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Abstract
Purpose: Aim 1: To establish the incidence of lax eyelid syndrome
(LES) in patients with newly diagnosed sleep apnea. Lax eyelid
syndrome is the association of distensible eyelids (in conjunction with
metalloproteinase induced elastin deficiency) with a chronic papillary
conjunctivitis. Aim 2: To determine the presence of matrixmetalloproteinases in the tear film of patients with LES, as elevated
metalloproteinase may be responsible for the ocular surface
inflammaiton in LES; Aim 3: To compare current methods for grading
the severity of eyelid laxity with a newly designed “Laxometer” and to
correlate these findings with the severity of OSA.
Methods: All patients referred for an initial sleep study were asked to
participate in the study. Those patients consenting to the study then
underwent ocular examination including visual acuity, color vision,
pupils, intraocular pressure, slit lamp exam, matrix metalloproteinase9 tear film assays. Measurements of the degree of eyelid laxity was
determined using the following four methods: 1) degree of tarsal
conjunctiva exposure; 2) ease of upper eyelid eversion; 3) degree of
medial canthal tendon laxity; and 4) distensibility of the “laxometer”.
Results: Aim 1: Nine patients (18 eyes) have been included in the
study thus far, 7 of which were determined to have sleep apnea
(77.8%). Eight of nine patients were determined to have lax eyelids,
and seven patients with LES were diagnosed with OSA. Aim 2: 14 of
16 eyes (89%) with LES had a positive MMP assay (p< .001). Aim 3:
We found a correlation between the average laxometer
measurements and the severity of sleep apnea (22.4 m in
nonexistent OSA, 23.3 mm in mild OSA, and 26.5 mm in moderate
OSA).
Discussion: Numerous studies have reported an association
between LES and OSA. Lax eyelids, as a clinical sign, is associated
with sleep apnea, but appears to be under diagnosed. This
observation was confirmed in a large Loyola data mining study of
12,000 patients with sleep apnea in which only 4% of patients with
sleep apnea seen in the eye clinic had a diagnosis of lax eyelids.
The results of our study thus far, as well as our clinical experience,
suggest a much stronger association between OSA and LES. OSA,
which is strongly associated with obesity, is a significant marker of
increased morbidity through its association with a wide variety of
systemic diseases including: cardiovascular disease, hypertension,
pulmonary hypertension, and congestive heart failure. OSA patients
have also been shown to exhibit a wide variety of ocular
neurovascular diseases, including glaucoma, ischemic optic
neuropathy and retinal vein occlusion. The higher association of LES
and OSA reported here will allow the eye care community to gain
better awareness and seek appropriate referral for a sleep study.

Introduction

Methods and Statistical Analysis

Floppy eyelid syndrome (FES) was first described by Culbertson and Ostler in
1981, initially referring to rubbery, lax upper eyelids with tarsal papillary
conjunctivitis seen in young obese men (1). Several studies have described this
phenomenon since then, including Van den Bosch (6) and Fowler (2).
Obstructive sleep apnea (OSA) is a disease that affects predominantly
overweight individuals, with a reported incidence of 15-25% in males (3). It is
characterized by interruption of ventilation for more than 10 seconds due to
airway collapse (13). This chronic hypoventilation places the individuals at high
risk for significant systemic morbidity including cardiovascular and ocular
ischemic disease (Glaucoma, ischemic optic neuropathy, and retinal vein
occlusion). LES and its association with obstructive sleep apnea (OSA) has
been reported in numerous studies (2, 5, 16, 17) and a positive correlation
between severity of OSA and LES outlined by Acar et al., as in Table 1. (22, 5).
Clinical
Finding

Control
No OSAS

Mild
OSAS

Moderate
OSAS

Severe
OSAS

Sig (p<.05)

FES

23.1%

41.7%

66.7%

74.6%

p<0.01

OSDI

12.57
+/- 17.64

22.90
+/- 16.78

45.94
+/- 22.03

56.68
+/- 22.5

p<0.01

Schirmer
(mm)

10.76
+/- 3.58

9.83
+/- 2.53

7.73
+/- 2.42

6.97
+/- 2.15

p<0.01

TBUT
(sec)

