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Abstract: Marginal keratitis, also known as catarrhal infiltrates, is a common, self-limiting 
condition characterized by inflammation at the peripheral aspect of the cornea. This non- 
infectious process is most typically a reaction to bacteria such as Staphylococcus, and results 
from a cell-mediated immune response to the bacterial antigens. This hypersensitivity 
reaction leads to the formation of stromal infiltrates that run parallel to the limbus. These 
infiltrates may extend around the limbal edge and can lead to the formation of marginal 
ulcers. Often the patient will have associated blepharoconjunctivitis. Both marginal keratitis 
and blepharoconjunctivitis are treated with topical steroids, with or without antibiotics, and 
good lid hygiene. We report a case of a patient who previously underwent small incision 
lenticule extraction (SMILE) who presented with marginal keratitis and secondary diffuse 
lamellar keratitis (DLK) in the right eye following recent initiation of continuous positive 
airway pressure (CPAP) therapy. There was no antecedent ocular trauma. With the initiation 
of steroid therapy, the patient returned to baseline visual acuity within one week. Though 
recurrence may be common in cases of marginal keratitis, our patient has not had any 
recurrence of symptoms or disease. DLK has previously been reported in the literature; 
however, there has been no reported case of marginal keratitis with secondary DLK after 
initiation of CPAP therapy to date. 
Keywords: marginal keratitis, diffuse lamellar keratitis, small incision lenticule extraction, 
continuous positive airway pressure, CPAP

Introduction
Marginal keratitis is a self-limiting, common inflammatory condition that most often 
occurs secondary to staphylococcal blepharoconjunctivitis (ie, an overgrowth of 
Staphylococcus in the margins of the eyelid and conjunctiva), but may also be 
associated with other conditions including meibomitis, and rosacea.1 Staphylococcus- 
associated marginal keratitis occurs in immunocompetent individuals as a result of an 
abnormal immune response of the ocular surface rather than direct infection of the 
cornea. This enhanced immune response leads to an inflammatory spread towards the 
corneal limbus.2 The Fc portion of IgG and IgM antibodies then fuse with protein A, 
ribitol teichoic acid, peptidoglycan, and other bacterial antigens within the cell wall of 
Staphylococcus aureus. These antibody-antigen immune complexes deposit in the 
peripheral corneal stroma, resulting in a type III delayed hypersensitivity reaction.2,3 
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Additionally, Staphylococcal superantigens, (ie, anergy indu
cing molecules produced by a pathologic organism or bac
teria) have been found to be associated with this disease.4 

The peripheral cornea’s unique response to these antigens is 
a result of it having a more robust and complement activating 
immunologic response compared to the central cornea.5 This 
may also explain why the infiltrates may extend circumfer
entially, but rarely extend more centrally.4 Deposition of 
immune complexes classically presents on slit lamp exam
ination as multiple discrete infiltrates, occasionally referred 
to as “catarrhal” or “peripheral sterile” infiltrates. These 
infiltrates typically run parallel to, but remain separated 
from, the corneal limbus, often with a band of unaffected 
cornea between the infiltrate and limbus. Staphylococcus- 
associated marginal keratitis is traditionally seen in areas 
where the eyelid rubs on the limbal ridge. This includes the 
2 o’clock and 10 o’clock regions, corresponding to the upper 
lid, and the 4 o’clock and 8 o’clock regions, corresponding to 
the lower lid. This is also consistent with the understanding 
that this disease is often found in conjunction with 
Staphylococcus blepharitis and/or conjunctivitis. Treatment 
of marginal keratitis with topical corticosteroids and antibio
tics generally results in rapid resolution of symptoms with 
good visual outcomes.4 The aim of this study is to describe 
a case of marginal keratitis with secondary DLK that 
occurred shortly after initiation of CPAP therapy for obstruc
tive sleep apnea (OSA). This association has not previously 
been reported in the literature.

Case Report
A 37-year-old Caucasian male, with a history of uneventful 
bilateral small incision lenticule extraction (SMILE) six 
months prior, presented to our clinic following five days 
of unilateral redness in the right eye. There was photopho
bia of 3 days duration and pain. Slight blurriness in the right 
eye was also noted. The patient denied any ocular trauma, 
recent illness or cold sores. The patient was on artificial 
tears. Of note, he had begun nighttime continuous positive 
airway pressure (CPAP) therapy two weeks prior for newly 
diagnosed OSA. Since initiation of CPAP therapy, he felt 
that his right eye was drier upon awakening.

