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Background: Meibomian gland dysfunction (MGD) is a primary cause of evaporative dry eye disease (DED), which is often 
exacerbated by cataract surgery due to surgical trauma and inflammation. Thermal pulsation therapy (TPT) aims to enhance 
meibomian gland function and relieve dry eye symptoms. We conducted a systematic review and meta-analysis to evaluate the 
effectiveness of TPT in managing dry eye symptoms associated with cataract surgery.
Methods: A systematic search was performed in December 2024 across PubMed, ScienceDirect, CINAHL, and the Cochrane Central 
Register of Controlled Trials to identify original research on the efficacy of TPT in addressing cataract surgery-related dry eye 
symptoms. The quality of the included studies was evaluated using the Risk of Bias in Non-Randomized Studies of Interventions tool, 
with results visualized through the Robvis 2.0 tool developed by the Cochrane Collaboration.
Results: The search yielded 365 records, of which seven studies met the inclusion criteria for this meta-analysis. Key outcomes 
analyzed included the meibomian gland yielding liquid secretion (MGYLS) score, tear break-up time (TBUT), ocular surface disease 
index (OSDI) score, and lipid layer thickness (LLT). The meta-analysis revealed a moderate effect of TPT, with a small but clinically 
significant improvement observed in MGYLS scores (Cohen’s d = 0.29, p = 0.033) and TBUT (Cohen’s d = 0.15, p = 0.029). 
However, the effects on OSDI scores and LLT were not statistically significant. Study heterogeneity varied, with some outcomes 
exhibiting considerable variability.
Conclusion: TPT provides moderate and clinically meaningful improvements in MGYLS scores and TBUT for patients experiencing 
dry eye symptoms after cataract surgery, although improvements in OSDI scores and LLT did not achieve statistical significance. The 
variability in study quality and heterogeneity highlights the need for well-designed, high-quality research to confirm these findings and 
evaluate the durability of TPT’s therapeutic effects both before and after cataract surgery.

Synopsis: This study investigated if thermal pulsation therapy (TPT) helps with dry eye symptoms after cataract surgery. The analysis 
of existing research suggests TPT improves tear quality and meibomian gland function, potentially improving patient comfort after 
cataract surgery. 

Keywords: thermal pulsation therapy, dry eye symptoms, cataract surgery, meibomian gland dysfunction, systematic review, meta- 
analysis

Introduction
Meibomian glands produce an oily tear film layer to prevent evaporation, ensuring optimal comfort.1 Dysfunction of 
these glands often leads to dry eye syndrome and irritation.2 One of the emerging non-invasive, effective treatments is 
thermal pulsation therapy (TPT), which helps alleviate meibomian gland dysfunction (MGD) symptoms.3 TPT combines 
heat therapy and massage as a treatment for MGD.4 Furthermore, clinical trials have been conducted to assess the 
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effectiveness and safety of TPT in treating MGD. Additionally, pulsations are applied to the eyelids to express the 
liquefied oil from the glands, enhancing oil flow and gland function.5

TPT is an effective treatment for MGD. Leading brands include Lipiflow, offering FDA-approved in-office therapy 
with heat and pulsation; iLux, combining localized heat with manual compression; and TearCare, featuring customiz
able heated patches with clinician-assisted expression. EyeXpress uses a goggle-like device for bilateral heating, 
while MiBo Thermoflo applies continuous thermoelectric heat via a handheld device. These technologies improve 
meibum secretion, alleviate dry eye symptoms, and vary in cost, duration, and patient suitability. These devices are 
intended to ease MGD symptoms and have been subjected to several clinical trials to determine their safety and 
effectiveness.6

MGD is a significant contributor to dry eye disease (DED). There are two major types of dry eye: aqueous-deficient 
dry eyes, caused by inadequate tear production, and evaporative dry eyes, for which MGD is the most common cause.7 

Increased keratin production may also block gland openings.8 Similarly, chronic inflammation may damage the glands, 
altering normal function.9

Cataract surgery may also cause dry eye symptoms postoperatively due to surgical factors and recovery-related 
incidences.10 Surgical trauma due to perioperative corneal and ocular surface manipulation may disrupt the tear film and 
cause inflammation.11 Similarly, perioperative damage to the corneal nerves responsible for tear production stimulation 
may alter tear production.11,12 In addition, postoperative inflammation may also affect the ocular surface.13 Anti- 
inflammatory and antibiotic eye drops postoperatively may also irritate and worsen dry eye symptoms. Moreover, 
perioperative exposure to air may dry the ocular surface.

