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ABSTRACT

Dry eye disease (DED) is highly prevalent 
among patients undergoing cataract surgery 
but is frequently underdiagnosed. Its presence 
can significantly affect preoperative biometric 
measurements and intraocular lens (IOL) power 
calculations, along with postoperative outcomes, 
particularly in patients receiving premium IOLs. 
Identifying and managing ocular surface disease 
(OSD) before surgery presents a valuable oppor‑
tunity to optimize the ocular surface, reduce the 
risk of refractive surprises, and enhance both vis‑
ual quality and patient satisfaction. This review 
summarizes current evidence on the prevalence 
of DED in patients with cataract, its impact on 
surgical planning and outcomes, and further 

outlines a practical approach for preoperative 
evaluation and optimization. Key strategies 
include risk stratification, targeted diagnostics, 
and individualized treatment regimens. Incorpo‑
rating ocular surface assessment and treatment 
into the routine preoperative workflow is both 
feasible and essential in the context of mod‑
ern cataract surgery. A structured, multimodal 
approach to DED management can significantly 
improve surgical precision and long-term visual 
outcomes.
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Key Summary Points 

Dry eye disease (DED) is highly prevalent but 
frequently underdiagnosed in patients under‑
going cataract surgery, despite its significant 
impact on preoperative measurements, 
surgical planning, and postoperative visual 
outcomes.

Preoperative identification and classifica‑
tion of ocular surface disease (OSD) through 
risk stratification and targeted diagnostics is 
essential for reducing the risk of refractive 
surprises and enhancing patient satisfaction.

A structured, multimodal approach to ocular 
surface optimization, including tear sup‑
plementation, inflammation control, and 
meibomian gland dysfunction (MGD) man‑
agement, can significantly improve ocular 
surface stability and surgical precision.

Integrating ocular surface evaluation and 
treatment into the routine preoperative work‑
flow is both practical and necessary to meet 
the refractive expectations of candidates for 
modern cataract surgery.

INTRODUCTION

Cataract surgery is one of the most successful 
and cost-effective ophthalmic procedures, with 
approximately 3.8 million cases annually in the 
USA, over 4.3 million in Europe, and more than 
20 million worldwide [1]. It delivers excellent 
outcomes and rapid recovery [2]; however, as 
modern cataract surgery increasingly aims for 
spectacle independence and refractive precision, 
ocular surface disease (OSD), and particularly 
dry eye disease (DED), has become a critical pre‑
operative consideration.

According to the TFOS DEWS III, the preva‑
lence of DED, based on TFOS DEWS II diagnostic 
criteria, ranges from 5.4% to 44.2%, with higher 
rates observed in females and with advanc‑
ing age [3]. Despite its high prevalence, DED 
remains frequently underdiagnosed in patients 
with cataract [4]. Cataract surgery, through light 

exposure, incisions, and topical medications, 
can transiently or permanently impair the ocu‑
lar surface. The restoration of ocular surface 
homeostasis or the progression to a transient or 
chronic dysfunction depends on the adaptive 
capacity of the ocular surface system to coun‑
teract the surgical noxa. In cases of a healthy 
ocular surface, the system is more likely to adapt 
effectively to surgical stress, promoting recov‑
ery and maintaining ocular surface homeosta‑
sis; conversely, in eyes with undiagnosed and 
untreated preoperative DED, the ocular surface 
will exhibit an impaired ability to counteract the 
detrimental effect of the surgery, leading to a 
higher risk of postoperative DED [5–7] (Fig. 1). 
Moreover, preoperative DED may lead to varia‑
bility in corneal measurements and inaccuracies 
in intraocular lens (IOL) power calculations [4, 
8, 9]. This is especially problematic when plan‑
ning for premium IOLs, where small biometric 
errors can translate into significant postopera‑
tive dissatisfaction.

Despite the well-documented impact of 
OSD on surgical outcomes, routine screening 
remains underutilized. In a survey conducted 
by the American Society of Cataract and Refrac‑
tive Surgery (ASCRS), over 90% of cataract sur‑
geons acknowledged the influence of DED on 
patient satisfaction. However, fewer than10% 
reported routine use of point-of-care tests such 
as tear osmolarity or MMP-9 preoperatively [10]. 
More recently, a UK-based survey found that 
approximately two-thirds of clinicians involved 
in cataract surgery care performed some form 
of DED assessment before surgery, most com‑
monly fluorescein staining and/or tear break-up 
time (TBUT). Despite this, objective testing was 
rarely complemented by formal evaluation of 
patient-reported symptoms, with dry eye ques‑
tionnaires employed in only 4% of cases [11]. 
This gap highlights the need for streamlined, 
evidence-based protocols to efficiently identify 
and manage OSD in patients with cataracts.

Optimizing the ocular surface before surgery 
is both feasible and essential, and incorporat‑
ing targeted diagnostics and timely treatment 
can improve measurement accuracy, reduce 
postoperative symptoms, and enhance overall 
patient satisfaction. This review highlights the 
key challenges posed by a suboptimal ocular 
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surface prior to cataract surgery and presents an 
up-to-date overview of preoperative risk stratifi‑
cation, ocular surface screening and optimiza‑
tion strategies.

MATERIALS AND METHODS

A comprehensive literature search was conducted 
using the PubMed, Scopus, and Google Scholar 
databases to identify relevant English-language 
studies and reviews. No date restrictions were 
applied. The initial search was performed on 
30 April 2025 and updated on 25 July 2025 to 
capture any newly published studies. The search 
strategy employed the following keywords: “(cata‑
ract surgery OR phacoemulsification) AND (dry 
eye OR iatrogenic dry eye OR ocular surface OR 
tear film OR meibomian glands)”. The primary 
focus was on studies evaluating the impact of 
preoperative dry eye disease on postoperative 
outcomes, as well as those addressing risk stratifi‑
cation and ocular surface optimization strategies 
prior to cataract surgery. Only articles published 
in English were included. Titles and abstracts of 
all retrieved articles were screened for relevance, 
followed by a full-text review of selected studies. 

In addition, the reference lists of included articles 
were reviewed to identify further pertinent publi‑
cations. Inclusion criteria were: (i) original studies 
or reviews involving human subjects, (ii) studies 
evaluating dry eye disease in the context of cata‑
ract surgery, and (iii) articles addressing preopera‑
tive management or outcomes. Exclusion criteria 
included: (i) case reports, letters, or editorials; (ii) 
studies not specifically focused on dry eye or the 
ocular surface in the context of cataract surgery; 
and (iii) duplicate publications.

To broaden the scope, the search strategy was 
subsequently expanded by adding keywords 
related to preoperative ocular surface treat‑
ments, combined with “(cataract surgery OR 
phacoemulsification)”.

This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors.

PREVALENCE OF DRY EYE DISEASE 
IN PATIENTS WITH CATARACT

DED is common in the aging population 
but often underdiagnosed in candidates for 

Fig. 1   Schematic representation of the dynamic balance 
of the ocular surface in response to external insults (e.g., 
cataract surgery). The outcome, either restoration of ocu-
lar surface (OS) homeostasis or progression to dysfunc-
tion, depends on the adaptive capacity of the ocular surface 
system. In cases of a well-optimized preoperative ocular 

surface, the system is more likely to adapt effectively to 
surgical stress, promoting recovery and maintaining OS 
homeostasis. Conversely, in eyes with untreated preopera-
tive dry eye disease (DED), the ocular surface exhibits a 
reduced ability to adapt, leading to a higher risk of postop-
erative ocular surface dysfunction
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cataract surgery. Hallmark symptoms like grit‑
tiness or discomfort are familiar, while fluctu‑
ating or blurry vision during visual tasks may 
be mistakenly attributed to cataracts rather 
than to DED [12, 13].

The prevalence of DED in the general adult 
population varies depending on the diag‑
nostic criteria used but has been reported to 
be as high as 44.2% based on TFOS DEWS II 
definitions, with higher rates observed among 
older adults [3]. Notably, studies show that a 
significant proportion of patients scheduled 
for cataract surgery exhibit clinical signs of 
DED, even in the absence of symptoms. Gupta 
et al. found that 80% of patients had at least 
one abnormal ocular surface test, including 
elevated tear osmolarity and matrix metallo‑
proteinase-9 (MMP-9) levels and, surprisingly, 
frequencies were even higher in the asympto‑
matic patients, who showed at least one abnor‑
mal tear test in 85% of cases [4]. Similarly, 
Trattler et al. reported that 62% of patients 
had TBUT ≤ 5 s and 77% had positive corneal 
staining despite minimal complaints [8]. Mei‑
bomian gland dysfunction (MGD), the most 
prevalent DED subtype, has also been widely 
observed. Cochener et al. found that 52% of 
patients with cataract had MGD [14], and 
Yeu et al. reported meibomian gland atrophy 
in over 95% of their cohort. Notably, half of 
these patients were asymptomatic [15]. Addi‑
tional evidence has been reported by a recent 
Norwegian study that, using TFOS DEWS II cri‑
teria, found that 55% of patients with cataract 
had undiagnosed DED, with meibomian gland 
dropout and shortened non-invasive Kerato‑
graph break-up time (NIKBUT) as the preva‑
lent findings [16]. Similarly, Giannaccare et al. 
found that all patients in their cohort had at 
least one ocular surface abnormality, with 55% 
meeting criteria for DED [17].

Taken together, these studies suggest that 
DED, often asymptomatic, affects most 
patients presenting for cataract surgery, and 
incorporating noninvasive diagnostic tools 
such as osmolarity testing, NIKBUT, and mei‑
bography into preoperative evaluations may 
enhance the accuracy of diagnosis.

