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Objective: To investigate the homogeneity and vascularity of choroidal melanoma through
magnetic resonance imaging (MRI) and brightness modulation (B-mode) ultrasound scan and
their correlation with dimensions of tumor, as well as to measure the sensitivity of both modalities in retinal detachment (RD) detection.
Materials and methods: This retrospective chart review included patients diagnosed with
choroidal melanoma. All these patients underwent MRI scans using T2-weighted (T2-WI) and
T1-weighted (T1-WI) sequences, before and after an intravenous injection of paramagnetic
contrast material. The patients were also examined using a B-mode ultrasound scan, and the
results from both modalities were compared (tumor homogeneity, tumor height, tumor base
diameter, and tumor vascularity).
Results: Forty-two patients (mean age =65.33±12.51 years) with choroidal melanoma were
included in the study. Homogeneity was confirmed in 16 patients through ultrasound scan, in
19 patients through T1-WI sequence, in 21 patients through T2-WI sequence, and in 25 patients
through T1-WI sequence + contrast (gadolinium). Patients with homogenous tumors presented
with lower (P=0.0045) mean height than that of those with nonhomogenous tumors, whereas no
statistically significant difference was found for base diameter measurements (P=0.056). Patients
with tumors of high vascularity presented with greater mean height (P=0.000638) and greater
mean base diameter compared with those with tumors of low vascularity (P=0.019543). RD
was detected in 26 patients through T1-WI sequence, in 13 patients through T2-WI sequence,
in 26 patients through T1-WI sequence + contrast, and in 32 patients through ultrasound scan,
which proved to be the most sensitive modality.
Conclusion: The height of choroidal melanoma was positively correlated with tumor’s homogeneity. Melanomas of greater height were found to be less homogenous, due to increased degeneration and higher occurrence of intratumoral hemorrhage. In addition, choroidal melanoma’s
height was also positively correlated with the level of its vascularity. Finally, ultrasound scan
was found to be more sensitive than MRI in the detection of RD.
Keywords: homogeneity, vascularity, ultrasound scan, MRI, imaging characteristics, retinal
detachment
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Choroidal melanoma represents a principal ocular pathology, and it is the most frequent
primary intraophthalmic malignancy that can lead patients to death. It is rather rare
in general population, with an incidence of about 5.3–10.9 cases in every 1,000,000
people.1,2 Most previously published series report that the diagnosis is usually set
during the sixth decade of life, with a mean age of 55 years.3 Clinically, choroidal
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melanoma can cause a decrease in visual function, if located
at the posterior pole (macula). Peripherally located choroidal melanoma usually presents with a visual field defect or
the sense of a focal flickering light that corresponds to the
tumor location.
Despite the fact that novel methods have been used in
the imaging of choroidal tumors, such as enhanced depth
imaging optical coherence tomography (EDI-OCT),4,5
swept source optical coherence tomography (SS-OCT),6
and even contrast-enhanced ultrasound (CEUS),7 the best
established imaging modalities for the diagnosis and monitoring of choroidal melanoma remain ultrasound scan and
magnetic resonance imaging (MRI). Malignant melanoma’s
ultrasonographic characteristics are its size, shape, dense
composition, low reflectivity, mostly homogenous structure,
and vascularization.8 Its typical MRI appearance consists of
high signal intensity on T1-weighted (T1-WI) sequence and
low signal intensity on T2-weighted (T2-WI) sequence, due
to the paramagnetic properties of melanin. Mild-to-moderate
arterial enhancement after intravenous (IV) bolus administration of paramagnetic contrast agent is also noted.9,10 Both
vascularity and homogeneity are clinically important for
monitoring and prognosis of choroidal melanoma.11,12
The aim of the present study was to investigate the
baseline characteristics of choroidal melanoma through
ultrasound scan and MRI. An investigation in patients with
homogenous and high-vascularity tumors was attempted with
respect to the tumor size that was determined by height and
base diameter measurements. In addition, the sensitivity of
ultrasound scan and MRI regarding retinal detachment (RD)
was also assessed.

Materials and methods
Study setting
This retrospective study was conducted at Papageorgiou
General Hospital and AHEPA Aristotle University Hospital
in Thessaloniki, Greece. The study protocol was approved
by the Ethics Committee of the Aristotle University of
Thessaloniki Medical School. Patients’ consent to review their
medical records was not required by the institutional review
board, as the study does not report on primary research. All
the data analyzed were collected as part of routine diagnosis.
Examination tests, which were done without fail and as part
of routine care, were essential for confirming the diagnosis
and for classifying the patients and were in no way an add-on
for purpose of research. Data are de-identified; anonymity
and confidentiality were guaranteed.

