In vivo detection of
clinically non-apparent
ocular surface
inflammation in
patients with
meibomian gland
dysfunction-associated
refractory dry eye
symptoms: a pilot
study

Abstract

Purpose The utility of in vivo confocal
microscopy (IVCM) in the investigation of
palpebral conjunctival and corneal
inflammation in patients with meibomian
gland dysfunction (MGD)-associated refractory
dry eye symptoms following gland expression,
despite objective clinical improvement.
Methods A retrospective, observational pilot
study was conducted evaluating five patients
with MGD-associated refractory dry eye
symptoms and three control groups:
symptomatic untreated MGD patients (n=3),
treatment-responsive MGD patients with
improved symptoms (7 =3) and asymptomatic
healthy normals (n=11). Ocular surface disease
index (OSDI) scores, tear break-up time
(TBUT), the number of meibomian glands
yielding liquid secretion (MGYLS), palpebral
conjunctival epithelial and substantia propria
immune cell (EIC, SIC), and corneal dendritic
cell (DC) densities were measured.

Results Despite clinical improvement
(TBUT: 6.4+1.2s to 10.1+2.1s, P=0.03;
MGYLS: 3.5 + 0.8 glands to 7.0 + 1.1 glands,
P =0.13) and a normal clinical examination
post treatment, MGD patients remained
symptomatic. IVCM revealed increased
immune cells in the palpebral conjunctiva
(refractory MGD EIC = 592.6 + 110.1 cells/
mm?; untreated MGD EIC =522.6 + 104.7
cells/mm?, P = 0.69; responsive MGD

EIC =194.9 + 119.4 cells/mm?, P<0.01;
normals EIC =123.7 +19.2 cells/mm?,
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P < 0.001), but not the cornea (refractory
MGD DC =60.9 + 28.3 cells/mm?; normals

DC =25.9 + 6.3 cells/fmm? P =0.43). EIC did
not correlate with TBUT (Rg=—0.26, P =0.33).
OSDI scores correlated with both EIC
(Rs=0.76, P<0.001) and TBUT (R;=—0.69,

P <0.01) but not SIC. Intraglandular immune
cells were also seen.

Conclusion MGD-associated refractory
symptoms and the symptom-sign disparity
may be explained by clinically non-apparent,
active inflammation of the palpebral conjunc-
tiva as detected by IVCM. These patients may
benefit from anti-inflammatory therapy.

Eye (2015) 29, 1099-1110; doi:10.1038/eye.2015.103;
published online 19 June 2015

Introduction

Meibomian gland dysfunction (MGD) is known
to be the leading cause of evaporative dry eye
disease (DED).!= Population-based studies have
revealed that the prevalence of MGD is reported
to be nearly 20% among Caucasians and 60% on
average in Asian populations.*> Treatments for
MGD typically combine a number of approaches
ranging from lubrication, oral omega-3 fatty
acids, and targeting clinically apparent
inflammation with steroids and antibacterial
therapy.® Further, intraglandular obstruction,
central to the pathogenesis of MGD,” may be
reduced through self-administered heat
compresses and lid massage,® meibomian gland
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expression in the clinic, or through newer advanced
techniques such as thermal pulsation procedures,
intraductal meibomian gland probing, and intense pulse
light therapy performed in the outpatient setting.51
Although these newer technologies have met with
improved outcomes in a subset of patients, 310 there remains
a cohort of patients whose treatment is complicated by
persistent symptoms despite objective improvement in
clinical signs. Symptom-sign disparity is a well-recognized
challenge in the management of DED, as the symptoms
remain unexplained by the lack of proportional findings on
clinical examination and vice versa.!'"15

To date, the management and treatment of
inflammation in MGD have been addressed in the context
of clinically apparent inflammation. Here, we employed
high-magnification, laser-scanning in vivo confocal
microscopy (IVCM) to examine the palpebral conjunctivae
and corneas in a series of five such patients with MGD that
showed clear improvement on clinical examination
following mechanical gland expression, yet had refractory
symptoms of ocular discomfort. Although IVCM has
already been established as a sensitive and specific tool in
the diagnosis of MGD, including its ability to detect
palpebral conjunctival inflammatory cells,'® herein, we
demonstrate that in comparison to controls, MGD patients
with refractory symptoms had significant increase in
inflammatory cells of the palpebral conjunctiva but not the
cornea. Unlike previous work done in the field, our pilot
study identifies clinically non-apparent inflammation as a
probable explanation for refractory symptoms in MGD,
providing a rationale for symptom-sign disparity.
Furthermore, this pilot study also highlights the possible
benefit from anti-inflammatory therapy in MGD patients
with refractory symptoms following mechanical and
thermal gland expression.

