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Abstract

Background: Canine non-infectious deep ulcerative keratitis is considered a severe ocular disorder that possibly can
progress to perforation. Immediate treatment should be directed to stimulate corneal wound healing, control infection,
and minimize self-trauma while eliminating the underlying causes.

Aim: This retrospective study was aimed to compare the difference in non-infectious deep corneal wound healing time
between cases treated with medical therapy alone and those treated with medical therapy combined with a nictitating
membrane flap.

Methods: The medical records at the Ophthalmology Clinic, Small Animal Teaching Hospital, Faculty of Veterinary
Science, Chulalongkorn University between January 2018 and March 2020 were retrospectively reviewed. Sixty-six
eyes (from 65 dogs) diagnosed with non-infectious deep ulcerative keratitis from the medical treatment group (n = 34)
and the combined treatment group (n = 32) were included. The combined treatment group was prescribed the same
conservative medical administrations plus a surgical nictitating membrane flap for 14 days.

Results: Healing time was defined as the duration of time from the day that the dog had been diagnosed with deep
ulcerative keratitis by a fluorescein staining test to the day that the corneal fluorescein stain was negative. Overall, the
mean age of dogs with deep ulcerative keratitis was 10.49 = 4.7 years. The disease was commonly evident in females
more than males. Shih Tzu was the most prevalent dog breed. The corneal healing time between dogs receiving
medical therapy alone and those receiving combined treatment was not statistically significant (p = 0.386). Healing
times were not significantly different between sex and breed (p = 0.41). The median corneal healing time for dogs
older than 10 years in the combined treatments group (29.5 days; ranging from 20 to 46 days) was longer than for those
receiving medical therapy alone (21 days; ranging from 9.5 to 30.5 days).

Conclusion: Supportive therapy including a nictitating membrane flap is suggested in dogs prone to deep corneal
ulcers not involving infection. Even though the healing time is not statistically significant, a nictitating membrane flap
acts as a tissue bandage to reduce friction over the cornea, and it also alleviates the healing process by moistening the
ocular surface.
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Introduction

Ulcerative keratitis is one of the most common ocular
diseases in veterinary ophthalmology. It has been
reported in many countries: 60 out of 4,500 cases from
the Veterinary Clinical Complex in India (Kumar et
al., 2018) and 834 out of 104,233 cases from Primary
Veterinary Care in England (O’Neill er al, 2017).
Statistical relationships between the incidence of
ulcerative keratitis in dogs and other factors (breed,
age, and sex) were reported (O’Neill et al, 2017;

Kumar et al., 2018). There are several aetiologies of
canine ulcerative keratitis (Martin, 2005; Gilger ef al.,
2007), of which the most common cause is exogenous
trauma (Crispin, 2002).

Transparency of the cornea is critical for proper vision.
Its significant refractive function allows the transmission
of light to be focused onto the retina. The cornea acts as
a good physical barrier protecting intraocular structures
from external insults; infectious and non-infectious. It
is therefore important to address any primary causes of
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ulcerative keratitis promptly prior to the progression to
aggressive corneal damage. Not only deep ulcerative
keratitis has a higher risk of infection, but also a greater
loss of transparency leading to severe ocular pain, a
greater risk of intraocular damage, visual impairment,
and blindness (Ledbetter ef al., 2013).

Numerous treatments have been described to treat
deep ulcerative keratitis. Medical treatment should
promptly be initiated as the first line of treatment. The
route of administration depends on the depth, size, and
location of the lesion. Extensive topical antibiotics
should be given for the prevention of secondary
bacterial infection, which could lead to complicated
corneal ulcers (Pirdankar et al., 2020). Cycloplegics
and mydriatics should be prescribed to reduce ciliary
spasms and produce mydriasis. They help to relieve
ocular pain and prevent the formation of synechia.
Additional administration of a topical anti-collagenase
agent is very useful to stimulate corneal cell proliferation
(Maggs et al., 2013). Systemic administration of anti-
inflammatory agents is recommended for deep corneal
lesions to prevent rapid loss of vision from anterior
uveitis.