PREOPERATIVE DRY EYE AS A RISK 
FACTOR FOR POSTOPERATIVE DRY 
EYE

Cataract surgery can transiently disrupt ocular 
surface homeostasis by exacerbating tear film 
hyperosmolarity, initiating inflammatory cas‑
cades, impairing neurosensory function, and 
inducing temporary dysfunction of the lacrimal 
and meibomian glands. These alterations are fre‑
quently magnified in eyes with pre-existing DED 
[18, 19].

Patients with established DED were reported 
to be significantly more likely to experience 
pronounced postoperative symptoms [18, 19]. 
Several preoperative parameters have been 
identified as predictive of postoperative DED, 
including reduced TBUT [7, 20, 21], increased 
corneal fluorescein staining (CFS) [20, 21], con‑
junctivochalasis [21], Schirmer I scores [21], 
and elevated tear osmolarity. [22] Park et al. 
demonstrated that patients with preoperative 
DED exhibited poorer surgical outcomes, char‑
acterized by lower TBUT, increased lid margin 
abnormalities, and compromised meibum qual‑
ity, in addition to stronger correlations between 
inflammatory mediators (e.g., Interleukin (IL)-6) 
and symptom severity [18].

MGD also plays a critical role due to its estab‑
lished association with tear film instability, 
increased evaporation, and hyperosmolarity [7, 
21, 23–26]. Cataract surgery often exacerbates 
MGD, leading to a further decline in TBUT and 
increased CFS postoperatively [25]. Moreover, 
patients with preoperative MGD demonstrated 
significant postoperative increases in inflamma‑
tory mediators, which were closely associated 
with ocular surface deterioration [27]. A recent 
meta-analysis involving 2247 eyes reported a 
significant postoperative reduction in tear film 
stability as measured by an average decline in 
TBUT, an effect that was more pronounced 
in patients with preoperative MGD (− 2.27 s; 
p < 0.001) [28]. While surface staining typically 
shows minimal change following surgery, a 
moderate increase was observed in patients with 
MGD (+ 0.90 points) [28].
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Although tear film stability tends to nor‑
malize by 3 months postoperatively [29, 30], a 
substantial proportion of patients, particularly 
those with baseline OSD, continue to experience 
symptoms beyond 3–6 months [6, 7, 31].

Importantly, postoperative DED is not lim‑
ited to individuals with pre-existing disease. 
In a prospective study of 100 eyes, Sahu et al. 
observed a consistent deterioration across all dry 
eye parameters following phacoemulsification, 
accompanied by the onset of new ocular surface 
symptoms [32]. Similarly, Li et al. reported a sig‑
nificant increase in postoperative DED incidence 
within the first 3 months among patients with 
no prior clinical signs of dry eye [33]. Supporting 
these findings, a recent meta-analysis estimated 
that approximately 37% of patients without pre-
existing DED developed the condition after cata‑
ract surgery [34].

Collectively, these findings underscore that 
while postoperative DED may develop in any 
patient, the risk is markedly elevated in those 
with preoperative DED or MGD.

PREOPERATIVE DRY EYE AND ITS 
EFFECT ON BIOMETRIC PRECISION 
IN CATARACT SURGERY

Accurate measurement of corneal refractive 
power is fundamental for IOL power calculation 
in cataract surgery [35]. The anterior corneal 
surface contributes approximately two-thirds 
of the total refractive power, making its precise 
assessment crucial to achieving optimal visual 
outcomes [36]. As cataract surgery has evolved 
toward refractive precision and postoperative 
spectacle independence, minimizing biomet‑
ric error has become a clinical priority [35, 37]. 
According to the Royal College of Ophthalmolo‑
gists, biometry outcomes are considered excel‑
lent when at least 85% and 55% of eyes achieve a 
postoperative refraction within ± 1.00 and ± 0.50 
diopter (D) of the target, respectively [38]. While 
these thresholds are based on standard IOLs, 
studies on premium IOLs report spectacle inde‑
pendence rates ranging from approximately 73% 
to over 90%, depending on the IOL type and 
design [39, 40]. In this context, undiagnosed or 

subclinical DED represents a significant barrier 
to achieving these outcomes [9, 41–44].

The TFOS DEWS II report emphasizes that 
even in the absence of overt symptoms, objec‑
tive signs such as reduced TBUT or increased 
tear osmolarity can compromise ocular surface 
regularity, thereby undermining the accuracy of 
optical measurements [45]. This is particularly 
relevant for modern biometry platforms, which 
utilize swept-source optical coherence tomogra‑
phy (SS-OCT) and rely on light reflection from 
the anterior corneal surface, where the tear film 
serves as the primary optical interface [46–48]. 
Thus, a stable and uniform tear film is critical for 
acquiring reliable keratometric readings.

In fact, tear film disruption in DED introduces 
irregularities on the optical surface due to mech‑
anisms including hyperosmolarity, inflamma‑
tion, and epithelial damage [45]. These factors 
contribute to increased variability in key biom‑
etric parameters [9]. Epitropoulos et al. demon‑
strated that eyes with hyperosmolar tear film 
(mean osmolarity 327.8 ± 10.5 mOsm/l versus 
301.1 ± 4.9 in controls) exhibited significantly 
poorer repeatability in keratometry and greater 
variability in IOL power calculations. Notably, 
10% of hyperosmolar eyes showed IOL power 
fluctuations exceeding 0.50 D between repeated 
measurements 3 weeks apart, with astigmatic 
variability surpassing 1.00 D more frequently 
than in normal eyes and reaching values up to 
5.50 D [9].

Similarly, Jiang et  al. found that tear film 
instability, as assessed using the Keratograph 
5 M, was associated with significantly increased 
variability in flat keratometry (Kf), mean ker‑
atometry (K), total keratometry (TK), and total 
corneal astigmatism (TCA) [49]. This variability 
translated into clinically meaningful differences 
in IOL power calculations, especially when using 
formulas that heavily weight anterior corneal 
curvature, such as SRK/T [49, 50]. These find‑
ings reinforce the critical role of preoperative 
tear film stability in achieving precise refractive 
outcomes.

Beyond static tear film deficiencies, dynamic 
instability, particularly blink-related fluctua‑
tions, adds another layer of complexity to ker‑
atometric accuracy. Mrukwa et al. demonstrated 
that corneal astigmatism can change measurably 
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within seconds of a blink, emphasizing the 
importance of standardizing blink timing during 
measurement [51]. Holly and Goto et al. further 
explained that localized thinning and the devel‑
opment of dry spots on the ocular surface dis‑
rupt the smooth refractive interface of the tear 
film, thereby inducing fluctuations in corneal 
power [52, 53]. Erdélyi et al. observed that the 
Surface Regularity Index (SRI) increased steadily 
during the 60 s following a blink, highlighting 
the rapid deterioration of optical surface quality 
in the absence of tear film renewal [54]. Addi‑
tionally, Koh et al. showed that the presence 
of central superficial punctate keratitis (SPK) in 
patients with dry eyes determined significantly 
higher post-blink total ocular higher-order aber‑
rations (HOAs) compared to dry eyes without 
central SPK [55].

Even in healthy eyes, Németh and Erdélyi 
showed that measurement repeatability declines 
as time elapses after a blink [54, 56, 57]. More 
recent studies indicated that eyes with more 
advanced tear film instability, such as those 
classified as noninvasive break-up time (NIBUT) 
level 2, demonstrated higher SRI and Surface 
Asymmetry Index (SAI) values compared to 
those at level 1. While short-term improvement 
in surface regularity has been observed follow‑
ing the instillation of low-concentration sodium 
hyaluronate, this effect is often modest and tem‑
porary [58].

Interestingly, not all imaging devices seem to 
be equally affected by tear film instability. Stud‑
ies by Doğan et al. and Güven reported high 
repeatability of anterior segment measurements 
in patients with DED using the Sirius and Pen‑
tacam devices [59, 60]. These systems utilize 
Scheimpflug imaging to directly capture corneal 
architecture, making them less reliant on tear 
film integrity than devices like the IOLMaster 
700, which depend on anterior surface reflection 
[61]. Nonetheless, caution is still warranted, as 
severe dry eye can degrade image quality and 
compromise measurement reliability, even with 
Scheimpflug-based systems [62, 63].

The influence of tear film instability on IOL 
power calculation also depends on the for‑
mula used. Traditional formulas such as SRK/T, 
which place considerable emphasis on anterior 
corneal curvature, are particularly vulnerable 

to variability in keratometric values. In con‑
trast, modern formulas like Barrett Universal 
II and Haigis incorporate additional biometric 
parameters, such as posterior corneal curva‑
ture, anterior chamber depth, and predicted 
lens position, making them less susceptible to 
noise introduced by an irregular tear film [50]. 
In a prospective cohort study by Jiang et al., 
patients with unstable tear film showed signifi‑
cantly greater variability in IOL power calcula‑
tions between two repeated measurements taken 
10 min apart when using the SRK/T formula. In 
contrast, power predictions remained more con‑
sistent with the Barrett Universal II and Haigis 
formulas, suggesting that these modern formu‑
las are more robust against surface irregularities 
caused by DED [49]. Further supporting this, 
Kim et al. found a more pronounced reduction 
in the mean absolute prediction error for the 
SRK/T formula after ocular surface optimization, 
compared to the Barett Universal II [64]. This 
suggests that pretreatment of DED led to more 
accurate keratometric values, which in turn had 
a greater corrective impact on the formula most 
sensitive to tear film-related errors [64]. None‑
theless, no IOL formula can compensate for 
poor-quality biometry. Even the more advanced 
formulas, while less affected by surface instabil‑
ity, demonstrated improved accuracy following 
ocular surface optimization [64], reinforcing the 
importance of managing DED before perform‑
ing preoperative measurements. These findings 
underscore the importance of identifying and 
managing tear film instability preoperatively to 
ensure accurate IOL power calculation and opti‑
mize postoperative refractive outcomes.

