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Keratoconjunctivitis sicca (KCS), also known as dry eye syndrome, is a chronic ophthalmic disease resulting from deficiency of one or more elements in the precorneal
tear film.1
It is a common canine eye disease, with reported annual incidences of 0.3%–1.52%
in North America.2–5 It is also very common in Europe.
KCS can be divided into two types: the symptoms of one consists of decreased tear
production or inadequate secretion of tears, and the symptoms of the other includes
excessive tear evaporation, which is typical of brachycephalic breeds.6,7 Furthermore,
the precorneal tear film instability is due to both quantitative and qualitative deficiency
in the lipid or mucine layers of tear film.1 Unfortunately, the reduction in tear production causes corneal inflammation, and in very severe cases, it can cause a permanent
harm or even blinding.8
KCS is a pathology of the lacrimal apparatus. It is divided into the secretory and
the excretory structures. The first group is made up of lacrimal glands and meibomian
glands, and goblet cells and their products make up the preocular tear film. The other
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Abstract: Keratoconjunctivitis sicca (KCS) is a frequent canine ophthalmic disease, resulting
from the deficiency of one or more elements in the precorneal tear film. There are different
known causes of KCS in dogs, including congenital, metabolic, infectious, drug induced,
neurogenic, radiation, iatrogenic, idiopathic, and immune mediated, though the last one is the
most prevalent form in dogs. Initially, clinical signs of KCS include blepharospasm caused by
ocular pain, mucoid to mucopurulent ocular discharge, and conjunctival hyperemia; secondary
bacterial infection may also occur, with chronicity, corneal epithelial hyperplasia, pigmentation, neovascularization, and corneal ulceration. The diagnosis of KCS is based on the presence of consistent clinical signs and measurement of decreased aqueous tear production using
the Schirmer tear test. Therapy is based on administering the following topical drugs: ocular
lubricant, mucolytics, antibiotics, corticosteroids, pilocarpine, and immunomodulators. These
last drugs (eg, cyclosporine, pimecrolimus, and tacrolimus) have immunosuppressive activity
and stimulate tear production. Furthermore, the nerve growth factor is a new subject matter of
the research. Although these therapies are advantageous, stimulation of natural tear production
seems to provide the highest recovery in clinical signs and prevention of vision loss. The goal
of the following article is to describe the recent developments about KCS in dogs emphasizing
the use of new therapies.
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group is made up of the lacrimal canaliculi, the lacrimal sac,
and the nasolacrimal duct.
Tears play an important role in maintaining the health
and normal function of the cornea and conjunctiva. Precisely,
the functions of tears are lubrication, nutrition of the cornea,
and flushing debris from corneal surface, and tears contain
growth factors, as in the case of nerve growth factor (NGF),
immunoglobulins, lysozymes, and other components of the
ocular defense mechanisms with antibacterial action.9–11 The
tear film has three different layers: a mucus layer produced
by conjunctival goblet cells, close to the corneal epithelial
surface, an aqueous layer produced by lacrimal glands,
and a lipid component produced mainly by the meibomian
glands in the upper and lower eyelids. A most superficial
layer of meibomian lipid (made mainly by cholesterol) acts
to reduce evaporation and to make the tear film stable. More
recently, studies have shown that this cut-and-dried distinction between layers is not strictly correct because of the very
strict relationship among the proteic substances that make
up the three layers.12

Etiology
There are several known causes of KCS in dogs, including
congenital, metabolic, infectious, drug induced, neurogenic,
radiation, iatrogenic, idiopathic, and immune mediated.
Congenital: It is a genetic, congenital alacrima observed in
the Yorkshire Terrier, Bedlington Terrier, English Cocker
Spaniel, and Cavalier King Charles Spaniels.13–15 For this,
last breed KCS is associated with ichthyosiform dermatosis
(dry eye curly coat syndrome).16–18
Metabolic: It is caused by diabetes mellitus and
hypothyroidism.19,20
Infectious: It is caused by a canine distemper virus or by
leishmania.1,7,21,22 With these diseases, KCS is part of the
systemic symptoms occurring with this infection.
