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History

Clinical

Complete retinal detachment in the right
eye and a large white, elevated tumor within
the left retina were diagnosed in a 2-day-old
girl. The patient’s father had a history of
bilateral retinoblastoma. Computed tomog-
raphy (CT) of the orbits and brain was
performed.
Headache, nausea, unsteady gait, and vi-

sual field defects developed when the patient
was 2 years of age. Magnetic resonance (MR)
imaging of the brain was performed.

Imaging

A noncontrast CT examination performed
at age 18 days demonstrated bilateral in-
traocular masses (Fig 1A). A large mass le-
sion with predominantly high attenuation
characteristics, consistent with calcification,
was found in the right eye, filling most of the
posterior globe. In the left eye, a smaller in-
traocular mass containing a few small punc-
tate calcifications was seen. There was no
evidence of extension into either orbit. CT
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findings of the brain were normal. On the
basis of the patient’s young age, the bilateral
location, and the presence of calcification
within the masses, bilateral retinoblastoma
was diagnosed. Cerebrospinal fluid examina-
tion was negative for the presence of tumor
cells. The right eye was enucleated at age 3
weeks. Radiation therapy was administered
to the left eye, with tumor regression noted
over the next few months.
MR imaging at age 2 years demonstrated a

large, inhomogeneously enhancing mass le-
sion involving the pineal gland (Figs 1B–D).
The mass had a large central region that was
isointense with cerebrospinal fluid, consistent
with necrosis (Fig 1B). Large portions of the
mass were relatively isointense with gray
matter on T2-weighted images (Fig 1D). At
surgery a few days later, a pineal tumor with
poorly defined margins was found, and most
of the tumor was resected. Cytologic exami-
nation of the cerebrospinal fluid disclosed
malignant cells. Systemic chemotherapy was
initiated.

Pathology

The right eye contained a retinoblastoma
that filled the entire contents of the globe
posterior to the lens (Fig 1E). Extensive ne-
crosis, characterized by a white, chalky fluid
that oozed from the bisectioned specimen,
was present. Microscopically, the tumor was
confined to the globe and featured a mono-
morphous proliferation of cells with high nu-
7



Fig 1. A, Noncontrast CT examination at age 18 days demonstrates bilateral intraocular masses. The mass in the right eye
(curved arrow) has high attenuation characteristics, caused by diffuse calcification. The mass in the left eye is smaller and
contains a few punctate calcifications (arrows).

B, Contrast-enhanced T1-weighted (500/11/2 [repetition time/echo time/excitations]) sagittal MR examination performed at
2 years of age. An inhomogeneous enhancing pineal mass is seen, causing obstructive hydrocephalus because of compression
of the cerebral aqueduct (arrow). An irregularly marginated cystic component is present (curved arrow), consistent with a large
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clear to cytoplasmic ratios, interspersed by
cords of necrotic debris (Fig 1F). The bands
of tumor cells were largely centered about
blood vessels and were bounded by streaks of
mineralized necrotic cellular debris. Flexner-
Wintersteiner rosettes were widespread
throughout the specimen (Fig 1G).
The pineal tumor was predominantly com-

posed of small tumor cells with large nuclear-
to-cytoplasmic ratios (Fig 1H). In particular,
this finding was noted in the portions of the
tumor that were isointense with gray matter
on T2-weighted images. Abundant necrosis
was present throughout the specimen, which
caused it to break into many small fragments
during processing for light microscopic ex-
amination. Perivascular rosettes were readily
apparent, although no true neuronal rosettes
were found.

Diagnosis

Bilateral retinoblastoma with coexistent
pinealoblastoma (“trilateral retinoblastoma”
syndrome).