On examination, uncorrected visual acuity had declined 
to 20/25 in the right eye. Slit lamp examination of the right 
eye revealed an injected conjunctiva inferonasally and cor
responding sectoral ciliary flush with limbitis. In the 4 
o’clock region of the right cornea, small peripheral infil
trates were noted with no epithelial defect or corneal stain
ing. DLK grade I was noted inside the margin of the SMILE 

cap, corresponding to the area of ciliary flush and limbitis 
(Figure 1). Examination of the left eye revealed mild super
ficial punctate keratopathy. Inspissated Meibomian glands 
and posterior marginal telangiectasias were seen in both 
eyes. Although desiccation from CPAP has been reported 
to cause keratitis with an epithelial defect or sterile ulcers,6 

this was not observed in our patient. Visual acuity was 20/ 
20 in each eye.

Differential diagnosis considerations were given to 
various other possibilities including herpetic keratitis, per
ipheral stromal keratitis, and peripheral ulcerative keratitis 
including Mooren’s ulcer. In the setting of the appropriate 
patient past medical history or other applicable findings 
differential diagnoses could also have included ocular 
rosacea and keratitis associated with systemic vascular 
diseases or rheumatoid arthritis.

Given the presence of limbitis and the absence of cor
neal staining or defect overlying the infiltrate, a diagnosis of 
marginal keratitis was made. The patient was started on 
topical prednisolone acetate 1% (Pred Forte®) eye drops 
every two hours for two days, then every 4 hours until 
follow-up. At follow-up, 4 days after diagnosis and steroid 
therapy, the patient felt his subjective visual acuity had 
returned to baseline and denied symptoms of ocular pain 
or photophobia. Visual acuity had returned to 20/20 in the 
right eye. Slit lamp examination revealed the complete 
resolution of ciliary flush and peripheral infiltrates without 
the presence of DLK in the corresponding area. The patient 
was tapered off prednisolone 1% eye drops over the follow
ing week. He has since fully recovered and remains 
asymptomatic.

Discussion
Our patient is a 37-year-old man with a history of SMILE, 6 
months prior, and initiation of CPAP therapy, two weeks 
prior, who presented with pain, photophobia, and decreased 
visual acuity. Examination showed limbitis, DLK, and mar
ginal keratitis. Prednisolone acetate 1% was started, and the 
patient’s slit lamp exam findings and visual changes resolved.

Though the development of catarrhal infiltrates as 
a rare complication of refractive procedures has been 
well documented, this generally arises in the 48 hours 
immediately following the procedure in patients with 
a history of blepharitis.7 Furthermore, DLK has been 
reported in patients following SMILE;8 however, our 
case is unique in that DLK arose only secondary to mar
ginal keratitis six months after an uneventful procedure.
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As the name suggests, CPAP therapy provides constant 
positive pressure throughout the phases of both inhalation 
and exhalation. Therapy is delivered by a machine which 
attaches to a mask which fits tightly over the patient’s mouth 
and nose. This helps increase alveoli recruitment and thus 

oxygenation. CPAP treatment is commonly employed in 
OSA as it helps keep the airway open.9

Complications of CPAP therapy commonly revolve 
around discomfort from the mask or the treatment itself 
and include congestion, runny nose, nosebleeds, as well as 

Figure 1 (A) Peripheral sterile infiltrates and diffuse lamellar keratitis in the inferonasal area of the right cornea. Yellow arrows: Area of diffuse lamellar keratitis with “sands 
of Sahara” appearance. White arrow: Edge of the small incision lenticular extraction (SMILE) cap. Red arrows: Limbal inflammation. Black rectangle: Peripheral sterile 
(catarrhal) infiltrate of marginal keratitis. Slit lamp light has overexposed the area. (B) Enlarged view of panel A. Yellow arrows showing diffuse lamellar keratitis. White 
arrow showing the edge of the SMILE cap. Red arrows showing limbal inflammation. Black arrows showing the catarrhal infiltrates.
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dry mouth, and dry nose.9 Ocular pathology has also been 
reported including dry eyes and cases of limbal keratitis, 
corneal ulcers, and bacterial keratitis.6

