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Abstract: Midday fogging is a common problem in scleral lens wear, as particles accumu-
late in the tear reservoir between the posterior surface of the lens and the front of the ocular 
surface during wear. As particulate waste collects, symptoms of blurred vision and discom-
fort arise, typically leading patients to remove their lenses for cleaning, refilling with fresh 
solution, and reinsertion into the eye. The appearance of the particulate can vary, likely due 
to different causes for midday fogging. Studies which attempted to identify the particulate 
have given some insight into some of the causes, but larger studies are needed to identify this 
debris. Research on lens solutions used for filling the lens reservoir and of various aspects of 
scleral lens fits have also begun to culminate in the concept that midday fogging may 
ultimately be related to inflammation. Since scleral lens wearers can have varied and multiple 
sources of inflammation, strategies in minimizing midday fogging can differ between 
patients. 
Keywords: midday fogging, scleral lenses, interrupted scleral lens wear, turbidity, post-lens 
tear reservoir

Introduction
Scleral lens use has been growing over the past decade. Unlike a smaller diameter 
corneal gas permeable lens, a scleral lens rests upon the sclera and the reservoir of 
the lens must be filled with a solution before application to the eye to maintain 
a post lens tear reservoir between the lens and ocular surface during wear. These 
large-diameter lenses can provide stable, comfortable vision over an irregular 
cornea and are an excellent option for patients with ocular surface disease. As the 
popularity of these lenses grow, practitioners are finding that some scleral lens 
wearers complain that their vision becomes cloudy over the course of wear, often 
requiring removal of the lenses to clean and refill with solution before reapplying 
them to the ocular surface. Studies have confirmed an increase in the turbidity of 
the post lens tear reservoir after extended periods of scleral lens wear.1 This 
accumulation of particulate in the post-lens reservoir during scleral lens wear, 
known as midday fogging, can be associated with symptoms of blurred vision 
and discomfort, and is disruptive to daily life.2 Studies have reported that 26% to 
46% of scleral lens wearers experience midday fogging.3–5 Biomicroscopy evalua-
tion of the debris reveals variation in the color and in the appearance of particulate 
among patients, with sizes of the particulate varying from fine particulate to larger 
droplets or coalesced, globules.6 A patient with midday fogging may have one or 
more of these types of particulate present in the post-lens reservoir, and the 
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variation in the appearance of fogging particulate is likely 
a result of multiple causes for this condition.

This review describes the limited studies that explore 
the possible composition of the particulate matter asso-
ciated with midday fogging, those factors thought to result 
in midday fogging, and some possible strategies for mini-
mizing midday fogging in scleral lens wear. References for 
this study were found by searching PubMed for “scleral” 
and “midday fogging” and further investigation was com-
pleted by studying the references to these manuscripts. It 
should be noted that the literature on midday fogging thus 
far is minimal, with many manuscripts referencing small 
studies with minimal subjects and inconclusive outcomes 
which are likely not reflective of a larger population. 
Mention of these studies is important since they are cited 
repeatedly in the literature and among clinicians, but their 
limitations are discussed in this review so that it is clear 
that the original source of some statements about midday 
fogging are based upon small pilot studies and case 
reports.

Identifying Midday Fogging
While midday fogging is symptomatically identified as 
a gradual disruption in vision which requires lens removal, 
cleaning, and refilling of solution before reinserting, this 
condition should be verified by visualizing particulate in 
the post-lens reservoir. Identification of particulate is typi-
cally conducted with biomicroscopy, and can also be 
viewed with anterior optical coherence tomography 
(OCT) or Scheimpflug images. It should be noted that 
complaints of progressively worsening blur with scleral 
lens wear can also be associated with a buildup of debris, 
such as tear protein, on the front surface of the lens, or 
more emergently, can be the result of corneal edema.6 

Evaluation with a biomicroscope during scleral lens wear 
can differentiate between lens deposits and particulate 
formation in the post-lens reservoir. It is important to 
evaluate the ocular surface with and without scleral lenses 
at all examinations to ensure that variable blur is not 
associated with active, atopic disease or a disease process 
that needs treatment.