Discussion

Incidence and Age

Retinoblastoma is the most common ma-
lignant intraocular neoplasm of childhood
(1). The incidence of this tumor is between 1
in 15 000 and 1 in 30 000 live births (1–3),
with approximately 200 new cases in the
United States each year (4). The tumor oc-
curs in both eyes in 25% to 40% of cases
(1, 5). The average age at time of diagnosis
in the United States is 13 months (6), but
earlier in patients with family history of reti-
noblastoma because of anticipatory screen-
ing (7). The tumor is usually diagnosed dur-
ing infancy, with the vast majority of cases
diagnosed before the age of 2 years (6) and
only about 8% of cases seen after the age of 5
years (8).
The term trilateral retinoblastoma has been

used to refer to the presence of bilateral reti-
noblastomas with an associated primary in-
tracranial neoplasm of primitive type (usually
in the pineal region but occasionally in the
suprasellar or parasellar region) (9, 10).
Such a coexistent intracranial neoplasm is
found in about 3% of patients with bilateral
retinoblastoma (11). The intracranial tumor
is considered a lesion distinct from the in-
traocular neoplasms, not a metastasis (9,
12). There is usually a latent period of a few
years between diagnosis of the intraocular
tumor and a coexistent intracranial lesion
(13). Compared with spontaneous retino-
blastomas, the ocular tumors in patients with
trilateral retinoblastoma present at an earlier
age (mean, 7.2 months) (12, 13). A positive
family history of retinoblastoma is present in
about 65% of cases (13).
Calcification is seen in approximately 95%

of retinoblastomas examined histologically
(14), a fact reflected in the high incidence
of calcification detected by CT (3, 15–17).
One prominent exception is diffuse infiltrat-
Fig 1, Cont’d.
region of necrosis.

C, Contrast-enhanced T1-weighted (500/11/2) axial image. There is asymmetric expansion of the tumor to the right. A portion
of the nonenhancing necrotic region (arrow) is demonstrated.

D, T2-weighted (2900/80/1) axial image demonstrates that the mass is inhomogeneous, with much of the tumor being
relatively isointense with gray matter (arrowheads). Note the transependymal resorption of cerebrospinal fluid (curved arrow)
adjacent to the dilated lateral ventricles due to obstructive hydrocephalus.

E, Macroscopic appearance of the right eye after exenteration 1 week after the CT examination shown in A. An inhomogeneous
white mass, representing an exophytic and endophytic retinoblastoma, fills almost the entire vitreous. On sectioning, the tumor,
which was extensively necrotic, oozed a chalky white fluid. The tissue had a gritty texture because of widespread calcification,
corresponding to the high attenuation appearance of the mass on noncontrast CT.

F, The tumor features a sea of small basophilic cells, interspersed by cords of calcified necrotic cellular debris (arrowheads).
Numerous retinoblastomatous rosettes (arrows) are demonstrated (hemotoxylin and eosin; 3200).

G, The retinoblastomatous rosettes (arrow) featured well-defined central lumina with wispy eosinophilic material surrounded
by a palisading rim of tumor cells. Numerous mitotic figures (arrowheads) were found throughout the tumor (hemotoxylin and
eosin; 3400).

H, A specimen from the pineal neoplasm demonstrates a profusion of small tumor cells with high nuclear-to-cytoplasmic ratios.
Large regions of cell death (one of which is outlined by arrowheads) were found, corresponding to the cystic regions demonstrated
on MR imaging (hemotoxylin and eosin; 3300).
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ing retinoblastoma, which may fail to calcify
even when there is extensive involvement of
the globe (18). This rare subtype of retino-
blastoma, which accounts for 1% of cases,
does not produce a discrete tumor mass,
but a thick layer of tumor cells spread uni-
formly along the retina (19). This form of
the tumor presents at a later age (approxi-
mately 6 years old), is much more fre-
quently unilateral, and has a slower growth
and more favorable prognosis than typical
retinoblastoma (19).

Macroscopic Pathology

Retinoblastoma appears macroscopically
as a single or multiple small white nodules
within the retina. The tumor may grow endo-
phytically toward the center of the globe and
spread into the vitreous, or, alternatively, the
tumor may grow exophytically behind the ret-
ina and result in retinal detachment (20).
However, neither pattern has any prognostic
significance. In contrast, presentation of tu-
mor in the anterior chamber is a sign of a
poor prognosis.

