these data were correlated with clinical, MR imaging,
and histopathologic findings. Additionally, 14 specimens were immunohistochemically analyzed for
CD31, VEGF, and Flt-1 expression. Statistical correlations with AES enhancement were assessed by
using a linear-by-linear association test and univariate and multivariate ordinal regressions.

RESULTS: The degree of abnormal AES enhancement was moderate in 15 (36%) eyes and strong in
14 (33%) eyes, whereas 13 (31%) eyes showed normal AES enhancement. In multivariate analysis,
the degree of AES enhancement showed statistically significant correlations with iris surface-vessel
count (P � .05) and optic nerve invasion (P � .04) in the enucleated eye and with tumor volume (P �
.02) as detected on MR imaging. No significant associations between AES enhancement and VEGF
expression in the iris were observed. Flt-1 (P � .04) staining in iris stroma and IA as detected with
CD31 staining (P � .009) both yielded a statistically significant positive correlation with abnormal AES
enhancement.

CONCLUSIONS: The degree of abnormal AES enhancement on MR imaging in retinoblastoma reflects
angiogenesis in the iris. AES enhancement is also a hallmark of advanced retinoblastoma because its
degree correlates with tumor volume and optic nerve invasion.

ABBREVIATIONS: AC � anterior chamber; AES � anterior eye segment; BOB � blood-ocular
barrier; C � cornea; MVD � microvessel density; Flt-1 � VEGF-receptor-1; H&E � hematoxylin-
eosin; HIF-1 � hypoxia-inducible factor; HPF � high-power field; IA � iris angiogenesis; IOP �
intraocular pressure; VEGF � vascular endothelial growth factor

Conservative treatment strategies can be successful in the
avoidance of enucleation and external beam radiation

therapy in the early stages of retinoblastoma and in some pa-
tients with advanced intraocular disease.1 As a consequence,
more children are treated without histopathologic confir-
mation of diagnosis and, more important, without knowl-
edge of risk factors for predicting disease dissemination and
prognosis. Current histopathologic risk factors for metastasis
include invasion to the postlaminar optic nerve, AES, or
massive invasion of ocular coats (choroid and sclera).2-4

MR imaging provides the opportunity for a noninvasive
evaluation of these risk factors with reasonable diagnostic
accuracy.5-8

Tumor angiogenesis is also a histopathologic risk factor for
local tumor invasion and systemic dissemination in retino-
blastoma9,10; initial reports on vascular targeting therapy in
mouse models of retinoblastoma show promising results.11

However, evaluation of angiogenic activity has been per-
formed only in vitro on the histopathology of enucleated eyes.
The degree of angiogenesis can be assessed by evaluation of
angiogenic markers, such as MVD or expression of VEGF and
its receptors.9,10,12-14 High tumor MVD is correlated to inva-
sive growth and metastasis and is associated with poor prog-
nosis.9,10 VEGF is highly expressed in retinoblastoma, and in
addition to promoting angiogenesis, VEGF causes an in-
creased vascular permeability in neovascular capillary beds
with subsequent BOB breakdown.12-14 Furthermore, released
VEGF in the posterior eye segment is able to diffuse into the
aqueous of the AC, where it induces IA, spatially separated
from the tumor location.12,14-17 When IA occurs, a membrane
of new vessels forms across the iris and AC angle, eventually
causing a secondary glaucoma. Retinoblastoma-associated IA,
for which enucleation is usually performed, is considered a
bad prognostic factor for globe salvage and vision.

Abnormal AES enhancement is present in approximately
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22%– 41% of MR imaging examinations for retinoblastoma
and seems to be an indicator of more aggressive behavior.6,8,18

Surprisingly, this phenomenon is barely reported in the liter-
ature, and underlying pathophysiology and its histopathologic
correlates are still unclarified. We postulated that AES en-
hancement may reflect the status of retinoblastoma-induced
IA in vivo. The purpose of our study was to retrospectively
investigate the histopathologic basis of abnormal AES en-
hancement on MR imaging in retinoblastoma.