Particulate Matter
The particulate which collects in the post-lens reservoir 
between a scleral lens and the ocular surface is likely 
comprised of multiple sources. One likely source is the 
normal regeneration and sloughing of epithelial corneal 
cells.2 Under normal conditions, without lens wear, those 

epithelial cells that have been sloughed from the ocular 
surface are removed mechanically by the upper lid during 
a blink. A scleral lens prevents contact between the eyelid 
and the cornea, making this removal impossible. While 
previous studies have shown an inhibition of corneal 
epithelial cell sloughing in corneal contact lens wear 
(soft and rigid corneal lenses), no studies have assessed 
the rate of sloughing when a lens vaults the cornea and 
requires a fluid reservoir substitution to be utilized.7,8 The 
post-lens reservoir consists of tears and filling solution 
added to the lens reservoir before the lens is applied to 
the ocular surface. The filling solution has traditionally 
been a non-preservative sodium chloride solution. When 
scleral lenses are initially filled with solution and applied 
to the eye, the post lens tear film appears clear clinically or 
when assessed by anterior OCT or Scheimpflug images. 
Over time, fine particulate can collect1 (Figure 1). While it 
has been shown that there is tear movement during scleral 
lens wear,9 tear exchange is minimal compared to other 
lens modalities.10 As a result, it is likely that sloughed 
corneal epithelial cells under a scleral lens will accumulate 
as uninterrupted lens wear continues.

A study of post-lens turbidity with scleral lens wear 
when filling the lens with preserved saline found that 
turbidity increased after eight hours of lens wear.11 The 
investigators did not identify the particulate, but they 
acknowledged that the use of a preservative in the post- 
lens reservoir could have caused an inflammatory 
response, leading to the secretion of pro-inflammatory 
molecules that contributed to turbidity.11,12

Additionally, corneal epithelial cell sloughing has been 
shown to increase when the cornea is bathed in solutions 
with electrolyte compositions different from normal tears, 
including saline solution which is comprised of sodium 
and chloride ions.13 The composition of the tears includes 
ions of potassium, calcium, phosphate, magnesium, 
sodium and bicarbonate.14 Bachman et al found that con-
tact of rabbit corneal epithelial cells with solutions which 
are dissimilar to the tear film can lead to excessive slough-
ing of corneal epithelial cells.13 These investigators 
reported that bathing the cornea in a solution of sodium 
and chloride ions, similar to typical saline solution, cre-
ated a greater rate of sloughing than a solution which was 
pH buffered and had an ionic composition similar to that 
of natural tears. A study by Fullard used a noncontact 
irrigation chamber to measure the rate of human epithelial 
cell sloughing and found an increased rate with sodium 
chloride compared to a solution with a similar ionic 
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composition to tears. The higher squamous cell count 
found with use of sodium chloride saline indicated that 
the epithelial cells were not simply the result of removing 
surface cells that were ready to slough, but that sodium 
chloride may be causing epithelial cells to slough 
prematurely15 This is of interest, since non-preserved 
saline, containing only sodium and chloride ions, is com-
monly used to fill the scleral lens reservoir.

Consequently, a study of scleral lens wearers who 
experienced midday fogging was conducted to assess 
safety and efficacy of a scleral lens filling solution with 
a composition made to mimic pH and ionic composition of 
the tears (Nutrifill, Contamac US, Inc, Grand Junction, 
CO).2 Additionally, symptoms in 22 scleral lens wearers 
were assessed with visual analog scales (VAS) and the 
Ocular Surface and Disease Index (OSDI) when using 
the participants’ habitual saline as the filling solution and 
when using the tear ion-mimicking filling solution. 
Midday fogging graded on a scale of 0–5 by visual 
masked-examination of OCT images found a numeric, 
non-statistically significant decrease with the tear ion- 
mimicking solution. Interestingly, subjective results 
showed statistically significant improvement in median 
OSDI scores and VAS scores for blurry/fluctuating vision, 

dryness, grittiness/foreign body sensation, burning/sting-
ing, and overall pain/discomfort when Nutrifill was used.

