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Abstract

Aim: To study the performance of the implanted both one-piece and three-piece IOLs in relation to the enlarged diameters
of the capsular bags of the highly myopic eyes.

Subjects and Methods: Patient were randomly divided into two groups; group (A), included 25 eyes that underwent
phacoemulsification with implantation of one-piece IOLs, Group (B) included 25 eyes that underwent phacoemulsification
with implantation of three-piece IOLs. All patients include in this study were high myopes with axial length greater than
26.5 mm. All eyes were planned for clear lens extraction or cataract extraction.

Results: In group (A), a statistically significant negative correlation was found between the diameters of the capsular bags
and the diameters of the implanted on — piece IOLs. The correlation coefficient (r) is — 0.56. In group (B), a statistically
significant positive correlation was found between the diameters of the capsular bags and the diameters of the implanted
three-piece IOLs. The correlation coefficient (r) is 0.88.

Conclusion: The study of this correlation is to help in answering an important question, that is, does one diameter IOL fit
every capsular bag? The statistical analyses in both groups point to statistically significant correlation between the diameters
of the capsular bags and the diameters of the implanted IOLs i.e. focuses to the divergence between the size of the IOLs
and that of the capsular bag.

the IOL and these structures. It produces short wavelengths, that
provide higher solution and accurate measurement but at the ex-

Introduction

Ultrasound is basic device in therapeutic imaging and has a critical pense of penetration [3].

part in ophthalmologic diagnoses. Conventional B-scan examina-

tions produce two-dimensional cross-sectional views of the eye
and orbit. This strategy for imaging is the most vital examination
system for intraocular lesions, particularly in the presence of an-
terior segment opacities; be that as it may, there are confinements
to ordinary ultrasound [1].

UBM gives images in living eyes without influencing the internal
relationship of the imaged structures. It provides information that
was unobtainable by other non-invasive approaches. It now allows
structural details of the angle, visualization of the area posterior
to iris and ciliaty body; and to evaluate unequivocally anatomic
relations among the anterior segment structures [2].

UBM provides a unique technique to test the e-act IOL location
and its relationship to adjacent ocular structures. Moreover, UBM
provides reproducible measurements of the distances between
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Most IOL organizations make a given IOL model with one di-
ameter for implantation in the capsular bag, considering a certain
uniformity of the capsular bags receiving these IOLs. The mea-
surement of the crystalline focal point is not the same in every-
one's eyes; however, in any case, a solitary IOL distance across
may not in a perfect world fit every capsular bags. Notwithstand-
ing individual variety, axial length and age are additionally out-
standing components in deciding crystalline lens diameter. This
variability in the extent of the capsular bag can be a reason for
postoperative IOL complication including decentration, tilt and
refractive insecurity [4|. Postoperative refraction deviations may
develop through the postoperative axial movement of the optic;
tilt and /or decentration of the IOL [5, 6.

In myopic eye with a larger capsular bag, the use of the same
IOL size could lead to an insufficient capsular tension, resulting in
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asymmetrical IOL fixation, capsular fold and an increased likeli-
hood of PCO [7]. This circumstance prompts to various inquiries,
what is the anatomical position of the IOL and capsular bag in
in various sized eyes embedded with IOLs of a similar diameter?
Could increasing IOL diameters, as a function of the increasing
axial length of the eye, improve the anatomical and functional
results of bag implantation? Could experimentation enhance the
flexibility of such an IOL system? [4].

Subjects and Methods

Patients were arbitrarily divided into two groups; group (A) and
group (B). Group (A) included 25 eyes that underwent phacoemul-
sification with implantation of one-piece IOLs (Corneal IOLs,
Optic diameter = 6.00 mm, overall diameter = 12.00 mm). The
mean age was 47.07 years (SD +22.03). Group (B) included 25
eyes that underwent phacoemulsification with implantation of
three-piece IOLs (Acrysof 10Ls, optic diameter = 6.00mm, over-
all diameter = 13.00mm). The mean age was 50.47 years (SD +
15.72).

All patients include in this study were high myopes, with axial
length greater than 26.5 mm . The spherical equivalent in all pa-
tients was more than — 6 D. they were patients who planned for
clear lens extraction or cataract extraction with no other ocular
pathology. The patients were recruited from the outpatient clinic
of the ophthalmology department of Benha University Hospitals
through the period since December 2008 till January 2015. The
Institutional Review Board of the College of Medicine University
of Banha, approved the study protocol, and Informed assent was
obtained by all patients settled upon consideration.

