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Abstract

Purpose: To evaluate the durability of thermomechanical device treatment effect in patients with meibomian
gland dysfunction (MGD) at 6 months post-treatment.
Methods: This was an extension of an initial 3-month, prospective, controlled, randomized, masked,
multicenter pivotal study, in which subjects with MGD were randomized to thermomechanical device
treatment (3 sessions, 2 weeks apart) or a single control treatment. The extension study was a single-arm,
observational study in the same 5 sites of the pivotal study. A subset of subjects from the thermomechanical
device group with an increase in tear break-up time (TBUT) of 2.5 s or greater in at least 1 eye at 1- or 3-month
follow-up and able to attend the 6-month follow-up were included. Effectiveness endpoints included changes
in TBUT, Meibomian gland score (MGS), and Ocular Surface Disease Index (OSDI) from baseline to
6 months. Device-related adverse events (AEs) were also assessed.
Results: At 6 months post-treatment, 21 subjects (42 eyes) demonstrated significant improvements from
baseline in mean TBUT (5.2 – 3.8 s; P < 0.001), mean MGS (18.2 – 10.9; P < 0.0001), and mean OSDI (-24.3 –
26.5; P = 0.0004). Improvements in corneal staining scores were also observed. No ocular AEs were reported.
Conclusions: The findings of the extension study demonstrate that the clinical benefit of the thermomechanical
device, evaluated by TBUT, MGS, and OSDI, can be maintained out to 6 months and that the device is safe and
effective in improving the signs and symptoms of evaporative dry eye disease in MGD.
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Introduction

D ry eye disease (DED) is characterized by the loss of
homeostasis of the tear film.1,2 Evaporative DED is iden-

tified as the most common subtype and is associated with mei-
bomian gland dysfunction (MGD), occurring in over 75% of
patients with dry eye.3,4 MGD has been defined as “a chronic,
diffuse abnormality of the meibomian glands, commonly char-
acterized by terminal duct obstruction and/or qualitative/quan-
titative changes in the glandular secretion.”5 Meibomian
glands, located in the tarsal plate of the eyelids, secrete meibum
that contributes to the superficial lipid layer of the tear film.
The lipid layer is essential in reducing the rate of tear evapora-
tion and enhancing tear film stability.5,6 MGD can lead to
increased tear evaporation, tear film instability, eye irritation,
inflammation, and ocular surface disease.5,7,8 The reported
rates of MGD prevalence based on clinical signs range from
38% to 68% in populations over the age of 40 years.3

To soften or liquefy the meibum and facilitate its outflow in
an effort to improve lipid profile and allow a more uniform
tear dispersion, conventional MGD treatment comprises lid
hygiene, eyelid warming, and meibum expression.9–11 Other
treatments depending on severity and indications can include
artificial tears including lipid-containing eye drops for symp-
tomatic relief, supplementation with omega-3 fatty acids, topi-
cal antibiotics, oral tetracyclines, and anti-inflammatory and
immunomodulatory agents.9,10

The shortcomings of warm compress therapy include the
challenge in maintaining adequate temperature and the need
for continuing therapy on a daily basis, which can impact
patient compliance.12,13 With advancement in medical devi-
ces, in-office devices have been used for effective treatment of
MGD, including those that deliver controlled localized heat
and pressure.14–17 Tixel device (Novoxel, Netanya, Israel) is a
device based on thermomechanical action with a very brief
exposure time; the Tixel device has been widely used in the
treatment of skin indications.18–24 An observation of
improved DED symptoms following fractional skin treatment
for periorbital wrinkles with Tixel in older patients prompted
pilot studies to characterize the effect of Tixel in improving
signs and symptoms of DEDwith encouraging results.25,26

Recently, the safety and effectiveness of the Tixel device in
the management of MGDwere demonstrated in a randomized
controlled multicenter pivotal trial of subjects with MGD,
assigned to treatment with either Tixel or LipiFlow Thermal
Pulsation System (Johnson & JohnsonVision, Milpitas, CA).27

The results at 1- and 3-month follow-up showed comparable
safety and effectiveness to LipiFlow with noninferiority of
change in TBUT and significant improvement in key clinical
parameters from baseline. Following the study, the Tixel i®

device has been 510(k)-cleared by the U.S. Food and Drug
Administration (FDA) for the treatment of evaporative dry eye
due toMGD. An observational extension study was planned in
Tixel subjects to assess the longer term durability of treatment.

