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Background: This study sought to develop and validate a lens opacities classification system based on
ultrasound biomicroscopy (UBM) imaging to grade pediatric cataracts.

Methods: The study was conducted at Guangzhou Children’s Hospital, Guangzhou Women and Children’s
Medical Center. UBM images of patients at the hospital from September 2013 to November 2014 were
used in this study. We summarized the characteristics of lenticular opacification in each of the following 4
zones: the anterior capsule (A); the cortex (C); the nucleus (N); and the posterior capsule (P). The UBM
data and intraoperative videos were compared, and sensitivity, specificity, accuracy, and positive and negative
predictive values were determined for our Lens Opacities Classification System based on UBM for Pediatric
Cataracts (LOCS-UP) detection. Two physicians classified pediatric cataracts (anterior capsule, cortex,
and posterior capsule) by extracting 146 images from the UBM database. Patients’ data were recorded to
calculate the kappa coefficients. The LOCS-UP was developed.

Results: Under this standard, all types of pediatric cataracts can be classified and acquired a code by the
LOCS-UP. The LOCS-UP had the highest sensitivity (100%) and specificity (98.96%) in naming the
anterior capsule and the lowest sensitivity (50%) and specificity (89.59%) in naming the posterior capsule. Its
consistency at naming the anterior capsule was satisfactory (Kappa coefficient: 0.70), and it was also able to
name the nucleus, cortex, and posterior capsule (0.56, 0.58, and 0.48, respectively).

Conclusions: LOCS-UP could name pediatric cataracts by providing an unique digital encoding, which
could reflect characteristics exactly for different local lens anomalies to all kinds of pediatric cataract patients.

This method provides detailed and accurate information about Patients’ lenses.
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Introduction

Pediatric cataracts, which refer to the lens opacity of a
patient at birth, can be treated by the extraction of the lens
and the implantation of an artificial intraocular lens (1,2).
Pediatric cataracts only occur in about 4 in every 1,000
babies (3); however, the disease has significant effects and
may lead to deprivation amblyopia and even blindness
(4,5). The lens opacity characteristics of pediatric
cataracts are more diverse than those of age-related
cataracts, which complicates pediatric cataract surgery (6).
Due to pediatric cataracts' low morbidity and diversity,
junior physicians lack an understanding of the disease
and are slow to accumulate relevant clinical experience.
However, surgeons need to be fully aware of the different
types of pediatric cataracts and understand their surgery-
related characteristics. Not only does such knowledge
increase the success of surgery, but it also helps reduce
postoperative complications. Characteristic abnormalities
may also indicate the difficulties and risks of surgery,
which may be helpful in preoperative preparation (7).
Thus, an indirect experience that quickly provides
professional knowledge and compensates for lack of direct
experience is significant.

The Lens Opacities Classification System III (LOCS
III) is a standard system used to compare lens opacity
severity and distinguish among types of cataracts (8).
The LOCS III is widely used in preoperative assessments
and clinical studies of age-related cataracts. However,
unlike age-related cataracts, pediatric cataracts are much
more complicated, as they involve lens opacity and
other developmental abnormalities. The LOCS III is
unsuitable for pediatric cataracts. Thus, there is a need
for a standardized classification system that compares
lens opacities and distinguishes among types of pediatric
cataracts. Such a system could also reflect the disease
severity of pediatric cataracts more comprehensively and
objectively. Additionally, a standardized method would
reduce misunderstandings about the descriptions in medical
records provided by different doctors and thus increase the
efficiency of the treatment process.

The current main classification methods for pediatric
cataracts (e.g., lamellar and sutural cataracts) are based on
the location and morphology of lens opacity as observed
by a slit lamp (9,10). This method can help surgeons to
assess some types of pediatric cataracts and determine
whether surgical intervention is required, but it does not
help surgeons select the appropriate surgical procedure (10).
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Furthermore, when anterior capsule opaque, certain lens
abnormities which behind of anterior capsule can be
observed comprehensively operational time only after the
anterior capsule be removed under a microscope. Thus, it
is difficult to evaluate pediatric cataracts using a slit-lamp
classification fully.

