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The capacity of MRI in diagnosing retinoblastoma  
(literature review)

Introduction. Retinoblastoma is the most common malignant tumor of the retina and accounts for about 2.5% of all ma-
lignant neoplasms in children. Since computed tomography (CT) is associated with an increased long-term risk of malignancy 
in young patients, magnetic-resonance imaging (MRI) is the major modern method of retinoblastoma diagnostics. 

Purpose of this study is to review the capacity of MRI in diagnosing retinoblastoma.
Results. MRI is distinguished by an absence of harmful radiation and a high resolution for soft tissue. MRI can improve diag-

nostics of the stage of tumor process by providing a detailed information for the evaluation of intraocular tumor spread (into 
the choroid, sclera and / or prelaminar part of the optic nerve) and extraocular (post-laminar or orbital invasion) or intracranial 
invasion (pineoblastoma, or metastases).

Conclusion. MRI is an essential method of retinoblastoma diagnostics and staging of the tumor process. It increases the 
chances of preserving the eye and vision in children.
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Introduction. Retinoblastoma is the most common in-
traocular malignant neoplasm in children [1]. The main 
strategy in treating retinoblastoma is to save the child’s life 
through early tumor detection and the prevention of me-
tastasis [2]. The authors report that the diagnostic sensi-
tivity of magnetic resonance imaging (MRI) in detection of 
high risk signs, including postlaminar optic nerve, choroi-
dal and scleral invasion, is 59%, 74% and 88%, respective-
ly [3]. Therefore, the topic of our review is to reveal the MRI 
capacity in diagnosing retinoblastoma.

Material and methods. The literature search was done 
in PubMed database for 2000-2018 by the keywords “Reti-
noblastoma, MRI”. This literature review includes 33 litera-
ture sources meeting the relevant selection criteria: origi-
nal scientific articles containing the analysis of MRI results 
in retinoblastoma.

Literature review. Retinoblastoma is the most com-
mon intraocular malignant neoplasm in children [4-8]. Its 
incidence has grown twice in the recent decades. In 1980s, 
this tumor was diagnosed in 1/34,000 newborns; today, 
it reaches 1/15,000–20,000 newborns [9]. Worldwide, the 
survival rate after retinoblastoma varies markedly: from 
about 30% in Africa up to 60% in Asia, 80% in Latin Ameri-
ca, and 95% -97% in Europe and North America [10].

80% of retinoblastoma cases are diagnosed before the 
age of 3 years, 95% of cases – before the age of 5 years. 
In spite of some reports about retinoblastoma cases in 
adults, the onset of the disease at the age after 6 years is 
quite rare [11-13]. The process is bilateral in about 30% of 
cases. The lesions can be synchronous, metachronous, uni-
focal, or multifocal. No racial or sexual predisposition has 
been determined for this type of cancer [14].

Retinoblastoma is usually diagnosed by indirect oph-
thalmoscopy. Still, additional imaging techniques are indis-
pensable for its diagnostics [15]. Currently, MRI is the most 
common method of retinoblastoma diagnostics since com-
puted tomography (CT) is associated with an increased 
long-term risk of malignancy in young patients [11-13].

The main advantages of MRI are: no harmful radiation 
and high resolution for soft tissues [16-18]. In the cases of 

the unclear optical medium and when a growing tumor 
blocks the view of the optical disk, only MRI allows detect-
ing infiltration before the optic nerve laminar part [19-21]. 
MRI can better determine tumor stage by providing de-
tailed information for the assessment of intraocular tumor 
invasion (into choroid, sclera and/or optic nerve prelaminar 
part), as well as its extraocular (postlaminar or orbital inva-
sion) or intracranial invasion (pineoblastoma or mts) [16-18].

MRI of at least 1.5 T is required for efficient visualization 
of initial signs of tumor infiltration. This can be achieved by 
using surface coils and high-resolution protocols. 3T MRI 
can provide the same resolution without surface coils [22].

On T2-weighted MRI image, retinoblastoma usual-
ly delivers a lower signal compared to the vitreous. On 
T2-weighted gradient-echo and non-3D FSE T2-weight-
ed images, partially calcined areas can be represented as 
hypointense foci inside the tumor. On T1-weighted im-
age, retinoblastoma delivers a poorly hyperintense signal 
compared to the vitreous. The vitreous can be unnatural-
ly bright on T1-weighted images due to the increased con-
tent of globulin and the reduced albumin/globulin ratio 
at malignant tumors. On diffusivity maps, the tumor has a 
lower diffusion coefficient vs. the vitreous. Retinoblastoma 
is a round shape tumor which is normally poorly differen-
tiated, tightly packed and has a high atomic-cytoplasmic 
structure. The latter could explain its low diffusion coeffi-
cient [15, 23-25].

Amplification of the anterior ocular segment is a distinc-
tive feature of a progressive retinoblastoma. It correlates 
with the tumor volume and the invasion into the optic 
nerve. The amplification can be moderate (36%) or strong 
(33%). It reflects the angiogenesis, hyperemia and inflam-
mation of the iris [26-28]. The MR-measured values of the 
axial length, equatorial diameter, and volume of the eyes 
are significantly less in retinoblastoma eyes vs. healthy eyes. 
Furthermore, size of the eye in patients with retinoblastoma 
is inversely proportional to the tumor volume [29].

Retinoblastoma shall be differentiated from other in-
traocular formations accompanied with leukocoria. Ret-
inoblastoma is the most common cause of leukocoria 
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(56-72% cases). Other causes include: the persistent hyper-
plastic primary vitreous (19-28%), the coloboma (11.5%), 
the sclerosing endophthalmitis (6.5-16%),  the Coats’ 
disease (4-16%), the retinal astrocytoma (3%), the me-
dulloepithelioma, the retinal dysplasia in the form of Walk-
er-Warburg syndrome and Noir’s syndrome, as well as the 
retrolental fibroplasia of preterm newborns [14, 30].

Special software providing diffusion-weighted images 
(DWI) is used to improve the quality of imaging of the tu-
mor process in addition to the standard protocol. DWIs are 
based on the diffusion of water molecules in tissues; the 
water diffusion in tumor tissues is associated with the tu-
mor cellularity [16-18].

The DWI-associated water diffusion map can grow af-
ter successful treatment reflecting the decline of cell den-
sity and the water barrier. Therefore, the DWI and water 
diffusion values can be used to differentiate the tumor 
zones with high cell density from cell-free areas and eval-
uate the response to treatment in the form of cell changes 
within the tumor [31].

Early diagnostics provides good chances for preserving 
the eye and the remaining vision and possible survival in 
more than 95% of cases [32].

Conclusion. Thus, MRI is an essential method for reti-
noblastoma diagnostics and definition of the tumor stag-
ing as it increases the chances of preserving the eye and vi-
sion in children.
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