Materials and Methods

Patient Population
Patients with retinoblastoma who underwent MR imaging between

January 1998 and January 2004 were considered for this retrospective

study. Patients were included in the study if they met the following

criteria: 1) having undergone enucleation of the eye with retinoblas-

toma, without therapeutic interventions in the affected eye before

enucleation; and 2) having undergone pretreatment 1.5T contrast-

enhanced MR imaging under general anesthesia, which enabled ade-

quate image interpretation. Forty-eight patients met these inclusion

criteria. However, 2 pathologic specimens could not be retrieved from

the archives and the quality of 4 pathologic specimens hampered

proper analysis, so they were excluded from the study. The final

study population consisted of 42 patients with a mean age at MR

imaging of 22 months (age range, 2– 68 months). There were 18 girls

(mean age, 22 months; age range, 2– 68 months) and 24 boys (mean

age, 21 months; age range, 2– 64 months). None of the 7 (17%) bilat-

erally affected patients underwent enucleation of both eyes. Thus,

data obtained about 42 eyes could be evaluated. The right eye was

enucleated in 19 (45%) and the left eye, in 23 (55%) patients. The

mean interval between MR imaging and enucleation was 5 days

(range, 1–12 days). Only 1 (2%) patient showed a positive family

history for retinoblastoma.

All patients underwent ophthalmoscopy and sonography after we

administered a general anesthetic. In all patients, tumor calcification

was documented by using sonography. Medical records were exam-

ined by 1 reviewer to assess tumor recurrence or metastases, IOP,

presence of vitreous or subretinal tumor seeding, and AES abnormal-

ities, including tumor seeding, AC depth, hypopyon or pseudo-

hypopyon, hyperemia, or IA. Our local ethics committee did not re-

quire its approval or informed consent for retrospective review of a

patient’s records and images.

MR Imaging Technique
MR imaging was performed with 1.5T systems (Vision or Sonata;

Siemens, Erlangen, Germany) with use of a head coil. MR imaging

included transverse and sagittal spin-echo T1-weighted images (TR/TE,

500/15 ms; 4 acquisitions), transverse spin-echo T2-weighted images

(TR/TE, 2000 –2700/60 ms [intermediate-weighted images] and

2000 –2700/120 ms [T2-weighted images], 1 acquisition), followed by

fat-suppressed spin-echo T1-weighted images (TR/TE, 575/15 ms;

3 acquisitions) in 3 directions obtained shortly after intravenous ad-

ministration of 0.2 mmol/L gadolinium chelate (Magnevist; Schering,

Berlin, Germany) per kilogram of body weight. For all sequences,

section thickness was 3 mm, with a 0.3-mm intersection gap.

Image Analysis
MR images were reviewed by 2 observers with 16 and 7 years of expe-

rience with orbital MR imaging. Both observers were blinded to the

original MR imaging reports and clinical and histopathologic infor-

mation. T2-weighted images were used to assess retinal detachment

(no detachment, some amount of detachment, or total detachment)

and decreased AC depth (yes/no). The latter was assessed by a visual

comparison with the contralateral AC. On T1-weighted images ob-

tained before and after contrast material injection, an independent

evaluation was conducted of the degree of AES enhancement with a

3-point scale: strong (equal to or greater than the intensity of choroi-

dal enhancement), moderate (less than choroidal enhancement), and

normal AES enhancement (no perceptible enhancement within the

AES) (Fig 1). After completing image interpretations, the 2 reviewers

compared their independent results and discrepancies were resolved

in consensus.

Tumor-volume measurements were performed by 1 observer on

contrast-enhanced axial T1-weighted images with use of a computer-

ized image-analysis tool that is available as part of the PACS of our

hospital (Centricity Radiology RA 600; GE Healthcare, Milwaukee,

Wisconsin). In every section in which tumor was present, this struc-

Fig 1. Transverse contrast-enhanced T1-weighted fat-suppressed spin-echo MR images of
3 different patients with unilateral retinoblastoma of the right eye show the grading of AES
enhancement on a 3-point scale: normal AES enhancement (no perceptible enhancement
within the AES) (A, arrow ); moderate AES enhancement (less than choroidal enhancement)
(B, arrow ); and strong AES enhancement (equal to or greater than the intensity of choroidal
enhancement) (C, arrow ). All the unaffected (left) eyes show normal AES enhancement.
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ture was manually surrounded by a region of interest. Surfaces of

regions of interest were automatically calculated, and all surfaces in

different sections were summed afterward and multiplied by section

thickness and intersection gap. Tumor volumes were categorized into

4 subgroups6: very small, �0.65 cm3; small, 0.65–1.30 cm3; medium,

�1.30 –1.95 cm3; and large, �1.95 cm3.

