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Abstract

In this study, a comparison is made of the findings of B-mode ultrasound and ultrasound elastography with the Lens Opaci-
ties Classification (LOCS) grade in patients with senile cataracts. A total of 74 patients with cataracts and 32 age-matched
healthy volunteers as the control group were evaluated in the departments of ophthalmology and radiology between 2016
and 2017. In the patient group, cataracts were graded according to LOCS, and B-mode sonographic appearance and elasticity
measurements were recorded, after which the cataract grade and sonoelastography/B-mode ultrasound findings were com-
pared using statistical methods. Among the 74 patients with cataracts, 38 were females (51.4%) and 36 were males (48.6%),
and the mean age was 62.05 +7.95 (43-78) years. A Chi-square test revealed a significant relationship between ultrasound
echogenicity of cataract and grade of cataract (p < 0.005). The ultrasound elastography revealed a mean shear-wave veloc-
ity of 2.90 m/s +0.371 (2.13-3.53) among patients with grade 3 cataracts, 3.1 m/s +0.45 (2.26-3.98) among patients with
grade 4, 3 m/s +0.58 (2.35-4.60) among patients with grade 5 and 3 m/s +0.528 (2.31-4.50) among patients with grade 6
cataracts, and 3 m/s +0.258 (2.36-3.58) among the normal subjects. No statistically significant difference was noted in the
analysis of variance (p > 0.005). While cataract grade and B mode echogenicity were directly proportional, there was no
significant difference in lens elasticity.
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Introduction organization; while the lucidity of the lens depends on the

organization and arrangement of the protein structure, and

The lens is located behind the iris, and is avascular struc-
tured, lacking both blood vessels and nerves. The primary
function of the lens is to allow the entry of light and to focus
on the retina. The transparency of the lens is a result of the
high amount of proteins in the cytoplasm and its regular
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subtle changes in this structure leads to lens opacification
[1, 2]. A cataract is a cloudiness of the lens that results in
impaired vision, and occurs when the lens loses its ability
to absorb and radiate light rays, and can lead to a decrease
in visual acuity and blindness. The prevalence rate is higher
in females and it is among the leading causes of blindness
in developing countries [3-5].

Cataracts are diagnosed through biomicroscopic exami-
nations. The most common form is senile cataract, which
has various subtypes, including nuclear cataract, posterior
subcapsular cataract and cortical cataract.

Various classification methods are used to evaluate cata-
ract density. The Lens Opacities Classification System II
(LOCS II) and LOCS III are based on a slit-lamp examina-
tion performed by an ophthalmologist [6, 7].

In this study, it was aimed to compare lens density classi-
fication of senile cataract using LOCS III system, with lens’s
B-mode ultrasound and shear-wave elastography findings.
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Materials and method

A total of 74 patients with senile cataracts (56 unilateral,
18 bilateral) and 32 control subjects in the same age range
were evaluated in the ophthalmology and radiology depart-
ments of our hospital between 2016 and 2017. The ethics
committee of the hospital approved the study and written
informed consent was obtained from all of the patients.
The Lens Opacities Classification System III (LOCS III)
is based on a comparison of standardized photographs,
and is commonly used in the grading of lens density in
patients with senile cataracts [7]. The system makes use
of a slit-lamp examination [8]. Cataracts are graded from
1 to 6, according to cataract density.

The patients diagnosed with senile cataracts in the
department of ophthalmology and the subjects assigned
to the control group all underwent complete ophthalmo-
logic examinations. Using traditional methods, cataract
density was graded through a slit-lamp examination based
on LOCS III. (Fig. 1) After evaluating the best visual
acuity of the patients, a biomicroscopic examination
was performed, intraocular pressure was measured, and
cataract density was graded with a biomicroscopic slit-
lamp examination after pupil dilation had been achieved
using tropicamide eye drops (1%) (grading range 3.0-6.0),
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Fig.1 The LOCS III standard images in an 8.5-inch, 11-inch color
transparency as used in the office at the slit-lamp microscopy. The
Lens Opacities Classification System version III (LOCS III) is a
standardized photographic comparison system for grading the fea-
tures of cataract. It has been used to grade the type and severity of
cataract in cross-sectional studies. It also has been used to grade
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after which a fundoscopic examination was carried out.
All ophthalmologic examinations and cataract gradings
were made by a single experienced ophthalmologist. The
patients were then evaluated in the department of radi-
ology. The radiologist performing the elastography and
B-mode ultrasound was blinded to the study groups (cata-
ract group, control group) and cataract grades.

Patients diagnosed with senile cataracts were included
in the study, while patients with other cataract types, such
as traumatic cataract and congenital cataract, patients with
glaucoma, patients with an ocular disease hindering lens
examination, patients with grade 1 or 2 cataract on ophthal-
mologic examination, and patients with a systemic disorder
like diabetes that could cause cataracts were excluded.

