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ABSTRACT
Primary Sjögren’s syndrome is a com-
plex systemic autoimmune disorder that 
primarily affects exocrine glands such 
as the lacrimal glands. Dry eye disease 
is one of the most prevalent complica-
tions of Sjögren’s syndrome, affecting 
most patients. It significantly impairs 
quality of life and management is often 
difficult and unsatisfactory, in part due 
to weak correlation between symptoms 
and signs and poor recognition of the 
three main subtypes aqueous-deficient, 
evaporative and neuropathic dry eye. 
This review provides an overview of key 
aspects of dry eye disease, such as its 
multifactorial aetiology and recent in-
sights into pathophysiology. The uses 
and pitfalls of commonly-used diag-
nostic tests for dry eye are reviewed, as 
well as the increasing number of new 
imaging technologies and biomarkers 
to refine diagnosis. There are many 
current and emerging treatment options 
for dry eye in Sjögren’s syndrome, but 
high-level evidence of efficacy is mostly 
lacking, as are evidence-based treat-
ment algorithms. All these aspects make 
the management of dry eye in Sjögren’s 
syndrome challenging. 

Dry eye: a multifactorial disease
Interest and research in dry eye disease 
(DED) have increased exponentially 
over recent decades. 20th century pub-
lications on DED primarily focused on 
Sjögren’s syndrome (SS) dry eye (DE), 
and the pathophysiology of lacrimal 
glands. In the 21st century, however, 
the focus of DED changed to eye lids 
and inflammation of the ocular surface. 
Although SS was described in 1933, 
DED was not defined as a disorder 
until 1995 (1, 2). In SS, autoimmune 
processes mediate destruction of the 
(salivary and) lacrimal glands. This can 
lead to severe aqueous deficient dry 
eye, due to lack of tear production by 

the lacrimal glands. Community-based 
studies show DED is very common, 
with prevalence estimates ranging from 
5 to 50%, depending on the population 
studied and definition of dry eye used 
(3). Evaporative dry eye is the most 
common type of dry eye in population-
based studies (2, 4). In this type of dry 
eye tears evaporate too quickly, leading 
to tear film instability. When tears pre-
maturely break up, the underlying epi-
thelium becomes prone to damage. The 
main pathophysiological mechanism 
of evaporative dry eye is dysfunction 
of the Meibomian glands. These verti-
cally oriented glands, 20 to 40 in every 
eyelid, produce a tiny layer of oil on 
top of the tear film that reduces evapo-
ration of the aqueous and help spread 
the tears over the ocular surface. In 
addition to the aqueous and oil layer, 
a third major component of tears are 
mucins, that are produced by the goblet 
cells in the conjunctiva. These mucins 
are part of the muco-aqueous layer of 
the tears and help stabilise the tear on 
the ocular surface (5). Although aque-
ous deficiency is the hallmark of SS 
DE, Meibomian gland dysfunction 
(MGD) and higher tear evaporation 
is also very common in SS patients 
(6-9). In addition to aqueous deficient 
and evaporative dry eye, a third type 
of dry eye has gained increasing atten-
tion recently: neuropathic dry eye (1, 
10). In this type patients experience 
symptoms of dry eye because of nerve 
dysfunction, either from nerves on the 
ocular surface (cornea or conjunctiva) 
or more centrally from higher order 
neurons (11, 12). All three types of dry 
eye may be involved in patients’ symp-
tomatology. Diagnostic tests and man-
agement of dry eye in SS are broadly 
similar to other patients with dry eye: 
identification of the types of dry eye 
and its contributing factors determines 
the management (13). 

Review

Advances, limitations and future perspectives in the 
diagnosis and management of dry eye in Sjögren’s syndrome

J. Vehof1, T.P. Utheim2, H. Bootsma3, C.J. Hammond4



S-302 Clinical and Experimental Rheumatology 2020

Diagnostics and management of dry eye / J. Vehof et al.

The key to successful managing dry 
eye is understanding that it is multifac-
torial, i.e. many factors can contribute 
to dry eye symptomatology. In a re-
cent population-based study of almost 
80,000 participants, we found 52 dis-
orders to be independently associated 
with dry eye, including disorders in al-
most all organ systems, of which auto-
immune, gastrointestinal, psychiatric, 
functional, ophthalmological, dermato-
logical and allergic disorders were most 
abundant (14). SS carried the highest 
risk of dry eye of all disorders, but only 
accounted for a small population attrib-
utable risk (~1%), meaning that non-SS 
dry eye represents the majority of dry 
eye in the general population. Other 
clinic-based studies estimated 10% of 
patients with clinically significant dry 
eye have underlying SS (15, 16). Other 
rheumatological and autoimmune dis-
orders that were associated with dry 
eye in our study were rheumatoid ar-
thritis, systemic lupus erythematosus, 
systemic sclerosis, sarcoidosis, pso-
riasis, lichen planus, Graves’ disease 
and Crohn’s disease. In addition, other 
chronic pain syndromes, such as fi-
bromyalgia, irritable bowel syndrome 
and osteoarthritis, were highly asso-
ciated with dry eye (14). Moreover, 
in a classic twin study we showed a 
genetic overlap of pain syndromes fi-
bromyalgia, irritable bowel syndrome 
and chronic pelvic pain with dry eye, 
indicating an underlying general pain 
sensitivity determined by genetic fac-
tors (17). Also, environmental factors 
are important in dry eye (18): for exam-
ple, air conditioning, wind exposure, 
low humidity, screen use, air pollution 
and indoor work have all been linked 
to dry eye (3, 19). Moreover, several 
medications are associated with dry 
eye, such as anticholinergics includ-
ing antihistamines and antispasmodics, 
antihypertensives such as diuretics and 
beta blocking agents, isotretinoin and 
antiandrogen/oestrogen replacement 
therapy (3, 20). Treatment of dry eye, 
including SS DE, should therefore not 
be limited to the ocular surface but also 
aimed at understanding all underlying 
causes and treating these wherever pos-
sible, including optimisation of envi-
ronmental factors (13). 

Towards uniform diagnostic 
criteria of dry eye 
To achieve a global consensus concern-
ing multiple aspects of DED, in 2007 
the first Tear Film and Ocular Surface 
Society Dry Eye Workshop (TFOS 
DEWS) was initiated. In 2017 its fol-
low-up TFOS DEWS II took place, 
which was an international collabora-
tion of 150 clinical and basic research 
dry eye experts. Its report consists of 11 
subreports and many of these are among 
the most-cited papers in Ophthalmol-
ogy in recent years (21). Dry eye has 
been defined by TFOS DEWS II as “a 
multifactorial disease of the ocular sur-
face characterised by a loss of homeo-
stasis of the tear film, and accompanied 
by ocular symptoms, in which tear film 
instability and hyperosmolarity, ocular 
surface inflammation and damage, and 
neurosensory abnormalities play aetio-
logical roles” (1). As studies on DED 
over the past decades have used numer-
ous varying definition criteria of dry 
eye, TFOS DEWS II set up diagnos-
tic criteria for dry eye to make future 
studies more uniform and comparable 
(22). In short, to formally have dry eye, 
either tear break-up time (TBUT), cor-
neal or conjunctival staining, or tear os-
molarity needs to be abnormal (all three 
point to a loss of homeostasis of the tear 
film) and symptoms of dry eye need to 
be present. Further diagnostic tests are 
advised to investigate the type of dry 
eye, e.g. meibomian gland assessment 
for evaporative dry eye and tear menis-
cus height in aqueous deficient dry eye. 
The assessment of neuropathic dry eye 
is still in its infancy, as it is character-
ised by few signs, but in vivo confocal 
microscopy of corneal nerves shows 
promise (23). 

