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ABSTRACT
Dry eye disease comprises a spectrum of disorders that cause unstable tear film with an irregular 
surface. Preexisting dry eye disease poses challenges during cataract surgery in chronic inflammation 
since preoperative biometry measurements are highly dependent on a smooth and healthy tear film. 
Following the recent approval by the Conselho Federal de Medicina, lens replacement procedures 
have become legal in Brazil and are indicated for patients over 55 years of age who have presbyopia 
with moderate or high hyperopia. As a result, patients have higher expectations for accurate refractive 
outcomes and excellent quality of vision after intraocular lens implantation. This review aims to provide 
ophthalmologists with decisive criteria for approaching and treating patients with dry eye disease at 
various stages of dysfunctional lens syndrome.

RESUMO
A doença do olho seco compreende um espectro de distúrbios que causam instabilidade do filme 
lacrimal com superfície irregular. A doença do olho seco preexistente apresenta desafios durante a 
cirurgia de catarata na inflamação crônica, uma vez que as medições biométricas pré-operatórias são 
altamente dependentes de uma superfície lacrimal regular e saudável. Após a recente aprovação pelo 
Conselho Federal de Medicina, os procedimentos de substituição de lentes tornaram-se legais no Brasil 
e são indicados para pacientes com mais de 55 anos que apresentam presbiopia com hipermetropia 
moderada ou alta. Como resultado, os pacientes têm melhores expectativas de resultados refrativos 
precisos e excelente qualidade de visão após o implante de lentes intraoculares. Esta revisão de literatura 
visa fornecer aos oftalmologistas critérios decisivos para abordagem e tratamento de pacientes com 
doença do olho seco em vários estágios da síndrome disfuncional do cristalino.
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INTRODUCTION
In 2017, the second Tear Film & Ocular Surface (TFOS) Dry 
Eye WorkShop (DEWS™) described dry eye disease (DED) 
as “a multifactorial disease of the ocular surface charac-
terized by a loss of homeostasis of the tear film and ac-
companied by ocular symptoms.”(1) Dry eye disease is clas-
sified as a group of illnesses that result in neurosensory 
abnormalities, tear film instability, and hyperosmolarity, 
which may contribute to chronic ocular surface dysfunc-
tion.(2) Preserving the proper functioning of the tear film 
poses a challenge during cataract surgery, especially in 
patients with preexisting DED. The tear film is also known 
to worsen following cataract surgery, leading to a higher 
rate of complications and compromised visual outcomes.
(3-5) Several studies have shown that an unstable tear film 
can produce optical aberrations, which may reduce the 
accuracy and repeatability of these measurements.(6,7) 
One example is the changes in the corneal curvature and 
axial length – parameters that are essential for intraocu-
lar lens (IOL) power calculations.(8)

The dysfunctional lens syndrome (DLS) is charac-
terized by progressive changes in the crystalline lens 
that impact the patient’s accommodation and quality of 
vision. Due to its progressive or gradual nature, DLS is 
identified mainly through imaging methods and treated 
when early diagnosed. Recently, Haddad et al.(9) described 
the first and second stages of DLS as being characterized 
by loss of accommodation. A mild cataract is observed 
in the third stage, accompanied by loss of transparency 
of the lens, leading to a loss of visual quality. The fourth 
stage is characterized by a moderate decrease in contrast 
sensitivity and reduced visual acuity in the Snellen table 
(worse than 20/30). In the fifth and final stage, moderate 
cataract can be observed, with significant visual loss in 
the Snellen high-contrast acuity chart (vision equal to or 
worse than 20/50).

With the recognition of DLS and a recent approval by 
the Conselho Federal de Medicina (CFM), lens replace-
ment procedures have been legalized in Brazil. Patients 
have higher expectations for accurate refractive outcomes 
and excellent quality of vision after IOL implantation. 
However, ocular biometry for IOL power calculations has 
become increasingly important to achieve preoperatively 
intended outcomes in clinical practice.(10)

In this literature review, we address the problems re-
lated to DED and its impact on the patients’ visual quality, 
especially in conjunction with DLS. We discuss the diag-
nostic tools and terminology used to stage the disease and 
to assess DED. This review will provide ophthalmologists 

with decisive criteria to approach and treat patients with 
DED at various stages of DLS.

CONSIDERATIONS REGARDING THE 
MEASUREMENT OF THE OCULAR SURFA-
CE AND CRYSTALLINE LENS
Topography and wavefront aberrometry
Several instruments have been developed to mea-
sure corneal surface data, including reflection-based, 
Scheimpflug-based, projection-based, slit-scanning-
based, and Oct-based devices.(11) Intraocular lens can be 
calculated by simulated keratometry using a parameter 
that simulates the keratometry of the automated refrac-
tor. Corneal topographers rely on the reflection of thou-
sands of points measured within 3-, 5-, and 7-mm zones, 
which provides significant data points to estimate cor-
neal curvature.(12) Recently, topographers have developed 
and optimized functions that allow the analysis of the tear 
film; for example, the Placido disc projection technique 
(also known as the concentric ring method) can be used 
to evaluate the tear film.(13,14) In this technique, the ante-
rior surface of the tear film reflects a target, and a camera 
collects the reflection for the analysis of the blink-free 
period.

