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Ultrasound biomicroscopy and stability of intraocular lens in
patients with myopia after phacoemulsification cataract surgery
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Abstract

Purpose: To evaluate the stability and the refractive error of the different intraocular lens (IOL) after cataract surgery.
Method: Retrospective, observational and single-center study. Patients diagnosed with cataract and myopia who underwent
a phacoemulsification surgery with intraocular lens placement without complications were included. All patients underwent a
complete ophthalmological examination, ultrasound biomicroscopy was performed at 2 weeks, 1 and 3 months after surgery.
Descriptive statistics were performed using measures of central tendency and comparative analyzes. A value of p < 0.05 was
considered significant. Results: Thirty-one subjects with a diagnosis of axial myopia and senile cataract were included, 20
women (64.5%) and 11 men (35.5%), with a mean age was 62.8 + 13.14 years. The IOL displacement were not different for
the upper, lower, temporal and nasal quadrants; however, we observed a tendency to inclination to the temporal sector
(p = 0.054) between the first and third postoperative month. Therefore, the were no significant differences in spherical
equivalent between groups postoperatively. Conclusions: The inclination of the IOL did not change over time after surgery,
the changes were similar with the different three types of IOL.
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Resumen

Objetivo: Evaluar la estabilidad y el desplazamiento de diferentes lentes intraoculares (LIO) a los 3 meses y los cambios re-
fractivos asociados después de la facoemulsificacion. Método: Estudio retrospectivo, observacional y unicéntrico. Se revisaron
expedientes de pacientes sometidos a cirugia de facoemulsificacion con colocacion de LIO. Se realizé un examen oftalmoldgi-
co completo, ultrabiomicroscopia a las 2 semanas, 1y 3 meses después de la cirugia. Se realizo estadistica descriptiva y
andlisis comparativos. Se tomd como diferencia significativa un valor de p < 0.05. Resultados: Se incluyeron 31 ojos con
diagndstico de miopia y catarata senil, 20 mujeres (64.5%) y 11 hombres (35.5%), con una edad media de 62.8 + 13.14 afios.
En cuanto al desplazamiento de la LIO, no se observaron diferencias significativas para los cuadrantes superior, inferior, tem-
poral y nasal. Se observa una tendencia hacia temporal (p = 0.054) entre el primer y el tercer mes posoperatorios. El equiva-
lente esférico tampoco mostro diferencias. Conclusiones: E/ desplazamiento de la LIO no cambid con el tiempo después de
la facoemulsificacion. Los cambios fueron similares con los tres diferentes tipos de LIO y al compararlos proporcionan estabi-
lidad refractiva en pacientes miopes.
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|ntroduction

Age-related cataract and myopia are among the
main causes of visual disability in both developed and
developing countries. With the currently increasing life
expectancy worldwide, the impact of age-related cata-
racts is expected to rise. Pan et al.' observed that
myopia was associated with a higher prevalence of
nuclear and posterior subcapsular cataracts.

Despite achievements in standardizing surgical
techniques, developing better intraocular lenses (IOL)
power calculation formulas, and more precise biom-
etry techniques, refractive surprises are still a signifi-
cant problem?. After uncomplicated cataract surgery,
any changes to the IOL optics can lead to unexpected
visual outcomes, such as residual astigmatism or
higher-order aberrations, being IOL tilt and decentra-
tion among the main contributing factors?®.

Ultrabiomicroscopy (UBM) provides accurate and
reliable in vivo imaging of the anterior segment and
IOL, making it a useful method to confirm that the IOL
is inside the capsular bag and measure the depth of
the pseudophakic anterior chamber*, defined as the
distance from the central corneal endothelium to the
IOL anterior surface, which serves as an indicator of
the IOL axial position. Errors predicting the IOL axial
position impact postoperative refractive errors signifi-
cantly. IOL tilt can cause both spherical and cylindrical
errors. Thus, the IOL forward movement from its ef-
fective position results in myopia, while backward
movement leads to hypermetropia®. Capsular bag fi-
brosis, zonular status, and the IOL characteristics
(material, haptic design, and diameter) have been re-
ported to play a significant role in the IOL axial posi-
tion and the final pseudophakic anterior chamber
depth®. Although refractive results are not the sole
measure of success, predictable refractive results and
prompt stabilization serve to improve the patients’
function and satisfaction®.

The objective of this study was to assess the stabil-
ity and displacement of different IOLs over time as
well as their refractive impact on myopic patients after
cataract surgery.

Method

This was a retrospective, observational, and single-
center study that reviewed a total of 38 health re-
cords, 31 of which met the inclusion criteria: patients
who underwent uncomplicated phacoemulsification

surgery with IOL placement, treated in the anterior
segment unit of our hospital from March through No-
vember 2019, after providing their written informed
consent. The study was approved by our center Re-
search Ethics Committee. The study design was con-
ducted in observance of the principles of the
Declaration of Helsinki (1975) and its revised version
from 2013. Data were anonymized regarding collec-
tion and analysis to preserve data privacy.

