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Contact lenses in dry eye disease and associated ocular surface disorders
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Dry eye disease  (DED) is prevalent in all age groups and is known to cause chronic ocular discomfort 
and pain, and greatly affects the quality of life. Patients with ocular surface disease (OSD) may also have 
reduced tear secretion due to lacrimal gland damage, thus leading to aqueous deficient DED. Even with 
conventional management modalities such as lubricating eyedrops, topical corticosteroids, autologous 
serum eyedrops, or punctal plugs, many patients continue to suffer from debilitating symptoms. Contact 
lenses are increasingly being used in OSD providing surface hydration, protection from environmental 
insults, mechanical damage from abnormal lids, and as a modality for constant drug delivery to the 
ocular surface. This review describes the role of soft lenses and rigid gas‑permeable scleral lenses in the 
management of DED associated with OSD. The efficacy of contact lenses, lens selection, and optimal lens 
fit are reviewed for specific indications.
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Dry eye disease (DED) is a multifactorial disease with symptoms 
of discomfort, visual disturbance, and tear film instability.[1] It 
is associated with increased tear film osmolarity, inflammation 
of the ocular surface, and neurosensory abnormalities in the 
form of neuropathic pain. The worldwide prevalence of DED 
ranges from 5–50%.[2,3] Donthineni et al.[4] reported the incidence 
rate of DED to be 1.58% over 8 years in the elderly age group in 
the urban Indian population with an equal predisposition for 
both genders. However, the incidence was significantly more 
in populations of higher socioeconomic strata. The incidence 
among children and adolescents was reported to be 0.4%.[4]

Various management options include lubricating eyedrops, 
topical corticosteroids or cyclosporine, autologous serum 
eyedrops, punctal plugs, and minor surgical options such as 
punctal occlusion and tarsorrhaphy, which remain the same 
despite decades of innovation. Patients with ocular surface 
disease  (OSD) may have associated corneal scarring and 
neovascularization with poor or unstable tear film contributing 
to reduced vision. Patients with DED at any stage of the disease 
suffer from constant discomfort, pain, and role limitation that 
greatly affect their quality of life.[5] Corneal transplantation is 

not an option for vision restoration in these patients due to the 
high risk of failure and poor rates of graft survival.

Contact lenses play an important role in the management 
of DED. They provide symptomatic relief, provide visual 
rehabilitation, protect the ocular surface, and keep the ocular 
surface moist. TFOS DEWS II report recommends the use of contact 
lenses earlier in the staged management of DED compared to 
amniotic membrane graft (AMG).[6] In this review, we review the 
use of contact lenses in the management of DED related to OSD.

Soft Contact Lenses
Soft contact lenses (SCL) are commonly used for refractive error 
correction.[7] They can be used as an adjunct for treating any ocular 
disease in which case they might be termed medical contact lenses. 
Medical contact lenses might incidentally correct refractive errors. 
SCL when used to protect the ocular surface from mechanical 
damage by the lids or to treat the underlying condition or aid in 
the healing of the ocular surface is known as therapeutic contact 
lenses  (TCL)[8] or bandage contact lenses  (BCL). The purpose 
of a BCL is to improve ocular comfort and reduce the effects 
of an adverse environment. They not only provide mechanical 
protection to the cornea but also reduce corneal desiccation,[9] 
improve corneal wound healing,[10,11] and relieve pain.[12‑15]

Pain relief
BCLs provide pain relief in various OSDs such as acute or 
chronic chemical and thermal burns[Fig. 1a, 1b], acute Stevens–

Cite this article as: Chaudhary S, Ghimire D, Basu S, Agrawal V, Jacobs DS, 
Shanbhag SS. Contact lenses in dry eye disease and associated ocular surface 
disorders. Indian J Ophthalmol 2023;71:1142-53.

This is an open access journal, and articles are distributed under the terms of 
the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, 
which allows others to remix, tweak, and build upon the work non‑commercially, 
as long as appropriate credit is given and the new creations are licensed under 
the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

1Shantilal Shanghvi Cornea Institute, LV Prasad Eye Institute, 
Hyderabad, Telangana, 2Bausch and Lomb Contact Lens Centre, LV 
Prasad Eye Institute, Hyderabad, Telangana, India, 3Brien Holden 
Eye Research Centre (BHERC), L. V. Prasad Eye Institute, Hyderabad, 
Telangana, 4Clear Vision Eye Centre, Mumbai, Maharashtra, India, 
5Cornea and Refractive Surgery Service, Massachusetts Eye and Ear, 
Harvard Medical School, Boston, MA, USA
*Dr Basu and Dr Shanbhag are co‑corresponding authors

Correspondence to: Dr. Swapna S. Shanbhag, 'Shantilal Shanghvi 
Cornea Institute, L. V. Prasad Eye Institute, Road No. 2, Banjara Hills, 
Hyderabad  ‑  500 034, Telangana, India. E‑mail:  swapnashanbhag@
lvpei.org
Dr. Sayan Basu, Director, Prof. Brien Holden Eye Research Centre, L V 
Prasad Eye Institute, Road No. 2, Banjara Hills, Hyderabad ‑ 500 034, 
Telangana, India. E‑mail: sayanbasu@lvpei.org

Received: 22-Oct-2022	 Revision: 14-Jan-2023
Accepted: 03-Feb-2023	 Published: 05-Apr-2023

Review Article - Clinical



April 2023		  1143Chaudhary, et al.: Contact lenses in dry eye disease and associated ocular surface disorders

