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• PURPOSE: To investigate the effects of preoperative Lip- 
iflow (Johnson & Johnson, Jacksonville, FL, USA) treat- 
ment before cataract surgery on meibomian gland dys- 
function (MGD) and dry eye induced by surgery. 
• DESIGN: Prospective, randomized controlled study. 
• METHODS: This study comprised 124 eyes of 124 pa- 
tients with planned surgery for senile cataract. Partic- 
ipants were randomly allocated into control and Lipi- 
flow groups based on administration of Lipiflow treatment 
3 weeks before cataract surgery. For meibomian gland 

(MG) evaluation, MG atrophy, degree of gland express- 
ibility, and quality of gland secretions were examined at 
the baseline visit and 1 and 3 months postoperatively. Oc- 
ular surface parameters of tear film break-up time, Oxford 

corneal staining score, and tear film lipid layer thickness 
were measured at each visit. Ocular Surface Disease In- 
dex and Dry Eye Questionnaire were also assessed. 
• RESULTS: The control group exhibited a significant 
decrease in MG expressibility, worsened meibum qual- 
ity, decreased lipid layer thickness, and worsened corneal 
staining after cataract surgery. Also, dry eye symptom 

showed significant worsening. Conversely, the Lipiflow 

group showed significantly improved MG patency and 

meibum quality, increased tear film break-up time, and 

reduced corneal staining, and presented improved subjec- 
tive outcomes reported on both Ocular Surface Disease 
Index and Dry Eye Questionnaire. The improvement of 
each parameter in the Lipiflow group showed a linear 
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correlation with baseline MGD grade. In addition, pa- 
tients without baseline MGD showed less worsening or 
improvement of MGD and dry eye induced by surgery, 
with preoperative Lipiflow treatment. 
• CONCLUSIONS: Preoperative Lipiflow treatment con- 
ducted before cataract surgery may be a safe and effective 
intervention for relieving MGD and dry eye induced by 

surgery. It might be recommended not only for the pa- 
tients with preoperative MGD but also for those without 
baseline MGD, to prevent the development of MGD and 

dry eye induced by ocular surgeries. (Am J Ophthalmol 
2021;230: 264–275. © 2021 Elsevier Inc. All rights re- 
served.) 
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ry eye is one of the most frequent complaints
after cataract surgery, affecting as many as 55.7%
of patients. 1 , 2 Despite an uneventful and success-

ul surgery performed by a skilled expert, a majority of pa-
ients complain of ocular discomfort postoperatively. Pa-
ients with postoperative dry eye may experience symptoms
uch as pain, foreign body sensation, photophobia, visual
atigue, epiphora, and fluctuating or blurry vision. 2 , 3 Al-
hough exacerbation of dry eye after surgery seems to be self-
imiting, this may take up to 3-6 months and is unpleasant
or both patients and practitioners. 4-6 

Deterioration of the tear film after cataract surgery is mul-
ifactorial. Numerous studies have explored the prevalence
f meibomian gland dysfunction (MGD) after cataract
urgery and have determined that meibomian gland (MG)
unction may be altered postoperatively. 5-9 Ocular surface
nflammation related to the surgery itself, a decreased blink
ate resulting from a decrease in corneal sensation, toxic-
ty of topical medications, onset of eyelid dysfunction due
o use of an eyelid speculum, and/or coincident develop-
ent of dry eye syndrome are potential causes. 7 Regardless

f the exact mechanism, MGD induced by cataract surgery
as been shown to be responsible for postoperative ocular
iscomfort and dry eye and requires adequate treatment. 10 

Current treatment modalities for MGD include (1) med-
cal treatment such as artificial tears, antibiotics, nons-
eroidal anti-inflammatory drugs, and steroid drops; (2) di-
tary supplements including omega-3 fatty acids; and (3)
hysical therapy such as eyelid cleansing, manual MG ex-
TS RESERVED.. 0002-9394/$36.00 
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pression, application of warm compresses or heated pads or
goggles, intense pulse light, and Lipiflow thermal pulsation
(Johnson & Johnson, Jacksonville, FL, USA). 11-20 A num-
ber of studies have reported the efficacy and safety of Lipi-
flow treatment in treating MGD and have documented the
potential benefit of Lipiflow as a primary treatment option
for MGD and dry eye. 21-23 

Effective treatment of MGD and dry eye occurring after
cataract surgery remains an area of interest, especially with
emergence of novel therapeutic modalities. 3 It is of particu-
lar interest to evaluate the role of Lipiflow in the treatment
of dry eye and MGD induced by cataract surgery, yet it is
not known whether or not prophylactic Lipiflow performed
before cataract surgery can alleviate or prevent MGD and
dry eye associated with surgery. Herein, we attempted to in-
vestigate the effects of preoperative Lipiflow treatment be-
fore cataract surgery on alleviating obstructive MGD and
dry eye induced by surgery. 

MATERIALS AND METHODS 

• PATIENTS: This study was a prospective randomized con-
trolled study conducted in accordance with the tenets of
the Declaration of Helsinki. The prospective study protocol
was approved by the Ethical Committee of Samsung Med-
ical Center (IRB no. 2019-03-011), registered as a clinical
trial at ClinicalTrials.gov (NCT04457999), and conformed
to the CONSORT checklist. Written informed consent was
obtained from each participant before enrollment. Patients
with cataract were recruited at Samsung Medical Center
between April 2019 and December 2019. 

