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            Abstract

            
               
Primary Sjögren’s syndrome (pSS) is a chronic, multisystem autoimmune disorder, characterized by mononuclear infiltration
                  of exocrine glands and other organs, resulting in dry eye, dry mouth and extra-glandular systemic findings. Primary Sjögren
                  syndrome is of particular interest to ophthalmologists as it constitutes an important differential diagnosis in conditions
                  with dry eye disease. The ocular tests are of great importance for diagnosis and monitoring of primary sjogren’s syndrome.
                  Also a better understanding of immunological mechanisms and molecular pathways have resulted in discovery of new therapeutics
                  for local and systemic treatment. This article illustrates an update regarding pathogenesis, diagnosis, investigative procedures
                  and treatment options for dry eye related to Sjogren’s syndrome.
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               Introduction

            Sjögren’s syndrome (SS) is a chronic, multisystem, complex autoimmune disorder, characterized by mononuclear infiltration
               of exocrine glands and other organs. The clinical features of SS either present alone as a primary condition known as primary
               Sjogren’s syndrome (pSS) or it can also be associated with other autoimmune disease like rheumatoid arthritis, systemic lupus
               erythematosus and systemic sclerosis.1 The salivary glands and lacrimal glands are the main targets of the autoimmune mediated chronic inflammation leading to glandular
               destruction and atrophy. Dryness of mouth (xerostomia) and dry eye (keratoconjunctivitis sicca) are the main symptoms of pSS.
               Patients may have other systemic manifestations like fatigue and migrating muscular and joint pain2, 3 and small fiber neuropathy (SFN), presenting as paraesthesia, allodynia and burning sensation.4  The pSS is a complex disease, with an unclear pathogenesis. The genetic predisposition and environmental triggers may lead
               to development of pSS. The diagnosis of Sjogren’s syndrome is challenging due to heterogeneity of manifestations and lack
               of definitive diagnostic tests.
            

            Dry eye disease (DED) also known as keratoconjuctivitis sicca (KCS), is the most consistent feature of Sjogren’s syndrome
               limiting the persons activity and affecting quality of life (QOL). According to International Dry Eye Workshop, DED is defined
               as a multifactorial disease of the tears and ocular surface characterized by loss of tear volume and tear film instability
               with damage to ocular surface which result in symptoms of discomfort and visual disturbance.5, 6 The onset of the disease is frequently insidious with vague symptoms over many years, resulting in delayed diagnosis in majority
               of the cases of pSS.7 
            

            This review provides an update on recent concepts in pathogenesis of pSS, diagnostic tools & biomarkers for early diagnosis
               and recent advances in management of DED in pSS.
            

         

         
               Epidemiology

            Sjogren syndrome is one of the most common autoimmune disorder of adults, affecting about 4% of the general population.8, 9 The SS is found in every part of the world. The epidemiological risk factors of SS are female sex and first grade relatives
               with an autoimmune disease.10 There is a female preponderance with female to male ratio of about 10.72.8, 11 It can occur in all age groups but commonest age group is 40-60 years. Ocular and oral dryness is the characteristic feature
               of Sjogren’s syndrome and is seen in more than 95% of the patients.12, 13 It has been reported that about 10% of patients with significant dry eye have underlying Sjogren syndrome.14, 15, 16 About 85% of SS patients have severe or very severe DED.17

         

         
               Pathogenesis of Sjogren’s Disease and DED

            The etiopathogenesis of SS is still not well studied and understood but it is assumed to be multifactorial disorder.18, 19 It is hypothesized that the etiopathogenesis of SS involves four events which are as follows: (1) initiation by an exogenous
               factor; (2) disruption of epithelial cells of exocrine glands (salivary, lacrimal) (3) T lymphocyte migration and lymphocytic
               infiltration of exogenous glands; (4) B lymphocyte hyper-reactivity and production of rheumatoid factor and antibodies to
               Ro(SS-A) and La(SS-B).19, 20 The lymphocytic infiltrates interfere with the normal glandular function by cell mediated destruction of glandular structures,
               release of cytokines & interferons (IFN-α) and production of autoantibodies.
            