Johnson syndrome  (SJS)/toxic epidermal necrolysis,[16] and 
various post‑surgical conditions.[12‑15] The exact mechanism 
by which a BCL relieves pain has not been elucidated, but 
likely involves direct shielding of nociceptors at the ocular 
surface from environmental stimulation or support of the 
cellular structure and extracellular matrix elements.[17,18] 
Timely treatment of any corneal epitheliopathy is considered 
important for minimizing the risk of developing chronic pain; 
once there has been centralization of neuropathic pain, a BCL, 
which might reduce peripheral signaling, may be insufficient 
for reducing symptoms[17]

Promoting epithelial healing
In a controlled trial of pressure patch versus BCL, Donnenfeld 
et  al.[10] showed that the use of a BCL significantly shortens 
the time required for a patient to return to normal activities 
by aiding in epithelial healing in cases of traumatic epithelial 
defects. Arora et al.[19] used balafilcon A for overnight wear for 
persistent epithelial defects  (PEDs) and demonstrated that 
78.9% of eyes with PEDs healed completely. A similar study 
was conducted using lotrafilcon A for overnight wear and stated 
complete healing of PEDs in OSD without sight‑threatening 
complications.[20] A combination of 20% autologous serum 
eyedrops along with BCLs was also used by Lee et. al, and they 
reported healing of PEDs in all the eyes with good tolerance to 
BCLs and no recurrence over a 3‑month follow‑up period.[21] 
BCLs, in particular silicone hydrogel  (SiHy) lenses, are also 
effective in promoting healing in ocular chemical injuries.[22] 
They were also investigated in the treatment of moderate to 
severe ocular graft‑versus‑host disease (GVHD) and found to 
be a safe, tolerable, and effective treatment option for patients 
who remained symptomatic despite conventional treatments.[23]

In a study of 40 subjects with Sjogren’s syndrome (SS), Li 
et al.[24] compared the efficacy of BCL to autologous serum and 
concluded that SiHy lenses were effective in the management 

of SS‑associated DED. At 6 weeks of follow‑up, subjects fitted 
with BCLs had a significant improvement in best‑corrected 
visual acuity  (which remained stable for up to 6 weeks 
after discontinuation of contact lens wear) and significantly 
improved ocular surface disease index (OSDI) scores, compared 
with subjects that were treated with autologous serum. Both 
intervention groups also showed relative improvements in 
quality‑of‑life scores, tear break‑up time, and corneal staining, 
compared with baseline. No adverse events were reported in 
their study group over the entire follow‑up period.

The presence of keratoconjunctivitis sicca is the most 
common ocular manifestation in patients with GVHD. 
Other ocular findings include punctate epithelial erosions, 
filamentary keratitis, chronic lid abnormalities with meibomian 
gland atrophy, lid fibrosis, keratinization, and recurrent corneal 
epithelial defects leading to corneal ulceration and melt.[25,26] 
Inamoto et al.[27] used 14–18 mm large diameter hydrogel or 
SiHy SCL and concluded that these lenses improved vision 
and objective measures in 50% of patients. SiHy lenses used 
on a 7‑night continuous wear basis for 1 month were reported 
to have reduced the dry eye symptoms and improved visual 
acuity.[23]

BCLs have been used in promoting wound healing and aiding 
in the comfort of patients after cataract surgeries. In two studies 
that included patients who underwent phacoemulsification and 
were prescribed BCLs for 1 week, patients reported a decrease 
in dry eye symptoms with improved OSDI scores. The authors 
proposed that BCL improved post‑operative tear‑film stability 
thus reducing discomfort.[28,29] There are various other studies 
that describe the use of BCLs in the postoperative period in 
eyes with penetrating keratoplasty,[30] pterygium surgery,[31,32] 
post‑ptosis surgery,[33] or after keratorefractive surgeries.[34,35]

Corneal protection
In patients with lid conditions such as trichiasis, post–ptosis 
surgery, and tarsal scarring, these lenses act as a shield and 
protect the corneal surface from mechanical trauma although 
the earliest literature describes 20% failure due to superadded 
infection or advanced corneal pathology.[36,37] Patients 
with certain OSD, such as SJS may have additional ocular 
involvement beyond trichiasis and distichiasis in the form 
of severe dry eyes, punctate epithelial erosions, limbal stem 
cell deficiency  (LSCD), lid margin keratinization, cicatricial 
entropion, and its associated lid‑wiper keratopathy due to 
mechanical abrasions.[38] Though most literature discusses the 
role of scleral and mini‑scleral lenses, BCLs can be also used 
successfully in such eyes with epithelial defects to aid in corneal 
epithelization although this may be used for a short period 
until epithelization is complete.[39‑41]

BCLs also play a vital role in maintaining the hydration of 
corneas post keratoprosthesis [Fig. 1c, 1d]. They stabilize the 
tear film over the anterior surface of the graft and prevent it 
from dehydration, desiccation, dellen formation, and eventual 
graft melt.[42] Kammerdiener et al.[43] have described that the use 
of SCL in such eyes is associated with fewer complications.