A study by Montani quantified the quality of vision in 
the eyes of 18 habitual scleral lens wearers with keratoco-
nus or post-graft corneas when filling their lenses with 
unpreserved saline containing potassium, calcium and 
magnesium electrolytes compared to conventional unpre-
served saline. In this study, the visual effects of midday 
fogging were reduced with the filling solution containing 
electrolytes which match those in tears.16

While studies of corneal epithelial cell sloughing found 
that increased sloughing occurred in the presence of typical 
sodium chloride, the exact mechanism by which this occurs 
is not established. It can be hypothesized that these stressors 
cause inflammation, which would not only cause an increase 
in collection of sloughed cells, but could also result in the 
appearance of inflammatory markers in the post lens tear 
reservoir. Inflammatory markers, such as matrix metallopro-
teinase (MMP) 1 and 9, are associated with corneal epithe-
lial cell regeneration.17,18 A study by Walker showed that 
healthy participants had an increase in MMP in the fluid 
reservoir after wearing scleral lenses for four 8-hour days 
compared to the MMP in their normal basal tears, conclud-
ing that scleral lens wear itself is linked to inflammation.19 

Anterior surface of 
scleral lens

Anterior surface of 
cornea

Posterior surface of 
scleral lens

Figure 1 Midday fogging caused by fine particulate in a patient with keratoconus. In this image, the post-lens tear reservoir, between the scleral lens and the ocular surface, 
appears green due to the influx of sodium fluorescein after a fluorescein inflow test revealed the presence of tear exchange. This fine particulate normally appears white 
when examined by biomicroscopy without fluorescein.
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Postnikoff et al studied inflammatory markers in patients 
who habitually wore scleral lenses.20 In this study, 19 habi-
tual scleral lens wearers (39 eyes), with 47% reporting mid-
day fogging, were evaluated for the presence of leukocytes 
in the bowl of their lenses and in an eyewash completed 
upon lens removal. The investigators reported greater mean 
number of leukocytes present in the participants with mid-
day fogging, although there was no statistical difference in 
the two groups. It may not be surprising that inflammation is 
present in the eyes of these habitual scleral lens wearers, 
particularly since the majority of wearers had keratoconus, 
which has been linked to the presence of inflammatory 
markers in recent years.21 The extent of midday fogging in 
individuals with pre-existing inflammatory conditions versus 
that in individuals who do not have these conditions will 
need to be considered in future studies.

While the material in midday fogging is commonly 
described as fine particulate, observation of larger collec-
tions of yellow or brown particles (Figure 2) and larger 
white, wispy clumps (Figures 2 and 3) have been docu-
mented and were initially hypothesized to be lipid and 
mucin, respectively.6 These larger coalesced clumps of 
particulate are also visible by OCT, and have a very 

different appearance than the fine particulate in midday 
fogging (Figure 4). A small laboratory analysis of three 
subjects with turbid post-lens reservoirs and two subjects 
with non-turbid post-lens reservoirs was conducted by 
Walker et al in order to attempt to identify the components 
of midday fogging particulate.22 Protein analysis of the 
post-lens fluid samples was conducted using bicinchoninic 
acid assay and mass spectrometry and no differences were 
found when comparing the turbid and non-turbid samples. 
Lipid detection of the samples using Oil Red O stain, 
found a large presence of lipid in the turbid samples. In 
this study, mucin was not identified in the samples from 
either the fogging or non-fogging wearers. This was of 
interest, since previous thoughts on midday fogging 
hypothesized that the larger “white and fluffy” particulate 
sometimes present in the post lens tear reservoir was 
mucin produced by the conjunctival goblet cells as 
a reaction to lens-induced inflammation of the 
conjunctiva.6 Because only three samples with midday 
fogging were tested in the study, the presence of mucin 
cannot be ruled out in the general population of scleral 

Figure 2 Midday fogging caused by larger, coalesced particulate. The particulate has 
a yellow or golden appearance, and is likely lipid in this dry eye patient.

Figure 3 Midday fogging with large, white floating debris. This image captures the 
presence of a large globule of debris surrounded by smaller globules within the post 
lens tear reservoir. The arrow indicates a large, coalesced collection of this debris. 
Initially debris with this appearance was hypothesized to be mucin. No laboratory 
tests have not yet confirmed the presence of mucin in midday fogging.
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lens wearers. The lipid identified in the turbid samples of 
this study may correspond with the larger yellow or brown 
oil-like particulate reported in midday fogging,6 although 
Walker’s study did not report on appearance of the parti-
culate. The origin of this lipid is unknown. It could be 
argued that excessive meibum present in the tears is 
“pumped” under a lens that allows tear exchange. 
Alternatively, there are complex interactions between 
inflammation and lipid metabolism,23,24 and inflammation 
has been shown to be present with scleral lens wear.20 

Because this interaction is not well understood, the pre-
sence of lipid in the post lens tear reservoir unrelated to 
tear exchange cannot be ruled out. Since Walker’s small 
study in which lipid in the post-lens reservoir did not 
evaluate the edge profile or the presence or absence of 

tear exchange, the mechanism by which lipid particulate 
appears in the post lens tear film, is unknown at this time. 
Further studies are needed with larger sample sizes, eva-
luation of the meibomian glands, and evaluation for the 
presence of tear exchange to determine an origin and 
a possible remedy for the presence of lipid particulate 
that contributes to midday fogging.