Methods to qualify and quantify the ocular surface 
in DED have been incorporated in newer devices. Devices 
used to diagnose DED include the Antares topogra-
pher, LipiView interferometer, and the Keratograph 5M 
(OCULUS, Wetzlar, Germany).(13-15) Keratograph 5M topog-
rapher (a non-contact Placido ring-based corneal topog-
rapher) is equipped with an infrared illumination system 
for meibomian gland imaging. The device also incorpo-
rates fluoroscopy to measure noninvasive tear breakup 
time (NIT BUT). In addition, it provides the tear menis-
cus height along the lower lid margin and limbal redness 
evaluation.(15) Figure 1 shows a patient with moderate 
meibomian dysfunction. Figure 2 shows the infrared illu-
mination system to capture the meibomian gland image 
in the same patient.

Apart from topography, wavefront aberrometry es-
timation is one of the most frequently used methods to 
evaluate the role of the tear film. Higher-order aberra-
tions (HOAs) are refractive errors that are not corrected 
by sphere and cylinder corrections.(16) A wavefront sen-
sor is a device that measures optical aberrations, such as 
coma and spherical aberrations (SA). The wavefront sys-
tem scans the eye to obtain the layout of the aberration. 
Following this, the wave distortions are translated, and 
the individual acuity map of the patient is formed.(17) Total 
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optical aberrations are most commonly measured by the 
Hartmann-Shack aberrometer(18) and ray racing aberrom-
eter,(19) and corneal aberrations are typically measured 
based on topography.

Blinking is followed by a gradual increase in optical 
aberrations associated with the increasingly irregular 
tear film, which causes a progressive decline in the eye’s 
optical quality.(7,20) In a prospective study, Montés-Micó et 
al.(20) reported that the optical quality of the human eye 
is dynamic and is affected by the tear film. Kasem et al.(21) 
showed a 1 to 5μm increase in peak central corneal thick-
ness following treatment for DED. This was consistent 

with the findings of other studies that also reported a dra-
matic increase in peak central corneal thickness.(22)

Age-related HOA changes are one of the main rea-
sons for presbyopia. In its relaxed state, the crystalline 
lens has a negative SA, which is counterbalanced by the 
positive value of the corneal surface.(23) This counterbal-
ance is maintained until the age of 45, when the balance 
of aberration compensation seems to shift.(24) This shift is 
associated with increased ocular coma and a positive SA, 
which is attributed to the aging of the crystalline lens.(25) 
Untreated DED in combination with DLS increases the 
number of total ocular aberrations.

Figure 1. Testing with the OCULUS Keratograph 5M revealed a noninvasive tear film break-up time of 6.82 seconds. As a result, 
the patient was classified as a grade 2 in JENVIS Meibo Grading Scales.

Figure 2. Meibography of the right lower lid reveals a grade of 2.0 and meibomian gland atrophy.
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Objective scatter index and the 
point-spread function (PSF) 
Aging and DED can lead to optical faults in the optical sys-
tem, resulting in light dispersion. This phenomenon can 
be studied using two methods: forward scattering, which 
investigates light dispersed into the retina; and reverse 
scattering, which measures light scattered backward.(26) 
Double-pass retinal imaging (DPRI) can be used to analyze 
the point-spread function (PSF) directly from the retinal 
image(13,27) and can evaluate forward light scatter through 
the optical system. The objective scatter index (OSI) is an-
other measure that quantifies forward light scatter as an 
objective value that can be monitored over time.(13,28) One 
way to objectively measure the OSI and quantify intraoc-
ular light scattering is by examining the double-pass (DP) 
wavefront (Optical Quality Analysis System, OQAS, HD 
Analyzer, Visiometrics, Terrasa, Spain). The DP system 
captures dynamic changes in the PSF over a period of 20 
seconds and determines the mean OSI.(29) The impact of 
tear film instability on retinal image quality is functionally 
analyzed using changes in OSI values over time. In a pro-
spective study, Gouvea et al.(30) divided the DED into three 
subgroups: the ladder pattern (a continuous increase of 
OSI over time), seesaw pattern (OSI fluctuation without im-
provement after blinking, and greater instability of the tear 
film and optical quality), and the plateau pattern (steady-
state high OSI with minimal temporal changes). Figure 3 
describes a patient with the seesaw pattern of DED.

Point-spread function and OSI are also valuable tools 
to evaluate and grade cataracts.(31) The HD Analyzer mea-
sures forward scatter by employing a DP technique as 
light passes through the ocular interfaces resulting from 
localized deviations of light and aberrations in light re-
flected from the retina.(32) The more significant the aber-
rations and intraocular scatter, the greater the spread of 
the PSF and the greater the OSI. 