Dry eyes after cataract surgery can be managed through various approaches, including artificial tears to supplement 
natural tears.14 Warm compresses may also enhance meibomian gland function and improve tear quality.15 In addition, 
eyelid hygiene is essential to maintain ocular surface health. Some patients may experience prolonged dry eye symptoms 
after cataract surgery, necessitating effective management strategies.16,17

Thermal Pulsation Therapy (TPT) plays a crucial role in managing dry eye symptoms at various stages of cataract 
surgery. Using TPT for dry eye that occurred before cataract surgery helps address pre-existing dry eye conditions by 
improving tear film stability and meibomian gland function, enhancing patient comfort and reducing the risk of 
postoperative dry eye symptoms. This proactive approach optimizes ocular surface health, potentially improving surgical 
outcomes and minimizing complications. Using TPT after cataract surgery for pre-existing dry eye prepares the ocular 
surface for better healing by enhancing meibum secretion and stabilizing the tear film. This reduces the risk of 
exacerbated dry eye symptoms during recovery and helps manage postoperative inflammation, ensuring quicker recovery 
and better long-term comfort. Finally, using TPT for dry eye that occurred after cataract surgery effectively alleviates 
persistent dry eye symptoms by improving meibomian gland function and tear film quality. This intervention enhances 
ocular surface health, leading to better visual outcomes and increased patient satisfaction, while reducing the reliance on 
artificial tears and other short-term dry eye management solutions. Despite the high success rate of cataract surgery, 
patients often experience post-surgical dry eyes, which can affect visual outcomes. Current management strategies, 
including artificial tears, provide inadequate relief and may not address the underlying pathophysiology.18 Understanding 
the efficacy of TPT in managing dry eyes after cataract surgery is crucial for optimizing patient outcomes and facilitating 
personalized treatment. This study aims to systematically review the available literature on the effectiveness of TPT in 
treating dry eyes both before and after cataract surgery, highlighting its potential benefits in improving patient outcomes. 
The focus will be on evaluating how TPT influences the severity of dry eye symptoms in post-surgical patients, as well as 
its impact on meibomian gland function and ocular surface health throughout the perioperative period.

Methods
The study adhered to the guidelines outlined by the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA).19 A comprehensive search was performed using all available data on December 6, 2024. The 
primary protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO; registra
tion number CRD42024557212).
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Identification and Selection of Studies
We systematically searched databases including PubMed, ScienceDirect, the Cumulative Index to Nursing and Allied 
Health Literature (CINAHL), and the Cochrane Library for research articles evaluating the efficacy of TPT in managing 
dry eyes preceding and following cataract surgery.

Search Strategy
The search was designed to capture the most relevant studies using a combination of medical subject headings, keywords, 
and Boolean operators (AND, OR, NOT). Keywords included variations of terms related to TPT, cataract surgery, and 
dry eye management, such as “Thermal pulsation”, “LipiFlow treatment”, “meibomian gland dysfunction”, “cataract 
surgery”, and “dry eye. This strategy was applied across the selected databases to optimize the search results.

Eligibility Criteria
Articles were selected based on the modified PICO criteria. The population of interest included patients experiencing dry 
eye symptoms post-cataract surgery and treated with TPT. The primary outcome was the efficacy of TPT in alleviating 
these symptoms. Notably, this review focused exclusively on the effectiveness of TPT and did not include a comparison 
group. We aimed to include only original research articles that investigated TPT’s role in managing dry eyes, whether 
pre- or post-surgery. Articles such as reviews, meta-analyses, opinion pieces, or conference abstracts were excluded, as 
well as studies involving animal subjects or alternative treatments outside the scope of TPT.