The following patients were eligible for inclusion in the
present study: (1) those who were diagnosed with senile
cataract and deemed eligible for cataract surgery (ie, males
and nonpregnant females aged 50-70 years with a clinical
diagnosis of cataract), (2) those with a predicted postoper-
ative visual acuity of 20/25 or better by Retinal Acuity Me-
ter (AMA Optics Inc, Miami Beach, Florida, USA), and
(3) those who could understand the treatment options and
who volunteered to participate in the study. The presence
of preoperative MGD or severity of baseline MGD was not
necessary for inclusion in this study. Meanwhile, patients
were excluded from the study if they had (1) history of oc-
ular trauma or ocular surgery within 6 months, (2) active
infectious blepharitis or ocular infection, (3) obvious ab-
normalities in eyelid margins or severe ocular surface ab-
normalities other than MGD, (4) other cause of decreased
visual acuity other than cataract, or (5) systemic drug use
(tetracycline derivatives, antihistamines, isotretinoin). 

• TREATMENT: The study design included 4 visits: 1 on 3
weeks before the planned cataract surgery (screening and
baseline visit), 1 on the day of cataract surgery, and 1 at each
1 and 3 months after surgery (postoperative visits 1 and 2).
VOL. 230 LIPIFLOW PRIOR TO 
atients were enrolled in this study at the screening visit
nd randomized at a 1:1 ratio to either the Lipiflow group,
hose members were treated with Lipiflow thermal pulsa-

ion after all preoperative evaluations were completed, or
he control group, whose members were managed without
ipiflow treatment. Lipiflow treatment was performed per
he method described in detail by Lane and associates 23 ; in
rief, a topical anesthetic (0.5% proparacaine hydrochlo-
ide) was applied before treatment, followed by bilateral ap-
lication of a 2-part activator. The inner portion of the ac-
ivator, which covers the conjunctival surface of the upper
nd lower eyelids, heats to a temperature of approximately
2.5 C. The outer portion of the activator covers the cuta-
eous surface of the upper and lower lids and is inflated by
ir pressure. Both eyelids simultaneously receive warming
nd massaging for a period of 12 minutes. 

All patients underwent conventional phacoemulsifica-
ion and posterior-chamber intraocular lens (IOL) implan-
ation without a femtosecond laser conducted by 2 sur-
eons (D.H.L., T.-Y.C.). All surgeries were performed us-
ng the same technique under topical anesthesia (suture-
ess cataract surgery through a 2.8-mm clear corneal inci-
ion with implantation of a foldable IOL within the capsu-
ar bag (Tecnis 1-piece ZCB00; Abbott Medical Optics Inc,
anta Ana, California, USA). No relevant intraoperative
omplications occurred in any case. The postsurgical drug
egimen was the same in all patients and consisted of 0.3%
opical gatifloxacin (Gatiflo; Handok, Chungbuk, Korea)
nd 0.5% topical loteprednol etabonate (Lotepro; Hanlim,
eoul, Korea) 4 times daily for 1 month. 

OUTCOME MEASUREMENTS: All participants underwent
xamination in the same order as follows: tear film lipid
ayer thickness (LLT) measurement, meibography, tear
reak-up time (TBUT), Oxford corneal staining score, and
G assessment with slit-lamp examination. After the ocu-

ar examinations, each patient was asked to complete the
cular Surface Disease Index (OSDI) questionnaire and

he 5-item Dry Eye Questionnaire (DEQ). All participants
ere evaluated at the baseline visit and at 1 month and 3
onths after cataract surgery. 
MG evaluation was performed at each visit, focusing on

oth anatomical and functional aspects. 24 With LipiView II
eibography (Johnson & Johnson), partial or complete loss

f MG was scored using the following grades (meiboscore)
or each eyelid: grade 0 (no loss of MG), grade 1 (loss of
ess than one-third of the total area of MG), grade 2 (loss of
etween one-third and two-thirds of the total area of MG),
nd grade 3 (loss of more than two-thirds of the total area
f MG). Meiboscores for the lower eyelids were summed to
btain a score from 0 to 3 for each eye. 12 , 25 , 26 

The MG function was evaluated based on gland express-
bility and the characteristics of secretions from gland ori-
ces along the lower eyelid. Under a slit-lamp microscope,
he gland orifices were evaluated using a handheld instru-
ent, the Meibomian Gland Evaluator (Johnson & John-
CATARACT SURGERY 265 
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son), which offers a standardized method of applying fixed
pressure on each eye to ensure measurement consistency. 

The degree of gland expressibility was determined using
pressure over the lower lids and was scored according to the
number of fluid secretion-expressing glands among the 8 at
the center part of the lower eyelid, regardless of qualitative
appearance. This was defined as MG yielding liquid secre-
tion (MGYLS) (total score range: 0-8). 12 

The quality of gland secretions from the lower eyelids of
each eye was examined and assigned one of the following
scores: grade 0, clear; grade 1, cloudy; grade 2, cloudy with
granular debris; and grade 3, thick and toothpaste-like. The
lower eyelids of each eye were scored separately and defined
as MG yielding secretion score (MGYSS): 0 indicated nor-
mal and 1 point or more was abnormal, with the highest
possible score of 3 points. 17 Meibum quality (MQ) was also
assessed for each of 8 glands of the central one-third of the
lower eyelid according to a scale of 0 to 3; the scores for the
8 glands were summed to obtain a total score (total score
range: 0-24). 13 

The ocular surface parameters of TBUT, Oxford score,
and tear film LLT were measured at baseline and each post-
operative visit. Corneal staining was evaluated with fluo-
rescein using the Oxford scale ranging from 0 to 5 (0 = no
staining, 5 = severe staining). LLT measurements were ob-
tained with the LipiView II interferometer (Johnson &
Johnson). The LLT measurements were represented in in-
terferometric color units (ICU), with 1 ICU representing
approximately 1 nm. Any values greater than 100 ICU were
converted to 100 ICU in the analysis. The OSDI question-
naire was scored from 0 to 100 (100 = most severe dis-
ease), and the DEQ questionnaire was scored from 0 to 22
(22 = most severe state). 