Exclusion Criteria

Any ocular pathology (other than cataract), included, corneal
opacities, History of previous ocular surgery, Lens subluxation
and pseudoexfoliation syndrome, any surgical complications, such
as, ruptured posterior capsule, cases that had sutured wounds
and cases that didn't show in the bag implantation of their IOLs
during the postoperative follow-up.

Preoperative Examination for All Patients Included

Full medical history, refraction whenever possible, best correct-
ed visual acuity, IOP measurement by applanation tonometry, slit
lamp examination for conjunctiva, cornea, anterior chamber, iris
and lens. Fundus examination by indirect opthalmoscope, where-
as, ultrasonography was restored to access fundus in opaque me-
dia, Ultrasonic measurement of the axial length of the eye, A-scan
biometry for IOL power calculation in which the SRK-T formula
was used to calculate the IOL power as the targeted postoperative
refraction was-1D, Ultrasound biomicroscopy were done for the
patients. Preoperative ultrasound biomicroscopic measurement
using UBM model (DICON, UBM plus, Model 45, Paradigm®
Medical Industries Inc.) Included, central anterior chamber depth
(ACD): distance between the center of the postetior corneal sut-
face (corneal endothelium) and the anterior lens capsule, angle
opening distance 500um from the scleral spur (AOD 500um):
which is the degree of anterior chamber angle opening. It was
measured in the four quadrants of the angle (nasal temporal, su-
petior and inferior quadrants) and Trabecular - iris angle (TTA),
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which was also measured in the temporal, quadrants).
Postoperative Ultrasound Biomicroscopy

Postoperative ultrasound biomicroscopy was done. The following
parameters were measured to be compared with the correspond-
ing preoperative values.

Anterior chamber depth (ACD), Angle opening distance 500um
from scleral spur (AOD 500um), Trabecular-iris angle (TTA), Di-
ameters of the capsular bag, was, measured from the equatorial
edge of the capsular bag, Diameters of the implanted intraocular
lens diameter, was measured from the end of one haptic to the
end of the other haptic and White to white distance, was mea-
sured from the outer aspect of the corneo-junction on one side
to the opposite side.

The obtained measurement were then statistically analyzed and
correlated together in each group of patients in order to be used
in the study of the relationship between the diameters of the cap-
sular bags of the highly myopic eyes and the diameters of the
implanted IOLs (including one-piece and three-piece IOLs).

Comparison of quantitative variables between the 2 groups was
done using Student ¢ test. Comparison between pre and postop-
erative data was done using paired # test for comparing categor-
ical data. Chi square (X2) test was performed. The association
between two variables was done using correlation coefficient. A
probability value (P value) less than 0.05 was considered statisti-
cally significant. P value less than 0.001 was considered statisti-
cally highly significant. P value more than 0.05 was considered
statistically non-significant. All statistically calculations were done
using SPSS version 16 (Statistical Package for the Social Science;
SPSS inc., IL, USA) program.

Results

In 30 patients, 11 women (36.6%) and 19 men (63.3%) with a
mean age of 49.07 years, 50 eyes were examined who are high
myopes. The patients were divided into two groups; group (A),
included the patients who underwent implantation of one-piece
IOLs where group (B) included the patients who underwent im-
plantation of three-piece IOLs. Detailed statistical analysis of
each of the measured parameters was done with comparing the
preoperative values to the postoperative values. The mean in-
crease in ACD was 1.1 mm, approximately 32% deeper than be-
fore surgery, represented in Table (1), Figure (1a, b). AOD 500um
significantly increased postoperatively in four cardinal quadrants
of the globe, with highly significant correlation, Table (2).

Postoperatively, the diameters of the capsular bags and those
of the implanted IOLs were measured in either group then the
measured values were statistically analyzed & correlated together,
Table (3, 4, 5), Figuer (2). The measured values of the capsular
bag diameter in groups (A) & (B) were not statistically different,
whereas, comparing CBD in relation to the implanted IOL di-
ameter, In group (A), a statistically significant negative correla-
tion was found between the diameters of the capsular bags and
the diameters of the implanted on — piece IOLs. The correlation
coefficient (r) is — 0.56, Table (5) Figure (3a, 4). In group (B),
a statistically significant positive correlation was found between
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Table 1. Values of ACD (in mm) in the study population throughout follow up with comparing between the preoperative
and postoperative values.

