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Abstract 

Background: Stereotactic irradiation is one of the treatment modalities for intraocular uveal melanoma. The study’s 
purpose was to describe the background of stereotactic one-day session radiosurgery, how the comparison in the 
difference between the tumor volume measured values from the magnetic resonance imaging (MRI) method and 
the ultrasound method was related to it, and which method was more precise to be used for tumor regression after 
irradiation.

Methods: The group of 147 patients with choroidal melanoma was treated by stereotactic irradiation on the linear 
accelerator with a single dose of 35.0 Gy. During the standard treatment process the uveal melanoma volumes, 
needed for dose calculation, were obtained using MRI from the individual stereotactic planning scheme and by 
ultrasound from the ultrasound device. All volumes were statistically compared using the paired t-test, and for the 
visualization purpose, the Bland-Altman plot was used.

Results: In the group of patients, it was 70 (47.6%) males and 77 (52.4%) females. The tumor volume median was 
from MRI equal to 0.44  cm3 and from ultrasound equal to 0.53  cm3. The difference between the ultrasound and the 
MRI volume measured values was statistically significant. However, the Bland-Altman plot clearly documents that the 
two methods are in agreement and can be used interchangeably. In most of the cases, the measured values of the 
ultrasound-calculated volume achieved slightly higher measured values.

Conclusions: The calculation of the intraocular uveal tumor volume is a crucial part of the stereotactic irradiation 
treatment. The ultrasound volume measured values were in most of the cases higher than the measured values from 
the MRI. Although the methods are comparable and can be used interchangeably, we are recommending using the 
more precise MRI method not only during the treatment but also on later regular medical checks of tumor regression 
or progression.

Keywords: Intraocular tumors, Uveal melanoma, Ultrasound, Magnetic resonance imaging, Stereotactic irradiation

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
In adults, the most common type of intraocular cancer is 
intraocular melanoma, which originates from uvea. The 
incidence of uveal melanoma in the United States was 
approximately 4.0 new cases per million population per 
year in the last statistical overview. In European coun-
tries, the incidence of intraocular melanoma reported a 
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similar value. Specifically in Slovakia, the value, reported 
in the National Oncology Register, was similar to the sur-
rounding countries [1, 2].

A prognostic indicator of intraocular melanoma is 
tumor volume [3]. Many diagnostic tools are currently 
used to diagnose primary uveal melanoma, for example, 
ultrasound, optical coherence tomography (OCT), com-
puted tomography (CT), magnetic resonance imaging 
(MRI), and positron emission tomography along with the 
CT (PET/CT). The diagnosis of early-stage intraocular 
melanoma disease is extremely important in treatment. 
Today several irradiation techniques have been used as 
the preferred treatment method for patients with uveal 
melanoma, like brachytherapy, stereotactic radiotherapy, 
proton beam irradiation, Leksell Gama Knife [4–7].

A technique for delivering high-precision volume-
staged stereotactic radiosurgery has been developed 
not only for intraocular tumors but also for treating 
large arteriovenous malformations by using the Leksell 
Gamma Knife Perfexion. The method uses the hybrid of 
combining the landmark registration and voxel-based 3D 
image registration to enable multiple staged partial-vol-
ume treatments [8]. Frameless stereotactic radiosurgery 
with the linear accelerator is known also for other tumor 
types but also for brain metastases therapy [9].

For uveal melanoma, in the last decades, one of the 
frequently used treatment possibilities is the stereotac-
tic photon beam irradiation that can be performed in the 
form of the single-fraction stereotactic radiosurgery, for 
example, with the gamma knife, the linear accelerator, 
or the cyberknife [10–12]. In Slovakia, the procedure is 
performed using the linear accelerator as a one-day sur-
gery with a single dose of 35.0 Gy. The image contrast 
fusion, enhanced by MRI with the patient’’s CT, is used 
to develop a three-dimensional treatment plan and to 
calculate the plan’s coordinates before irradiation. The 
single 35.0 Gy fraction is administered with high spatial 
accuracy by using the collimation system. The team of 
specialists includes one ophthalmologist, one neurosur-
geon, one radiologist, and one medical physicist. They 
commonly create the individual planning scheme for the 
patient. The image fusion with contrast enhancement 
is suitable for precise specification of the affected ana-
tomical structures around the tumor (lens, optic nerve, 
macula). Also, the fusion includes targeted volume differ-
entiation of tumor mass, healthy tissue, and critical struc-
tures like intraocular lenses, optic chiasm, brainstem, 
eyelids, and optic nerves. Accurate planning is essential 
in determining the stereotactic coordinates of the radia-
tion beam that will be applied to the targeted tumor mass 
defined by MRI parameters. Unwanted irradiation of 
critical structures can lead to visual acuity decline or to 
loss of visual acuity [13].

