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Purpose: To assess the effect of vectored thermal pulsation treatment (VTP) on visible 
meibomian gland structure (VGS) in patients with meibomian gland dysfunction (MGD).
Setting: Private group practice (A.T.E.).
Design: Retrospective, single-blinded cohort study.
Methods: Visible meibomian gland structure was evaluated at baseline and at 1-year in 
treatment (30 patients, 48 eyes) and control (13 patients, 22 eyes) groups. Meibography images 
were captured using dynamic meibomian imaging. Images were assessed using a novel morpho-
metric analysis technique and analyzed for change in area of VGS (pixels). Additional outcomes 
measured include tear break up time, corneal staining, tear osmolarity, matrix metalloproteinase- 
9 (MMP-9), meibography grading, and meibomian gland evaluation.
Results: As high as 69% of eyes in the treatment group showed an improvement in VGS 
versus 27% of eyes in the control group. As high as 31% of eyes in the treatment group 
showed a decline in VGS versus 73% of eyes in the control group. TBUT (p = 0.0001), 
corneal staining (p = 0.0063), and meibomian gland evaluation scores (p = 0.0038) all 
significantly improved after VTP treatment. However, SPEED scores, MMP-9, tear osmo-
larity, and meiboscale scores were not significantly improved 1-year post treatment.
Conclusion: A morphometric analysis protocol of meibography provides clinically mean-
ingful information that is undetectable with the standard semiquantitative method of grading 
meibomian gland structure. This is the first report indicating that gland structure may 
increase post-VTP relative to untreated controls, thus presenting significant implications 
regarding benefits and timing of VTP therapy. The described protocol is currently more 
appropriate for research than for clinical practice.
Keywords: meibomian gland dysfunction, meibomian gland pixelar analysis, meibomian 
gland regeneration, vectored thermal pulsation

Introduction
Dry eye disease (DED) is one of the most common ocular disorders and can have 
a substantial burden on quality of life, including loss of productivity at work, 
mental health problems, contact lens intolerance, and outcomes after refractive 
and cataract surgery.1–4 There are two broad sub-categories of DED: aqueous tear 
deficiency (ATD) and meibomian gland dysfunction (MGD). It is common to have 
a combination of both types. The literature indicates that 86% of patients with dry 
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eye have MGD as a primary or contributory cause of 
DED.5,6 Given that MGD is the most prevalent contributor 
to DED, the International Workshop on Meibomian Gland 
Dysfunction, sponsored by The Tear Film & Ocular 
Surface Society (TFOS), and most recently the American 
Society of Cataract and Refractive Surgeons (ASCRS) 
Cornea Clinical committee recommend that clinicians rou-
tinely assess the lids, meibomian glands (MG), and lipid 
layer in patients – especially those undergoing cataract or 
refractive surgery.6,7 There are many different modalities 
and options for treating MGD. A recent abstract showing 
measurable acinar regeneration secondary to pharmacolo-
gical treatment in atrophied MG in a mouse model,8 

a report from Arita et al that topical diquafosol may lead 
to overall increased visible MG area,9 a paper showing 
assumed growth of MG tissue after intraductal MG 
probing,10 and lastly a paper suggesting that reversibility 
of MG dropout might be possible.11 Despite the compel-
ling nature of these results, all these studies have very 
small sample sizes and there have been no studies that 
demonstrate that non-visible or atrophied MGs in humans 
can be re-activated and observed as “regrowth” after vec-
tored pulsation treatment.