            The cellular and molecular processes responsible for DED in SS are increased inflammatory cytokines, increased matrix-metalloproteinases
               and activation of immune cells.21 
            

            
                  Sex hormones

               There is strong female to male predominance of SS that means there are sex specific factors which predispose to SS. While
                  the androgen is assumed to be protective, the estrogen on contrary is causative factor in autoimmunity. The incidence of SS
                  peaks around menopause which is marked by fall in levels of estrogen. From this it is deduced that the absolute level of estrogen
                  is not as important as the change in ratio of androgen and estrogens.22 It is seen that cysteine-rich secretory protein 3 (CRISP-3), an androgen responsive salivary protein that is upregulated
                  by DHEA, is expressed at lower levels in salivary glands of patients of Sjögren’s syndrome, and it has lost its polarized
                  organization in the acini, even in regions without inflammatory cells.22, 23 Sex hormone is responsible for maintenance of normal ocular surface integrity and meibomian gland function. Post-menopausal
                  decrease in estrogen results into inflammation of glandular tissue and disruption of ocular surface.24

            

            
                  Genetics

               Genome wide association study (GWAS), has detected correlation between HLA, IRF5, STAT4 and BLK genetic loci, loci at IL-12A
                  and CXCR5 regions and Sjogren’s syndrome.25, 26 The HLA correlation was found to be stronger in the subsets with anti-Ro and anti-La positivity.26  Other studies also revealed strong genetic association of pSS with EBF1, FAM167A-BLK and TNFSF4 and CHRM3 genes.27, 28

            

            
                  Viral triggers

               A ubiquitous virus is assumed to play role in the causation and etiopathogenesis of SS but till now there is no definite evidence
                  of any particular viral infection to be causative and till date the identity of any such virus remains elusive. 26

               The viruses which have been implicated are cytomegalovirus (CMV), Epstein-barr Virus (EBV), human herpes virus -8 (HHV-8),
                  hepatitis C virus, human T-lymphocyte virus type and Enterovirus.26  Viral infections have been proposed as external “triggers” for development of autoimmune disease pSS. An increase in production
                  of interferons (IFN) reflects that there is increased antiviral response.
               

            

            
                  Autoantibodies

               The presence of autoantibodies against SSA/Ro and SSB/La is characteristic of Sjogren’s syndrome but its role in disease pathogenesis
                  is not well understood. In patients with Sjogren’s disease anti-Ro/SS-A, anti-La/SS-B and antinuclear antigens (ANA) are detected
                  in high level which forms the basis of its diagnosis. Interestingly, autoantibodies can be used for discriminating between
                  Sjogrens syndrome associated KCS versus other causes of aqueous-deficient dry eye. Anti-Ro and Anti-La anti bodies are only
                  detected in patients of Sjogren’s disease associated KCS.29, 30 Ro-52, also known as TRIM21 plays an important role in anti-viral and other innate responses including cellular proliferation
                  and apoptosis.26  It has good affinity with Fc portion of IgG, by virtue of which it binds to antibody coated virus particles and subsequently
                  degrade them via proteasomal complex.26, 31  Ro-52 inhibits the production of bcl-2 hence causing increase in apoptosis.26, 27, 28, 29, 30, 31, 32 Ro-60 is believed to have a role in repair of intracellular damage following UV radiation.26, 33 La by binding to pre-miRNA increases its stability and thus prevents its degradation by nucleases.26, 34  La mediates RNA interference and also exhibits antiviral actions.26, 35 
               

            