PRACTICAL RECOMMENDATIONS

Risk Stratification

Preoperative risk stratification for develop‑
ing DED following cataract surgery is gaining 
increasing importance, as optimizing the ocular 
surface beforehand may enhance both visual 
outcomes and patient satisfaction.

A thorough patient history remains a corner‑
stone of preoperative risk assessment for DED, 
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as it helps identify a wide range of systemic 
and ocular risk factors. These include older 
age, female sex, hormone replacement ther‑
apy, contact lens wear, prior corneal refractive 
surgery, and environmental exposures such as 
low humidity or air pollution [65–68]. Equally 
important is the identification of systemic 
comorbidities that contribute to ocular surface 
impairment, such as diabetes, autoimmune 
diseases, and the use of medications known to 
exacerbate DED, such as antihistamines, anti‑
depressants, and isotretinoin [67, 69, 70]. Spe‑
cial attention should also be given to patients 
with Sjögren’s syndrome, rosacea, or a history 
of hematopoietic stem cell transplantation, all 
of whom carry a significantly higher risk of post‑
operative ocular surface dysfunction [5, 71–74].

Nonetheless, identifying patients with a 
clinically normal ocular surface who are still at 
heightened risk for postoperative DED remains 
a clinical challenge, as no single historical or 
examination finding has demonstrated consist‑
ent predictive value.

To address this gap, Villani et  al. devel‑
oped the Ocular Surface Frailty Index (OSFI), a 
novel assessment tool based on the concept of 
“frailty,” defined as a reduced resilience to physi‑
ological stressors [21, 75, 76]. The OSFI incorpo‑
rates 10 easily assessable parameters, including 
systemic medical history factors such as con‑
nective tissue diseases, thyroid dysfunction, 
and psychiatric conditions; lifestyle habits like 
computer use; ocular history elements including 
ocular allergy, prior refractive surgery, and use 
of topical medications; as well as simple clini‑
cal tests such as TBUT with fluorescein, meibo‑
mian gland expressibility via digital expression, 
and lid-parallel conjunctival folds (LIPCOF). 
Each parameter is assigned a weighted score. 
For binary variables, the score is either 0 or 1. 
For TBUT, meibomian gland expressibility, and 
LIPCOF, intermediate grading scales are used, 
with a maximum score of 1 assigned for TBUT 
of 0–4 s, meibomian gland expressibility grade 
3, and LIPCOF grade 3, respectively. The OSFI 
score is calculated as the ratio of positive items 
to the total number of assessed parameters. An 
OSFI value of 0.3 or higher has been shown 
to be a strong predictor of postoperative DED 
symptom onset [21]. Although implementing 

the OSFI adds a few minutes to the preoperative 
evaluation, this modest time investment may 
be worthwhile given its utility in guiding tai‑
lored ocular surface management strategies and 
improving preoperative counselling [7, 21, 77].

Expanding on this approach, Shi and Chen 
developed a separate multivariate predictive 
model based on clinical and psychosocial fac‑
tors. Their analysis highlighted smoking, diabe‑
tes, psychological stress, elevated inflammatory 
markers, and longer incision length as relevant 
risk factors for developing DED after surgery. The 
model demonstrated good predictive ability and 
may support ophthalmologists in identifying 
vulnerable patients and implementing preven‑
tive strategies accordingly [78]. Together, these 
models mark a shift toward personalized ocu‑
lar surface evaluation, enabling more informed 
decision-making in candidates for cataract sur‑
gery, even in those without overt DED.

Preoperative Ocular Surface Workup

Given the high prevalence of undiagnosed OSD 
in candidates for cataract surgery [4, 17], rou‑
tine screening of DED prior to surgery should 
be considered standard practice [10]. A critical 
element of the preoperative screening is the 
detection of visually significant OSD that not 
only compromise Snellen acuity or subjective 
visual quality but could also distort preopera‑
tive measurements, lead to inaccurate IOL power 
selection [10].

Preoperative OSD screening should begin with 
a comprehensive review of patient’s history, an 
assessment of risk factors, and evaluation of 
symptoms (Fig. 2). Symptom assessment may 
involve standardized questionnaires such as the 
ocular surface disease index (OSDI), the OSDI-
6, the 5-item dry eye questionnaire (DEQ-5), 
the Symptom Assessment iN Dry Eye (SANDE), 
the Standard Patient Evaluation for Eye Dryness 
(SPEED) or the American Society of Cataract 
and Refractive Surgery (ASCRS) SPEED II preop‑
erative questionnaire [10, 79, 80]. Regardless of 
whether DED is suspected, preoperative evalu‑
ation should also include fluorescein staining, 
TBUT, and a thorough inspection of the ocular 
surface system [79], potentially including the 
look-lift-pull–push sequence [10]. This involves 
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inspection of the interpalpebral ocular surface 
and cornea, blink patterns, lid position, tear 
meniscus, and blepharitis signs; elevating and 
everting the upper eyelid to detect superior epi‑
thelial basement membrane dystrophy, floppy 
eyelid syndrome, and other often-overlooked 
conditions; gently pressing on the lower lid 
margin to allow assessment of meibomian gland 
function by evaluating meibum quality and 
identifying nonobvious MGD [10]. If available, 
point-of-care tests such as tear osmolarity and 
MMP-9 testing should also be performed at this 
stage [10]. A positive screening with the detec‑
tion of even subtle signs or symptoms sugges‑
tive of DED should prompt further investigation 
using additional diagnostic tools among which 
infrared meibography, NIBUT, Schirmer test, cor‑
neal sensitivity testing, tear meniscometry, lipid 
layer thickness (LLT), ocular scatter index (OSI), 
topography, and aberrometry, which can help 
determining DED severity and guiding appropri‑
ate treatment strategies [10, 79, 81]. Additional 
functional testing like the Hardten’s “ocular sur‑
face stress test”, which is a post-dilation evalu‑
ation for punctate keratopathy, has been sug‑
gested to help identify individuals at higher risk 
for epithelial instability post-surgery [82].

After completing the clinical evaluation, if 
there is evidence of OSD with fluctuating vision 

that improves after blinking or lubrication, 
markedly elevated tear osmolarity or MMP-9 lev‑
els, unstable or highly irregular corneal topogra‑
phy or aberrometry, interblink increases in OSI, 
epithelial-related irregular astigmatism, or sig‑
nificant corneal staining, surgery should be per‑
formed after having addressed these conditions 
that may compromise preoperative measure‑
ments and/or postoperative outcomes. If OSD 
is present but not visually significant, surgery 
can be performed as planned, with appropriate 
patient counselling and prophylactic treatment 
to reduce the risk of postoperative DED [10].

Preoperative Ocular Surface Optimization

The consensus on the need for ocular surface 
optimization before surgery, even in patients 
with minimal dry eye signs, was recently con‑
firmed by TFOS DEWS III [83]. Rapid restoration 
of tear film homeostasis, typically through an 
aggressive, multifactorial approach, improves 
tear film stability, reduces biometric variability, 
enhances refractive predictability and minimizes 
the risk of surgical complications [10]. Further‑
more, high levels of HOAs, often seen in dry 
eye, are a common cause of dissatisfaction in 
patients receiving multifocal IOLs and should 
be minimized prior to surgery [84].

Fig. 2   Preoperative ocular surface workup. ASCRS 
SPEED II American Society of Cataract and Refractive 
Surgery SPEED II, CFS corneal fluorescein staining, DEQ-
5 5-item dry eye questionnaire, LLT lipid layer thickness, 
MMP-9 matrix metalloproteinase-9, NIBUT noninvasive 

breakup time, OSDI Ocular surface disease index, OSI ocu-
lar scatter index, SANDE Symptom Assessment iN Dry 
Eye, SPEED Standard Patient Evaluation of Eye Dryness, 
TBUT tear breakup time, TMH tear meniscus height
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Preoperative management should match 
disease severity [10, 85]. Mild DED cases may 
proceed with surgery alongside prophylactic 
therapy and patient education, while more 
severe or uncontrolled diseases warrants medi‑
cal treatment. Once a tailored treatment plan 
is implemented, patients should be reassessed 
within 2–4 weeks, and surgery should be per‑
formed once the ocular surface is optimized [10, 
85]. Ongoing therapy should be continued in 
the postoperative period to maintain improve‑
ments and reduce the risk of signs/symptoms 
recurrence [10].

In the preoperative context, a more aggressive 
treatment compared to conventional DED is rec‑
ommended since rapid restoration of ocular sur‑
face homeostasis is essential for accurate biom‑
etry and optimal surgical outcomes. Therefore, 
treatment has been suggested to begin at least 
at Step 2 of the TFOS DEWS II algorithm, target‑
ing tear inflammation, lid margin disease, and 
ocular surface staining concurrently to prevent 
surgical delays and postoperative dissatisfaction 
[10]. A summary of the studies evaluating preop‑
erative ocular surface optimization interventions 
is presented in Tables 1 and 2.

Tear Substitutes and  Mucin Secreta‑
gogues  Tear substitutes are beneficial when 
used consistently both pre- and postoperatively. 
Sodium hyaluronate demonstrated short-term 
improvements in surface regularity and symme‑
try. Tear substitutes four times daily before sur‑
gery determined more stable OSDI scores post‑
operatively [86, 87].

Teshigawara et al. reported that rebamipide, 
a mucin secretagogue, significantly reduced 
higher-order aberrations, improved TBUT and 
SPK, and led to more accurate refractive out‑
comes [88–90]. In a separate study, the same 
group also demonstrated that diquafosol, a P2Y2 
receptor agonist that stimulates secretion across 
all three layers of the tear film, significantly 
improved astigmatism measurement repeatabil‑
ity in eyes with short TBUT [91]. Additionally, 
Miyake et al. showed that diquafosol enhances 
intraoperative corneal wetting properties, fur‑
ther supporting its value in surgical settings [92].