An ultrasound biomicroscopy (UBM) can provide images
of structures in the anterior segment of the eyeball with
high-frequency ultrasound and high resolution (11,12).
Thus, unlike slit-lamp examinations, UBM can be used to
detect lens opacity. In a previous study, we found that UBM
imaging could be used before cataract surgery to evaluate
lens morphology and density (13,14).

Presently, there is no systematic pediatric cataract
classification protocol that provides a comprehensive
assessment of the lens and assists in preoperative planning.
Thus, a classification protocol based on UBM examinations
for pediatric cataracts needs to be established. The current
study sought to develop and validate an UBM-based
diagnostic system for pediatric cataracts to standardize
the classification of pediatric cataracts and reflect cataract
features more comprehensively.

Methods
Patients

In this retrospective study, patients were involved in 3
phases (see Figure 1). In the first phase, UBM images of
patients with pediatric cataracts (treated between September
2012 and October 2013) were used to establish the LOCS-
UP based on our previous study (13). In the second phase,
for validation purposes, pediatric cataract cases enrolled
between September 2013 and November 2014 were assessed
using the LOCS-UP. In the third phase, the images used to
assess the diagnostic consistency between 2 physicians were
obtained from pediatric cataract patients (treated between
September 2012 and August 2016) in the UBM database.

"To be eligible to participate in the study, patients had to
meet the following Inclusion criteria were: (I) have pediatric
cataracts (as detected by slit-lamp microscopy); (II) have
undergone cataract surgery; (III) have undergone a UBM
test before surgery (13). Cases with unclear UBM images
were excluded from the study.

All patients were examined and underwent surgery at
the Department of Ophthalmology in Guangzhou Women
and Children’s Medical Center. The study was approved
by the Institutional Review Board-Ethics Committee of
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92 eyes of 58 patients

Summarize the UBM imaging
characteristics of pediatric cataract

Build up the LOCS-UP

Phase 1 (September 2012 to October 2013)
101 eyes of 61 patients

Phase2 (September 2013 and November 2014)

Phase 3 146 images from UBM database

(September 2012 to August 2016)

Analyze the Reliability of LOCS-UP

Figure 1 Study patients in the various phases. UBM, ultrasound biomicroscopy; LOCS-UP, Pediatric Lens Opacities Classification System

based on UBM.

Guangzhou Women and Children’s Medical Center. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). All participants gave informed
consent prior takingpart time.

UBM examination and surgery

Before the examination, all patients were placed in the supine
position sober or under sedation with oral chloral hydrate.
The same physician performed the UBM examination.
The doctor, sitting on the Patient’s right side, inspected
the Patient’s bilateral eyeballs with an ultrasonic probe,
while a nurse held the Patient’s head with their hands. The
UBM unit (Quantel Medical, M'T, 50 MHz probes) was
assembled; however, the small water bag was replaced by a
standard plastic shell. Lens opacity features were observed
and recorded perioperatively, and UBM imaging data were
compared to lens opacity characteristics in intraoperative
videos. All surgeries under general anesthesia were performed
by the same chief physician (Dr. Xiang), who has 28 years of
experience in the field of ophthalmology.

The standard of naming and grading under the LOCS-UP

Previously, we observed that regional opacity in pediatric
cataracts is characteristic in UBM images. Accumulated
evidence indicates that most cataracts can be divided into
4 groups based on the following locations: the anterior
capsule (A); the cortex (C); the nucleus (N); and the
posterior capsule (P). Lens opacity in various positions
also presents different performances of the echo shape,
strength, and trait. Our results suggested that UBM data
could describe lens opacity in detail and be used in an
imaging-based diagnosis. We summarized opaque lens
features by assessing the UBM images of patients treated at
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the hospital between September 2012 and October 2013.
Next, the UBM data were compared to the data used in the
intraoperative diagnosis. When the UBM diagnosis was
inconsistent with the intraoperative diagnosis, the UBM
description was modified until the consistency was achieved.
All lens abnormalities were distinguished based on unique
features of echoes in the UBM images.