Microscopic Pathology

Histologically, the ocular tumor exhibited a
monomorphous mass of small tumor cells
with a high nuclear-to-cytoplasmic ratio im-
parting a blue tinctorial quality on histologic
sections stained with hematoxylin and eosin.
This sea of small blue cells is interrupted only
by occasional strands of fibrous ensheathed
blood vessels and the sometimes common,
doughnutlike structures formed by the tumor
cells arranged as spokes about a central lu-
men, the so-called Flexner-Wintersteiner, or
true, retinoblastomatous rosettes (Fig 1G). A
second specialized structure found within ret-
inoblastomas is the fleurette, a structure that
has been likened to a bouquet of flowers, with
a cluster of long cytoplasmic processes sim-
ulating stalks, abutting a group of upward
facing nuclei. A minority of retinoblastomas
may also contain Homer Wright rosettes,
similar to the true retinoblastomatous rosette
although lacking a lumen. Larger tumors are
frequently necrotic, with viable tumor cells
crowding heavily about blood vessels amid
puddles of eosinophilic cellular debris (Fig
1F). Calcification of the necrotic debris is
commonly found (20, 21).
The blastomatous neoplasm that arises in

the pineal gland, the final piece to this deadly
troika, is histologically similar in appearance
to the retinoblastoma (21). Hematoxylin
and eosin-stained sections reveal a similarly
undifferentiated small blue tumor cell form-
ing occasional Homer-Wright rosettes and
perivascular pseudorosettes. This similarity
reflects the common phylogenetic origin of
the retina and pineal gland as light-sensing
organs. Immunohistochemical location of
the rhodopsin-related S-antigen (arrestin) in
the tumor cells lends visual support to the
argument (22).

Genetics: Molecular Pathology of the
Rb1 Gene

Having observed that familial retinoblasto-
mas were often bilateral, in sharp contrast to
the unilateral neoplasms of sporadic forms,
Knudson proposed that retinoblastoma onco-
genesis required at least two separate muta-
tional events, or “hits,” on the target cell ge-
nome (23). For the familial form of this
neoplasm, he proposed that the first hit was
inherited as a germline mutation present in all
cells, with the second hit occurring as an ac-
quired event. For the spontaneous form of the
disease, he suggested that both hits were ac-
quired phenomena on the same cell, and
thus, less statistically likely to occur bilater-
ally (23). These hits have been found to take
the form of a mutational deactivation of both
alleles of a gene, which has become known
as Rb1. As predicted for the familial form of
retinoblastoma, the first hit is an inherited
deletion of one allele in every cell with the
second allele becoming inactivated by either
a complete or partial deletion (24) or a mu-
tational event (25) resulting in an inactive
gene product. Furthermore, as predicted, the
spontaneous form of retinoblastoma has two
separately acquired somatic mutations in the
retinal cells.
The molecular biological features of the

Rb1 gene recently have been reviewed (26).
Briefly, the Rb1 gene, located on chromo-
some 13 at locus q14, is encoded by 27 ex-
ons over 200 Kb of DNA. The 4.7 kb mRNA
produced from the gene codes for an approx-
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imately 110-kDa nuclear phosphoprotein
product. Although its complete function is yet
to be worked out, the gene is thought of as a
tumor suppressor because of the ability of its
gene product, the Rb1 protein, to suppress
DNA replication. It is clear, however, that Rb1
deletion alone is not sufficient to induce ma-
lignant transformation in the retina. First, all
retinoblastomas have chromosomal changes
in addition to a homozygous loss of the gene
(27, 28). Second, retinomas, or small benign
retinal tumors, have been found in patients
with germline deletions of Rb1 (29). These
retinomas may progress to malignancy (27,
30), suggesting that additional genetic fac-
tors are involved in the transformation pro-
cess (31). Finally, although the initial Rb1
mutation is present in all cells, the secondary
tumors, which are most commonly osteosar-
comas and soft-tissue sarcomas, arise within
the irradiation fields, supporting the notion
that irradiation-induced chromosomal dam-
age is additionally needed for malignant
transformation in these tumors (32). It is dif-
ficult to understand why Rb1 is so sharply
focused on retinal neoplasia. One proposal is
that retinal cells are uniquely dependent on
Rb1 for critical control of cell cycle functions,
functions that other cells apparently have
“back-up” mechanisms of controlling.