Ultrasound and MRI detection are crucial in the meas-
urement of the tumor size to obtain its volume before 
the irradiation process but also after treatment patient’`s 
status. Not to forget, ultrasound is also significant in 
ophthalmology in defining the difference between the 
tumor mass and the intraocular bleeding or differentiat-
ing between primary or secondary retinal detachment. 
In practice, in uveal melanoma, the post-measurement 
volume calculation is using various methods. The volume 
measurement can be performed, for example, by using 
the ultrasonic 3D scanning system that operates in using 
the axial, back and forth half-rotation of the sector scan-
ner with computer-assisted image analysis. The method 
is repeatable in significant correlation with other tumor 
measurement techniques that focus on, by MRI provided, 
measurement of the basal diameter for the tumor volume 
and prominence calculation [14].

The tumor volume in the eye globe is calculated 
using various mathematical formulas [15]. The formula 
employed by Guthoff is one of the standard formulas 
and means the volume calculation of the biconvex cross-
sectional area of two spherical segments [16]. The calcu-
lation began to be used in the 1980s but does not come 
from the usual practice of ophthalmologists. Later, how-
ever, the following formula began to be used in calculat-
ing the tumor volume (TV): “TV = π/6 × (largest basal 
diameter × width × prominence)” by Gass. He hypoth-
esized that the uveal melanoma grows ellipsoidal. In his 
studies, he included the volume calculated in this way in 
the calculation of the melanoma growth rate and com-
pared the results obtained with histopathology and prog-
nosis. Each intraocular melanoma was found to grow 
continuously, but the rate of growth itself varied between 
tumors in different patients [17].

A different model was invented to examine the growth 
rate using the exponential growth model with the same 
formula for tumor volume used by Gass [18]. The growth 
rate of the tumor was defined as the relative change in 
tumor size per unit of time. Also, faster-growing tumors 
developed earlier metastases and local radiation control 
fails during treatment [18].

In one more recent study, the calculated tumor vol-
ume assumed that the tumor is part of the spheroid of 
the intersecting sphere with the remarkably sophisticated 
formula. The non-elliptical baseline tumor area was cal-
culated, which proved to be a more accurate prognos-
tic indicator in predicting metastatic death after proton 
irradiation than the largest tumor diameter or calculated 
tumor volume In a similar study, the authors examined 
whether tumor volume, calculated according to the easy-
to-use formula of the half-volume rotating ellipsoid and 
rotated about the y-axis, was a more reliable prognos-
tic indicator of survival than the tumor diameter or the 
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tumor prominence. Tumor diameter and tumor promi-
nence data are used to calculate the volume of the rotat-
ing ellipsoid that rotates above the y-axis (prominence) 
following the formula: 4/3πa2b. The measured tumor 
prominence can be introduced into the formula in the 
position b, and the measured tumor diameter is divided 
by two and then introduced into the formula in the posi-
tion a. The volume will be therefore calculated using the 
formula “4/3πa2b” which will be divided by the two to 
generate the result for the calculated tumor volume [19].

The study aims the purpose to describe the background 
of stereotactic one-day session radiosurgery, how the 
comparison of the difference between the tumor volume 
measured values from the MRI method and the ultra-
sound method is related to it, and which method is more 
precise to be used for tumor regression after irradiation.

Methods
The data were collected from 147 patients in the period 
from 2009 to 2017. All patients in the T1-T3 stage of 
uveal melanoma underwent stereotactic irradiation on 
the linear accelerator LINAC in Slovakia. Before the 
intervention, the patients were investigated and meas-
ured by ultrasound (A-scan, B-scan with frequencies of 
10 MHz) in the same center and by the same ophthal-
mologist during the period (Fig. 1). The formula used to 
obtain tumor volume was as follows “TV = π/6 × (largest 
basal diameter × width × prominence)”.