Materials and methods
Study design and patient population

We conducted a pilot, institutional review board-
approved, retrospective, observational study,
investigating both eyes of five patients with MGD-
associated persistent symptoms (41.8 +6.6 years;

4 females:1 male). Three age- (P=0.11) and sex-matched
(P=0.42) control groups were used in this study,
analyzing both eyes of the MGD subjects and one eye of
healthy individuals: (a) positive control group comprising
three untreated, symptomatic MGD subjects with both
symptoms and clinical signs (54.0 +3.3 years; 3 females),
(b) a treated control group of three MGD subjects

(54.0 + 3.3 years; 3 females) with improved symptoms and
signs who had been treated with a systemic anti-
inflammatory drug (doxycycline 200 mg BID) with or
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without a topical anti-inflammatory agent (azithromycin,
corticosteroids), and (c) a negative control group of 11
normal, healthy asymptomatic individuals (37.2 +3.3
years; 6 females:5 males). The patients with refractory
symptoms had a clinical diagnosis of MGD, and were
referred to the Ocular Surface Imaging Center at the
Massachusetts Eye and Ear Infirmary (MEEI), Boston,
Massachusetts, in 2011 for the evaluation of persistent
symptoms despite objective clinical improvement in both
tear break-up time (TBUT) and the number of meibomian
glands yielding liquid secretion (MGYLS) score post
treatment (Table 1). The patients had been diagnosed with
MGD based on clinical symptoms of DED, clinical slit-
lamp examination with a TBUT of less than 10s, with or
without a reduction in the MGYLS score of less than 6
patent glands. These patients had persistence of dry eye
symptoms, despite receiving treatments including
meibomian gland expression with or without thermal
eyelid pulsation (LipiFlow, TearScience, Morrisville, NC,
USA), in combination with conservative management of
warm compresses, lid scrubs, artificial tears, and a
lubricating ointment at night.

Medical charts and study forms were reviewed for medical
history, and details of anterior segment slit-lamp examination
findings measuring corneal fluorescein staining, TBUT, and
the MGYLS score. Patient symptom severity scores from the
OSDI'"" and Standard Patient Evaluation of Eye Dryness
(SPEED) questionnaires were also reviewed.?’ IVCM images
of the palpebral conjunctiva and central cornea were then
analyzed by two masked observers.

In vivo confocal microscopy

IVCM (Heidelberg Retinal Tomograph 3 with the Rostock
Cornea Module, Heidelberg Engineering GmbH,
Heidelberg, Germany) images of the palpebral
conjunctiva and cornea for all subjects were reviewed for
analysis. IVCM had been performed on both eyes of
patients with MGD-associated persistent dry eye
symptoms, and on one randomly selected eye of controls,
as previously described.?! IVCM of the palpebral
conjunctiva had been performed on the center of both
upper and lower everted eyelids, approximately half way
between the eyelid fold and the eyelid margin. A total of
four to eight sequence scans obtained were reviewed per
eyelid. The images had sampled the eyelid adequately by
scanning across the eyelid from the center, across nasally
and temporally, acquiring images from the epithelium,
through the substantia propria (stroma), typically at a
range of depths from 5-200 ym, or until the tarsal plate
was approached, indicated by visualization of a dark,
amorphous background. After imaging the palpebral
conjunctiva, IVCM images of the central cornea had been
acquired as a series of two to four sequence scans, with



Table 1 Clinical profile of refractory MGD patients with symptom-sign disparity following gland expression treatment

Post-treatment

Pre-treatment

Pre-treatment Post-treatment Pre-treatment Total —Post-treatment Total

Post-treatment

Pre-treatment

MGYLS® score (OU) MGYLS® score (OU)

Treatment”

Patient

OSDI score

SPEED score OSDI score

SPEED score

TBUT (s)

TBUT (s)

Meibomian gland  LipiFlow*

expression

treatment

47.7

59.1

13
16
12
11

21.0

14.9

8.7
6.0

10.0

1.5
5.0

35

39.6

NA

NA
12
18
12

7.5
5.0
8.0

15.0

6.5

NA

o\l

54.2

54.2

4.0

8.3
14.6

35.42
18.2

3.9
9.5

6.5

5.5
2.0

5.0

Symptoms were assessed using the Ocular Surface Disease Index (OSDI; scores 0-100) and the Standard Patient Evaluation of Eye Dryness (SPEED; scores 0-28) questionnaires. Tear film stability was assessed by

measuring the tear break-up time (TBUT). None of the patients had corneal fluorescein staining either pre- or post-treatment. NA

data not available. ® All patients were also prescribed conservative management

of warm compresses, lid scrubs, artificial tears, and a lubricating ointment at night. ® Meibomian Glands Yielding Liquid Secretion (MGYLS) score indicates the total number of patent meibomian gland orifices at

6-15.5; Tomlinson et al.,%2 Korb and Blackie Cornea, 2008). < A thermal eyelid pulsation device

the lid margin that yield meibum upon digital expression of the glands. The score ranges from 0 to 24 (normal range

used to express meibum (LipiFlow, TearScience, Morrisville, NC, USA).
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particular focus on epithelial dendritic cells (DCs), found
typically at a depth of 50-80 um.