            
                  Role of interferon in DED associated with pSS

               On the basis of vast array of clinical presentation and pathological findings it is assumed that IFN expression pattern will
                  vary among individuals and the systemic IFN type I and type II signature will influence the severity of disease.36, 37, 38, 39 IFN-γ is the key interferon involved in most of the pathways that have been identified in the pathogenic processes of Sjogren’s
                  syndrome.29 It has been suggested that genetic associations of SS include, interferon regulatory factor-5 (IRF-5) and the IFN signalling
                  pathway.36, 37, 38, 40 IL-1β and IFN-γ play a pivotal role in squamous metaplasia of the ocular surface epithelium in response to chronic inflammation.36 Th1 cells and NK cells infiltrate at the ocular surface and release IFN-γ during the process of squamous metaplasia and as
                  result of which both the cytokines are seen at the ocular surface in dry eyes.36, 41 
               

            

         

         
               Ocular Involvement in pSS 

            Lacrimal gland is most commonly affected by immune mediated inflammation in pSS. The most frequent clinical presentation of
               pSS is dry eye or kerato-conjuctivitis sicca (KCS).41, 42  It has been reported that density and function of sensory nerve terminals (afferent) responsible for tear reflex are reduced
               in pSS as compared to healthy individuals.43, 44 
            

            Ocular signs and symptoms are represented by surface disorders with varying severity and grades.The common complaints with
               which patients present are foreign body sensation, reduced or increased tearing, itching and blurring of vision.6  The slit lamp examination reveals redness, conjunctival keratinization with chalasis, and punctate or filamentous keratitis.41, 42, 43, 44, 45, 46 Other ocular manifestations of pSS which have been reported include episcleritis/scleritis, uveitis, retinal vasculitis,
               cicatrizing conjunctivitis, sterile corneal ulcer/infiltration, corneal melting perforation and optic neuritis.47

         

         
               Diagnosis of Dry Eye Disease Associated with pSS

            
                  Symptom evaluation

               Various questionnaires have been used for the evaluation of symptoms. The Ocular Surface Disease Index is a commonly used
                  questionnaire method consisting of total twelve questions for assessment of dry eye symptoms. Through this questionnaire,
                  it is possible to differentiate between the normal subjects and the ones having dry eye disease, simultaneously the severity
                  of the eye symptoms is measured and their effect on vision is also gauged.7 MDEIS (Mc Monnies dry eye questionnaire) was designed as a screening tool to differentiate patients of dry eye disease from
                  those who are normal and it was based on the specific symptoms of dry eye whether they were present or not.48, 49 Besides these, other questionnaire methods have also been developed like the Symptom Assessment In Dry Eye (SANDE) and Dry
                  Eye Questionnaire. SANDE consists of two visual analogue scales for assessment of the frequency and severity of dry eye syndrome50 while Dry Eye Questionnaire consists of four variables for measuring several symptoms based on the intensity of symptoms
                  in the morning, late in the day, degree of irritation and frequency. 7, 51

            

            
                  Test for tear film function

               Schirmer test is a standard assessment method for determining adequate amount of aqueous tear production.7  The Schirmer test 1 is performed with anaesthesia and measures baseline aqueous tear production and Schirmer test 2 is performed
                  without anaesthesia is used for measuring reflex tear production in the eye.52 
               

            

            
                  Tear breakup time (TBUT) 

               Tear film instability is an important sign of dry eye disease and it is commonly determined by TFBUT. In TBUT we measure interval
                  between instilling topical fluorescence and appearance of first dry spot on the cornea and is an indicator of tear film stability
                  and this test is commonly used in the assessment of dry eye disease.52

               
                     Tear film osmolarity

                  Increased osmolarity of the tear film is one of the most characteristic feature of dry eye disease. The methods which were
                     being used for the measurement of tear film osmolarity were laborious and time consuming but with the availability of an in-office
                     instrument for determining tear film osmolarity, it has resulted in more swift clinical application of such technology.42, 53 A new tear osmometer has been approved by the FDA for marketing in the United States. 42, 54 Tear film osmolarity has a positive predictive value of 86% in the diagnosis of dry eye disease which is highest of all the
                     available objective tests. 53, 54 Dry eye patients have increased tear film osmolarity.54, 55 
                  

