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Retinoblastoma is the most common intraocular malignancy
of childhood. It occurs in 1/15,000 live births and there are
250 to 300 new cases in the United States each year. Forty
percent of these cases arehereditary (individual possesses the
Rb1 mutation), bilateral, and diagnosed by 15 months post-

natally. For those children known to be at risk of inheriting
the disease, postnatal screening by a pediatric ophthalmolo-
gist is ideal. Children not known to carry a predilection for the
disease receive routine screening by their pediatrician. But,
because the retinoblastoma tumor grows so quickly, with an
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Abstract Purpose Our aim was to evaluate and compare the ability of prenatal ultrasound (US)
and fetal magnetic resonance imaging (MRI) to detect retinoblastoma lesions in utero.
Methods Fetuses at risk for having bilateral retinoblastoma were enrolled in this
prospective study. High-resolution US of the fetal eye was performed at 16 to 18 weeks’
gestation, every 4 weeks until 32 weeks, then every 2 weeks until delivery. Fetal MRIs
were performed every 8 weeks starting at 16 to 18 weeks of gestation. An exam under
anesthesia (EUA) was performed postnatally, the gold standard of this study. Lesions
were classified as being elevated or minimally elevated based upon their morphology.
Results Of six fetuses suspected or confirmed to be at risk for developing bilateral
retinoblastoma, one had tumors on her first postnatal EUA exam. A total of two
minimally elevated lesions were seen by the EUA but not detected prenatally by
imaging. One elevated lesion (2 mm in height) identified by postnatal EUA was initially
identified by prenatal US. Fetal MRI did not detect any lesions.
Conclusion Both prenatal US and fetal MRI are limited in the detection of minimally
elevated retinoblastoma lesions. Prenatal US appears to bemore sensitive than fetal MRI
in the detection of elevated retinoblastoma lesions.
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accepted doubling time of 7 days, at least 35% of these tumors
are advanced in their growth by term birth. Therefore,
detecting these tumors prenatally may enhance prompt
diagnosis and treatment, potentially avoiding enucleation
and/or vision loss. Additionally, once retinoblastoma has
spread outside of the globe, the prognosis is “dismal.”1

Diagnosis and staging of retinoblastoma in the child is
made by indirect ophthalmoscopy, ocular ultrasound (US),
complete physical examination, blood and cerebrospinal fluid
testing, andmagnetic resonance imaging (MRI).1–4 Computed
tomography (CT) is typically avoided for fear of ionizing
radiation contributing to tumor growth.2,3,5,6 Prenatal detec-
tion of tumors may also help with prenatal family counseling
and streamline coordinated postnatal oncologicmanagement
for the affected neonate.

Recent advances in imaging technology have enabled
evaluation of the fetus to become more accessible and the
information gained exquisitely more detailed. Specifically,
fetal MRI and fetal US are being increasingly used for prenatal
diagnosis. Since 1958, fetal US has become so much a part of
the routine examination that 90 to 100% of pregnant women
in some countries will have at least one US.7,8 In 2001, �67%
of pregnant women in theUnited States had anUS.7 The use of
fetal MRI was first reported in 1988 but fetal motion artifact
limited useful information.9 In the ensuing years, faster
imaging sequences like single-shot fast-spin echo have been
developed that can help with reducing fetal motion artifact,
one of themost common causes for poor image quality in fetal
MRI.

There have been very few previously reported cases of
detection of retinoblastoma in the fetus. Few studies have
prospectively addressed the use of prenatal US for the detec-
tion of retinoblastoma.10–12 No prospective studies have
evaluated the use of fetal MRI for the detection of retinoblas-
toma in the fetus. Most of our knowledge about the use of US
and MRI in the evaluation of the orbit in retinoblastoma has
come from postnatal experience.1–6

Our multidisciplinary team for maternal and fetal health
designed a prospective study to evaluate the ability of both
prenatal US and MRI to detect retinoblastoma lesions by
serially scanning patients who had a fetus at risk for devel-
oping retinoblastoma. We hypothesized that the ability of
fetal US and MRI to detect prenatal retinoblastoma hyper-
echoic lesions would depend on both size (>1 to 2 mm in
height; ►Fig. 1) and morphology (minimally elevated versus
elevated). We hypothesized that both imaging modalities
would have difficulty with detecting smaller, flatter (mini-
mally elevated) lesions compared with larger more elevated
(nodular-like) lesions. We also hypothesized that fetal MRI
would be better in detecting extraocular intracranial abnor-
malities. We describe our initial results from this prospective
study.