Image analysis

All measurements were made using Image] software
(National Institutes of Health, Bethesda, MD, USA;
available at http:/ /rsb.info.nih.gov.ezp-prod1.hul harvard.
edu/ij/http:/ /rsb.info.nih.gov.ezp-prod1.hul. harvard.
edu/ij/). Representative images were selected by a single
observer for analysis by two masked observers. The criteria
for selection of images included good focus for structures
of interest, visualization of the structure(s) of interest,
absence of motion artifacts, and without regions of
overexposure or hyperreflectance that may make
differentiating structures difficult. Three images per
parameter per eye were analyzed for each subject by two
masked observers. For patients, measurements from both
eyes of each patient were averaged to represent a single
sample. All results were reported as a mean of the
measurements made by both the observers and expressed
as cell density (cells/mm?) + standard error of mean (SEM).

Conjunctiva Palpebral conjunctival images were
analyzed for epithelial and stromal (substantia propria)
immune cell densities. Other groups have quantified
epithelial immune cells at the eyelid margin,'®?? and the
mucosa using pre-installed software (Cell Count,
Heidelberg Engineering GmbH, Germany).?3?* We
imaged the palpebral conjunctival epithelium and
substantia propria (stroma), performing quantitation
using Image] (National Institutes of Health) and
incorporated measures to prevent overestimation of cell
density. Therefore, our method of quantifying immune
cell density, while comparable to some studies,?* has been
defined as follows. Briefly, for en face images, the whole
frame (400 x 400 pm?) was analyzed, counting all cells
within the frame with the exclusion of cells along the
superior and right-hand borders of the frame to prevent
overestimation in our analysis. Density was expressed as
the number of cells per millimeter square. For oblique
images, immune cells were counted only within the
region of interest. The region of interest was selected and
measured using the polygon tool in Image J. Immune cells
were identified as hyperreflective (nearly white),
polymorphous (dendritiform, non-dendritiform, spindle-
shaped) cellular structures within the epithelium and
stroma, ranging in size from 5 to 20 pm.

Epithelial immune cell (EIC) density: In the analysis of EIC,
particular attention was paid to avoid counting goblet cells
and epithelial cells that are morphologically different and less
hyperreflective than immune cells as described in previous
IVCM studies.?*? As compared with immune cells, goblet
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cells were identified as larger (~30 pm), uniformly ovoid and

less hyperreflective cells in the epithelium.?>?*

Stromal immune cell (SIC) density: In the analysis of SIC,
particular attention was paid not to count immune cells
within glandular structures, blood and lymphatic vessels,
as they were not within the stromal matrix of the
palpebral conjunctiva.

Cornea  IVCM images at the level of basal epithelial
layers, basal lamina, or subbasal nerve plexus were
chosen for the quantification of DC density. Analysis was
performed as previously described.?® Briefly, the whole
frame was analyzed and DCs were morphologically
identified as hyperreflective dendritiform structures with
cell bodies that allowed us to differentiate these structures
from the corneal nerves.

Statistical analysis

Normality of data was determined using the Shapiro—
Wilk normality test based on which either parametric
(Student’s t-test, one-way analysis of variance) or non-
parametric tests (Mann-Whitney U-test, Kruskal-Wallis
with post hoc tests) were applied for inter-group
comparisons. Based on normality of data, Spearman’s
rank-order correlation coefficient (Rg) was used to
determine correlation between imaging parameters

(EIC, DC), symptoms (OSDI scores), and clinical metrics
of assessment (TBUT). Data from the worse eye were used
for correlations with OSDI scores. Inter-observer
agreement and reliability were determined using the
intraclass correlation coefficient (ICC) for each measured
parameter (EIC, SIC, DC). Furthermore, inter-observer
variability was also determined for both the conjunctival
(EIC, SIC) and corneal (DC) imaging parameters by
calculating the mean difference in absolute measurements
(bias) and mean percentage difference in measurements
between the two observers.

Statement of ethics

We certify that all applicable institutional and
governmental regulations concerning the ethical use of
human volunteers were followed during this research.

Results
Clinical symptom-sign disparity

Following mechanical treatment in the refractory MGD
group, while clinical signs improved to within normal
limits (pre-treatment TBUT =6.4+1.2 s, post-treatment
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TBUT =10.1+2.1s, P=0.03; pre-treatment MGYLS

score =3.5+0.8 glands, post-treatment MGYLS
score=7.0+1.1 glands, P=0.14, Table 1), moderate to
severe symptoms continued to persist (pre-treatment OSDI
score=41.7 +9.4, post-treatment OSDI score=32.9+9.1,

P =0.18; pre-treatment SPEED score=15.8 +2.3, post-
treatment SPEED score=10.4+2.7, P=0.07, Table 1),
underscoring the disparity between post-treatment clinical
signs and symptom severity.