Corneal sealing
SCLs act as a splint in cases of corneal perforation and are 
effective in sealing them.[44] A study conducted by Lim 
et  al.[45] reported the effective use of SiHy lenses in corneal 
perforations <2 mm. For larger perforations, fibrin glue and 

Figure 1: Uses of a bandage contact lens: (a) Right eye of a patient 
with an acute alkali corneal burn at presentation with corneal and 
conjunctival epithelial defects. (b) After placement of a bandage contact 
lens  (BCL) and medical management with topical medications, the 
complete resolution was noted after 5 days. (c) A poorly fitted BCL 
over keratoprosthesis in the immediate post‑operative period shows 
folds on the BCL along with inferior displacement.  (d) BCL placed 
over keratoprosthesis with a steep fit, showing an air bubble trapped 
between the BCL and the anterior surface of the cornea
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therapeutic BCLs can act as a temporizing measure before 
penetrating keratoplasty because outcomes for penetrating 
keratoplasty are often poor in the presence of active 
inflammation.[46,47] The use of cyanoacrylate glue as a tissue 
adhesive over the corneal surface can cause discomfort and 
pain with each lid blink. BCLs act as a mechanical barrier and 
provide symptomatic relief. Amniotic membrane[44] or Tenon’s 
patch[48] when used need to be secured with either fibrin glue 
or sutures. Placement of BCL in these eyes ensures mechanical 
protection of the graft and prevents its dislodgment with 
lid movement.[49] BCLs have also been used successfully in 
managing corneal perforations in eyes with SS.[50]

Drug delivery
Ocular drug delivery involves achieving therapeutic 
concentrations of medication at the ocular surface. This is 
traditionally achieved through frequent administration of 
eye drops. Unfortunately, frequent dosing is inconvenient, 
not cost‑effective, and often leads to patient non‑compliance. 
To overcome these limitations, it is suggested that TCLs may 
be suitable for controlled and sustained drug delivery due to 
their extended‑wear function and higher bioavailability than 
eye drop formulations.[51] These lenses, being hydrophilic, 
can be used for the prolonged release of medication onto the 
ocular surface.[52,53] Various drug delivery techniques include 
a soaking method, molecular imprinting, entrapment of 
drug‑laden colloidal nanoparticles, drug plates, ion ligand 
polymeric systems, and superficial fluid technology.[54‑56] 
Simulation and in vitro experiments have shown promising 
results—drug delivery from an SCL is more efficient than 
drug delivery by eye drops, with larger fractional uptake and 
higher bioavailability.[57‑59] Ciolino et  al. also described the 
role of SCLs in the prolonged delivery of different drugs for 
various indications.[60‑62] Commercially available lenses are 
also available for drug delivery such as HYPER‑CL (EyeYon 
Medical, Ness Tziona, Israel) and Acuvue Theravision with 
Ketotifen  (ATK)  (Johnson & Johnson Vision Care, Inc., 
Jacksonville, Florida, USA). HYPER‑CL or hyperosmotic CL has 
a unique design that forms a cavity between the lens and the 
cornea where the instilled eyedrop gets trapped and increases 
the contact time with the cornea. Its use has been reported 
for corneal edema,[63] Fuch’s endothelial dystrophy,[64] and in 
patients with SS.[65] ATK contains ketotifen fumarate and is the 
first drug‑eluting contact lens containing an anti‑allergic drug. 
Each lens contains 0.019 mg of ketotifen fumarate, which is 
released on lens application.[66] Although research on TCLs in 
drug delivery appears promising, there are currently limited 
clinical and commercial applications.

Contact lens materials
Depending upon the severity and nature of the OSD, TCLs can 
be prescribed for short‑term (days) or long‑term (years) use and 
may be worn on either a daily wear or extended wear basis. 
SiHy has very high oxygen permeability, which minimizes 
the induced hypoxic and hypercapnic stress;[67] hence, can be 
used for prolonged therapeutic wear especially in eyes with 
OSDs. Their relatively low water content is useful and performs 
better as compared to conventional hydrogels.[67,68] Several 
studies[68‑73] have investigated the comfort difference between 
hydrogels and SiHy; however, the results were contradictory 
though these studies included the general population and not 
patients with OSDs.

TCLs are often used for extended wear and hence need to have 
high oxygen transmissibility (Dk/L) to be suitable. The critical 
lens oxygen transmissibility needed to limit overnight corneal 
edema to 4% (the level experienced without a contact lens in 
place) was found to be 125 × 10–9 (cm · mL O2) (sec · mL · mm Hg).[74] 
Currently, most silicone–hydrogel lenses, but not hydrogel 
lenses, fulfill these criteria. Although fitting BCLs, the diameter 
of the lenses should be 13.5 mm for full corneal coverage, 
and larger lenses (e.g., Kontur Contact Lens Co., Richmond, 
California, USA) may be required in certain conditions such 
as proptosis‑related exposure keratopathy, seventh nerve 
palsy, and after acoustic neuroma surgery. Commercially 
available therapeutic SiHy lenses frequently have limited base 
curvature options (usually 2, e.g., 8.4 and 8.8 mm in Johnson 
and Johnson Acuvue Oasys Lenses, Jacksonville, FL), and 
hence these lenses may not fit the whole range of corneas with 
OSDs. Thus, customized lenses might be needed to provide 
optimal protection and coverage. A few Indian brands provide 
customization in terms of base curvatures (ranging from 7 mm 
to 9.80 mm) and diameters  (from 10.50 to 20 mm) to meet 
fitting requirements for the steepest or flattest corneas (Purecon 
Asfeer, India).

The presence of microbial keratitis  (MK) is an absolute 
contraindication to TCL use with the notable exception of cases 
where cyanoacrylate glue has been used in an eye with MK 
with impending perforation. Also, in eyes with neurotrophic 
cornea/exposure keratopathy with secondary infections, TCLs 
can be used if a tarsorrhaphy cannot be performed. A relative 
contraindication of therapeutic lens wear is corneal anesthesia. 
These patients have reduced pain sensation, lacrimal, and blink 
reflex, and may be unable to detect symptoms of complications. 
In these patients, it is permissible to use contact lenses with 
close follow‑up to detect intolerance or early complications. 
For patients with significant lagophthalmos and exposure 
keratopathy, localized drying of the contact lens surface might 
cause discomfort and mechanical abrasions to the ocular 
surface limiting its use. In‑office assessment of retention after 
30–60 min and close follow‑up are warranted.