The Tear Film & Ocular Surface Society (TFOS) Dry 
Eye WorkShop (DEWS) II described MGD as a chronic and 
diffuse abnormality of the MGs commonly characterized by 
epithelial hyperkeratinization which leads to duct obstruc-
tion, stasis of meibum, cystic dilation, and eventual acinar 
atrophy and gland dropout.6 While the hyperkeratinization 
hypothesis remains debatable,12,13 the importance of 
healthy meibomian gland function is well-accepted. 
Meibomian glands are present in both the upper and lower 
eyelids and secrete the lipid component of the tear film that 
is responsible for preventing premature tear film evapora-
tion and maintaining a healthy ocular surface.14–17 When 
a diagnosis of dry eye is made, the specific cause(s) and 
contributing factors should be assessed prior to advancing 
the treatment protocol. Further, TFOS Workshop recom-
mends treating MGD at every stage of severity, including 
Stage 1.16 Failure to diagnose and manage MGD in its 
earliest and most treatable stages can lead to chronically 
compromised health of the ocular surface.18

Multiple variables have been shown to contribute to 
MGD. Modern lifestyles involve spending long hours on 
digital devices resulting in poor blinking habits with sub-
sequent compromise in the lipid layer and chronic expo-
sure to evaporative stress.4,19 Other risk factors include 
contact lens wear, glaucoma drops, cosmetics, smoking, 

and low dietary intake of omega-3 fatty acids.20–22 Most 
recently, the ASCRS Cornea Clinical Committee devel-
oped and published a consensus-based practical diagnostic 
ocular surface disease (OSD) algorithm to aid in the diag-
nosis and treatment of visually significant (and often 
asymptomatic) OSD prior to any form of ocular surgery. 
The committee consensus was that proactively treating 
OSD pre-operatively should help to achieve the high- 
quality visual outcomes patients expect. This recommen-
dation was made so that MGD and DED can be identified 
and treated prior to ocular surgery.7

Traditional first-line treatments for MGD including 
daily application of heat to the external eyelids, lid hygiene 
(including microblepharoexfoliation, debridement, and the 
use of tea tree oil/hypochlorous acid),23,24 omega-3 fatty 
acid supplementation,22 and other adjunctive therapies are 
likely to be more effective once the underlying gland 
obstruction has been addressed.18 Warm compresses alone 
are largely ineffective because of the limitations in transfer-
ring heat from the outer to the inner eyelid, as well as the 
lack of patient compliance when daily home care is 
needed.25 Furthermore, co-existing eyelid conditions, such 
as blepharitis (including from Demodex infestation), should 
also be treated.18

The Vectored LipiFlow Thermal Pulsation System 
(“vectored thermal pulsation”, “VTP”; Johnson & Johnson 
Vision, Santa Ana, CA) is a well-established treatment for 
MGD. It is an automated procedure designed to simulta-
neously heat and evacuate upper and lower eyelid MG 
contents in a single, in-office, 12-minute treatment. Based 
on what is known about the pathophysiology of MGD, it is 
understood that gland obstruction is the primary cause of 
reduced gland function and a cause of MG truncation, 
dilation, and ultimately, gland atrophy with drop out.17 

The TFOS DEWS II Management and Therapy report 
recommends VTP as a treatment of choice for early-stage 
DED and MGD.18 The ASCRS Corneal Clinical Committee 
describes VTP as a first-line treatment choice for MGD in 
pre-surgical patients, and VTP is reported to be the favored 
pre-operative MGD procedural treatment for over 80% of 
the ASCRS Corneal Clinical Committee members.7

It is well documented that VTP is highly effective at 
improving MG function,26–30 and while it is reasonable to 
presume that treating obstruction will decrease the pro-
gression of MGD and gland atrophy, there are no peer- 
reviewed studies showing an increase in gland structure 
post-VTP. It can also be difficult to accurately interpret 
infrared imaging of the MGs. In one report, it was 
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suggested that the reflected material observed in infrared 
imaging of the MGs may be an indicator of acini 
activity.31 If correct, these images may have the potential 
to reveal increased visible gland structure (VGS) in treated 
glands, suggesting restored acini activity. This finding 
would be a departure from the previously held assumption 
in the literature that a true increase in VGS over time is 
unlikely, if not impossible. Given the consistency of data 
demonstrating improvement of gland function after treat-
ment with VTP, we hypothesized that, with an appropriate 
method to quantify VGS, an increase in visible meibomian 
gland structure may be possible in patients who received 
VTP treatment.