Interestingly, the use of tear substitutes 
immediately before biometry has been 

explored as a strategy to temporarily stabilize 
the tear film. However, caution towards its use 
has been recommended. In fact, while some 
evidence suggests that short-term improve‑
ments in ocular surface quality may enhance 
measurement consistency, the overall findings 
remain controversial [93–95].

Rochet et al. reported a temporary improve‑
ment in keratometric repeatability and IOL 
power prediction accuracy following the instil‑
lation of tear substitutes 1 min before biom‑
etry, likely due to transient smoothing of the 
tear film [94]. However, this benefit was short-
lived and inconsistently replicated in other 
studies. Roggla et al. found that both low- and 
high-viscosity artificial tears induced signifi‑
cant changes in keratometry values for at least 
5 min post-instillation, particularly in patients 
with DED. They recommended that biometry 
should be performed either before drop admin‑
istration or after a delay of at least 5 min, with a 
preference for the former [93]. Similarly, Chen 
et al. advised a 5-min delay, having observed 
that a single drop of 0.1% sodium hyaluronate 
significantly affected axial length and central 
corneal thickness readings in both patients 
with and without DED [96]. Jensen reported no 
consistent benefit from tear substitutes instil‑
lation immediately before keratometric evalua‑
tion [97]. Moreover, artificial tear use has been 
linked to significant increases in measurement 
variability, with changes in IOL cylinder power 
observed in up to 43.8% of cases and axis devi‑
ations exceeding 10 degrees in nearly 18% of 
toric IOL candidates [94]. Montes-Mico et al. 
showed that tear substitutes could introduce 
higher-order aberrations, including coma and 
spherical distortions, casting further doubt on 
the reliability of this approach [95]. These find‑
ings suggest that immediate tear supplementa‑
tion may obscure, rather than solve, underly‑
ing surface instability.

Our clinical takeaways are to: (i) use tear 
substitutes in the weeks leading up to biom‑
etry rather than immediately before; (ii) 
repeat biometry after ocular surface optimiza‑
tion; (iii) avoid instilling drops immediately 
before measurements, or wait ≥ 5 min if drops 
are used; (iv) standardize blink timing during 
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measurements; (v) prioritize IOL formulas 
that place less emphasis on anterior corneal 
curvature.

Anti‑inflammatory and  Immunomodulatory 
Agents  In moderate to severe DED, topical cor‑
ticosteroids are often employed for short-term, 
preoperative use, due to their potent and rapid 
anti-inflammatory effects, potentially followed 
by immunomodulatory agents for maintenance 
[10, 98].

An initial evaluation of betamethasone ace‑
tate 0.1% as a preoperative treatment showed no 
significant benefit in OSDI scores or meniscome‑
try measurements compared to saline [99]. How‑
ever, in the study by Shokoohi-Rad et al., the 
corticosteroid was administered for only 3 days 
prior to surgery [99], a duration that may have 
been insufficient to produce therapeutic effects. 
In contrast, subsequent studies have demon‑
strated that corticosteroids such as loteprednol 
etabonate 0.5% and fluorometholone were effec‑
tive in significantly improving signs and symp‑
toms of DED within 4 weeks, making them suita‑
ble for the surgical timeline [100, 101]. Although 
long-term use is limited by potential side effects, 
a brief course before surgery can rapidly suppress 
ocular surface inflammation, enhance tear film 
stability, and improve patient comfort [102].

Among immunomodulatory agents, cyclo‑
sporine A 0.05% and lifitegrast 5% proved 
to be effective in improving postoperative 
DED subjective symptoms and objective signs 
and, thanks to their relatively fast therapeutic 
response, to be well-suited for preoperative use 
[86, 103–109].Additionally, they have consist‑
ently been associated with improved prediction 
of postoperative spherical equivalent and likeli‑
hood of satisfactory postoperative outcomes [64, 
84, 110]. Kim et al. demonstrated that pretreat‑
ment with topical 0.5% loteprednol etabonate 
and 0.05% cyclosporin A for 2 weeks prior to 
cataract surgery led to more accurate keratomet‑
ric values and significantly improved postopera‑
tive refractive outcomes. In their study, 94.3% 
and 90.5% of treated eyes versus 65.4% and 
73.2% of untreated eyes achieved mean abso‑
lute prediction error within ± 0.50 D of target 
using SRK/T and Barrett Universal II formulas, 
respectively; the incidence of refractive surprises 

also dropped substantially, from 17.3% to 3.8% 
with SRK/T, and from 15.4% to 1.9% with Bar‑
rett Universal II [64]. Similarly, Hovanesian et al. 
reported that 28 days of treatment with cyclo‑
sporine 0.09% resulted in 95% of eyes achieving 
refractive accuracy within ± 0.75 D, compared 
to 88% in the untreated group, while refrac‑
tive outcomes within ± 0.25 D of target were 
reached in 47% of treated cases versus 41% of 
untreated ones [84]. Additionally, their results 
showed reduced HOAs, crucial for patients 
receiving premium IOLs [84]. Hovanesian et al. 
also reported that a 28-day course of lifitegrast 
5% twice daily significantly improved preoper‑
ative corneal surface measurement accuracy in 
patients with confirmed DED who were sched‑
uled for cataract surgery. Specifically, biometry 
accuracy within ± 0.50 D and ± 0.75 D improved 
before and after the initial lifitegrast treatment 
from 71 to 79% and from 81 to 91%, respec‑
tively (p < 0.04) [110].

Epithelial Support  In case of persistent cor‑
neal staining, additional therapeutic interven‑
tions may be required due to the critical impact 
of a compromised corneal surface on refractive 
accuracy [10, 111, 112]. Treatment options may 
include autologous serum tears, which promote 
epithelial healing and provide anti-inflamma‑
tory effects, and the transplantation of amni‑
otic membrane (AM), which has been shown 
to result in significant clinical improvements 
within 5  days [113]. Wongskhaluang et  al. 
reported that preoperative application of cryo‑
preserved AM significantly improved both signs 
and symptoms of moderate to severe DED unre‑
sponsive to conventional therapy, ultimately 
enhancing refractive accuracy after cataract sur‑
gery [114]. Bandage contact lenses may also be 
used to protect the ocular surface and support 
epithelial recovery. In addition, punctal plugs 
can be employed to enhance tear retention and 
reduce ocular surface stress [10, 115].

MGD Management  Preoperative management 
of MGD has emerged as a critical component in 
the optimization of surgical outcomes and was 
shown to significantly mitigate postoperative 
DED severity [24, 116, 117] and improve refrac‑
tive accuracy [118–123].



2711Ophthalmol Ther (2025) 14:2697–2733	

Core MGD management includes warm 
compresses and lid hygiene/massage. In a ran‑
domized clinical trial, 20 min of warm com‑
presses followed by lid massage before cataract 
surgery led to improved postoperative tear 
film stability [24]. Despite the widespread use 
of warm compresses and lid hygiene regimens 
at home, real-world adherence remains low, 
and effective meibomian gland expression is 
frequently inadequate in elderly populations. 
Thus, intensifying preoperative treatment strat‑
egies is essential. Hypochlorous acid-based lid 
cleansers effectively reduce lid margin bacte‑
rial load [124], while tea tree oil scrubs are 
employed in cases of Demodex-associated 
blepharitis [125]. Mechanical blepharoexfolia‑
tion can debulk bacterial biofilm and collar‑
ettes, thereby decreasing microbial resistance 
and infection risk [126]. For obstructive MGD, 
in-office thermal pulsation therapy (TPT) using 
devices such as LipiFlow can restore glandu‑
lar patency and lipid layer stability more reli‑
ably than at-home compresses [127, 128]. Pre-
surgical TPT was shown not only to enhance 
meibomian gland secretion and TBUT, but also 
to reduce postoperative dry eye symptoms, 
improve preoperative astigmatism measure‑
ments, IOL calculation accuracy and refractive 
outcomes, particularly in patients receiving 
range-of-vision implants [118–123]. The opti‑
mal timing for TPT is typically a few weeks 
before surgery, as tear film stabilization is gen‑
erally achieved within this period [127–129]. 
Most studies administered TPT approximately 
3 to 6 weeks preoperatively [118–122, 130]. 
A recent meta-analysis confirmed a moderate 
but statistically significant improvement in MG 
function and TBUT with TPT with, however, 
variable impact on LLT and subjective symp‑
toms like the OSDI, underscoring the need for 
individualized treatment planning and further 
high-quality studies [119, 120, 122, 131].

Additional adjunctive modalities such as 
intense pulsed light combined with meibomian 
gland expression (IPL-MGX) also showed prom‑
ise in improving refractive accuracy and reducing 
HOAs in patients with MGD-related dry eye [132, 
133].

Comprehensive perioperative regimens with 
low-level light therapy (LLLT) performed one 
week before and one week after surgery also 
demonstrated efficacy in preventing the iatro‑
genic exacerbation of dry eye and lid margin 
disease following cataract surgery [134, 135].

Additionally, dietary omega-3 fatty acid sup‑
plementation, despite the negative findings 
from the DREAM study, continues to be recom‑
mended due to its anti-inflammatory benefits 
and potential to enhance meibum quality and 
tear film stability, although optimal dosing and 
duration remain to be established [136–140]. For 
patients with ocular rosacea or chronic lid mar‑
gin inflammation, systemic anti-inflammatory 
therapy with oral tetracyclines such as doxy‑
cycline offers additional benefits. These agents 
exert both anti-inflammatory and antimicro‑
bial effects [141] and their use has been associ‑
ated with improved epithelial barrier integrity, 
enhanced tear film stability, and reduced lid 
margin bacterial load, all of which contribute 
to a healthier preoperative ocular surface [142, 
143]. A 1- to 2-month course of doxycycline 
before surgery has been shown to significantly 
improve symptoms and signs in patients with 
MGD, reduce the risk of postoperative infection, 
and potentially lower the incidence of endoph‑
thalmitis [144–146].

