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ABSTRACT
Background Despite increasing evidence shows that 
optimising ocular surface before cataract surgery is 
fundamental in patients with pre- existing dry eye disease 
(DED) to achieve the desired postoperative outcomes, the 
prophylactic treatment of healthy patients undergoing 
surgery aiming at preventing iatrogenic DED is worth 
investigating.
Methods This was a prospective, interventional, 
randomised, controlled, double- masked clinical trial. 
Patients were randomly assigned 1:1 to receive either 
low- level light therapy (LLLT) or sham treatment (LLLT 
with a power output <30%). Patients underwent two 
treatment sessions: 7±2 days before cataract surgery (T0) 
and 7±2 days after (T1). Outcome measures evaluated 
30±4 days after surgery (T2) included Ocular Surface 
Disease Index (OSDI) questionnaire, non- invasive break- 
up time (NIBUT), tear meniscus height, meibomian gland 
loss (MGL) and redness score.
Results Out of 153 patients randomised to receive 
LLLT (n=73) or sham treatment (n=80), 131 (70 men, 
61 women, mean age 73.53±7.29 years) completed 
regularly the study. Patients treated with LLLT had 
significantly lower OSDI scores compared with controls 
at T1 and T2 (respectively, 7.2±8.8 vs 14.8±13.0 and 
9.0±9.0 vs 18.2±17.9; both p<0.001), higher NIBUT 
values at T2 (12.5±6.6 vs 9.0±7.8; p=0.007) and lower 
MGL Meiboscore values at T1 (1.59±0.70 vs 1.26±0.69; 
p=0.008). Unlike controls, patients treated with LLLT 
had significantly lower OSDI scores and higher NIBUT 
values at T2 compared with T0 (respectively, 9.0±9.0 
vs 21.2±16.1; p<0.001 and 12.5±6.6 vs 9.7±7.2; 
p=0.007).
Conclusion Two sessions of LLLT performed before and 
after cataract surgery were effective in ameliorating tear 
film stability and ocular discomfort symptoms.
Trial registration number NCT05754437.

INTRODUCTION
Despite cataract surgery is widely recognised as one 
of the safest and most successful surgical procedures 
in modern medicine, it represents one of the main 
causes of iatrogenic dry eye disease (DED).1 2 DED 
tends to manifest in the first postoperative week 
and may often last 3–6 months after surgery.3 More-
over, dry eye symptoms such as pain, foreign body 

sensation, photophobia, visual fatigue, epiphora 
and fluctuating or blurry vision significantly impact 
patient satisfaction and impair quality of vision 
postoperatively.4

Despite increasing evidence showing that the 
optimisation of the ocular surface before cataract 
surgery represents a crucial step to achieve the 
desired postoperative outcomes,5–7 the prophy-
lactic treatment of otherwise asymptomatic 
patients undergoing cataract surgery with the aim 
of preventing or mitigating iatrogenic DED is less 
studied and is worth investigating.8–10

Low- level light therapy (LLLT) is a particular 
form of photobiomodulation based on light- 
emitting diodes. Sending low incident levels of 
photon energy, which is transferred directly to the 
absorbing cell or chromophore, LLLT determines 
photoactivation of the target cells thus repairing 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Signs and symptoms of dry eye disease (DED) 
are highly prevalent in the postoperative 
course of patients undergoing cataract surgery, 
significantly impairing patients’ satisfaction 
with surgery and quality of life and vision. 
Although optimising ocular surface before 
cataract surgery in patients with pre- existing 
DED is an established strategy to achieve the 
desired postoperative outcomes, less is known 
about the prophylactic treatment of healthy 
patients.

WHAT THIS STUDY ADDS
 ⇒ In this randomised controlled trial, two sessions 
of low- level light therapy performed 1 week 
before and after cataract surgery were effective 
in ameliorating tear film stability and ocular 
discomfort symptoms.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Prophylactic treatment using low- level light 
therapy could be easily incorporated in the 
workflow of otherwise healthy patients 
undergoing senile cataract surgery in order to 
avoid iatrogenic DED.
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cellular damage and improving function and proliferation thanks 
to the increase ATP production.11 Several studies have demon-
strated the safety and efficacy of in- office LLLT in the setting of 
DED secondary to different aetiologies.12–15

Herein, we investigated the outcomes of LLLT performed 
before and after cataract surgery in healthy patients as a prophy-
lactic treatment of iatrogenic DED.