The vicious circle of dry eye
Increasingly attention has been drawn 
to the so-called vicious circle of dry 
eye in explaining its pathophysiology 
(4, 24, 25). Tear hyperosmolarity is 
considered as the hallmark of dry eye. 
This can lead to a cascade of events in 
the epithelial cells of the ocular surface, 
involving inflammatory mediators and 
proteases such as IL-1, IFN-γ, TNF-α, 
and MMP9. This in turn can lead to 
goblet cell loss, apoptotic epithelial cell 

death and epithelial glycocalyx dam-
age. This can induce punctate epithe-
liopathy and tear film instability which 
can result in tear film break-up before 
the tear film is renewed by another 
blink. Such break up exacerbates and 
amplifies tear hyperosmolarity com-
pleting the vicious circle of dry eye. 
In addition, hyperosmolarity itself can 
also induce non-apoptotic epithelial 
cell death. This vicious circle can lead 
to self-perpetuation of DED (4). Every 
aetiology of dry eye has entry points to 
this cascading circle of hyperosmolar-
ity and inflammatory events. Breaking 
this vicious circle is one of the key as-
pects of treatment (13). 

Lack of correlation between 
symptoms and signs in dry eye
One of the most intriguing aspects of 
dry eye is the poor correlation between 
symptoms and signs of dry eye (22), 
which we also found in a large clinical 
cohort of SS patients (26). This lack of 
correlation is more apparent in women 
compared to men. Of several dry eye 
tests, only corneal and conjunctival 
staining scores were somewhat indica-
tive of dry eye symptom severity (26). 
Moreover, discrepancy between symp-
toms and objective measures has also 
been found as a hallmark of SS in gen-
eral (27). Interestingly, we showed in a 
study looking at discordance between 
symptoms and signs in dry eye that SS 
has more signs relative to symptoms 
compared to other aetiologies, but still 
symptoms do not necessarily reflect 
“objective” dry eye severity signs (28). 
It is important to consider what end 
points to use in treatment studies: ob-
jective markers or symptomatology or 
both. It may be that the duration of the 
disorder helps explain this discordance 
(e.g. by sensitising the pain system), 
thus, more longitudinal studies in SS 
DE are warranted.

Markers of loss homeostasis 
of the tear film
One of the major drawbacks of diag-
nostic tests of dry eye are their variabil-
ity and subjectivity in interpretation. 
Fluorescein TBUT is one of the most 
commonly performed tests in clini-
cal practice and is highly influenced 
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by environmental factors (e.g. room 
temperature, air conditioning), equip-
ment, and the operator’s concentra-
tion. A tiny break-up in the tears can 
be easily missed. Scoring of staining 
of punctate epitheliopathy of the cor-
nea and conjunctiva (such as the Ocu-
lar Surface Staining (OSS) scale (29) 
or Oxford scale (30)) showed high 
reliability among graders in one study 
(31), but staining scores can fluctuate 
over a patient’s day and these scales are 
more difficult to apply to atypical stain-
ing patterns. Both TBUT and staining 
scores are easily affected by the amount 
of fluorescein instilled and the amount 
of tear volume on the eye that can vary 
between patients. To standardise the 
amount of fluorescein being instilled, 
the use of a micropipette is recommend-
ed, but rarely used in practice (22). 
Tear osmolarity is a more objective 
test gaining popularity over the last 10 
years. A “chip-on-a-device” is put in 
the tear meniscus for a few seconds, 
after which the device is placed in a 
machine that measures the osmolarity 
in mOsm/l (32). This test is more ob-
jective, but is unfortunately difficult to 
perform in patients who have limited 
volume of their tear meniscus, which is 
common in SS. Also, tear osmolarity at 
the tear meniscus does not reflect tear 
hyperosmolarity at the cornea, which 
is considered the hallmark of dry eye, 
but there are currently no techniques in 
which osmolarity is directly measured 
on the cornea (22). To overcome some 
of the problems in diagnostics of dry 
eye, in recent years increasingly ma-
chine operated, more objective tests are 
introduced. Non-invasive TBUT can 
be measure with a video keratograph, 
automatically detecting a break-up in 
tears without the need to instil fluores-
cein. Computer automated scoring of 
staining of the ocular surface is another 
area worthy of future study.
 
Markers of aqueous deficient 
dry eye
For diagnostics and treatment efficacy 
studies of SS, tests of tear volume are 
particularly important. The Schirmer 
test, in which a small paper strip is 
placed in the inferior fornix of the eye, 
has historically been used the most to 

assess aqueous deficient dry eye and 
SS. After 5 minutes, the amount of wet-
ting (mm) of the strip is measured. The 
Schirmer test can be performed with 
topical anaesthesia, in which only basal 
tear rates are measured, and without an-
aesthesia, in which both basal and reflex 
tear production is measured. Due to its 
discomfort, the test is usually not liked 
by a patient with (severe) dry eye, and 
tests show relatively high variability, 
partly affected by reflex tearing because 
of irritation of the strip. The phenol 
red thread test has more recently been 
proposed as an alternative, in which a 
yellow thin cotton thread soaked with 
phenol turns red as a consequence 
of the more alkaline pH of tears. The 
thread is, like the Schirmer strip, placed 
in the temporal one third of the lower 
eyelid, but only for 15 seconds. Reflex 
tearing is less a problem and variability 
has been shown to be low, but its poor 
correlation with other tear volume tests 
and dry eye symptoms make its role 
currently still unclear (22). An increas-
ingly more popular non-invasive objec-
tive indirect measure of tear volume is 
the measurement of the tear meniscus 
height or area. The tear meniscus is 
the pool of tears at the junction of the 
bulbar conjunctiva and the margins of 
the eyelids that supply to the precorneal 
tear film. Around 80–90% of the tears 
are located in the tear menisci. Although 
it is possible to assess this with a slit 
lamp in clinical practice with or without 
fluorescein, measurement with spectral 
domain optical coherence tomography 
(OCT) or video meniscometry shows 
better repeatability and is therefore a 
preferred method (33-35).

Limitations of dry eye tests 
in clinical practice
In addition to the examples mentioned 
above, other imaging-based tests that 
are gaining popularity are thermogra-
phy of the tear film, meibography to 
assess meibomian gland morphology, 
interferometry of the lipid layer, and 
in vivo confocal imaging of the cornea 
(22). The exact diagnostic role of some 
of these tests is still unclear. As yet, 
among all the promising novel tech-
niques, the role of meibography in ocu-
lar surface diagnostics seems to be best 

documented (36). Meibography allows 
for the exact assessment of loss of mei-
bomian glands. Hence, patients with 
substantial loss of meibomian glands 
can be informed that time-consuming 
eye-lid hygiene and warming devices 
are very unlikely to improve their out-
come. Thus, morphological analyses of 
meibomian glands is an important step 
towards personalised dry eye therapy.
The inflammatory response in SS pa-
tients has been shown to correlate to 
reduced tear production, less stable tear 
film, and greater ocular surface dam-
age (37). The only method, however, 
currently available to visualise inflam-
matory cells directly is in vivo confocal 
microscopy. As these images are read-
ily available at the time of the consulta-
tion, they may be used to guide the cli-
nician in prescribing anti-inflammatory 
therapy.
The primary challenge is that most oph-
thalmologists or eye care settings nei-
ther have special dry eye instruments 
available nor available time to perform 
the tests. Therefore, most ophthalmolo-
gists are practically limited to using 
fluorescein TBUT, staining of the ocu-
lar surface with fluorescein and/or lis-
samine green (38), and a Schirmer test, 
although this is highly variable across 
different geographical locations. An-
other limitation is that some of these 
tests can influence results of other tests, 
e.g. the Schirmer test can cause both 
staining of the ocular surface and affect 
TBUT. TBUT can also be affected by 
Meibomian gland assessment. Clearly, 
more research is required in this area, 
including determination of relevant 
endpoints of treatment studies in SS DE 
(e.g. relevant questionnaires, markers 
of loss of homeostasis of the ocular sur-
face, tear volume, and inflammation). 
Specifically, the role of OCT tear me-
niscus height measurement as an objec-
tive measure of tear volume in SS is an 
area worthy of investigation, as most 
ophthalmology practices have an OCT 
available nowadays.
 