Histopathologic Analysis
One pathologist with 11 years’ experience in ophthalmopathology,

who was blinded to patients’ clinical records and MR imaging find-

ings, specifically re-evaluated all included eyes. Histopathologic eval-

uation, by using H&E staining, included the following: localization of

tumor bulk with respect to the equator (anterior, posterior, or a com-

bination); amount of tumor necrosis (semiquantitatively estimated

according to the percentage of necrotic tumor area); involvement of

choroid (inflammation, minimal or massive tumor invasion), sclera,

ciliary body, AES, and optic nerve invasion (pre- or postlaminar).

One or 2 sections of each specimen showing representative parts of

the iris were judged microscopically at �40 magnification for the

presence of IA. IA classification was based on groups defined by Pe’er

et al12: 0, no angiogenesis; 1, fine isolated capillaries with the normal

iris structure remaining intact; 2, a layer of thin capillaries covering

the iris surface; and 3, a prominent vascular membrane with flatten-

ing of the iris surface with or without ectropion uvea. In 5 high-power

fields (original magnification, �40), the total number of iris vessels

and the number of vessels directly beneath the anterior iris surface

were counted. Neovessels (Pe’er 1–3) outside the anatomic anterior

iris surface were not included in both vessel counts.

Immunohistochemical Staining
Only 16 formalin-fixed and paraffin-embedded archival tissue blocks

still contained some iris tissue and could, therefore, be retrieved from

the pathology archives for additional immunohistochemical staining.

Deparaffinized 4-�m sections were immunohistochemically stained

by using the avidin-biotin-peroxidase complex and direct antibodies

against CD31 (DAKO, Glostrup, Denmark), VEGF (Santa Cruz Bio-

technology, Santa Cruz, California) and Flt-1 (Santa Cruz Biotech-

nology). Appropriate negative and positive controls were used

throughout. Additionally, 2 specimens contained a large amount of

iris pigment, which hampered proper analysis, so they were excluded

from immunohistochemical analysis. In this small subgroup of 14

eyes, classification of IA was repeated on CD31-stained specimens.

Evaluation of VEGF and Flt-1 staining intensity in the iris was graded

as follows: negative, weak, or strong.

Statistical Analysis
All statistical calculations were performed by using SPSS, Version 12.0

(SPSS, Chicago, Illinois). Interobserver agreement of the MR imaging

analysis regarding AES enhancement and AC depth was calculated by

using the weighted Cohen � with squared loss. � values �0.40 were

considered to indicate poor agreement; 0.41– 0.60, moderate; 0.61–

0.80, substantial; and �0.81, excellent agreement.19 For statistical as-

sociations with AES enhancement, the linear-by-linear association

test was performed for categoric variables; and ordinal regression, for

continuous variables. Finally, a stepwise multivariate ordinal regres-

sion of AES enhancement on variables found to have a statistically

significant association with it in the univariate analyses was calcu-

lated. Statistical comparisons for immunohistochemical data were

performed by using the Spearman rank correlation. Log- and square-

root transformations of variables were performed when appropriate.

A P value � .05 was considered statistically significant.

Results

Clinical Findings
Mean follow-up time after enucleation was 83 months (range,
47–130 months). During follow-up, 1 patient (2%) developed
histologically confirmed local recurrence. In 20 (48%) eyes,
IOP was not measured. Mean IOP was 19 mm Hg; and in 8
(36%) eyes, IOP was elevated (�22 mm Hg). Tumor seeding
to the vitreous and subretinal space was present in 18 (43%)
and 14 (33%) eyes, respectively. Clinically, we noted the fol-
lowing findings in the anterior segment: hypopyon, 1 (2%)
eye; hyperemia, 7 (17%) eyes; IA, 2 (5%) eyes; and tumor
seeding, 1 (2%) eye. AC depth was decreased in 7 (17%) eyes.

MR Imaging Findings
Retinal detachment was observed in 31 (74%) eyes, of which
14 (45%) eyes showed a total detachment. A shallow AC was
detected on MR imaging in 12 (29%) eyes (Fig 2). Abnormal
contrast enhancement in the AES was observed in 29 (69%)
eyes. The enhancement was classified as moderate in 15 (36%)
and strong in 14 (33%) eyes (Fig 3A). Agreement between the
2 observers in the assessment of AES parameters, AC depth
(� � 0.84) and contrast-enhancement of the AES (� � 0.89),
was very good. Mean tumor volume was 1326.6 mm3. In 6
(14%) eyes, mean tumor volume was very small; in 16 (38%),
it was small; in 13 (31%), it was medium; and in 7 (17%), it was
large.