               

               
                     Tear film composition

                  Tear film contains various types of immunoglobulins, antibacterial and anti-inflammatory chemicals.6 Inflammatory mediators are also present in the tear film and their level useful in assessing the role of inflammation in
                     dry eye disease and is also helpful in measuring severity of dry eye disease. The activity and production of matrix metalloproteinase
                     (MMP)-9 is increased in dry eye disease and other ocular surface disorders.42, 55 Estimation of pro-inflammatory cytokines and chemokines (interleukin & tumor necrosis factors) in tear fluid can be diagnostic.
                     High level of IL-1α, IL-6, IL-8, TNF- α and transforming growth factor (TGF)-β1 RNA transcripts have been reported in conjunctival
                     epithelium of Sjogren’s syndrome as compared to healthy controls. 56

               

            

            
                  Test for epithelial integrity:

                Staining of the ocular surface is a vital aspect of grading DED.57, 58, 59 Measurement of the epithelial integrity of the ocular conjunctiva can be evaluated by Lissamine green test or rose Bengal
                  test and that of cornea by fluorescein staining and this is more reliable to evaluate keratoconjunctivitis sicca.60, 61 Both dyes - rose bengal and lissamine green, primarily stain epithelial cells, keratinized cells, goblet cells, and devitalized
                  cells. Rose Bengal dye is the dye of choice for grading conjunctival damage in patients with KCS.52 Interestingly, this is not a true vital dye and is very toxic to epithelial cells, particularly in case of KCS in which the
                  shielding function of the preocular tear film is also weakened.52, 62 This dye becomes so irksome that many investigators indorse instillation of a topical anaesthetic prior to carrying out this
                  test.52, 63 This is in direct contrast to Lissamine green dye ; a true, non-irritating vital dye.52, 39  Fluorescein dye is also non-toxic and non-irritating and is very useful dye for staining those areas of the cornea where
                  the epithelium is eroded or absent and for staining precorneal tearfilm.52, 64 
               

               The tear breakup time, in conjunction with Ocular Surface Disease Index and corneal fluorescein staining is the best approach
                  to differentiate Sjogren’s syndrome from other causes of DED.7, 65 The frequent use of tear flow and volume testing is important as SS related DED is considered to be a disease of reduced
                  tear flow, secondary to inflammation of lacrimal glands.59

            

            
                  Imaging techniques

               Meibography is specialised illumination and observation technique to observe the Meibomian gland morphological structure.
                  Impairment of function of Meibomian gland as weighed by infrared meibography is reported in case of pSS.7, 66 It has been reported that meibomian gland dropout of the upper eyelid was more obvious in SS subjects than in non-SS subjects.67 MRI and CT scans are useful in differentiating benign from malignant lesions when the patients present with unilateral enlargement
                  of lacrimal gland. MRI may be recommended to measure inflammation, glandular size and fat deposition. Risk of B-cell lymphomas
                  in pSS is increased significantly and rarely they tend to occur in the lacrimal gland.68 The glandular involvement in pSS can be assessed by salivary gland ultrasonography.69

            

            
                  Histopathological finding of lacrimal gland

               Lacrimal gland biopsy is usually obtained from the palpebral part of the gland under local anaesthesia. Performing biopsy
                  of lacrimal gland is technically more challenging than the biopsy of minor salivary glands (MSGs) as there is a risk of perioperative
                  bleeding and injury to secretory ducts. Histopathological studies of lacrimal glands in pSS patients are rare owing to technical
                  challenges and risk of complications.7 There is aggregation of lymphocytes mostly T helper cells and B cells and the destruction of tubulo-acinar morphology of
                  lacrimal gland tissue in SS is secondary to lymphoproliferation of B cells and T helper cells. Infection of lacrimal gland
                  tissue with EBV may play a role in the etiopathogenesis of the SS in some selected cases.7, 70

            