Promising upcoming diagnostic 
modalities
Vast efforts have been made in re-
cent years in improving the diagnos-
tics and gaining new insights into the 
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pathogenesis of SS, DED and SS DE 
(39). Biochemical analysis of tears is 
a rapidly emerging field, particularly 
the tear lipidome, mucins, and the pro-
teome, albeit in small studies with few 
samples and little independent replica-
tion. Various mucins have been found 
to be altered in dry eye, but results 
between studies are often conflicting. 
Most consistent among these studies 
is a decreased MUC5AC expression 
and altered mucin glycosylation (5). A 
recent study found tear levels of gob-
let-cell specific MUC5AC combined 
with IL-8 as a potential biomarker for 
differing SS DED from non-SS DED 
(15). The tear film proteome consists 
of thousands of proteins, as detected by 
mass spectrometry in several studies, 
and is an interesting pool of potential 
biomarkers for dry eye including SS 
DE. However, candidate biomarkers 
in studies so far have usually not been 
validated by immunological techniques 
and validation in replication studies is 
often missing. Another limitation of 
most of these studies in addition to the 
limited sample sizes is the preselec-
tion of certain biomarkers and the lack 
of correction for multiple testing. Of 
interest, a recent hypothesis-free pro-
teomic study found upregulation of 
pro-inflammatory pathways and pro-
teins involved in ubiquitination (LMo7 
and HUWEE1) and B cell differentia-
tion (TTPD52) in the tear fluid of SS 
patients, while in non-SS DE subjects 
this was not found. Overexpression of 
proteins regulating cellular innate and 
adaptive immunological pathways in 
extracellular vesicles from tear fluids 
of SS patients was also found (40, 41). 
Studies on the tear metabolome have 
been very scarce but this is an interest-
ing new field with techniques rapidly 
evolving (42). In a hypothesis-free se-
rum metabolomic study in almost 3000 
females, we found low serum androgen 
metabolites to be highly associated 
with increased dry eye (43). Androgen 
deficiency has been linked to lacrimal 
gland inflammation and MGD, also in 
SS patients (44, 45). In particular, stud-
ies on lipidomics in DED are warrant-
ed considering the striking scarcity of 
such studies in the literature. The key 
role lipids play in preventing evapora-

tion of the tear film is well established. 
More recently, certain lipids have been 
recognised to have anti-inflammatory 
properties and induce goblet cell secre-
tion (46), adding to the importance of 
this field. Collectively, clinical studies 
focusing on lipids in the tear film hold 
great promise of future improvement 
of dry eye therapy.
A challenge in -omics studies of tears 
is to collect sufficient tear volume to 
perform analyses, especially in SS pa-
tients. Salivary gland studies are there-
fore much more abundant. Neverthe-
less, this area has a clear potential to aid 
in the diagnosis, classification and ear-
ly detection of SS, particularly because 
techniques are improving and increas-
ingly lower tear volumes are sufficient 
to do analyses. Recently, a tear pro-
teomics study using flush tears found a 
more diverse tear proteome and lower 
spectral intensities of lipocalin-1, lacri-
tin, and prolactin-inducible proteins in 
SS-DE compared to non-SS DE (47). 
In addition to tear analyses, develop-
ing techniques in imaging, particularly 
MRI of the lacrimal gland, could also 
play a role in the diagnosis and early 
detection of SS, e.g. by measuring in-
flammation and glandular size (48, 50). 
Similarly, ultrasound of the lacrimal 
gland might be an area worth of more 
study in SS (51). To assess neuropathic 
dry eye, other diagnostic tests such as 
corneal esthesiometry, pain relief after 
topical anaesthesia (to test peripheral 
pain versus central sensitisation), and 
in vivo confocal microscopy to assess 
the corneal subbase plexus nerve den-
sity, tortuosity, reflectivity, beading, 
and presence of neuromas may become 
more common.

Assessment of symptoms of dry eye
Last but not least, symptomatology is 
an important, if not the most important, 
aspect of dry eye. Studies have shown 
that symptoms of ocular dryness play 
a major role in the reduction of qual-
ity of life in SS patients (52). Numer-
ous questionnaires have been devel-
oped to assess symptoms of dry eye. 
TFOS DEWS II recommends the use 
of the Ocular Surface Disease Index 
(OSDI) or the Dry Eye Questionnaire 
5 to assess dry eye symptoms (22). The 

OSDI is a 12-item validated question-
naire including questions about ocular 
symptoms, vison-related function and 
problems with environmental triggers, 
leading to a score of 0 to 100 (53). The 
OSDI has also been recommended by 
the European League Against Rheuma-
tism (EULAR), with a cut-off of >33 
for severe dry eye (54). The DEQ-5 is 
a 5-item questionnaire that only takes 
2 minutes to complete and assesses 
frequency and severity of dryness, ir-
ritation and watering symptoms of 
the eyes. A score higher than 6 is re-
garded as positive for dry eye, and a 
score higher than 12 is suggested as a 
cut-off to initiate testing to rule out SS 
DED (55). We believe the use of more 
specific symptom questionnaires in SS 
trials could help better assess patient 
quality of life. Currently, as an exam-
ple, the EULAR SS Patient Reported 
Index (ESSPRI), often used to assess 
patient’s symptoms in clinical trials of 
SS, only includes 1 question about gen-
eral dryness of the whole body (56), 
making it hard to draw specific conclu-
sions about the impact and efficacy on 
dry eye of new therapies. Finally, to as-
sess neuropathic dry eye, specific pain 
questionnaires are needed (11). 

Diagnostic tools to discriminate 
SS dry eye from non-SS dry eye
There is a lack of evidence-based tools 
to determine which dry eye patients 
should be screened for SS. Early diag-
nosis of SS is important, to anticipate 
ocular and systemic complications in-
cluding lymphoma and cardiovascular 
events, and for patients’ understand-
ing and compliance. A combination of 
OSDI, TBUT and corneal fluorescein 
staining has been proposed to discrimi-
nate SS patients from dry eye patients 
with other aetiologies (57). Other stud-
ies found conjunctival staining to be a 
good predictor of SS in dry eye patients 
(58, 59), but no test or combination 
have been found to be very sensitive. 
Other factors that can help discrimi-
nate are age and severity, as SS DE pa-
tients are generally younger with more 
severe dry eye (29, 60). In a yet to be 
published study in our dry eye cohort 
and from the RESULT (Registry of 
Sjögren UMCG-Longitudinal) cohort in 
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the University Medical Center Gronin-
gen (UMCG), with approximately 500 
Sjögren patients and 500 patients with 
dry eye from other causes, we found 
type of symptoms and severity of symp-
toms non-informative to discriminate 
between SS and non-SS dry eye. Scor-
ing at least 3 out of 5 abnormal dry eye 
signs, including abnormal corneal and 
conjunctival staining, TBUT, presence 
of mucus, and Schirmer test showed the 
best accuracy of discriminating SS DE 
from non-SS DE (AUC of 0.73). Future 
tear and other ocular surface biomark-
ers might help in discriminating SS 
patients from other dry eye patients. 
As an example, Versura et al. showed 
that several tear protein concentrations 
(lactoferrin, lipocalin-1, lysozyme-C, 
albumin) separated SS from non-SS 
much better than any of the traditional 
ocular tests mentioned above (61). A 
recent cross-sectional study looking at 
three novel serological autoantibodies 
(anti-salivary gland protein 1 (SP1), 
anti-carbonic anhydrase 6 (CA6) and 
anti-parotid secretory protein (PSP)) in 
aqueous deficient dry eye patients found 
anti-CA6 to be significantly associated 
with corneal and conjunctival stain-
ing. In addition, anti-PSP was found 
significantly more often in SS than in 
other forms of aqueous deficient dry 
eye. The exact value of these autoanti-
bodies needs to be explored further in 
larger and longitudinal studies. Because 
dry eye is highly multifactorial, and nu-
merous other dry eye aetiologies may 
share pathophysiological mechanisms 
with SS DE (including the vicious cir-
cle), this area of research will probably 
remain challenging with careful patient 
selection a key to success.