Additional Considerations  Avoiding preop‑
erative use of epitheliotoxic agents such as ben‑
zalkonium chloride (BAK)-containing drops and 
non-steroidal anti-inflammatory drugs (NSAIDs) 
is critical to reduce surface toxicity [85]. Par‑
ticularly in severe cases such as Sjögren syn‑
drome, cautious use of NSAIDs is advised due 
to the potential for corneal melting or neuro‑
trophic keratopathy [5]. Patients with high-risk 
conditions, including graft-versus-host disease 
(GVHD), Stevens–Johnson syndrome or ocu‑
lar cicatricial pemphigoid (OCP) benefit from 
aggressive ocular surface management that may 
require systemic immunosuppression in selected 
cases, which has been shown to improve surgi‑
cal outcomes despite not eliminating complica‑
tions entirely [71–74, 147].
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Surgical Considerations in Relation to DED

Optimizing surgical technique is essential to 
reduce postoperative DED, particularly in at-
risk patients. The choice between femtosecond 
laser-assisted cataract surgery (FLACS) and con‑
ventional phacoemulsification should consider 
their impact on ocular surface.

FLACS has been associated with a higher risk 
of early postoperative DED. A 2022 meta-analy‑
sis including 611 eyes showed in eyes receiving 
FLACS worse dry eye parameters, higher OSDI 
scores, lower Schirmer values, more staining, 
and reduced TBUT, though differences resolved 
by 3 months [148]. Ju et al. reported foreign-
body sensation in 68.9% and dryness in 48.3% 
of patients receiving FLACS [149]. Xu et  al. 
observed new-onset DED in 20.9% at one week, 
dropping to 1.9% at 3 months [150]. This risk is 
likely multifactorial: the suction ring and dock‑
ing system can damage conjunctival goblet cells 
and corneal nerves, compress limbal vessels, and 
provoke inflammation. FLACS involves more 
laser energy, light exposure, and operative time. 
Elevated tear film cytokines have been noted 
post-FLACS [151]. Tight or incomplete femto‑
second incisions may require additional instru‑
mentation, increasing corneal trauma [152, 
153]. However, some Chinese studies found less 
DED worsening with FLACS [154], and Schargus 
et al. reported no significant differences in tear 
osmolarity, Schirmer test, or inflammation up 
to 3 months [155], likely due to patient or tech‑
nique variability.

In summary, FLACS may transiently worsen 
dry eye symptoms more than conventional sur‑
gery, especially in the first month(s). In patients 
with preexisting DED or at high risk, thorough 
preoperative evaluation, tear film optimization, 
and patient counselling are critical.

Other surgical factors also influence DED out‑
comes. Smaller incisions preserve corneal nerves, 
speeding recovery of tear secretion and blink 
reflexes [156] and reduce surgically induced 
astigmatism, limiting visual disturbances [157, 
158]. While incision location has minimal effect, 
grooved incisions may temporarily affect corneal 
sensitivity and worsen symptoms in patients 
without prior DED [159].

Intraoperative factors such as prolonged light 
exposure and aspirating specula may reduce 
TBUT and increase early discomfort, though 
these normalize by one month [159, 160]. 
Phacoemulsification’s thermal energy can cause 
transient corneal swelling and evaporative DED 
[161, 162]. To mitigate these effects, viscoelastic 
agents like hydroxypropyl methylcellulose pro‑
tect the ocular surface and improve tear stability 
postoperatively [163–165].

Overall, surgical planning should prioritize 
small incisions, reduced light/thermal expo‑
sure, and ocular surface protection. For patients 
at risk of DED, tailored surgical choices, ocular 
surface optimization, and proper counselling 
can enhance comfort and visual outcomes.

CONCLUSIONS

DED is prevalent and frequently underdiagnosed 
in patients undergoing cataract surgery, despite 
its well-documented impact on preoperative 
measurements, surgical outcomes, and postop‑
erative satisfaction. Early identification of OSD 
offers a critical opportunity to optimize the ocu‑
lar environment and improve both visual and 
refractive results.

A structured, evidence-based approach, 
starting from risk stratification and extending 
through targeted diagnostics and individualized 
preoperative management, including tear substi‑
tutes, anti-inflammatory agents, and MGD treat‑
ment, can significantly enhance biometric accu‑
racy and reduce postoperative complications.

Given the increasing demands for refractive 
precision and patient satisfaction in modern 
cataract surgery, ocular surface evaluation and 
optimization, particularly in patients with sus‑
pected or confirmed DED, should be an integral 
component of the preoperative workflow.

Our practical clinical takeaways are:

•	 Recognize that DED is common and often 
undiagnosed in patients with cataract.

•	 Use risk stratification tools (e.g., question‑
naires, history, prior ocular surgeries) to 
guide the need for targeted diagnostics.



2713Ophthalmol Ther (2025) 14:2697–2733	

Ta
bl

e 2
  S

um
m

ar
y o

f s
tu

di
es

 ev
al

ua
tin

g p
re

op
er

at
iv

e o
cu

la
r s

ur
fa

ce
 o

pt
im

iz
at

io
n 

in
te

rv
en

tio
ns

 fo
cu

se
d 

on
 m

ei
bo

m
ia

n 
gl

an
d 

dy
sfu

nc
tio

n

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

So
ng

 et
 al

. (
20

19
) 

[2
4]

Pr
os

pe
ct

iv
e 

ra
nd

om
iz

ed
 

cl
in

ic
al

 tr
ia

l

12
0 

ey
es

 (1
20

 
pa

tie
nt

s)
*M

od
er

at
e 

ob
str

uc
tiv

e 
M

G
D

G
ro

up
 II

: w
ar

m
 

co
m

pr
es

se
s, 

lid
 

hy
gi

en
e +

 an
ti-

in
fla

m
m

at
or

y t
x 

fo
r ~

 2–
4 

w
ee

ks
 +

 ro
u-

tin
e p

os
to

p 
in

fla
m

m
a-

to
ry

 tx
 (n

 =
 30

)

G
ro

up
 I:

 ro
ut

in
e 

po
st

op
 an

ti-
in

fla
m

m
at

or
y t

x 
(n

 =
 60

)
G

ro
up

 II
I: 

en
ha

nc
ed

 
po

st
op

 an
ti-

in
fla

m
m

at
or

y t
x 

(n
 =

 30
)

O
SS

, N
IB

U
T,

 
C

FS
, S

ch
irm

er
 

I, 
lid

 m
ar

gi
n,

 
m

ei
bu

m
 q

ua
lit

y, 
ex

pr
es

sib
ili

ty
 

an
d 

dr
op

ou
t

H
ig

he
r N

IB
U

T
 

an
d 

lo
w

er
 O

SS
, 

lid
 m

ar
gi

n,
 an

d 
m

ei
bu

m
 q

ua
l-

ity
 an

d 
ex

pr
es

s-
ib

ili
ty

 vs
. g

ro
up

 I 
(a

ll 
 p 

< 
0.

00
1)

 at
 

1 
m

on
th

Be
tt

er
 o

ut
co

m
es

 
of

 li
d 

m
ar

gi
n 

an
d 

m
ei

bu
m

 q
ua

l-
ity

 an
d 

ex
pr

es
s-

ib
ili

ty
 th

an
 g

ro
up

 
II

I a
t 1

 m
on

th
 

(p
 =

 0.
03

1,
  

p =
 0.

02
6,

 an
d 

 
p <

 0.
00

1,
 re

sp
ec

-
tiv

el
y)

Si
gn

ifi
ca

nt
ly

 h
ig

he
r 

N
IK

BU
T

 th
an

 
gr

ou
p 

I a
nd

 II
 

at
 3

 m
on

th
s 

(p
 <

 0.
00

1 
an

d 
 

p =
 0.

00
1,

 re
sp

ec
-

tiv
el

y)

1 
an

d 
3 

m
on

th
s 

po
st

op
er

at
iv

el
y



2714	 Ophthalmol Ther (2025) 14:2697–2733

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

Eo
m

 et
 al

. (
20

20
) 

[1
16

]
M

ul
tic

en
te

r 
Pr

os
pe

ct
iv

e, 
ra

nd
om

iz
ed

, 
co

nt
ro

lle
d 

pi
lo

t s
tu

dy

69
 p

at
ie

nt
s

*O
bs

tr
uc

tiv
e 

M
G

D

Ey
el

id
 h

yg
ie

ne
 2

× 
da

y 
fo

r 3
 d

ay
s b

ef
or

e u
nt

il 
1 

w
ee

k 
aft

er
 su

rg
er

y 
(n

 =
 36

)

N
o 

ey
el

id
 h

yg
ie

ne
 

(n
 =

 33
)

SP
EE

D
, C

FS
, 

LG
C

S,
 T

BU
T,

 
an

te
rio

r 
bl

ep
ha

rit
is 

gr
ad

e, 
ey

el
id

 
te

la
ng

ie
ct

as
ia

, 
m

ei
bu

m
 q

ua
lit

y 
an

d 
qu

an
tit

y

SP
EE

D
 sc

or
es

 
de

cr
ea

se
d 

in
 

hy
gi

en
e g

ro
up

 
on

ly
 (c

on
tr

ol
 

un
ch

an
ge

d)
Bl

ep
ha

rit
is 

gr
ad

e 
w

or
se

ne
d 

in
 

co
nt

ro
ls 

at
 1

 w
ee

k,
 

bu
t n

ot
 in

 h
yg

ie
ne

 
gr

ou
p

M
ei

bu
m

 q
ua

lit
y/

qu
an

tit
y d

ec
lin

ed
 

in
 co

nt
ro

ls 
w

hi
le

 
re

m
ai

ne
d 

st
ab

le
 in

 
hy

gi
en

e g
ro

up

1 
an

d 
4 

w
ee

ks
 

po
st

op
er

at
iv

el
y



2715Ophthalmol Ther (2025) 14:2697–2733	

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

G
e e

t a
l. 