Participants
A retrospective chart review was performed to identify the
patients with choroidal melanoma in two university-based
outpatient services (Figure 1A). Inclusion criteria were the
diagnosis of choroidal melanoma and the ability to understand the nature and aims of the examinations performed.

Patient assessment
The ultrasound scanning was conducted by using the highfrequency ultrasounds emitting transducers, working at
brightness modulation (B-mode; Siemens Sonoline G60S,
L 10-5, Munich, Germany, and Philips iU22 Xmatrix, L 12-5,
Amsterdam, the Netherlands). Orbital anatomy was scanned
in transverse, longitudinal, and oblique planes, in order to
illustrate the ultrasonographic characteristics of choroidal

Figure 1 (A) Fundoscopy image of ocular melanoma; (B) measurements of height and maximum base diameter for choroidal melanoma on ultrasound scan.
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melanoma and measure its size (height and base diameter;
Figure 1B). Tumor vascularity, flow range, and velocity
were investigated using color Doppler technique, and this
technique depicts ultrasound frequency changes when the
ultrasound beam is reflected by red blood cells, allowing the
evaluation of blood flow velocity. Moreover, power Doppler
technique increases flow detection sensitivity for small vessels with low blood flow velocity and therefore is valuable
in the evaluation of tumor’s neovascularization.
In MRI, the orbits were scanned by using a head coil
following a protocol of axial plane sections of 3-mm slice
thickness, complemented by at least one more, vertical to the
tumor’s long axis. Images were obtained at T2-WI and T1-WI
sequences before and after an IV injection of paramagnetic
contrast material, as well as at fat suppression sequences
(Siemens Somatom Plus 1.5 T).

Correlation of choroidal melanoma’s size with
tumor’s vascularity

Examined parameters

Results

Homogeneity as a typical imaging characteristic of
choroidal melanoma
When using B-mode ultrasound scan, choroidal melanoma
is usually depicted as a principally homogeneous tumor13
(Figure 2A), presenting low ultrasound reflectivity, whereas
no significant intermediate spikes can be detected when using
amplitude modulation ultrasound (A-mode).

Correlation of choroidal melanoma’s size with
tumor’s homogeneity
On MRI, an even spread of signal intensity throughout the
tumor is considered as a typical finding for choroidal melanoma, otherwise referred to as homogenous appearance14
(Figure 3A–F). MRI homogeneity findings were shown to
vary, according to one of the two basic measurements of
choroidal melanoma’s size (ie, height or base diameter).

Vascularity was measured by using ultrasound Doppler
techniques that have shown great success for the depiction
of neovascularization, vascular architecture, patency, and
flow rates (Figure 2B).

Ultrasound scan and MRI sensitivity on RD
Concerning concurring RD, both of these modalities have
been widely used in clinical practice.15

Statistical methods
Data were collected and analyzed using Microsoft Excel
2007 for Windows (Microsoft Corporation, Redmond, WA,
USA) and SPSS for Windows, version 16.0 (SPSS Inc.,
Chicago, IL, USA).

In total, 42 patients (20 women and 22 men) with choroidal
melanoma were included in the study. The mean age of the
participants was 65.33±12.51 years.

Homogeneity
Homogeneity of choroidal lesions (melanomas) was confirmed in 16 patients through ultrasound scan, in 19 patients
through T1-WI sequence, in 21 patients through T2-WI
sequence, and in 25 patients through T1-WI sequence +
contrast (gadolinium). The results are presented in Figure 4.

Correlation of choroidal melanoma’s size
with tumor’s homogeneity
We also attempted to compare homogenous tumors with
nonhomogenous ones in terms of their height and base diameter measurements. According to the previously mentioned

Figure 2 (A) Characteristic homogeneous appearance of choroidal melanoma on ultrasound scans; (B) application of Doppler technique depicting and enabling the study
of tumor’s neovascularization.
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Figure 3 Characteristic appearance of choroidal melanoma on MRI.
Notes: (A) High intensity signal on T1-weighted images, compared with the vitreous body; (B) low intensity signal on T2-weighted images; (C) arterial enhancement on
T1-weighted images, after an intravenous bolus administration of paramagnetic contrast agent; (D) appearance on coronal plane; (E) sagittal plane on T1-weighted images,
after an intravenous bolus administration of paramagnetic contrast agent; (F) T1-weighted sequence using fat suppression technique, after an intravenous bolus administration
of paramagnetic contrast agent.
Abbreviation: MRI, magnetic resonance imaging.