The primary endpoint with respect to the effect of Lip-
iflow treatment performed before cataract surgery was the
changes in MG function from baseline to postoperative vis-
its after cataract surgery. The secondary endpoint was the
changes in ocular surface parameters and dry eye symptom
in both groups. Also, the effects of Lipiflow treatment ac-
cording to preoperative MGD status were investigated. The
baseline MG status of the patients was analyzed for classifi-
cation according to MGD grade as outlined by the Interna-
tional Dry Eye WorkShop report considering eyelid margin
status, MG expressibility, and secretion quality. 26 Patients
in both groups were assigned an overall preoperative base-
line MGD grade of 0 (no MGD), 1 (mild MGD), 2 (moder-
ate MGD), or 3 (severe MGD) based on severity. 26 , 27 Sub-
group analysis that compared the change in MG parame-
ters, ocular surface parameters, and symptom scores from
baseline to postoperative visits, according to the baseline
MGD status, was performed in both groups. 

• SAMPLE SIZE CALCULATION: To determine the required
sample size, we conducted a power analysis using the data
from a previous pilot study that evaluated the change in
symptom scores after Lipiflow treatment before cataract
266 AMERICAN JOURNAL OF OPHT
urgery in patients with preoperative MGD. 28 On this basis,
e calculated the minimum study sample size to be 41 par-

icipants per group. However, to ensure adequate reliability,
e aimed for a sample size of 62 participants per group. 

STATISTICAL ANALYSIS: All categorical variables were
ummarized by the treatment group with frequency and per-
entage of participants in each category. Descriptive statis-
ics (mean ± standard deviation) were used to summarize
fficacy data, including those of continuous variables. The
ex distribution was compared with the χ2 test. Continuous
ntergroup variables were analyzed using an independent t
est, and continuous intragroup variables were tested with a
aired t test. Categorical intergroup variables were analyzed
ith the nonparametric Kruskal-Wallis test, whereas intra-
roup changes in categorical variables were analyzed with
he nonparametric Wilcoxon signed-rank test. The corre-
ation between MGD grade and each of the variables under
nvestigation was determined using Pearson’s correlation
oefficient if the other variable was normally distributed or
sing Spearman’s correlation coefficient if the other vari-
ble was not normally distributed. All statistical analyses
ere conducted using SPSS Statistics version 22.0 for Win-
ows (IBM Corporation, Armonk, New York, USA). P val-
es of less than .05 were regarded as statistically significant.

RESULTS 

e enrolled 62 patients with cataract for Lipiflow treat-
ent in this study. One patient cancelled the surgery and
 was lost to follow-up, leaving 60 patients in this group
 Figure 1 ). The mean age of these 60 patients was 64.33

9.06 years (range, 56-69 years), and 34 patients were fe-
ale. For the control group, we initially evaluated 62 pa-

ients; however, 9 cancelled the surgery, and 5 were lost
o follow-up, leaving 48 participants in the control group.
he mean age of these 48 patients was 65.33 ± 11.57 years

range, 58-68 years), and 26 patients were female. The de-
ographic data and characteristics of the study population

re described in Table 1 . There were no significant inter-
roup differences in preoperative and postoperative uncor-
ected visual acuity and best-corrected visual acuity. 

CHANGES IN MG PARAMETERS BEFORE AND AFTER

ATARACT SURGERY: The changes in MG parameters in
oth groups are summarized in Table 2 . Meiboscores indi-
ating structural loss of MGs were similar between the con-
rol and Lipiflow groups at baseline. No significant differ-
nce from baseline was found at either time point in both
roups. Also, the intergroup differences were not significant
t either 1 or 3 months postoperatively. 

The expressibility of MG, scored as MGYLS, was simi-
ar in the 2 groups at baseline ( P = .143). In the control
roup, gland expressibility decreased from baseline to 5.86
HALMOLOGY OCTOBER 2021 



FIGURE 1. CONSORT flow diagram of a randomized controlled study on the effects of Lipiflow treatment before cataract surgery. 

TABLE 1. Baseline Characteristics Between the Control and Lipiflow Groups 

Control Group (n = 48) Lipiflow Group (n = 60) P Value a 

Age (y) 65.33 ± 11.57 64.33 ± 9.06 .605 

Sex (male:female) 22:26 26:34 .736 b 

OD:OS 20:28 32:36 .327 

Preoperative UCVA (logMAR) 0.44 ± 0.23 0.38 ± 0.28 .223 

Preoperative BCVA (logMAR) 0.13 ± 0.54 0.21 ± 0.30 .101 

Interval from screening to surgery (d) 21.27 ± 12.39 20.64 ± 10.80 .704 

Postoperative UCVA (3 mo, logMAR) 0.12 ± 0.68 0.13 ± 0.67 .280 

Postoperative BCVA (3 mo, logMAR) 0.00 ± 0.54 0.00 ± 0.57 .101 

BCVA = best-corrected visual acuity, logMAR = logarithm of minimal angle of resolution, 

UCVA = uncorrected visual acuity. 
a Independent t test. 
b χ2 test. 
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± 2.65 at 1 month ( P = .043) and to 5.63 ± 2.59 at 3
months after surgery, a significant difference from baseline
( P = .014). Conversely, in the Lipiflow group, gland ex-
pressibility was significantly improved compared with base-
line at both the 1- and 3-month postoperative visits ( P
< .001 and P = .009, respectively). Also, differences in
MGYLS between the groups were statistically significant at
both postoperative visits ( P = .001 and P = .001, respec-
tively) ( Figure 2 , A). 