ACD Mean | +S.D Test of significance
Pre-operative 3.36 0.43 Pre & 1m post 11.9 | <0.001
3m post-operative 4.45 0.44 1m post & 3m post | 0.6 <0.05

ACD: Anterior Chamber Depth.

Figure 1. ACD preoperative (Figure 1a) and postoperative (Figure 1b), (red line).

Table 2. Values of temporal AOD (in mm) in the study population throughout follow up with comparing between the pre-
operative and postoperative values.

AOD Mean | +S.D Test of significance
Pre-operative 0.38 0.08 Pre & 1m post 9.4 1 <0.001
3 m post-operative 0.58 0.12 Pre & 3m post 9.8 |1 <0.001

AOD: anterior opening distance.

Table 3. Range; mean (+SD) of capsular bag diameter in mm among the study groups.

CBD | Group | Mean | Standard deviation +
Group A 11.978 0.65
Group B 11.102 0.72
t 1.9
P > 0.05

CBD: Capsular bag diameter.

Table 4. Range; mean (+ SD) of IOL diameter in mm among the study groups IOL diameter.

IOL diameter | Group | Mean | + Standard deviation
Group A 10.01 0.31
Group B 10.4 0.42
t 4.2
P <0.05

IOL.: intra ocular lens.

Table 5. Correlation between capsular bag and IOL diameters in the study groups (A & B) Correlation.

Correlation | Studied group | R (correlation coefficient) P
Group A 0.56 < 0.05
Group B 0.88 < 0.001
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Figure 2. The UBM view measuring caliper on the image to measure the capsular bag diameter (ted line) and IOL diam-
eter (green line).

Figure 3. (a). UBM view of the implanted one-piece IOL, IOL diameter is 10.41lmm (green) & CBD is 11.66 mm (red).
(b). UBM view of the implanted three piece-IOL, IOL diameter is 10.15mm (green) & CBD is 11.68 mm (red).

Figure 4. Correlation between capsular bag diameter and IOL diameter in group (A).
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Figure 5. Correlation between capsular bag diameter and IOL diameter in group (B).
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Table 6. Correlation between capsular bag diameters and white to white distance in the study groups (A & B).

Correlation | Studied group | R (correlation coefficient) P
Group A -0.65 <0.01
Group B 0.71 <0.01

the diameters of the capsular bags and the diameters of the im-
planted three-piece IOLs. The correlation coefficient (r) is 0.80,
Table (5), Figure (3b, 5). In both groups; a statistically significant
positive correlation was found between the capsular bag diameter
and the white to white distance, Table (6).

Discussion

An important aim of this thesis is to identify and quantify the
changes in the anterior segment configuration of the highly
myopic eyes after phacoemulsification and foldable intraocular
lens (IOL) implantation, by means of ultrasound biomicrosco-
py (UBM). Thus, UBM was performed to measure the antetior
segment parameters both preoperatively and at the first and third
postoperative months. In the present study, the mean postoper-
ative ACD was 4.48 mm (SD + 0.42) at the first postoperative
month, and was 4.45 mm (SD + 0.44) at the third postoperative
months, comparing to the mean preoperative ACD of 3.36 mm
(SD + 0.49). So, the mean difference in ACD was 1.1 mm, ap-
proximately 32% deeper than before surgery, which is statistically
highly significant (P value < 0.001).

Similarly, AOD 500um significantly increased postoperatively in
four cardinal quadrants of the globe, with highly significant. As
for the TIA, the present study revealed the difference between
preoperative and postoperative was statistically highly significant.
The above mentioned result of the present study are supported
by similar results reported by other studies [8-10].

The present review was an endeavor in answering critical ques-
tion, that is, does one - diameter IOL is suitable for every capsular
bags? For this purpose, two different IOL types with different
overall diameters were used in this study and the selected patients
were high myopes with axial length greater than 26.5 mm. The
spherical equivalent in all patients was > -6 D. the diameters of
the implanted IOLs and those of the capsular bags were mea-
sured in all eyes then statistically analyzed and correlated together
in each group.