In each patient before the stereotactic intervention, the 
immobilization of the eye globe we achieved by mechani-
cal fixation with sutures to the Leibinger stereotactic 

frame (Ceramic ring OSS - OSS head ring unit consist-
ing of ceramic ring open OSS, 4 carbon-fiber head-fix-
ing posts, locking bowl, toque wrench and fixing pins 
40 mm, 50 mm, 60 mm). The sutures were placed through 
the conjunctiva under the insertions of the four direct 
extraocular muscles. The surgical preparation for inter-
vention was performed 1 day before the irradiation in the 
Department of Ophthalmology. On the day of the irradi-
ation, the stereotactic frame was attached to the patient’s 
head, and the sutures were tied to the stereotactic frame 
in the Department of Stereotactic Radiosurgery. After 
irradiation, the sutures, and stereotactic frame have been 
removed. The next morning, the patient underwent an 
ophthalmic examination by the slit lamp, a fundoscopy, 
and the measurement of intraocular pressure.

By default, the patient underwent the CT scan and the 
MRI with an already fixed eye globe to the stereotactic 
frame just before stereotactic irradiation on the linear 
accelerator. For tumor volume, the measured value from 
MRI, calculated according to tumor ROI (region of inter-
est) and included in the irradiation protocol, and the MRI 
fusion with CT scans were used for the stereotactic plan-
ning scheme (Fig. 2). The planning of stereotactic treat-
ment after the fusion is standardly optimized according 
to critical structures that include the lens, the optic nerve 
of the eyes, as well as the chiasm. The model C LINAC 
600 C/D Varian, Aria system, Corvus ver. 6.2 Verifica-
tion of the IMRT OmniPro with the frame of 6 MeV X 
was used as the linear accelerator. The therapeutic dose 
for stereotactic irradiation was 35.0 Gy, TDmin dose to 
the margin of the lesion ranged from 35.0 Gy to 38.0 Gy, 

Fig. 1 Examples of ultrasound findings in patient with uveal – choroidal melanoma. Left: large melanoma, C1 – elevation of the tumor (9.84 mm), 
A1 - area of the tumor (86.9  mm2), volume of the tumor was 0.8  cm3 (Source: Ultrasound Quantel Medical Compact Touch located at the workplace 
of the authors)
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and TDmax from 37.0 Gy to 60.0 Gy. The PTV (planning 
treatment volume) method was implemented for 99% 
isodose planning. The doses to critical structures were 
below 8.0 Gy for the optic nerve and the optic disc, and 
10.0 Gy for the eyelids and anterior segment of the eye.

Therefore, the data for evaluation and comparison 
included two sets of measured values: the ultrasound 
tumor volume measured values measured by an oph-
thalmologist using B-scan ultrasound, calculated using 
the embedded ultrasound measurements, and the MRI 
tumor volume measured values were taken from the 
patient’s irradiation protocol (Figs.  3 and  4). The time 
between the measurement of melanoma volume by the 
ophthalmologist with ultrasound and the stereotactic 
procedure was half a day, and the time interval between 
MRI-based measurement and procedure was approxi-
mately 1 month. The first post-operative control was 
done 3 months after irradiation, and the measured values 
were not statistically analyzed, because we did not expect 
differences between the measured values during irradia-
tion and 3 months after irradiation. It was too short an 
interval to see any volume changes.

For the statistical evaluation, the paired sample t-test 
was used to demonstrate if the measured values of these 
sets can be the statistically significant difference found in 
the calculations. Additionally, the method of the Bland-
Altman plot was used to visualize whether the two meth-
ods of the intraocular tumor volume calculation can be 
considered in agreement. For the purpose, the mean 
and standard deviation was derived, and the 95% ‘lim-
its of agreement’ was calculated as the mean of the two 
measured values, minus, and plus, 1.96 standard devia-
tions. The 95% ‘limits of agreement’ should contain the 

difference between both measuring systems for 95% of 
the measurement pairs.

Results
In the group of 147 patients with choroidal melanoma, 
there were 97 cases in the right eye and 50 cases in the 
left eye, 70 males (47.6%) and 77 females (52.4%). The 
average age at the time of treatment was 62.05 years, 63.9 
for males and 60.4 for females. On the basis of TNM 
staging, 77 melanomas were in stage T1 (52.4%), 44 in 
stage T2 (29.9%), and 26 in stage T3 (17.7%).