We classified anterior capsule abnormalities by assessing
whether (I) the echo on the lens surface was smooth or
rough, (II) the echo was thickened, and (III) the echo was
enhanced. We defined cortex abnormalities by evaluating
echo strength, lens morphology, and thickness. The nucleus
abnormalities were classified based on echolocation and
intensity. The nucleus characteristics of the hyperechoic
crust were also considered. Posterior capsule opacity
was defined based on the echoes reflected by the lens
surface. The classification of cataracts was determined by 2
professional doctors (attending physicians). The 2 doctors
were blind to each other. When their cataract classifications
differed, a final determination was reached by consensus.

The key points were as follows: the echo was smooth
or rough, homogenous or thickened, or continuous or
discontinuous. During the study, special opacities were found.
Fibrotic or calcific changes were observed which shows a
strong echo in UBM images. This kind of lens opacity could
be found in any lens layer and could be hard to be removed
during operation. Also, it is important to find the opacities
that locate in the visual axis. We used the letter “V” to name
the opacity located in the visual axis and the letter “F” to
name the opacity with strong echogenic mass in any layer as a
“plus” diagnosis. In addition, some cataracts were not included
in the A/C/N/P criteria because of the special morphology
and clinical meanings. Membranous cataract presents as
linear strong echo in UBM image. We used “M” to name
membranous cataract as a “plus” diagnosis. A diagnosis of
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Location Classification Lens characteristics UBM characteristics
Anterior capsule Ay Transparent Smooth and curved zonal hyperechoic signals
A, Homogenous opaque Rough and homogenous zonal hyperechoic signals
A, Thickened opaque Rough and thickened zonal hyperechoic signals, curved or convex
Cortex Co Jelly-like Anechoic dark area
C, Water- or paste-like Inflating anechoic dark area with curved anterior capsule steepened;
increased distance from the equatorial plane of lens to the anterior pole;
with or without a point-like high echo
C, Partly absorbed Anterior surface curved zonal hyperechoic flattening; decreased distance
of lens from the anterior pole to posterior pole; a narrow and mixed
echogenicity area
Nucleus No Transparent Anechoic dark area
\R Crusted With hyperechoic crust
N, Opaque inside Different echogenicity, usually hyperechogenic or isoechogenic
Posterior capsule P, Transparent Smooth-curved zonal hyperechoic signals
P, Homogenously opaque Rough and homogenous zonal hyperechoic signals
P, Thickened opaque Rough and thickened zonal hyperechoic signals, curved or convex
Ps Defective Discontinuous and medium-density scattered echo
Plus \Y Opaque in the visual axis Echoic areas in the middle of the lens and behind the pupil area
F Fibrotic or calcific Strong echogenic foci or mass with or without shadowing
M Membranous Linear hyperechoic signals
PFV Persistent fetal vasculature  Posterior high echo extending backwards; Combine B-ultrasound scanner

UBM, ultrasound biomicroscopy; LOCS-UP, Lens Opacities Classification System based on UBM for pediatric cataracts.

persistent fetal vasculature (PFV) often required the use of
a B-ultrasound scanner. We used “PFV” to name persistent
fetal vasculatre as a “plus” diagnosis.

The establishment of the LOCS-UP

Based on the above, 6 categories with different subtypes
of lens opacity classification were defined. Any pediatric
cataract patient can be classified using this method. The
classification criteria are summarized in 7able 1. Finally,
we obtained a new classification method to link the UBM-
based imaging diagnosis to the gold standard. We named
this method the “LOCS-UP”.

The reliability of the UBM-based diagnosis name

Two observers (ophthalmologists) were asked to classify the
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UBM images according to the LOCS-UP independently.
Before the actual test, the observers met to better classify
some UBM images together to understand the LOCS-UP
better. In case of inconsistency between the 2 clinicians, a
final diagnosis was reached by consensus.

