
ew

Open Access |  Page 109 |

Vol 8 | Issue 1 | Pages 109-117

Copyright: © 2025 Hernandez MAI. This is an open-access article distributed under the terms 
of the Creative Commons Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source are credited.

Journal of Ophthalmic Surgery
ISSN:  2578-7160

SCHOLARS.DIRECT

DOI: 10.36959/587/612

*Corresponding author: Arturo Iván Pérez Pacheco, 
Ophthalmological Department of Cataract and Refractive 
Surgery, Puerta de Hierro Hospital, Empresarios Avenue # 150, 
Puerta de Hierro Hospital, Zip code # 45116 Zapopan, Jalisco, 
Mexico, Tel: +52-33-3809-3827

Accepted: June 08, 2025

Published online: June 12, 2025

Citation: Hernandez MAI, Pacheco AIP, Castillo BA (2025) 
Aberrometric Impact in Post-Cataract Surgery Patients with 
High-Tech Intraocular Lenses. J Ophthalmic Surg 8(1):109-117

Aberrometric Impact in Post-Cataract Surgery Patients 
with High-Tech Intraocular Lenses
Miguel Angel Ibañez Hernandez, Arturo Iván Pérez Pacheco * and Beatriz Alvarado 
Castillo

Ophthalmological Department of Cataract and Refractive Surgery, Puerta de Hierro Hospital, Jalisco, 
Mexico

Introduction
Premium intraocular lenses have captured the vision 

of the most demanding users around the world; however, 
aberrometric phenomena are the most responsible for 
patient discomfort when we talk about the quality of life.

There are multiple artifacts or sensations of halos or glare, 
characterized by occurring in certain lighting conditions and a 
certain position of incidence, leading to this phenomenon. The 
values ​​that are disregarded or overlooked in the calculations 
of different equipment’s, today we know, have a substantial 
impact on the final visual quality. Such measurements and 
information related to assessing the pre-surgical values ​​of 
high-order aberrations (HOA), coma, trefoil, sphere, corneal 
surface regularity index (SRI), root mean square (RMS), 
chord m, pupillary dimensions under different conditions, as: 
mesopic, photopic and scotopic [1-11].
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Abstract
Introduction: Premium intraocular lenses have captured the vision of the most demanding users around the world; 
however, aberrometric phenomena are the most responsible for patient discomfort when we talk about the quality of 
life.

Objective: The objective is to evaluate pre surgical high order aberrations and their impact on post-surgical outcome, 
after cataract surgery with high-tech lenses.

Methods: We present an original, single-center, retrospective, and descriptive study, performed at “Puerta de Hierro” 
Hospital in Guadalajara, Jalisco, Mexico. Between January 2024 to December 2024, we obtained a total of 43 patients, of 
which 64 eyes corresponded, whether they had cataract surgery on one or both eyes and with an intraocular premium 
lens, performed by the same surgeon.

Results: 64 eyes of 43 patients were evaluated for this study. The demographic distribution was 21 men and 22 women 
with a mean age of 62.98 ± 4.808 years. The mean pupil diameter in pre-operative surgery conditions in photopic 
conditions was 3.67 ± 0.64 mm and pre-operative surgery in mesopic conditions was 5.25 ± 0.76 mm. The mean pupil 
diameter in the post-operative photopic conditions was 3.36 ± 0.54 mm and the post-operative mesopic conditions were 
4.63 ± 0.69 mm.

Conclusion: In conclusion the lack of consensus or real or specific information regarding corneal aberrations in premium 
lenses motivates this type of study to be possible. The quality of vision compared to previous years was evaluated 
subjectively, today it can be objectified and promote true visual quality.
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Check for
updates

Espaillat and colleagues [11], the better visual acuity at 
the time of surgery, the more likely they perceive halos and 
dysphotopic phenomena than those compared with worse 
visual acuity within 1 month and 6 months after cataract 
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aberrations, autorefraction, keratometry, pupillometry, and 
same-axis pupillography.

Inclusion criteria
The patients with a previous diagnosis of cataract 

according to the LOCSIII classification criteria, aged 50 years 
and older.

Exclusion criteria
The patients with any corneal pathology, underlying 

diseases such as: glaucoma, pseudoexfoliation, dry eye 
and retinal pathologies, as well as post-operative refractive 
surgery such as: Laser-assisted in situ keratomileusis (LASIK), 
Photorefractive keratectomy (PRK), Small incision lenticule 
extraction (SMILE) or Radiated Keratectomy (Figure 1).

This study complies with the Declaration of Helsinki as 
well as informed consent form from each of the participants. 
Additionally approved by the ethics committee of the same 
hospital.

Results
Statistical analysis

64 eyes of 43 patients were evaluated for this study. The 
demographic distribution was 21 men and 22 women with a 
mean age of 62.98 ± 4.808 years.