The MGYSS, indicating the quality of gland secretion,
was similar in the groups at baseline ( P = .501). In the con-
trol group, the change in MGYSS from baseline was statis-
tically significant at both follow-up visits ( P < .001 and P <
VOL. 230 LIPIFLOW PRIOR TO 
001, respectively), indicating significantly worsening after
urgery. Meanwhile, the change in MGYSS in the Lipiflow
roup showed significant improvement at both follow-up
isits ( P = .005 and P = .010, respectively), suggesting that
ipiflow treatment improves MGYSS. An intergroup com-
arison indicated that patients in the Lipiflow treatment
roup had better MGYSS results at both follow-up visits ( P
 .001 and P < .001, respectively) ( Figure 2 , B). 
The MQ was similar in the 2 groups at baseline

 P = .160). In the control group, the MQ statistically wors-
ned at 1 month after surgery ( P = .001) and further wors-
ned at 3 months after surgery ( P < .001 vs baseline).
eanwhile, in the Lipiflow group, the MQ was signifi-
CATARACT SURGERY 267 



TABLE 2. Comparison of Meibomian Gland (MG) Parameters in the Control and Lipiflow Groups Before and After Surgery 

Baseline 1 Month After 

Surgery 

3 Months After 

Surgery 

P Value a 

Baseline vs 1 Month Baseline vs 3 Months 1 Month vs 3 Months 

Meiboscore 

Control group 0.87 ± 0.89 0.90 ± 0.92 0.91 ± 0.97 .103 .411 .083 

Lipiflow group 0.76 ± 0.77 0.75 ± 0.766 0.65 ± 0.75 .322 .204 .135 

P value b .489 .390 .140 

MGYLS 

Control group 6.58 ± 2.07 5.86 ± 2.65 5.63 ± 2.59 .043 .014 .411 

Lipiflow group 6.00 ± 2.09 7.33 ± 1.44 7.05 ± 1.70 < .001 .009 .312 

P value b .143 .001 .001 
MGYSS 

Control group 0.93 ± 0.80 1.42 ± 0.86 1.71 ± 0.82 < .001 < .001 .024 
Lipiflow group 1.04 ± 0.86 0.71 ± 0.75 0.87 ± 0.87 .005 .010 .280 

P value b .501 < .001 < .001 
MQ 

Control group 7.74 ± 5.08 12.02 ± 6.19 14.27 ± 6.43 .001 < .001 .009 
Lipiflow group 9.62 ± 6.65 6.87 ± 4.31 6.50 ± 5.52 < .001 < .001 .058 

P value b .160 < .001 < .001 

MGYLS = MGs yielding liquid secretion, MGYSS = MGs yielding secretion score, MQ = meibum quality. Bold values denote 

statistical significance at the p < 0.05 level. 
a Paired t test for continuous variables, and Wilcoxon signed-rank test for categorical variables. 
b Independent t test for continuous variables, and Kruskal-Wallis test for categorical variables. 

FIGURE 2. Meibomian gland (MG) parameters in the control and Lipiflow groups before and after cataract surgery. Degree of gland 
expressibility as measured by MGs yielding liquid secretion (MGYLS) (A); and quality of gland secretion as measured both by MGs 
yielding secretion score (MGYSS) (B) and meibum quality (MQ) (C) at preoperative and postoperative visits in the control group 
and the Lipiflow group. M = month. ∗P < .05 (intragroup comparison); † P < .05 (intergroup difference). 
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cantly improved at both 1 and 3 months after surgery ( P
< .001 and P < .001, respectively). An intergroup compar-
ison revealed that patients in the Lipiflow treatment group
had better MQ scores than those in the control group at
both follow-up visits ( P < .001 and P < .001, respectively)
( Figure 2 , C). 

• CHANGES IN OCULAR SURFACE PARAMETERS AND DRY

EYE SYMPTOMS BEFORE AND AFTER CATARACT SURGERY:

The changes in ocular surface parameters and dry eye
symptoms in the 2 groups are summarized in Table 3 .
At baseline, the TBUT values were similar between the
control and Lipiflow treatment groups (3.65 ± 1.49 vs
3.46 ± 1.48 seconds; P = .505). After cataract surgery, the
mean TBUT values in the control group showed a trend
of worsening at 1 month (3.32 ± 1.57 seconds; P = .546
268 AMERICAN JOURNAL OF OPHT
s baseline) and returned to the baseline level at 3 months
3.61 ± 1.56 seconds; P = .981 vs baseline). However, in
he Lipiflow group, the TBUT increased to 3.93 ± 1.94
econds at 1 month after surgery ( P = .068 vs baseline) and
.37 ± 1.83 seconds at 3 months after surgery ( P = .005 vs
aseline), suggesting that Lipiflow treatment significantly
mproved the TBUT. Moreover, the difference in this
arameter between the 2 study groups was significant at 3
onths after surgery ( P = .025) ( Figure 3 , A). 
At baseline, the Oxford score was similar between the

ontrol group and the Lipiflow group (0.68 ± 0.92 vs 0.77
0.90; P = .625). In the control group, Oxford staining

howed a trend of worsening at 1 month (0.75 ± 0.74;
 = .895 vs baseline) and then returned to the baseline

evel at 3 months after surgery (0.62 ± 0.56; P = .690 vs
aseline). In the Lipiflow group, the Oxford score changed
HALMOLOGY OCTOBER 2021 



TABLE 3. Comparison of Ocular Surface Parameters and Dry Eye Symptoms in the Control Group and Lipiflow Group 
Before and After Surgery 

Baseline 1 Month After 

Surgery 

3 Months After 

Surgery 

P Value a 

Baseline vs 1 Month Baseline vs 3 Months 1 Month vs 3 Months 

TBUT 

Control group 3.65 ± 1.49 3.32 ± 1.57 3.61 ± 1.56 .546 .981 .275 

Lipiflow group 3.46 ± 1.48 3.93 ± 1.94 4.37 ± 1.83 .068 .005 .470 

P value b .505 .093 .025 
Oxford score 

Control group 0.68 ± 0.92 0.75 ± 0.74 0.62 ± 0.56 .895 .690 .109 

Lipiflow group 0.77 ± 0.90 0.44 ± 0.59 0.46 ± 0.56 .007 .009 .470 

P value b .625 .018 .131 

LLT 

Control group 90.40 ± 12.90 81.94 ± 11.57 86.21 ± 13.59 .001 .122 .100 

Lipiflow group 86.76 ± 16.83 88.07 ± 16.42 87.37 ± 21.40 .688 .413 .409 

P value b .259 .041 .746 

OSDI 

Control group 34.34 ± 20.14 37.60 ± 17.94 29.81 ± 20.82 .251 .222 .059 

Lipiflow group 37.92 ± 20.19 33.78 ± 19.40 22.33 ± 16.46 .075 < .001 < .001 
P value b .358 .313 .037 