Drug induced: KCS may be temporary or permanent according to the toxic effects on the gland. Temporary KCS is due to
local or systemic anesthetic, the sedatives, and the atropine.23
If the use is interrupted, there will be a general return to
ordinary conditions. Permanent KCS is a quite common side
effect of potentiated sulfonamides in dogs. It has an estimated
incidence of 15% in treated dogs even with Etodolac, that is,
an orally administered, nonsteroidal anti-inflammatory drug
and with Felbamate, that is, an antiepileptic drug.24–27
Neurogenic: This type of KCS can show ipsilateral dry nose
in middle-aged female dogs without breed predisposition.
It is an idiopathic disease that may be self-limiting in some
cases.28
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Radiation: In case of radiation therapy in some cases, there
can be a damage of the lacrimal glands but luckly it is a less
common cause of KCS in dogs.29
Iatrogenic: It is due to the surgical removal of the gland of
the third eye in case of “cherry eye”.30 If this procedure is
done in predisposed breeds, then KCS will be developed late
in their lifetime.31–33 The reason is that the third eye gland is
responsible for 30% of the tear production, while the main
orbital lacrimal gland produces the rest.4,34
Idiopathic: In the vast majority, an underlying etiology is
not discernable.1
Immune mediated: It is a widely primarily accepted cause
of KCS. As already underlined, it is the main cause of
immune-mediated dacryoadenitis in dogs.5 It is generally
bilateral,35 and a confirmation of the fact that KCS is an
immune-mediated disease is offered by the histopathology
of tear production glands. Some previous histopathological studies suggest that in these cases KCS is the result
of immune-mediated inflammation and destruction of
the lacrimal glands.36,37 A further confirmation of this
cause is the clinical response to the immunomodulators such as CsA, pimecrolimus, and tacrolimus. 1,11,38,39
Breed prevalence of immunomediated KCS in clinical
research made in UK and in the USA is Cavalier King
Charles Spaniels, English Bulldogs, Lhasa Apsos, Shih
Tzus, West Highland White Terriers, Pugs, Bloodhounds,
American Cocker Spaniels, English Cocker Spaniels and
English Springer Spaniels, Pekingeses, Boston Terriers,
Miniature Schnauzers, and Samoyeds (Table 1).2,40 The
KCS is also familiar with factors such as sex, age, and
palpebral conformation. It is common to find it in female
West Highland White Terriers.15 Tear production decreases
with age in normal dogs; it is, in fact, more frequent in
Table 1 Main breed predisposition
American Cocker Spaniel
Bloodhound
Boston Terrier
Cavalier King Charles Spaniel
English Bulldog
English Cocker Spaniel
English Springer Spaniel
Lhasa Apso
Miniature Schnauzer
Pekingese
Pug
Samoyed
Shih Tzu
West Highland White Terrier
Yorkshire Terrier
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older animals than in younger ones. In case of palpebral
ectropion and lagophthalmos, it increases the evaporation
of the tears and facilitates the uprising of KCS, especially
in brachycephalic dog breeds.

Clinical features
Clinical signs of KCS can vary according to gravity and to
the onset of the illness. At the very beginning, KCS appears
as a common conjunctivitis or as a mucopurulent one. It is
the reason why it is diagnosed as a banal primary bacterial
infection and it is treated with antibiotics. It is obvious that
the improvement is only temporary, and the dry conditions
of the eye show limited better conditions due to the use of
an antibiotic or a corticosteroid. Once the therapy is interrupted, the situation will be the same and sometimes worse
than at the beginning.
During the first phases of the disease, the ocular surface
is less bright. The conjunctiva is extremely reddish, and it
is always evident a very dense yellow and gray discharge.
As the disease becomes chronic, KCS manifests corneal
vascularization, fibrosis, pigmentation, and recurrent corneal
ulceration. Blindness or even loss of the eye may result from
dense corneal opacification or corneal perforation secondary
to deep ulceration (Table 2).1 Thankfully blindness affects
only a small group of animals. The owner should know that
this is possible, and in case of blindness, the veterinary doctor
should inform about the management of the patient and the
possible surgery treatment. This is the reason why an early
diagnosis is of vital importance, in particular to give the best
possible therapy.