            
                  Role of CATHEPSIN-S (CTSS) as biomarker for Sjogren’s syndrome for dry eye

                It has been suggested that tear CTSS activity in patients of SS is significantly increased as compared to other healthy subjects
                  or in patients where cause of dry eye disease is not SS or any other autoimmune disorder, suggesting it may be used as a novel
                  biomarker for SS.71 Although tear CTSS activity was significantly raised in both primary and secondary SS, it was statistically more strong in
                  differentiating patients with SS from a general population of patients with autoimmune disease than from a population of patients
                  with sicca or nonspecific dry eye disease71 proposed the inhibition of Cathepsin S (CTSS) in male NOD mice as a potential therapeutic approach of pSS ocular manifestations.
                  Their study revealed that systemic intraperitoneal administration of the peptide-based inhibitor, Z-FL-COCHO (ZFL) significantly
                  decreases activity of CTSS in tears, lacrimal glands and spleen, as well as the total number of lymphocytes invading the lacrimal
                  glands resulting in increased stimulation of tear secretion.72, 73 
               

            

            
                  Role of novel autoantibodies in diagnosis of dry eye disease in Sjogren’s Syndrome

               In the DREAM (Dry eye assessment and management study) study it was found that participants with SS had a significantly higher
                  prevalence of SP-1 autoantibodies as compared with those without SS or other autoimmune diseases.74 It was also seen that those patient who were positive for this novel autoantibodies alone or along with the traditional anti-Ro
                  and anti-La antibodies had worse corneal and conjunctival staining indicating that the dry eye disease was more severe in
                  comparison to those who were negative for either autoantibodies.74 This indicates that these novel autoantibodies may be a marker of more severe ocular surface disease in those who are positive
                  for traditional SS antibodies.74 Moreover in mouse model of the disease pathogenesis it was seen that SP-1 autoantibodies were detected in the early course
                  of disease.74, 75 Thus early detection along with severity of disease can be done with the use of these autoantibodies. Early detection of
                  SS has got implication in initiating early treatments to relieve symptoms and to enable monitoring for systemic complications.74 In addition, patients who commence treatment within the first 5 years of disease onset may be more likely to respond to treatment
                  and have better future prognosis as compared to those with delayed initiation of therapy.74, 76, 77, 78

            

         

         
               Importance of Ocular Parameters in Classification of Sjogren’s Syndrome 

            Till today, we do not have any such parameter which can serve as ‘gold standard’ for diagnosis and classification of SS including
               clinical, laboratory, pathological or radiological characteristics.2 In 2002, a revised international classification of SS was established by the American-European Consensus Group.79  The ocular components which are being used for defining SS include two objective measures of ocular involvement, i.e., a
               Schirmer I test result ≤5 mm in 5 minutes and a Rose Bengal or other ocular dye score ≥4 according to van Bijsterveld scoring
               system.79, 80 The most recent and new American College of Rheumatology/European League Against Rheumatism (ACR‐EULAR) classification criteria
               for primary Sjögren's syndrome are consequences of an international collaboration and have been deduced using a well‐established
               and validated methodology. However, these new classification criteria do not differentiate between primary and secondary Sjögrens's
               syndrome.2 The inclusion criteria for this classification pertaining to ocular involvement are any patient with at least one symptom
               of ocular dryness, defined as a positive response to at least one of the following : (i) Have you had daily, persistent, troublesome
               dry eyes for more than 3 months? (ii) Do you have a recurrent sensation of sand or gravel in the eyes? (iii) Do you use tear
               substitutes more than three times a day.81 The criteria used include three objective measures of ocular involvement i.e. ocular staining score ≥ 5 (or van Bijsterveld
               score ≥ 4) in at least one eye, Schirmer’s test ≤5mm/5 min in at least one eye, Unstimulated whole saliva flow rate ≤ 0.1
               ml/min. 78

         