To verify the method applicability, specificity was
determined as TN/(TN + FP), sensitivity as TP/(TP + FN),
and accuracy as (TP + TN)/number of all eyes, were FP,
FN, TP, and TN referred to a false positive, false negative,
true positive, and true negative cases, respectively.

We extracted the clinical data of patients diagnosed with
pediatric cataracts at the hospital between September 2012
and August 2016. All UBM images were imported into the
database and randomly selected and classified by researchers
according to the LOCS-UP standard. In this study, a total
of 146 images were selected to assess the reliability of the

UBM-based diagnoses.
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Figure 2 Characteristic features and classification of pediatric cataracts in UBM images. (A) The image was classified as A, Cy N, Py. A
UBM image of smooth-curved zonal hyper-echoes in an anterior capsule (white arrow, A;) and posterior capsule (yellow arrow, Py). The
anechoic dark area in the lens indicated no cortex and an opaque nucleus (C, and Nj). (B) This image was classified as A, C,; N, P, + V.
The anterior capsule is shown by the white arrow. A medium or low echo mass can be observed in the inflating anechoic dark area with an
obviously curved surface (red arrow, C,). The center of the lens had a hyper-echo crust (blue arrow, N,). The posterior capsule was visualized
as a rough and homogenous echogenic zone (yellow arrow, P,). All opaque signals appeared in the visual axis (between the 2 white lines, V). (C)
The image was classified as A, C, N, P, + V. The UBM image of an anterior capsule (white arrow, A,) and a posterior capsule (yellow arrow,
P,) showed rough and thickened echogenic zones. A medium echo mass was observed in a narrow area with a flattened surface (red arrow,
C,). The blue marked area in the image represents the opacity inside the nucleus (N,) in the lens center. All opaque signals appeared in the
visual axis. (D) The image was classified as A; C; N, P, + V + E. The blue marked area in the lens center had a hyper-echo crust (N,) and
strong echogenic foci (F). (E) The lens presented as a thick linear hyper-echo (A; C,N, P, + V + M).

Statistical analysis made as consistent as the intraoperative diagnoses.
The final classification criteria of the LOCS-UP are
summarized in Table 1. In the LOCS-UP, letters with

numbers represent different types of pediatric cataracts.

Central anterior chamber depth (CACD) and lens thickness
(LT) were compared by a 1-way analysis of variance
(ANOVA) with Bonferroni's post-hoc test using SPSS 25.0

The UBM di i btained b bining th
software. The kappa coefficients were determined to assess ¢ 1agnosis was obtamned by combining these

. letters in order (see Figure 2).
the consistency between the 2 observers. Data are expressed ( g )

as mean = standard deviation (SD). A P<0.05 was considered

statistically significant. Patient characteristics

Sixty-one patients (101 eyes) with pediatric cataracts

Results
LOCS-UP criteria

Fifty-eight patients (92 eyes) with pediatric cataracts
participated in phase 1. By repeatedly comparing UBM
and intraoperative images, the imaging diagnoses were
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participated in phase 2. Patients’ age groups and gender
distribution are set out in Table S1. Of the patients, 52.46%
were aged between 2 and 6 months, 8.20% were 6 to
12 months old, 13.11% were 12 to 24 months old, 18.03%
were 24 to 36 months old, and 8.20% were over 36 months
old. The overall male-to-female ratio was 1.5:1 (37:24).

Quant Imaging Med Surg 2021;11(11):4594-4603 | https://dx.doi.org/10.21037/qims-20-1028


https://cdn.amegroups.cn/static/public/QIMS-20-1028-supplementary.pdf

Quantitative Imaging in Medicine and Surgery, Vol 11, No 11 November 2021 4599

mm Membranous
wm  Polar
mm Embryonic nuclear
NN\ Nuclear
Lamellar
#8  Complete
B Sutural

Total =101

Figure 3 Cataract classifications based on slit-lamp examinations.