Methods

This prospective study was approved by the Institutional
Review Board. Subjects were referred for enrollment from
ophthalmology clinic or were self-referred. The inclusion

criterion for this study was having a risk factor for retinoblas-
toma, which included the following: (1) the mother or father
having bilateral retinoblastoma and (2) a significant family
history of multiple generations of retinoblastoma. Genetic
testing was offered for each parent and/or fetus. Enrollment
occurred once consent was obtained. If the patient’s fetus did
not possess the Rb1 germline mutation, they were excluded
from the study once the genetic testing results were available.

Fetal USwas performed every 4weeks after the initial scan
(16 to 18 weeks’ gestation or time of enrollment, whichever
was later; see ►Table 1 for protocol). During the last trimes-
ter, US images were obtained every 2 weeks. All US were
performed by the same perinatologist on a Phillips Voluson
730 Expert. The US examination included standard evalua-
tion of fetal anatomy, standardized view of the fetal eyes, B-
mode, 3-D volume, sagittal/coronal/longitudinal 2-D meas-
urements, lens diameter, intraocular distance, and tumor
height and width (if applicable).

Fetal MRIs were performed every 8 weeks after the initial
scan (same time as initial US scan). For the majority of the
dataset, a 1.5-T GE magnet (General Electric Milwaukee, WI)
was used with a standard torso-posteroanterior (PA) body

Figure 1 Hypothesized view of 1-mm (minimally elevated) and 2-mm
(elevated) tumors projecting from retina as seen by fetal ultrasound.

Table 1 Prospective Prenatal Imaging Protocol

Gestational Age (wk) Ultrasound Fetal MRI

16–20 + +

24 +

28 + +

32 +

34 +

36 + +

38 +

40 +

MRI, magnetic resonance imaging.
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coil, which was placed over the mother’s abdomen and
multiple single-shot T2 fast-spin echo images were obtained
using 3-mm thickness (0-mm gap) in at least two orthogonal
planeswith a repetition time (TR)/echo time (TE) of 5 to 12/70
milliseconds, one signal acquired, a flip angle of 150 to 180
degrees, and a matrix of 128 � 320. The high-resolution
hydrographic technique included the following parameters:
TE ¼ 488 milliseconds, TR ¼ 4000 milliseconds, matrix
¼ 256 � 192, and thickness of 3 mm. A smaller separate
subset of cases were scanned using sensitivity-encoding
techniques on a 1.5-T Phillips scanner (Philips Medical Sys-
tems, Netherlands) using an eight-channel sensitivity encod-
ing torso-PA body coil. In this group, a half-Fourier single-shot
turbo spin echo sequence was performed with a TE ¼ 120
milliseconds, TR ¼ 12500milliseconds, matrix ¼ 232 � 192,
and thickness of 3 mm (gap ¼ 0). The hydrographic sequence
was performed with a TE ¼ 650 milliseconds, TR ¼ 4000
milliseconds, SENSE factor ¼ 2, matrix ¼ 328 to 164, and
thickness of 2 to 3 mm (gap ¼ 0).

Postnatal ophthalmologic exams under anesthesia (EUA)
were performed by pediatric ophthalmologists. Lesions were
classified as minimally elevated if they were flat or plaquelike
bymorphology and elevated if theywere protruding from the
retina (►Fig. 1). If a tumor was found, postnatal MRI was
obtained.