Data Selection and Extraction
Data from eligible studies were independently abstracted by two reviewers (K.Y.C. and H.C.C.), and any discrepancies or 
misunderstandings were resolved through consensus with a third author (C.M.C.). Information extracted included study 
design, sample characteristics, baseline data, outcomes, and key findings. This data were compiled into an Excel 
workbook for further analysis.

Methodological Quality Assessment
Two reviewers (K.Y.C. and H.C.C.) independently assessed the methodological quality of each study. For non- 
randomized studies, the Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tool was used. For 
randomized trials, the Risk-of-Bias Visualization (Robvis 2.0) tool was employed, both developed by the Cochrane 
Collaboration.17–19

Data Analysis
The software used for the meta-analysis in this study was Comprehensive Meta-Analysis version 3.3. A random-effects 
model was applied, and all data were converted to means with standard deviations for the analysis. Pooled estimates were 
expressed as mean differences (MDs) with 95% confidence intervals (CIs). Heterogeneity across studies was assessed 
using the χ² and I² statistics, with a P value of <0.1 for χ² or >50% for I² indicating substantial heterogeneity. Publication 
bias was evaluated using Egger’s test, and if significant bias was detected, the trim and fill method was applied to validate 
the results. A sensitivity analysis using the leave-one-out method was conducted to assess the robustness of the pooled 
analysis. Statistical significance was defined as a two-tailed P value of <0.05. Finally, the data were summarized 
thematically to draw conclusions about the overall effectiveness of TPT in managing pre- and post-cataract dry eye.

Results
Study Selection
The literature search yielded 365 records, of which 54 duplicates were removed. Additionally, 268 records were excluded 
following title and abstract screening. The remaining 43 articles were sought for retrieval. These were further excluded from the 
study because they did not focus on pre- and post-cataract dry eye, thermal pulsation, or were protocols or unrelated studies. 
Finally, seven trials were included in this study, and their characteristics are summarized in Table 1. These consisted of one 
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Table 1 Characteristics of Included Studies

Study ID Country Study 
Design

Study 
Duration

Conditions 
Included

Unit of 
Randomization

Intervention Control Study 
Purpose

Findings

Method Number 
of 
Patients

Mean 
Age

Gender 
(M/F)

Method Number 
of 
Patients

Mean Age Gender 
(M/F)

Matossian 
202020

USA Retrospective 
pilot study.

Six weeks. MGD and 
cataracts.

Participant Lipiflow 23 73.4 ± 
7.5 

(59–86).

11/12 No control To investigate 
how TPT 

system affects 

astigmatism 

management 
in patients 

after cataract 

surgery.

Postoperative 
residual refractive 

astigmatism was 

lowered after TPT.

Park et al 

202121

South 

Korea

Prospective 

randomized 

trial.

April 2019 - 

December 2019.

Senile 

cataracts.

Participant Lipiflow 60 64.33 ± 

9.06

26/34 No 

treatment

48 65.33 ± 11.57 22/26 To investigate 

the effects of 

preoperative 
Lipiflow 

treatment 

prior to 

cataract 
surgery on 

MGD and dry 

eye induced 

by surgery.

The Lipiflow group 

showed 

a significant 
increase in tear 

film break-up time 

and reduced 

corneal staining.

Zhao et al 
202122

China Prospective 
trial.

Three months. MGD. Participant Lipiflow 
(Surgery)

16 62.31 ± 
9.59

5/11 Lipiflow 
(non- 

surgery)

16 62.37 ± 2.27 4/12 To evaluate 
the impact of 

vectored TPT 

in elderly 

patients with 
cataracts and 

MGD.

LipiFlow treatment 
before cataract 

surgery is vital in 

reducing corneal 

staining and 
preventing 

blockage of 

meibomian glands.

Mencucci 

et al 

202223

Italy Prospective 

randomized 

trial.