DISCUSSION
The first optical surface of the eye is not the corneal epi-
thelium but the pre-corneal tear film. Tear fluid dynamics 
and tear volume can induce changes in HOAs, even in cas-
es where the corneal shape is ideal. A smooth pre-corneal 
tear film yields more reliable and repeatable measure-
ments than an irregular and highly dynamic tear film, 
such as the ones found in DED patients. Epitropoulos et 
al.(6) reported significantly more variability in average ker-
atometry and anterior corneal astigmatism in hyperos-
molar patients than in normal patients, with significant 
resulting differences in IOL power calculations.

As previously stated, HOA measurements are essen-
tial to evaluate the imaging quality of the ocular refractive 
system. In a parallel study, Montés-Micó et al.(33) showed 
that patients with DED exhibited faster degradation in 
the root mean square (RMS) aberration, with a minimum 
tear film aberration at 2.9±0.4 seconds after a blink. In 
contrast, healthy subjects had lower aberration values at 

Figure 3. Dynamic changes of objective scatter index of an illustrative case in a dry eye patient showing a seesaw pattern repeat-
edly revealed fluctuation of objective scatter index.
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a minimum of 6.1±0.5 seconds. Lu et al.(34) showed that a 
simple installation of eye drops before the examination 
was sufficient to reduce HOAs in the 3-and 5-mm zones. 
The optical aberration values of the eyes of patients with 
DED are 2.5X than those of patients with normal eyes, 
which are brought on by abnormalities in the tear film on 
the corneal surface.(35) However, DED does not affect the 
ocular biometry of axial length, and there is no significant 
difference in the repeatability of axial length measure-
ments between DED and non-DED groups.(8)

When measured with a DP imaging system, irregu-
larities in the air-tear film interface of the ocular surface 
caused ocular light to scatter, which deteriorates the 
quality of the retinal image.(36) The greater the aberrations 
and intraocular scatter, the greater the spread of the PSF 
and the greater the OSI. The DP imaging system can be 
an excellent tool to measure aberrations, not only from 
the ocular surface, but also from the crystalline lens. A 
dynamic study of the tear film may be crucial to preop-
eratively assess the ocular surface, even in asymptomat-
ic patients. This can help optimize visual outcomes and 
improve surgical planning. When measuring the HOA of 
the crystalline lens, the DP imaging system shows good 
correlation between the OSI and the results of the clini-
cal evaluation (such as those obtained using the Lens 
Opacities Classification System).(37,38)

Elevation-based topography generated by Scheimpflug-
based devices (such as the Pentacam; OCULUS, Germany) 
has become the primary tool used in refractive surgery 
screening for DED and ectasia.(39) Scheimpflug imaging 
also allows ophthalmologists to grade lens densitometry 
and improve phacodynamics prediction.(40) 

Refractive lens exchange is a reality in some coun-
tries. For example, in the USA, a patient must have 20/40 
vision or worse and/or problems with their “activities 
of daily living” in order to qualify for cataract surgery. 
Following the recent approval by the CFM, lens replace-
ment procedures have become legal in Brazil and are in-
dicated for patients over 55 years old who have presbyopia 
with moderate or high hyperopia (>1.50D). 

Regardless of the criteria by which some clinicians 
consider refractive lens exchange as a treatment for pres-
byopia, DED is an important factor to consider before 
performing cataract surgery. There are several ways to di-
agnose and treat DED. The TFOS DEWS II DED diagnostic 
battery was designed to identify the underlying cause of 
ocular discomfort so as to allow for more targeted treat-
ment.(41) Before any refractive surgeries were performed, 
the American Society of Colon and Rectal Surgeons 

(ASCRS) Cornea Clinical Committee published a new con-
sensus-based practical diagnostic ocular surface disease 
algorithm, which aids surgeons in diagnosing and treat-
ing visually significant ocular surface disease quickly.(42) 
Treating ocular surface disease is critical because it can 
lead to the following unfavorable outcomes: impaired vi-
sion, including refractive errors and induced HOAs; new 
or worsened ocular surface disease symptoms; and post-
operative infections such as endophthalmitis.

CONCLUSIONS
The correct treatment and diagnosis of dry eye disease 
has been shown to improve biometry and disease symp-
toms. This underscores the importance of ocular surface 
disease preoperative screening, diagnosis, treatment, and 
management. Since preoperative biometry measure-
ments are highly dependent on a smooth and healthy 
tear film, diagnosing and treating dry eye disease before 
cataract surgery can optimize the accuracy of biometry 
measurements. The concept of dysfunctional lens syn-
drome is now commonly recognized, and refractive lens 
exchange can be a definitive therapeutic solution for pa-
tients seeking visual improvement. As such, this review 
serves as a comprehensive reference for ophthalmolo-
gists to effectively treat patients with dry eye disease in 
conjunction with dysfunctional lens syndrome.
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