Diagnosis

Clinical Features and Differential Diagnosis

Leukocoria (a white pupillary reflex) and
strabismus are the most common clinical
findings of retinoblastoma (33). Other much
less common presenting features include a
painful red eye, decreased vision, and orbital
inflammation simulating orbital cellulitis
(7, 8). When the ocular media are clear, a
fundus tumor can be seen on ophthalmos-
copy. The ocular media may be opaque,
however, precluding ophthalmoscopic visu-
alization (33). The major considerations in
the clinical differential diagnosis when leuko-
coria or an ophthalmologically apparent fun-
dus mass is present include neoplasms (pri-
marily retinoblastoma, but also retinal
astrocytoma), developmental abnormalities
(eg, persistent hyperplastic primary vitreous
and Coats disease), acquired retinal lesions
(eg, retinopathy of prematurity and chronic
retinal detachment), and infection (primarily
endophthalmitis secondary to Toxocara ca-
nis) (34). Persistent hyperplastic primary vit-
reous is a congenital malformation in which
abnormal regression and hyperplasia of the
primary vitreous results in formation of a re-
trolental fibrovascular connective tissue
mass (35). Coats disease is a congenital ret-
inal telangiectasia characterized by fusiform
dilatation of retinal vessels associated with a
subretinal lipid-rich exudate, which often re-
sults in retinal detachment in the late stages
of the process (36). The end result is a chron-
ically detached retina with a prominent sub-
retinal exudate that contains a considerable
number of cholesterol crystals (37). The dis-
ease is usually seen in boys after the age of 4
years and, therefore, later than the vast ma-
jority of retinoblastomas (37). Ocular toxo-
cariasis is a granulomatous response to
a Toxocara canis larva, which results in a
protein-rich subretinal inflammatory exudate.
It is usually seen in older children (average
age, 6 years), again later than the typical age
of diagnosis of retinoblastoma (38). The di-
agnosis can be confirmed by means of an
enzyme-linked immunosorbent assay for
Toxocara canis (39). Whereas persistent hy-
perplastic primary vitreous is occasionally bi-
lateral, Coats disease and ocular toxocariasis
are almost always unilateral (37, 38).

Patterns of Metastasis

Invasion of the optic nerve by retinoblas-
toma, with subsequent dissemination to the
subarachnoid space and central nervous sys-
tem, is one of the principal means of exten-
sion of the tumor (40). Invasion of the ocular
venous system can result in hematogenous
dissemination and systemic metastases (41).
The choroid, which is often infiltrated by tu-
mor cells, serves as a site from which retino-
blastoma can extend through the sclera and
into the orbit (40). CT evidence of central
nervous system metastases is seen in about
50% of retinoblastoma cases and may be
seen up to a few years after tumor excision
(42, 43). Almost all patients dying of retino-
blastoma have metastases to the skull or
brain, with extra–central nervous system me-
tastases present in more than half of these



Differential diagnosis of some lesions causing leukocoria

Typical
Age

Laterality
Size of
Globe

CT MR Ultrasound

Retinoblastoma Usually
,2 y

Unilateral or
bilateral

Normal Intraocular, usually
calcified, mass

T1-weighted: Iso- or
slightly hyperintense to
vitreous; hypointense
to vitreous on T2
weighted images

Highly echogenic mass,
occasional distal
shadowing

Persistent
hyperplastic
primary
vitreous

Birth Usually
unilateral

Often
small

Increased vitreal density;
soft tissue along
Cloquet’s canal;
occasional dependent
layering of high-
attenuation fluid in
subretinal space

Hyperintense vitreous on
both T1- and T2-
weighted images.
Occasional fluid-fluid
level

Intravitreal band extending
from posterior lens to
optic disk

Coats disease 3–5 y Usually
unilateral

Normal Diffuse increased density
of globe and retinal
detachment

Hyperintense subretinal
effusion on T1- and
T2-weighted images

Early: Multiple shallow
retinal detachments
Late: Diffuse retinal
detachment

Toxocara
endophthal-
mitis

5–10 y Unilateral Normal Noncalcified intraocular
mass; irregularity and
thickening of
uveoscleral coat

Subretinal effusion,
which is hyperintense
on T1- and T2-
weighted images

Elevated mass; vitreal
membranes; retinal folds
or detachment

Retinopathy of
prematurity
(advanced)

Birth Bilateral Often
small

Microphthalmia; retinal
detachments; shallow
anterior chambers;
Increased density of
globes

Hyperintense subretinal
effusion on T2-
weighted images

“Looplike” appearance of
peripheral retinal
detachment
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patients (41). There is an extremely high rate
of subarachnoid spread of tumor in trilateral
retinoblastoma, with spinal spread of tumor
seen in almost all cases (13).