We also used slit lamps to classify the examined cataracts,
and common types are shown in Figure 3. Of the 101 eyes,
9.90% (10/101), 5.94% (6/101), 0.99% (1/101), 3.96%
(4/101), 41.58% (42/101), 13.86% (14/101), and 23.76%
(24/101) showed membranous, polar, sutural, embryonic
nuclear, nuclear, lamellar, and complete cataracts, respectively.

Comparison of UBM and intraoperative diagnoses

Diagnostic differences in anterior capsule cataracts
The consistency between the UBM and intraoperative
diagnoses was considered. In the diagnosis of anterior capsule
abnormalities, homogenous opaque and thickened opaque
lenses were considered abnormal. Most UBM diagnoses
(94 eyes, 97.91%) were consistent with the intraoperative
diagnoses. 1 case of homogenous opacity was misdiagnosed. 1
case of thickened opacity was defined as homogenous opacity
(see "Table S2). In this study, 22.77% (23/101) of the assessed
eyes had anterior capsule abnormalities.

Diagnostic differences in cortex cataracts

We compared CACD among jelly-like, water- or paste-
like, and partly absorbed groups (see Table S3). CACD was
the most shallow and deepest in the water- or paste-like and
partly absorbed groups, respectively. LT was the biggest
and smallest in the water- or paste-like and partly absorbed
groups, respectively. We considered lenses with a water- or
paste-like opacity or a partly absorbed cortex to be abnormal
for cortex abnormalities. Most eyes (93 eyes, 96.88%) had the
same UBM and intraoperative diagnoses. However, 3 cases
of water- or paste-like opacity were misdiagnosed (see Table
S4). The cortex was abnormal in 37.5% of the eyes.

Diagnostic differences in nuclear cataracts

A nucleus of the lens that was crusted or opaque was
considered abnormal. Most eyes (93 eyes, 96.88%) had a

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

correct UBM diagnosis. However, 3 eyes (3.13%) were
misdiagnosed (see Table S5). 1 opaque nucleus case was
a missed diagnosis, and 2 crusted nucleus cases were
misdiagnosed as opaque nucleus cases. 44.79% (43/96) of
eyes had nucleus abnormalities.

Diagnostic differences in posterior capsule cataracts
Concerning the UBM-based diagnoses of posterior capsule
abnormalities (homogenously opaque, thickened opaque, or
defective), 86 eyes were correctly diagnosed. The diagnoses
of 2 homogenously opaque cases and 1 thickened opaque
posterior capsule case was missed (see Table S6). 19.80%
(20/101) of eyes showed posterior capsule abnormalities in
this study.

The diagnostic value of the LOCS-UP in pediatric
cataracts

As Table 2 shows, based on the intraoperative diagnoses, the
sensitivity of the LOCS-UP reached 100% for anterior capsule
abnormalities, 91.67% for cortex defects, 97.67% for nucleus
abnormalities, and 50% for posterior capsule abnormalities.
The specificity of the LOCS-UP for lens abnormalities
was 98.96% for the anterior capsule, 96.88% for the cortex,
98.96% for the nucleus, and 89.59% for the posterior capsule.
The UBM-based diagnoses had accuracies of 98.96%, 96.88%,
98.96%, and 89.59% for the anterior capsule, cortex, nucleus,
and posterior capsule abnormities, respectively.

The reliability of the LOCS-UP

By extracting UBM images from the database for analysis
(in phase 3), 100% (146/146) of the images were classified
using the LOCS-UP. The kappa coefficient (0.70) for
anterior capsule classification fell in the substantial range,
followed by those for the nucleus and cortex (0.56 and 0.58,
respectively), which were moderate. The kappa value for
the posterior capsule classification was 0.48 (see Figure 4).