10.53
+/- 3.64

9.46
+/-2.40

7.29
+/-2.13

6.82
+/-2.20

p<0.01

Corneal Stain

0.26
+/- 0.60

0.40
+/- 0.71

0.98
+/- 0.72

1.14
+/- 0.90

P<0.01

Table 1. Acar et al.
The etiology of LES has also not been clearly determined. Netland et al
demonstrated a decreased concentration of elastin in the tarsal plate of patients
with LES (7). Decreased elastin may be a result of a higher concentration of
matrix metalloproteinases, particularly MMP-7 and MMP-9, in these affected
individuals (8). The possibility of a systemic elastin deficiency with elastin
deficiency in the soft palate as a potential cause of OSA has not been reported.
Furthermore, Taban et al found elevated plasma leptin levels in patients with
LES. Leptin was proposed to trigger the inflammatory cascade by up-regulating
MMP-9 resulting in the breakdown of elastin (9). In this study, we investigate
the presence of MMP-9 in the tear film of patients with LES to determine the
significance of its role in the pathophysiology of the disease.
We will also document the presence and severity of LES in patients with mild,
moderate and severe obstructive sleep apnea. We will use several reported
techniques for quantitating the severity of eyelid laxity as well as introduce a
new method for grading eyelid laxity, the laxometer. We will then determine if the
severity in FES correlates with the severity of OSA.

Laxometer development

Figure 2. The Laxometer device

Patients were identified for participation in the study at their initial sleep study appointment at the Loyola
Pulmonology Sleep Apnea clinic. Those patients agreeing to participate in the study then underwent ocular
examination consisting of visual acuity, color vision, pupils, intraocular pressure, slip lamp exam, and matrix
metalloproteinase-9 tear film assays (InflammaDry).
Measures of the degree of eyelid laxity were also determined using four different methods: 1) degree of tarsal
conjunctiva exposure (Figure 1); 2) duration of upper eyelid eversion; 3) degree of medial canthal tendon laxity; and
4) distensibility of the “laxometer”. Tarsal conjunctiva exposure was graded as described by Acar et al (22). Duration
of upper eyelid eversion, as described by Beis et al, was measured in seconds while the eyes were in the inferior
gaze position (20). The third method of grading medial canthal tendon laxity was performed as described by Olver et
al (21). The horizontal position of the lower punctum was measured at rest and at lateral distraction with minimal
pressure. Laxometer measurements were obtained as demonstrated in Figure 3.

Figure 3. Eyelid distensibility as
measured by the novel laxometer
introduced in this study. The distensibility
was measured in millimeters as the
distance between the upper and lower
specula bars.

Sleep study results were also recorded, including the apnea-hypopnea index (AHI), which is defined as the number of episodes of apnea or hypopnea in a one house
sleep period (14). OSA has been clinically defined as an AHI of great than or equal to five in a person with excessive daytime sleepiness. The severity of OSA is
graded into mild (AHI 5-14), moderate (AHI 15-30), and severe (AHI >31).

OSA is a significant cause of both ocular and systemic morbidity and mortality.
The resultant absence of ventilation and hypoxemia as a consequence of this
disease predisposes these individuals to cardiovascular disease, congestive
heart failure, pulmonary hypertension, stroke, and many other life threatening
illnesses (4). LES has also been found to be associated with additional systemic
manifestations including hypertension, diabetes mellitus, and ischemic heart
disease (4). According to a 2010 report by the Harvard Medical School Division
of Sleep Medicine, the prevalence of moderate to severe sleep apnea in the US
was about 25 million patients with 82% of patients (19 million) undiagnosed (34).
The total cost for managing the sleep apnea, and other comorbidities was on the
order of $100 billion (34). The higher association of LES and OSA reported here
will help the eye care community to gain better awareness and seek appropriate
referral for a sleep study.
Additionally, 89% of the patients in this study with LES had positive tear film
MMP-9 assays. MMP-9 is a well-known inflammatory marker present in patients
with dry eye syndrome. The statistically significant (p<.001) high association
between MMP-9 and LES strongly supports the role of MMP-9 in the
pathophysiology of the disease, as well as their predisposition to ocular surface
diseases such as dry eye syndrome, phlyctenular disease, superior limbic
keratoconjunctivitis, neurotrophic keratitis, and many other non-infectious ocular
inflammatory diseases.