The Role of Scleral Lens Fitting 
Characteristics in Midday Fogging
Midday fogging has also been attributed to lens fit char-
acteristics in several studies and case reports, although 
there is debate about the best practices for fitting lenses 
to minimize the collection of particulate in the post lens 
tear film.3,11,20,25,26 These fitting characteristics are 
described in sub-sections below. The lack of consensus 
on the fitting parameters that can reduce midday fogging 
is likely the result of the multi-factorial nature of this 
problem. In order to minimize the possibility of hypoxia 
and the resultant inflammation from scleral lens wear, 
theoretical values for ideal central clearance between the 
ocular surface and the lens have been identified.27 

Empirical studies have found less corneal edema than 
expected from these theoretical predictions.28–30 In prac-
tice, creating a uniform clearance over a cornea with 
keratoconus can be challenging, with large areas of vault 
just adjacent to areas of lesser clearance over the cone, for 
example. Comparison of clearance between patients and 
between studies is more straightforward in patients with-
out irregular corneas.

Clearance Over the Ocular Surface
Some studies have been conducted to determine if the 
amount of central clearance (ie the thickness of the post 
lens tear reservoir), created by the vaulted lens over the 
cornea is related to the presence of midday fogging. 
A study that evaluated 11 subjects with midday fogging 
and 12 without fogging found no difference in mean post 
lens tear thickness by OCT.31 Another group evaluated 
midday fogging particulate utilizing anterior OCT, and 
found no correlation between the amount of turbidity and 
clearance of the scleral lenses with 26 subjects.11 

Conversely, in another study of midday fogging, central 
clearance was assessed by comparison to lens thickness in 
19 habitual scleral lens wearers. The study reported that 
those with fogging had an average central clearance that 
was about 50 microns greater than the average clearance 

A

C

D

B

Scleral lens 
Post-lens tear reservoir 

Cornea

Figure 4 Optical coherence tomography images of the scleral lens, post lens tear 
reservoir, and cornea. Midday fogging is the accumulation of particulate in the post 
lens tear reservoir. (A) Minimal particulate is present in the post lens tear reservoir. 
(B) Dense accumulation of fine particulate is visible in the post lens tear reservoir. 
(C) Fine particulate and one large globule are present in the post lens tear 
reservoir. (D) Fine particulate and multiple coalesced collections of particulate 
are visible in the post lens tear reservoir.
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for those without fogging (P=0.047).20 The study hypothe-
sized that hypoxia caused by increased central clearance 
could cause the inflammation that in turn causes midday 
fogging. The investigators did not assess haptic fit or tear 
exchange, so the small difference in clearance between 
groups, while statistically significant, may not have been 
the only factor correlated with midday fogging. A study by 
McKinney which enrolled 15 scleral lens wearers reported 
that the average corneal vault for patients with fogging 
was greater than those without fogging.3 When assessing 
the role of scleral lens fit in midday fogging, it is important 
to note that many studies may assess measurements, such 
as central clearance, with different procedures or defini-
tions. For example, some studies measure clearance of the 
lens by estimation with biomicroscopy, while others may 
use anterior OCT or other technology to assist in the 
measurement. Even with the use of an objective imaging 
device such as OCT for these measurements, the definition 
of central clearance, or post-lens fluid reservoir, is often 
ambiguous. For example, it is unclear in some cases 
whether central clearance is defined as the amount of 
vault over the center of the lens, or the amount of vault 
over the decentered cone. These differences, and other 
variables left uncontrolled, such as haptic alignment, 
make it difficult to determine the effect of the thickness 
of the post-lens reservoir on midday fogging.