The B-mode sonographic examination and quantitative
shear-wave elastography measurements of the lens were per-
formed by the same radiologist, who had 11-year ultrasound
experience and 3 years of elastography experience. During
the radiological examination, the patients were instructed
to close their eyes while placed in supine position and to
stare up straight at the ceiling without blinking or looking
around, to the best of their ability. The probe was pressed
softly onto the eyelid in contact with the skin, with particu-
lar attention paid to the thickness of the gel between the
probe and the eyelid. Lens to be evaluated with ultrasound
elastography was detected and the echogenicity of the lens

cataracts at the slit lamp. The brightness of scatter from the nuclear
region has been designated nuclear opalescence and the intensity of
brunescence, nuclear color. The amount of cortical cataract and the
estimated amount of posterior subcapsular cataract is determined by
comparing
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was determined as hypoechoic, isoechoic or hyperechoic,
based on the neighboring subcutaneous fat tissue planes. A
split window was created on the display screen with the dual
button, and the margins of the cataract lens were marked in
the right window (gray-scale US). In the left window (US
elastography), the margins of the same lens were marked
automatically by the device within the gray-scaled region of
interest (ROI). Small boxes measuring shear-wave velocity
were placed within this area. The boxes were placed in a
certain sequence on the vertical-horizontal planes to cover
the entire axial section of the lens so as to obtain a more reli-
able average value (Fig. 2a, b). At least four measurements
were made on a single axial plane. The average shear-wave
velocity, and thus the rigidity of the lens, was calculated
based on these variable numbers. US imaging and elastog-
raphy examinations were made using a Siemens ACUSON
S2000™ ultrasound device (Siemens Healthcare, Erlangen,
Germany). The Acoustic Radiation Force Impulse (ARFI)
elastography application was performed using the Virtual
Touch IQ option with a 4-9 MHz 9L4 linear probe. In the
following stage, the relationship of cataract grade with echo-
genicity in the B-mode ultrasound and elasticity values were
investigated. The mean echo values in B mode ultrasound
were calculated as decibels for each grade.

Cataract LOCS III grade was compared with the B-mode
images using a Chi-squared test. A one-way analysis of
variance (ANOVA) was used to evaluate the relationship

Fig.2 a, b In the left window (US elastography), small ROI boxes
for shear-wave velocity value quantifications were placed in the lesion
area with the color-coded region of interest (ROI) in gray tones. The

between elasticity values and ophthalmologic grade. All sta-
tistical analyses were made using SPSS version 20.0 soft-
ware (IBM Corporation, Armonk, NY, USA).

Results

A total of 106 subjects (74 patients that underwent ophthal-
mologic cataract grading in the last 1 year in our hospital and
32 normal subjects) underwent B-mode ultrasonographic
and elastographic examinations. In patients with senile cata-
racts, 38 were females (51.4%) and 36 were males (48.6%),
and the mean age was 62.05+7.95 (43-78) years. Of the
subjects in the control group, 16 were males (50%) and 16
were females (50%), and the mean age was 64.37 +£7.76
(51-80) years. Based on the B-mode ultrasound examina-
tion of 106 subjects, in which the neighboring subcutaneous
fat tissue was referenced, lens echogenicity was classified as
hypoechoic, isoechoic or hyperechoic. Average echo ampli-
tudes in decibels were shown graphically. (Fig. 3).

Patients classified as grade 1 or 2 in the ophthalmologic
examination were excluded from the study, being regarded
as clinically normal. Among the patients with grade 3 cata-
racts, the lens was found to be hypoechoic in 12 and iso-
echoic in four patients in the B-mode ultrasound examina-
tion. None of the patients had a hyperechoic appearance.
Among the 19 patients with grade 4 cataracts, the lens

+- D=13.9 mm

X Vs=2.65 m/s
Depth=0.6 cm
¢ Vs=2.98 m/s
Depth=0.6 cm
¢ Vs=2.14 m/s
Depth=0.7 cm
# Vs=2.34 m/s
Depth=0.7 cm

right window (gray-scale US) made sure that the boxes were set in the
correct lesion area
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Fig.3 Mean measurements of
echo values in decibels accord- dB(average)
ing to cataract grade. Grade 20

1 and grade 2 cataracts were
excluded due to asymptomatic
patients. When we look at the
table, we see that as the cataract 14
grade increases, the lens echo-
genicity increasing too

18

16

12

Grade 3

Grade 4 Grade 5 Grade 6

Fig.4 Lens echogenicity increases according to grade. a Normal, b grade 3, ¢ grade 4, d Grade 5, e grade 6

was hypoechoic in 10, isoechoic in 4 and hyperechoic in 5
patients; while among the 24 patients with grade 5 cataracts,
the lens was hypoechoic in 6, isoechoic in 12 and hyper-
echoic in 6 patients. Similarly, among the 15 patients with
grade 6 cataracts, the lens was hypoechoic in 3, isoechoic in
2 and hyperechoic in 10 patients and 32 hypoechoic in nor-
mal patients (Fig. 4; Table 1). In a statistical analysis using
a Chi-squared test, a relationship was identified between
B-mode echogenicity and ophthalmologic grade (p <0.001).