The objective of the extension study was to evaluate the
durability of the clinical benefit out to 6 months in a subgroup
of Tixel subjects who had shown an improvement in tear
break-up time (TBUT) in at least 1 eye at either 1- or 3-month
follow-up. The assessments of key clinical signs and symp-
toms included TBUT, meibomian gland score (MGS), Ocular
Surface Disease Index (OSDI), and rate of adverse events
(AEs).

Methods

Study design

This prospective, observational, single-arm study was a
3-month extension of an initial 3-month, prospective, random-
ized, masked, controlled, multicenter clinical trial whose
results were previously reported.27 The extension study was
performed between April 2023 and September 2023. A sub-
group of Tixel subjects from the initial study was enrolled in
this extension study and was evaluated for the durability of the
clinical benefit out to 6 months. The study involved 6-month
follow-up of the initial Tixel treatment; there was no retreat-
ment in the study.

All of the evaluations were performed at the same 5 clinical
sites who took part in the initial pivotal study. This extension
study adhered to the tenets of the Declaration of Helsinki and
was approved by Advarra (Columbia, MD, USA), a central
Institutional Review Board. Informed consent was obtained
from all participants prior to study initiation, and Health Insur-
ance Portability and Accountability Act regulations were fol-
lowed. The study was registered at the U.S. clinical trials
website (Clinicaltrials.gov Identifier NCT05162261).

Subjects

Subjects were originally screened for eligibility for inclusion
in the main pivotal study based on the following criteria: aged
22 years or older with dry eye symptoms for the previous 3 or
more months, reported use of lubricants for the previous 1 or
more months, OSDI score between 23 and 79, TBUT <10 s in
each eye, MGS £12 in each eye, and at least 15 glands in each
lower eyelid that were expressible during slit lamp examina-
tion. The key criteria for exclusion from participation in the
main pivotal study were the use of dry eye treatments (other
than lubricants), contact lens wear within a prespecified period
prior to the study and history of major dermatologic, systemic
or ocular conditions, tattoos, permanent makeup, or irritated
skin in the treatment area. Among the subjects who were
assigned to treatment with Tixel in the randomized pivotal
study, subjects were included in this extension study if they
met the inclusion criteria of improvement in TBUT of 2.5 s or
greater from baseline in at least 1 eye at 1- or 3-month follow-
up visits and were available and willing to attend the 6-month
follow-up visit.

Tixel device

Although there was no retreatment involved in the exten-
sion study, a brief description of the device and method used
in the initial pivotal study is provided below. The Tixel device
has a small tip with an area of 0.30 cm2 consisting of an array
of 24 (6 · 4) evenly spaced pyramids. Each pyramid was
1.25 mm tall with a blunt apex of approximately 0.01 mm2

(Fig. 1). The parameters in the pivotal study included a single
pulse duration, that is, time of contact between heated tip and
skin, of 6 ms and tip protrusion distance of 400 lm.

The Tixel procedure involved 3 bilateral sessions at 2-week
intervals. After both upper and lower eyelids were cleaned
and anesthetized, the clinician delivered a row of 5 pulses near
each lid margin in the nasal, medial, and temporal regions.
A second row of 5 pulses was delivered to each eyelid, adjacent
to the first row for a total of 20 pulses applied to the upper and
lower eyelids. This was repeated for the contralateral eyelids.
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Assessments

In the extension study, subjects were required to com-
plete a 6-month follow-up visit in addition to the visits com-
pleted in the pivotal study, namely, baseline, Tixel treatment
consisting of 3 sessions, and 1-month and 3-month follow-up
post last treatment session. The assessments at the extension
6-month follow-up visit comprised all the assessments using
the same methodology that were performed in the pivotal
study at the 1- and 3-month follow-up visits. For the effective-
ness measurements by examiner, 3 fluorescein TBUTmeasures
were averaged, and MGS was assessed using the Meibomian
Gland Evaluator (Johnson & Johnson Vision) to evaluate the
quality of meibomian gland secretions on the lower eyelids.
Five consecutive glands located in each of the temporal, central,
and nasal regions along the lower eyelid margin were graded on
a scale of 0–3 for the characteristics of the expressed gland
contents, where 0 = no secretion, 1 = inspissated/filamentary
secretion, 2 = cloudy liquid secretion, and 3 = clear liquid
secretion.28 The sum of the grades for all 15 glands determined
the total MGS score (range 0–45); as such, theMGS score rep-
resents both the number of secreting meibomian glands and
the quality of those secretions. In order to avoid iatrogenic ocu-
lar surface staining confounding any results, the evaluations
were conducted in the following sequence: OSDI, refraction,
Best Corrected Visual Acuity (BCVA) assessment, keratome-
try, slit lamp examination of anterior segment, lid margin
abnormalities, eyelid margin assessment, TBUT, corneal fluo-
rescein staining, conjunctival lissamine green staining, MGS,
and intraocular pressure (IOP)measurement. Ocular AEs were
to be recorded at each study visit.