Role of Tightness of Lenses
The tightness of the scleral lens may play a role in midday 
fogging. Tightness of a scleral lens may be the result of the 
force of a scleral lens system, when, for example, a lens 
with a steep haptic burrows into the conjunctiva. The 
hypothesis of tightness playing a role in midday fogging 
can be further supported when evaluating the role of 
fenestration in scleral lenses fits. Fenestration of a lens 
was originally utilized in scleral lenses made of PMMA, 
and were essentially holes added to the lens in order to 
create air exchange and increased oxygen transmission to 
the post-lens tear reservoir.32 The fenestrations also served 
as a way to decrease suction of the lens to the ocular 
surface. A paper on the history of scleral lens fenestration 
focused on many years of scleral lens fitting by a single 
practitioner, and reported that fenestration eliminated deb-
ris collection under a lens. The paper noted that when 
debris did collect it was assumed to be a result of poorly 
designed or blocked fenestrations, which may imply that 
fenestrations could have allowed some tear exchange in 
addition to air exchange, and which suggests that 

fenestrations were unable to alleviate all cases of midday 
fogging.33 Despite the possible benefits of their use, fenes-
trations allow for the introduction of air bubbles under the 
lens that could block the visual axis, and may result in 
corneal desiccation. While necessary to increase oxygen 
transmission in early scleral lenses made with PMMA 
material, fenestration is not generally required today to 
allow for oxygen to reach the cornea, and the use of gas- 
permeable materials for scleral lenses has largely fulfilled 
the need to improve oxygen transmission.34 However, the 
concept that fenestrations reduce the pressure of the lens 
upon the eye and may also decrease midday fogging points 
to the possibility that inflammation due to a tight fit may 
be implicated in this phenomenon.

McKinney et al assessed the tightness of a lens fit and 
measured tear exchange in scleral lens wearers when 
comparing participants who had to remove lenses before 
8 hours of lens wear each day due to presumed fogging to 
those who were able to wear their lenses for 8 or more 
continuous hours each day. The study found that 80% of 
the participants with fogging had tightly fitting lenses, 
compared to 40% of the wearers without interrupted 
wear. Interestingly, the tear exchange rate measured by 
fluorophotometry was the same in the two groups.3

Tear Exchange
Case reports and studies show conflicting results on the 
effect of tear exchange upon midday fogging.3,25,26,31 

Multiple reports have given evidence that midday fogging 
was reduced or eliminated by fitting a lens more closely to 
the scleral contour and thereby, minimizing tear 
exchange.25,26,35 It has been shown that the toricity of 
the sclera can be much greater than that of the 
cornea.36,37 Lenses with spherical haptic zones may have 
greater edge lift in different portions of the lens, resulting 
in “inadvertent” tear exchange that could “pump” tear 
debris under the lens.38 Additionally, the sclera may have 
a contour that is not symmetrical. To aid practitioners in 
fitting a lens to match the scleral contour, many recent lens 
designs allow for toric and quadrant specific haptic zones, 
and technology is available to create custom lenses based 
upon scleral topography38–40 or impressions of the eye.41 

It is believed that fitting the haptic of the lenses to the 
scleral contour will minimize excessive tear exchange or 
“rocking” of lenses over mismatched scleral terrain. 
Despite these reports, two studies have found no differ-
ences when comparing tear exchange in groups of partici-
pants with and without midday fogging.3,31 Additionally, 
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a study by the SCOPE group, which asked practitioners to 
report on their most recent scleral lens fit (n=248), found 
that midday fogging occurred at the same rate in scleral 
lenses with spherical haptics compared to those with non- 
spherical haptic zones, including customized lenses and 
those made using impression-based fitting.42 Because 
lenses with non-spherical haptics are generally fit In 
order to match the contour, and thus reduce tear exchange, 
the results of this large survey are in line with the results 
of the clinical studies that also found no difference tear 
exchange when comparing participants with and without 
midday fogging. The conflict between the evidence shown 
in specific reports and the experimental findings may be 
due to the multiple factors and types of particulate that 
may contribute to midday fogging. It can be hypothesized 
that debris present in the tear film, such as lipid or mucin, 
may contribute to midday fogging in an open system with 
tear exchange, while epithelial cells or inflammatory cells 
may be trapped in the post-lens reservoir in patients who 
experience midday fogging and have no tear exchange. 
Studies of tear exchange coupled with identification of 
the debris could help to determine if different strategies 
are needed to mitigate different types of midday fogging.