The ultrasound elastography revealed a mean shear-wave
velocity of 2.90 m/s +0.371 (2.13-3.53) among patients with
grade 3 cataracts, 3.1 m/s +0.45 (2.26-3.98) among patients
with grade 4, 3 m/s+0.58 (2.35-4.60) among patients with

@ Springer

Table 1 Number of patients according to cataract grade and echo-
genicity

Hypoechoic Isoechoic Hyperechoic Total
Grade 3 12 4 - 16
Grade 4 10 4 5 19
Grade 5 6 12 6 24
Grade 6 3 2 10 15
Normal 32 - - 32
Total 31 22 21 106

In 74 cataract cases, the rate of hyperechoic incidence increases as
the grade increases. Lens was seen hypoechoic in all of 32 normal
patients
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grade 5, 3 m/s+0.528 (2.31-4.50) among patients with
grade 6 cataracts, and 3 m/s+0.258 (2.36-3.58) among the
normal subjects, and there was no statistically significant
difference in the analysis of variance (p > 0.005).

Discussion

Cataracts occur when the lens loses its ability to absorb and
radiate light beams. The prevalence of cataracts is higher
in females around the world, and occurs at young ages in
developing countries [1-3]. The most important risk factor
is the patient’s age. The majority of the patients in the pre-
sent study were older people, and there was a higher ratio
of women.

LOCS 1III is currently the most preferred system for the
grading of senile cataracts, although the system is limited by
the bias of the examiner and the lack of reproducibility [10,
11]. Previous studies have adopted other lens grading sys-
tems, such as the Scheimpflug system, which results quanti-
tative values using lens densitometry [12—14], although the
accuracy of these systems is limited by problems inherent
to the cornea and changes in the anterior surface of the lens
that complicate the examination of the interior structure
of the lens [10, 15]. There have also been studies evaluat-
ing lens opacities using anterior segment optic coherence
computed tomography [16, 17]. There is ongoing research
into the formulation of new classification systems that are
based on more objective, reproducible, and quantitative data.
In cataract patients, the lens is initially more homogene-
ous and light colored and its density increases with time.
Ultrasonic elastography is a new radiological method used
to numerically evaluate tissue stiffness or elasticity. It has
been developed over many years and has been the subject
of many studies. When external forces are applied to any
tissue, deformation occurs in the tissue. Elastography meas-
ures this deformation in the tissue and converts the data into
ultrasound images, whereas traditional B-mode ultrasonog-
raphy shows the morphology of the tissue [18]. Although we
could not find a statistically significant difference between
the measurements taken in all grade cataracts and normal
patients when examined by ultrasound elastography, we
believe that a statistically significant difference could be
detected with a larger group of patients. Besides the small
number of patients, the fact that ultrasound is dependent on
the worker also leads to this result. As another reason, we
think that even though there is an increase in echo in the
lens due to fluid decrease over time, tissue elasticity due to
probable internal necrosis might not change.

In a B-mode ultrasound examination, the lens normally
appears hypoechoic in reference to subcutaneous fat tissue,
although no study could be found in literature supportive
this finding. The lens can be expected to be hyperechoic to

subcutaneous fat planes due to its protein-rich structure. In
our cases, the echogenicity was increased in B-mode ultra-
sound as cataract degree increased, and these findings were
found to be statistically significant (p =0.0002). We think
that, therefore, ultrasound echogenicity may be supportive
in the grading of cataract lens, and that a non-invasive sono-
graphic examination of the lens could be useful in the evalu-
ation of the severity of cataract and in the prognosis.

Shiina et al. found that by quantitatively measuring lens
ultrasound attenuation values, cataract patients differed from
the normal lens, which would be helpful in early cataract
diagnosis and distinguishing cataract types [19]. We also
found that echogenicity increased as the grade of senile cata-
ract increased and we obtained similar results.

There are important limitations in this study, the first of
which relates to the lack of a sufficient number of patients
representing each cataract grade; while, a second limita-
tion was the lack of intra- and interobserver evaluations.
The third limitation relates to the subjective nature of the
measurements, considering the small working area and its
sensitivity to positional changes. Finally, no gender analysis
was performed.

In conclusion, increases in sonographic B-mode echo-
genicity are directly proportional to increases in cataract
grade, while we could not find significant relationship
between lens elasticity on shear-wave elastography and
cataract grade. Thus, in clinically indistinguishable cases,
lens echogenicity may be used in the diagnosis of cataract.
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