General management of dry eye
The aetiology of signs and symptoms 
of DED is multifactorial and therefore 
clinicians should thoroughly identify 
the presence of all contributing types 
of dry eye and other contributing fac-
tors, also in the setting of aqueous de-
ficiency in SS. A step-wise approach to 
the management of dry eye is advised, 
starting with the more conventional, 
cheaper and less invasive options (13). 
The ultimate aim in management is to 
restore the homeostasis of the ocular 

surface by breaking the vicious circle 
of dry eye, and offering long-term op-
tion to prevent a return to this cycle 
(13). Important management strategies 
in any patient with dry eye include the 
use of preservative free artificial tears 
and education about environmental 
risk factors, such as screen use, con-
tact lenses and air-condition. Stand-
ard treatment for evaporative dry eye 
(MGD), also common in SS patients, 
includes eyelid hygiene and warming. 
Although artificial tears are widely used 
all over the world and numerous types 
of tears exist, very few studies have 
compared different artificial tears to 
assess superiority (62). Artificial tears 
almost all consist of an aqueous base, 
but may differ in osmolarity, viscosity 
and pH, and their viscosity enhancing 
agents, such as carbomer 940, hyalu-
ronic acid and hydroxypropyl methyl-
cellulose (HPMC). Formulations with 
additional additives are available, such 
as lipid supplementations that mimic 
the meibum oil, or trehalose, an osmo-
protectant. It widely varies throughout 
the world which tears are available and 
reimbursed, and often a trial and error 
period is needed in which several arti-
ficial tears are used before a patient is 
sufficiently content. Future studies in-
vestigating personalised treatment al-
gorithms by means of artificial intelli-
gence in dry eye are valuable. Artificial 
intelligence has already proved most 
useful in diagnostics of retinal diseases 
(63), however, its use in dry eye diag-
nostics, is yet to be explored. 
EULAR made recommendations for 
the management of SS last year, based 
on expert opinion mostly, and advised 
to start with artificial tears and oint-
ments in case of dry eye, at least twice 
a day, and if needed up to hourly, pref-
erably containing methylcellulose or 
hyaluronate. In case of severe dry eye 
and no good response to artificial tears 
a stepwise approach of topical gluco-
corticoids short term, topical ciclo-
sporin long term, serum eye drops and 
finally oral muscarinic agonist or punc-
tual plugs are advised. In contrast, hy-
droxychloroquine, systemic immuno-
suppressive agents, and rituximab were 
not recommended for the treatment of 
ocular dryness (54). This recommenda-

tion reflects that the value of systemic 
treatment options for dry eye in SS is 
unproven at the current time. Several 
factors may play a role in showing a 
relatively limited efficacy of systemic 
treatments in SS DE, including the de-
scribed variability in dry eye tests, in-
clusion criteria of clinical studies that 
primarily focus on systemic manifesta-
tions of SS, the relative lack of longer-
term studies (more than 24 weeks), and 
clouding of effect due to simultaneous 
use of eye drops in most of these stud-
ies. Also, study endpoints might need 
to focus more on stabilisation of tear 
production as an effect (instead of the 
normal deterioration), as opposed to an 
increase.
 
Medications that reduce 
inflammation in dry eye
Topical medications that reduce inflam-
mation at the ocular surface that are of-
ten used in dry eye are glucocorticoids, 
ciclosporin, and to a lesser extent tac-
rolimus. Topical glucocorticoids, such 
as dexamethasone, methylprednisolone 
and fluorometholone eyedrops, may 
reduce inflammatory cytokine expres-
sion and many studies including sev-
eral RCTs have shown improvement of 
ocular surface parameters after short-
term use in dry eye patients (13). A 
major limitation are their side-effects, 
particularly increased eye pressure, the 
formation of cataract, and risk of infec-
tions, particularly in severe dry eye. 
Therefore, they are usually only used 
short-term (2–4 weeks). Ciclosporin 
is a fungal antimetabolite that inhibits 
calcium-dependent IL-2 activation of 
lymphocytes and is commonly used 
in patients with organ transplants and 
in autoimmune diseases. Its topical 
form is available around the world in 
two concentrations, Restasis (0.05%) 
and Ikervis (0.1%), and indicated for 
moderate to severe keratoconjunctivitis 
sicca. Although topical ciclosporin has 
shown to improve signs and symptoms 
compared to placebo in RCTs, most 
clearly in patients with severe kerati-
tis including SS patients (64), a recent 
Cochrane review concluded that evi-
dence of its effects on both symptoms 
and signs is mostly inconsistent among 
studies (65). It stressed the need for 
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well-planned, longer term and larger 
clinical trials. Ciclosporin is also re-
ported to recover reduced goblet cell 
density in the conjunctiva in DED pa-
tients and to have anti-apoptotic effects 
(66, 67), Drawbacks are discomfort at 
installation and the relatively long du-
ration before effects are seen (up to 6 
months). Tacrolimus, like ciclosporin, 
blocks T-lymphocyte activity, but has 
a much higher immunosuppressive 
potential. It is available in 0.003% eye 
drops and was found to improve cor-
neal staining scores and Schirmer test 
in a small RCT after 3 months in SS 
patients (68). As with ciclosporin, tac-
rolimus frequently gives a burning sen-
sation after installation. More recently 
lifitegrast has been introduced. This in-
tegrin antagonist prevents lymphocyte 
function-associated antigen 1 (LFA-1) 
from binding to intercellular adhesion 
molecule 1 (ICAM-1), which down-
regulates T-cell activation and migra-
tion. Several clinical trials showed an 
improvement in dry eye signs (stain-
ing) and symptoms for lifitegrast 5% 
ophthalmic solution and a good safety 
profile (69-71). No specific trials in SS 
patients only were performed, but SS 
patients were included in some of these 
trials. The advantage of lifitegrast com-
pared to ciclosporin is its quicker time 
of action: symptoms improved with li-
fitegrast in only 14 days. Future studies 
should evaluate any superiority of these 
medications and which dry eye patient 
groups benefit most to achieve person-
alised dry eye therapy. 

Other management options 
in aqueous dry eye
In SS DE and other aqueous dry eye, 
punctal plugs are often considered as a 
treatment option. These plugs prevent 
draining of the tears to the nose via the 
lacrimal puncta on the medial sides of 
the eyelids. Although often applied, 
evidence of their efficacy on signs 
and symptoms of DED is inconclusive 
(72). Importantly, to avoid accumula-
tion of inflammatory mediators on the 
ocular surface, punctal plugs should 
not be used before any ocular surface 
inflammation has first been treated. 
Systemic medications that can increase 
tear production, such as pilocarpine and 

cevimeline, are not often used in dry 
eye due to their side-effects (excessive 
sweating and nausea) and their limited 
effect on ocular dryness as opposed to 
oral dryness.
Diquafosol is available in an ophthal-
mic solution at 3% concentration. It 
stimulates water and mucin secretion 
by acting on PY2Y2 receptors on the 
conjunctival epithelial and goblet cell 
membrane, and is mainly used in Ja-
pan and South Korea for the treatment 
of dry eye. Several RCTs have dem-
onstrated improvement in signs and 
symptoms of dry eye, including in SS 
patients (73-75). In the USA, however, 
2% diquafosol tetrasodium failed to get 
FDA approval because endpoints were 
not achieved (76). Other drugs that tar-
get mucus deficiency in dry eye that are 
investigated and used around the world 
are rebamipide, galectin-3, mycophe-
nolate mofetil, and eupatilin. Lacritin 
is a glycoprotein with prosecretory ac-
tivities, mostly found in the lacrimal 
gland. Reduced levels were found in SS 
patients, and levels correlated well with 
clinical dry eye signs including signs of 
corneal neuropathy (77). Topical lacri-
tin has been found to decrease signs of 
dry eye in mice and clinical trials in hu-
mans are currently under way (78). 
Scleral lenses rest on the sclera, and 
create a fluid-filled chamber over the 
affected cornea, which can be an at-
tractive option for aqueous deficient 
dry eye. Several subtypes are available, 
such as semi-scleral lenses, mini sceral 
lenses and PROSE (Prosthetic Replace-
ment of the Ocular Surface Ecosystem). 
Mostly retrospective case studies have 
shown efficacy in treatment refractory 
or severe dry eye (79-83). Limitations 
are the lengthy and often difficult fitting 
process, and the increased risk of kerati-
tis in case of a severe dry cornea. Simi-
larly, simple soft bandage contact lenses 
may reduce symptoms in some patients 
as they protect the cornea from exter-
nal influences and may stabilise the tear 
film, but infection risk also limits its use 
(13). Moisture chamber spectacles (e.g. 
Blephasteam) provide an environment 
with high humidity and heat in which 
air flow over the ocular surface is mini-
mised. Positive effect on patients with 
DED has been shown (84), but larger, 