Materials and Methods
This retrospective, single-blinded cohort study compared 
dry eye disease markers and dynamic meibomian imaging 
(“DMI”, LipiView II, Johnson & Johnson Vision, Santa 
Ana, CA) between patients who had undergone VTP 
(Treatment Group) and those with MGD who had received 
a recommendation for VTP but elected not to proceed with 
the procedure (Control Group). The study was performed 
at a single investigational site in accordance with the 
Declaration of Helsinki following approval by an 
Institutional Review Board (Mount Carmel, Columbus, 
OH, USA). Patient informed consent to review medical 
records was not required by the IRB as this was 
a retrospective study, all patient information was confiden-
tial, and no personal identifiers were used for data analy-
sis. All patients included in the study were over 18 years 
of age with DED and MGD. Patients in both the Treatment 
and Control Groups had tried multiple therapeutic options, 
including artificial tears, Restasis, Xiidra, warm com-
presses, lid scrubs, and omega-3-fatty acids, prior to con-
sidering VTP treatment. Dry eye disease markers and 
high-quality DMI were measured at the patient’s initial 
visit and at 1-year post-VTP treatment; or, in the case of 
the Control Group, at the patient’s initial and 1-year visit. 
Patients were excluded from the study if they had a history 
of any eye injuries, ocular surgery within the past 3 
months, herpes infection of the eye or eyelid, chronic 
recurrent eye inflammation within the 3 months prior to 
intended VTP treatment, current eye infection or inflam-
mation, eyelid abnormality affecting eyelid function, or 
eye surface abnormality that might affect the integrity of 
the ocular surface. Patients were also excluded from the 
study if they lacked follow-up DMI at 1 year or high- 
quality DMI at either the initial or follow-up visits. Most 

patients included in the study had a single, bilateral VTP 
treatment, although some patients elected to initially treat 
one eye and then subsequently treat the other eye.

Standard Patient Evaluation of Eye Dryness (SPEED) 
scores,32 Tear Break Up Time (TBUT), Inflammadry 
(MMP-9, Quidel),33 tear osmolarity (TearLab), corneal 
staining, and meibomian gland evaluation measurements 
were collected at the patient’s first visit and at 1-year post- 
VTP treatment. In the Control Group, the data were col-
lected at the initial evaluation and a 1-year follow-up. 
Inflammadry (Quidel, San Diego, CA) is a point-of-care 
device that measures MMP-9 (matrix metalloproteinase- 
9), an inflammatory marker that has been demonstrated to 
be elevated in the tear film of patients with DED. A positive 
MMP-9 value was graded as “1” and a negative value was 
graded as “0”. Tear osmolarity (TearLab, San Diego, CA) is 
another in-office point-of-care measurement that is found to 
be abnormal in patients with DED. A 50nL tear film sample 
with >308 mOsm/L or an inter-eye difference of greater 
than 8 mOsm/L signifies an abnormal tear osmolarity value. 
An abnormal tear osmolarity value was graded as “1” and 
a normal tear osmolarity value was graded as “0”. Corneal 
staining can be evaluated by instilling a drop of fluorescein 
dye onto the ocular surface and then visualizing the cornea 
using the cobalt blue filter on the slit lamp biomicroscope to 
evaluate for punctate epithelial keratopathy (PEK). The 
presence of PEK was given a grade of “1” and the absence 
of PEK was graded as “0”. For MMP-9, tear osmolarity, and 
corneal staining, clinical observations were converted to 
binary values, as previously detailed, to facilitate statistical 
analysis. Pushing on the lower lid margin allows for assess-
ment of the meibomian glands to assess the quality, quan-
tity, and flow of meibum.7 This can be accomplished using 
a cotton-tipped applicator, finger, or device such as 
a meibomian gland evaluator (MGE) (Johnson & Johnson 
Vision, Santa Ana, CA) which applies approximately 1.2g/ 
mm of force to simulate the natural expression of meibum 
during a deliberate blink.31 Specifically in this study, an 
MGE was used to assess the quality of meibum expressible 
from the lower lid as well as the number of functional 
glands present. The meibum quality of each gland was 
scored from three to zero points (3: clear liquid secretion; 
2: cloudy liquid secretion; 1: cloudy particulate fluid; 0: 
inspissated, similar to toothpaste). The number of expres-
sible glands present in the temporal, central, and nasal 
portions of the lower lid was counted, ranging from zero 
to five (a score of zero indicates that a gland was not 
expressible). The total meibomian gland evaluation score 
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was the sum of the products of the quality of meibum and 
the number of glands expressed for each lower lid sector. 
Gland expression is especially useful in identifying patients 
with nonobvious MGD, a form of obstructive MGD where 
the typical inflammatory signs are absent.