Five weeks. Cataracts 

and MGD

Participant Lipiflow 23 73.32 ± 

8.13

16/30 Warm 

compresses

23 74.75 ± 7.81 9/14 To evaluate 

the effect of 

LipiFlow 
vector TPT 

performed 

before 

cataract 
surgery in 

reducing signs 

and symptoms 

of DEDs.

Noninvasive break- 

up time (NI-BUT) 

and the Standard 
Patient Evaluation 

of Eye Dryness 

(SPEED) 

questionnaire 
significantly 

improves at visit 1 

in the LipiFlow 

group.
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Matossian 
et al 

202324

USA Prospective 
randomized 

trial.

Not specified. Dry eye Participant Lipiflow 59 65.1 ±  
7.5

25/34 No 
treatment

58 65.2 ± 8.0 23/35 To investigate 
postoperative 

safety of 

vectored TPT 

before 
cataract 

surgery.

Improved 
meibomian gland 

scores and 

reduced corneal 

staining were 
achieved after 

LipiFlow 

treatment.

Szabelska 

et al 
202325

Poland Case series. May 2022 - 

August 2022.

MGD, 

blepharitis 
and dry eye

Participant Lipiflow 6 67 

(42–82)

Unspecified No control To evaluate 

the impact of 
the thermal 

pulsation 

system on 

visual system 
parameters in 

cataract 

surgery 

qualification.

Improvement in 

ocular surface 
stability, since 64% 

of eyes exhibited 

a change in 

astigmatism power.

Vasudevan 

et al 
202426

USA Prospective 

randomized 
trial

6 months Cataracts 

and MGD

Participants Lipiflow 31 72.67 

(6.19)

12/19 31 73.54 (8.02) 6/25 To investigate 

the efficacy of 
thermal 

pulsation 

treatment, 

completed 
one month 

prior to 

cataract 

surgery, as 
a means of 

eliminating

Pre-operative 

thermal pulsation 
treatment in 

patients with dry 

eye secondary to 

MGD appears to 
reduce dry eye 

symptoms after 

cataract surgery
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retrospective pilot study, four randomized controlled trials, one prospective cohort study, one case series, and one prospective 
study that met the eligibility criteria. The results of the study selection and screening process are presented in Figure 1.

Methodological Quality Assessment
The methodological quality of non-randomized studies was assessed using the Risk of Bias in Non-Randomized Studies 
of Interventions (ROBINS-I) tool. This tool evaluates the following domains: bias due to confounding factors, bias due to 
participant selection, bias due to the classification of interventions, bias due to deviations from intended interventions, 
bias due to missing data, bias in outcome measurement, and bias in the selection of reported results. Conversely, the 
Risk-of-Bias Visualization (Robvis 2.0) tool, developed by the Cochrane Collaboration, was used to assess the risk of 
bias in randomized studies. The following parameters were evaluated: bias arising from the randomization process, bias 
due to deviations from intended interventions, bias due to missing outcome data, bias in outcome measurement, and bias 
in the selection of reported results. Figures 2–5 illustrate the results of the risk of bias assessment for the included studies.

Analysis of Outcomes
The analysis of outcomes is organized under several subheadings, including Meibomian Glands Yielding Liquid 
Secretion (MGYLS) score, Tear Break-up Time (TBUT), Ocular Surface Disease Index Score (OSDI), and Lipid 

Figure 1 PRISMA Flow Diagram of the Selection Process. 
Notes: PRISMA figure adapted from Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Syst Rev. 
2021;10:89.
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Layer Thickness (LLT). The dominant themes for each outcome are reviewed in detail to provide a comprehensive 
understanding of the results.

MGYLS Score
A forest plot for three individual studies was constructed to analyze continuous data. A random-effects model was applied to 
calculate the deviation and differences in mean and standard deviation (SD). This forest plot summarized the quantitative data for 
each study and provided an estimated overall quantitative value for the combined effects. The overall effect size, calculated in 
terms of Cohen’s d, was found to be d = 0.29, CI = 95% (0.023, 0.435). Heterogeneity was estimated as follows: Tau² = 0.15, Chi² 
= 13.71, df = 3 (p = 0.004), and I² = 0%. The analysis for the overall effect yielded Z = 2.180 (p = 0.029) (Figure 6).