Table 2 Stage of KCS
Stages

Clinical signs

Initial
– Mucopurulent ocular discharge
– Conjunctival hyperemia
– Blepharospasm
Intermediate
– Intense mucoid ocular discharge
– Corneal opacification
– Corneal vascularization
Final
– Fibrosis
– Pigmentation
– Recurrent corneal ulceration (possible
corneal perforation and blindness)

Abbreviation: KCS, keratoconjunctivitis sicca.
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Schirmer tear test
The best instrument to use in case of KCS is the Schirmer
tear test (STT); it measures the quantity of the lacrimal
secretion. The STT was experimented by the German ophthalmologist, Otto Schirmer, approximately one century
ago.41 This check was used in both human and veterinary
ophthalmology as a basic rating of tear production.42
Nowadays, it remains the standard test used to evaluate tear
productions in the canine eye.42 Diagnosis of KCS in dog
is achieved by measurement of both basal and reflex tear
production using Schirmer tear test I (STT I). The Schirmer
tear test II (STT II) is performed after the application of
topical local anesthetic and is a measurement of basal tear
production alone.10
Only the STT I on both eyes is done in the regular diagnostic procedure at the beginning of the visit. It is necessary
to put inside the conjunctival fornix for a minute, a band made
of absorbing, graduated, and sterile paper. Standard tear production in dogs is .15 mm/min. All values between 10 mm/
min and 15 mm/min are doubtful, while dogs with values
between 5 mm/min and 10 mm/min are suspicious. If the STT
is ,5 mm/min, the diagnosis of KCS is sure. In case atropine
has been administered some days before, the result is altered.
In fact, it can cause temporary dryness (2–6 days) though it
is more common in cats than in dogs. It is also necessary to
say that diurnal variation in canine tear production as determined by STT I has been reported with highest levels in the
late afternoon and lowest level at midday, which was between
10 am and 4 pm STT I.8,10 Nevertheless, there are studies that
do not confirm these variations.43 Furthermore, significant differences were found in both STT I and STT II values between
dogs of different body weights. The differences in the STT I
and II values reflecting basal tear production between dogs of
different body weights were striking. Large dogs have higher
basal tear production when compared with dogs of lesser body
weight.44 To confirm the STT I values, a recent study done
by Biondi et al, in 2015 applied infrared thermography. This
technique was used to measure temperature differences of the
corneal surface between nasal and temporal limbus regions
and central cornea of normal dogs and animals with KCS. The
mean corneal temperature was greatly lower in eyes with low
STT. So, thermography is a method that can be used to discern
between eyes with normal and abnormal STT values.45

Medical treatment
Medical therapy aims to eliminate the cause when possible, to reactivate the tear film, to stimulate tears, to
control and prevent secondary bacterial infections, and to
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reduce inflammation. It is based on the use of artificial tear
drops, acetylcysteine, antibiotics, corticosteroids, pilocarpine,
but the most important ones are the lacrimostimulant agents;
but the new therapy for KCS is the local use of NGF. Usually,
it is necessary to use the therapy life long, and so it is really
important to explain in detail the whole situation to the owner.
Before starting therapy, it is crucial to remove secretions from
around the eyes many times a day to minimize irritation of
the eyelids, conjunctiva, and cornea. It is essential to cleanse
the area gently with clean and wet small gauze.
Gel artificial tear drops: They are the first drugs to be administered to give relief to the tissues, to the cornea, and to the
conjunctiva. They must be applied quite often, especially if
the STT I values are between 0 mm/min and 5–7 mm/min
(once an hour if possible). If the STT I values are .7, it is
possible to reduce the quantity, but never below six times
a day.
Acetylcysteine: It is a mucolytics agent, and it can be used
in the initial phases of KCS when there is an eye discharge
linked to a mucin excess on the ocular surface.
Antibiotics: It is also necessary to use topical antibiotics,
especially during the first phases of the therapy to contrast
the secondary bacteria infections that are common in KCS.
Corticosteroids: Short-term application of corticosteroids
may improve symptoms but they should be used with utmost
caution due to the common occurrence of corneal ulceration
with KCS. Long-term use should be avoided, especially in
dogs with lagophthalmos and exophthalmos because of the
high risk of ulcer.