Discussion

The LOCS 111 is a useful tool for grading age-related
cataracts

Slit-lamp microscopy is one of the most common
examination methods used to detect lens opacity in cataracts
(10,15,16). The LOCS (a classification system of age-related
cataracts based on the slit-lamp method) was created by Leo
T. Chylack to provide a reliable and reproducible grading
scheme that was simpler for clinicians to use accounting
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Table 2 Performance of UBM-based diagnosis in pediatric cataracts
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UBM diagnosis

Index Anterior capsule Posterior capsule
Cortex Nucleus

Sensitivity (%) 100 91.67 97.67 50

Specificity (%) 98.65 95.24 98.15 88.37

Accuracy (%) 98.96 96.88 98.96 89.59

Positive predictive value (%) 95.65 91.67 97.67 50

Negative predictive value (%) 100 100 100 100

UBM, ultrasound biomicroscopy.

m A
m C
0.6
T oo
3
2 0.4 P
X
0.2
0.0- T T
A c N P

LOCS-UP category

Figure 4 Interobserver k values between Observers A and B for
different lens parts. Data are mean = SD; A, anterior capsule; C,

cortex; N, nucleus; P, posterior capsule.

for important cataract characteristics (17). The LOCS
has become more objective and standardized and provides
ophthalmologists with a way to communicate clinical
findings and compare new developments in diagnostic
technologies for cataracts. For age-related cataracts, this
method allows ophthalmologists to follow a cataract over a
period to assess its progression and to share data with other
physicians in a clear and standardized way. The LOCS III
may also aid in communications between physicians and
patients, as it can provide patients with understandable
information about the diagnosis, progression, and
importance of treatment concerning their cataracts, which
also allows for improved patient care. Further, the LOCS
IIT can also be used in epidemiological studies (16,18).

A grading system of lens opacities for pediatric cataracts is
necessary

Age-related cataracts are caused by the aging of fully
developed lenses (19), and opacity mainly occurs in the cortex
and nucleus and sometimes in the posterior capsule. Genetic

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

factors or developmental abnormalities cause pediatric
cataracts, and opacity is located from the anterior capsule
to the posterior capsule (20). There are not many cases of
anterior capsule opacity; however, this type of cataracts
should be covered by any pediatric cataract classification
system. Lens abnormalities in pediatric cataracts are not
only limited to opacity. The LOCS III is not an appropriate
tool for pediatric cataracts; thus, we sought to establish a
classification standard for pediatric cataracts.

The current classification of pediatric cataracts is based
on the position and the appearance of the lens opacity as
observed by a slit lamp. This classification of pediatric
cataracts can help surgeons estimate whether cataracts' type
meets operation indications (10). Notably, due to the low
incidence of pediatric cataracts (3), even specialized cataract
doctors perform very few surgeries yearly. According to
a survey of 125 American Pediatric Ophthalmology and
Strabismus Association (AAPOS) doctors managing pediatric
cataracts, 21% and 27.4% perform <5 and >20 cataract
surgeries yearly, respectively (21). Thus, the LOCS-UP would
benefit clinicians, especially young physicians, and provide
them with a better understanding of pediatric cataracts.

The establishment of the LOCS-UP

We developed the LOCS-UP, which was used to assess 61
pediatric patients with cataracts. Based on the intraoperative
findings, the diagnostic effectiveness of the LOCS-
UP was satisfactory. We found that UBM allowed good
visualization of pediatric cataracts. Pediatric cataracts can
be graded based on local opacity characteristics (echo
position, intensity, and shape) in UBM images. The method
for pediatric cataracts based on A/C/N/P corresponds
to an intraoperative diagnosis. To improve the accuracy
of the UBM diagnostic criteria, the UBM description of
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lens opacity was repeatedly ameliorated by comparing
examination and perioperative images.

This new classification system does not depend entirely
on subjective decisions. CACD and LT were employed
for the diagnosis of cortical opacity. A UBM examination
showing a shallow anterior chamber and a thick lens likely
indicate water- or paste-like cortex opacity in a child
patient. Thus, UBM diagnoses that were highly consistent
with confirmed diagnostic findings were achieved, and the
LOCS-UP was developed based on UBM.

The local opacity of the lens was divided into the
following 4 series: A (anterior capsule), C (cortex), N
(nucleus), and P (posterior capsule). A;-A,, Cy-C,, N-
N,, and Py-P; were used to name the different grands of
the opacity of the anterior capsule, cortex, nucleus, and
posterior capsule. However, membranous cataracts and
PFV were listed separately due to their particularities.