Clinical approach to the use of soft contact lenses in DED
For patients with DED, the decision of lens material and the 
wearing regimen should be carefully made. Before prescribing 
lenses, blepharitis, meibomian gland dysfunction, and 
allergy should be addressed. Overnight use of CL will retain 
inflammatory cells on the ocular surface, thus can exacerbate 
discomfort and dryness, and is associated with a higher rate 
of MK, regardless of material. Daily disposable lens wear 
is recommended, when possible, as this mode of wear is 
associated with the lowest rates of infectious and inflammatory 
complications. Rubbing is recommended as part of the daily 
cleaning regimen for any reusable lens as no rub may not 
clean the surface and has been associated with an outbreak 
of MK. No rub solutions have been taken off the market 
in the United States  (US) when it was discovered that two 
were associated with outbreaks of MK in 2006 and 2007.[75,76] 
Hydrogel polymers can be classified into ionic and non‑ionic 
materials.[77] Low water content, non‑ionic material undergoes 
less dehydration and deposition and thus has better comfort 
and a longer wearing time.[77,78] Silicone hydrogel lenses were 
introduced in the early part of this century to increase oxygen 
permeability and reduce the likelihood of infection with 
overnight wear but unfortunately, the rate of infections with 
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these lenses is not lower. SiHy lenses have low water content 
and high oxygen transmissibility, thus having a lesser degree of 
lens dehydration.[79] Also, they were reported to have reduced 
symptoms of dryness and discomfort.[80‑82] Various hydrogel 
and silicone hydrogel polymers available in the market are 
listed in Table 1.

The wettability of the lens material also determines the 
interaction of the lids with the lens, and thus better wettability 
adds to the comfortable wearing time.[83] Wettability can 
be improved by treating the lens with surfactant wetting 
agents. Comfilcon A, a third‑generation SiHy, is inherently 
wettable and does not require surface treatment to improve its 
wettability. The contact angle also determines the wettability 
of the lens surface. The lesser the contact angle of the material, 
the easier it is for the liquid to spread over and thus better 
the wettability. Generally, silicone hydrogel lenses have 
a more rigid modulus and offer easier handling and less 
adherence than hydrogel lenses. There are no data to suggest 
the superiority of SiHy lenses over hydrogel lenses in DED 
although in the US it is only SiHy lenses that are labeled with 
the indication for use as therapeutic lenses.

Although most studies have reported no episode of MK 
with the use of TCL in OSD irrespective of the use of topical 
antibiotics, there is a need to exercise caution when prescribing 
them in an eye with a compromised ocular surface.[36] There 
are studies that report no episode of MK with the use of TCL 
in OSD, irrespective of the use of prophylactic antibiotics.[23,24,27] 
Many, but not all, clinicians opt to use prophylactic antibiotics 
whenever extended wear of a soft contact lens is prescribed 
on a therapeutic basis. Issues that might factor into the 
decision whether or not to use prophylactic antibiotics 
include the potential for emerging microbial resistance, 
toxicity, cost, concurrent use of topical steroids, underlying 
immunocompromise, and the presence of a geographical 
epithelial defect. A  few authors recommend the use of 
prophylactic antibiotics when using TCL with keratoprosthesis 
to reduce the risk of MK.[84,85] Some also recommend the 
use of 5% povidone–iodine in addition to prophylactic 
fluoroquinolone to reduce the risk of fungal colonization as 
well.[86] In long‑term BCL wear, periodic replacement to avoid 
protein and microbial build‑up is prudent. The patient should 
be informed about the potential risks, signs, and symptoms of 
infection and the need for follow‑up visits at regular intervals.

Scleral Lenses
Scleral contact lenses  (ScCL) vault the cornea and limbus 
and rest on the sclera. The space between the lens and 
cornea is occupied by a fluid reservoir, which acts as a 
liquid bandage. These lenses thus protect the ocular surface 
not only from desiccation but also from the mechanical 
effect of eyelids. There are various nomenclatures used by 
different manufacturers to describe these lenses. They are 
called semi‑scleral  (13.6–14.9 mm), mini‑scleral  (15–18), or 
large scleral (18.1–24 mm) lenses based on their diameter.[87] 
The Scleral Lens Education Society  (SLS) 2013 described an 
internationally recognized nomenclature, which was based 
on the resting or landing zone and classified lenses as corneal, 
corneoscleral, and scleral lenses.[87] SLS recommends avoiding 
the classification based on diameter as it may create confusion 
in cases of extremely large or small corneas. Scleral lenses can 

be further classified as mini‑scleral and large scleral lenses 
based on central corneal clearance and fitting characteristics 
with respect to horizontal visible iris diameter (HVID). A lens 
that is up to 6 mm larger than HVID is called a mini‑scleral 
lens (i.e., a diameter extending no more than 3 mm on either 
side of the cornea), whereas large scleral lenses are the ones 
with diameters more than 6 mm than HVID.[87] In addition, 
smaller‑diameter mini‑scleral lenses typically have less central 
corneal clearance compared to a large scleral lens.

ScCLs play an important role in eyes with DED. They are 
indicated for the correction of refractive error secondary to the 
irregular corneal surface,[88] for symptomatic relief, protection 
of the ocular surface, healing of epithelial defects,[89] and as a 
medium for constant drug delivery[90] to the ocular surface. 
Various authors have described the efficacy of ScCLs in general 
for DED[91] as well as for various conditions causing dry eyes 
including primary and secondary SS,[92] SJS,[93‑95] GVHD,[96‑98] 
exposure keratopathy,[99,100] neurotrophic keratopathy,[100] 
ocular cicatricial pemphigoid, atopic keratoconjunctivitis, and 
chemical and thermal injury. Alipour et  al.[101] reported the 
reduction of discomfort with mini‑scleral lenses, the need for 
the use of lubricants, and the improvement of visual acuity in 
eyes with moderate to severe DED.