MATERIALS AND METHODS
Study and patients
This prospective, interventional, randomised, controlled, 
double- masked clinical trial involved patients who had been 
scheduled for routine cataract surgery. The trial was conducted 
at the Department of Ophthalmology of the University Magna 
Graecia of Catanzaro (Italy), according to the guidelines of the 
Declaration of Helsinki. The study was registered in the United 
States trial register as the ‘Efficacy of Low- Level Light Therapy 
in Reducing Dry Eye in Patients Undergoing Cataract Surgery’ 
( ClinicalTrials. gov identifier, NCT05754437). Patients were 
recruited between September 2022 and March 2023, and written 
informed consent was obtained from all participants. Exclu-
sion criteria were previous diagnosis of ocular surface disease 
(OSD) or DED, ocular comorbidities, previous ocular surgery 
in both eyes, chronic and regular use of therapies for OSD or 
DED (topical, instrumental or oral), use of systemic drugs with a 
known or suspected link to DED (eg, diuretics, antidepressants, 
antihistamines, hormone replacement therapy)16 and autoim-
mune diseases (eg, Sjögren syndrome). Only one eye per patient 
was enrolled in the study.

Ocular surface workup
In all eligible patients, medical history was recorded and a compre-
hensive ophthalmic examination including slit lamp examina-
tion was performed. Non- invasive ocular surface examination 
was carried out in the eye undergoing cataract surgery by means 
of Oculus Keratograph 5 M (K5 M; Oculus GmbH, Wetzlar, 
Germany) by a trained operator (CR) three times over the study 
period: 7±2 days prior to surgery (before the first LLLT/sham 
session—T0), 7±2 days after surgery (before the second LLLT/
sham session—T1) and 30±4 days after surgery (T2) (figure 1). 
All the measurements were taken between 09:00 and 11:00 in 
a dimly lit room with controlled temperature (21–24°C) and 
humidity (30%–60%). The device was used for the evaluation 
of: (1) tear meniscus height (TMH); (2) non- invasive break- up 
time (NIBUT); (3) infrared meibography of the lower eyelid 
and (4) redness score. In detail, images of the central inferior lid 
margin were captured with infrared illumination and TMH was 
measured in millimetres (mm) using the device’s built- in caliper. 
NIBUT was measured using Placido rings as the interval time 
in seconds (s) between the last complete blinking and the first 
distortion of the 22 concentric rings reflected on the corneal 
surface. Infrared transillumination of the lower eyelid was 
used to evaluate meibomian gland loss (MGL) that was graded 
using the Meiboscore: grade 0=no gland loss; grade 1=area of 
gland loss up to 33% of the total gland area; grade 2=area of 
gland loss between 33% and 66% and grade 3=area of gland 
loss of 67% or more.17 MGL grading was performed by two 
masked investigators, and a third one was involved in case of 
disagreement to calculate the definite grade. Five redness scores 
(global, nasal bulbar, temporal bulbar, nasal limbal and temporal 
limbal) obtained from an anterior segment photograph were 
graded based on ratio between blood vessels and the rest of the 
analysed bulbar conjunctiva; the global redness score was used 

for the statistical analysis. Ocular discomfort symptoms were 
investigated by means of Ocular Surface Disease Index (OSDI) 
questionnaire.

Treatment
LLLT or sham treatments were performed using different 
modules available on the device EYE- LIGHT ® (Espansione 
Group S.p.A., Bologna, Italy). Both treatments had a duration of 
15 min and differed for power output: 100% for treatment group 
versus <30% for sham. The latter protocol (demo light) has been 
shown to have no effects on target tissue(s) in experimental tests 
(data provided by Espansione Group S.p.A., Bologna, Italy); 
at the same time, the sham modality looks like a normal treat-
ment for both the operator and the patient. No eye shields were 
required for this procedure and patients were instructed to keep 
their eye closed to ensure a complete treatment of the upper and 
lower eyelids. Treatments were performed 7±2 days before (T0) 
and after surgery (T1).