Supplemental Solution in the Post 
Lens Reservoir
Some clinicians have reported success in decreasing mid-
day fogging by adding a preservative-free high viscosity 
artificial tear to the saline instilled in the reservoir of the 
lens before insertion.43 While no formal studies have been 
conducted on this topic, clinician recommendation that 
“thick” artificial tears be added to the non-preserved filling 
solution before lens insertion is common.44,45 Various 
hypotheses have been given for why addition of this 
thick solution could decrease midday fogging, including 
possible changes in “nutritious ion presence,” osmolality, 
or the difference in viscosity.45 In a study of tear reservoir 
turbidity, Carracedo et al raised the possibility that a more 
viscous solution could have an effect on conjunctival 
compression by acting as a cushion.11 A study by Courey 
compared the change in lens clearance over the cornea 
after insertion of a scleral lens filled with non-preserved 
methoxycellulose, compared to the clearance of a lens 
filled with non-preserved saline in the contralateral eye.46 

The mean decrease in clearance over time was not signifi-
cantly different when comparing the two types of filling 
solution. The study concluded that viscous eye drops do 

not affect settling of a scleral lens. Further study of scleral 
lens wear with viscous filling solution added to filling 
solution is needed to determine if midday fogging is 
changed.

Inflammation as a Contributor to 
Midday Fogging
In analyzing the known studies of midday fogging, it 
appears that inflammation plays a common role with 
many of the causative factors. This is consistent with the 
SCOPE group’s study of midday fogging, in which red-
ness or irritation with scleral lens wear was the only factor 
which was significant when comparing foggers to 
nonfoggers.42 Inflammation can lead to an increase in all 
hypothesized types of midday fogging particulate. It is 
possible that the presence of different types of particulate 
matter indicates different mechanisms of inflammation 
which may contribute to midday fogging, including solu-
tion incompatibility with corneal cells, friction or com-
pression from excessive lens movement or rocking, or 
overall tightness and pressure put upon the ocular surface. 
The variation in the types of particulate may explain why 
there is not one simple way to treat midday fogging.

Discussion
Clearly, there are multiple causes of midday fogging and 
many large studies which assess multiple aspects of lens 
fit, solution use, tightness of lenses and assessments of 
inflammation are needed to definitively understand midday 
fogging. In the absence of that, some observations about 
the studies which have been conducted may help in for-
mulating educated hypotheses on how to minimize midday 
fogging.

Some level of inflammation may be unavoidable in 
scleral lens-wearing patients, especially those with kerato-
conus and ocular surface disease. Because studies have 
shown that exposure to preservatives, vehicles for ophthal-
mic medications, and even tear substitutes which have 
ionic compositions different from tears can cause epithelial 
cell changes and cellular sloughing,13,47,48 it is reasonable 
to surmise that minimizing insults to the ocular system 
whether related to ocular health or scleral lens wear could 
aid in decreasing cellular debris in the post lens tear 
reservoir of scleral lens wearers. Treatment of ocular aller-
gies, giant papillary conjunctivitis and meibomian gland 
dysfunction should be a priority for scleral lens wearers in 
order to decrease inflammation on the ocular surface. 
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Additional factors that can contribute to inflammation may 
be related to improper solution use by the patient. It is 
important to regularly confirm that patients are using non- 
preserved solutions when filling the reservoir of the lens 
before insertion. Often, price and convenience make other 
preserved saline or multipurpose contact lens solutions 
attractive, so it is important not to assume the patient is 
using the solution they were instructed to use when filling 
the lens. Those patients using non-preserved sodium chlor-
ide saline and experiencing midday fogging may benefit 
from switching to a pH buffered filling solution that 
matches the tear composition, as it minimizes epithelial 
cell sloughing compared to sodium chloride filling solu-
tion. Solution alone may reduce midday fogging, but it 
will not eliminate it in all patients.

Based upon Courey’s research on lens settling with 
viscous solution in the post-lens reservoir, it does not appear 
that a viscous solution prevents the “suction” of a scleral 
lens due to settling.46 However, it is possible that a viscous 
solution could decrease friction in the case of a lens which 
impinges differentially at a position or positions around its 
circumference. This could result in less inflammation, 
which in turn could lessen cellular turnover. Future studies 
could examine the effect of adding a non-preserved viscous 
solution to the lens reservoir before insertion on inflamma-
tion and midday fogging for those patients in which exces-
sive lens edge and conjunctival interaction occur.