Pilocarpine: It is a parasympathomimetic agent that can be
beneficial in KCS with neurogenic origin if given by oral
or topic route.46 It will likely not help most animals with
immune-mediated KCS. The 0.25% solution is applied on
the affected eye(s) for every 6 hours. In case of eye drops,
oral pilocarpine 1%–2% eye drops must be mixed with the
food with the following dose: 1 drop/10 kg body weight
for every 12 hours.28 Side effects of oral pilocarpine can be
diarrhea, drooling, vomiting, or drop in heart rate. This is
the reason why If the dog’s weight is ,5 kg it is good to use
only 1% pilocarpine.
Immunosuppressive drug: When treating KCS, the main
therapies to support tear drops are the cyclosporine A (CsA),
pimecrolimus, and tacrolimus. It is a powerful immunosuppressive drug activity and stimulates tear production in
dogs.
CsA was isolated from the fungus Tolypocladium inflatum in 1976.38 It is lipophilic, neutral cyclic undecapeptide
and is the first immunosuppressant to have a selective effect
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on lymphoid or T-cells. This effect on T-cells is unique: at
therapeutic concentrations, it inhibits T-cells proliferation
but it is noncytotoxic.47 CsA has potent immunosuppressive
properties, reflecting its ability to block the transcription of
cytokine genes in activated T-cells.48
Administering CsA will improve the following: stop the
aggression of the lachrymal gland; stop the inflammatory
process evidently diminishing cornea and conjunctiva lesions;
and restore eye lubrication.
CsA has also been shown to enhance mucin production
from conjunctival goblet cells. Therefore, its effects are also
beneficial in enhancing tear film stability and the use is indicated in cases of qualitative tear deficiency as well.
This drug has been administered topically as a 0.2% ointment and as a 1% or 2% oil-based solution.36,38,49
Achievable results when applying CsA can vary according to the initial condition of the animal, and the first signs
of improvement can only be seen after the 1st or 2nd month
of treatment. Initially, it must be administered twice a day,
then, in case of positive results, once a day. If the treatment
is interrupted, clinical signs will reappear.
A research made in 2010 aimed to study the therapeutic
effect of CsA on immune-mediated canine KCS.5 The study
was conducted on 12 dogs with a total of 24 eyes, the dogs
were in various ages ranging from 3 years to 11 years and
different sexes – nine males and three females. They all
underwent the following examinations: cornea evaluation
by slit lamp, fluorescent staining, STT I, and corneal and
conjunctival cytology. All animals showed different stages of
the disease. Some of them had evident signs of mucopurulent
filaments and redness; they were negative to fluorescein.
STT I on right eye was 4.4±2.5 mm/1 min and on left eye
was 5.5±2.3 mm/1 min. The animals were all topically treated
(twice a day) with CsA ointment 0.2% for 8 weeks. The events
confirmed the results observed in the previous studies. Thus,
there was a great increase in the STT I (the right eye was
12±4.6 mm/1 min and left eye was 11.8±4.1 mm/1 min).
Moreover, dogs treated with CsA showed a diminishing
purulent corneal secretion and displayed marked regression
of chronic corneal neovascularization and granulation tissue.
This decrease in inflammation was confirmed by the impression cytology analysis. It underlined a significant reduction
in the number of corneal inflammatory cells.50 However, it
is important to note that there are a number of canine KCS
patients that do not respond to CsA treatment.1 During these
last years, there have been new forms of medication able
to locally suppress immunity such as pimecrolimus and
tacrolimus.
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Pimecrolimus (SDZ ASM 981; Novartis Pharma AG,
Basel, Switzerland) is a new ascomycin derivative. It facilitates the activation of T-cells and mast cells, and by this way, it
inhibits the production of inflammatory cytokines.11 In 2009,
Ofri et al. made a research to evaluate both the capacity of
pimecrolimus oil-based eye drops and the CsA ointment. It
showed that pimecrolimus 1% has a better action than CsA.
Therefore, pimecrolimus can be considered as a new successful local therapy for KCS in dogs.11
Tacrolimus (formerly FK506) is a macrolide antibiotic
from Streptomyces tsukubaensis that shows similarities with
the immunomodulatory action of CsA.51 These similarities
are on the effects of T-cell-mediated ocular disease.1 In 2005,
Berdoulay et al demonstrated that the administration of 0.02%
tacrolimus in aqueous suspension twice a day effectively
increases tear production. Therefore, the topical administration of tacrolimus can be used on animals that do not have
any reactions to local CsA.