prospective, randomised studies on the 
impact of humidity in treating DED and 
MGD are warranted.
Nasal tear stimulation is a new option 
that works by stimulating mucosal 
nerves in the nose (anterior ethmoidal 
nerve) with electrical currents. This 
increases natural tear production by 
means of the nasolacrimal reflex path-
way of the lacrimal function unit. Sev-
eral clinical studies in dry eye patients 
showed an improvement in Schirmer 
scores, tear meniscus height, and gob-
let cell density of the conjunctiva, also 
compared to placebo sham application 
(85). Future studies should evaluate the 
efficacy in SS patients, but preliminary 
results of a clinical study showed intra-
nasal tear neurostimulation to increase 
tear production in SS patients compared 
to baseline (86). Nasal discomfort and 
nasal bleeds and congestion are among 
the reported side-effects that may limit 
its use. In a small study, transcutaneous 
periorbital electrostimulation stimulat-
ing the lacrimal system was found to 
improve DED, both subjectively and 
objectively, without any adverse effects 
(87). So far, there are no studies involv-
ing patients with SS. More and larger 
studies are required to explore the po-
tential of this exciting technology that 
have hitherto shown great promise in 
certain retinal diseases (88). 
Serum drops, either autologous or al-
logenic, have many biochemical simi-
larities with human tears including pH, 
nutrients, and growth factors such as 
epithelial and nerve growth factor. Au-
tologous serum eye drops have been 
shown to improve at least some dry eye 
parameters in mostly short-term stud-
ies, but large RCTs, especially long-
term, are still needed (89). A limiting 
factor to its widespread use are the 
time consuming, expensive production 
costs and difficulties in regulatory ap-
proval. With the increasing shift from 
autologous to allogenic serum drops 
part of these problems might be solved 
in the future. Similar to serum, amniotic 
membrane has beneficial elements such 
as growth factors, cytokines and colla-
gens to promote wound healing. Am-
nion membrane transplantation is one 
of the last resorts in treatment of severe 
dry eye in SS (13). More recently, the 
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use of amniotic membrane extract and 
umbilical cord serum eye drops have 
been studied as potential treatment op-
tions (90, 91). 
Mucolytic acetylcysteine eye drops 
may play a role in treatment of filamen-
tary keratitis of SS, in which strands of 
degenerated epithelial cells and mucus 
(filaments) are attached to the cornea. 
Good quality studies to demonstrate 
its efficacy are lacking, limiting their 
widespread use. Recently, chitosan-n-
acteylcysteine (Lacrimera), has been in-
troduced, which is based on a chitosan 
biopolymeric backbone, with the intro-
duction of N-acetylcysteine (NAC) via 
nucleophilic substitution. Early studies 
including a RCT versus normal saline 
eye drops showed improvements in 
moderate-to-severe dry eye with a once 
daily instillation (92-94).
Several other new treatment options 
are currently in development and/or in-
vestigated, of which some might be of 
special interest to SS patients. Exam-
ples are newer formulations of ciclo-
sporin that potentially show improved 
or faster efficacy. Lubricin is a lubricat-
ing, mucin-like glycoprotein that low-
ers friction between the bulbar ocular 
surface and eyelids, with additional 
protective effects on underlying cells. 
It is found on the ocular surface and 
in the meibomian glands, but was first 
identified in synovial fluid, playing an 
important role in lubrication between 
joint surfaces. In a two-week double 
blinded RCT lubricin outperformed 
sodium hyaluronate in patients with 
moderate dry eye in both signs and 
symptoms (95). Finally, thymosin β4 
is a G-actin binding protein that pro-
motes epithelial healing and reduces 
corneal inflammation. A topical formu-
lation of 0.1% (RGN-259) showed bet-
ter improvement than controls in OSDI 
symptom scores and corneal staining 
in a phase II RCT (96). It also out-
performed ciclosporin, lifitegrast and 
diquafosol in mouse models on sev-
eral dry eye parameters including tear 
production and ocular surface staining 
scores (97, 98).

Management of Meibomian 
gland dysfunction
When eyelid hygiene (including warm 

compresses and eye lid massage) have 
been unsuccessful in managing MGD, 
several other options are available, al-
though efficacy is generally not prov-
en. An example is in-office intense 
pulsed light (IPL) therapy to the eye-
lids. The exact mechanisms underly-
ing its effects are complex and poorly 
understood. IPL is, however, believed 
to liquefy meibum, eradicates Demo-
dex mites and supresses inflammation. 
Many studies report that IPL is a safe 
procedure that is effective for treating 
MGD (99). There is, however, a great 
potential for further improvements of 
the technology as large comparative 
studies employing different treatment 
settings are lacking. Meibomian gland 
probing is an in-office procedure using 
thin probes that are put into the meibo-
mian gland orifices to promote healthy 
meibum secretion. Lipiflow is a device 
that is used in-office that expresses and 
heats the meibomian glands of the up-
per and lower eyelids, all at the same 
time. Other in-office systems that aim 
at maximising meibum liquefaction 
and secretion by using various ways 
of heat and/or massage are the MiBO 
Thermoflo, iLux and TearCare System. 
BlephEx is an in-office treatment with 
a handheld device in which a disposa-
ble micro-sponge removes debris from 
the eyelids and eyelashes. This treat-
ment is an alternative or supplemen-
tal to the eye lid hygiene performed at 
home by patients. Also, systemic and 
local antibiotics, such as tetracycline 
and azithromycin, may improve signs 
and symptoms of blepharitis by their 
antibacterial and anti-inflammatory ef-
fects. Many of these treatment options 
have reached clinical practice without 
large, prospective randomised clinical 
trials, which are highly needed to de-
termine their efficacy. 

Challenges in the management 
of dry eye 
In conclusion, as described, there are 
numerous treatment options avail-
able for DED. For most of these treat-
ments clinical studies have shown an 
improvement compared to baseline, 
but level 1 studies that show efficacy 
versus placebo in a double-blinded ran-
domised controlled setting are mostly 

lacking. Most treatments are therefore 
not reimbursed throughout the world. 
Also, personalised medicine is an im-
portant area of further study, to better 
perform targeted medicine and avoid 
lengthy trial and error of management 
options in dry eye patients. Often pa-
tients need multiple treatment options, 
especially in more severe dry eye such 
as with SS, and not uncommonly pa-
tients 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 treat-
ments which have not been compared 
in randomised clinical trials. Despite 
this, knowledge on 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.

References
  1. CRAIG JP, NICHOLS KK, AKPEK EK et al.: 

TFOS DEWS II Definition and Classification 
Report. Ocul Surf 2017; 15: 276-83.

  2. ERICKSON S, SULLIVAN AG, BARABINO S 
et al.: TFOS European ambassador meet-
ing: Unmet needs and future scientific and 
clinical solutions for ocular surface diseases. 
Ocul Surf 2020 Jun 3, Online ahead of print.