Fig 2. Transverse T2-weighted spin-echo MR images of 2 different patients with unilateral retinoblastoma of the left eye. A, A large intraocular retinoblastoma and a normal AC depth
in comparison with the unaffected right eye. B, A large intraocular retinoblastoma and a decrease in AC depth (arrow) in comparison with the unaffected right eye.
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Histopathologic Findings
Retinoblastoma was located anterior to the equator in 4 (10%)
eyes, and tumor growth from posterior to anterior beyond the
equator was observed in 14 (33%) eyes. The mean amount of
tumor necrosis was 26.7%. Minimal choroidal inflammation
was observed in 9 (21%) eyes; and tumor invasion, in 9 (21%)

eyes. Massive choroidal invasion or scleral invasion, both im-
portant metastatic risk factors, did not occur in our study pop-
ulation. The extent of optic nerve invasion was prelaminar in
17 (41%) eyes and postlaminar in 3 (7%) eyes. AES invasion
was found histopathologically in 1 (2%) eye. IA was classified
as stage 0 in 28 (67%) eyes, stage 1 in 9 (21%) eyes, stage 2 in 4

Fig 3. Unilateral retinoblastoma in a 29-month-old boy (case 12). A, Transverse contrast-enhanced T1-weighted fat-suppressed spin-echo MR image shows a retinal detachment (arrow),
with diffuse retinal thickening and enhancement due to retinoblastoma in the affected right eye. Compared with AES of the normal left eye, a strong abnormal enhancement is shown
in the right eye. B, Histopathologic specimen of the iris, AC, and C, with details of the anterior iris surface (inset). The anatomic anterior surface of the iris (arrowheads ) is covered by
a prominent vascular membrane of newly formed capillaries (short arrow) (IA, Pe’er stage 3). Some vessels are present directly beneath the anatomic anterior iris surface (long arrow) (H&E,
original magnification �20 objective). C, IA at the anterior iris surface (arrow) is confirmed on additional CD31 staining (arrow) (�40 objective). D and E, VEGF expression in the iris is
particularly present in the anterior part of the iris (arrow ), and Flt-1 expression shows a widespread staining of the iris stroma (asterisk).
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(10%) eyes, and stage 3 in 1 (2%) eye. The mean iris vessel
count and mean iris surface vessel count of 42 eyes were de-
termined as 81.1 and 8.7, respectively.

Correlation of AES Enhancement with Clinical, MR
Imaging, and Histopathologic Findings
Clinical, MR imaging, and histopathologic findings and re-
sults of univariate statistical comparisons between the degree
of AES enhancement and clinical, MR imaging, and his-
topathologic variables are described in Tables 1–3, respec-
tively. The number of eyes with abnormal AES enhancement
increased with increasing tumor volume. Very small tumors
showed an abnormal (moderate) AES enhancement in only 1
(17%) eye. Small, medium, and large tumors showed moder-
ate AES enhancement in 38%, 23%, and 71%, respectively.
Strong AES enhancement occurred in 14 eyes, and tumor vol-
ume was �0.65 cm3 in all of these eyes. Furthermore, all large
tumors (volume �1.95 cm3) showed some degree of abnor-
mal AES enhancement. In the absence of abnormal AES en-
hancement, there was no tumor invasion of the AES or post-
laminar optic nerve, whereas 2 (15%) eyes showed prelaminar
optic nerve invasion and 4 (31%) eyes showed minimal cho-
roidal invasion.

A shallow AC as detected on MR imaging (P � .02), and
tumor volume (P � .002) as well as histopathologic optic
nerve invasion (P � 0.0001) and mean iris surface vessel count
(P � 0.0001) (Fig 3B) all yielded a statistically significant pos-
itive association with AES enhancement. Choroidal inflam-

mation (P � .02) showed a significant correlation with normal
AES enhancement. A shallow anterior chamber as detected
during clinical examination (P � .07) and histopathologic IA
(Pe’er classification) (P � .06) (Fig 3B) showed a trend toward
an association with AES enhancement. In multivariate ordinal
regression, tumor volume (P � .02), optic nerve invasion (P �
.04), mean iris surface-vessel count (P � .05), and choroidal
inflammation (P � .002) remained significant.