Studies which have assessed the role of lens clearance 
on midday fogging have conflicting results.11,18,20,31 Studies 
which found a relationship between midday fogging and 
clearance did not control for other lens fitting parameters. 
Additionally, the lack of defined measurement methodolo-
gies of central clearance may add ambiguity to the results 
when measuring very small differences. Based upon theo-
retical models of oxygen transmissibility through tears and 
empirical studies of corneal edema, it is possible that exces-
sive clearance in the absence of tear exchange could result 
in hypoxia, and therefore inflammation of the cornea. 
Similarly, studies have found increased inflammatory mar-
kers with excessive limbal clearance.18 Much more work 
needs to be done to understand the role of lens clearance 
upon midday fogging, particularly when controlling lens fit 
parameters such as tear exchange and tightness of fit.

While case reports have shown examples of decreases in 
midday fogging with toric or customized haptics designed to 
match the scleral contour, the rate of fogging remains the 
same with spherical and non-spherical haptic lens fits.42 The 
presence of eye redness was the only factor which 

corresponded to midday fogging. Therefore, if lens fit plays 
a role in midday fogging, it may be due to a lens that causes 
inflammation by different mechanisms. In the cases in which 
midday fogging is present and a lens is resting upon the 
ocular surface in one meridian, or a singular quadrant, it is 
possible that it may rock or “pump” tears under the lens edge 
during a blink with the “touch” points acting as a fulcrum or 
pressure point. Attempts to make these lenses fit more uni-
formly around the sclera, whether by adding toricity or by 
more closely custom fitting the haptic portion of the eye may 
lessen the lens movement that could be causing inflamma-
tion. This may also be the mechanism by which yellow or 
brown lipid or white fluffy tear debris could enter the post 
lens tear reservoir, as this particulate may be more likely to 
originate in the tear film, rather than from the cornea. In the 
cases of wearers of spherical lenses that are fit tightly, 
inflammation could contribute to midday fogging due to 
compression. It should be noted, however, that lenses that 
fit the scleral contour well might also sink into the conjunc-
tiva at a greater rate, causing overall compression, which can 
be another source of inflammation. In these situations, eval-
uating the tightness of the lens fit is crucial. Because a tightly 
fit lens has a “sealed system,” the debris in the post lens tear 
reservoir is more likely to be fine particulate resulting from 
sloughed epithelial cells and inflammatory cells, and less 
likely to have trapped mucin or lipid particulate originating 
from the tear film. Factors such as the compressibility of the 
conjunctiva over the sclera may play a role in whether a lens 
fits tightly, regardless of the attempts to match the scleral 
contour with a lens haptic. Observation of the lens fit as well 
as the appearance of the ocular surface after lens removal is 
important, and communication with patients about their 
experiences while wearing the lenses is critical to success, 
particularly when attempting to determine if a lens fit could 
be causing inflammation. For example, a patient who appears 
to have a well-fit lens after 1–2 hours of wear, but has 
difficultly removing a lens after longer hours of wear may 
have a lens that settles more than expected, resulting in 
a suction type of force upon the eye. These patients often 
complain of rebound redness after removing the lenses or 
remark upon their ability to easily see the compression ring 
on the conjunctiva after lens removal. Examining the rela-
tionship between the edge of the lens and the conjunctiva 
using anterior OCT can help to confirm if a lens is fitting too 
tightly. If a lens is fitting too tightly, flattening the haptic or 
utilizing a larger diameter lens may help to prevent the edge 
of the lens from sinking and creating a constant force on the 
ocular surface.
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In clinical practice, assessment of tear exchange in 
all scleral lens wearers with midday fogging can be 
helpful in fully examining the lens fit. Assessing tear 
exchange can help to identify if the particulate is likely 
derived from the tear film and flows into the post-lens 
reservoir, or if the debris is present in a sealed envir-
onment. This is best accomplished at a follow-up visit, 
in which the lens has been worn for several hours. 
Sodium fluorescein or lissamine green applied to the 
front surface of a fully settled lens and immediately 
observed by slit lamp can aid the practitioner in deter-
mining if tear uptake is occurring freely or minimally. 
For example, if no dye is present in the post-lens 
reservoir after five minutes, it is likely that the lens if 
fitting very tightly. In this situation, a patient with 
midday fogging may first benefit from utilizing a tear 