We speculated that the LOCS-UP could also play a
role in evaluating intraoperative risks, as different lens
abnormalities have different effects on the surgery. Thus,
the imaging diagnosis provided by the LOCS-UP is
clinically applicable.

Comparing the LOCS III and the LOCS-UP

LOCS III divides the local opacity of age-related cataracts
into the following 3 parts: the nucleus (N), the cortex (C),
and the posterior capsule (P), but does not consider the
opacity of the anterior capsule. Anterior capsule opacity
is rare in age-related cataracts but is a common anomaly
in pediatric cataracts. According to the LOCS III, the
grading of cortical opacity (C,—C;) is determined by the
range of opacity. However, the grade of pediatric cataract
cortex opacity is complex, and the opacity range alone
cannot represent its characteristics. Cortical opacity was
named C,, C,, and C, in the LOCS-UP to represent a jelly-
like, paste-like, and partially absorbed cortex. The optical
detection method cannot distinguish the posterior structure
of the lens as the UBM does when the anterior capsule is
completely cloudy. Some authors also tried to preoperative
evaluation of the posterior lens capsule using B-scan and
As-OCT imaging in traumatic cataract (22). In addition,
the LOCS III grades the color or opalescence of the lens
nucleus, which has great significance in preoperative
evaluations. However, the opacity of the nucleus of the
lens in pediatric cataracts is mostly white, and other
abnormalities, such as calcification and fibrosis, also hamper
the removal of the lens, as does a hard nuclear (23,24).
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Thus, color grading alone cannot reflect the characteristics
of nuclear opacity of pediatric cataracts, nor can it guide
preoperative evaluations. Further, unlike in the LOCS 11,
“P” in the local opacity lens series stands for the posterior
capsule itself, whole in the LOCS-UP, “P” stands for the
posterior subcapsular. Posterior capsule defects are also not
included in the LOCS III classification criteria.

The reliability and application value of the LOCS-UP

All pediatric cataracts assessed in this research received
standardized names with details under the LOCS-UP. In
most cases in phase 2, the lens opacities of pediatric cataracts
were accurately detected by the UBM. The LOCS-UP had
the highest sensitivity and specificity in diagnosing anterior
capsule defects and the lowest sensitivity in diagnosing
posterior capsule abnormalities. Posterior capsule defects
might have been challenging to diagnose because the
50-MHz frequency selected for this study was insufficient to
penetrate the lens perfectly. In future experiments, a lower
frequency ultrasound (that is more penetrating) should
be considered for the examinations (25). For example,
25-MHz UBM has been applied to measure the degree of
lens opacity in age-related cataracts, but no classification was
performed (26). The diagnosis of cortex and nucleus
abnormalities is much more complex than that of capsule
defects (27). Thus, the comprehensive consideration of
lens features (opacity location, echo strength, and lens
morphology) and numerical value (CACD and LT) could
help improve the diagnosis rate. In brief, the LOCS-UP
is a comprehensive and accurate pediatric cataract grading
method.

The reproducibility of the LOCS-UP

In this study, the kappa coefficient for anterior capsule
classification fell within the substantial range, indicating
that the LOCS-UP could be easily reproducible in
the anterior capsule. The anterior capsule is the most
superficial structure of the lens in which ultrasonic wave
do not easily be interfered. A clear image improves the
accuracy of the diagnosis. The consistency of posterior
capsule classifications between the 2 observers was relatively
low. The blurred images might have led to divergent
classification results.

Additionally, the kappa coefficients for the nucleus and
cortex classifications were moderate. Nucleus and cortex
opacities may confuse observers, as they are complex and
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diverse. Thus, image quality and classification complexity
may affect the reproducibility of the LOCS-UP. The
consistency of results may be improved if the observers
were to discuss the classification methods to increase their

proficiency in the LOCS-UP.