Vectored Thermal Pulsation and Dynamic 
Meibomian Imaging
For patients undergoing the VTP treatment in the study, an 
activator was placed directly over the eye, vaulting the cor-
nea. The eyelids were then engaged over the eye cup and the 
activator position was stabilized. Once treatment was 
initiated, VTP energy was applied to the eyelids for 12 
minutes. The VTP technology uniquely applies heat and 
simultaneous, directional, peristaltic motion to the eyelids 
to improve MG function in patients with MGD by removing 
stagnant gland content and gland obstructions. VTP is auto-
mated once treatment is initiated. All patients in the treatment 
group received the same regimen. Prior to VTP, patients also 
received microblepharoexfoliation (BlephEx, London, UK) 
to clean the lid margin and remove lash debris. After the 
treatment, patients were advised to continue their previous 
dry eye therapeutic regimen, which varied in combinations of 
artificial tears, warm compresses, punctal plugs, Restasis, 
Xiidra, omega-3 fatty acid supplements, and lid scrubs.

Dynamic meibomian imaging was collected for all 
patients at their initial visits and 1-year post-VTP or post- 
evaluation. Dynamic meibomian imaging acquired by the 
LipiView II unit utilizes a combination of transillumina-
tion and surface infrared light energy to reveal the MG 
structure in the eyelids. All DMI was graded via a masked 
reviewer, utilizing a semiquantitative grading scale 
(meiboscale),6,31,34 as well as an additional more precise 
morphometric analysis technique that we termed meibo-
mian gland pixelar analysis (MGPA). Automated objective 
analysis was not available for use in the United States at 
the time of the study.

Meibomian Gland Pixelar Analysis
The current grading scales (i.e., meiboscale) use 
a semiquantitative method of grading MG images and are 
too broad to detect small changes in gland structure. We 
developed MGPA as a highly refined and granular method 
of analyzing DMI using Adobe Photoshop CC software 
(Adobe, San Jose, CA). Dynamic meibomian images were 
loaded into the software and an initial comparison of base-
line and follow-up images was conducted using specific 

lower lid characteristics to ensure that the images included 
comparable areas of the lower lid. Analysis included eval-
uating the structural shape, positioning, size, and atrophy of 
meibomian glands, as well as other unique identifying char-
acteristics such as palpebral conjunctival blood vessels. 
Utilizing these unique identifying characteristics, the lar-
gest high-quality contiguous area of lower lid could accu-
rately be delineated and used for comparative assessment 
between the two DMI. In order to be analyzed, the DMI 
being compared had to have comparable sectors of lower lid 
and a similar amount of degree of lid eversion. Due to this 
criterion, an entire lower eyelid was never able to be used 
for analysis. Images with low exposure, poor resolution or 
clarity, or significantly different degrees of lid eversion 
rendered accurate comparison impossible and were 
excluded and not analyzed.