DEQ 

Control group 7.46 ± 4.45 9.93 ± 5.23 9.15 ± 4.87 .003 .047 .424 

Lipiflow group 9.73 ± 5.31 9.90 ± 5.24 8.03 ± 4.60 .831 .023 .007 
P value b .017 .977 .209 

DEQ = Dry Eye Questionnaire, LLT = lipid layer thickness, OSDI = Ocular Surface Disease Index, TBUT = tear break-up time. 

Bold values denote statistical significance at the p < 0.05 level. 
a Paired t test for continuous variables, and Wilcoxon signed-rank test for categorical variables. 
b Independent t test for continuous variables, and Kruskal-Wallis test for categorical variables. 

FIGURE 3. Ocular surface parameters and dry eye symptoms in the control group and Lipiflow group before and after cataract 
surgery. The ocular surface parameters of tear break-up time (TBUT) (A), Oxford corneal staining score (B), and lipid layer 
thickness (LLT) (C) at pre- and post-treatment in the control group and the Lipiflow group. Symptoms were assessed by Ocular 
Surface Disease Index (OSDI) (D) and Dry Eye Questionnaire (DEQ) (E) in both groups. M = month. ∗P < .05 (intragroup 
comparison); † P < .05 (intergroup difference). 

VOL. 230 LIPIFLOW PRIOR TO CATARACT SURGERY 269 
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to 0.44 ± 0.59 at 1 month ( P = .007 vs baseline) and 0.46
± 0.56 at 3 months after surgery ( P = .009 vs baseline),
which suggested that Lipiflow treatment improved corneal
staining score. The difference in Oxford scores between the
2 groups was significant at the 1-month postoperative visit
( P = .018) ( Figure 3 , B). 

At the screening visit, the LLT value was similar in the 2
groups (90.40 ± 12.90 vs 86.76 ± 16.83 ICU; P = .259). In
the control group, a significant decrease in LLT was found
at 1 month ( P = .001), whereas it returned to the baseline
at 3 months after surgery ( P = .122 vs baseline). However,
in the Lipiflow group, the LLT value did not exhibit a sig-
nificant change at either postoperative visit ( P = .688 and
P = .413). The difference in LLT between the groups was
significant at 1 month after surgery ( P = .041) ( Figure 3 , C).

The OSDI scores at screening visits were similar between
groups (34.34 ± 20.14 vs 37.92 ± 20.19; P = .358). In the
control group, the OSDI score did not show a significant
change from baseline; it was higher at 1 month after surgery
than at baseline but decreased at 3 months, and this change
was not statistically significant ( P = .251 vs baseline at 1
month, and P = .222 at 3 months). However, in the Lip-
iflow group, the OSDI score was significantly improved to
33.78 ± 19.40 at 1 month ( P = .075 vs baseline); subse-
quently, the OSDI score significantly decreased to 22.33 ±
16.46 at 3 months ( P < .001 vs baseline) and the change
between 1 and 3 months was significant ( P < .001). The dif-
ference in OSDI score between the groups was significant
at 3 months after surgery ( P = .037) ( Figure 3 , D). 

The baseline DEQ score was 7.46 ± 4.45 in the control
group and 9.73 ± 5.31 in the Lipiflow group. In the con-
trol group, the DEQ score significantly increased to 9.93 ±
5.23 at 1 month ( P = .003), and then slightly decreased
to 9.15 ± 4.87 at 3 months, which remained significantly
higher than baseline ( P = .047 vs baseline). In the Lipi-
flow group, the DEQ score did not show a significant change
from baseline to 1 month (9.90 ± 5.24; P = .831) before de-
creasing to 8.03 ± 4.60 at 3 months ( P = .023 vs baseline),
where the change between 1 and 3 months exhibited a sig-
nificant difference ( P = .007). As the baseline DEQ score
showed a statistically significant difference between the 2
groups ( P = .017), the change in DEQ score from baseline
was compared between the 2 groups. The change from base-
line to 1 month showed a significant difference between the
2 groups (2.47 ± 5.40 in the control group vs 0.16 ± 6.52
in the Lipiflow group; P = .047). Also, the change from
baseline to 3 months after surgery showed a significant dif-
ference between the 2 groups (1.69 ± 5.73 in the control
group vs −1.70 ± 6.03 in the Lipiflow group; P = .003)
( Figure 3 , E). 

• SUBGROUP ANALYSIS ACCORDING TO BASELINE MGD

GRADE: In the Lipiflow group, 24 participants were as-
signed MGD grade 0 (no MGD), 14 participants were
assigned grade 1 (mild MGD), 13 participants were as-
signed grade 2 (moderate MGD), and 9 participants were
270 AMERICAN JOURNAL OF OPHT
ssigned grade 3 (severe MGD) with respect to baseline
GD severity. The changes of MG parameters, ocular

urface parameters, and symptom scores from baseline to
 months after surgery according to baseline MGD grade
re shown in Table 4 . 