The application prospects and limitations of the LOCS-UP

In summary, LOCS-UP could supply available message
for clinicians to cataract characteristics as well as be
easy operated. It provides good evaluations of physical
characteristics and the location of any opacity. Such
information is useful in predicting the surgical difficulty of
the lens. Additionally, from an epidemiological perspective,
by characterizing pediatric cataract type and severity, the
LOCS-UP could increase understanding of populations'
health and treatment needs.

Our research had several limitations. It was performed at
a single center with a relatively small number of cases. Thus,
the future application of the LOCS-UP at a multicenter
would increase the value of the pediatric cataract grading
standard and extend its application range.

Conclusions

We developed the LOCS-UP to grade lens opacities
accurately based on UBM for pediatric cataracts. Its
diagnostic value (sensitivity, specificity, and accuracy)
concerning preoperative pediatric cataracts was verified.
The newly developed system provides detailed and accurate
information based on local opacity. Under this system, each
pediatric cataract patient can be assigned an individualized
and digital classification. Notably, the cataract classification
variability between the 2 doctors was low. This standardized
diagnostic tool could reduce the difficulties of clinical
training for ophthalmologists , and could also improve
treatment results. Based on our preliminary assessments
of these clinical studies, the LOCS-UP represents a very
promising method for classifying pediatric cataracts.
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Supplementary

Table S1 Age groups and gender distribution of pediatric cataract cases

Age Male Female Number of cases %
2-6 M 20 12 32 52.46%
6-12 M 4 1 5 8.20%
12-24 M 5 3 8 13.11%
24-36 M 5 6 11 18.03%
>36 M 3 2 5 8.20%
Number of cases 37 24 61 100%

Table S2 Name of anterior capsule according to the LOCS-UP and intraoperative diagnoses

Name of anterior capsule according to the LOCS-UP

Intraoperative diagnosis Total
Transparent Homogenous opaque Thickened opaque

Transparent 73 0 0 73

Homogenous opaque 1 18 0 19

Thickened opaque 0 1 3 4

Total 74 19 3 96

UBM, ultrasound biomicroscopy; LOCS-UP, Pediatric Lens Opacities Classification System based on UBM.

Table S3 Central anterior chamber depth and lens thickness in different types of cortex cataracts

Jelly-like (D) (n=60) Water- or paste-like 2) (n=30) Partly absorbed (3) (n=6) F value
CACD (mm) 2.11+0.24 1.90+0.49 2.87+0.31 20.74 @<®<B
LT (mm) 3.10+0.73 4.01+£1.13 1.28+0.98 9.446 B®<®<@

CACD, central anterior chamber depth; LT, lens thickness.

Table S4 Name of cortex according to the LOCS-UP and intraoperative diagnoses

Name of cortex according to the LOCS-UP

Intraoperative diagnosis

Co C, C, Total
Jelly-like 60 0 0 60
Water- or paste-like 3 27 0 30
Partly absorbed 0 0 6 6
Total 63 27 6 96

UBM, ultrasound biomicroscopy; LOCS-UP, Pediatric Lens Opacities Classification System based on UBM.
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Table S5 Name of nucleus according to the LOCS-UP and intraoperative diagnoses

Name of nucleus according to the LOCS-UP

Intraoperative diagnosis

N, N, N, Total
Transparent 53 0 0 53
Crusted 0 6 2 8
Opaque inside 1 0 34 35
Total 54 6 36 96

UBM, ultrasound biomicroscopy; LOCS-UP, Pediatric Lens Opacities Classification System based on UBM.

Table S6 Name of posterior capsule according to the LOCS-UP and intraoperative diagnoses

Name of posterior capsule according to the LOCS-UP

Intraoperative diagnosis

Po P, P, P, Total
Transparent 76 0 0 0 76
Homogenously opaque 9 5 0 0 14
Thickened opaque 1 0 1 0 2
Defective 0 0 0 4 4
Total 86 5 1 4 96

UBM, ultrasound biomicroscopy; LOCS-UP, Pediatric Lens Opacities Classification System based on UBM.
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