Study endpoints

The effectiveness endpoints in the extension study were the
change from baseline in TBUT, MGS, and subjective symp-
toms using the OSDI at the 6-month follow-up. Additionally,

the change between observed TBUT, MGS, and OSDI at
3 months and 6 months is also evaluated. Safety was assessed
via the recording of AEs, grading of ocular surface staining,
and changes in IOP and BCVA.

Statistical analyses

Statistical analysis was performed using SAS version 9.4
(SAS Institute Inc., NC, USA). No sample size or power cal-
culations were conducted due to the exploratory nature of this
extension study.

For differences from baseline (Day 0), the P-values were
the result of separate tests of the null hypothesis of mean
difference = 0 for each follow-up of 4-week, 12-week, and 6-
month visits. There were no corrections for multiplicity. For
eye-level measurements (TBUT, MGS, corneal staining, and
conjunctival staining), the P-values were from simple mixed-
effects linear models (with baseline as covariate) that allow for
within-subject correlation. For subject level measurements
(OSDI scores), theP-values were from a paired t test. AP-value
of 0.05 was the threshold for determining statistical significance.

Results

Subject disposition

Twenty-one subjects who were available to attend the
6-month follow-up following Tixel treatment in the pivotal
study and met the inclusion criteria were enrolled in the
extension study. The data analysis included 42 eyes of
21 subjects. The demographic and baseline characteristics are
presented in Table 1. The age range of the subjects at baseline
evaluation was 39–81 years, with a mean of 66.5 – 9.9 years.

Clinical outcomes

Table 2 displays the mean changes from baseline for effec-
tiveness parameters of TBUT,MGS, andOSDI at post-treatment

FIG. 1. Change from baseline in LS mean TBUT from pre-treatment baseline through 6 months post-treatment with
Tixel (N = 42 eyes of 21 subjects). These were estimated from a linear mixed-effects model, with subject as random
effect, visit as repeated measure, and baseline score as covariate. FU, follow-up; LS, least-squares; SE, standard error;
TBUT, tear break-up time.
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time points of 1 month, 3 months, and 6 months. Changes in
safety parameters of ocular surface staining are also shown in
Table 2.

Effectiveness

There was significant improvement from baseline in
TBUT after the Tixel treatment at the 6-month follow-up
visit (P < 0.001). TBUT improved from 4.0 – 1.5 s at

baseline to 8.4 – 3.2 s at the 1-month follow-up and 9.6 –
4.9 s at the 3-month follow-up. At the 6-month follow-up,
the mean TBUT was 9.2 – 4.0 s, and the improvement in
TBUT was retained with a significant mean change from
baseline of 5.2 – 3.8 s (Table 2). The mean TBUT change
from baseline through 6 months post-treatment following
the mixed-effects linear model is presented in Fig. 1.

Similar results of significant improvement from baseline
were observed forMGS after the Tixel treatment at the 6-month
follow-up visit (P < 0.001). MeanMGS of 6.6 – 2.3 at baseline
increased to 15.9 – 9.0 at 1-month follow-up and to 22.7 – 11.2
at the 3-month follow-up. At the 6-month follow-up,MGS con-
tinued to improve with a mean MGS of 24.8 – 10.9, and a
mean change from baseline of 18.2 – 10.9 (Table 2). The mean
values of MGS change from baseline through 6 months post-
treatment following the mixed-effects linear model are dis-
played in Fig. 2.

Symptomatic improvement was also observed, as assessed
by the OSDI questionnaire at baseline and at post-treatment
follow-up visits. With a decrease in OSDI scores indicating
improvement in symptoms, the OSDI score decreased from
46.2 – 19.7 at baseline to 21.4 – 18.8 at the 1-month and 19.3 –
15.5 at the 3-month follow-up. At the 6-month follow-up,
OSDI remained improved with a mean score of 21.9 – 19.4,
indicating a significant mean change from baseline of -24.3 –
26.5 (P = 0.0004; Table 2). The mean OSDI scores from base-
line through 6months post-treatment are displayed in Fig. 3.

There were no statistically significant changes between
3 and 6 months for TBUT,MGS, and OSDI (all P > 0.05).

Safety

No ocular AEs were reported during the extension study.
Additionally, there was no significant change from baseline
IOP at the 6-month follow-up visit. BCVA was stable, with
20/32 or better acuity in 95% of eyes at baseline (40 of
42 eyes) and 93% eyes at month 6 (39 of 42 eyes). No remark-
able changes were noted from baseline in lid margin abnor-
mality score, keratometry, or eyelid margin assessment.