For postnatal imaging, patients were scanned on a 1.5-T
magnet and all had the same protocol for imaging the brain and
orbits: axial T1 fluid-attenuated inversion recovery (TR ¼ 2300
milliseconds, TE ¼ min, TI ¼ 750 milliseconds, field of view
(FOV) ¼ 22 cm andmatrix ¼ 256 � 160, NEX ¼ 2); sagittal T1
FLAIR (TR ¼ 2100 milliseconds, TE ¼ min, TI ¼ 750 millisec-
onds, FOV ¼ 22 cm, and matrix ¼ 256 � 160, NEX ¼ 2); axial
T2 fast-spin echo (TR ¼ 6000, TE ¼ 85, FOV ¼ 22 cm, matrix
¼ 320 � 160, NEX ¼ 2); axial FLAIR (TR ¼ 9000, TE ¼ 120,
TI ¼ 22,000 milliseconds, FOV ¼ 22 cm, matrix ¼ 256 � 160,
NEX ¼ 1). Postcontrast axial T1 spin echo, postcontrast sagittal
T1 spin echo; the following dedicated sequences for orbital
imaging were performed: precontrast fat-saturated axial and
coronal spin echo T1 thin section imaging of the orbits was
obtained (TR ¼ 725 milliseconds, TE ¼ min, section thickness
¼ 3mm); postcontrast fat-saturated axial and coronal spin echo
T1 thin-section images of the orbits were obtained; in addition,
thin-section fat-saturated axial T2 images of the orbit were also
obtained. All fetal and postnatal MRIs were read by two
pediatric neuroradiologists with 7 years of experience with
reading fetal MRI. Consensus was obtained for the ability to
detect potential retinoblastoma lesions in the fetal MRI cases.

Results

Clinical and Genetic Information of Patient Population
There have been six patients enrolled to date. Three had
questionable genetic risk (one with half-sibling affected, one
with affected sibling who was later determined to have
unilateral Rb, and one whose father had unilateral Rb but
many cousins had the disease as well). DNA testing was not
performed on these three fetuses. Their prenatal and postnatal
evaluations revealed no evidence of retinoblastoma lesions. Of

the remaining three, one had fetal DNA demonstrating the
presence of the germlinemutation. The fetus identified to have
the germline Rb mutation developed retinoblastoma tumors,
which were seen on the first postnatal EUA exam and sus-
pected onprenatalUS. Oneof the tumorswas elevated in shape
(n ¼ 1), and the other two were minimally elevated. Please
see ►Table 2 for a summary of findings.

Prenatal US Findings
Prenatal US images detected one tumor. This tumor was an
elevated tumor 2 to 3 mm in height in the left eye at 37weeks’
gestation (►Fig. 2). At the postnatal EUA (2 months of age),
the ophthalmologist described a 2-mm elevated tumor in the
same eye. The minimally elevated tumors that were detected
on EUA that affected the other eye were not seen on prenatal
US. There were no cases in which clear images of the orbits
were not obtained.

Fetal MRI Findings
Fetal MRI did not detect any minimally elevated or elevated
retinoblastoma tumors, including retrospective review of the
one confirmed elevated tumor that was identified by US.
There were two extraocular orbital abnormalities detected. A
dacryocystocele was seen in one patient at 28 and 36 weeks’
gestation. Another case was found to have microphthalmia
with measurements which fell in the 5th to 10th percentile.
The fetal MRI demonstrated no evidence for intracranial
abnormality (including no evidence of a pineal mass or of
brain parenchymal congenital malformation).

Postnatal MRI Findings
Postnatal MRI was also unable to detect minimally elevated
tumors. In addition, the case in which an elevated tumor was
detected by prenatal US and confirmed with EUA was not
detected on postnatal MRI. However, the postnatal MRI was
performed5months after birth and after treatment.►Figure 3

is a collection of the MRIs of our affected patient.

Minimally Elevated Versus Elevated Tumors
The suspected elevated tumor on prenatal US was measured
to be�2 to 3 mm in height at 37weeks’ gestation (►Fig. 2). At
2 months’ postnatal age, an elevated tumor was described by
ophthalmologic EUA to be �2 mm. There were also two
minimally elevated tumors in the contralateral eye found at
this same exam not detected by prenatal US. Please
see ►Fig. 4 for retinal images of this patient. ►Figure 3 is a
sequential series of theMRIs of the patient who had tumors at
birth, including prenatal and postnatal images.

The other neonates in our study continue to remain
disease-free.