CT

CT is the mainstay of the radiologic diag-
nosis of retinoblastoma, primarily because of
its sensitivity to calcification, an important
feature distinguishing retinoblastoma from
other entities with which it may be confused
clinically (3, 15–17). Retinoblastoma is seen
on CT as an intraocular mass lesion, which is
calcified in about 95% of cases, located pos-
terior to the lens (33). There is usually mild or
moderate enhancement of the tumor after
contrast administration (33, 37), which helps
to separate tumor from accompanying sub-
retinal effusion (38). The diagnosis is consid-
ered highly likely when intraocular calcifica-
tions are seen in a child younger than 3 years
of age (15, 44), because none of the entities
that simulate retinoblastoma tend to calcify in
children of this age (see Table). Thus the
presence of calcification within an intraocular
mass in the 18-day-old child presented here
significantly increased the likelihood of the
diagnosis of retinoblastoma, as did the pres-
ence of a calcified mass in the other eye,
because bilateral abnormalities are seen on
CT in between 25% and 40% of cases.
Retinoblastoma calcifications may be sin-

gle or multiple and vary in size from punctate
to large, flocculent foci (15, 38). Large tu-
mors have been reported to usually contain
an inhomogeneous pattern of calcifications
and small lesions a more homogeneous pat-
tern (15, 17). In unusual cases, retinoblas-
toma is demonstrated solely as calcifications
without an associated mass lesion or as an
uncalcified mass (15, 33). As noted earlier,
diffuse infiltrating retinoblastoma may not be
demonstrated on CT as either calcified or a
mass lesion. After the age of 3 years, the
presence of calcification is less specific be-
cause some of the entities that simulate reti-
noblastoma (eg, retinal astrocytoma, toxo-
cariasis, advanced Coats disease with retinal
necrosis, and, rarely, advanced retinopathy
of prematurity) can also be calcified (8, 38).
However, all of these entities should be dis-
tinguishable from retinoblastoma by other ra-
diologic findings and clinical features.
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CT is an important tool in distinguishing
retinoblastoma from lesions that simulate it.
The CT findings in persistent hyperplastic pri-
mary vitreous can include (a) a diffuse high-
attenuation appearance of the vitreous; (b)
a triangular soft-tissue density within the vit-
reous; and (c) dependent layering of high-
attenuation fluid within the vitreous (45). The
triangular intravitreal structure represents
persistent tissue along Cloquet’s canal and
can be seen to enhance densely after contrast
administration (37). Associated features may
include microphthalmia, retinal detachment,
and cataract formation (45). The CT findings
of Coats disease include retinal detachment
and a high-attenuation subretinal exudate
(38). The CT findings of ocular toxocariasis
are a focal intraocular mass, which is often
associated with thickening of the uveoscleral
coat, reflecting longstanding inflammation
(38). Contrast enhancement is absent or only
mild (37, 38).
Cross-sectional imaging studies are impor-

tant to evaluate orbital and intracranial inva-
sion. CT imaging should include axial and
coronal 3- to 5-mm section imaging of both
orbits, to assess intraorbital extension as well
as determine whether the tumor is bilateral.
On occasion, large necrotic retinoblastomas
can produce orbital inflammatory changes
on CT that mimic orbital invasion (46).
Contrast-enhanced imaging of the brain
should be performed in patients with bilateral
retinoblastoma, with special attention to the
pineal region, because of the risk of an inde-
pendent primary intracranial tumor (37).