When the correlation between baseline MGD grade and
hanges in each MG parameter was investigated, an im-
rovement in MG expressibility (MGYLS) in the Lipi-
ow group was positively correlated with baseline MGD
rade ( r = 0.569; P < .001) ( Figure 4 , A), whereas the
hange in quality of MG secretion was negatively correlated
ith baseline MGD ( r = −0.275; P = .044 for MGYSS
nd r = −0.570; P < .001 for MQ) ( Figure 4 , B and C).
hese results suggest that patients with more severe MGD
t baseline experienced greater improvement in expressibil-
ty and quality of meibum at 3 months postoperatively when
reated preoperatively with Lipiflow compared with those
ith milder MGD or those without MGD. 
Also, linear correlations were found between changes

n ocular surface parameters, dry eye symptom scores, and
aseline MGD grade. The change in TBUT was corre-
ated significantly with baseline MGD grade ( r = 0.301;
 = .020) ( Figure 5 , A), as was improvement in Oxford
core ( r = −0.268; P = .044) ( Figure 5 , B). Changes in
ry eye symptoms (OSDI and DEQ scores) were negatively
orrelated with baseline MGD ( r = −0.526; P < .001 for
SDI and r = −0.338; P = .007 for DEQ) ( Figure 5 , C

nd D). Those with preoperative MGD experienced signif-
cantly greater improvements in TBUT, greater reductions
n corneal staining, and greater improvements in dry eye
ymptoms (both OSDI and DEQ) than non-MGD patients.

In the control group, 22 participants were assigned MGD
rade 0 (no MGD), 11 participants were assigned grade 1
mild MGD), 9 participants were assigned grade 2 (moder-
te MGD), and 6 participants were assigned grade 3 (severe
GD). Non-MGD patients in the control group (n = 22

atients) and Lipiflow group (n = 24 patients) were com-
ared to investigate the potential effect of Lipiflow treat-
ent in patients without significant MGD before cataract

urgery. Table 5 presents the changes in parameters from
aseline to 1 month after surgery in non-MGD patients. 

The non-MGD patients in the control group showed a
orsening of MG expressibility ( −0.15 ± 1.15), compared
ith those in the Lipiflow group, who did not experience
ny change (0.00 ± 0.68). However, the change in MGYLS
id not demonstrate a significant difference between the 2
ubgroups ( P = .605). The non-MGD patients in the con-
rol group experienced a worsening of MQ, whereas those in
he Lipiflow group experienced improvement. The change
s measured by both MGYSS and MQ showed a significant
ifference between the 2 subgroups ( P = .018 for MGYSS
nd P = .002 for MQ). The non-MGD participants in
he control group showed decreased TBUT and increased
orneal staining after cataract surgery, whereas the Lipiflow
ubgroup showed increased TBUT and decreased staining,
ith significant differences between the 2 subgroups ( P <
HALMOLOGY OCTOBER 2021 



TABLE 4. Changes of Parameters From Baseline to 3 Months After Surgery According to Each Baseline Meibomian Gland 
Dysfunction (MGD) Grade in the Lipiflow Group 

Parameter Baseline MGD Grade 0 Baseline MGD Grade 1 Baseline MGD Grade 2 Baseline MGD Grade 3 

Baseline 3 Months Baseline 3 Months Baseline 3 Months Baseline 3 Months 

(Changes) (Changes) (Changes) (Changes) 

MGYLS 7.96 ± 0.20 6.91 ± 2.29 5.51 ± 0.83 7.71 ± 0.73 3.17 ± 1.53 6.80 ± 1.23 4.22 ± 1.20 6.63 ± 1.58 

( −1.04 ± 2.31) (2.21 ± 0.80) (3.63 ± 2.20) (2.11 ± 1.45) 

MGYSS 0.92 ± 0.78 0.83 ± 0.83 0.73 ± 0.80 0.29 ± 0.61 1.00 ± 0.81 0.75 ± 0.75 2.22 ± 0.44 1.60 ± 0.73 

( −0.09 ± 0.95) ( −0.44 ± 0.50) ( −0.25 ± 0.52) ( −0.67 ± 0.87) 

MQ 6.44 ± 5.19 5.74 ± 4.64 6.73 ± 5.24 4.07 ± 4.18 13.33 ± 3.06 9.40 ± 4.79 19.43 ± 3.05 7.67 ± 5.10 

( −0.70 ± 4.74) ( −2.67 ± 4.52) ( −3.95 ± 2.00) ( −11.76 ± 4.74) 

BUT 2.97 ± 1.15 3.40 ± 1.49 3.93 ± 1.80 5.59 ± 2.79 3.80 ± 1.48 4.46 ± 2.91 3.47 ± 1.70 5.00 ±2.01 

(0.43 ± 1.07) (1.66 ± 1.19) (0.66 ± 1.28) (1.53 ± 1.11) 

Oxford 0.42 ± 0.65 0.46 ± 0.66 0.80 ± 0.77 0.36 ± 0.49 1.08 ± 0.79 0.50 ± 0.52 0.89 ± 0.78 0.44 ± 0.53 

(0.04 ± 0.95) ( −0.45 ± 0.65) ( −0.58 ± 0.67) ( −0.44 ± 1.01) 

OSDI 26.39 ± 15.40 22.56 ± 11.07 41.43 ± 19.15 20.61 ± 10.56 37.97 ± 13.07 24.58 ± 24.80 56.58 ± 20.94 18.29 ± 14.02 

( −3.83 ± 12.50) ( −20.82 ± 14.80) ( −13.39 ± 19.46) ( −38.29 ± 17.91) 

DEQ 7.92 ± 4.28 8.71 ± 3.85 11.38 ± 5.64 10.06 ± 4.33 9.33 ± 4.02 6.64 ± 6.03 10.30 ± 6.91 5.78 ± 4.38 

(0.78 ± 3.77) ( −1.31 ± 4.95) ( −2.69 ± 7.39) ( −4.52 ± 6.14) 

BUT = Break-Up Time, DEQ = Dry Eye Questionnaire, OSDI = Ocular Surface Disease Index, MGYLS = MGs yielding liquid secretion, 

MGYSS = MGs yielding secretion score, MQ = meibum quality, TBUT = tear break-up time. 