NGF: During the past few years, there have been many
researches on the use of growth factor in ocular therapy.
The NGF received a lot of attention. At the beginning, it
was defined as a target-derived neurotrophin. Observation
demonstrated, in fact, that it was produced during the growth
and the differentiation of neural cells.52 Nevertheless, a recent
research showed that NGF is also produced by both structural
and immune cells during the inflammation and the healing
of the cornea. This confirms that NGF has an action not only
in the neural tissue but also in many others.53 Preliminary
data, in fact, show that NGF may improve tear production
in humans too.54
Studies demonstrate that NGF is involved in the
pathophysiology of the ocular surface and that NGF receptors
are expressed by conjunctival and corneal epithelial cells.55–57
A validation to the possible positive action of NGF on dog’s
eye comes from the author experience in a research made in
2009. It was meant to evaluate the tear level of NGF in 12 normal dogs. The dogs were of different sexes, breeds, and ages
ranging from 2 years to 12 years old. Tears were collected by
washing the eye surface and tested for the presence of NGF,
using a commercially available immunoenzymatic assay. All
samples showed the presence of NGF. This suggested that
this growth factor is a constitutive biological mediator of the
ocular surface. It also confirms that this molecule may be
involved in the regulation of corneal homeostasis.9
The effectiveness of NGF was also evaluated in dogs
affected by KCS. In an experimental research, topical
application of NGF was evaluated in dogs with surgically
induced dry eye.54 This is confirmed in the author experi-
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ence in a study made in 2007–2008 on spontaneous KCS
to evaluate the potential therapeutic action of this molecule.
The study was conducted on six dogs with different sexes,
breeds, and ages ranging from 2 years to 10 years affected
by dry eye, presenting STT I on right eye 5.8±2.0 mm/1 min
and on the left one it was 6.0±1.4 mm/1 min. The dogs were
topically treated with purified murine NGF diluted in paraffin oil for 4 weeks (twice a day for 4 weeks). The results of
this treatment showed a significant improvement in STT I.
Thus, the right eye was 13.1±2.4 mm/1 min and the left eye
was 14.0±2.4 mm/1 min. Moreover, dogs treated with NGF
showed a decreased redness and purulent corneal secretion.
Furthermore, cytology analysis indicated a significant reduction in the number of corneal inflammatory cells too.
As a conclusion, it is important to note that NGF is
involved in the regulation of tear production and it can cause
an anti-inflammatory action on dog’s cornea.
Nevertheless, further clinical studies are essential to
assess the real consistency of this molecule and its therapeutic
action in the case of KCS.58,59

Surgical treatment
If medical management of KCS is unsuccessful, surgical
intervention should be considered. Surgical treatment is
represented by parotid duct transposition (PDT), punctal
occlusion, and permanent partial tarsorrhaphy. The options
for surgical management are quite limited, with PDT
being the most suitable choice in the majority of cases.60,61
Retrospective study of PDT in dogs reluctant to other medical treatments shows that it is a successful procedure based
on clinical findings and in terms of owner perception. It has
also been demonstrated that PDT improves ocular comfort
and vision in medically refractive cases of KCS.60 The other
two procedures, punctual occlusion and permanent partial
tarsorrhaphy, showed limited benefits in dogs affected with
severe KCS.62,63

Conclusion
As already demonstrated, KCS is a frequent eye disease in
all visited dogs with reported annual average incidences of
1%. There are several known causes of KCS in dogs, but
the immune-mediated one is the most frequent. At the very
beginning, it appears as a common conjunctivitis and it is
the reason why it is diagnosed as a banal primary bacterial
infection. Therefore, it is a good practice to perform a STT I in
all dogs suffering from keratoconjunctivitis and to make an
early diagnosis to avoid the appearance of serious signs of
the disease. Today, we have a powerful immunosuppressive
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drug activity that stimulates tear production in dogs. But in
the future, may be and hopefully, we will use a growth factor
as in the case of the NGF.
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