All patients underwent a comprehensive eye exami-
nation, including medical history, visual acuity, refrac-
tion, keratometry, slit-lamp biomicroscopy, applanation
tonometry, and indirect ophthalmoscopy. The surgical
technique involved phacoemulsification and aspiration
through a clear corneal incision, followed by IOL im-
plantation in the capsular bag. The IOL selection was
randomized, and 3 types of IOLs were assigned due
to their wide dioptric range: enVista MX60E (Bausch
& Lomb, Rochester, New York, United States), ASPH-
INA CT 509M (Carl Zeiss Meditec, Jena, Germany),
and AcrySof MAB0OMA (Alcon Laboratories, Inc., Fort
Worth, TX, United States). Exclusion criteria included
any history of ocular trauma, vitreoretinal surgery, and
ocular inflammatory diseases. Patients with surgical
complications requiring changes to the surgical tech-
nique described were also cleared from the study.

The UBM was performed using a Vumax HD So-
noMed Escal6n device after 2 weeks, and 1 and
3 months after surgery using a 35 MHz transducer
that produces images with 50 um resolution and 4 mm
tissue penetration in ocular tissues. The eye examina-
tions were performed under constant room illumina-
tion, while the patient was lying on his/her back in the
supine position. Accommodation remained constant
by asking the patient to focus on a small point of light
held 1 m away from the other eye and look at the ceil-
ing, where there is a mirror that duplicates the dis-
tance between the patient’s eye and the mirror,
resulting in a total distance of 4 m, thus allowing for
accommodation relaxation. The UBM was performed
by the same specialist in eye ultrasounds. Calibrators
included in the machine software were used, and the
following variables were measured: anterior chamber
depth from the center of the cornea at endothelial
level to the echoes of the IOL anterior surface, iris,
and distance of IOL contact. The optics was consid-
ered tilted with differences > 0.1 mm in the distance
between the 2 edges of the optics and the plane of
the iris in any UBM section.

Descriptive statistics, including measures of central
tendency, were used. Before conducting comparative
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analyses, the Kolmogorov-Smirnov test was used to
assess data distribution, and the proper parametric
and non-parametric tests were performed sometime
later. P values < 0.05 were considered statistically
significant. GraphPad Prism V5.0 software (San Di-
ego, CA, United States) was used for analysis.

Results

This study included 38 eyes, 7 of which were ex-
cluded because they were lost to follow-up. The final
study sample included 31 eyes (17 right and 14 left
eyes) with a diagnosis of axial myopia and senile
cataract. Among these patients, 20 were women
(64.5%) and 11 were men (35.5%), with a mean age
of 62.8 + 13.14 years (ranging from 30 to 90 years).
The baseline preoperative characteristics are shown
on table 1.

Patients were randomized to 3 different groups
based on the type of IOL implanted: 9 received en-
Vista MX60E; 10, ASPHINA CT 509M; and 12, Ac-
rySof MAGOMA.

The mean age of the enVista group was 68 years;
77.8%, women. The maximum dioptric power used
was +18.5 D, and the minimum, +3 D. The range of
axial length was 28.4 + 1.57 mm. The mean age of
the ASPHINA group participants was 59 years; 40%,
men, the maximum dioptric power used, +12.5 D, the
minimum, 0 D, and the range of axial length, 28.9 +
2.36 mm. Finally, the mean age of the MAGOMA group
was 67 years; 58.3%, women, the maximum dioptric
power used, +16.0 D, the minimum, -5 D, and the
range of axial length, 29.9 + 3.31 mm.

The preoperative anterior chamber depth measured
by partial coherence interferometry (Lenstar) in-
creased significantly from a preoperative mean value
of 3.603 + 0.579 mm up to 5.310 = 0.465 mm at
1 month, and up to 5.309 + 0.482 mm 3 months after
cataract surgery (p < 0.0001).

IOL displacement

Across time, the enVista (Fig. 1), ASPHINA (Fig. 2),
and MAGOMA (Fig. 3) groups were not statistically dif-
ferent regarding each variable studied. The following
p values were obtained in the groups studied: superior
p = 0.091; inferior p = 0.104; nasal p = 0.329; and
temporal p = 0.054. Similarly, individual comparisons
were made for each period (Table 2) The contact dis-
tance between the iris and the IOL, measured by
UBM, was similar in all postoperative periods without

Table 1. Baseline preoperative characteristics of the patients

Characteristics P
Age, years (men/women) 44-90/30-84 0.068*
Sex (men/women) = SD 35.5/64.5% + 0.48 0.012*
Axial length, mm (RE/LE) 289 +27/295+25 0.533**
Anterior chamber depth + SD 3.6« 0.58
LE: left eye; RE: right eye; SD: standard deviation.
*Mann-Whitney test.
**Student t test.
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Figure 1. Behavior of the enVista intraocular lens by sectors over time.

any significant inter-group differences being reported,
which is indicative of stability in the capsular bag re-
gardless of the characteristics of the MAGOMA, ASPH-
INA, and enVista IOLs (Fig. 4).