Results of ultrasound measurements documented the 
mean horizontal diameter of 10.55 mm (range 3.8 mm 
to 19.0 mm) and the mean vertical diameter of 6.75 mm 
(range 3.2 mm to 14.8 mm).

The tumor volume obtained from the MRI had a 
median of 0.44  cm3 (range 0.09  cm3 to 2.6  cm3, the 
standard deviation was 0.46) and for ultrasound meas-
urements, the calculations documented the median of 
0.53  cm3 (range 0.1  cm3 to 2.5  cm3, the standard deviation 
was 0.42) (Fig. 5A).

By using paired sample t-test, applied on the set of 
ultrasound volume measured values and the set of MRI 
volume measured values:

• Median difference (MD) was 0.09, 95% confidence 
interval (CI) of this difference was from 0.0728 to 
0.1149, and standard error of difference (SED) was 
0.011.

• Two-tailed P-value is less than 0.0001 (exactly 
3.35014E-15) so by conventional criteria, this differ-
ence is considering extremely statistically significant 
with t (146) = 8.811, and effect size r = 0.59.

Fig. 2 Stereotactic planning scheme - fused CT with MRI findings’ scans of the patient with uveal – choroidal melanoma at the day of stereotactic 
irradiation: A – tumor, B – lens of the irradiated eye globe, C - optic nerve of the eye, with uveal tumor, D - contralateral lens, E - contralateral optic 
nerve (Source: Embedded planning software of LINAC C 600 C/D Varian located at the workplace of the authors)
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According to our result, the difference between the 
set of the volume measured values calculated from the 
ultrasound measurement and the set of by MRI meas-
ured values was extremely statistically significant. But 
the Bland-Altman plot (Fig.  5B) visibly documents that 
the two methods are in agreement and can be used inter-
changeably. In most cases, the measured values of ultra-
sound calculated volume were higher than the measured 
values using MRI (Fig. 6). Even though the Bland-Altman 
plot presented demonstrated the strong concordance 
between the two techniques in certain conditions the 
secondary retinal detachment or subretinal fluid with 
bleedings (hemorrhage) can be evaluated as a part of 
tumor volume itself, and in certain very small places of 
the measured lesion volume, it can appear the difference 
between the volume - the measured value of the tumor 
itself.

Discussion
Diagnosis and detection of primary uveal melanoma are 
primarily based on clinical examination by ultrasound 
and indirect ophthalmoscopy. However, MRI scans 
should also be performed to confirm the diagnosis and 

mark the patient for radiation therapy. Linear accelera-
tor-based stereotactic irradiation is the right treatment 
for posterior uveal melanoma, is well-tolerated, and can 
be offered to medium-sized uveal melanoma patients 
[20]. Radiotherapy for uveal melanoma by CyberKnife 
system or stereotactic radiosurgery must quantify the 
reproducibility of the eye immobilization system. In all 
these modalities, it is necessary to use scans, x, y, and z to 
see the displacements of the lens, optic nerve insertion, 
and other structures to compare scans during the irradia-
tion, and later on also to find the results of radiosurgery 
by regular check-ups [21].

Until now, there no multicenter trial to assess the effi-
cacy and tumor volumetry of stereotactic radiosurgery 
has been performed. Also, the same is valid for gamma 
knife radiosurgery for intraocular melanoma. Results 
from more studies prove, for example, that irradiation 
techniques (by including the linear accelerator, proton 
beam irradiation, or gamma knife) have similar local 
results if compared to brachytherapy (typically, tumor 
control rate). The studies conclude that Gamma knife 
radiosurgery or linear accelerator stereotactic irradia-
tion for uveal melanoma is the suitable alternatives in 

Fig. 3 Stereotactic planning scheme for patient with uveal melanoma on linear accelerator (TD – 35.0 Gy) – part A (Source: Embedded planning 
software of Varian TrueBeam 2.7 located at the workplace of the authors)
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treating intraocular melanoma patients they were not 
indicated for brachytherapy [22, 23]. The majority of 
treated patients in our study were in stage T1, thus 
suitable for plaque brachytherapy, but this method is 
not available in Slovakia in the last decades.