Correlation of AES enhancement and
Immunohistochemical Findings
Immunohistochemical findings are summarized in Table 4. IA
as detected with CD31 immunoreactivity was classified as
Pe’er stage 0 in 7 (50%) eyes, 1 in 3 (21%) eyes, 2 in 2 (14%)
eyes, and 3 in 2 (14%) eyes (Fig 3C). Only 1 (20%) eye showed
early-stage IA in the absence of abnormal AES enhancement,
and 1 (25%) eye showed extensive IA in the group of moderate
AES enhancement. Furthermore, a strong AES enhancement
was associated with some degree of IA in all 5 eyes. IA as de-
tected with CD31 immunoreactivity yielded a statistically sig-
nificant positive correlation with AES enhancement (r �
0.665; P � .009) (Figs 4 and 5).

The iris showed VEGF immunoreactivity in all 14 eyes,
with 12 (86%) eyes showing anterior iris surface staining (Fig
3D) and 8 (57%) eyes showing iris stroma staining. No signif-
icant associations between AES enhancement and VEGF ex-
pression in the iris were found. Iris stroma showed Flt-1 stain-
ing in 12 (86%) eyes, whereas the anterior iris surface was
negative in 10 (71%) eyes. The correlation between Flt-1 stain-
ing in the iris stroma and AES enhancement was significant
(r � 0.555; P � .04) (Fig 3E).

Discussion
Three previous studies draw attention to abnormal AES en-
hancement, which is present in a substantial number of MR
images of eyes harboring retinoblastoma.6,8,18 Authors of
these studies correlated AES enhancement with clinical and

Table 1: Distribution of contrast enhancement in the AES in relation
to clinical findings in 42 eyes with retinoblastomaa

Variable
Normal

(n � 13)
Moderate
(n � 15)

Strong
(n � 14)

P
Value

Tumor recurrence 1.00
Yes 0 (0) 1 (7) 0 (0)
No 13 (100) 14 (93) 14 (100)

Intraocular pressure .61
Unknown 9 (69) 7 (47) 4 (29)
Mean � SD (mm Hg) 11.8 � 5.7 24.1 � 9.6 19.0
Range (mm Hg) 7–20 11–36 10–37

Vitreous seeding .17
Yes 3 (23) 8 (57) 7 (54)
No 10 (77) 6 (43) 6 (46)

Subretinal seeding .31
Yes 6 (46) 5 (36) 3 (23)
No 7 (54) 9 (64) 10 (77)

Anterior chamber seeding 1.00
Yes 0 (0) 1 (7) 0 (0)
No 13 (100) 14 (93) 14 (100)

Anterior chamber depth .07
Shallow 0 (0) 3 (20) 4 (29)
Normal 13 (100) 12 (80) 10 (71)

Pseudohypopyon 1.00
Yes 0 (0) 1 (7) 0 (0)
No 13 (100) 14 (93) 14 (100)

Hyperemia .20
Yes 0 (0) 4 (27) 3 (21)
No 13 (100) 11 (73) 11 (79)

IA .20
Yes 0 (0) 0 (0) 2 (14)
No 13 (100) 15 (100) 12 (86)

a Unless otherwise indicated, data are the number of eyes, and numbers in parentheses are
percentages.

Table 2: Distribution of contrast enhancement in the AES in relation
to MR imaging findings in 42 eyes with retinoblastomaa

Variable
Normal

(n � 13)
Moderate
(n � 15)

Strong
(n � 14)

P
Value

Retinal detachment .17
Total detachment 2 (15) 6 (40) 6 (43)
Some amount of

detachment
7 (54) 4 (27) 6 (43)

No detachment 4 (31) 5 (33) 2 (14)
Anterior chamber

depth
.02

Shallow 1 (8) 4 (27) (50)
Normal 12 (92) 11 (73) 7 (50)

Tumor volumeb .002
Mean � SD

(mm3)
932.8 � 561.3 1492.7 � 617.4 1514.4 � 388.7

Range (mm3) 221.5–1845.0 523.6–2463.5 910.5–2106.8
Very small 5 (38) 1 (7) 0 (0)
Small 5 (38) 6 (40) 5 (36)
Medium 3 (23) 3 (20) 7 (50)
Large 0 (0) 5 (33) 2 (14)

a Unless otherwise indicated, data are the number of eyes, and numbers in parentheses are
percentages. Percentages may not add up to 100% because of rounding.
b Log-transformed.
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histopathologic findings. De Graaf et al6 reported the clinical
presence of IA, hyperemia, or inflammation as possible ex-
planations for AES enhancement. Galluzzi et al18 published a
series of 16 eyes and found a correlation between histopatho-
logic optic nerve and/or choroid invasion and AES enhance-
ment on MR imaging; however, no correlation between clini-
cal or histopathologic presence of IA and AES enhancement
could be detected. On the other hand, Brisse et al8 could not
confirm this correlation between AES enhancement and optic
nerve invasion in 10 eyes. To our knowledge, the present in-
vestigation is the most comprehensive study so far in the
search for an explanation for variable AES enhancement in
retinoblastoma, which confirmed the role of IA in vivo. Addi-
tionally, our study indicates that abnormal AES enhancement
in retinoblastoma is also related to tumor volume and optic
nerve invasion.