IVCM of the palpebral conjunctiva

Comparison of refractory MGD patients to normals Gross
structural changes of meibomian glands can be
appreciated at the eyelid margin on slit-lamp
bio-microscopy. Figure 1 shows representative slit-lamp
photographs of a healthy eyelid margin (Figure 1a) and in
MGD (Figure 1b), showing an irregular conjunctival fold
due to pouting of meibomian glands. As compared with
healthy subjects (Figure 1c and f), patients with refractory
symptoms had increased densities of palpebral
conjunctival EIC and SIC distinctly evident on IVCM
micrographs (Figure 1d and g), suggesting some
infiltration of inflammatory cells in the deeper layers of
the palpebral conjunctiva as well. Patients with refractory
symptoms had epithelial immune cell densities nearly
five-fold greater than healthy eyes of controls (refractory
MGD EIC =592.6+110.1 cells/mm?, normals

EIC =123.7 +19.2 cells/mm?, P<0.001, n =16, Figure 1e)
with a near three-fold increase in stromal immune cell
density as well (refractory MGD SIC =93.9 +-44.2
cells/mm?, normals SIC =38.8 +9.5 cells/mm?, P=0.11,
n =16, Figure 1h). Corroborating and consistent with the
symptom-sign disparity in refractory MGD, EIC did not
correlate significantly with TBUT (Rs=-0.26, P=0.33,

n =16, Figure 1i). OSDI scores showed a highly significant
positive correlation with EIC (Rg=0.76, P<0.001, n=16;
Figure 1j) but not SIC (Rg=-0.17, P=0.53, n=16) and an
inverse correlation with TBUT (Rs=-0.69, P=0.003,
n=16). Additional indicators of disease in the substantia
propria included the presence of dilated glands in
refractory patients (Figure 11), suggestive of obstruction
along the ductal system, unlike healthy eyes where ductal
dilatation was not seen (Figure 1k).

Comparison of refractory MGD, untreated symptomatic
MGD, and treatment-responsive MGD patients

In vivo confocal micrographs of MGD patients with refractory
symptoms showed dense infiltration of immune cells in the
palpebral conjunctival epithelium (Figure 2a) similar to
untreated MGD patients (Figure 2b), and in stark contrast to
the lower density of immune cells seen in treatment-
responsive MGD patients with improved symptoms
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Figure 1 Comparison of refractory MGD patients with healthy normal controls on in vivo confocal microscopy. Representative slit-
lamp photographs of the eyelid margin in healthy eyes (a) and patients with MGD (b), showing plugging and pouting of meibomian
glands in MGD (b). As compared with eyes of healthy, normal, asymptomatic controls (c, f; arrows) with numerous goblet cells
(¢, arrowheads), en face corneal in vivo confocal micrographs (HRT 3/RCM, Heidelberg Engineering, Germany) of MGD patients with
refractory symptoms demonstrated increased infiltration of immune cells (d, g; arrows) in both the conjunctival epithelium
(EIC =592.6 + 110.1 cells/mm? vs 123.7 +19.2 cells/mm? P<0.01; d,e) and stroma (SIC=93.9 +44.2 cells/mm? vs 38.8 +9.5 cells/mm?,
P=0.11; g,h). The near five-fold increase in conjunctival epithelial immune cell density (EIC; e) showed a trend of inverse correlation
with tear break-up time (TBUT; Rg=-0.26, P=0.33, n =16; i), and a highly significant positive correlation with symptom severity (OSDI
scores; Ry=0.76, P<0.001, n=16; j) supporting the relationship between symptom severity in MGD and density of palpebral
conjunctival EICs. In some healthy eyes, occasional intraglandular immune cells within ductules of presumed meibomian glands were
observed (k, arrow) without ductular dilatation (lumen diameter <50 ym). Dilated glands can be seen in patients with refractory MGD-
associated dry eye symptoms (I, arrow), suggestive of occult deep-seated glandular obstruction. Results are reported as mean +SEM.
A probability value (P) of less than 0.05 was considered statistically significant (*), whereas P <0.01 was considered highly statistically
significant (**). Legend: numbers in parentheses represent the number of patients per group. Scale bar represents 40 pm.