         
               Management of Dry Eye Diseases in Sjogren’s Syndrome

            The treatment of dry eye disease is mainly symptomatic and this includes replacement therapy, local stimulators of tear secretion
               and anti-inflammatory agents besides the supportive surgical procedures.82 Moreover general preventive measures need to be taken including avoidance of medications that aggravate ocular dryness (e.g.
               anticholinergics, antihistamines, and diuretics) and irritants such as cigarette smoke and dust.82, 83 The advice should also be given for maintenance of a humid environment by the use of spectacles with side shields and taking
               intermittent breaks while studying.82, 83 In general, this can be concluded that the treatment is built upon the severity of the dry eye disease and the response of
               patients to such treatment.42

            
                  Topical tear substitutes and lubrication:

               First-line treatment of dry eye disease in SS includes lubrication with tear substitutes followed by anti-inflammatory eye
                  drops. Till today none of the tear substitutes are considered superior and finding suitable tear substitute is very individualised
                  and is based on trial and error method.7, 42, 84 All the lubricants vary in their properties like viscosity, lipid constituent and level of hydration. Active ingredients
                  include hydroxypropyl methylcellulose, carboxy methylcellulose, polyvinyl alcohol, hyaluronic acid, and liquid polyols.7, 85 Tear drops that are more viscous provide longer relief but are associated with problems of blurred vision and discomfort.
                  Ophthalmic inserts containing for example hydroxypropyl methylcellulose can be used if the patients want tear drop which provides
                  prolonged relief.7, 86 Preservatives which are being used in tear substitutes have got adverse effects on the ocular surface.21 Benzalkonium chloride and EDTA are potentially harmful to the surface of eye especially when the cornea is dry and such tear
                  drops are used for longer duration.42 The deleterious effect of preservatives increases with its frequent use and in dry eye disease patients due to decrease in
                  tear volume they are more prone to develop toxicity from preservatives used in tear drops.  Therefore, whenever supplemental
                  tear drops are used more than 4-6 times a day, preservative free tear substitutes are recommended.42 
               

            

            
                  Anti-inflammatory therapy

                Anti-inflammatory drugs are recommended for patients having moderate to severe dry eye disease in cases of Sjogren’s syndrome.42

               
                     Topical corticosteroids

                  Topical glucocorticoids such as dexamethasone, methylprednisolone and fluorometholone eyedrops reduce inflammatory cytokine
                     expression and many studies including several RCTs have shown improvement of ocular surface parameters after short term use
                     in dry eye patients.87, 88 A major limitation of their use are side-effects particularly the increased pressure of the eyeball, formation of cataract,
                     and risk of infections in case of severe dry eye. Therefore, they are usually limited to short-term use (2–4 weeks).89 
                  

               

            

            
                  Topical cyclosporine

               Cyclosporine inhibits the calcineurin-dependent events in T-cells thereby affecting both cellular and humoral mediated immunity,
                  ultimately inhibiting the release of proinflammatory cytokines.7, 89 Topical Cyclosporine is available in 0.05% and 0.1% concentration and they usually take weeks of administration for their
                  therapeutic effect to occur. Topical cyclosporine has a limited clinical use because of its poor tolerance by the patients
                  which results due to its reported discomfort upon topical use and relatively long duration of treatment required.7, 88 There is improvement in corneal and conjunctival staining scores along with Schirmer’s tear test results after the use of
                  topical cyclosporine. There is also marked decrease in blurred vision score among the subjective outcomes in the patients
                  using topical form of cyclosporine. 82 Besides the improved clinical outcome, there is also improvement in the immuno-histology of the ocular surface with topical
                  cyclosporine therapy including decrease in cell surface markers of activated T-lymphocytes and apoptotic cells in conjunctival
                  biopsies.42, 90, 91 The usually recommended therapy is topical application of one drop of cyclosporine in each eye two times a day. 42, 92

               
                     Omega-3 essential fatty acids

                   In the category of anti-inflammatory treatment for dry eye disease essential fatty acids particularly omega -3 fatty acid
                     is also considered on the virtue of its anti-inflammatory action. 42, 93 and based on its anti-inflammatory property omega-3 fatty acid intake has been recommended for patients with dry eye disease.
                     42, 93 The essential fatty acids must be taken from dietary sources as the body cannot synthesize them. Omega -3 fatty acid cannot
                     be taken > 3mg. High dose could cause excessive bleeding in some patients. 
                  