Figure 3 Summary plot of ROB2 assessment of randomised studies.

Figure 4 Traffic lights plot of ROBINS-I assessment of non-randomized studies.

Figure 2 Traffic Lights Plot of the Robvis Assessment of Randomized Studies.
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According to Matossian et al, there was a significant difference in MGYLS score between the test group receiving 
TPT and the control group. The test group demonstrated a mean MGYLS score of 1.6 ± 3.1 at one month post-surgery, 
whereas the control group reported a mean MGYLS score of 1.1 ± 3.3. However, the p-value for this difference was not 
statistically significant (p = 0.17). This finding suggests that although gland expressibility improved in the test group, the 
observed difference did not reach statistical significance at this time point.

Research by Park et al, similarly revealed no significant difference in MGYLS score between the control and TPT 
groups (p = 0.160). Notably, the MGYLS score worsened from the baseline in the control group after one month (p = 
0.001) and further deteriorated at three months (p < 0.001).

On the other hand, Zhao et al, reported a statistically significant improvement in MGYLS score among patients who 
underwent preoperative treatment with TPT compared to those who did not receive this treatment. Specifically, the TPT group 
showed a significant increase at three months post-treatment, with values of 2.06 ± 1.77 compared to 1.81 ± 1.83 in the non-TPT 
group (p = 0.003). This finding indicates that preoperative management of MGD with TPT significantly enhanced the functional 
secretion of the meibomian glands, thereby contributing to improved ocular surface health both before and after cataract surgery.

TBUT
The forest plot for three individual studies was generated for continuous data, employing a random-effects model to calculate 
deviations and differences in mean and standard deviation (SD). The overall effect size was determined using Cohen’s d, 
which was found to be d = 0.15, CI = 95% (0.491, 0.917). Heterogeneity was assessed as follows: Tau² = 0.06; Chi² = 8.71, df = 
2 (p = 0.08); I² = 54%. The analysis of the overall effect yielded Z = 2.18 (p = 0.029) (Figure 7).

According to Zhao et al, there was a statistically significant difference in TBUT between the TPT group and the non-TPT 
group (p = 0.019). The TPT group exhibited TBUT values of 4.47 ± 2.77 seconds and 4.72 ± 2.78 seconds after one week and 
one month, respectively, compared to 3.44 ± 2.23 seconds and 3.44 ± 2.24 seconds in the non-TPT group. However, no 

Figure 5 Summary plot of ROBINS-I assessment of non-randomized studies.

Figure 6 Forest Plot of Comparison of MGYLS score.
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statistically significant difference in TBUT was observed between the control group and the TPT group (p = 0.505), with 
TBUT values of 3.65 ± 1.49 seconds and 3.46 ± 1.48 seconds, respectively.

Over time, TBUT in the control group worsened to 3.32 ± 1.57 seconds after one month but returned to baseline 
values after three months. In contrast, the TPT group demonstrated progressive improvement in TBUT, with values 
increasing to 3.93 ± 1.94 seconds after one month and 4.37 ± 1.83 seconds after three months. This improvement in 
TBUT indicates enhanced tear film stability and a healthier ocular surface environment, as observed in the test group 
receiving TPT compared to the control group after three months.

OSDI Score
The forest plot for two individual studies was generated for continuous data, with a random-effects model selected to calculate 
the deviation and differences in mean and standard deviation. The overall effect size was calculated in terms of Cohen’s d, 
which was found to be d = −0.19, 95% CI (0.061, 0.67). The heterogeneity was estimated as Tau² = 0.01; Chi² = 2.30, df = 2 
(p-value = 0.42); I² = 43%. The analysis for the overall effect yielded Z = 2.35 (p = 0.019), as shown in Figure 8.