  3. STAPLETON F, ALVES M, BUNYA VY et al.: 
TFOS DEWS II Epidemiology Report. Ocul 
Surf 2017; 15: 334-65.

  4. BRON AJ, DE PAIVA CS, CHAUHAN SK et al.: 
TFOS DEWS II pathophysiology report. Ocul 
Surf 2017; 15: 438-510.

  5. WILLCOX MDP, ARGUESO P, GEORGIEV GA 
et al.: TFOS DEWS II Tear Film Report. Ocul 
Surf 2017; 15: 366-403.

  6. SHIMAZAKI J, GOTO E, ONO M et al.:         
Meibomian gland dysfunction in patients 
with Sjögren syndrome. Ophthalmology 
1998; 105: 1485-8.

  7. KANG YS, LEE HS, LI Y, CHOI W, YOON KC: 
Manifestation of meibomian gland dysfunc-
tion in patients with Sjögren’s syndrome, 
non-Sjögren’s dry eye, and non-dry eye con-
trols. Int Ophthalmol 2018; 38: 1161-7.

  8. ZANG S, CUI Y, CUI, Y FEI W: Meibomian 
gland dropout in Sjögren’s syndrome and 
non-Sjögren’s dry eye patients. Eye (Lond) 
2018; 32:1681-7.

  9. CHEN X, UTHEIM OA, XIAO J et al.:              
Meibomian gland features in a Norwegian 
cohort of patients with primary Sjögren s 
syndrome. PLoS One 2017; 12: e0184284.

10. GALOR A, LEVITT RC, FELIX ER, MARTIN 
ER, SARANTOPOULOS CD: Neuropathic 
ocular pain: an important yet underevaluated 
feature of dry eye. Eye (Lond) 2015; 29: 301-
12.



S-308 Clinical and Experimental Rheumatology 2020

Diagnostics and management of dry eye / J. Vehof et al.

11. GALOR A, MOEIN HR, LEE C et al.: Neuro-
pathic pain and dry eye. Ocul Surf 2018; 16: 
31-44.

12. GALOR A: Painful dry eye symptoms: a 
nerve problem or a tear problem? Ophthal-
mology 2019; 126: 648-51.

13. JONES L, DOWNIE LE, KORB D et al.: TFOS 
DEWS II Management and Therapy Report. 
Ocul Surf 2017; 15: 575-628.

14. VEHOF J, SNIEDER H, JANSONIUS N, HAM-
MOND CJ: Prevalence and risk factors of dry 
eye in 79,866 participants of the population-
based Lifelines cohort study in the Nether-
lands. Ocul Surf 2020 May 4; Online ahead 
of print.

15. AKPEK EK, WU HY, KARAKUS S, ZHANG Q, 
MASLI S: Differential diagnosis of Sjögren 
versus non-Sögren dry eye through tear film 
biomarkers. Cornea 2020; 39: 991-7.

16. AKPEK EK, KLIMAVA A, THORNE JE, MAR-
TIN D, LEKHANONT K, OSTROVSKY A: Eval-
uation of patients with dry eye for presence 
of underlying Sjögren syndrome. Cornea 
2009; 28: 493-7.

17. VEHOF J, ZAVOS HM, LACHANCE G, HAM-
MOND CJ, WILLIAMS FM: Shared genetic 
factors underlie chronic pain syndromes. 
Pain 2014; 155: 1562-8.

18. VEHOF J, WANG B, KOZAREVA D, HYSI PG, 
SNIEDER H, HAMMOND CJ: The heritability 
of dry eye disease in a female twin cohort. 
Invest Ophthalmol Vis Sci 2014; 55: 7278-
83.

19. BAZEER S, JANSONIUS N, SNIEDER H, HAM-
MOND C, VEHOF J: The relationship between 
occupation and dry eye. Ocul Surf 2019; 17: 
484-90.

20. GOMES JAP, AZAR DT, BAUDOUIN C et al.: 
TFOS DEWS II iatrogenic report. Ocul Surf 
2017; 15: 511-38.

21. NELSON JD, CRAIG JP, AKPEK EK et al.: 
TFOS DEWS II Introduction. Ocul Surf 2017; 
15: 269-75.

22. WOLFFSOHN JS, ARITA R, CHALMERS R et 
al.: TFOS DEWS II Diagnostic Methodology 
report. Ocul Surf 2017; 15: 539-74.

23. BELMONTE C, NICHOLS JJ, COX SM et al.: 
TFOS DEWS II pain and sensation report. 
Ocul Surf 2017; 15: 404-37.

24. BAUDOUIN C, MESSMER EM, ARAGONA P et 
al.: Revisiting the vicious circle of dry eye 
disease: a focus on the pathophysiology of 
meibomian gland dysfunction. Br J Ophthal-
mol 2016; 100: 300-6.

25. RHEE MK, MAH FS: Inflammation in dry eye 
disease: how do we break the cycle? Oph-
thalmology 2017; 124 (11S): S14-9.

26. VEHOF J, SILLEVIS SMITT-KAMMINGA N, 
NIBOURG SA, HAMMOND CJ: Sex differ-
ences in clinical characteristics of dry eye 
disease. Ocul Surf 2018; 16: 242-8.

27. ALUNNO A, BARTOLONI E, VALENTINI V et 
al.: Discrepancy between subjective symp-
toms, objective measures and disease activ-
ity indexes: the lesson of primary Sjögren’s 
syndrome. Clin Exp Rheumatol 2018; 36 
(Suppl. 112): S210-4.

28. VEHOF J, SILLEVIS SMITT-KAMMINGA N, 
NIBOURG SA, HAMMOND CJ: Predictors of 
Discordance between Symptoms and Signs 
in Dry Eye Disease. Ophthalmology 2017; 
124: 280-6.

29. WHITCHER JP, SHIBOSKI CH, SHIBOSKI SC 
et al.: A simplified quantitative method for 
assessing keratoconjunctivitis sicca from the 
Sjögren’s Syndrome International Registry. 
Am J Ophthalmol 2010; 149: 405-15.

30. BRON AJ, EVANS VE, SMITH JA: Grading of 
corneal and conjunctival staining in the con-
text of other dry eye tests. Cornea 2003; 22: 
640-50.

31. ROSE-NUSSBAUMER J, LIETMAN TM, SHI-
BOSKI CH et al.: Inter-grader Agreement of 
the Ocular Staining Score in the Sjögren’s 
International Clinical Collaborative Alliance 
(SICCA) Registry. Am J Ophthalmol 2015; 
160: 1150-53 e3.

32. LEMP MA, BRON AJ, BAUDOUIN C et al.: 
Tear osmolarity in the diagnosis and man-
agement of dry eye disease. Am J Ophthal-
mol 2011; 151: 792-98 e1.

33. CANAN H, ALTAN-YAYCIOGLU R, ULAS B, 
SIZMAZ S, COBAN-KARATAS M: Interex-
aminer reproducibility of optical coherence 
tomography for measuring the tear film me-
niscus. Curr Eye Res 2014; 39: 1145-50.

34. QIU X, GONG L, LU Y, JIN H, ROBITAILLE 
M: The diagnostic significance of Fourier-
domain optical coherence tomography in 
Sjögren syndrome, aqueous tear deficiency 
and lipid tear deficiency patients. Acta Oph-
thalmol 2012; 90: e359-66.

35. TITTLER EH, BUJAK MC, NGUYEN P et al.: 
Between-grader repeatability of tear me-
niscus measurements using Fourier-domain 
OCT in patients with dry eye. Ophthalmic 
Surg Lasers Imaging 2011; 42: 423-7.

36. FINEIDE F, ARITA R, UTHEIM TP: The role of 
meibography in ocular surface diagnostics: 
A review. Ocul Surf 2020 May 19 [Online 
ahead of print].

37. CHEN X, AQRAWI LA, UTHEIM TP et al.:     
Elevated cytokine levels in tears and saliva 
of patients with primary Sjögren’s syndrome 
correlate with clinical ocular and oral mani-
festations. Sci Rep 2019; 9: 7319.