(Figure 2c). However, stromal immune cells remained more the load of immune cells in both the conjunctival epithelium
numerable in refractory MGD patients (Figure 2d) in and stroma among treatment-responsive patients with
comparison to both untreated and treatment-responsive improved symptoms (Figure 2c and f). Upon quantitation,
MGD patients (Figure 2e and f) suggestive of deeper tissue patients with refractory symptoms had epithelial immune cell
inflammation in MGD patients with persistent dry eye densities comparable to that of untreated symptomatic MGD

symptoms. Anti-inflammatory treatment appeared to reduce patients (refractory MGD EIC =592.6 +110.1 cells/mm?,
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Figure 2 Comparison of refractory MGD, untreated symptomatic MGD, and treatment-responsive MGD patients on in vivo confocal
microscopy. En face in vivo confocal micrographs (HRT 3/RCM, Heidelberg Engineering, Germany) of the palpebral conjunctiva showed
increased infiltration of immune cells in both the conjunctival epithelium (a—c, g; analysis of variance (ANOVA), P<0.0001) and stroma
(d—f, h; ANOVA, P=0.03) of eyes with MGD-associated refractory dry eye symptoms. Epithelial immune cell density (EIC) in refractory
patients (592.6 +110.1 cells/ mm?; a, g) was nearly five-fold greater than normals (EIC=123.7 +19.2 cells/ mm? P<0.01; g), comparable to
epithelial inflammation in untreated, highly symptomatic MGD patients (522.6 + 104.7 cells/mm?, P=0.69; b, g), and three-fold higher than
that of treatment-responsive and less symptomatic MGD patients (194.9 +119.4 cells/mm? P<0.01; ¢, g). Stromal immune cell density
(SIC) was increased several-fold in refractory patients (93.9 +44.2 cells/mm? d, h) as compared with untreated, symptomatic MGD
patients (29.2+18.4 cells/mm? P=0.33; e, h), and treatment-responsive, less symptomatic MGD patients (4.6 +3.1 cells/mm?, P=0.18;
f, h). Results are reported as mean +SEM. A probability value (P) of less than 0.05 was considered statistically significant (*), whereas P of
less than 0.01 was considered highly statistically significant (**). Numbers in parentheses represent the number of patients per group:

normals (11), refractory MGD (5), unRx MGD (3), Rx MGD (3). Axes: untreated (UnRx), treatment-responsive (Rx).

untreated MGD EIC =522.6 +104.7 cells/mm?, P=0.67,
Figure 2g) and nearly five-fold greater than healthy eyes of
successfully treated MGD patients (EIC=194.9+119.4
cells/mm?, P<0.01, Figure 2g) indicating the presence of
active superficial conjunctival inflammation. Upon
advancing deeper into the tissue, a trend of increased
conjunctival stromal immune cell density was observed in
MGD patients with refractory symptoms as compared
with both symptomatic, untreated and treatment-
responsive MGD patients (refractory MGD

SIC =93.9 +44.2 cells/mm?, untreated MGD =29.2 +18.4
cells/mm?, P=0.33, treatment-responsive MGD
SIC=4.6+3.1 cells/mm?, P=0.18, Figure 2h).

IVCM of the cornea

Slit-lamp biomicroscopy did not reveal corneal fluorescein
staining in patients with MGD-associated refractory dry
eye symptoms at the time of IVCM imaging. Figure 3a
demonstrates the absence of corneal fluorescein staining in
healthy eyes along with a stable tear film, which was
comparable to eyes with refractory symptoms (Figure 3b).
Consistent with clinical examination, IVCM did not show a
significant difference in central corneal DC density

Eye

between controls (Figure 3c and e; DCs =25.9 +6.3 cells/
mm?) and patients (Figure 3d and e; DCs=60.9 +28.3
cells/mm?, P =0.43). Furthermore, corneal DC density did
not correlate with TBUT (Figure 3f).

Inter-observer reliability and inter-eye variability

For both conjunctival and corneal analyses, the observers
had low bias, low mean percentage difference
(variability), and high intra-class correlation, indicating
strong agreement of measurements between observers.
These results also serve as indicators of the reliability of
IVCM in palpebral conjunctival and corneal immune cell
quantification among trained personnel (Table 2). Inter-
observer variability ranged from 4.4 +7.6% (SIC) to 9.5+2.7%
(EIC) for conjunctival analysis and 11.9 +5.1% (DC) for corneal
analysis. ICC coefficients were strong for both conjunctival and
corneal quantifications (ICC>0.99, P<0.0001).