In group (A) in which one — piece IOLs (with overall diameter
of 12 mm) were implanted, the mean diameter of the implanted
one-piece IOLs was 10.01 mm. The correlation between the mea-
sured IOL and capsular bag diameters in this group was found to
be statistically significant (P < 0.05). Moreover, this correlation
was found to be negative (r = -0.56). This means that from the
statistical point of view, the larger the capsular bag diameter was,
the smaller the IOL diametet was.

In group (B) in which three-piece IOLs (with overall diameter
of 13 mm) were implanted; the mean diameter of the implant-
ed three-piece IOLs was 10.4 mm. The correlation in this group
between the measured IOL and capsular bag diameters was addi-
tionally statistically highly significant (P < 0.001). It is a positive
correlation in which the correlation coefficient r is 0.81. So from

the statistical point of view the larger the capsular bag diameter
was, the larger the IOL diameter was.

On looking at the estimations of the measured diameters of the
implanted on-piece and three-piece IOLs, a statistically significant
difference was found between the two IOLs types (P < 0.05). The
statistical analyses in both groups point to statistically significant
correlation between the diameters of the capsular bags and the
diameters of the implanted IOLs in both groups (A & B), demon-
strates absence of fitting of both sorts of IOLs in relation to
the enlarged capsular bags of the highly myopic eyes i.c. focuses
to the divergence between the size of the IOLs and that of the
capsular bag,

Additionally, on comparing the two IOL types together, the three
piece IOLs appear to show better anatomical fitting in the capsu-
lar bags than the one-piece IOLs. This is attributed to the nega-
tive correlation found in group (A) between the diameters of the
capsular bags and those of the one-piece IOLs in contrast to the
positive correlation found in group (B) between the diameters of
the capsular bags and those of the three-piece IOLs and is also
attributed to the statistically significant difference found between
groups (A) & (B) regarding the measured values of the IOL di-
ameters.

On the premise results found out by this thesis speak to an en-
deavor to answer an important question mentioned above, that is,
does one diameter IOL fit all capsular bags? Actually the answer
of this question is not known yet and even the studies attempting
to answer it are still very few.

In 2009 an experimental study was performed by Sourdille [4]
to analyze 25 eyes in which phacoemulsification was done and
the capsular bags were implanted with different IOLs of differ-
ent diameters (including one-piece and three-piece designs) then
the modifications that were incited in the shape and size of the
capsular bags were measured with the guide of high-frequency
ultrasound. Three of the implanted three-piece IOL models reli-
ably expanded and ovalized the capsular bags, frequently causing
central capsular folds and these IOLs likewise moved the bag into
a retrociliary position. On the other hand, the one-piece IOLs
implanted in this study caused no fold and no ovalization of the
capsular bags, presumed that an IOL fabricated with only a sol-
itary measurement did not anatomically fit every capsular bags.

He also concluded that the concept behind the lens which ex-
presses that high axial myopic eyes need larger IOL diameters and
shorter eyes get shorter IOL diameters enhances the anatomical
circumstance and may maintain best refractive results. These find-
ing were clinically attested in another late propective randomized
bilateral clinical study [5].

All the above mentioned results point to the importance of the
adaptability of the IOL diameter to the different bag sizes and the
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correlations of the IOL diameter with the diopttic power and the
axial length of the eye should result in better capsular bag fitting.
Moreover the difference in the capsular bag size of the highly
ammetropic eyes may result in unpredicatable IOL position with
inaccurate refractive outcome.

The measured values in this thesis were used to calculate a step-
wise multiple regression analysis which was computed with cap-
sular bag diameter as the dependent variable. This formula used
the white to white distance of the eye to calculate the CBD. Itis as
follows; Capsular bag diameter = 1.023 X white to white distance
-0.839. This formula represents an attempt to find an accurate
method for predicting the capsular bag diameter.

The statistical analyses petformed in this study point to lack of
fitting of both types of IOLs in relation to the enlarged capsular
bags. It also shows that 3-piece IOLs appear to be better anatomi-
cally fitting in the capsular bags than the 1-piece IOLs. Does one-
diameter IOL is suitable for every capsular bags? is an important
question which needs many future studies with large number of
high ammetropia and different design of IOL needed to be an-
swered correctly.
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