Discussion

The overall goal of this article was to describe our initial
experience with a prospective research protocol evaluating
and comparing the use of fetal MRI and US in the prenatal
diagnosis of cases at high risk for retinoblastoma. Our initial
results indicated that (1) both prenatal US and MRI may be
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insensitive to minimally elevated retinoblastoma lesions;
(2) prenatal US ismore sensitive to elevated lesions compared
with fetalMRI; and (3) fetalMRImay be useful for diagnosis of
associated extraocular findings in retinoblastoma patients.
All of these finding are comparable to the more established
role of postnatal US and MRI in the evaluation of retinoblas-
toma patients.

There have been very few previously reported cases of
detection of retinoblastoma in the fetus. Two of these previ-
ously reported cases were unusually large retinoblastomas
lesions. Maat-Kievit et al reported identification by US at
21 weeks of gestation of a large, face-deforming tumor.10 The
tumor was described as irregularly shaped, echogenic, cov-
ered by a sonolucent area, and causing facial bone distor-
tion.10 Salim et al described the ultrasonographic
identification of a large retinoblastoma at 38 weeks.11 This
tumor was so large that it also caused deformation of the
face.11 Toi et al identified a 3.7-mm lesion byUS at 33weeks of
gestation, but were unable to see a 1.1-mm or a 2-mm retinal
tumor.12 Our study did detect a 2- to 3-mm retinal lesion
prenatally by US, which is similar to the experience of Toi
et al.12 This lesion was undetectable by fetal MRI.

Figure 3 Fetal and postnatal magnetic resonance (MR) images of patient 2 suspected by prenatal ultrasound to have an elevated intraocular mass
at 37 weeks (►Fig. 2) and confirmed on postnatal exam under anesthesia (►Fig. 4). The sequential fetal MR imaging (A–C), single-shot fast-spin
echo T2 sagittal views of fetal head and orbits performed at (A) 19 weeks, (B) 28 weeks, (C) 36 weeks show no evidence of an intraocular mass.
A correlating hydrographic fetal MR sequence was performed at 36 weeks (G), which also confirmed no evidence of an intraocular mass.
The postnatal MR imaging for this patient was performed 5 months after birth and after chemotherapy was given. No intraocular mass was
detected on the postnatal MR exam (D–F), coronal fat saturated postcontrast T1 of the orbital (D), axial fat-saturated T2 imaging of the orbit (E),
axial fat-saturated postcontrast T1 of the orbit (F).

Figure 2 Prenatal ultrasound of patient 2. There was a suspected
elevated tumor�2 to 3 mm in height as seen on prenatal ultrasound at
37 weeks’ gestation.
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Ultrasound
In the child, US is used for determining tumor location and
extension and if calcifications are present.3,13,14 The advan-
tages of US are that the images are dynamic and more quickly
obtained thanMRI or CT.6 Color Doppler imaging with US has
been used to examine tumor vascularization and to differen-
tiate tumors from hemorrhage.6

Retinoblastoma tumor growth has been documented to
occur in utero10,11 and has been identified at 33 weeks of
gestation in prematurely born neonates (Murphree, personal
communication). However, there has only been one reported
systematic attempt to identify retinoblastoma in the fetus
with conventional US.12 Finger et al reported the utility of 3-D
US in children to help better describe retinoblastoma tumor
characteristics.13 However, no studies have reported using
3-D fetal US or fetal MRI to identify retinoblastoma. In our
initial experience, fetal US, including 3-D, may bemore useful
in identifying elevated retinoblastoma tumors >2 mm in
height. This method does not detect all retinoblastoma tu-
mors as some are minimally elevated, causing no retinal
surface distortion. Based on our limited experience, lesions
projecting from the retina by as little as 2 to 3 mm may be
detected by US. The difficulty detecting smaller lesions is
supported by Toi et al’s experience of identifying one tumor of
three out of 23 fetuses evaluated.12

MRI
In the child, MRI has been demonstrated to be useful in
characterizing retinoblastomas and in differentiating the
tumors from nonneoplastic lesions (Coat’s disease, persistent
hyperplastic primary vitreous, retrolental fibroplasia, toxo-
cariasis, congenital hypertrophy of the retinal pigment epi-
thelium, pigmented ocular fundus lesions as in familial
adenomatous polyposis, nevus sebaceous syndrome).1,2,15–17