Sjogren’s Syndrome
Reports from the 1970s describe the use of ScCL in SS but do 
not mention the benefits of dry eye symptomatology.[102,103] 
Study showed improvement in OSDI scores between pre‑ and 
post‑SCL use in eyes with SS.[92,104] Weber et al.[92] reported that 
the use of ScCLs significantly reduces tear hyperosmolarity 
and corneal staining; however, they did not describe its use 
for SS separately. Tear hyperosmolarity depicts either rapid 
evaporation of tears or low aqueous tear secretion or both. 
ScCLs cover the cornea and conjunctiva, and ensure constant 
contact between the fluid reservoir and the cornea, thus 
protecting the cornea from dehydration. It also protects the 
ocular surface from mechanical trauma caused by irregular, 
or keratinized eyelids and misdirected eyelashes. They also 
showed that these changes were not significant with 6 months 
of ScCL wear but were significant when they were worn for 
a longer period of 12 months. This shows that the duration of 
ScCL wear may be an important factor. ScCLs do not affect the 
status of meibomian glands or tear meniscus height, suggesting 
that though these lenses may reduce the evaporation of tears 
from the ocular surface, they do not play a role in tear film 
stabilization. Fluid ventilation may be important for success 
with ScCLs in DED as described in some reports.[88,91,105,106] 
Weber et al.[107] studied impression cytology of patients of SS 
who wore ScCLs and found an increase in an inflammatory 
response in these eyes. Thus, further studies are needed to 
support the success of ScCLs in these patients.

Stevens–Johnson syndrome
Patients with SJS develop several chronic sequelae in the form 
of lid margin keratinization causing lid‑wiper keratopathy, 
cicatricial entropion, trichiasis, distichiasis, diffuse superficial 
punctate keratopathy, partial or total LSCD, and severe  
Aqueous deficient dry eye (ADDE).[108] ScCLs have proved to 
be effective in reducing the discomfort and photophobia in 
these eyes [Fig. 2a, 2b]. They have been reported to reduce the 
OSDI score and improve the NEI VFQ‑25 composite score by 
300%.[93] Though the primary indication for advising ScCL in SJS 
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Table 1: Details of hydrogel and silicone hydrogel polymers with their ionicity, water content, and Dk value (for soft contact 
lenses)

Material Water content (%) Dk Lens variety Brand name

Hydrogel polymers

A Low water content (<50%)

a. Non – ionic

Helfilcon A and B 45 12 Continental Toric*
Flexlens*

Hioxifilcon B 49 15 Alden*
Flexlens*

Polymacon 38 9 Soflens 38
Soflens multifocal

Bausch  +  Lomb

b. Ionic

Balafilcon A 36 112 Purevision Bausch + Lomb

Deltafilcon A 43 10 Metrosoft Bausch + Lomb

B High water content (>50%)

a. Non – ionic

Alphafilcon A 66 32 Soflenstoric Bausch + Lomb

Hilafilcon B 59 22 Softlens Daily Disposable
Softlens Daily Disposable for astigmatism

Bausch + Lomb
Bausch + Lomb

Hioxifilcon A 59 28 Alden*
Extreme*
Eyeris*

Hioxifilcon D 54 21 Alden*
Astera*
Extreme*

Nelfilcon A 69 26 Dailies AquaComfort Plus
Dailies colors
Focus Dailies

Alcon

Nesofilcon A 78 42 BiotrueOneday Bausch  +  Lomb

Omafilcon A 60 33 Proclear 1‑Day
Misight 1‑day

CooperVisionCooperVision

Omafilcon B 62 34 Proclear Multifocal and Multifocal toric
Proclear sphere
ProclearToric

CooperVision

b. Ionic

Etafilcon A 58 28 1‑Day Acuvue moist
1‑Day Acuvue moist for astigmatism
1‑Day Acuvue moist multifocal
Acuvue 2

Johnson & Johnson

Methafilcon A 55 18 Kontur* Kontur

Ocufilcon B 52 16 Continental*

Ocufilcon D 55 19.7 Biomedics* CooperVision
Phemfilcon A 55 16 Freshlook Colorblends

Freshlook colors, Dimensions
Aqualens

Silicone hydrogel polymers

Comfilcon A 48 128 Biofinity and all its variants Coopervision

Delefilcon A 140 Dailies Total1
Dailies Total1 Multifocal
Dailies Total1 for Astigmatism

Alcon

Efrofilcon A 74 60 Kerasoft Thin
Rose K2 Soft

Ultravision
Menicon

Fanfilcon A 55 90 Avaira Vitality
Avaira Vitality Toric

Coopervision

Contd...
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is to relieve the discomfort and improve the symptomatology 
caused secondary to dry eyes and the lid‑wiper effect of 
the abnormal lid margins, these lenses also improve the 
functional visual acuity in such patients.[91,94] Wang et  al.[109] 
described the feasibility of fitting PROSE lenses  (prosthetic 
replacement of ocular surface ecosystem; Boston Sight, 
Needham, Massachusetts, USA) in pediatric patients of SJS, and 
reported significant improvement in vision. Although studies 
have shown that the surgical procedure of mucous membrane 
grafting for lid margin keratinization in eyes with SJS halts 
associated keratopathy, the outcomes are better in conjunction 
with the use of ScCLs [Fig. 2c].[110,111]