All data was recorded and stored in REDCap, a secure electronic research database.
Statistical analysis was completed on the preliminary data collected thus far, although the study is still ongoing. A one-sample binomial test allowed us to test
whether the proportion of cases identified with LES were MMP-9 positive differed from a hypothesized expected value of 14%, which was the previously cited amount
of positive InflammaDry MMP-9 assays in mild dry eye syndrome (35). A nonparametric Kruskal-Wallis test was used to assess whether eyelid elasticity correlated
with the degree of sleep apnea severity, and whether eyelid elasticity as measured by the laxometer correlated with other methods of grading eyelid laxity (medial
canthal tendon laxity, duration of eyelid eversion, and degree of tarsal conjunctiva exposure).

Results
Data collection is still ongoing, however our preliminary results included nine patients (18 eyes). Of these patients, 7 were determined to have sleep apnea (77.8%).
Eight patients were determined to have LES, and seven of these patients were diagnosed with OSA. The observed proportion of cases with LES (89%) using the
MMP-9 assay was significantly higher than the expected proportion (14%) identified by Schargus et al (p < .001) (35). We found that as severity of sleep apnea
increases, the degree of eyelid elasticity as measured by the laxometer also increased (Table 1). This is also demonstrated in Figure 4. However, this correlation
was not statistically significant (p>0.05). There was no significant association between degree of eyelid elasticity and medial canthal tendon laxity (both p = 0.16) or
degree of tarsal conjunctiva exposure (both p>0.05). There was a small but non-significant positive association between laxometer measurement and duration of
eyelid eversion (τ = 0.16, p = .29). Conversely, there was a small but non-significant negative association between laxometer measurement and duration of eyelid
eversion (τ = -0.19, p = .25).
Figure 4. Elasticity of eyelid as a function of sleep apnea severity, stratified by
Table 1: Elasticity of eyelid as a function of sleep apnea severity, stratified by
eye
eye
AHI  5
(n = 2)

Previous attempts to grade LES severity have been suggested and
are included in this study as well. Although our data set is currently
small, the laxometer data thus far is the first to suggest an
association between the severity of LES and the severity of OSA.
Additionally, the MMP assays also indicate there may be a strong
connection with MMP and the pathophysiology of the papillary
conjunctivitis associated with LES, although ongoing data collection
will further characterize this relationship. As our data collection is
ongoing, the early trends noted above will be further described in
hopes to better understand the relationship between LES and OSA.

One of the most well-known systemic associations of LES is sleep apnea. Woog
was the first to describe a relationship between obstructive sleep apnea and
LES in 1990 (2). In 1997, McNab described 17 patients with LES, of which 8
were referred for a sleep study (16). All eight patients were diagnosed with OSA.
Bouchard et al reported an association of LES of only 4% in 11,975 patients with
OSA in a Loyola data mining study, suggesting that lax eyelid syndrome is
underdiagnosed and its implications under-recognized (5). However, the results
of our study thus far, as well as our clinical experience, suggest a much stronger
association between OSA and LES.

A modified wire speculum that measures distensibility of the eyelid in millimeters using a constant spring-loaded force
was developed through Katena® for use in this study (Figure 2).

Patient evaluation and data collection

Conclusion

5 < AHI  14
(n = 5)

AHI  15
(n = 2)

Total
(N = 9)

p

This study also sought to standardize a method of grading eyelid laxity and
comparing it with the severity of sleep apnea. Our preliminary data does
suggest that with an increase in sleep apnea severity, there is also an increase
in the eyelid laxity as measured by the laxometer (seen in Figure 4). However,
these results failed to show statistical significance because our sample size is
small and underpowered. As our data collection is ongoing, we hope to further
characterize this relationship. Our results so far have failed to show a
correlation between laxometer measurements and the three previously
described methods of eyelid laxity grading (tarsal conjunctiva exposure, duration
of eyelid eversion, and medial canthal tendon laxity).
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