TABLE 5. Changes in Parameters From Baseline to 1 Month After Surgery in Preoperative 
Non–Meibomian Gland Dysfunction (MGD) Patients in the Control and Lipiflow Groups 

Non-MGD Control Patients (n = 22) Non-MGD Lipiflow Patients (n = 24) P Value a 

Change in MGYLS −0.15 ± 1.15 0.00 ± 0.68 .605 

Change in MGYSS + 0.36 ± 0.72 −0.15 ± 0.60 .018 
Change in MQ + 3.45 ± 4.22 −1.30 ± 3.22 .002 
Change in TBUT −0.43 ± 1.76 + 1.96 ± 1.98 < .001 
Change in Oxford score + 0.31 ± 1.17 −0.35 ± 0.87 .044 
Change in OSDI + 26.08 ± 19.97 + 7.94 ± 22.93 .009 
Change in DEQ + 3.81 ± 5.99 −3.34 ± 6.09 < .001 

DEQ = Dry Eye Questionnaire, MG = meibomian gland, MGYLS = MGs yielding liquid secretion, 

MGYSS = MGs yielding secretion score, MQ = meibum quality, OSDI = Ocular Surface Disease 

Index, TBUT = tear break-up time. Bold values denote statistical significance at the p < 0.05 level. 
a Independent t test. 

FIGURE 4. Correlations between baseline meibomian gland dysfunction (MGD) grade and changes in meibomian gland (MG) 
parameters. A. Positive correlation between change in MGs yielding liquid secretion (MGYLS) and baseline MGD grade ( r = 0.569; 
P < .001). B, C. Negative correlation between change in secretion quality of MG and baseline MGD grade ( r = −0.275; P = .044 

for MGYSS and r = −0.570; P < .001 for MQ). MGYSS = MGs yielding secretion score, MQ = meibum quality. 
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FIGURE 5. Correlation between baseline meibomian gland dysfunction (MGD) grade and changes in ocular surface parameters 
and dry eye symptoms. A. Positive correlation between change in tear break-up time (TBUT) and baseline MGD grade ( r = 0.301; 
P = .020). B. Negative correlation between change in Oxford score and baseline MGD grade ( r = −0.268; P = .044). C, D. Negative 
correlation between change in dry eye symptoms and baseline MGD grade ( r = −0.526; P < .001 for OSDI and r = −0.338; 
P = .007 for DEQ). DEQ = Dry Eye Questionnaire, OSDI = Ocular Surface Disease Index. 
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.001 for TBUT and P = .044 for Oxford score). Moreover,
the change in dry eye symptoms was significantly different
between the 2 subgroups. The subgroup receiving Lipiflow
treatment showed less worsening of OSDI score ( P = .009)
and significant improvement in DEQ score ( P < .001). 

DISCUSSION 

This prospective randomized clinical trial demonstrates the
positive effect of Lipiflow thermal pulsation before cataract
surgery in treatment of MGD-related dry eye induced by
cataract surgery with respect to both qualitative objective
indices and subjective symptoms. 

The prevalence of MGD is as high as 70% among Asian
individuals. MGD is a chronic diffuse abnormality of the
MGs that is characterized by terminal duct obstruction
and changes in glandular secretion. 25 , 29 In this context,
272 AMERICAN JOURNAL OF OPHT
he lipid composition of the meibum changes, whereby the
elting point of the lipid rises, causing it to become more

iscous and stagnated at normal eyelid temperatures. 30

lso, prolonged stagnation of gland secretions inside MGs
an lead to dilation of the ductal system and permanent loss
f glandular tissue. 7 The altered lipid composition of the
ear film increases the rate of tear evaporation and tear os-
olarity, leading to inflammation of the corneal surface and

amage to the corneal epithelium, triggering ocular symp-
oms. MGD is the major cause of evaporative dry eye and is
lso known to contribute to aqueous-deficient dry eye. 

A large number of studies have shown that cataract
urgery can produce or aggravate MGD, resulting in pa-
ients reporting less satisfaction with the surgical results 7 , 31

nd culminating in increased rates of patient complaints
ven after noncomplicated operations. 31 The exact mech-
nism by which cataract surgery produces MGD is not
ell elucidated. However, ocular surface inflammation

elated to surgery itself, decrease in blink rate resulting
HALMOLOGY OCTOBER 2021 
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from reduction in corneal sensation, frequent use of topical
medication after surgery, and eyelid dysfunction due to use
of an eyelid speculum are potential causes. 7 In this study,
there was a significant decrease in meibum expressibility,
worsening in quality of MG secretions, decreased tear
film LLT, and worsening of corneal staining after cataract
surgery. Also, dry eye symptoms significantly worsened after
surgery. These results agree with those of previous studies
suggesting that cataract surgery affects the function of the
MGs, causing changes in the tear film and damage to the
ocular surface. 5 , 7-9 The meiboscore reflecting MG dropout
showed a trend of worsening but no significant difference
before and after surgery, suggesting that cataract surgery did
not affect the gland anatomy permanently. These results
suggest that the goal of treating MGD in the perioperative
period should focus on improving MG function to prevent
damage to the ocular surface. 

Current treatments for MGD and dry eye after cataract
surgery rely on long-term regimens of multidose pharma-
cological treatments. They include topical antibiotics to
lessen the bacterial load, topical steroid or cyclosporine to
reduce inflammation, and systemic omega-3 supplementa-
tion or oral tetracycline to restore the lipid profile of the
meibum. 14-16 , 19 Despite the several therapeutic options, the
cornerstone of MGD treatment continues to be eyelid hy-
giene, consisting primarily of heat application and subse-
quent eyelid massage. 20 Song and associates 10 revealed that
preoperative treatment of MGD with a warm moist com-
press and massage with a fingertip was effective in allevi-
ating obstructive MGD and dry eye induced by cataract
surgery. 10 They also reported that preoperative treatment
with eyelid hygiene was successful than enhanced and in-
tensive postoperative anti-inflammatory pharmacological 
treatment. 