In the case of the report by Jacobsen et al. 94-year-old 
man with a prior ocular history of age-related macular 
degeneration in both eyes was referred to an ophthal-
mology clinic for the routine-dilated fundus test. Con-
trast orbital MRI showed the sub-centimetric region 

Fig. 4 Stereotactic planning scheme for patient with uveal melanoma on linear accelerator (TD – 35.0 Gy) – part B (Source: Embedded planning 
software of Varian TrueBeam 2.7 located at the workplace of the authors)

Fig. 5 A: MRI Volume with median 0.44 (standard deviation = 0.46) and ultrasound volume with median 0.53 (standard deviation = 0.42), B: 
Bland-Altman plot of MRI and ultrasound methods (Source: MS Excel software located at the workplace of the authors)
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of abnormal contrast enhancement extending into the 
immediately adjacent orbital fat, suspected of scleral 
invasion and small extrascleral extension of the lesion. 
Ultrasound was important to define the difference 
between intraocular bleeding and secondary retinal 
detachment. Both methods were important to provide 
the correct diagnosis before treatment. It is impor-
tant to define the intraocular lesion, as metastatic uveal 
melanoma of the skin tissue can also occur, although it 
is exceedingly rare [24]. The optimal treatment for meta-
static melanoma of the skin into the eyeball is not known 
but can include radiation therapy or systemic immuno-
therapy [25]. Survival after metastasis does not depend 
on the initial characteristics of the intraocular tumor. 
Even small tumors have a higher risk of metastasis after 
10 years [26]. The potential spread after local destruction 
with endovitreal resection (removal) of the large uveal 
melanoma is also important for defining the volume of 
intraocular melanoma [27].

The use of contrast-enhanced ultrasound in the quan-
titative assessment of the response of intraocular mela-
noma to gamma-knife radiosurgery investigates whether 
changes in tumor vascularization precede the thick-
ness reduction, which on average occurs at 12 radiosur-
gery after 12 months or later, as mentioned in the study 
of Venturini. The reduction of melanoma thickness 
occurred in 6 of the 10 patients, whereas the reduction in 
all quantitative parameters in all 10 patients [28]. Accu-
rate tumor volume measured values can facilitate more 
reliable estimates of tumor regression or regrowth after 
treatment of globe-retaining choroidal melanomas and 

can be one of the valuable prognostic indicators after 
treatment [29]. But by stereotactic irradiation to observe 
a reduction of tumor volume, it is necessary to send regu-
larly the patient to MRI after therapy. In our Center in 
the first 5 years interval after stereotactic irradiation, we 
send patients every 6 months for MRI and later at least 
once per year. Of course, ultrasound is also regularly per-
formed by an ophthalmologist. In any case, ophthalmic 
ultrasonography performed by an ophthalmologist is still 
the most important tool to assess and monitor the pro-
gression of uveal melanomas and should be performed at 
certain intervals in each patient after stereotactic irradia-
tion, until the end of his/her life. But last year and today 
we still do have problems keeping this interval due to 
COVID problems.

CT or MRI are considered to be the standard for the 
planning procedure also in stereotactic irradiation. The 
ultrasound measurement can be examiner dependent 
and less accurate with peripheral locations of the tumor. 
MRI was used to detect the extrascleral extension and in 
our study were these patients excluded from a one-day 
session of irradiation therapy. In our study, the patients 
with extrascleral extension were not indicated for stereo-
tactic irradiation.

There is no consensus in the literature on how exactly 
the volume of the uveal melanoma should exactly be cal-
culated due to the various forms of the uveal melanoma 
(dome versus mushroom shape). The rotating ellipsoid 
formula described by Richtig et al. was not reproducible 
on the larger data set. In our study authors, we provide 
the mean (median) horizontal diameter of the tumor and 

Fig. 6 Group of 147 patients - measured values of MRI and ultrasound tumor volumes  (cm3) that were sorted for better visualization (Source: MS 
Excel software located at the workplace of the authors)
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mean vertical diameter of the tumor (thickness, eleva-
tion of the lesion) but not the transverse diameter of the 
tumor, which in some cases can be bigger than the longi-
tudinal section [19, 30].