Corneal and conjunctival staining

At baseline, mean corneal and conjunctival staining scores
were 2.1 – 1.8 and 2.0 – 2.2, respectively. At the 1-month and
3-month follow-up visits, corneal staining averaged 0.6 – 0.9
and 0.4 – 0.6, respectively. At the 6-month follow-up visit,
corneal staining scores remained low with an average of 0.6 –
1.1 and a significant mean change from baseline of -1.5 – 1.5
(P < 0.0001; Table 2). Conjunctival staining averaged 0.9 –
1.2 and 0.7 – 1.1 at the 1-month and 3-month follow-up visits,
respectively. At 6-month follow-up, conjunctival staining
increased to an average of 2.2 – 3.2, which was not signifi-
cantly different from baseline (P = 0.7470).

Discussion

The initial randomized controlled pivotal clinical trial dem-
onstrated that the Tixel procedure was safe and effective
through 3 months post last session of treatment. The primary
purpose of this extension study was to evaluate the durability
of the effect of Tixel treatment for MGD through a longer
follow-up timepoint of 6 months post-Tixel treatment in a sub-
cohort of subjects from the initial study. This was an observa-
tional study with no retreatment involved. The assessments in

TABLE 1. DEMOGRAPHICS AND BASELINE CHARACTERISTICS

OF THE STUDY POPULATION

Characteristic

Tixel extended follow-up
N = 21 subjects

(42 eyes)

Demographics, mean – SD or n (%)
Age (years) 66.5 – 9.9
Sex, Female 12 (57.1%)
Ethnicity, not Hispanic or

Latino
18 (85.7%)

Race, White 21 (100%)
Baseline characteristics related

to MGD, mean – SD (range)
TBUT (s) 4.0 – 1.5 (1.6–6.7)
MGS 6.6 – 2.3 (0.0–12.0)
OSDI 46.2 – 19.7 (25.0–75.0)
Corneal staining 2.1 – 1.8 (0.0–7.0)
Conjunctival staining 2.0 – 2.2 (0.0–8.0)

MGD, meibomian gland dysfunction; MGS, meibomian gland
score; OSDI, ocular surface disease index; SD, standard deviation;
TBUT, tear break-up time.

TABLE 2. OBSERVED CHANGES FROM BASELINE IN DRY EYE

DISEASE PARAMETERS AND SYMPTOMS AFTER TIXEL
TREATMENT AT 1-, 3-, AND 6-MONTH FOLLOW-UPS

Parameter
(N = 42 eyes/
21 subjects)

Changes from baseline

BL to 1M BL to 3M BL to 6M

TBUT
Mean – SD 4.4 – 3.1 5.6 – 4.6 5.2 – 3.8
[95% CI] [3.5, 5.4] [4.2, 7.1] [4.0, 6.3]
Median 3.7 4.4 5.1

MGS
Mean – SD 9.2 – 9.6 16.1 – 11.4 18.2 – 10.9
[95% CI] [6.3, 12.2] [12.6, 19.6] [14.8, 21.6]
Median 5.0 18.0 20.0

OSDI
Mean – SD -24.8 – 22.9 -26.9 – 20.3 -24.3 – 26.5
[95% CI] [-35.3, -14.4] [-36.2, -17.7] [-36.3, -12.2]
Median -20.8 -22.9 -21.5

CFS
Mean – SD -1.5 – 1.5 -1.7 – 1.8 -1.5 – 1.5
[95% CI] [-2.0, -1.0] [-2.2, -1.1] [-2.0, -1.0]
Median -1.0 -1.0 -1.0

CLS
Mean – SD -1.1 – 1.5 -1.3 – 2.0 0.2 – 3.8
[95% CI] [-1.6, -0.6] [-1.9, -0.7] [-1.0, 1.4]
Median -1.0 -1.0 0.0

BL, baseline; CI, confidence interval; CFS, corneal fluorescein
staining; CLS, conjunctival lissamine green staining; M, month;
MGS, meibomian gland score; OSDI, Ocular Surface Disease Index;
SD, standard deviation; TBUT, tear break-up time.
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the extension study were the same as those in the initial study.
The effectiveness assessments comprised of TBUT, MGS,
and OSDI, whereas safety assessments included monitoring
of related AEs, corneal staining, conjunctival staining, slit
lamp biomicroscopy, IOP, and BCVA.