Specifically, heavily T2-weighted, unenhanced T1, and gado-
linium-enhanced T1 images have been employed.1,2 The
retinoblastoma has been found to be hypointense to vitreous
on T2 and hyperintense to vitreous on T1.3 Tumor volumes
<0.65 cm3 have been identified postnatally.2 Additionally,
endophytic growth (similar to our elevated lesions) within
the retinawas found to be identified byMRI accurately 68% of
the time in children.1,2 It is recognized that MRI offers
significant soft tissue contrast and the ability to examine a

lesion in multiple planes, both of which contribute to diag-
nosis and treatment planning. However, the limitations with
small-scale resolution and signal-to-noise ratio make de-
scribing the specific extent of tumor invasion challenging.2,3,6

Fetal MRI has not detected any tumor, thus far. This is likely
due to the inability to image items less than 3 mm in size. It is
likely that fetal MRI may miss elevated lesions that are smaller
than 3 mm because of the limitations with section thickness,
resolution, and fetal motion: current applications using parallel
imaging techniques to more quickly obtain thinner sections of
the orbit may improve fetal MRI techniques. Until tissue con-
trasts aremoreeasily recognized on fetal US orMRI, it is unlikely
that minimally elevated retinoblastoma tumors will be identi-
fied in the fetus. Elevated tumors >2 mm in height may
currently be detected by prenatal US and detection by MRI
may be possible in the near futurewith technological advances.

Incidental Findings
One of the advantages of fetal MRI is the ability to detect
extraocular abnormalities that may be associated with reti-
noblastoma. Some of these abnormalities would include
pineal lesions associated with tri-retinoblastoma. In our
study, no pineal lesions were detected prenatally. Our fetal
MRI scans did detect microphthalmia and a dacryocystocele.
Additional possible findings that should not be confusedwith
retinoblastoma extension would include eyelid or retinal
hamartoma, hemangioma, dermoid cyst, skin tag, lid colo-
boma, neuromas, lenticonus, and glioma.18

Management Issues
It is likely that identifying tumors in pregnancy could lead to
controversial opinions regarding management. As the dou-
bling time of retinoblastomas is rapid, it is understandable
that pursuing early delivery and oncologic treatment would
be a consideration. However, there are significant risks of
prematurity that must be weighed, including significant
developmental delay. Delivery prior to 34 weeks would likely
be unreasonable as it may preserve the globe and vision of the
affected eye, but may predispose the baby to disabling global
deficits. A multidisciplinary approach including ocular oncol-
ogists, perinatologists, neonatologists, and the family is es-
sential for weighing the risks and benefits for each affected
individual and their specific disease burden.

Figure 4 Postnatal exam under anesthesia of patient 2 suspected by prenatal ultrasound to have an elevated tumor. Arrow indicates tumor. Left
image shows two minimally elevated (flat) tumors and middle and right images show elevated tumors. In left and middle image, optic disk
designated with star.
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The strength of this study was the prospective design and
multidisciplinary approach, which is needed to provide corre-
lation between prenatal US, fetal MRI, and ophthalmologic
exam. Weaknesses of this study include the inability to verify
tumor presence at birth as suspected by US and the small
sample size. It wasunfortunate that thefirst thoroughpostnatal
exam of the patient in which we suspected a tumor was at
2months postnatally.We cannot certainly discern that a tumor
was present at birth or if the finding on our US was a false-
positive and the tumor grew after birth. Strengths are that this
is the first systematic study to use fetal MRI to investigate the
possible detection of fetal retinoblastoma. As we have a large
retinoblastoma referral center, it will be possible for us to
continue enrolling patients and gaining experience.

Conclusion

In conclusion, both prenatal US and fetal MRI are unable to
detect fetal retinoblastoma lesions that are minimally elevated.
Itmay bepossible to detect fetal retinoblastoma tumors that are
elevated and as small as 2 to 3 mm by US. Fetal MRI performed
at 3-mm section thickness may not detect elevated lesions less
than 3mm. Efforts to enhance diagnosis of fetal retinoblastoma
may enable the initiation of treatment in amore timely fashion,
which may preserve vision and/or life or prevent enucleation.
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