There were no significant differences between the eyes
of patients for any of the measured conjunctival (EIC
OD=718.5+84.9 cells/mm? vs EIC OS=466.8 +153.9
cells/mm?, P=0.09; SIC OD =95.0+30.0 cells/mm? vs
SIC 0S=92.9 +69.8 cells/mm?, P=0.29) and corneal
immune cell parameters (DC OD =83.8 +40.9 cells/ mm?,
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Figure 3 Corneal dendritic cells (DCs) in patients with persistent meibomian gland dysfunction (MGD)-associated dry eye symptoms.
Representative slit-lamp photographs of tear film stability in healthy asymptomatic eyes (a) and patients with refractory MGD (b). As
compared with healthy eyes (c, e; arrows indicate DCs), corneal in vivo confocal micrographs demonstrate no significant difference
(P=0.11) in the corneal DC densities of patients with refractory symptoms (d, e; arrows indicate DCs). Although there is a trend of
increased corneal DC density in patients with persistent dry eye symptoms (c, d, e), the difference is neither statistically significant
(P=0.43) nor does it bear correlation with tear break-up time (TBUT; (f), Ry=—-0.02, P=0.95). Results are reported as mean+SEM. A
probability value (P) of less than 0.05 is considered statistically significant. The numbers in parentheses represent the number of patients
per group. Scale bar represents 40 pm.

Table 2 Inter-observer reliability in palpebral conjunctival immune cell and corneal dendritic cell quantification using in vivo confocal
microscopy (IVCM)

Parameter ~ Absolute difference Percentage difference (%) P value*  Intraclass correlation — 95% Confidence interval P value
(bias; cells/mm?) (mean += SEM) coefficient (upper, lower limits)
(mean + SEM)
EIC 109+6.4 95+27 0.67 0.997 0.992-0.999 <0.0001
SIC 15+28 44+76 0.98 0.993 0.979-0.997 <0.0001
DC 39+17 11.9+5.1 0.75 0.991 0.967-0.997 <0.0001

Palpebral conjunctival epithelial immune cell (EIC), palpebral conjunctival stromal immune cell (SIC), and central corneal dendritic cell (DC) densities were
measured by two masked observers for both controls (1=11) and patients (n=>5). Both observers had low bias and high correlation between their
measurements for EIC, SIC, and DC. Results are reported as mean +standard error of mean (SEM) and a probability (P) value of less than 0.0001 is
considered to be highly statistically significant. ® Non-parametric Mann-Whitney U-test was applied to compare absolute measurements between the two
observers.

DC 0S=38.1+16.2 cells/mm?, P=0.60), suggesting that
data from both eyes may be taken together and averaged,
as done in our methodology, without inducing statistical
regression to the mean and skewed results.

Qualitative features of the palpebral conjunctiva in
patients with refractory MGD

As compared with controls (Figure 4a,c, and e), numerous
anatomic, immune cellular, and glandular changes were
also qualitatively noted in MGD patients with persistent
symptoms (Figure 4b d and f). One patient had collections
of immune cells within the palpebral conjunctiva,

suggestive of conjunctiva-associated lymphoid tissue
(Figure 4d). In addition, sub-epithelial fibrosis within the
stroma (Figure 4b, filled arrowhead) and intraglandular
immune cellular content (Figure 4b and f, empty
arrowheads) were observed, the latter being associated
with glandular dilatation (Figure 4b and f) unlike controls
(Figure 4a and e).

Discussion

The disparity between symptoms and signs in DED,
including MGD, has remained a clinical enigma until
now.~15 Herein, we report for the first time, to our
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Figure 4 Qualitative features of the palpebral conjunctiva and associated glands in MGD-associated persistent dry eye symptoms
using in vivo confocal microscopy (IVCM). Compared with the palpebral conjunctiva of healthy asymptomatic controls (a, ¢, e), IVCM
micrographs of MGD patients with persistent symptoms (b, d, f) showed sub-epithelial fibrosis (b, filled arrowhead), dilated stromal
glands with cellular content (b, f empty arrowhead), conjunctiva-associated lymphoid tissue (d, filled arrowhead). Some intrastromal
glands with cellular content (f, arrowhead) were surrounded by visible stromal blood vessels (f, asterisks). These intrastromal glandular
structures with intraglandular content were seen at a depth of ~200um from the surface of palpebral conjunctival epithelium,
suggestive of possible meibomian glands. Scale bar represents 40 ym.

knowledge, the presence of clinically non-apparent IVCM has allowed visualization of cellular detail in the
palpebral conjunctival inflammation in MGD patients evaluation of both the conjunctiva??42728 and