To compare the results between the two measurements 
and evaluate the applicability of stereology and planim-
etry in computed tomography orbital volume measure-
ments in the study, stereological measurements were 
superior to manual planimetry in terms of user effort and 
time spent [31]. Many studies suggested that other imag-
ing modalities, such as MRI, are superior to ocular ultra-
sound in detecting extrascleral extension [32, 33].

In many countries, ophthalmologists do not use MRI 
to diagnose or observe post-irradiation changes in uveal 
tumor volume, they use only ultrasound. However, the 
ultrasound technique is routinely available in ophthal-
mology centers and is not so expensive, compared to 
MRI.

CT and MRI images are the base for stereotactic ther-
apy in uveal melanoma. Why? It is due to safety and 
excellent local control. In our study, all patients under-
went ocular B-scan ultrasound as the first step to assess 
the stage of the melanoma, and then every patient was 
sent to MRI to detect possible extrascleral extension. Our 
experience still confirms that ocular ultrasound is essen-
tial in patients with uveal melanoma. In patients in whom 
stereotactic irradiation was indicated based on the ultra-
sound findings, the MRI remains the next fundamental 
step for verification. In this treatment, we excluded the 
patients with tumor volume below 0.1  cm3 because the 
extremely small tumor volumes are not suitable for irra-
diation and cause problems with stereotactic planning.

The measured values of tumor volume, measured by 
ultrasound and MRI, were different, and the stereotac-
tic irradiation was performed according to the MRI or 
CT image, but not ultrasound. Ultrasound is a common 
method for the ophthalmic oncologist, so MRI is neces-
sary for planning, but follow-up and response should be 
judged by ultrasound, not frequent MRI in practice but 
in certain conditions, it is necessary to use MRI to evalu-
ate the volume regression, because the interpretation of 
ultrasound image is difficult.

The findings from the MRI verification step, which 
can detect possible extraocular extension, were also 
examined by our neuro-radiologist to evaluate specific 
inflammation, vascular formation (e.g., feeding vessel), 
or movement artifacts. These findings cannot be gen-
eralized to every patient, and evaluation and radiation 
therapy should be planned on a case-by-case basis. Thus, 
an ultrasound must be performed by an experienced 
ophthalmologist in all patients with uveal melanoma. 
Additionally, each patient is unique, the measuring pro-
cedure and resources are often limited, and the ocular 

ultrasound should represent not only a unique imaging 
modality of choice in the search for extrascleral spread-
ing in uveal melanoma but also a basic examination in 
onco-ophthalmology.

Conclusions
The exact measured value of the tumor volume is impor-
tant for calculating the irradiation planning scheme using 
irradiation techniques, and after treatment, this meas-
ured value can be a valuable prognostic indicator. The 
tumor volume calculation by MRI is one of the most 
crucial factors to indicate stereotactic radiosurgery treat-
ment but also before ultrasound by evaluating the vol-
ume regression of the tumor after irradiation therapy.

In our study, the ultrasound volume measured values of 
the calculated tumor were higher than the MRI volume 
measured values. The reverse analysis of the measure-
ments discovered that the ophthalmologist delimited the 
tumor differently in ultrasound than the MRI.

It would be appropriate to provide such a comparison 
with a much larger group of patients by different irradia-
tion or radiosurgery techniques for uveal melanoma. Due 
to our results, the MRI picture is basic for future con-
trols of the tumor reduction or, progression, and is bet-
ter than ultrasound. We accept from practice that MRI 
volume measurements are more accurate than the results 
of ultrasound volumetric calculations for purposes in ste-
reotactic planning schemes. Nevertheless, it should be 
emphasized that ophthalmic ultrasonography performed 
by the experienced ophthalmologist is still the most 
important aid in evaluating the development or reduc-
tion of the volume of intraocular uveal melanoma after 
treatment.

Anyway, we think that in patients after stereotactic 
radiosurgery tumor volume calculated from MRI is one of 
the most crucial factors to indicate stereotactic radiosur-
gery treatment but also to observe volume changes after 
irradiation, and ultrasound is not sufficient, even though 
it is cheaper and available in ophthalmology centers, it is 
necessary to send patients regularly to MRI examination 
after stereotactic radiosurgery due to intraocular uveal 
melanoma to see the progression or regression of uveal 
tumor mass.
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