(2
02

0)
 

[1
17

]
Pr

os
pe

ct
iv

e 
ob

se
rv

at
io

na
l, 

co
nt

ro
lle

d 
cl

in
ic

al
 st

ud
y

60
 ey

es
 (6

0 
pa

tie
nt

s)
*M

ild
-to

-m
od

er
-

at
e M

G
D

M
22

 O
PT

 IP
L 

pe
rio

p-
er

at
iv

el
y (

pr
eo

p 
an

d 
at

 
1 

an
d 

2 
m

on
th

s p
os

to
) 

as
 ad

ju
nc

t t
o 

st
an

da
rd

 
pr

ep
ar

at
io

n 
(n

 =
 30

)

St
an

da
rd

 su
rg

ic
al

 
pr

ep
ar

at
io

n 
(n

 =
 30

)

O
SD

I, 
EM

A
S,

 
M

G
YS

S,
 C

FS
, 

N
IB

U
T,

 T
M

H
, 

m
ei

bo
gr

ap
hy

 
(M

G
LS

)

O
SD

I i
m

pr
ov

ed
 

fr
om

 ~
 31

 to
 ~

 28
 

at
 1

 m
on

th
 

(p
 =

 0.
02

7)
 

an
d ~

 21
 at

 
3 

m
on

th
s 

(p
 <

 0.
01

)
M

G
YS

S,
 E

M
A

S,
 

N
IB

U
T,

 an
d 

M
G

LS
 al

l 
im

pr
ov

ed
 

at
 3

 m
on

th
s 

(p
 <

 0.
05

)
O

SD
I, 

M
G

YS
S,

 
C

FS
 w

er
e a

ll 
be

tt
er

 
co

m
pa

re
d 

to
 co

n-
tr

ol
s a

t 1
 m

on
th

 
(p

 <
 0.

05
)

O
SD

I, 
EM

A
S,

 
M

G
YS

S,
 N

IB
U

T
 

an
d 

M
G

LS
 w

er
e 

al
l b

et
te

r c
om

-
pa

re
d 

to
 co

nt
ro

ls 
at

 1
 m

on
th

 
(p

 <
 0.

05
)

Be
tt

er
 p

os
t-s

ur
gi

ca
l 

oc
ul

ar
 su

rf
ac

e s
ta

-
tu

s a
nd

 sa
tis

fa
ct

io
n 

th
an

 co
nt

ro
ls

1 
an

d 
3 

m
on

th
s 

po
st

op
er

at
iv

el
y



2716	 Ophthalmol Ther (2025) 14:2697–2733

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

M
at

os
sia

n 
(2

02
0)

 
[1

18
]

Si
ng

le
-c

en
te

r, 
pr

os
pe

ct
iv

e 
pi

lo
t o

bs
er

va
-

tio
na

l s
tu

dy

25
 ey

es
 (2

3 
pa

tie
nt

s)
*M

G
D

-re
la

te
d 

D
ED

Li
pi

Fl
ow

 T
PT

 o
ne

 
se

ss
io

n 
at

 ~
 6 

w
ee

ks
 

pr
eo

pe
ra

tiv
el

y

W
ith

in
-e

ye
 

ba
se

lin
e

K
er

at
om

et
ric

 
as

tig
m

at
ism

 
m

ag
ni

tu
de

 
(Δ

K
) a

nd
 ax

is 
ch

an
ge

, s
im

u-
la

te
d 

vs
. a

ct
ua

l 
R

R
A

 ≤
 0.

5 
D

Δ
K

 ch
an

ge
d 

in
 

76
%

 o
f e

ye
s 

(5
2%

 in
cr

ea
se

d 
m

ag
ni

tu
de

, 2
4%

 
de

cr
ea

se
d,

 2
4%

 
un

ch
an

ge
d)

In
te

nd
ed

 as
tig

m
at

ic
 

co
rr

ec
tio

n 
pl

an
 

ch
an

ge
d 

in
 6

8%
 

of
 ey

es
A

ct
ua

l p
os

to
pe

ra
-

tiv
e R

R
A

 ≤
 0.

50
 D

 
w

as
 ac

hi
ev

ed
 in

 
76

%
, c

om
pa

re
d 

to
 si

m
ul

at
ed

 4
0%

 
(p

 =
 0.

00
4)

Po
st

-T
PT

 an
d 

~ 
1 

m
on

th
 p

os
t-

op
er

at
iv

el
y



2717Ophthalmol Ther (2025) 14:2697–2733	

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

Zh
ao

 et
 al

. (
20

21
) 

[1
20

]
Pr

os
pe

ct
iv

e, 
ex

am
in

er
-

m
as

ke
d,

 co
n-

tr
al

at
er

al
-e

ye
 

co
nt

ro
lle

d 
cl

in
ic

al
 tr

ia
l

64
 ey

es
 (3

2 
pa

tie
nt

s)
*M

G
D

O
ne

 L
ip

iF
lo

w
 T

PT
 

se
ss

io
n 

at
 1

–4
 w

ee
ks

 
pr

eo
pe

ra
tiv

el
y

*I
n 

th
e m

or
e s

ym
pt

om
at

ic 
ey

e

C
on

tr
al

at
er

al
 ey

e 
w

ith
 n

o 
T

PT
 

tr
ea

tm
en

t
*A

lso
 n

on
-su

rg
er

y 
M

G
D

 co
nt

ro
l 

gr
ou

p (
w/

o 
Li

pi
Fl

ow
)

D
ED

 sy
m

pt
om

s, 
T

BU
T,

 L
LT

, 
C

FS
, S

ch
irm

er
 

I, 
M

G
Y

LS
, M

G
 

dr
op

ou
t

Sy
m

pt
om

s 
un

ch
an

ge
d

Si
gn

ifi
ca

nt
 im

pr
ov

e-
m

en
t i

n 
M

G
Y

LS
 

(p
 <

 0.
00

1)
, w

hi
le

 
no

 ch
an

ge
 in

 co
n-

tr
ol

 n
on

-L
ip

iF
lo

w
 

ey
es

Pr
ev

en
tio

n 
of

 
T

BU
T

 d
ec

lin
e 

po
st

op
er

at
iv

el
y 

co
m

pa
re

d 
to

 co
n-

tr
ol

 ey
es

 (p
 =

 0.
01

9 
at

 1
 w

ee
k 

an
d 

1 
m

on
th

)
O

th
er

 p
ar

am
et

er
s 

di
d 

no
t d

iff
er

 
sig

ni
fic

an
tly

*M
ai

n 
di

ffe
re

nc
es

 
se

en
 at

 1
 w

ee
k 

an
d 

1 
m

on
th

1 
w

ee
k,

 1
 m

on
th

, 
an

d 
3 

m
on

th
s 

po
st

-tr
ea

tm
en

t/
su

rg
er

y



2718	 Ophthalmol Ther (2025) 14:2697–2733

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

Pa
rk

 et
 al

. (
20

21
) 

[1
19

]
Pr

os
pe

ct
iv

e, 
ra

nd
om

iz
ed

, 
co

nt
ro

lle
d,

 
sin

gl
e-

ce
nt

er
 

cl
in

ic
al

 tr
ia

l

12
4 

ey
es

 (1
24

 
pa

tie
nt

s)
O

ne
 L

ip
iF

lo
w

 T
PT

 
se

ss
io

n 
~ 

3 
w

ee
ks

 p
re

-
op

er
at

iv
el

y (
n =

 62
)

St
an

da
rd

 ca
re

, n
o 

T
PT

 (n
 =

 62
)

M
ei

bo
m

ia
n 

gl
an

d 
at

ro
ph

y, 
gl

an
d 

ex
pr

es
sib

ili
ty

, 
M

Q
, T

BU
T,

 
C

FS
, L

LT
, 

O
SD

I, 
an

d 
D

EQ
-5

M
ai

nt
ai

ne
d/

im
pr

ov
ed

 g
la

nd
 

ex
pr

es
sib

ili
ty

, M
Q

, 
LL

T,
 an

d 
T

BU
T,

 
w

ith
 le

ss
 C

FS
 an

d 
sig

ni
fic

an
tly

 b
et

te
r 

sy
m

pt
om

 sc
or

es
 

po
st

-su
rg

er
y, 

w
hi

le
 

co
nt

ro
ls 

w
or

se
ne

d
Im

pr
ov

em
en

ts
 co

rr
e-

la
te

d 
w

ith
 b

as
el

in
e 

M
G

D
 se

ve
rit

y

1 
an

d 
3 

m
on

th
s 

po
st

op
er

at
iv

el
y



2719Ophthalmol Ther (2025) 14:2697–2733	

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

M
en

cu
cc

i e
t a

l. 
(2

02
3)

 [1
21

]
Si

ng
le

-c
en

te
r, 

pr
os

pe
ct

iv
e, 

un
m

as
ke

d,
 

ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
cl

in
ic

al
 tr

ia
l

46
 ey

es
 (4

6 
pa

tie
nt

s)
*M

ild
–m

od
er

at
e 

M
G

D

O
ne

 L
ip

iF
lo

w
 T

PT
 

se
ss

io
n 

at
 ~

 5 
w

ee
ks

 
pr

eo
pe

ra
tiv

el
y (

n =
 23

)

W
ar

m
 co

m
-

pr
es

se
s +

 ey
el

id
 

m
as

sa
ge

 2
× 

da
y 

fo
r 1

 m
on

th
 

(n
 =

 23
)

N
IB

U
T,

 T
M

H
, 

Sc
hi

rm
er

 te
st

, 
SP

EE
D

, C
FS

, 
m

ei
bo

m
ia

n 
gl

an
d 

fu
nc

tio
n-

al
ity

, c
on

fo
ca

l 
m

ic
ro

sc
op

y o
f 

M
G

 al
te

ra
tio

ns

N
IB

U
T,

 S
PE

ED
, 

an
d 

M
G

 fu
nc

tio
n 

im
pr

ov
ed

 si
gn

ifi
-

ca
nt

ly
 b

y p
re

op
-

er
at

iv
e w

ee
k 

1 
an

d 
re

m
ai

ne
d 

st
ab

le
 at

 
1 

m
on

th
 p

os
t-o

p 
(p

 <
 0 

.0
5)

, w
hi

le
 

co
nt

ro
ls 

sh
ow

ed
 

no
 im

pr
ov

em
en

t 
pr

eo
pe

ra
tiv

el
y a

nd
 

w
or

se
ne

d 
aft

er
 

su
rg

er
y

Po
st

-o
p 

N
IB

U
T,

 
SP

EE
D

, M
G

Y
LS

, 
M

G
YS

S 
an

d 
M

Q
 

be
tt

er
 th

an
 co

n-
tr

ol
s (

p <
 0.