filling solution mimicking filling solution. If midday 
fogging persists, it may be appropriate to refit the 
lens in a way to promote even tear exchange, whether 
by flattening the haptic, adjusting the diameter, or 
utilizing a lens design with tear exchange promoting 
channels. Alternatively, dye that passes quickly behind 
the lens may indicate some lens movement or lift that 
was less apparent without the dye, and the presence of 
midday fogging in this situation could be mitigated by 
fitting the lens to better match the contour in all areas. 
Watching the dye movement can help determine if tear 
exchange is occurring at one portion of the haptic or if 
the entire haptic portion is fitting equally loosely. 
Table 1 contains descriptions of particulate and strate-
gies for minimizing the symptoms of midday fogging 
in various scenarios.

Table 1 Particulate Found in Midday Fogging with Possible Sources and Strategies for Minimizing the Accumulation of Types of 
Particulate in Various Scenarios of Midday Fogging

Particulate 
Appearance in Post 
Lens Reservoir

Possible Source Possible Steps Toward Mitigation

Fine, white diffuse 

particulate

Sloughed corneal epithelial cells, inflammatory cells ● Utilize a filling solution with the ionic composition of tears
● In the absence of tear exchange - Decrease tightness of lens 

fit by increasing edge lift of the haptic or increasing dia-

meter or utilizing tear exchange channels in scleral lens 

design
● In the presence of tear exchange – fit haptic to match 

scleral contour
● Decrease clearance if excessive

Yellow or brown 

droplets

In the presence of tear exchange – excess meibum in 

tear film

● Assess eyelids and lashes for meibomian dysfunction and/or 

blepharitis and treat appropriately
● Examine lens 360° for areas of lens compression or impin-

gement: fit lenses to match the scleral contour without 

excessive tightness
● Consider toric, quadrant specific, or custom peripheries if 

edge lift is inconsistent
● Utilize a filling solution with the ionic composition of tears

In the absence of tear exchange – possible excessive 

lipid resulting from a disruption in lipid metabolism 

related to inflammation

● Reduce the tightness of lens fit by flattening the haptic 
portion to increase edge lift or increase the diameter

● Utilize a filling solution with the ionic composition of tears
● Decrease central clearance if excessive

Large white globules Hypothesized to be mucin, but no mucin was found in 

a small laboratory of 3 turbid samples. 
Present often with excessive tear exchange

● Examine lens 360° for areas of lens compression or impin-

gement: fit lenses to match the scleral contour without 

excessive tightness
● Consider toric, quadrant specific, or custom peripheries if 

edge lift is inconsistent
● Utilize a filling solution with the ionic composition of tears
● Decrease central clearance if excessive
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Utilizing technology can aid in determining that a lens 
is not fitting too tightly or has variable areas of impinge-
ment or pressure on the eye. Anterior OCT can be used to 
selectively observe the edge of the lens in various posi-
tions around the eye to assess interactions with the con-
junctiva. Scleral topography or tomography can assist in 
mapping the toricity of the sclera or can aid in lens 
design.38,39 It should be noted, however, that custom fitted 
lenses, even when created using an impression of the eye, 
can result in midday fogging. It is important to make sure 
that both the practitioner and patient have realistic goals 
when trying to refine the fit of these lenses.

Conclusion
Midday fogging with scleral lens wear is a common pro-
blem that requires careful examination of the ocular sur-
face and lens fit, including assessments of tightness and 
tear exchange. Multiple approaches to mitigate inflamma-
tion may help to minimize the symptoms that accompany 
particulate accumulation in the post-lens reservoir. 
Identifying and treating sources of inflammation on the 
ocular surface and eyelids may lessen the collection of 
particulate under the lenses. Utilizing a filling solution 
that minimizes corneal epithelial cell inflammation and 
sloughing by matching the ionic composition of tears is 
a valuable tool in reducing the symptoms of midday fog-
ging. Fitting of the haptic portion of the lens may play 
a role in midday fogging, but not in a “one-size-fits-all” 
mentality. While a scleral lens that matches the scleral 
contour yet does not compress tightly is the least likely 
to induce inflammation, this alone may not eliminate all 
sources of particulate collecting in the post-lens reservoir. 
Due to the complex ocular conditions of many scleral lens 
wearers, complete elimination of inflammation may not be 
possible, but minimization of inflammation and the result-
ing particulate can help to extend uninterrupted wear time 
in those patients who truly benefit from scleral lens wear.
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