Heat applied to the eyelids tends to reliquefy viscous and
stagnated lipids in the gland duct so they can be massaged
out of the gland. With this approach, the meibum can be
expressed by both the patient and/or practitioners with cot-
ton swabs or fingertip pressure. The positive effects of eyelid
warming and massage have been reported in several clinical
trials; however, there is no consensus regarding standardized
methods or protocols for the treatment. 11 , 12 , 20 , 21 Moreover,
eyelid tissue and blood flow impose obstacles to efficiently
transferring heat to the inner eyelid surface and MGs when
heating the external eyelid surface. 32 , 33 The Lipiflow sys-
tem bypasses these obstacles and simultaneously evacuates
the gland contents while heating the glands to therapeu-
tic levels of at least 40 C. Recent studies have documented
the benefits of Lipiflow as a primary treatment for MGD
and dry eye. 11 , 21-23 Even a single Lipiflow treatment ses-
sion is reported to be at least as effective as a 3-month
regimen of eyelid margin hygiene for MGD-related dry
eye. 21 

The current study investigated the effect of Lipiflow
treatment performed before cataract surgery. In the present
study, eyes treated with Lipiflow before cataract surgery
VOL. 230 LIPIFLOW PRIOR TO 
ere objectively noted to have significantly improved MG
atency and quality of meibum secretion, increased TBUT,
nd reduction in corneal staining. These data correlate well
ith the improved subjective outcomes reported via OSDI
nd DEQ scores, providing support for the validity of preop-
rative Lipiflow thermal pulsation therapy. The treated eyes
howed significant improvements from baseline in both ob-
ective and subjective indices at 1 month, with the bene-
ts of a single treatment persisting for up to 3 months after
ataract surgery. No unanticipated or serious device-related
dverse events during treatment or follow-up were reported.
lso, none of the patients reported pain during insertion,

reatment, or removal of the device. 
Also, the subgroup analysis in the current study revealed

hat Lipiflow treatment before cataract surgery triggered a
etter response in patients with preoperative MGD, with
 linear relationship according to baseline MGD. Consid-
ring that, Lipiflow treatment might act by improving MG
atency and secretion quality and could be recommended
specially in patients with baseline MGD as a treatment be-
ore ocular surgeries. However, the most outstanding find-
ng was that the patients without preoperative MGD can
enefit from undergoing Lipiflow treatment before cataract
urgery, in terms of MQ, tear film stability, corneal stain-
ng, and dry eye symptoms. The change of MG express-
bility did not show a significant difference before and af-
er surgery; however, the nonsignificant result might have
esulted from the strict definition of grade 0 MGD. The
ry Eye WorkShop report defined non-MGD as all glands

xpressible with minimal change in secretion quality and
o abnormalities in eyelid margin. For that reason, base-

ine non-MGD patients in the Lipiflow group could not im-
rove more with Lipiflow treatment as they already had per-
ect expressibility. Except for the MG expressibility, the pro-
hylactic Lipiflow treatment before cataract surgery proved
o be effective in preventing MGD and dry eye induced
y cataract surgery via improving MQ, tear film stability,
orneal staining, and dry eye symptoms. In summary, Lipi-
ow treatment can be applied before cataract surgeries, not
nly in patients with preoperative MGD, but also in those
ithout baseline MGD. 
Although the result has not been published, a pilot study

imed to explore the effect of Lipiflow treatment before
ataract surgery. 28 It showed improvement in mean postop-
rative dry eye symptoms, as evaluated with Standardized
atient Evaluation of Eye Dryness score, compared with
he untreated control group. The results of the current
tudy are consistent with the previous pilot study and bring
 more comprehensive understanding of Lipiflow before
ataract surgery. In another previous study, Schallhorn
nd associates 3 applied Lipiflow treatment to patients
ith recalcitrant dry eye after laser vision correction and

eported significant improvements in dry eye symptoms.
lso, significant improvements in MG patency, TBUT,

nd severity of corneal staining were reported. The re-
ponse to therapy appeared to persist for at least 6 months
CATARACT SURGERY 273 
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after treatment, suggesting a positive impact of Lipiflow
in patients after laser vision correction. Although patients
who undergo cataract surgery are typically older and have
more comorbidities than refractive surgery candidates and
often experience more severe symptoms, the results of
both studies support the potential of Lipiflow treatment to
alleviate the ocular discomfort and MGD induced by ocular
surgery. 17 , 25 Follow-up assessments longer than 3 months
might reveal a persisting benefit of Lipiflow treatment also
in cataract surgeries. 

In this study, the OSDI and DEQ questionnaires were
used to evaluate the change of MGD and dry eye before
and after cataract surgery. Although in screening and eval-
uating typical MGD associated dry eye, the Standardized
Patient Evaluation of Eye Dryness questionnaire was re-
ported to be a good methodology, 26 , 34 there has been no
clear consensus on which questionnaires should be used to
evaluate MGD related to cataract surgery. Both OSDI and
DEQ questionnaires are well-structured instruments for the
quantification of dry eye symptoms, including the cases of
dry eye after ocular surgeries. 6 , 9 , 19 , 35-37 From recent stud-
ies for dry eye associated with cataract surgery, moderate
positive linear correlation was reported between OSDI and
MGD grade. 6 , 9 , 10 , 17 , 34 

The current study is the first report ever published to
offer a prospective evaluation of the role of Lipiflow ther-
mal pulsation therapy for the treatment and prevention
of MGD-related dry eye after cataract surgery. Also, this
study is an unbiased clinical trial with proper randomiza-
tion, evaluating each and every parameter for a thorough
understanding of preoperative Lipiflow treatment. It
demonstrated the quantitative effect of Lipiflow treatment
in those with preoperative MGD and the prophylactic
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