All patients underwent conventional phacoemulsification by 
two surgeons (GG, VS). All surgeries were performed using 
the same technique (‘phaco chop’) under topical anaesthesia 
through a 2.4 mm clear corneal incision with implantation of a 
foldable intraocular lens within the capsular bag. Only eyes with 
no relevant intra or postoperative complications were included 
in the analysis. The postoperative drug regimen consisted of the 
following eye drops: dexamethasone sodium phosphate 1 mg/
mL+levofloxacin hemihydrate 5 mg/mL (Ducressa, Santen, 
Osaka, Japan) four times daily for 7 days switched to dexameth-
asone sodium phosphate 1 mg/1 mL (Dexamono, Théa Pharma, 
Clermont Ferrand, France) four times daily for the subsequent 
7 days; bromfenac sodium 0.9 mg/mL (Yellox, Bausch & Lomb, 
New York, USA) two times daily for 14 days; 0.2% hyaluronic 
acid (Hyalistil, Catania, Italy) three times daily for 30 days.

Outcomes
The primary endpoint with respect to the effect of LLLT 
performed before and after cataract surgery was the change 

Figure 1 CONSORT flow diagram for the randomised controlled 
study. Number of patients screened for eligibility, randomised and then 
followed- up for the entire study duration. CONSORT, Consolidated 
Standards of Reporting Trials; LLLT, low- level light therapy.
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in NIBUT from T0 to T2. The secondary endpoints were the 
changes in ocular discomfort symptoms, TMH, MGL and 
redness from T0 to T2.

Sample size
Sample size calculation was based on the difference in break- up 
time 1 months after cataract surgery reported in a previous 
study that compared patients treated preoperatively with vector 
thermal pulsation therapy and control subjects.6 On this basis, a 
minimum sample size of 65 patients per group was required to 
achieve a power of 0.80 and a p value of 0.05 using the Mann- 
Whitney U test.

Randomisation and blinding
Patients were randomised 1:1 to receive LLLT or sham treat-
ment using the device EYE- LIGHT ® (Espansione Group 
S.p.A., Bologna, Italy). In order to ensure double- blinding, 
demo light mode delivering <30% of the power output of 
a full treatment, simulating for both patient and operator 
a normal LLLT session, was used in patients belonging to 
control arm.

Statistical analysis
Statistical analysis was performed using R (V.4.0.0) and RStudio 
(V.1.2.5042) software. The Shapiro- Wilk test was used to deter-
mine the normality of data. Two- way mixed model analysis 
of variance (ANOVA) was used to determine the interaction 
between treatment and time on dry eye symptoms and ocular 
surface parameters. Post hoc analysis for the significance of 
treatment effects at each time point was conducted using one- 
way ANOVA. Post hoc analysis for the significance of time effect 
in each group was conducted using repeated- measures ANOVA. 
The χ2 test was used to compare the percentage of patients in 
which ocular surface parameters worsened at T2 compared with 
T0 in the two groups. A p value of <0.05 was considered statis-
tically significant.

RESULTS
Overall, 654 patients were screened for eligibility during the 
study period. Of these, 153 patients fulfilled the study criteria 
and were included. These patients were randomised to receive 
LLLT (n=73) or sham treatment (n=80). No significant differ-
ences in age and gender distribution were observed between 
the two groups (respectively, p=0.153 and p=0.434). One 

Figure 2 Schematic representation of the timing of ocular surface workup and treatments. One week before and after cataract surgery, patients 
underwent ocular surface workup by means of Keratograph followed by low- level light therapy (left) or sham (right). One month postoperatively, both 
groups underwent final ocular surface examination.

S
torica. P

rotected by copyright.
 on O

ctober 29, 2023 at U
niversita D

i P
arm

a B
iblioteca C

entrale E
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo-2023-323920 on 27 O

ctober 2023. D
ow

nloaded from
 

http://bjo.bmj.com/


4 Giannaccare G, et al. Br J Ophthalmol 2023;0:1–5. doi:10.1136/bjo-2023-323920

Clinical science

hundred and thirty- one patients (70 men, 61 women, mean age 
73.53±7.29 years) regularly completed the study and their data 
were used for the statistical analysis (figure 2).