In the study by Park et al, a statistically significant difference was observed in the OSDI score between the test group 
receiving TPT and the control group. The test group exhibited a mean OSDI score of 18.5 ± 10.2 at 3 months post- 
surgery, compared to 24.3 ± 12.1 in the control group, with a p-value of 0.02. This suggests that TPT significantly 
improved the symptoms of ocular surface disease in patients undergoing cataract surgery. In the study by Vasudevan et al, 
the treatment group demonstrated a 65% reduction in OSDI, while the control group showed a 60% reduction. This 
improvement in OSDI was significantly greater in the treatment group than the control group (p = 0.05) at visit 1, but did 
not reach statistical significance at visit 2 (p = 0.11), as depicted in Figure 9.

LLT
A forest plot for two individual studies was plotted for continuous data. A random-effects model was selected to calculate the 
deviations and differences in means and standard deviations. The overall effect size was calculated in terms of Cohen’s d, which 

Figure 8 Forest plot of Comparison of LLT.

Figure 7 Forest Plot of Comparison of TBUT (seconds).

Clinical Ophthalmology 2025:19                                                                                                   https://doi.org/10.2147/OPTH.S498869                                                                                                                                                                                                                                                                                                                                                                                                      27

Chen et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



was found to be d = −0.22 (95% CI: −0.144, 0.523). The heterogeneity was estimated as follows: Tau² = 0.14; Chi² = 1.89, df = 3 
(p-value = 0.42); I² = 43%. The analysis for the overall effect yielded a Z-value of 1.114 (p = 0.265) (Figure 8).

In Park et al, no significant difference in LLT was observed between the control group and the TPT group, with 
thickness values of 90.40 ± 12.90 μm and 86.76 ± 16.83 μm, respectively. However, the LLT in the control group 
decreased to 81.94 ± 11.57 μm after one month and returned to baseline values after three months. According to Zhao 
et al, no statistically significant difference in average LLT was found between the TPT-surgery eyes and the non-TPT- 
surgery eyes at any of the measured time points, including one week, one month, and three months post-treatment 
(p > 0.05). These values remained relatively stable, suggesting that while TPT improved other parameters of meibomian 
gland function, it did not result in a significant change in LLT in the context of cataract surgery (Figure 8).

Publication Bias
To evaluate the presence of publication bias in our meta-analysis, we assessed the symmetry of funnel plots and conducted 
statistical tests, including Egger’s test and Begg’s test. The funnel plots appeared visually symmetric, indicating a low 
likelihood of significant publication bias for both MGYLS score and TBUT outcomes (Figures 10 and 11).

Figure 10 Funnel Plot of MGYLS score.

Figure 9 Forest plot of Comparison of OSDI Score.
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Discussion
This study explored the efficacy of TPT in managing dry eye symptoms after cataract surgery. Compared with other 
analyses, our study focused specifically on the efficacy of TPT in managing dry eyes before and after cataract surgery, 

Figure 11 Funnel Plot of TBUT.

Table 2 A Comprehensive Table Highlighting Specific Methodological Differences, Patient Demographics, and Other Nuances 
Compared to Prior Analyses

Comparison Our Study Pang et al 201928 Hu et al 202229

Literature 
search

From inception until 2nd 
December 2024

From inception to July 2018 From inception until 4th January 2021

Registration 
on 

PROSPERO

CRD42024543467 CRD42018103755 CRD42021239967

Number of 

included 

studies

7 4 10

Purpose Seeks to address two key research 

questions: (1) How does TPT influence the 
severity of dry eye symptoms in patients 

after cataract surgery? (2) How does TPT 

affect meibomian gland function and ocular 
surface health post-surgery?

Comparing the efficacy of Vectored 

Thermal Pulsation Treatment (VTPT) 
and Warm Compress Treatment (WCT) 

in patients with Meibomian Gland 

Dysfunction (MGD) and dry eye disease 
(DED).

Evaluate the efficacy and safety of the 

vectored thermal pulsation system 
(Lipiflow®) in the treatment of MGD and 

its associated dry eye disease.