                  Lifitegrast (Xiidra®) is approved by the FDA as the first new DED drug after a long time.7, 94 Lifitegrast works by blocking the interaction between intercellular adhesion molecule-1 and lymphocyte functional associated antigen-1,
                     which is critical for the migration of antigen-presenting cells to the lymph nodes as well as CD4+ T cell activation and migration
                     to the ocular surface.[7.97] Several clinical trials have showed an improvement in dry eye signs (staining) and symptoms for
                     lifitegrast 5% ophthalmic solution and a good safety profile.7, 88, 95, 96, 97 The advantage of lifitegrast as compared to cyclosporine is its quicker time of action: symptoms improved with lifitegrast
                     in only 14 days. 88

               

            

            
                  Secretagogues therapy

               
                     Pilocarpine

                  The pilocarpine tablets benefit for ocular symptom of SS has been demonstrated in two RCTs that recruited 373 and 84 patients
                     respectively, For 12 weeks at doses of 10 or 20 mg daily.83, 98, 99 In one of the study, 42% of patients taking 20 mg pilocarpine daily reported global improvement in the symptoms of dry eye
                     as compared with 26.1% of patients taking placebo (P < 0.009).98 The other study showed that pilocarpine was superior to artificial tear use or punctal occlusion in terms of subjective global
                     assessment of dry eye symptoms. Sweating (43.3%), headache (15.8%), flu symptoms (14.2%), nausea (11.8%), and rhinitis (10.2%)
                     were some of the adverse effects reported in patients receiving 20mg/day of pilocarpine.98  Arimoto et al. reported excellent result of topical Rebamipid in autoantibody positive Sjogren’s syndrome having mucin deficiency
                     due to loss of goblet cells.100, 101 
                  

               

               
                     Diquafosol

                  Diquafosol is available as an ophthalmic solution in 3% concentration. It stimulates the secretion of water and mucin by its
                     action on P2Y2 receptors on the conjunctival epithelial and goblet cell membrane.88 Several RCTs have exhibited improvement in signs and symptoms of dry eye, including in SS patients.88, 102, 103, 104 In the USA, however, 2% diquafosol tetrasodium failed to get FDA approval because endpoints were not achieved.105

               

               
                     Cevimeline

                  The oral use of cevimeline for the treatment of dry eye and dry mouth in patients with SS has been demonstrated in many clinical
                     trials.82 Improvement in global assessment of dry eye symptoms with doses of 20 mg to 30 mg three times per day was seen in many studies.82

               

            

            
                  Punctal occlusion

                It is the procedure where the tear drainage system is blocked at the level of the puncta or canaliculus and it helps to preserve
                  ocular surface tears or instilled artificial tears.42 Punctal plugs, synthesized of either silicone or dissolvable collagen, use has shown improvement in symptoms, decrease staining
                  scores, increase in tear break-up time and increase in the number of goblet cells.82, 106 The high rate of loss of around 29% of plugs within 1 month after application or approximately 50% of plugs at any point
                  of time was the main disadvantage with their use.82, 106, 107 Other complications include epiphora and conjunctival erosions. 82, 107

            

            
                  Autologous serum

               The autologous serum contains substances such as epidermal growth factor, transforming growth factor β, fibronectin and vitamin
                  A, which are generally present in normal tears but are not found in tears of patients with keratoconjunctivitis sicca. Hence,
                  it is used as the topical treatment of dry eye.82 Topical autologous serums are used to treat serious cases of dry eye disease that have not shown improvement to other treatments,
                  including intensive lubricant and anti-inflammatory therapy. 42 The disadvantages of using autologous serum consist of the tideous process of preparation, the need to refrigerate the eye
                  drops and moreover the potential risk of infection if contamination of the solution occurs.42, 108 The stability of frozen autologous serum has been verified, however, for up to 3 months.42, 109 Typically, the serum is applied topically four times daily, and this can be done in conjunction with other therapy. 42