05
)

Fe
w

er
 M

G
 al

te
ra

-
tio

ns
 (c

on
fo

ca
l)

Pr
eo

pe
ra

tiv
el

y 
an

d 
1 

w
ee

k 
an

d 
1 

m
on

th
 p

os
t-

op
er

at
iv

el
y



2720	 Ophthalmol Ther (2025) 14:2697–2733

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

Sz
ab

el
sk

a e
t a

l. 
(2

02
3)

 [1
23

]
Pr

os
pe

ct
iv

e, 
in

te
rv

en
-

tio
na

l c
as

e 
se

rie
s

11
 ey

es
 (6

 
pa

tie
nt

s)
*M

G
D

*B
le

ph
ar

iti
s, 

M
G

D
 an

d 
D

ED

O
ne

 L
ip

iF
lo

w
 T

PT
 

se
ss

io
n

W
ith

in
-e

ye
 

ba
se

lin
e

K
er

at
om

et
ry

 
(a

sti
gm

at
ism

 
m

ag
ni

tu
de

 an
d 

ax
is)

, c
ho

ic
e o

f 
IO

L 
po

w
er

 an
d 

ty
pe

 (S
R

K
-T

 
fo

rm
ul

a)
, 

O
SD

I T
BU

T,
 

Sc
hi

rm
er

, 
BC

VA
, a

ut
or

e-
fr

ac
to

m
et

ry

A
sti

gm
at

ism
 p

ow
er

 
ch

an
ge

d 
in

 6
4%

 
of

 ey
es

IO
L 

ty
pe

 o
r p

la
nn

ed
 

su
rg

er
y t

yp
e 

ch
an

ge
d 

in
 2

7%
C

yl
in

de
r a

xi
s a

lte
re

d 
in

 2
7%

 o
f e

ye
s

IO
L 

po
w

er
 re

co
m

-
m

en
da

tio
ns

 
ch

an
ge

d 
in

 4
6%

 
of

 ey
es

6 
w

ee
ks

 aft
er

 
T

PT
N

o 
po

st
op

er
at

iv
e 

FU



2721Ophthalmol Ther (2025) 14:2697–2733	

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

G
ia

nn
ac

ca
re

 et
 al

. 
(2

02
3)

 [1
34

]
Pr

os
pe

ct
iv

e, 
in

te
rv

en
-

tio
na

l, 
ra

nd
om

iz
ed

, 
do

ub
le

-
m

as
ke

d,
 

sh
am

-
co

nt
ro

lle
d 

cl
in

ic
al

 tr
ia

l

15
3 

pa
tie

nt
s (

13
1 

co
m

pl
et

ed
)

Tw
o 

LL
LT

 se
ss

io
ns

: 
on

e ~
 7 

± 
2 

da
ys

 b
ef

or
e 

su
rg

er
y (

T
0)

, a
nd

 
on

e ~
 7 

± 
2 

da
ys

 aft
er

 
su

rg
er

y (
T

1)
(n

 =
 73

)

Sh
am

 tr
ea

tm
en

t 
(p

ow
er

 o
ut

-
pu

t <
 30

%
)

(n
 =

 80
)

O
SD

I, 
N

IB
U

T,
 

T
M

H
, M

G
L 

(M
ei

bo
sc

or
e)

, 
co

nj
un

ct
iv

al
 

re
dn

es
s

O
SD

I s
ig

ni
fic

an
tly

 
lo

w
er

 vs
. c

on
tr

ol
 

at
 T

1 
(7

.2
 ±

 8.
8 

vs
. 

14
.8

 ±
 13

.0
) a

nd
 

at
 T

2 
(9

.0
 ±

 9.
0 

vs
. 1

8.
2 ±

 17
.9

), 
 

p <
 0.

00
1

N
IB

U
T

 h
ig

he
r a

t 
T

2 
(1

2.
5 ±

 6.
6 

vs
. 

9.
0 ±

 7.
8 

in
 co

n-
tr

ol
s)

,  p
 =

 0.
00

7
M

G
L 

lo
w

er
 at

 
T

1 
(1

.2
6 ±

 0.
69

 
vs

. 1
.5

9 ±
 0.

70
), 

 
p =

 0.
00

8
O

nl
y L

LL
T

 g
ro

up
 

sh
ow

ed
 im

pr
ov

e-
m

en
t f

ro
m

 
ba

se
lin

e t
o 

T
2 

fo
r 

bo
th

 O
SD

I a
nd

 
N

IB
U

T
 (p

 <
 0.

00
1 

an
d 

 p 
= 

0.
00

7)

7 
(T

1)
 an

d 
30

 (T
2)

 d
ay

s 
po

st
op

er
at

iv
el

y



2722	 Ophthalmol Ther (2025) 14:2697–2733

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

M
at

os
sia

n 
et

 al
. 

(2
02

3)
 [1

22
]

Pr
os

pe
ct

iv
e, 

ra
nd

om
iz

ed
, 

op
en

-la
be

l, 
cr

os
so

ve
r, 

m
ul

tic
en

te
r 

cl
in

ic
al

 tr
ia

l

23
2 

ey
es

 (1
21

 
pa

tie
nt

s)
*M

ild
-to

-m
od

er
-

at
e M

G
D

*E
D

O
F 

IO
L 

im
pl

an
ta

tio
n

O
ne

 L
ip

iF
lo

w
 T

PT
 se

s-
sio

n 
~ 

5 
w

ee
ks

 b
ef

or
e 

su
rg

er
y

(n
 =

 11
7)

St
an

da
rd

 ca
re

 
(n

 =
 11

5)
C

ro
ss

ov
er

: 
Li

pi
Fl

ow
 at

 
3 

m
on

th
s p

os
t-

op
er

at
iv

el
y

M
G

 sc
or

e, 
C

FS
, 

LG
C

S,
 vi

su
al

 
di

st
ur

ba
nc

es
 

(h
al

os
, d

ou
bl

e 
vi

sio
n)

Si
gn

ifi
ca

nt
ly

 lo
w

er
 

C
FS

 (p
 =

 0.
04

) a
nd

 
LG

C
S 

(p
 =

 0.
00

2)
 

at
 1

 m
on

th
G

re
at

er
 im

pr
ov

e-
m

en
t i

n 
M

G
 sc

or
e 

(p
 =

 0.
04

6)
, l

es
s 

bo
th

er
 fr

om
 h

al
os

 
(p

 =
 0.

01
9)

 at
 

3 
m

on
th

s w
hi

le
 

co
nt

ro
ls 

re
po

rt
ed

 
le

ss
 m

ul
tip

le
/

do
ub

le
 vi

sio
n 

(p
 =

 0.
01

6)
A

fte
r c

ro
ss

ov
er

, 
co

nt
ro

l g
ro

up
 

im
pr

ov
ed

 in
 vi

sio
n 

an
d 

M
G

 sc
or

e 
(p

 =
 0.

03
, a

nd
  

p <
 0.

00
01

, r
es

pe
c-

tiv
el

y)

1 
an

d 
3 

m
on

th
s 

po
st

op
er

at
iv

el
y;

 
4 

m
on

th
s f

or
 

cr
os

so
ve

r



2723Ophthalmol Ther (2025) 14:2697–2733	

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

Te
sh

ig
aw

ar
a e

t a
l. 

(2
02

4)
 [1

33
]

Si
ng

le
-c

en
te

r, 
pr

os
pe

ct
iv

e, 
op

en
-la

be
l 

cl
in

ic
al

 st
ud

y

13
4 

ey
es

 (6
7 

pa
tie

nt
s)

*M
G

D
-re

la
te

d 
D

ED
 (w

ith
 

T
BU

T
 ≤

 5 
s)

*D
iff

ra
ct

iv
e t

rif
o-

ca
l I

O
Ls

IP
L-

M
G

X
 4

 se
ss

io
ns

 
at

 2
-w

ee
k 

in
te

rv
al

s 
pr

eo
pe

ra
tiv

el
y

C
on

tr
al

at
er

al
 ey

e 
w

ith
 n

o 
IP

L-
M

G
X

T
BU

T,
 C

-S
PK

, 
H

O
A

s, 
C

D
VA

, 
C

S

G
re

at
er

 T
BU

T,
 

lo
w

er
 H

O
A

s a
nd

 
C

-S
PK

 b
ot

h 
aft

er
 

pr
eo

pe
ra

tiv
e t

x a
nd

 
po

st
op

er
at

iv
el

y 
(p

 <
 0.