The results of the extension study showed that the signifi-
cant improvements from baseline in TBUT, MGS, and OSDI
in the initial study were retained at 6 months. Additionally,
there was no significant difference between 3 and 6 months in
these parameters, which further confirms the durability of
treatment at 6 months. There were no related AEs and no other
significant safety findings at 6 months.

The difference from extension studies of other in-office ther-
mal based devices such as TearCare (Sight Sciences Inc,Menlo
Park, CA, USA) and LipiFlow Thermal Pulsation System was
in the observed maintenance of treatment effect to 6 months
with Tixel for all parameters of TBUT, OSDI, andMGS in the
subcohort of treated subjects. In the TearCare extension study,
TBUT was the first measure to dip toward baseline values as
early as 3 months post-treatment and continued to show a fur-
ther drop by 6 months, initiating evaluation of retreatment at
7 months.29 MGS and OSDI also showed a notable trend
toward baseline at 6 months.29 In the long-term evaluations of
LipiFlow, similar to TearCare, peak improvement at 1 month

and a general trend toward baseline at subsequent evaluations
were observed for TBUT and OSDI. MGS continued to retain
improvement with LipiFlow to 9 months.15,30 In this Tixel
extension study, an improvement andmaintenance of treatment
effect was observed for TBUT and OSDI symptom score
through 6months post-treatment, whereas a continuing upward
trend was noted for MGS at 6 months (Fig. 2), although not
statistically significantly different from 3 months. The time-
points beyond 6 months that continue to demonstrate sustained
treatment effect of Tixel or a significant dip toward baseline, as
evaluated by objective and subjective measures of TBUT,
MGS, and OSDI, would require investigation with a longer
term study.

DED, including evaporative DED resulting from MGD, is
an important public health concern, which impacts the
patient’s ability to perform routine daily activities and reduces
the quality of life.3 Although warm compress is considered
the first line of treatment, compliance issues of regular warm
compress and the chronic nature of MGD add to the chal-
lenges of effectiveness and efficiency in achieving the desired
treatment effect. In-office devices have demonstrated signifi-
cantly greater effectiveness compared with conventional
warm compress.14,31 Having multiple alternatives of in-office
devices equips clinicians with options to tailor the treatment

FIG. 2. Change from baseline in LS mean MGS from pretreatment baseline through 6 months post-treatment with
Tixel (N = 42 eyes of 21 subjects). These were estimated from a linear mixed-effects model, with subject as random
effect, visit as repeated measure and baseline score as covariate. MGS, meibomian gland score.

FIG. 3. Mean (–SE) OSDI over time from pre-
treatment baseline through 6 months post-treat-
ment with Tixel (N = 21 subjects). OSDI, Ocular
Surface Disease Index.
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that offers not only demonstrable short-term improvement but
also longer term durability. Given the increasing prevalence
with age for DED, the treatment options that provide ease of
use, greater duration of effect, and require lesser frequency of
re-treatments are valuable in delivering effective treatment
and better convenience for optimal quality of patient care.

Available in-office devices differ in aspects such as concur-
rent treatment of 1 or both eyelids, use of in-eye applicator,
and duration of procedure. The Tixel treatment, which uses a
very brief pulse duration for rapid heat transfer, is delivered in
3 sessions to both upper and lower eyelids. The procedure
takes 2 min per session, does not involve contact with the ocu-
lar surface, and is not limited by the size of palpebral fornices.

The initial pivotal study upon which this extension study is
based was designed as a randomized controlled trial with out-
comes evaluated by masked assessors in a multicenter trial.
The strength of the initial study in gathering data from multi-
ple centers was retained in this study. The limitations of this
extension study include a small sample size, a single-arm
study, and the consequent use of unmasked assessor. Longer-
term comparative studies with a larger sample size in a diverse
population can contribute to further evidence of treatment
response in different cohorts, taking into account the variabil-
ity in natural disease progression. Longer-term data will also
help to evaluate the durability of treatment effects beyond
6 months and assess need for repeat or alternate treatments.
We acknowledge that the initial study and its extension have
been funded by the manufacturer, as is the case for any new
eyecare product. As the device has been 510(k)-cleared by the
FDA for the treatment of evaporative dry eye due to MGD,
future research initiated by independent users (clinicians) can
be expected that will add to the current knowledge base.

Conclusion

The Tixel device, a thermomechanical system that has pre-
viously demonstrated safety and effectiveness to 3 months
post-treatment in eyes with evaporative DED due to MGD,
showed durability of treatment effectiveness to 6 months in a
subset of eyes. The device safely and effectively maintains
improvement in clinical signs of tear film stability, quality of
glandular secretions, and ocular symptoms through 6 months
and offers a valuable addition to the currently available treat-
ment options for this indication.
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