Persistent epithelial defects
Rosenthal et al.[112] described the use of ScCL in the treatment of 
PEDs that were otherwise resistant to other treatment modalities 
such as the autologous serum, AMG, or tarsorrhaphies. They 
added prophylactic antibiotics and corticosteroids to the 
fluid reservoir to reduce surface inflammation and the risk 
of MK. Four out of 14  patients developed MK despite the 

use of antibiotics.[112] Lim et al.[89] conducted a study where a 
fourth‑generation fluoroquinolone was used as a prophylactic 
antibiotic in 20 eyes of 19 patients and none developed MK. The 
fluid reservoir between the cornea and contact lens not only 
constantly bathes the ocular surface but also acts as the source 
of constant drug delivery to the compromised epithelium and 
thus promotes its healing. The use of 20% autologous serum 
eyedrops is known to resolve 43% of PEDs in 2 weeks and 
62% of PEDs in 1 month.[113] With the use of ScCLs, 46% of 
PEDs healed within 2 weeks.[112] Ciralsky et al.[114] and Khan 
et al.[115] reported 100% resolution of PEDs within 2 weeks of 
continuous ScCL wear. However, PEDs recurred in four out 
of eight eyes when they were shifted from 24 h lens wear to 
continuous daytime‑only wear, which resolved again when 
they were shifted to 24 h lens wear.[114] Xu et al.[116] reported 
that the addition of autologous hematopoietic eyedrops in the 
reservoir helped in faster healing of PED within 2–4 weeks. 
Kumar et al.[117] reported the use of mini‑scleral lenses for the 
treatment of PED in a case of mucous membrane pemphigoid. 
When prescribing ScCL for eyes with PEDs, close monitoring is 

Table 1: Contd...

Material Water content (%) Dk Lens variety Brand name

Silicone hydrogel polymers

Lotrafilcon A 24 140 Air optix Night & Day Aqua Alcon

Lotrafilcon B 33 110 Air optix Aqua
Air optix Aqua Multifocal
Air optix for Astigmatism
Air optix Plus HydraGlyde

Alcon

Kalifilcon A 55 107 Infuse Bausch + Lomb

Narafilcon A 46 100 1‑Day AcuvueTruEye Johnson & Johnson

Olifilcon A 47 175 Biocurve Spherical Silicone

Samfilcon A 46 114 Ultra Bausch + Lomb

Senofilcon A 38 103 AcuvueOasys Johnson & Johnson

Senofilcon C 41 103 Acuvue Vita Johnson & Johnson

Somofilcon A 56 60 Clariti Coopervision

Stenfilcon A 54 80 MyDay Coopervision
Verofilcon 51 90 Precision Alcon

*These lenses are not commonly available in India

Figure 2: Fitting of scleral lenses in patients with Stevens–Johnson syndrome (SJS) sequelae: (a) Left eye of a patient with SJS sequelae showing 
corneal vascularisation, stromal scarring in the inferonasal cornea, conjunctivalization inferiorly from 5 to 8 o’clock with a well‑centered scleral 
lens, the two black dots on the lens suggests the left‑sided laterality of the scleral lens for easy identification of the lens by the patient. (b) The 
right eye of a patient with SJS sequelae showing a scleral lens, and total limbal stem cell deficiency with corneal scarring was seen although 
significant visual improvement was not seen with scleral lenses, the patient’s photophobia was reduced and she was comfortable with the scleral 
lens. (c) Right eye of a patient with SJS sequelae fitted with a scleral lens post mucous membrane grafting in the upper and lower eyelids

cba
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essential to evaluate epithelial healing and rule out secondary 
infection.

Exposure and neurotrophic keratopathy
ScCL has been used in patients with lid loss or lid deformity 
leading to corneal desiccation causing exposure keratopathy. It 
can occur secondary to trauma, chemical or thermal burns, lid 
malposition, Bell’s palsy, or proptosis. These patients are at risk 
of recurrent epithelial defects, corneal vascularization, corneal 
thinning, corneal melt, and eventual perforation. TCLs have a 
tendency for dehydration, and desiccation and are often lost in 
such eyes.[118] ScCL has proved to be useful in preventing further 
desiccation, providing hydration to the cornea, as well as aid 
in the healing of epithelial defects. These lenses can be used 
as an alternative to tarsorrhaphies in long‑standing exposure 
and neurotrophic keratopathy.[100] Chaudhary et  al.[119] have 
reported successful use of ScCL in eyes with keratoprosthesis 
with total lid loss secondary to chemical injury and stated that 
ScCL can be used safely in such eyes in the interim to buy time 
for definitive surgical interventions.

Graft‑vs‑host disease (GVHD)
Because patients with GVHD frequently suffer from severe dry 
eyes, they complain of foreign body sensation, photophobia, 
dryness, and blurring of vision and they may present with 
corneal epithelial defects, vascularization, corneal scarring, 
and LSCD.[26] ScCLs play a therapeutic role and aid in the 
healing and stabilization of the ocular surface and improve 
symptomatology in these conditions.[97] Jacobs et al.[98] described 
that patients with GVHD with severe DED reported the 
highest improvement in pain and photophobia, and 73% of 
them felt improvement in the quality of life with ScCL use. 
A  questionnaire‑based study was conducted by Bligdon 
et al.,[120] in which the patients with GVHD were asked about 
the symptoms, transplant history, and their experience 
related to the use of ScCLs. They stated that patients reported 
improvement in terms of pain relief and improved quality 
of life. Sixty‑three percent of these patients had never heard 
of ScCLs before. This study highlights that even though 
literature describes the beneficial effects of these lenses, they 
are underutilized.