with refractory symptoms following mechanical gland cornea, >’ which is comparable to and correlates
expression procedures. Our findings on IVCM, provide a strongly with ex vivo histological techniques such as
possible explanation for the puzzling presence of immunohistochemistry®! and conjunctival impression
symptoms in these patients who objectively improve cytology.3%33 This provision made by IVCM has allowed
upon clinical examination with treatment. clinical research to spearhead, where previously obtaining
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human tissue samples of the conjunctiva was associated
with worsening of ocular inflammation,3 and could not
provide information about infiltration of inflammatory
cells within and under the epithelium or the underlying
architecture of the stroma and meibomian glands.?? Since
the initial work on the use of IVCM in detection of
immune cells in the normal palpebral conjunctiva and
identification of presumed meibomian glands,?” more recent
research in MGD and DED has allowed for the
development of quantifiable parameters to assess and
monitor both physiologic and disease states, %> including
metrics to diagnose MGD such as acinar density.?
Our work presents an extension of the many applications of
IVCM, specifically to detect clinically non-apparent
palpebral conjunctival inflammation in MGD patients that
suffer from refractory symptoms of discomfort, dry eye, and
photophobia, despite objective improvement on clinical tests
(TBUT, MGYLS) with an unremarkable slit-lamp
examination. Such insight is likely to help the treating
physician better understand and address the patient’s
symptoms, by considering additional treatment options
such as anti-inflammatory therapy as necessary.
Inflammation of the ocular surface is typically detected
at the slit-lamp biomicroscope employing a combination
of methods including assessing integrity of the ocular
surface epithelia using dyes (sodium fluorescein,
lissamine green, and rose bengal), and detecting the
presence of hyperemia and lid margin telangiectasia. The
MGD patients with refractory symptoms discussed in our
paper had been treated with mechanical measures and
lubricants. Following treatment, they not only had an
unremarkable slit-lamp examination, but also approached
normal values for both TBUT and MGYLS scores, making
the explanation and management of persistent dry eye
symptoms challenging. On the contrary, the group of
MGD patients who had improved symptoms and clinical
signs had received systemic anti-inflammatory therapy
(oral doxycycline), either alone or in combination with
topical agents such as azithromycin or corticosteroids.
Currently, the role of topical corticosteroids in the
treatment of MGD remains controversial, since
inflammation may not always be clinically apparent,® as
exemplified by the cases presented in this paper. However,
there is a growing body of evidence that suggests a
beneficial role of anti-inflammatory therapy in MGD.
Antibiotics that also have immunomodulatory functions
such as macrolides (azithromycin) and tetracyclines
(doxycycline) have yielded several reports of successful
improvement in the signs and symptoms of MGD with
topical and oral azithromycin,%"38 and oral
doxycycline. 36340 All the refractory patients in our cohort
had clinically non-apparent inflammation on IVCM,
quantification of which demonstrated increased densities of
both palpebral conjunctival epithelial and stromal immune
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cells as compared with MGD patients with improved
symptoms. Corneal DC density was also elevated, which
went undetected by routine slit-lamp examination. These
findings are consistent with experimental models of DED,
where both the conjunctiva and cornea were inflamed
because of local production of inflammatory cytokines, such
as interleukin-1/), tumor necrosis factor-a, and matrix
metalloproteinase-9.4! We speculate that the improved
symptoms in MGD patients who had been treated with
doxycycline and/or corticosteroids were in part due to the
reduction in palpebral conjunctival epithelial immune cells,
not made possible with mechanical and thermal gland
expression procedures alone. Our speculation is supported
by the highly significant correlation between EIC and OSDI
found in this study.

Clinical examination in patients with MGD-associated
refractory symptoms showed good improvement in both
MGYLS and TBUT scores post treatment, normalizing to
normal limits. However, their persistent and worsening
symptoms remained unexplained. Given the findings by
IVCM, and the improved symptoms in the anti-
inflammatory-treated MGD patients, it is tempting to
speculate that patients with refractory dry eye symptoms
may benefit from single or combination therapy of topical or
systemic anti-inflammatory drugs discussed above. Based on
our findings, we propose that it may thus lend a therapeutic
advantage to assess both the baseline and follow-up immune
status of the conjunctiva, toward ensuring optimal treatment
of underlying clinically non-apparent inflammation that may
cause continued discomfort despite a benign clinical
examination. Our findings also indicate that mere patency of
the meibomian gland orifices may not be sufficient for
symptomatic relief, and that the extent of palpebral
conjunctival tissue inflammation may contribute to patients’
symptoms of ocular discomfort. This is especially interesting
as we observed that OSDI scores were strongly and
significantly correlated to both EIC and TBUT, which offers
further insight into why simply improving TBUT is not
sufficient for adequate symptomatic relief in evaporative dry
eye patients. We therefore encourage that clinically non-
apparent inflammation should be investigated and addressed
in cases of persistent symptoms despite clinical improvement.

It is well established that meibomian glamds,42 and the
palpebral conjunctiva,*3#* are richly innervated with a
supply of both autonomic and sensory nerves. These
nerves not only release neurotransmitters and
neuropeptides but also express cognate receptors,
providing a channel for direct modulation of meibomian
gland function and sensations of dryness, pain, and
cooling. Some of these sensory neuropeptide receptors are
also found on the neurovascular complex associated with
meibomian gland acini,**#” allowing circulating
neuropeptides and cytokines to indirectly regulate both
sensory stimuli and meibomian gland function. Given the

45,46
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propensity for autonomic-immune interactions following
cytokine release by immune cells,*® it seems plausible that
the presence of immune cells in the vicinity of palpebral
conjunctival epithelium, substantia propria, and meibomian
glands, as seen on IVCM, may stimulate these sensory
nerves to trigger sensations of eye dryness and discomfort
as reported by the patients presented in this paper.*4>4
Thus, a completely accurate assessment of the health of the
ocular surface, at least in some patients, may not be made
based on slit-lamp examination alone given the
microanatomy of the meibomian gland and associated
architectural changes in disease,”*! which could have
therapeutic implications in these patients.