The mean pupil diameter in pre-operative surgery 
conditions in photopic conditions was 3.67 ± 0.64 mm and 
pre-operative surgery in mesopic conditions was 5.25 ± 0.76 
mm. The mean pupil diameter in the post-operative photopic 
conditions was 3.36 ± 0.54 mm and the post-operative 
mesopic conditions were 4.63 ± 0.69 mm. Table 1 and Figure 2.

In the other hand, the values ​​were distributed not only 
by being before or after surgery, but also by age groups, as 
shown in Table 2 and Figure 3.

The statistical analysis was also carried out by individual 
corneal aberration for greater precision (Figure 3, Figure 4, 
Figure 5 and Figure 6).

Finally, we compared pupil diameters in mesopic and 
photopic conditions in different age groups (Figure 7).

Parameters were evaluated using the Shapiro-Wilk test 
for normal distribution. For values ​​with a normal distribution, 
the T test for related samples was used and for those that did 
not have a normal distribution, the Wilcoxon test was used 
(Table 3).

Discussion 
Many of the corneal aberration studies consider results 

as global corneal aberrations; the value of breaking down 
each one of them allows a finer and more precise analysis. It 
is important to point out that: off-center shots of the corneal 
apex, in any of its quadrants, induce corneal aberrations that 
are not necessarily found in the patient.

Since the aberrations are pupil-dependent, we observe 
that the pre-surgical values in photopic conditions behave 
differently in the age groups, especially those over 61 years of 

surgery. In addition to this, it is studied that with great 
influence, the HOA spherical type was the most prevalent at 
the time of pseudophakia concerning glare and halos. The 
documented ranges in microns with a lower incidence of 
HOA are proposed in values or parameters close to 0.200-
0.399 mm, which after 1 month of cataract surgery, have 
fewer photopic events. Nevertheless, coma HOA, after 6 
months was more associated with halos phenomena, that is, 
the lower the coma, the lower the probability at 6 months of 
perceiving halos with a proposed value of 0.000-0.199 mm.

In the other hand, an element that is not very associated 
and that impacts the visual quality, is chord m and its high 
value or presence (0.30 ± 0.15 mm) with 1 and 6 months 
of follow-up and the appearance of glare, being in world 
literature a cut-off value of > 0.6 mm, however, not always in 
a practically measurable way [1-11].

Corneal aberrations are defined as a wavefront false 
image, which derives from Snell's law and by changing from 
one medium like water to air or another one and therefore do 
not constitute a real or true image [2-6].

Low-order corneal aberrations (LOA) are responsible for 
85 % of the total aberrations; this means that the remaining 
15 % are HOA which cannot be corrected by refractive 
surgery or spherocylindrical lenses. On the other hand, the 
most frequent HOA's are coma and spherical ones. It is well 
known that the larger the pupil diameter, the larger the 
HOA's are going to be. Furthermore, all HOA's defects are 
dependent on pupil diameters in different light conditions. 
The interpretation of the models of the wave light of the light, 
through mathematics, allows the creation of polynomials, 
such as the case of the Zernike Polynomial, which provides a 
quantitative description of this aberration [12-18].

The modulation transfer function (MTF) is what the 
technological devices would represent, the contrast and 
sensitivity, allowing a high quality of image definition, in the 
eye depending on the cornea and providing the different 
details of an image. The point spread function (PSF), at the 
level of the occipital cortex, allows evaluation of the intensity 
of the wave coming from space through the optical system, 
from the cornea to the retina, thus measuring the final 
visual quality. Through RMS we can numerically measure the 
deviations of the light wave when compared with a perfect 
dioptric system [19-24].

The objective is to evaluate pre surgical high order 
aberrations and their impact on post-surgical outcome, after 
cataract surgery with high-tech lenses.

Methods
We present an original, single-center, retrospective, and 

descriptive study, performed at “Puerta de Hierro” Hospital 
in Guadalajara, Jalisco, Mexico. Between January 2024 to 
December 2024, we obtained a total of 43 patients, of which 
64 eyes corresponded, whether they had cataract surgery 
on one or both eyes and with an intraocular premium lens, 
performed by the same surgeon.

The corneal aberrations were measured by the OPD-
Scan III which measures corneal topography, wavefront 
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Figure 1: Flow chart of literature research. 

Figure 2: Comparison of pre-operative and post-operative surgery pupil diameter.