Key Findings TPT demonstrates a moderate benefit in 
improving MGYLS score and TBUT in 

patients with post-cataract dry eyes. 

While the evidence suggests a positive 
trend in other outcomes, further high- 

quality studies are needed to confirm 

these findings and assess the long-term 
effectiveness of thermal pulsation in 

managing PCDE. Additionally, no 

significant publication bias was observed, 
suggesting the reliability of the results.

VTPT demonstrated a significantly 
greater reduction in the Ocular Surface 

Disease Index (OSDI) score compared 

to WCT at both 2 to 4 weeks (MD: 
28.61, 95% CI: 213.62 to 23.61) and 3 

months (MD: 26.92, 95% CI: 211.95 to 

21.89).

Lipiflow® treatment significantly 
improved subjective symptoms 

(measured by OSDI and SPEED scores) 

and objective measures of meibomian 
gland function compared to traditional 

lid hygiene methods. However, some 

trials exhibited a high risk of bias, 
particularly in selective reporting and 

study design.
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addressing key questions related to the severity of symptoms and meibomian gland function. Pang et al27 compared 
vectored thermal pulsation treatment (VTPT) and warm compress treatment (WCT) for MGD, while Hu et al26 evaluated 
the effectiveness of Lipiflow for MGD and dry eye disease. Our study found moderate benefits of TPT in improving 
MGYLS score and TBUT, with no significant publication bias. As shown in Table 2, all studies suggest positive impacts 
on symptom relief and gland function but also highlight the need for more robust trials.

Patients often report dry eye symptoms following cataract surgery. The incidence is typically high during the early 
postoperative period. However, some cases remain symptomatic with dry eye problems for up to six months after this initial 
acute phase.30 Cataract surgery is associated with dry eyes due to traumatic procedures during surgery, causing injury to the 
associated structures.31 Additionally, inflammation and disruption of the susceptible ocular surface promote dry eye 
symptoms.32 Moreover, preexisting dry eye and other ocular surface diseases may predispose a patient to become more 
prone to developing marked symptoms following surgical procedures.33 Similarly, age is a significant factor in the develop
ment of dry eye symptoms.34 The elderly, the primary age group that undergoes cataract surgery, are more likely to experience 
dry eye due to age-related changes in tear production and the health of the ocular surface. In other cases, medications 
administered after the surgery, such as topical antibiotics and steroids, can further disrupt tear production and increase dry eye 
symptoms.25

Dry eyes are associated with MGD, a chronic ocular disease of the meibomian glands frequently accompanied by 
terminal duct obstruction and alterations in glandular production.28 MGD is a fairly common condition that affects many 
patients.29

MGD is a prevalent condition that affects the structure and function of the meibomian glands, which are responsible 
for producing the lipid component of the tear film.35 This dysfunction significantly contributes to evaporative DED, 
resulting in a range of ocular surface symptoms. Across global demographics, MGD is a leading cause of DED, playing 
a substantial role in many cases.36 However, prevalence rates vary among different populations and age groups. Despite 
these variations, MGD is widely recognized as a major condition affecting a significant portion of the adult population. 
Its prevalence is further exacerbated by prolonged computer use, an aging population, and environmental changes.

The most common cause of MGD is gland obstruction.37 Meibum will continue to be secreted by the gland even if it 
is blocked, increasing pressure within the gland and resulting in ductal dilation, duct dropout, acinar degeneration, and 
eventually, meibocyte death.38,39 Most patients with MGD are asymptomatic, however, some are symptomatic and 
present with dry eye symptoms such as itching, a burning sensation, eye discomfort, eyelid swelling, foreign body 
sensation, watering, redness, irritation, or blurred vision.40,41

This study’s results show a positive impact of TPT on meibomian gland function. Most included studies reported 
significant improvements in meibomian gland scores, secretion quality, and gland-yielding liquid secretion scores after 
TPT compared to control groups.21,23,24 In addition, there was a statistically significant difference in meibomian gland 
liquid secretion between TPT and other interventions, including manual expression, lipid-based eye drops, or other 
devices designed to treat MGD. The findings emphasize the efficacy of thermal pulsation mechanisms involving 
controlled heat application and pulsations to liquefy obstructed meibum.