38. KORB DR, HERMAN JP, FINNEMORE VM, 
EXFORD JM, BLACKIE CA: An evaluation of 
the efficacy of fluorescein, rose bengal, lissa-
mine green, and a new dye mixture for ocular 
surface staining. Eye Contact Lens 2008; 34: 
61-4.

39. CAFARO G, CROIA C, ARGYROPOULOU OD 
et al.: One year in review 2019: Sjögren’s 
syndrome. Clin Exp Rheumatol 2019; 37 
(Suppl. 118): S3-15.

40. AQRAWI LA, GALTUNG HK, GUERREIRO EM 
et al.: Proteomic and histopathological char-
acterisation of sicca subjects and primary 
Sjögren’s syndrome patients reveals promising 
tear, saliva and extracellular vesicle disease 
biomarkers. Arthritis Res Ther 2019; 21: 181.

41. AQRAWI LA, CHEN X, JENSEN JL et al.:      
Severity of clinical dry eye manifestations 
influences protein expression in tear fluid of 
patients with primary Sjögren’s syndrome. 
PLoS One 2018; 13: e0205762.

42. YAZDANI M, ELGSTØEN KBP, ROOTWELT H, 
SHAHDADFAR A, UTHEIM ØA, UTHEIM TP: 
Tear metabolomics in dry eye disease: a re-
view. Int J Mol Sci 2019; 20: 3755.

43. VEHOF J, HYSI PG, HAMMOND CJ: A me-
ta-bolome-wide study of dry eye disease 
reveals serum androgens as biomarkers.        

Ophthalmology 2017; 124: 505-11.
44. SULLIVAN DA, KRENZER KL, SULLIVAN 

BD, TOLLS DB, TODA I, DANA MR: Does 
androgen insufficiency cause lacrimal gland 
inflammation and aqueous tear deficiency? 
Invest Ophthalmol Vis Sci 1999; 40: 1261-5.

45. SULLIVAN DA, BELANGER A, CERMAK JM 
et al.: Are women with Sjögren’s syndrome 
androgen-deficient? J Rheumatol 2003; 30: 
2413-9.

46. DARTT DA, HODGES RR, SERHAN CN:       
Immunoresolvent resolvin D1 maintains the 
health of the ocular surface. Adv Exp Med 
Biol 2019; 1161: 13-25.

47. KUO MT, FANG PC, CHAO TL et al.: Tear 
proteomics approach to monitoring Sjögren 
syndrome or dry eye disease. Int J Mol Sci 
2019; 20: 1932.

48. IZUMI M, EGUCHI K, UETANI M et al.:           
MR features of the lacrimal gland in Sjögren’s 
syndrome. AJR Am J Roentgenol 1998; 170: 
1661-6.

49. KAWAI Y, SUMI M, KITAMORI H, TAKAGI Y, 
NAKAMURA T: Diffusion-weighted MR mi-
croimaging of the lacrimal glands in patients 
with Sjögren’s syndrome. AJR Am J Roent-
genol 2005; 184: 1320-5.

50. TONAMI H, MATOBA M, YOKOTA H, HI-
GASHI K, YAMAMOTO I, SUGAI S: CT and 
MR findings of bilateral lacrimal gland en-
largement in Sjögren syndrome. Clin Imag-
ing 2002; 26: 392-6.

51. BJORDAL O, NORHEIM KB, RØDAHL E, JON-
SSON R, OMDAL R: Primary Sjögren’s syn-
drome and the eye. Surv Ophthalmol 2020; 
65: 119-32.

52. SALDANHA IJ, BUNYA VY, MCCOY SS, MA-
KARA M, BAER AN, AKPEK EK: Ocular man-
ifestations and burden related to Sjögren’s 
ssyndrome: results of a patient survey. Am J 
Ophthalmol 2020 June 20 [Online ahead of 
print].

53. SCHIFFMAN RM, CHRISTIANSON MD, 
JACOBSEN G, HIRSCH JD, REIS BL: Reliabili-
ty and validity of the Ocular Surface Disease 
Index. Arch Ophthalmol 2000; 118: 615-21.

54. RAMOS-CASALS M, BRITO-ZERON P, BOM-
BARDIERI S et al.: EULAR recommenda-
tions for the management of Sjögren’s syn-
drome with topical and systemic therapies. 
Ann Rheum Dis 2020; 79: 3-18.

55. BEGLEY CG, CAFFERY B, NICHOLS K et al.: 
Results of a dry eye questionnaire from opto-
metric practices in North America. Adv Exp 
Med Biol 2002; 506: 1009-16.

56. SEROR R, RAVAUD P, MARIETTE X et al.: 
EULAR Sjögren’s Syndrome Patient Report-
ed Index (ESSPRI): development of a con-
sensus patient index for primary Sjögren’s 
syndrome. Ann Rheum Dis 2011; 70: 968-72.

57. GARCIA DM, REIS DE OLIVEIRA F, MODULO 
CM et al.: Is Sjögren’s syndrome dry eye 
similar to dry eye caused by other etiologies? 
Discriminating different diseases by dry eye 
tests. PLoS One 2018; 13: e0208420.

58. BUNYA VY, BHOSAI SJ, HEIDENREICH AM 
et al.: Association of dry eye tests with ex-
traocular signs among 3514 participants in 
the Sjögren’s Syndrome International Regis-
try. Am J Ophthalmol 2016; 172: 87-93.

59. KARAKUS S, BAER AN, AKPEK EK: Clini-
cal correlations of novel autoantibodies in 



S-309Clinical and Experimental Rheumatology 2020

Diagnostics and management of dry eye / J. Vehof et al.

patients with dry eye. J Immunol Res 2019; 
2019: 7935451.

60. PFLUGFELDER SC, JONES D, JI Z, AFONSO 
A, MONROY D: Altered cytokine balance in 
the tear fluid and conjunctiva of patients with 
Sjögren’s syndrome keratoconjunctivitis sic-
ca. Curr Eye Res 1999; 19: 201-11.

61. VERSURA P, GIANNACCARE G, VUKATANA 
G, MULÈ R, MALAVOLTA N, CAMPOS EC: 
Predictive role of tear protein expression in 
the early diagnosis of Sjögren’s syndrome. 
Ann Clin Biochem 2018; 55: 561-70.

62. van der WESTHUIZEN L, PUCKER AD: Over 
the counter (OTC) artificial tear drops for dry 
eye syndrome: A Cochrane review summary. 
Int J Nurs Stud 2017; 71: 153-54.

63. SCHMIDT-ERFURTH U, SADEGHIPOUR A, 
GERENDAS BS, WALDSTEIN SM, BOGUN-
OVIĆ H: Artificial intelligence in retina. Prog 
Retin Eye Res 2018; 67: 1-29.

64. LEONARDI A, MESSMER EM, LABETOULLE 
M et al.: Efficacy and safety of 0.1% ciclo-
sporin A cationic emulsion in dry eye disease: 
a pooled analysis of two double-masked, ran-
domised, vehicle-controlled phase III clinical 
studies. Br J Ophthalmol 2019; 103: 125-31.

65. DE PAIVA CS, PFLUGFELDER SC, NG SM, AK-
PEK EK: Topical cyclosporine A therapy for 
dry eye syndrome. Cochrane Database Syst 
Rev 2019; 9: CD010051.

66. GAO J, SANA R, CALDER V et al.: Mitochon-
drial permeability transition pore in inflam-
matory apoptosis of human conjunctival epi-
thelial cells and T cells: effect of cyclosporin 
A. Invest Ophthalmol Vis Sci 2013; 54: 4717-
33.

67. TSUBOTA K, FUJITA H, TADANO K et al.: 
Improvement of lacrimal function by topi-
cal application of CyA in murine models of 
Sjögren’s syndrome. Invest Ophthalmol Vis 
Sci 2001; 42: 101-10.