Morphometric analysis was conducted in Photoshop soft-
ware which has similar functionality to ImageJ (National 
Institute of Health and the Laboratory for Optical and 
Computational Instrumentation, Bethesda, MD; Madison, 
WI), a popular image analysis software that is widely used in 
medical research. The total sector of lower lid identified for 
comparison was manually delineated at a pixelar level using 
a combination of the software’s “Magnetic Lasso Tool” and 
“freehand selection”. Using the software’s “Measurement 
Log”, the delineated area was then recorded as a numeric 
measurement in unit pixels. A visible colored outline was 
then applied to the selected area using the software’s 
“Stroke” effect (Figure 1A1 and A2 and 2A1 and A2). 
A duplicate image was then created and analyzed for MG 
atrophy. With the assistance of the “Magic Wand” tool and 
freehand manipulation, the total area of MG atrophy as well as 
interglandular space was identified and then given a colored 
outline as well (Figure 1B1 and B2 and 2B1 and B2). 
This second delineated area was then noted in the 
Measurement Log, a value we refer to as “area of atrophy”. 
In contrast to the area of atrophy, we refer to the remaining 
area with observable MG structure as VGS. Throughout the 
morphometric analysis, the images were magnified and shrun-
ken to constantly ensure that the most accurate area was being 
delineated. No programmed functions or mathematical func-
tions were algorithmically applied to best-estimate any area; 
all areas were manually and meticulously selected by a single 
trained, masked observer (A.S.H.). Prior to evaluating the 
images for the study, sample images were analyzed several 
times over several weeks and then those measurements were 
compared to make sure they were consistent.
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Statistical Analysis
All data points were then transferred into an Excel 
(Microsoft, Redmond, WA) spreadsheet and de-identified. 
The following numeric calculations were then determined 
in Excel using the delineated total sector area and the area of 
atrophy measurements for both the initial and post-treatment 
visits in the treatment group, and initial and 1-year visit for 
the control group: percentage of atrophy (total area of atro-
phy/total area of sector x 100), percentage of difference in 
amount of atrophy (percentage of atrophy post-VTP – per-
centage of atrophy pre-VTP; percentage of atrophy at sub-
sequent visit – percentage of atrophy at initial visit [for 
control group]), percentage of change in the difference of 
percentage of atrophy (percentage of difference in amount of 
atrophy/percentage of atrophy either post-VTP or at subse-
quent visit x 100).

The data were analyzed using SPSS version 20.0 (IBM 
Corporation, Summers, NY). The Mann–Whitney test was 
used to analyze SPEED scores and meibomian gland eva-
luation. A chi-square analysis was performed on MMP-9, 
tear osmolarity, and corneal staining values. An unpaired 
t-test was used to compare TBUT, meiboscale, and lid 
atrophy between groups. All analysis was conducted at 
the 0.05 alpha level with two-tailed p values reported. It 
was determined multiple comparison correct methods were 
not required. Post power analysis was conducted for all 
non-significant results.

Results
A total of 43 patients and 70 eyes met the inclusion criteria 
and completed the study. The treatment group encom-
passed 48 eyes which received VTP treatment. There 

Figure 1 Subject 1: The first column shows the same dynamic meibomian images prior to VTP treatment with the total area analyzed (A1, red outline), the area of 
meibomian gland atrophy + interglandular space (B1, green outline), and (A1, B1) superimposed (C1). The second column shows the same dynamic meibomian images after 
VTP treatment in the same patient as the first column. (A2) indicates the total area analyzed (red outline), (B2) indicates the area of meibomian gland atrophy + 
interglandular space (green outline), and (C2) shows (A2, B2) superimposed.
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were 22 eyes assigned to the non-treatment control group. 
The morphometric MGPA of DMI indicated that of the 48 
eyes treated with VTP, 100% (48 eyes) displayed a change 
in VGS post-therapy. When the entire data set was ana-
lyzed, 69% of eyes (33 eyes) treated with VTP showed an 
improvement in VGS from baseline at 1-year post- 
treatment (Figures 1 and 2), whereas only 27% (6 eyes) 
in the control group improved. In contrast, 73% of the 
control eyes (16 eyes) showed an overall decline in VGS 
approximately 1 year after baseline (Table 1) compared to 
31% (15 eyes) of the treatment eyes.