  Pre-operative surgery conditions Post-operative surgery conditions
  Photopic pupil Mesopic pupil Photopic pupil Mesopic pupil
  Media ST DEV Media ST DEV Media ST DEV Media ST DEV
MTF 60.01 24.9 60.48 25.19 60.16 20.26 58.13 19.25
RMS 2.11 8.14 2.17 1.84 0.392 0.232 0.736 0.451
COMA 0.116 0.334 0.235 0.211 0.047 0.035 0.113 0.078
TRI 0.429 1.78 0.36 0.284 0.116 0.82 0.224 0.134
AE 0.136 0.768 0.095 0.082 0.28 0.036 0.071 0.082

Table 1: Before and after aberrometric measurements in the different pupillary conditions. (ST DEV = Standard Deviation and AE 
spherical aberration). 
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  51 - 60 years old > 61 years old
  Photopic Mesopic Photopic Mesopic
  Pre Post Pre Post Pre Post Pre Post

  3.39 3.17 5.09 4.45 3.81 3.45 5.32 4.72
-0.56 -0.53 -0.72 -0.7 -0.64 -0.52 -0.77 -0.675

MTF 65.19 66.77 64.98 62.155 57.49 56.94 58.285 
(25.761)

56.17
-23.77 -23.461 -23.984 -22.45 -25.34 -17.94 -17.452

RMS 3.93 0.373 1.875 0.717 1.22 0.401 2.319 0.746
-14.19 -0.318 -1.095 -0.614 -1.08 -0.181 -2.111 -0.354

COMA 0.184 0.045 0.19 0.119 0.082 0.048 0.257 0.11
-0.576 -0.043 -0.154 -0.108 -0.08 -0.031 -0.233 -0.059

TREFOIL 0.808 0.081 0.235 0.179 0.244 0.133 0.421 0.247
-3.125 -0.069 -0.123 -0.145 -0.221 -0.083 -0.32 -0.123

AE 0.319 0.021 0.062 0.062 0.047 0.031 0.111 0.076
-1.344 -0.025 -0.057 -0.062 -0.043 -0.04 -0.088 -0.091

Table 2: Aberrations in Photopic and Mesopic conditions by age range. Standard Deviation in brackets.

  Photopic pre and post surgery aberrations Mesopic pre and post surgery aberrations
  MTF RMS COMA TRIFOIL AE MTF RMS COMA TRIFOIL AE

P Value
                   
0.965 0 0.001 0.001 0.078 0.469 0 0 0.002 0.022

Table 3: Statistically significant P values ​​in photopic and mesopic conditions pre and post-surgery and aberrometric evaluation.

Figure 3: AE (both eyes) values of pre-operative surgery conditions and post-operative surgery in photopic and mesopic conditions.

Figure 4: COMA values of pre-operative surgery conditions and post-operative surgery in photopic and mesopic conditions.
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Figure 5: MTF values of pre-operative surgery conditions and post-operative surgery in photopic and mesopic conditions.

Figure 6: RMS values of pre-operative surgery conditions and post-operative surgery in photopic and mesopic conditions.

Figure 7: Comparative pupil diameters in mesopic and photopic conditions in different age groups. 
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age. Furthermore, and on the contrary, there is a more stable 
relationship in post-surgical photopic conditions in relation 
to the binocular vision evaluation. Interesting description, 
because as we said previously, the conditions before and 
after surgery, but by age groups, are not usually united in the 
same study [24-30].

The behavior of coma, in accordance with the universal 
literature, behaved in an expected manner in photopic and 
mesopic pre-surgical conditions, where the less pre-surgical 
coma, the less post-surgical coma, thus benefiting the patient 
in being the greatest annoying elements in HOA's.

The values found for MTF, furthermore, present a 
practically linear relationship in the pre-surgical photopic and 
mesopic condition, and barely decreased in the post-surgical 
value in mesopic, not so for photopic, allowing to directly 
associate a stable behavior even after being operated, a 
notable element for a multifocal and extended-depth-of-
focus (EDOF) lenses [31-36].

The EDOF lenses today have become inherent to a 
new non-diffractive technology, but they are nevertheless 
dependent on pupil size for near vision, hence the importance 
of measuring it, ectopic pupil evaluations and knowing which 
patients really could benefit from this type of technology [23].

The light deviation that we present, evaluated by RMS, in 
photopic and mesopic pre-surgical conditions was distributed 
equally, however not for post-surgical conditions, better 
especially in mesopic conditions [37-40].

The comparison of pupils in diameter, by age group and 
in the different light conditions, showed to be greater in the 
group over 61 years of age, data of special attention for us 
refractive surgeons.

One of the most important phenomena when measuring 
corneal aberrations is decentration and tilt. On the other hand, 
the same measurement instruments present discrepancies 
between the equipment when documenting the aberrations. 
Currently, there is a lack of reliable scientific data evidence 
about visual quality concerning tilt and decentration, after 
cataract surgery, the decentration can be 0.2 - 0.3 mm with a 
tilt of 2-3° degrees, 10% of patients who move more than 0.5 
mm or 5° degrees. In vitro, studies of aspheric IOLs present 
greater decentration and tilt than those compared to spherical 
ones. In addition, it is completely correlated that the initial 
decentration or in pre-surgical studies is proportional to the 
result, and if from the beginning there is no centered IOL, the 
effective lens position (ELP) will not be accomplished [39].