In healthy human eyes, the uveal tract enhances after intra-
venous administration of gadolinium contrast material, with
the choroid and ciliary body enhancing slightly more than the
iris. In the literature,21,22 there is evidence for an anterior dif-
fusional pathway that causes diffusion of proteins (and gado-

linium) from the choroid into the AC. This diffusion goes
from the ciliary body vessels, via the ciliary body stroma, into
the root of the iris and finally into the AC. A gradual signal-
intensity increase in the AC, as a result of diffusion of gadolin-
ium into the AC is physiologic (anterior diffusional pathway).
However, this physiologic diffusion is much slower than the
enhancement described earlier. First, this enhancement be-
comes detectable at the AC angle �12 minutes after injection
and moves slightly toward the AC center (�30 minutes),
reaching a peak in �74 minutes.21,22 However, in our patients,
the MR images were obtained shortly after contrast material
injection and showed an early signal-intensity increase in the
AC of 69% of affected eyes. This early enhancement has been
attributed to leakage of contrast material into the extravascu-
lar space through regions of BOB disruption.18,23 In newly
formed capillaries during IA, the BOB is poorly developed
from the outset and becomes further compromised under hy-
poxic conditions, with VEGF as an important mediator.

Tumor hypoxia initiates compensatory mechanisms that
prevent cell death, including up-regulation of proangiogenic
factors, such as VEGF, which are highly expressed in areas of
novel vasculature in eyes containing retinoblastoma.12-14 We
found a positive iris VEGF staining in most of the eyes, being
more frequent at the anterior iris surface than in the iris
stroma. However, no significant correlation between iris
VEGF expression and AES enhancement could be detected.
This could be explained by the fact that the study population
did not include very early stages of retinoblastoma, because
these patients are currently treated with eye-preserving strat-
egies. A significant percentage of retinoblastoma eyes suc-
cumbing to enucleation demonstrate a high level of VEGF
expression.12-14 Different angiogenic mechanisms might be
differentially important in various stages of tumor progres-
sion, and some data suggest that VEGF may be especially im-
portant in the initial stages.24 Two human tyrosine kinases,
Flt-1 and KDR, have been shown to function as specific recep-
tors for VEGF-related angiogenesis.25 In the present investiga-
tion, only Flt-1 was analyzed because the expression of Flt-1,
but not that of KDR, is directly up-regulated by hypoxia.26

Flt-1 expression is up-regulated by hypoxia via a HIF-1-de-
pendent mechanism, and the expression is also potentiated by
VEGF.26 Hypoxia-induced up-regulation of Flt-1 could pro-
vide a mechanism by which local sensitivity to VEGF is en-
hanced, with increased angiogenesis and vascular permeabil-
ity as a consequence. In the iris, a positive Flt-1 staining at the
level of the iris stroma yielded a significant correlation with
AES enhancement, which is a bit surprising because a receptor
is expected to bind to cells. We assume that cellular protru-
sions are the basis for this staining, though staining of a soluble
form of Flt-1 in the stroma cannot be excluded.

The degree of AES enhancement correlated significantly
with vascular proliferation on the inner as well as on the outer
surface of the anatomic anterior iris border.

The mean number of iris vessels located directly beneath
the anterior surface was higher in the abnormal AES enhance-
ment groups than in the group with normal AES enhance-
ment. Furthermore, increased AES enhancement showed a
similar relationship with the histopathologic stage of IA on the
outer surface. This relationship showed a borderline signifi-
cance for the entire study group but reached statistical signif-

Table 3: Distribution of contrast enhancement in the AES in relation
to histopathologic findings in 42 eyes with retinoblastomaa

Variable
Normal

(n � 13)
Moderate
(n � 15)

Strong
(n � 14)

P
Value

Tumor location .88
Anterior to equator 2 (15) 1 (7) 1 (7)
Posterior to equator 8 (62) 8 (53) 8 (57)
Combination 3 (23) 6 (40) 5 (36)