Two- way ANOVA demonstrated a significant effect of treat-
ment on the change in OSDI (p<0.001) and NIBUT (p=0.027) 
across T0, T1 and T2. Conversely, no significant effect of treat-
ment on the change in MGL (p=0.242), TMH (p=0.957) and 
redness (p=0.624) was observed. Post hoc testing showed that 
patients who were treated with LLLT had significantly lower 
OSDI scores compared with those undergoing sham treatment 
at T1 and T2 (both p<0.001, table 1). Patients treated with 
LLLT showed significantly higher NIBUT values than control 
patients at T2 (p=0.007). MGL Meiboscore was significantly 
higher in patients treated with LLLT at T1 (p=0.008), but not 
at T2 (p=0.536). Conversely, no differences between the two 
groups were detected at each time point for TMH and redness 
(all p>0.706).

In the LLLT and sham groups, the percentage of patients in 
whom OSDI, NIBUT, MGL, TMH and redness worsened at T2 
compared with T0 were respectively 27.3% vs 40.0% (p=0.175), 
40.9% vs 55.4% (p=0.138), 25.8% vs 16.9% (p=0.308), 40.9% 
vs 46.2% (p=0.668) and 43.4% vs 33.8% (p=0.315).

No unanticipated or serious device- related adverse events 
during treatment or follow- up were reported.

DISCUSSION
This is the first study evaluating the outcomes of LLLT used as 
prophylaxis of DED in otherwise asymptomatic patients under-
going routine cataract surgery. The study demonstrated that the 
prophylactic treatment with LLLT of patients 1 week before and 
after surgery is able to allow a significant improvement of ocular 
discomfort symptoms and tear stability even in patients under-
going cataract surgery, a well- known cause of iatrogenic dry eye.

TMH did not change significantly after treatment but its mean 
value was within the normal range before surgery and remained 

approximately unchanged postoperatively. Infrared meibography 
detected fluctuations of MGL over time in the LLLT group that 
were neither statistically significant nor clinically meaningful at 
the last follow- up visit. This is not surprisingly since it is already 
known that after a such short follow- up device- based therapies 
can determine changes of the vagueness of the meibomian glands 
rather than of their area.18 Objective evaluation of redness score 
did not change significantly after therapy; however, it has been 
already demonstrated that this value is not sensitive to diagnose 
or grade DED.19 On the contrary, no ocular surface parameters 
improved after surgery in control patients who experienced a 
postoperative worsening, although not statistically significant, of 
NIBUT values compared with baseline status. The regular use 
of hyaluronic- based tear substitute in the postoperative month 
might have counteracted, at least partially, the detrimental 
effects of surgery, avoiding a frank postoperative decline of 
ocular surface parameters in this group of patients.

Improving outcomes of cataract surgery in terms of ocular 
comfort in the postoperative course represents a primary concern 
for both patients and clinicians. A large number of studies have 
shown that cataract surgery can induce or aggravate DED, 
resulting in patients reporting poor satisfaction with the surgical 
results.20 However, an educational gap still exists between the 
awareness of DED impact on cataract surgery outcomes and the 
efforts made by ophthalmologists to address this issue in routine 
clinical practice.

In the last years, increasing evidence has shown that opti-
mising ocular surface status before cataract surgery in patients 
with pre- existing DED/OSD is a crucial step to achieve the 
desired postoperative outcomes while avoiding the occurrence 
of complications. Recent works by Mencucci et al and Zhao et 
al included patients with meibomian gland dysfunction (MGD) 
undergoing cataract surgery, and evaluated the efficacy of vector 
thermal pulsation therapy performed 5 weeks and 1 day preop-
eratively, respectively.6 21 Both studies showed that the device- 
based treatment was able to ameliorate eyelid margin parameters 
and ocular discomfort symptoms. Another study from Park et al 
included and treated with the same device patients with either 
healthy ocular surface or MGD.7 The most outstanding finding 
was that patients without preoperative MGD benefited from 
receiving vector thermal pulsation therapy before surgery, in 
terms of meibomian quality, tear film stability, corneal staining 
and DED symptoms. This preliminary evidence opened up the 
interesting scenario of treating prophylactically patients with 
healthy ocular surface in order to prevent or mitigate iatrogenic 
DED postoperatively. However, to date contrasting results have 
been provided by the few attempts of using topical therapies 
for this task. On one hand, the preoperative use of a short- 
term course of betamethasone 0.1% had no significant effect on 
postoperative dry eye indices8; on the other hand, two studies 
reported that the prolonged instillation of a tear substitute 
(respectively, 1 week and 2 weeks before surgery) reduced post-
operative DED- related signs and symptoms to almost normal 
values.9 10