Neuropathic pain
These lenses have also proved their worth in relieving severe 
neuropathic pain even when the surface looks relatively 
healthy. The rationale behind the use of these lenses is to form 
a shield around the corneal nociceptors with the fluid bandage 
forming a barrier from the surrounding stimulus, thus reducing 
the peripheral nociceptor signaling.[121] These lenses when used 
early in the disease course can help reverse chronic pain.[122] 
Later, once the chronic pain is established, these lenses may not 
be well tolerated due to secondary hyperalgesia.[17]

Lens selection
When selecting a trial lens, the first parameter to choose is 
the diameter of the lens. Because the major indication of ScCL 
in patients with DED is symptomatic relief and protection of 
the ocular surface from desiccation, a general notion can be 
that the larger the diameter the better the protection against 
desiccation. However, it is not clear that a larger diameter lens 
gives better symptomatic relief. It is also important to consider 
the extent of palpebral aperture widening and the presence 
of associated symblepharon or forniceal shortening as they 

will greatly influence the selection of the lens diameter. The 
diameter should be selected such that the haptic ends before 
the start of symblepharon, which otherwise can cause edge lift 
and air bubble trap in the reservoir. This will worsen the corneal 
damage from desiccation and dehydration. The presence of 
a tarsorrhaphy should also be taken into consideration as 
it will reduce the palpebral fissure height. It should be kept 
in mind, that as we move farther away from the limbus, the 
greater the scleral asymmetry or toricity, which correlates with 
the muscle insertion.[87] The sagittal height or vault should be 
selected large enough to provide optimum central corneal 
and limbal clearance 360 degrees. The ideal way of assessing 
the depth of the central fluid reservoir is by comparing it 
with ScCL thickness using an optical section on a slit lamp 
or anterior segment–optical coherence tomography. Central 
corneal clearance reduces by 80–100 microns in the first 4 h 
of wear.[123,124] Changes in the vault height noted thereafter are 
insignificant.[123] The viscosity of fluid used to fill the reservoir 
does not affect the amount of lens settling on the eye.[125] 
Even the change in the subjective over‑refraction becomes 
non‑significant after 6–8 h of lens wear.[126] Kumar et  al.[127] 
graded criteria for optimal fitting of ScCL. These include a 
central corneal clearance of 200–400 microns and a limbal 
clearance of 100–200 microns. The lens haptic supports the 
lens weight and distributes it over the landing area. The larger 
the haptic zone, the better the weight distribution, and the 
minimal would be its compression effect on the underlying 
blood vessels. An optimal fit would be with no whitish band 
of blanching on the sclera, and without blockage of major or 
minor vessels. Optimal edge alignment should neither have 
lens impingement or “sink in” nor “edge off” or edge lift effect 
on the conjunctival surface.

In the case of a sealed ScCL, the central vault or central 
corneal clearance determines the oxygen that reaches the 
cornea. A larger ScCL diameter can accommodate more fluid 
in the reservoir and can form a thicker tear film behind the 
lens. Theoretically, according to Michaud et al.,[128] for a sealed 
lens, a lens with a thickness of >350 microns, made of a material 
with Dk 150 and a tear film thickness of  >250 microns can 
induce corneal edema under an open eye condition. However, 
Pullum and Stapleton reported that the mean corneal edema 
was 3% with an ScCL thickness of 0.6 mm in a material with 
a Dk of 115.[129] Oxygen availability at the ocular surface 
can be improved by fluid ventilation. Fluid ventilation (tear 
exchange) with tears at the ocular surface that are exposed to 
atmospheric oxygen is more likely to occur with larger lenses 
with non‑spherical bearing haptic such as can be designed for 
PROSE lenses, with EyePrint Pro (Lakewood, Colorado, USA), 
and with commercially available ScCLs that have the option 
for toric or quadrant specific haptics. Some of these lenses 
can also incorporate ventilating channels in their posterior 
surface. Small diameter limbal CLs  (13–14 mm) can also be 
designed and fitted to allow this fluid ventilation as described 
by Sotozono et  al.[130] Fluid ventilation increases oxygen 
availability and reduces the likelihood of seal‑off or suction, 
which is a mechanical challenge at the bearing point and to the 
epithelial tight junctions under the vaulting lenses. Eyes with 
fragile epithelium, such as occurs in OSD benefit from this lack 
of mechanical challenge as well as extra oxygen transmission 
under a fluid‑ventilated lens as opposed to a sealed lens. In 
such lenses, the height of the reservoir is irrelevant.
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The term RGP/gas permeable is considered obsolete as now 
all commercially available lenses are invariably gas permeable 
and allow high levels of oxygen to pass through and reach the 

underlying cornea. Details of various lens materials currently 
available are given in Table 2.

Limbal vault is an equally important parameter to be 
assessed. An ScCL fitting with limbal bearing can induce 
discomfort due to pressure on the highly sensitive sensory nerve 
fibers.[131] In addition, a limbal bearing can lead to recurrent 
epithelial breakdown and subepithelial scarring.[132] ScCLs often 
get displaced inferiorly or inferotemporally, thus causing limbal 
bearing along the superior and superonasal quadrants. Often, 
a limbal bearing is unavoidable if the fitter only has access to 
smaller and spherical lenses. Walker et  al.[131] recommend a 
limbal touch of less than 20% along its entire circumference.