The International Workshop on Meibomian Gland
Dysfunction recognized inflammation as a hallmark of
MGD, and concluded that in order to advance the field,
improved methods of clinical assessment of MGD were
needed.®?2 Both the role of inflammation and methodology
to assess inflammation in MGD have been evolving. With
the application of IVCM, we were not only able to detect
and quantify clinically non-apparent palpebral
conjunctival inflammation in refractory dry eye symptoms
associated with MGD, but also identified abnormalities in
the deeper layers of the palpebral conjunctival stroma and
its glands (presumed meibomian glands) that indicated
both active disease processes and potential damage from
chronic inflammation. Our group is now studying these
features in a larger cohort of MGD patients.

There are some limitations to our study: first, it is a pilot
study with a smaller sample size. Nevertheless, this study
warrants additional larger and longitudinal studies. Larger
studies with increased statistical power may confirm the
findings of our pilot study and further elucidate the role of
SIC in patients with MGD. We believe that despite the lack of
statistical significance, elevation in SIC may be an important
indicator of the extent of immune cell infiltration and
inflammation, which appeared to be greater in the group of
patients with refractory symptoms, possibly due to a spill-
over from chronic epithelial inflammation. This hypothesis is
supported by a positive and significant correlation between
EIC and SIC in these patients (R;=0.53, P=0.04, n=16).
Second, not all patients in this study received the same
treatment; two patients did not receive mechanical-thermal
gland expression (LipiFlow, TearScience, Morrisville, NC,
USA) in conjunction with manual digital gland expression.
This does not seem to have induced bias since all patients
remained symptomatic to varying degrees, despite objective
clinical improvement regardless of the type of mechanical
gland expression treatment received. The goal of this study
was not to assess treatment responses, but rather to assess
why these patients remained symptomatic despite objective
improvement in signs.

In conclusion, our pilot study brought to attention several
key findings: (a) MGD patients with refractory symptoms

Eye

despite objective clinical improvement in TBUT and MGYLS
and an unremarkable slit-lamp examination had clinically
non-apparent inflammation with significantly elevated EIC
and a near 20-fold increase in SIC on IVCM as compared
with MGD patients with improved symptoms and signs,
providing an explanation for symptom-sign disparity in this
cohort; (b) symptom severity in MGD (OSDI score) was
correlated to both EIC and TBUT, necessitating measures to
address and normalize both parameters for adequate
symptom relief; (c) mechanical procedures for MGD such as
mechanical and mechanical-thermal gland expression do
not address residual, clinically non-apparent inflammation
in patients with persistent symptoms, who may benefit from
anti-inflammatory therapy; (d) clinically non-apparent
palpebral conjunctival inflammation can be detected and
quantified using IVCM. Palpebral conjunctival IVCM is
hence a valuable supplementary tool in the clinical
assessment of persistent symptoms in MGD with the
potential to guide physicians in customizing treatment plans
according to the patient’s tissue immune activation status.

Summary

What was known before

e Although most medical treatment regimens for MGD have
a limited success rate, current advances with the advent of
intraductal meibomian gland probing and thermal
pulsation procedures have provided improved
symptomatic relief.

® Despite advances in treatment, the issue of symptom-sign
disparity, which is widespread in MGD-associated dry eye
management, remains unaddressed.

® Symptom-sign disparity leads to sub-optimal symptomatic
management of patients and increased patient
dissatisfaction while there is objective clinical improvement.

What this study adds

e We employed in vivo confocal microscopy (IVCM) to
investigate and address the unexplained symptom-sign
disparity in a cohort of patients with refractory MGD-
associated dry eye symptoms, despite clinical improvement
following mechanical and/or thermal gland expression.

e We discovered that MGD patients with persistent
symptoms, despite objective clinical improvement and a
normal clinical slit-lamp examination, had active clinically
non-apparent inflammation of the palpebral conjunctiva as
compared with patients whose symptoms were
successfully treated with anti-inflammatory regimens.

® These findings, for the first time, provide a probable
explanation for refractory symptoms in MGD-associated
dry eye disease, despite clinical improvement following
mechanical procedures and an unremarkable slit-lamp
examination, helping address the symptom-sign disparity
in a subset of dry eye disease, suggesting a role for IVCM-
guided anti-inflammatory treatment in these patients.
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