Unlike medical therapy, employing device- based treatments 
before cataract surgery with prophylactic purposes raises some 
concerns. Ideally, a technology employed for disease prophy-
laxis should be fast, easy to use, non- invasive, painless and safe, 
without any contraindications or influences on surgery. All 
these characteristics are incorporated in LLLT,22 thus making 
this technology suitable for improving patients’ comfort after 
surgery. On the contrary, vector thermal pulsation therapy 
employed in previous studies is invasive, requiring the use of 
a topical anaesthetic (0.5% proparacaine hydrochloride) to 

Table 1 Ocular surface parameters measured during each time 
point in patients undergoing cataract surgery and randomised to 
receive low- level light therapy or sham treatment

Parameter Group
T0 (1 week 
before)

T1 (1 week 
after)

T2 (1 month 
after)

P 
value*

OSDI LLLT 21.2±16.1 7.2±8.8 9.0±9.0 <0.001

Control 19.7±14.0 14.8±13.0 18.2±17.9 0.088

P value† 0.573 <0.001 <0.001

NIBUT (s) LLLT 9.7±7.2 11.1±7.1 12.5±6.6 0.044

Control 10.4±7.1 9.1±7.5 9.0±7.8 0.373

P value† 0.570 0.126 0.007

MGL (Meiboscore) LLLT 1.56±0.75 1.59±0.70 1.42±0.82 0.308

Control 1.45±0.71 1.26±0.69 1.32±0.71 0.165

P value† 0.329 0.008 0.536

TMH (mm) LLLT 0.40±0.23 0.38±0.17 0.39±0.16 0.806

Control 0.39±0.24 0.38±0.21 0.39±0.21 0.949

P value† 0.768 0.960 0.795

Redness LLLT 1.57±0.47 1.58±0.46 1.55±0.46 0.829

Control 1.54±0.38 1.62±0.55 1.56±0.51 0.360

P value† 0.603 0.706 0.892

*Time effect in each group; repeated- measures ANOVA.
†Treatment effects at each time point; one- way ANOVA.
ANOVA, analysis of variance; LLLT, low- level light therapy; MGL, Meibomian Gland 
Loss; NIBUT, non- invasive break- up time; OSDI, Ocular Surface Disease Index; TMH, 
tear meniscus height. S
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make painless the insertion and removal of the device treat-
ment.6 7 21 Furthermore, our protocol consisting of two LLLT 
sessions performed 1 week apart from surgery can be easily 
incorporated in the workflow of patients undergoing cataract 
surgery thus helping the potential widespread adoption of the 
protocol in the routine clinical practice. In fact, the first LLLT 
session coincides with preoperative evaluation and counsel-
ling, while the second session with one of the scheduled post-
operative control visits. This protocol also guarantees a time 
interval of 1 week from treatment to surgery and vice versa, thus 
avoiding any issue related to the safety.

Despite the robust design and the original investigation, we 
are aware that our study suffers from some limitations. First, 
using OSDI score in the population of patients with cataract may 
represent a bias since this questionnaire has a high correlation 
with visual acuity being composed of a subsection of vision- 
related functions.23 Second, a follow- up assessment longer 
than 1 month might provide additional information about the 
persistence over time of the benefits of LLLT in the setting of 
cataract surgery.

In conclusion, this randomised controlled clinical study 
showed that, unlike sham treatment, two sessions of LLLT 
performed 1 week before and after surgery were effective in 
significantly ameliorating tear film stability and ocular discom-
fort symptoms in otherwise healthy patients undergoing senile 
cataract surgery.
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