criteria for homogeneity in MRI, we divided the participants
into two subgroups: 1) patients with homogenous tumors
and 2) patients without homogenous tumors. We compared
these two populations through a t-test (two-tailed, unequal
variances) in terms of the height and base diameter of
their tumors.
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Correlation of choroidal melanoma’s size
with tumor’s vascularity
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Figure 4 Homogeneity incidence detected by using different methods.
Abbreviations: GD, gadolinium; MRI, magnetic resonance imaging.
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The patients with homogenous tumors (characterized
through T1-WI sequence) presented with a mean height of
6.18±3.71 mm and mean base diameter of 10.3±3.46 mm,
and the patients with nonhomogenous tumors presented with
a mean height of 12.14±3.45 mm and mean base diameter
of 13.95±3.72 mm. By comparing these two populations, a
statistically significant difference was found for height, but
the correlation was marginally negative for base diameter
(height P=0.0045; base diameter P=0.056). Thus, melanomas
of greater height were nonhomogeneous, due to increased
tissue degeneration and intratumoral bleeding, owing to their
increased vascularity.
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A comparison between the patients with tumors of high
vascularity and those with tumors of low vascularity was
done in terms of the size of the tumor (ie, height and base
diameter). The studied subgroups were compared using
a Student’s t-test for continuous data, regarding the tumor’s
height and base diameter.
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Figure 5 Number of cases where retinal detachment was detected by using
different methods.
Abbreviations: GD, gadolinium; MRI, magnetic resonance imaging.

The patients with tumors of high vascularity (characterized through ultrasound scan) presented with a mean
height of 10.15±3.79 mm and mean base diameter of
13.11±3.07 mm. In contrast, the patients with tumors of low
vascularity presented with a mean height of 2.3±1.67 mm
and mean base diameter of 7.72±3.44 mm. By comparing
these two populations, a statistically significant difference
was found for the height (at the level of 0.001) and also
for base diameter (at the level of 0.05; height P=0.000638;
base diameter P=0.019543). Tumor size was statistically
significantly correlated with its degree of vascularity, and
vascularity was shown to be dependent on one of the two
basic measurements of choroidal melanoma’s size, which
was its height.

Ultrasound scan and MRI sensitivity
on RD
RD was detected in 38 patients (of the total 42 patients)
through direct fundoscopy. Examinations confirmed RD in
32 cases through ultrasound scan, which was proved to be
the most sensitive modality. In particular, 26 cases of RD
were detected through T1-WI sequence, 13 cases through
T2-WI sequence, and 26 cases through T1-WI sequence +
contrast (Figures 5–7).

Discussion
The modalities used in this study to assess the specific choroidal melanoma’s imaging characteristics were ultrasound
scan and MRI. The ultrasound findings targeted the tumor
itself, as well as one of its most frequent complications,
namely, RD. Location, shape and size, homogenous structure,
and increased vascularity are the most important ultrasound
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characteristics. Our findings are in accordance with the
previous reports on the quantification of characteristics, but
nevertheless, it is the first to the best of our knowledge, which
attempts to correlate the qualitative characteristics such as
homogeneity and vascularity with quantitative parameters
such as height and base diameter.
B-mode technique is a two-dimensional method, as the
ultrasound beam is being transmitted to a single plane through
the orbit. Most important advantages of this modality are
lack of radiation, high availability, and high repeatability,
while being less expensive than MRI. On the other hand, the
experience and expertise of the examiner are important in
the ultrasonographic evaluation of orbital pathology. One of
the ultrasonography’s greatest implementations to the orbit
is the diagnosis of malignant melanoma. Success rates in
differentiating malignant melanoma from other lesions are
high and, according to certain authors, rise .95%.16,17 Color
and power Doppler techniques provide valuable information
on tumor vasculature: blood flow rate and velocity.
The MRI is a method of obtaining tomographic images
based on the nuclear magnetic resonance phenomenon,
without any use of ionizing radiation, and images in this
method can be obtained in different ways to bring out the
inherent differences of scanned tissues. Signal intensities
on T1-and T2-weighted images are related to specific tissue
characteristics. The signal intensities, enhancement, and other
findings, such as regular borders and homogenous appearance of the normal extraocular muscles and retro bulbar fat,
help in identifying normal and abnormal structures. Most
important advantages of this modality are high sensitivity,18,19
multiplanar imaging, and lack of both radiation and interobserver variation. On the other hand, it is much more expensive than ultrasound technology, it is not highly available,
and the examination’s duration is much longer; thus, the
images are also subject to motion artifacts, for which recent
studies suggest dedicated blink/ﬁxation protocols, in order to
acquire high-resolution in vivo images with no requirement
for postacquisition image registration.20 Ocular melanomas
containing large amounts of melanin have been shown to
have a shorter T2 time and a shorter T1 time than those of
other malignant tumors.9,10 Thus, these uveal and choroidal
tumors appear hyperintense on T1-weighted images and
hypointense on T2-weighted images, and this behavior has
been attributed to the paramagnetic properties of melanin.
Moderate- to high-level enhancement of the tumor is always
noted after an IV administration of contrast agent. Magnetic
resonance offered the highest resolution and the advantage of
multiplanar imaging. In addition, more sequences could be
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Figure 6 Imaging of choroidal melanoma on MRI and ultrasound scan.
Notes: (A) Tumor showing high intensity signal on T1-weighted images. Its heterogeneous appearance accounts to the melanin distribution pattern. A small retinal
detachment may be depicted; (B) T1-weighted image on a coronal plane; (C) heterogeneous appearance and low intensity signal on T2-weighted images for the choroidal
melanoma. The retinal detachment is apparent; (D) tumor showing homogeneous arterial enhancement on T1-weighted images with fat suppression, after an intravenous
bolus administration of paramagnetic contrast agent. The retinal detachment is shown; (E) T1-weighted image with fat suppression, after an intravenous bolus administration
of paramagnetic contrast agent on a sagittal plane; (F) for the same patient, the small retinal detachment is noted on ultrasound scan.
Abbreviation: MRI, magnetic resonance imaging.