            

            
                  Mucolytic therapy

               Mucolytic acetylcysteine eye drops may help in treatment of filamentary keratitis of SS, in which strands of degenerated epithelial
                  cells and mucus (filaments) are attached to the cornea.88 Early studies including a RCT versus normal saline eye drops showed improvements in moderate-to-severe dry eye with a once
                  daily instillation. 88, 110, 111, 112

            

            
                  Therapeutic contact lens

               Scleral lenses rest on the sclera, and create a fluid-filled chamber over the affected cornea, which has proven to be an attractive
                  option for aqueous deficient dry eye.88 Several silicone-hydrogel soft contact lenses are FDA approved for therapeutic extended wear and such contact lenses also
                  provide relief in the discomfort and blurring of vision in primary and secondary Sjögren’s disease. 42, 113

            

            
                  Eyelid management

               The expression of the meibomian glands by using two cotton-tipped applicators pressed together to compress the eyelid is commonly
                  performed in patients with meibomian gland dysfunction.42, 114 The substitute method is simultaneous digital pressure application on the skin and cotton-tipped applicator and pressure
                  on the palpebral conjunctiva so as to compress the gland without risking trauma to the globe.42, 114 The continuous controlled thermal compression (Lipiflow System) device has been recently approved by the FDA, which liquefies
                  the meibomian gland secretion and then expresses the material.42, 115, 116 The botulinum toxin injection has been used in cases where full closure or partial closure of the eyelid is indicated for
                  short period of time42, 117 The surgical options such as tarsorrhaphy may be considered to manage the eyelid and degree of exposure of the ocular surface
                  when other measures fail.42

            

         

         
               Summary

             One of the most quality of life and activity-limiting feature of Sjogren’s disease is dry eye disease. For symptoms evaluation
               we can use number of questionnaires to grade severity of symptoms and better understanding of the stage of disease. A number
               of clinical tests of tear function can be performed in the OPD setting to quantify the volume and stability of tear function.
               Also, evaluation of the severity of dry eye disease can be done with application of topical dyes, including fluorescein, rose
               bengal and lissamine green, to quantify damage to the ocular surface. Tear film osmolarity is one of the advanced technique
               for diagnosis of dry eye and it can also be used to monitor response to therapy. 
            

            The nature of the dry eye and severity of symptoms play important role in the management of dry eye. In early stages of the
               disease, tear replacement with topically applied artificial tears or lubricant solutions may be sufficient but in cases of
               progressive or more severe KCS, it requires use of dietary supplements (omega 3 essential fatty acids), anti-inflammatory
               measures (e.g., topical corticosteroids or cyclosporine), or oral secretagogues. Once the inflammatory component of dry eye
               is controlled plugging of lacrimal puncta can be done. Topical or systemic doxycycline therapy is required for treatment of
               lid margin (meibomian gland) disease. Topical autologous serum or partial closure of the interpalpebral fissure to reduce
               surface exposure can be used in cases of most severe dry eye particularly in cases which are unresponsive to standard therapy.
               Scleral contact lenses may be needed to control severe ocular surface damage. Often patients need multiple treatment options,
               especially in more severe dry eye such as with SS, and not uncommonly patients fail to improve at all despite the numerous
               treatment options available.
            

            DED related to SS remains a challenge, in part due to its multifactorial nature, the poor correlation between symptoms and
               signs and the multiplicity of treatments which have not been compared in randomised clinical trials. Despite this, knowledge
               of the pathophysiology of dry eye is increasing exponentially in recent years and there are a range of new treatments emerging,
               giving hope that more effective therapeutic options are on the horizon. 
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