While prescribing ScCLs to patients with DED, the decision for 
material selection is also important. Though there are materials 
that provide a Dk of 140 or higher, there are other factors 
that must be considered. Patients with DED often complain 
of discomfort and dryness of the lens. Contact angle or the 
wettability of the lens material should be taken into consideration 
while prescribing lenses to these patients. The lesser the contact 
angle for a given material, the better its wettability. A material 
with higher Dk tends to have a larger wetting angle, thus 
having poor surface wetting, leading to dryness and discomfort 
for the wearer.[133] They are also less resistant to scratches[134] 
and therefore require frequent replacements. In addition, the 
higher the Dk value, the higher likelihood of the silicone content 
increasing the risk of surface deposits.[134]

The wettability of a lens can be improved by plasma treatment 
by up to 40%. The process consists of bombarding the lens with 
ionized oxygen to create a hydrophilic surface and reducing 
the wetting angle.[135] Another approach to increase wettability 
and CL comfort is through polyethylene glycol polymer (PEG) 
coating following a polymer coating.[136] Hydra‑PEG is a 90% 
water‑based polymer mix that covalently bonds with the surface 
of the lens, creates a wetting surface over the lens, and separates 
it from the ocular surface and the tear film.[137] Studies have 
reported that it not only reduces the contact angle by 50% but also 
reduces lipid and protein deposition.[136] Both plasma treatment 
and PEG coating diminish with daily lens handling and cleaning. 

Table 2: Different lens materials, their generic names, Dk value, contact angle, and refractive index (for scleral and corneal 
gas‑permeable lenses)

Material name Generic name Dk value Contact angle (in degree) Refractive index

PMMA 0

Boston II Itafocon A 12 20 1.47

Boston ES Enflufocon A 18 52 1.44

Boston IV Itafocon B 19 17 1.47

Boston Equalens Itaflourofocon A 47 30 1.44

Boston EO Enflufocon B 58 49 1.43

Boston Equalens II Oprifocon A 85 30 1.42

Boston XO Hexafocon A 100 49 1.42

Boston XO2 Hexafocon B 141 38 1.42

Contamac

Optimum Classic Roflufocon A 26 12 1.45

Optimum Comfort Roflufocon C 65 6 1.44

Optimum Extra Roflufocon D 100 3 1.43

Optimum Extreme Roflufocon E 125 6 1.43
Optimum Infinite Tisilfocon A 180 6 1.44

Figure 3: Diffuse slit‑lamp image of the right and left eye of a patient 
with Stevens–Johnson syndrome sequelae after 4 h of scleral lens wear 
showing (a) entrapped debris in the vault causing midday fogging (right 
eye) and (b) drying of the anterior lens surface with mucin deposits on 
the anterior lens surface (left eye)

b

a
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Therefore, patients need to be instructed to use specific lens 
cleaning and storage solution to increase their longevity. Patients 
who experience ocular dryness, discomfort with ScCL use, heavy 
surface depositors, and those who experience midday fogging are 
likely to get benefitted the most.[137] It is recommended to avoid 
alcohol‑based or abrasive solutions and tap water for cleaning 
and storing these PEG‑treated lenses as they can damage the 
surface and reduce the benefits of coatings.[137] To increase the 
longevity of the plasma treatment, it is recommended to avoid 
storing these lenses dry, and instead, keep them soaked in the 
recommended solutions.

Lens care
Poor lens wetting and midday fogging  (MDF) are common 
problems that were faced by these patients with severe dry 
eyes  [Fig. 3a, 3b].[131,138] Eyewash with preservative‑free saline 
before lens application in the morning might be useful for patients 
who use lubricating ointment at bedtime. Cases, where patients 
complain of blurring of vision or MDF within a few hours of lens 
wear, should be assessed for non‑wetting of the lens, drying of 
the anterior surface of the lens in the form of front surface debris 
deposition, and debris collection in the fluid reservoir. Poor lens 
wetting can be improved with plasma treatment or hydra‑peg 
coating as described above. Drying of the anterior lens surface 
may need frequent instillation of either preservative‑free normal 
saline or lubricating eyedrops that do not cause blurring of the 
vision after instillation. In our experience, patients feel less drying 
of the lens and better visual quality with carboxymethylcellulose 
0.5% or 1% over hydroxymethyl cellulose preparation. MDF 
occurs secondary to the accumulation of tear film debris in 
the fluid reservoir. An ScCL fitting with an optimal haptic or 
landing zone fit tends to have a better approximation of the lens 
edge with the scleral contour, reduced debris accumulation, 
and MDF. Lenses with toric peripheral haptics help provide 
a good alignment of the haptics compared to the spherical 
periphery and thus improve the wear time and comfort of the 
patients.[139] MDF can also be reduced by using a more viscous 
preservative‑free fluid in the reservoir. However, no studies 
have been published yet, related to oxygen permeability, 
hypoxia‑related complications, or lens removal regimens in these 
cases. Lens cleaning can be done with any alcohol‑based cleaning 
solutions; however, alcohol‑free or non‑abrasive solutions are 
preferred for the lenses with hydra‑PEG coating.

Conclusion
Contact lenses play an important role in the management 
of DED. BCLs and rigid gas permeable ScCLs not only aid 
in visual rehabilitation but are also useful for therapeutic 
indications and provide symptomatic relief. BCLs are useful 
in epithelial healing and maintenance. Lens care and hygiene 
require careful attention and the potential risk of complications 
in the form of MK should be kept in mind, particularly if 
extended wear is prescribed. ScCLs can be useful in instances 
of severe DED in which BCL fails, but wear may be limited 
by MDF and dryness of the anterior surface of the lens. This 
possibility should be reviewed with patients. Adequate training 
in ScCL insertion and removal, as well as patient motivation, 
are critical for success with ScCLs in DED.
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