Necrosis .56
Mean � SD 24.6 � 20.0 34.0 � 21.2 20.7 � 11.9
Range 5–60 5–70 10–50

Choroidal inflammation .02
Yes 5 (39) 4 (27) 0 (0)
No 8 (62) 11 (73) 14 (100)

Choroidal invasion .17
Massive 0 (0) 0 (0) 0 (0)
Minimal 4 (31) 4 (27) 1 (7)
No 9 (69) 11 (73) 13 (93)

Scleral invasion 1.00
Yes 0 (0) 0 (0) 0 (0)
No 13 (100) 15 (100) 14 (100)

AES 1.00
Yes 0 (0) 1 (7) 0 (0)
No 13 (100) 14 (93) 14 (100)

Optic nerve invasion �.0001
Postlaminar 0 (0) 1 (7) 2 (14)
Prelaminar 2 (15) 5 (33) 10 (71)
No 11 (85) 9 (60) 2 (14)

IA .06
Stage 3 0 (0) 0 (0) 1 (7)
Stage 2 0 (0) 3 (20) 1 (7)
Stage 1 1 (8) 4 (27) 4 (29)
Stage 0 12 (92) 8 (53) 8 (57)

Iris vessel count/5 HPF .18
Mean � SD 75.8 � 11.9 83.9 � 14.6 83.2 � 14.6
Range 56–93 47–102 66–124

Iris surface-vessel count/
5 HPF

�.0001b

Mean � SD 3.7 � 2.8 9.5 � 6.6 12.8 � 9.5
Range 0–9 1–26 1–32

a Unless otherwise indicated, data are the number of eyes, and numbers in parentheses are
percentages.
b Square-root transformed for statistical analysis because of skewed distribution.
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icance with immunohistochemical analysis, probably because
CD31 antibody staining is supposed to be more sensitive for
the detection of vessels than H&E staining,27 providing a more
accurate discrimination of IA subgroups.

Clinically, retinoblastoma-associated IA, for which enucle-
ation is usually performed, especially in patients with unilat-
eral disease, is considered a bad prognostic factor for globe
salvage and vision. However, routine ophthalmoscopy has a

Fig 4. Unilateral retinoblastoma in a 6-month-old boy (case 13). A, Transverse contrast-enhanced T1-weighted fat-suppressed spin-echo MR image shows a large enhancing tumor mass
in the left eye combined with a strong abnormal enhancement of the AES (arrow). B, Histopathologic specimen shows detail of the iris. Marked increase of blood vessels directly beneath
the anatomic anterior iris surface (arrowheads) is present in this part of the iris (H&E, original magnification �40 objective). C, CD31 staining shows a layer of fine capillaries (arrow)
covering the anatomic anterior iris surface (IA, Pe’er stage 2) (original magnification �40 objective).

Table 4: Immunohistochemical findings in 14 eyes with retinoblastoma

Case No./Sex/
Age (mo)

AES VEGF Flt-1 CD31

Enhancement Iris Surface Iris Stroma Iris Surface Iris Stromaa IAb

1/M/2 Normal Strong Weak Weak Weak 1
2/F/25 Normal Weak Negative Negative Negative 0
3/M/4 Normal Strong Weak Weak Weak 0
4/M/12 Normal Negative Negative Negative Negative 0
5/M/31 Normal Strong Weak Negative Weak 0
6/F/26 Moderate Weak Negative Negative Weak 0
7/F/16 Moderate Strong Weak Strong Weak 3
8/F/2 Moderate Strong Weak Negative Weak 0
9/M/2 Moderate Strong Strong Negative Weak 0

10/M/36 Strong Weak Negative Negative Weak 1
11/F/20 Strong Negative Negative Negative Weak 2
12/M/29 Strong Weak Negative Negative Weak 3
13/M/6 Strong Strong Weak Strong Strong 2
14/M/3 Strong Strong Weak Negative Weak 1

a Significant correlation between AES enhancement and the data in this column (r � .555; P � .04)
b Significant correlation between AES enhancement and the data in this column (r � .665; P � .009). IA according to the Pe’er classification.12

AJNR Am J Neuroradiol 31:237– 45 � Feb 2010 � www.ajnr.org 243



low sensitivity for detecting early or subtle stages of IA, a find-
ing confirmed in our study (2 eyes with IA detected clinically,
compared with 14 eyes detected histopathologically).18,28 The
degree of AES enhancement might be a valuable diagnostic
parameter in the choice between enucleation and conservative
treatment strategies. Normal AES enhancement seems to be
an indication for considering globe salvage rather than enu-
cleation. Abnormal AES enhancement, especially in eyes
showing a strong enhancement, represents a sign of IA and
could be considered an additional argument in favor of
enucleation.