selected, adding more information to the study on choroidal
melanoma’s MRI characteristics.
The parameters studied on MRI were melanoma’s
location, shape, size, and homogeneity. Mild-to-moderate
contrast-enhancing patterns on MRI are key features for the
diagnosis of choroidal melanoma and tumor differentiation
from other lesions. Our study’s results found choroidal melanoma to present homogenous both on ultrasound scan and
MRI. This corresponds well to other reports on international
bibliography.21–23
Choroidal melanoma’s size was correlated with the
tumor’s homogeneity. In particular, its height alone (not the
base diameter) was proven to alter homogeneity findings on
MRI. Hence, choroidal melanomas of greater height were
less homogenous, due to their greater degree of degeneration
and greater chance of intratumoral bleeding, owing to their
increased vascularity. In addition, choroidal melanoma’s
size was correlated with its vascularity. Again, the tumor’s
height was found to be of greater significance, in accordance
with other previously published studies, where prognosis
worsens when height diameter, extraophthalmic extension, or
ciliary body invasion increases.11,12 Certain studies note that
ultrahigh-field (7 T) ocular MRI can yield a more accurate
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measurement of the tumor dimensions compared with conventional ultrasound, which can result in significant changes
in treatment planning.24
Concerning RD imaging, both modalities are reliable.
Statistical analysis of our results, though, found ultrasound
scan to be more sensitive than MRI in the detection of RD.
Contrast enhancement on MRI often facilitates the discrimination of the tumor adjacent to the subretinal fluid (Figure 8).
Diffusion-sensitized ms-RARE techniques are reported to
acquire high-contrast, high-spatial resolution, distortion-free
images at 3.0 and 7.0 T.25

Conclusion
This study focused on specific choroidal melanoma’s imaging characteristics for two different modalities: ultrasound
scan and MRI. An attempt was made to correlate a couple
of melanoma’s quality characteristics, namely, homogeneity
and vascularity, with quantified parameters, namely, height
and base diameter. Choroidal melanoma was found to be
homogenous on both ultrasound scan and MRI. Melanomas
of greater height, though, were found to be less homogenous,
due to increased degeneration and higher occurrence of
intratumoral hemorrhage. In addition, choroidal melanoma’s
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Figure 7 Choroidal melanoma on MRI and ultrasound scan.
Notes: (A) Homogeneous intraocular mass showing high intensity signal on T1-weighted images; (B) on T2-weighted images, it shows low intensity signal; (C) the tumor
showing heterogeneous arterial enhancement on T1-weighted images with fat suppression, after an intravenous bolus administration of paramagnetic contrast agent;
(D) T1-weighted image with fat suppression, after an intravenous bolus administration of paramagnetic contrast agent on a coronal plane; (E) for the same patient, ultrasound
scan revealed a retinal detachment which is undetected by the MRI.
Abbreviation: MRI, magnetic resonance imaging.

Figure 8 Arterial enhancement of choroidal melanoma on MRI scan enabling imaging differentiation between the tumor and retinal detachment.
Notes: (A) Before an intravenous bolus administration of paramagnetic contrast agent; (B) after an intravenous bolus administration of paramagnetic contrast agent.
Abbreviation: MRI, magnetic resonance imaging.
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height was also positively correlated with increased
vascularity. For the detection of RD, ultrasound scan was
found to be more sensitive than MRI.
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