MR

The MR appearance of retinoblastoma is
that of a mass that is isointense or slightly
hyperintense relative to vitreous on T1-
weighted images and hypointense on T2-
weighted images (37, 38, 44). As expected,
calcifications, which are helpful in establish-
ing the diagnosis on CT, are difficult to detect
on MR imaging (37). MR offers, in some
cases, advantages over CT, such as distin-
guishing retinoblastoma from accompanying
subretinal fluid (47) and noncalcified lesions
from other primary retinal and vitreal abnor-
malities that simulate retinoblastoma (38).
For example, Coats disease and ocular
toxocariasis can be difficult to distinguish
from noncalcified retinoblastoma on CT
(38, 44). However, the subretinal exudate
of Coats disease is hyperintense on all MR
pulse sequences, whereas retinoblastoma is
hypointense on T2-weighted images (37,
38). Toxocara granuloma is also hyperin-
tense on all pulse sequences, and the hy-
perintense appearance on T2-weighted im-
ages is, therefore, helpful in distinguishing it
from retinoblastoma (44). Persistent hyper-
plastic primary vitreous can be distin-
guished from retinoblastoma on MR imaging
by the presence of hyperintense fluid-fluid
levels on T1-weighted images reflecting
hemorrhage within the vitreal chamber as
well as hyperintense subretinal fluid caused
by retinal detachment (37).
MR also plays an important role in detect-

ing intracranial extension of retinoblastoma.
The spectrum of central nervous system me-
tastasis on cross-axial imaging studies in-
cludes meningeal or ependymal enhance-
ment, intraventricular and subependymal
nodules, intraparenchymal metastases of
various sizes (which are sometimes shown to
have CT or MR imaging features of hemor-
rhage), and ventricular dilatation (42, 48).

Ultrasonography

Retinoblastomas usually have an irregular
shape on ultrasound examination, with a
high internal reflectivity caused by calcifica-
tion (49). The calcifications may be dense,
resulting in shadowing of the adjacent struc-
tures. Alternatively, the calcifications may
be small and scattered throughout the
mass. Limitations of ultrasonography in-
clude difficulty in determining extension into
the optic nerve, in part because of shadow-
ing cause by calcifications (49).

Treatment

Retinoblastoma

Enucleation is the most common treat-
ment for retinoblastoma. When bilateral tu-
mors are present, the more severely affected
eye is generally enucleated. An attempt is
made to remove as long a segment of the
optic nerve as possible, because the optic
nerve is the main route of tumor extension
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(50). Recent advances in the development of
conservative therapies, including photocoag-
ulation, therapeutic irradiation using exter-
nal-beam radiotherapy or radioactive eye
plaques, and chemotherapy, have led to sal-
vage of the affected eye and maintenance of
vision in many cases (50, 51).

Coexistent Retinoblastoma and
Pinealoblastoma

Treatment of the pinealoblastoma associ-
ated with bilateral retinoblastomas is compli-
cated by the fact that intracranial and spinal
dissemination may be present at the time of
diagnosis. Craniospinal irradiation in combi-
nation with systemic and intrathecal chemo-
therapy has been advocated for treatment of
these highly aggressive tumors (52).

Prognosis

Retinoblastoma

The survival rate for retinoblastoma is gen-
erally good in developed countries because of
early diagnosis. Survival rates for unilateral
retinoblastoma have been reported at 93% at
5 years and 92% at 10 years and for bilateral
tumors at 92% at 5 years and 87% at 10 years
(53). Successful therapy depends, in large
part, on extent of tumor at the time of diag-
nosis (1). There is a high rate of cure when
retinoblastoma is confined to the globe (54),
but prognosis is poor when the tumor extends
into the optic nerve or the orbit (42, 53).
Patients with either unilateral or bilateral ret-
inoblastoma are at risk for the development
of second nonocular tumors (most com-
monly sarcomas) regardless of whether they
have received radiation therapy (53, 55).

Coexistent Retinoblastoma and
Pinealoblastoma

Coexistent retinoblastoma and pinealo-
blastoma is associated with a particularly
poor course (52), with a high rate of sub-
arachnoid tumor spread (10, 11, 13). In the
absence of treatment, mean survival after di-
agnosis of the intracranial tumor is 1.3
months (12); mean survival after treatment is
9.7 months (13).
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