The specific changes to VGS in the treatment and 
control groups are shown in Table 1. Comparison of the 
two groups demonstrated statistical significance for the 
following DED markers that were measured at baseline 
and 1 year after VTP treatment or in the case of the control 

group, 1 year after baseline measurements: TBUT 
increased by 4 seconds (p = 0.0001; 95% CI = −5.7 to 
−2.6), there was an improvement in corneal staining (p = 
0.0063; 95% CI = 0.18 to 0.92), and MG function eval-
uated at the slit lamp improved by 7 points (p = 0.0038; 
95% CI = −10.0 to −2.0). No statistical significance was 
demonstrated for SPEED scores, MMP-9, tear osmolarity, 
or the semiquantitative grading (meiboscale) of DMI for 
gland atrophy (Table 2), and post-hoc power analysis 
showed these to be underpowered.34

Discussion
The current standard, semiquantitative method of grading 
MG atrophy, for example, the meiboscale, limits the iden-
tification of structural compromise to broad categories of 
atrophy (e.g., 25–33% increments), depending on the 

Figure 2 Subject 2: The first column shows the same dynamic meibomian images prior to VTP treatment with the total area analyzed (A1, red outline), the area of 
meibomian gland atrophy + interglandular space (B1, green outline), and (A1, B1) superimposed (C1). The second column shows the same dynamic meibomian images after 
VTP treatment in the same patient as the first column. (A2) indicates the total area analyzed (red outline), (B2) indicates the area of meibomian gland atrophy + 
interglandular space (green outline), and (C2) shows (A2, B2) superimposed.
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grading system selected. While it is understood that MGD 
is a chronic and progressive disease, it is also understood 
that the generalized changes to gland structure typically 
occur at a relatively slow (i.e., on the order of years) and 
incremental rate. Mild, incremental changes in gland struc-
ture are typically undetectable using any of the current 
semiquantitative grading systems. The morphometric 
MGPA protocol described in this study facilitates the 
identification of these incremental structural changes over 
time that are essentially undetectable using the traditional 
grading systems.

The MGPA protocol revealed that 69% of eyes treated 
with VTP showed an improvement in VGS at 1 year com-
pared to baseline. In contrast, 73% of the control group eyes 
showed an overall decline in VGS at 1 year compared to 
baseline. The data indicates that new methods of grading MG 
structure with finer granularity are necessary in order to 
capture incremental changes in MG structure over time. 
This data analysis also suggests that the absence of VGS 
when imaged with infrared light may not always indicate 
absolute atrophy or loss of function; it may indicate loss of 
activity. The results imply activity may increase following 
VTP treatment, suggesting gland re-activation.

The implication that MG structure can increase after 
therapeutic intervention with VTP cannot be over-stated. 

The current consensus in the literature is that once MGs 
have atrophied, they cannot be re-activated or re- 
generated. The results of this study show that this com-
monly held belief may require further investigation to 
confer validity. If MGs are capable of regeneration and/ 
or reactivation, then this represents a significant opportu-
nity for clinicians to intervene therapeutically to possibly 
improve a patient’s MGD and DED. Reactivation or 
regeneration of MGs could have clinically significant 
impacts on quality of life, symptomatic dry eye, refraction, 
contact lens tolerance, pre-operative measurements, and 
post-operative outcomes after refractive and cataract sur-
gery. If validated in prospective studies, the trend shown in 
this patient population could significantly alter the man-
agement paradigm of MGD and DED.

Although the morphometric MGPA protocol facilitates 
the identification of incremental structural changes over 
time, the method is time-consuming. Users must under-
stand the basic principles of morphometric analysis and be 
proficient in using imaging analysis and modification soft-
ware. Consistent and meticulous lid eversion technique is 
crucial to render high-quality images appropriate for the 
analysis. These factors may make the protocol described in 
this study more appropriate for research purposes than for 
implementation into general clinical practice at this time.

Table 1 Results from Morphometric Meibomian Gland Pixelar Analysis of Dynamic Meibomian Imaging for Treatment and Control 
Groups

% Patients with Decline in VGS % Patients with Improvement in 
VGS

NC <5% 5–10% >10% Total NC <5% 5–10% >10% Total

Vectored Thermal Pulsation (Treatment Group) (n=48 

Eyes)

0 22.9 6.3 2.1 31.3 0 41.7 18.8 8.3 68.8

Control Group (n=22 Eyes) 0 59.0 13.6 0 72.6 0 27.3* 0 0 27.3

Notes: *Of this percentage of eyes, 83% had an improvement in VGS <1% and 17% had improvement between 1–3%. 
Abbreviation: NC, no change.