01
)

H
ig

he
r C

S 
at

 w
ee

k 
1,

 1
 an

d 
3 

m
on

th
s 

(p
 <

 0.
05

)
H

ig
he

r C
D

VA
 

po
st

op
er

at
iv

el
y 

(p
 <

 0.
01

)

1 
w

ee
k,

 1
 an

d 
3 

m
on

th
s p

os
t-

op
er

at
iv

el
y



2724	 Ophthalmol Ther (2025) 14:2697–2733

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

Va
su

de
va

n 
et

 al
. 

(2
02

4)
 [1

30
]

Si
ng

le
-c

en
te

r 
pr

os
pe

ct
iv

e, 
lo

ng
itu

di
na

l, 
no

n-
m

as
ke

d,
 

ra
nd

om
iz

ed
 

cl
in

ic
al

 tr
ia

l

12
4 

ey
es

 (6
2 

pa
tie

nt
s)

*M
G

D
-re

la
te

d 
D

ED
*I

m
m

ed
ia

te
 

se
qu

en
tia

l s
am

e-
da

y b
ila

te
ra

l 
ca

ta
ra

ct
 su

rg
er

y

O
ne

 L
ip

iF
lo

w
 T

PT
 se

s-
sio

n 
~ 

1 
m

on
th

 b
ef

or
e 

su
rg

er
y (

n =
 62

)

N
o 

T
PT

 (n
 =

 62
)

O
SD

I, 
SP

EE
D

 
II

, I
D

EE
L 

qu
al

ity
 o

f l
ife

 
qu

es
tio

nn
ai

re
, 

N
IB

U
T,

 T
M

H
, 

te
ar

 o
sm

ol
ar

ity
, 

Sc
hi

rm
er

 te
st

, 
C

FS
, L

G
C

S,
 

M
G

E,
 M

G
Q

, 
M

M
P-

9,
 in

fla
m

-
m

at
or

y m
ar

ke
rs

Si
gn

ifi
ca

nt
 

O
SD

I i
m

pr
ov

e-
m

en
t (

fr
om

 
56

.9
8 ±

 18
.3

0 
to

 
14

.7
3 ±

 12
.2

2;
  

p <
 0.

01
) a

t 
6 

m
on

th
s

Si
gn

ifi
ca

nt
 S

PE
ED

 
II

 im
pr

ov
em

en
t 

(f
ro

m
 1

3.
84

 ±
 6.

12
 

to
 7

.1
0 ±

 5.
00

;  
p =

 0.
01

) a
t 

6 
m

on
th

s
C

on
tr

ol
 g

ro
up

 d
id

 
no

t s
ho

w
 si

m
ila

r 
im

pr
ov

em
en

ts
Eff

ec
ts

 ta
pe

re
d 

pr
io

r 
to

 3
 m

on
th

s

1,
 3

 an
d 

6 
m

on
th

s 
po

st
op

er
at

iv
el

y



2725Ophthalmol Ther (2025) 14:2697–2733	

Ta
bl

e 2
  c

on
tin

ue
d

A
ut

ho
r (

ye
ar

)
St

ud
y d

es
ig

n
Sa

m
pl

e s
iz

e a
nd

 
po

pu
la

tio
n

Pr
es

ur
gi

ca
l i

nt
er

ve
n-

tio
n 

an
d 

du
ra

tio
n

C
om

pa
ra

to
r

O
ut

co
m

e m
ea

s-
ur

es
M

ai
n 

fin
di

ng
s o

f 
pr

es
ur

gi
ca

l i
nt

er
-

ve
nt

io
n

Fo
llo

w
-u

p 
du

ra
-

tio
n

K
aw

ag
oe

 et
 al

. 
(2

02
5)

 [1
32

]
Si

ng
le

-c
en

te
r, 

pr
os

pe
ct

iv
e, 

op
en

-la
be

l 
cl

in
ic

al
 st

ud
y

56
 ey

es
 (5

6 
pa

tie
nt

s)
`M

G
D

-re
la

te
d 

D
ED

IP
L-

M
G

X
 4

 se
ss

io
ns

 at
 

2-
w

ee
k 

in
te

rv
al

s b
ef

or
e 

su
rg

er
y

W
ith

in
-su

bj
ec

t 
ba

se
lin

e
K

er
at

om
et

ric
 

re
pe

at
ab

ili
ty

 
(m

ea
n-

K
), 

T
BU

T,
 C

-S
PK

, 
H

O
A

s, 
PE

N
o 

ch
an

ge
 in

 ax
ia

l 
le

ng
th

 (p
 =

 0.
85

) 
or

 an
te

rio
r 

ch
am

be
r d

ep
th

 
(p

 =
 0.

56
)

Si
gn

ifi
ca

nt
 im

pr
ov

e-
m

en
t i

n 
m

ea
n-

K
, 

T
BU

T,
 C

-S
PK

, 
an

d 
H

O
A

s 
(p

 <
 0.

01
)

Im
pr

ov
ed

 re
fr

ac
tiv

e 
ac

cu
ra

cy
:

PE
 ±

 0.
25

D
 in

 
55

.4
%

 vs
. 1

4.
3%

 
be

fo
re

 tx
PE

 ±
 0.

50
D

 in
 

92
.9

%
 vs

. 5
5.

4%
 

be
fo

re
 tx

PE
 ±

 1.
00

D
 in

 1
00

%
 

aft
er

 IP
L-

M
G

X
 

(p
 <

 0.
01

)

1 
m

on
th

 p
os

to
p-

er
at

iv
el

y

BC
VA

 b
es

t-c
or

re
ct

ed
 v

isu
al

 a
cu

ity
, C

-S
PK

 c
en

tr
al

 su
pe

rfi
ci

al
 p

un
ct

at
e k

er
at

op
at

hy
, C

D
VA

 c
or

re
ct

ed
 d

ist
an

ce
 v

isu
al

 a
cu

ity
, C

FS
 c

or
ne

al
 fl

uo
re

sc
ei

n 
st

ai
ni

ng
, C

S 
co

n-
tr

as
t s

en
sit

iv
ity

, D
ED

 d
ry

 e
ye

 d
ise

as
e, 

D
EQ

-5
 5

-it
em

 d
ry

 e
ye

 q
ue

sti
on

na
ire

, E
D

O
F 

ex
te

nd
ed

-d
ep

th
-o

f-f
oc

us
, E

M
AS

 e
ye

lid
 m

ar
gi

n 
ab

no
rm

al
ity

 sc
or

e, 
FU

 fo
llo

w
-u

p,
 

H
O

As
 h

ig
he

r o
rd

er
 a

be
rr

at
io

ns
, I

D
EE

L 
im

pa
ct

 o
f d

ry
 e

ye
 o

n 
ev

er
yd

ay
 li

fe
, I

O
L 

in
tr

ao
cu

la
r l

en
s, 

IP
L 

in
te

ns
e 

pu
lse

d 
lig

ht
, I

PL
-M

G
X 

IP
L 

co
m

bi
ne

d 
w

ith
 m

an
ua

l 
m

ei
bo

m
ia

n 
gl

an
d 

ex
pr

es
sio

n,
 K

 k
er

at
om

et
ry

, L
G

C
S 

lis
sa

m
in

e 
gr

ee
n 

co
nj

un
ct

iv
al

 st
ai

ni
ng

, L
LL

T
 lo

w
 le

ve
l l

ig
ht

 th
er

ap
y, 

LL
T

 li
pi

d 
la

ye
r t

hi
ck

ne
ss

, M
G

 m
ei

bo
m

ia
n 

gl
an

ds
, M

G
E 

vo
lu

m
e 

of
 e

xp
re

ss
io

n,
 M

G
D

 m
ei

bo
m

ia
n 

gl
an

d 
dy

sfu
nc

tio
n,

 M
G

L 
m

ei
bo

m
ia

n 
gl

an
d 

lo
ss

, M
G

LS
 m

ei
bo

m
ia

n 
gl

an
d 

lo
ss

 s
co

re
, M

G
Q

 q
ua

lit
y 

of
 th

e 
m

ei
bu

m
, M

G
YL

S 
m

ei
bo

m
ia

n 
gl

an
ds

 y
ie

ld
in

g 
liq

ui
d 

se
cr

et
io

n,
 M

G
YS

S 
m

ei
bo

m
ia

n 
gl

an
d 

yi
el

di
ng

 se
cr

et
io

n 
sc

or
e, 

M
Q

 m
ei

bu
m

 q
ua

lit
y, 

N
IB

U
T

 n
on

-in
va

siv
e b

re
ak

-
up

 ti
m

e, 
O

PT
 o

pt
im

al
 p

ul
se

d 
te

ch
no

lo
gy

, O
SD

I o
cu

la
r s

ur
fa

ce
 d

ise
as

e 
in

de
x,

 O
SS

 o
cu

la
r s

ym
pt

om
 sc

or
e, 

PE
 p

re
di

ct
io

n 
er

ro
r, 

RR
A​ 

re
sid

ua
l r

ef
ra

ct
iv

e 
as

tig
m

at
ism

, 
SP

EE
D

 S
ta

nd
ar

d 
Pa

tie
nt

 E
va

lu
at

io
n 

fo
r E

ye
 D

ry
ne

ss
, T

BU
T

 te
ar

 b
re

ak
-u

p 
tim

e, 
T

M
H

 te
ar

 m
en

isc
us

 h
ei

gh
t, 

T
PT

 th
er

m
al

 p
ul

sa
tio

n 
th

er
ap

y, 
tx

 tr
ea

tm
en

t



2726	 Ophthalmol Ther (2025) 14:2697–2733

•	 Integrate objective ocular surface assess‑
ments (e.g., TBUT, CFS) into the preoperative 
evaluation.

•	 Optimize the ocular surface before surgery 
to improve measurement precision, postop‑
erative comfort, visual outcomes and overall 
patient satisfaction.

•	 Initiate treatment 3–6 weeks prior to sur‑
gery, if needed, to allow for tear film stabi‑
lization.

•	 Follow a structured, individualized approach 
to maximize surgical success.
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