Tumors with increased angiogenesis have a greater poten-
tial for tumor progression, invasion of surrounding struc-
tures, and metastasis.9,10 In our study, patients with an ad-
vanced stage of disease, indicated by a large tumor volume or
the presence of optic nerve invasion, showed a higher degree of
AES enhancement, compared with those with early-stage dis-
ease. All eyes containing large tumors showed some degree of
abnormal AES enhancement, whereas this finding was un-
common in very small and small tumors.

Optic nerve invasion beyond the lamina cribrosa is one of
the most important risk factors for extraocular relapse; and as
observed before,18 an abnormal AES enhancement should
prompt a radiologist to be suspicious of optic nerve invasion.
In the absence of abnormal AES enhancement, there was no
tumor invasion of the optic nerve to a postlaminar degree.

Hypoxic conditions in retinoblastoma, secondary to the
overgrowth of its vasculature, cause tumor necrosis and en-

hance angiogenic activity in the posterior segment as well as
the AES, with the induction of IA and BOB disruption as a
consequence. Pe’er et al12 found a strong association between
higher stages of IA in eyes containing tumors with greater
amounts of necrosis. Our study material showed no differ-
ences between the amounts of necrosis in the various AES
enhancement groups. Theoretically, retinal hypoxia second-
ary to retinal detachment may also cause BOB disruption and
IA. Although retinal detachment was a frequent finding in our
study population (74%), with a substantial amount of total
detachments, we failed to demonstrate a significant associa-
tion with AES enhancement.

A shallow AC was clinically demonstrated in 7 patients,
whereas evaluation of MR imaging depicted it in 12 patients.
In univariate statistical analysis, AES enhancement correlated
statistically significantly only with a shallow AC as detected on
MR imaging. Possibly, MR imaging is more sensitive in detect-
ing minor anterior displacement of the lens-iris diaphragm,
because this parameter can be judged on transverse cross-sec-
tional images.

Inflammation and angiogenesis are linked processes, regu-
lated by inflammatory cytokines and VEGF.25,29 An increased
uveal enhancement, including the AES, was reported as a sign
of choroidal inflammation.6 Surprisingly, we found a signifi-
cant inverse correlation between AES enhancement and cho-
roidal inflammation. Angiogenesis and inflammation are
multistep processes influenced by an imbalance between pos-
itive and negative regulators produced by both tumor cells and

Fig 5. Unilateral retinoblastoma in a 2-month-old boy (case 5). A, Transverse contrast-enhanced T1-weighted fat-suppressed spin-echo MR image shows a large enhancing tumor mass
in the left eye. Symmetric normal enhancement of the AES of both eyes is shown. B, Histopathologic specimen shows details of the iris with a normal aspect of the anterior surface (H&E,
original magnification �40 objective). C, CD31 staining shows the absence of vessels outside the anterior iris surface (no IA, Pe’er stage 0) (original magnification �40 objective).
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normal cells. Regulatory proteins other than VEGF, which
show mutually opposing functions of stimulating angiogene-
sis and inhibiting inflammation, might play an additional
role.30,31 Furthermore, the AES is not always involved in pos-
terior uveitis; therefore, differences in the extent and severity
of uveal contrast enhancement depend on the severity of BOB
breakdown in the AES.32

Limitations to this study are primarily related to the retro-
spective design. Currently, the use of orbital surface coils is
recommended for retinoblastoma imaging to increase spatial
resolution and signal–to-noise ratio.5,7 Future research on ret-
inoblastoma-associated BOB impairment and quantification
of leakage across the endothelium should be performed with
dynamic contrast-enhanced MR imaging, which is widely
used for tumor imaging.33 Contrast-enhanced MR imaging
seems to be a useful tool for noninvasive detection of retino-
blastoma-related angiogenesis and could define a subgroup of
patients who would potentially profit from vascular targeting
drugs in the future.11,34

In conclusion, the degree of abnormal AES enhancement
on MR imaging in retinoblastoma reflects angiogenesis in the
iris. AES enhancement is also a hallmark of advanced retino-
blastoma because its degree correlates with tumor volume and
optic nerve invasion.
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