This study also emphasizes the role of TPT in enhancing tear film quality and ocular surface health. A significant 
property of the TBUT is that it assesses the stability of the tear film, the comfort of the eye, and vision in general. Tear 
film stability would result in less evaporation of tears and consequently decrease the dryness of the cornea’s surface. 
However, corneal and conjunctival staining was assessed as a critical index in ocular surface health assessment. Less 
staining means the purpose of the TPT for corneal and conjunctival cells has been achieved.

Management of MGD is aimed at treating signs and symptoms of the disease. Changes in daily routines can help 
patients with MGD prevent disease exacerbation. Monitoring computer use and maintaining proper eyelid hygiene are 
essential components of effective disease management.42 Reducing time spent on computers can help decrease the rate of 
tear film evaporation, thereby improving dry eye symptoms. In addition, regular eyelid hygiene using warm water and 
local shampoo is advised to reduce the gland’s obstruction.43 Patients with severe symptoms may use topical anti- 
inflammatory drugs and eye ointment for lubrication at bedtime to reduce the severity of their symptoms.44 Additionally, 
if the patients still have persistent bothering symptoms, they can be offered to be treated surgically through surgical 
procedures like intraductal probing.44
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Although the present meta-analysis had taken measures to analyze risk biases and heterogeneity, some limitations 
should be noted. The mean age of the trial participants ranged from 48.9 to 73.4 years, with one study not reporting age 
information, making our findings less applicable to younger individuals. Most patients with DED and needing cataract 
are older.

Research Implications
This study sheds light on the potential benefits of TPT in controlling dry eye problems after cataract surgery. This study, 
which focuses on particular outcomes such as meibomian gland function, TBUT, and ocular surface health, has the 
potential to improve post-surgical dry eye therapy. The data indicates that TPT could be a useful therapy option for 
enhancing meibomian gland secretion of meibum, tear film stability, and overall ocular surface health in post-cataract 
patients. This may help ophthalmologists adjust pre- and post-cataract dry eye therapy, potentially leading to improved 
patient outcomes and satisfaction.

Strengths and Limitations
One strength of this systematic review is its comprehensive methodology, following PRISMA guidelines and utilizing 
robust risk-of-bias assessment tools such as ROBINS-I and Robvis 2.0. Including various study designs, including 
randomized controlled trials, prospective cohort studies, and retrospective studies, enhances the generalizability of the 
results. Additionally, the use of random-effects models for data analysis ensures that the heterogeneity between studies is 
accounted for. However, there are notable limitations. The study included a relatively small number of trials (seven), 
limiting the findings’ power and generalizability. The heterogeneity in some outcomes, such as MGYLS score and LLT, 
also suggests variability in study methodologies and patient populations.

Conclusion
This systematic review and meta-analysis highlight the potential benefits of TPT in improving meibomian gland function, 
tear film stability, and symptoms of dry eye following cataract surgery. TPT shows moderate efficacy in improving 
meibomian gland function and alleviating dry eye symptoms. The analysis of MGYLS score revealed a small but 
statistically significant effect with Cohen’s d = 0.29 and no significant heterogeneity (I² = 0%). TPT also improved 
TBUT, with Cohen’s d = 0.15, indicating enhanced tear film stability. However, the effects on OSDI score and LLT were 
less pronounced, with the OSDI score showing significant improvement in some studies (p = 0.02) and LLT showing no 
significant change (Cohen’s d = −0.22, p = 0.265). These results suggest that while TPT is effective in improving 
MGYLS and TBUT, it can be an effective non-invasive treatment for post-surgical dry eye, particularly in enhancing 
gland secretion and TBUT. Further well-designed randomized controlled trials with larger sample sizes are needed to 
confirm these findings and establish clearer guidelines for clinical practice.
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