68. MOSCOVICI BK, HOLZCHUH R, SAKASSEGA-
WA-NAVES FE et al.: Treatment of Sjögren’s 
syndrome dry eye using 0.03% tacrolimus 
eye drop: prospective double-blind rand-
omized study. Cont Lens Anterior Eye 2015; 
38: 373-8.

69. KEATING GM: Lifitegrast ophthalmic solution 
5%: a review in dry eye disease. Drugs 2017; 
77: 201-8.

70. HOLLAND EJ, LUCHS J, KARPECKI PM et 
al.: Lifitegrast for the treatment of dry eye 
disease: results of a Phase III, Randomized, 
Double-Masked, Placebo-Controlled Trial 
(OPUS-3). Ophthalmology 2017; 124: 53-60.

71. NICHOLS KK, DONNENFELD ED, KARPECKI 
PM et al.: Safety and tolerability of lifitegrast 
ophthalmic solution 5.0%: Pooled analysis of 
five randomized controlled trials in dry eye 
disease. Eur J Ophthalmol 2019; 29: 394-401.

72. ERVIN AM, LAW A, PUCKER AD: Punctal    
occlusion for dry eye syndrome. Cochrane 
Database Syst Rev 2017; 6: CD006775.

73. JEON HS, HYON JY: The efficacy of diquafo-
sol ophthalmic solution in non-Sjögren and 
Sjögren syndrome dry eye patients unrespon-
sive to artificial Tear. J Ocul Pharmacol Ther 
2016; 32: 463-8.

74. TAUBER J, DAVITT WF, BOKOSKY JE et al.: 
Double-masked, placebo-controlled safety 
and efficacy trial of diquafosol tetrasodium 
(INS365) ophthalmic solution for the treat-
ment of dry eye. Cornea 2004; 23: 784-92.

75. BREMOND-GIGNAC D, GICQUEL JJ, CHIAM-
BARETTA F: Pharmacokinetic evaluation of 
diquafosol tetrasodium for the treatment of 
Sjögren’s syndrome. Expert Opin Drug Me-
tab Toxicol 2014; 10: 905-13.

76. CHAO W, BELMONTE C, BENITEZ DEL CAS-
TILLO JM et al.: Report of the Inaugural 
Meeting of the TFOS i(2) = initiating innova-
tion series: targeting the unmet need for dry 
eye treatment. ocul surf 2016; 14: 264-316.

77. McNAMARA NA, GE S, LEE SM et al.:          
Reduced levels of tear lacritin are associated 
with corneal neuropathy in patients with the 
ocular component of Sjögren’s syndrome. In-
vest Ophthalmol Vis Sci 2016; 57: 5237-43.

78. VIJMASI T, CHEN FY, BALASUBBU S et al.: 
Topical administration of lacritin is a novel 
therapy for aqueous-deficient dry eye disease. 
Invest Ophthalmol Vis Sci 2014; 55: 5401-9.

79. BAVINGER JC, DELOSS K, MIAN SI: Scleral 
lens use in dry eye syndrome. Curr Opin 
Ophthalmol 2015; 26: 319-24.

80. SCHORNACK MM: Scleral lenses: a literature 
review. Eye Contact Lens 2015; 41: 3-11.

81. SCHORNACK MM, PYLE J, PATEL SV: Scleral 
lenses in the management of ocular surface 
disease. Ophthalmology 2014; 121: 1398-
405.

82. JACOBS DS, ROSENTHAL P: Boston scleral 
lens prosthetic device for treatment of severe 
dry eye in chronic graft-versus-host disease. 
Cornea 2007; 26: 1195-9.

83. YUKSEL E, BILGIHAN K, NOVRUZLU S, 
YUKSEL N, KOKSAL M: The management of 
refractory dry eye with semi-scleral contact 
lens. Eye Contact Lens 2018; 44: e10-e12.

84. SIM HS, PETZNICK A, BARBIER S et al.:         
A randomized, controlled treatment trial of 
eyelid-warming therapies in Meibomian 
gland dysfunction. Ophthalmol Ther 2014; 
3: 37-48.

85. COHN GS, CORBETT D, TENEN A et al.:     
Randomized, controlled, double-masked, 
multicenter, pilot study evaluating safety and 
efficacy of intranasal neurostimulation for 
dry eye disease. Invest Ophthalmol Vis Sci 
2019; 60: 147-53.

86. LILLEY J, O’NEIL E, BUNYA VY et al.:           
Efficacy of an intranasal tear neurostimulator 
in Sjögren’s syndrome patients. IOVS 2020; 
61: 98.

87. PEDROTTI E, BOSELLO F, FASOLO A et al.: 
Transcutaneous periorbital electrical stimu-

lation in the treatment of dry eye. Br J Oph-
thalmol 2017; 101: 814-9.

88. SEHIC A, GUO S, CHO KS, CORRAYA RM, 
CHEN DF, UTHEIM TP: Electrical stimula-
tion as a means for improving vision. Am J 
Pathol 2016; 186: 2783-97.

89. PAN Q, ANGELINA A, MARRONE M, STARK 
WJ, AKPEK EK: Autologous serum eye drops 
for dry eye. Cochrane Database Syst Rev 
2017; 2: CD009327.

90. MURRI MS, MOSHIRFAR M, BIRDSONG OC, 
RONQUILLO YC, DING Y, HOOPES PC: Am-
niotic membrane extract and eye drops: a 
review of literature and clinical application. 
Clin Ophthalmol 2018; 12: 1105-12.

91. TIGHE S, MOEIN HR, CHUA L, CHENG A, 
HAMRAH P, TSENG SCG: Topical cryopre-
served amniotic membrane and umbilical 
cord eye drops promote re-epithelialization in 
a murine corneal abrasion model. Invest Oph-
thalmol Vis Sci 2017; 58: 1586-93.

92. MESSINA M, DUA HS: Early results on the 
use of chitosan-N-acetylcysteine (Lacrimera 
((R))) in the management of dry eye disease 
of varied etiology. Int Ophthalmol 2019; 39: 
693-96.

93. NEPP J, KNOETZL W, PRINZ A et al.: Manage-
ment of moderate-to-severe dry eye disease 
using chitosan-N-acetylcysteine (Lacrimera 
(R)) eye drops: a retrospective case series. Int 
Ophthalmol 2020; 40: 1547-52.

94. SCHMIDL D, WERKMEISTER R, KAYA S et 
al.: A controlled, randomized double-blind 
study to evaluate the safety and efficacy of 
chitosan-N-acetylcysteine for the treatment 
of dry eye syndrome. J Ocul Pharmacol Ther 
2017; 33: 375-82.

95. LAMBIASE A, SULLIVAN BD, SCHMIDT TA 
et al.: A two-week, randomized, double-
masked study to evaluate safety and efficacy 
of lubricin (150 mug/ml) eye drops versus 
sodium hyaluronate (ha) 0.18% eye drops 
(Vismed(R)) in patients with moderate dry 
eye disease. Ocul Surf 2017; 15: 77-87.

96. SOSNE G, OUSLER GW: Thymosin beta 4 
ophthalmic solution for dry eye: a rand-
omized, placebo-controlled, Phase II clinical 
trial conducted using the controlled adverse 
environment (CAE) model. Clin Ophthalmol 
2015; 9: 877-84.

97. JIN R, LI Y, LI L et al.: Anti-inflammatory ef-
fects of glycine thymosin beta4 eye drops in 
experimental dry eye. Biomed Rep 2020; 12: 
319-25.

98. KIM CE, KLEINMAN HK, SOSNE G et al.: 
RGN-259 (thymosin beta4) improves clini-
cally important dry eye efficacies in com-
parison with prescription drugs in a dry eye 
model. Sci Rep 2018; 8: 10500.

99. TASHBAYEV B, YAZDANI M, ARITA R et al.: 
Intense pulsed light treatment in meibomian 
gland dysfunction: A concise review. Ocul 
Surf 2020, Online ahead of print.