Spherical equivalent

Postoperative refractive stability occurs between
weeks 2 and 6. Any axial displacement in the optical
position of the IOL would be seen as a change in the
anterior chamber depth, as well as a change in the
refractive status. However, in our study, no significant
differences were found, which could be attributed to
the fact that the variation seen in the anterior chamber
depth 3 months after surgery is < 1 mm and, there-
fore, uncapable of creating a clinically significant
change in the spherical equivalent (Table 3).

Discussion

The mechanical stability of IOLs is an important fac-
tor that should be taken into consideration because it
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Table 2. Displacement of intraocular lenses by sectors

Week 2 Mean (SD)

Month 1 Mean (SD)

Month 2 Mean (SD) p

Inferior deviation

enVista 0.8311 (0.082) 0.799 (0.124) 0.806 (0.1079) 0.796"
ASPHINA 0.81(0.082) 0.915(0.189) 0.912 (0.201) 0.374*
ASPHINA 0.918 (0.176) 0.930 (0.186) 0.892 (0.251) 0.895*
Superior deviation
enVista 0.81(0.082) 0.788 (0.124) 0.793 (0.115) 0.904*
ASPHINA 0.786 (0.152) 0.878 (0.191) 0.872(0.196) 0.454"
ASPHINA 0.883(0.183) 0.898 (0.184) 0.864 (0.243) 0.924*
Temporal deviation
enVista 0.823 (0.083) 0.838(0.123) 0.828 (0.107) 0.957*
ASPHINA 0.827 (0.161) 0.908 (0.214) 0.930 (0.195) 0.457*
ASPHINA 0.925 (0.194) 0.927 (0.189) 0.905 (0.240) 0.961*
Nasal deviation
enVista 0.796 (0.080) 0.808 (0.116) 0.813(0.106) 0.93*
ASPHINA 0.793 (0.155) 0.891(0.218) 0.906 (0.195) 0.371*
ASPHINA 0.898 (0.195) 0.886 (0.174) 0.882 (0.233) 0.978"
SD: standard deviation.
*One-way ANOVA.
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Figure 2. Behavior of the ASPHINA intraocular lens by sectors over time.

impacts the refractive outcomes of cataract surgery,
and, consequently, axial displacement can result in
residual refractive errors. Postoperative refractive sta-
bility occurs between weeks 2 and 6. It has been re-
ported that for every 1 mm change in the anterior
chamber depth, there is a variation of 0.32 D in the
spherical equivalent in the postoperative period.6 Stan-
dardizing procedures regarding UBM, and controlling
accommodation and room illumination, are also essen-
tial to avoid any physiological changes in the parame-
ters studied. The reproducibility of measurements taken
by UBM has already been studied by other authors’.
The anterior chamber depth increased significantly
after surgery (approximately 1.706 mm; p < 0.0001)

Figure 3. Behavior of the MAGOMA intraocular lens by sectors over time.

due to a backward movement of the iris diaphragm
away from the inner surface of the cornea. It has been
documented that IOL axial displacement is one of the
main parameters associated with postoperative re-
fractive changes®. Findl et al.® described that the 10L
axial position changes within the first 3 months after
surgery, which is why this period was chosen as the
cut-off timeframe of our study.

It has been reported that the design of the IOL plays
a significant role to determine the postoperative ante-
rior chamber depth. Hayashi et al."® proved that, after
cataract surgery, I0Ls with rigid haptics often have
better fixation in the capsule compared to I0OLs with
flexible haptics. However, the postoperative anterior
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Figure 4. Measurements taken through ultrasound biomicroscopy. A: MAGOMA. B: ASPHINA. C: enVista.

Table 3. Spherical equivalent

1 month 3 months p
enVista -0.33 £ 1.01 -0.57 £ 0.88 0.152*
ASPHINA -1.48 £ 1.24 -1.30 £ 1.02 0.202*
MABOMA -1.33+£1.13 147 £1.17 0.709*
*Student t test.

chamber depth did not change in eyes with 1-piece
IOLs compared to 3-piece IOLs, showing a shallow
anterior chamber in the early postoperative period.
These results suggest that the axial movement of the
1-piece IOL in the capsular bag is less pronounced
than that of the 3-piece IOL. Consequently, they saw
that the spherical equivalent in eyes with 1-piece IOLs
did not change after surgery, while eyes with 3-piece
IOLs showed myopic shifts of nearly 0.4 D. Therefore,
they concluded that the postoperative refractive status
was more stable with the 1-piece acrylic IOL than with
the 3-piece one.

Contrary to these findings, our study demonstrated
that the spherical equivalent and the stability of the
IOL remained unchanged over time after phacoemul-
sification being the tilt similar with the 3 different types

of I0Ls studied, with no significant differences being
reported in the spherical equivalent (p = 0.38). New
IOLs tend to have better tolerance to tilt and decentra-
tion, resulting in minimal impact on the postoperative
visual acuity.

Conclusions

We can conclude that the 3 types of IOLs that exist
provide refractive stability to myopic patients. The lo-
cation and size of the corneal incision reduce postop-
erative corneal aberrations significantly. However,
there are several limitations in our study, the main
ones being its retrospective nature and the relatively
small sample size, although it is comparable to other
studies of 10Ls with UBM.
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