The experimental models, evaluating a cataract surgery 
or a phacorefractive surgery also impact differently on 
the aberration wavefront, since in young patients, the 
positive spherical aberrations coming from the cornea are 
counteracted due to the aberrometric negative spherical 
power of the transparent natural lens, phenomenon that, on 
the contrary, occurs in cataracts in senile patients, leading to 
a final distortion of visual quality [41-43].

On the other hand, the dispersion of the material must 
be considered, since the manufacture of IOLs is usually under 

conditions of monochromatic green spectrum, it is necessary 
to introduce that the measure of the Abbe number, allows 
the direct correlation that could be quantified, and result 
that the lower the Abbe number, the greater will be the 
dispersion color, translating this into a chromatic wavelength 
aberration. However, this longitudinal chromatic aberration 
induced by the lens itself allows us to describe the inability of 
the visual system to refract the propagation of light and the 
color spectrum to the same focal point [44-47].

The Femtosecond laser assisted cataract surgery (FLACS), 
being able to guarantee the effective position of the 
intraocular lens during surgery is more precise today thanks 
to the application of these new technologies. It has been 
studied over the years, the substantial difference that exists 
in the immediate and long-term postoperative period, when 
performed conventionally phacoemulsification surgery. In 
the other hand, the HOA and spherical aberrations are lower 
in FLACS, in addition to contributing substantially to the lower 
amount of decentration and thus the tilt [48].

The replicability capacity of FLACS made it objective, 
repetitive and forceful manner; the aberrations studied are in 
measurements of size, shape and position, comparable and 
therefore predictable. Thus, making a smaller sum of total 
aberrations at the end [49-56].

The different variables can be analyzed, one at a time, 
however, considering the RMS as a total of the aberration 
value and thus the final clinical behavior, allows us to globally 
anticipate its result [48].

On the other hand, it seems that comparing trefoil vs 
spherical at 6 months, the trefoil aberration is higher at the 
end of this time. In addition, we find one more variable, which 
is little studied or documented when talking about HOA's, it 
is the type of intraocular lens and its aspherical and spherical 
shape, the first being the one with the lowest aberration 
index [48,57,58].

Documenting the difference that exists between multifocal 
and monofocal intraocular lenses, in addition with the pupil 
diameter, interestingly allows us to distinguish that in FLACS 
there are higher MTF values than in conventional cataract 
surgery when starting from a pupil diameter of 4.5 mm. Thus, 
concluding that these patients are the ones who will clinically 
show better visual acuity [54,55].

As J Miret [33] and colleagues said, positive spherical 
aberrations are produced by spherical surfaces, while with 
aspheric surfaces, they can be only controlled. There are 
elements that were previously explored as possible and today 
constitute a reality; such is the case of the design of trifocal 
lenses, whose diffractive base is curved butconstitutes at the 
end a spherical surface [33].

Another important element is that in all studies, the 
refractive target is suggested to be 0.5 D, however this is done 
by spherical equivalent, being this an area of ​​opportunity 
because many sums could give that final refractive value, 
without this meaning truly good final visual acuity for the 
patients [1].
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The advancement of technology with respect to artificial 
intelligence has reached ophthalmology, the need to predict 
and alert errors has allowed it to be used to prevent refractive 
surprises. It was documented that when choosing the Barret 
true K and Hill formula RBF (radial basis function) they are 
equiparable between each other as they are targeting a 
refractive target of 0.5 D [5].

In addition, like Alba-Bueno and cols [1], when comparing 
5 diffractive IOL's, demonstrated that the greater the addition 
of power to the lens, the greater the sensation and size of the 
halos reported by the patient. This is of great value since we 
can uniquely specify the need for an accurate calculation.

For a long time throughout the development of intraocular 
lenses, the possibility raised that internal aberrations were 
typical of the IOL; however, today it has been shown that 
they do not actively participate in this light dispersion and 
therefore the HOA's, spherical and comma, were not the 
most disabling [20].

Personalized medicine is becoming more and more real 
in ophthalmology, where the visual needs of each patient are 
different, knowing and having the best information available 
at the time of surgery, allows having a direct and substantial 
impact, with the selected lens, according to each type of 
patient [48,56-58].

Conclusion
In conclusion the lack of consensus or neither real nor 

specific information regarding corneal aberrations in premium 
lenses, motivates this type of study to be possible. The 
quality of vision compared to previous years was evaluated 
subjectively, today it can be objectified and promote true 
visual quality. Knowing the specific characteristics of the IOL 
as well as its properties today constitutes a different starting 
point to understand their correction and explain the great 
world of corneal aberrations.
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