Table 2 Statistical Analysis of Dry Eye Disease Markers for Treatment and Control Groups

SPEED MMP- 
9

Tear 
Osmolarity

Meiboscale TBUT  
(p = 0.0001)

Corneal Staining  
(p = 0.0063)

MGE  
(p = 0.0038)

Pre-VTP (Baseline Average) 15 0.61 0.58 2 3 0.44 5

Post-VTP (Average) 10 0.56 0.47 2 7 0.31 12
Control (Baseline Average) 12 0.74 0.45 2 4 0.39 7

Control Follow-Up (Average) 9 0.74 0.45 2 3 0.67 6

Notes: P values indicate a statistically significant difference between Treatment and Control Groups. A value of 1 denotes a positive MMP-9 whereas a value of 0 denotes 
a negative MMP-9 value. A value of 1 denotes an abnormal tear osmolarity whereas a value of 0 denotes a normal tear osmolarity. A value of 1 for corneal staining denotes 
the presence of PEK whereas a value of 0 denotes the absence of PEK.
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The morphometric MGPA protocol used in this study 
requires manual delineation of DMI and is thus subjective. 
Multiple reports over the years have been published detail-
ing objective and automated methods of analyzing 
DMI.35–38 Although these proposed methods are objective, 
by their nature of automation, they use mathematical algo-
rithms and functions of imaging software to best estimate 
meibomian gland architecture. While more accurate than 
the standard meiboscale, they are not as accurate as man-
ual delineation which by definition, does not estimate 
meibomian gland architecture. MGPA in particular 
involves a level of pixelar granularity in analysis. The 
increase in VGS after VTP noted in this study, and the 
increase in MG structure reported in previous studies after 
non-VTP interventions is not obvious enough that it could 
easily be noticed without analysis or using meiboscale.8–11 

In fact, the changes in VGS are small and thus easily 
underestimated or entirely missed using objective auto-
mated analysis that best estimates MG area. There are 
currently no objective automated DMI analyzers commer-
cially available in the United States.

The study results also show that compared to pre- 
treatment, TBUT, corneal staining, and meibomian gland 
evaluation scores all showed a statistically significant 
improvement 1 year after VTP therapy. SPEED scores, 
tear osmolarity, and MMP-9 did not show a statistical 
sustained improvement 1-year post-VTP. There was no 
change in meiboscale scores after VTP therapy, as was 
expected given the broad and generalizing nature of the 
meiboscale grading system that makes it difficult to assess 
for small changes.

As is typical in retrospective studies, patients in both 
the treatment and control groups had tried multiple ther-
apeutic options, including artificial tears, Restasis, Xiidra, 
warm compresses, lid scrubs, and omega-3-fatty acids. 
A randomized, prospective study would need to be con-
ducted to control for all such variables. However, it may 
be difficult to recruit DED patients naïve to previous 
treatment unless they are identified early in the disease 
course. Additionally, it would be ideal to have a control 
group of similar size to the treatment group. As this was 
a retrospective study, many of these parameters were pre- 
determined; thus, this study presents real-world data. It is 
also important to note that while a few prior studies have 
demonstrated an increase in visible gland structure post 
non-VTP MGD treatment, these studies all had very small 
sample sizes compared to our study.

Conclusions
The data presented in this study present a compelling need 
for improved quantitative methods of analysis and grading 
MG structure. The results from this study also raise the 
possibility that absence of VGS may not indicate absolute 
atrophy or loss of function but may suggest loss of activity 
that improves with treatment, indicating gland reactiva-
tion. This is the first report presenting quantitative data 
that gland structure may increase after VTP therapy rela-
tive to untreated controls. Additional, prospective studies 
will be required to further validate these findings which 
may have significant implications regarding the benefits 
and timing of VTP therapy for MGD.
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