CPAP therapy has been taught to be associated with 
increased upper respiratory infections, though this teach
ing has been brought into question.10 This increased risk 
of infection may be associated with keratitis due to air 
flow from a poorly fitting mask to the eyes, or through air 
passage through the nasolacrimal duct into the eye.6 These 
theories explain the introduction of microorganisms to the 
ocular surface or periocular area secondary to CPAP ther
apy. Furthermore, CPAP therapy has been associated with 
ocular irritation and tear evaporation. These findings tend 
to differentially impact the right eye and are speculated to 
be caused by leakage of air from a poorly fitted mask or 
propulsion of bacteria from the mask into the eyes.6,11 We 
hypothesize two possible mechanisms by which new-onset 
blepharitis may have developed in our patient secondary to 
CPAP therapy. First, existing Staphylococcus aureus mei
bomian gland disease may have formed a biofilm in the 
margin of the eyelid which was exacerbated by dryness 
from an ill-fitting CPAP mask; this biofilm would have 
promoted the production of virulence factors that cause 
Meibomian gland dysfunction, a potential exacerbating 
factor to his morning dry eye.6 Second, decreased tear 
production likely led to keratoconjunctivitis sicca, or 
“dry eye,” which is associated with a pro-inflammatory 
cascade of cytokines (IL-1, IL-6, IL-8) in the cornea, 
conjunctiva, and Meibomian and lacrimal glands. Dry 
eye may also cause dysfunction of the peripheral nervous 
system, which is responsible for regulating recruitment of 
leukocytes.12,13 The underlying inflammation and growth 
of bacteria within the Meibomian glands would have trig
gered an antibody response, thereby causing immune com
plex formation as mentioned above.

The pattern of sterile infiltrates often reflects the cir
cumstances surrounding their development: infiltrates 
localize to the flap margin following LASIK,14 whereas 
diffuse infiltrates are seen in individuals with poor contact 
lens hygiene.15 The restriction of catarrhal infiltrates to the 
inferonasal region of the right eye in our patient is sig
nificant as it is highly suggestive of air leakage from 
a poorly fitted CPAP mask as the underlying etiology. 
Our patient additionally presented with DLK underneath 
the corneal cap; this pattern of development is consistent 
with previously reported cases of DLK in the setting of 
marginal keratitis following refractive surgeries other than 
SMILE.16

Topical steroids remain the mainstay of therapy for 
sterile marginal keratitis;17 however, especially in patients 
with atypical presentations, physicians should inquire 
about inciting events to make recommendations and mod
ify potential risk factors. Coexisting blepharitis may be 
treated with lid hygiene since steroid and antibiotic use 
may be less effective.18 We advised our patient to avoid 
using his CPAP machine for several days to allow for 
inflammation to resolve and to meet with a respiratory 
therapist to find a better fitting CPAP mask.

The diagnosis in this case is strengthened by the classic 
presentation, slit lamp examination findings and excellent 
response to topical corticosteroids consistent with mar
ginal keratitis. The connection with newly diagnosed 
OSA and treatment with nocturnal CPAP provides 
a strong temporal association and probable cause. 
However, there are some limitations to our report. As 
classic marginal keratitis is a clinical diagnosis, the diag
nosis was not confirmed with a smear or culture, which is 
expected to be negative. Furthermore, culture and gram- 
stain were not done because any de-epithelialization 
resulting from diagnostic scraping can cause or exacerbate 
DLK after SMILE8 or other excimer laser ablative 
procedures.19 Future studies should report additional asso
ciations of marginal keratitis with CPAP therapy and help 
establish a causal link between the two. Additionally, 
CPAP and other immune or bacteria- mediated ocular 
pathologies should be explored for potential correlations.

Conclusion
We present a unique case of localized sterile marginal 
keratitis with secondary DLK that arose several months 
following SMILE, most likely due to initiation of CPAP 
therapy for newly diagnosed OSA. The link between non- 
traumatic exogenous stimuli and the development of non- 
infectious keratitis warrants further investigation.
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