Superficial ulcerative keratitis wounds treated with
medication alone had a recovery time of 2 weeks
shorter than the recovery time for deep corneal wounds.
Moreover, some deep ulcerative keratitis cases did not
heal completely with medical treatment alone (Kim et
al., 2009). Irritation (Maggs et al., 2013) and infection
(Wang et al., 1998) were major complications during
the healing period of canine deep ulcerative keratitis.
Therefore, surgical intervention is recommended for
deep, severe, or progressive ulcerative Keratitis, in
addition to medical treatment. For deep ulcerative
keratitis with the loss of more than 50% of the corneal
thickness, biological graft, and biomaterials were
recommended (Balland et al., 2016; Jaksz et al., 2021,
Santillo et al., 2021). Moreover, supportive therapy to
the ocular surface, such as a nictitating membrane flap
and a bandage contact lens, is widely used to protect
the cornea from irritation due to blinking or exogenous
stimuli (Slatter, 2001; Gilger ef al., 2007). A nictitating
membrane flap is one of the supportive therapies used to
avoid movement of the third eyelid (Maggs et al., 2013)
and support the weakened cornea (Giuliano, 2015)
by covering and moisturizing it with the precorneal
tear film. The procedure can easily be achieved with
standard ophthalmic surgical instruments. It is reported
that a 3-year-old horse with a deep corneal ulcer and 4
days of vision loss had a return of menace response and
pupillary light reflex after the 90th post-operative day
with a nictitating membrane flap (Jhala et al., 2011).
Therefore, a nictitating membrane flap might be a good
alternative treatment in senile or fragile patients with
deep stromal ulcers.

Due to the fact that corneal wound healing is a complex
process, delayed healing time can result in incomplete/
non-healed wound repair, corneal complications

(Ljubimov and Saghizadeh, 2015), and loss of vision. The
main purpose of the study was to compare the corneal
healing time of canine non-infectious deep ulcerative
keratitis between medical therapy alone and medical
therapy combined with a nictitating membrane flap.

Materials and Methods

Sample populations

The medical records of dogs visiting the Ophthalmology
Clinic at the Small Animal Teaching Hospital,
Chulalongkorn University, Bangkok, Thailand between
January 2018 and March 2020 were retrospectively
reviewed. All dogs received complete physical and
ophthalmic examinations. The inclusion criteria of
the study consisted of a diagnosis of non-infectious
deep ulcerative keratitis regarding a history taking,
no previous topical steroid administration, no related
signs of ocular surface infection, and a fluorescein
staining test on the medical records. Stromal corneal
ulcers involved not exceeding 50% thickness of the
cornea. Records were completely and correctly filled
from the first day of diagnosis until the ulcers were
completely healed, which was confirmed by a negative
fluorescein stain. Sixty-six eyes diagnosed with deep
ulcerative keratitis were divided into two groups: the
medical treatment group (n = 34) and the combined
treatment group (n = 32). In the medical treatment
group, a single topical antibiotic such as tobramycin,
ofloxacin, moxifloxacin, or levofloxacin was applied
every 2 hours for 2 weeks. Amoxycillin—clavulanic
acid (12.5-25 mg/kg, bid), clindamycin (15 mg/kg,
bid), doxycycline (10-15 mg/kg, bid), or enrofloxacin
(5 mg/kg, sid) was selectively used as a systemic
antibiotic. Atropine sulfate (twice daily) was given in
all cases. Systemic administration of anti-inflammatory
agents was considered in some cases with anterior
uveitis, such as prednisolone (0.5-1 mg/kg; sid-bid),
firocoxib (5 mg/kg; sid), or carprofen (2.2 mg/kg; bid).
Some cases received topical anti-collagenase agents,
such as autologous fresh serum or acetylcysteine four
times daily. The combined treatment group received
a surgical nictitating membrane flap in addition to
medication. The temporal nictitating membrane flap to
the upper bulbar conjunctiva remained for 14 days.
Demographic variables including age, sex, and breed
as well as a therapeutic method were reviewed. The
corneal healing time was defined as the duration of
time from the day that the dog had been diagnosed with
positive fluorescein staining to the day that the corneal
fluorescein staining test was negative.

Statistical analysis

Demographic variables were statistically assessed.
The normality assumption of age was evaluated using
the Kolmogorov—Smirnov test. Due to the normality
assumption, age was presented as the mean and standard
deviation. Breed and sex were expressed as percentages.
Dogs were further classified into two treatment groups
and the demographic variables of each group were
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analyzed. To compare the difference in age between
the two groups, the Student’s #-test was performed.
The difference between sex among the two treatment
groups was evaluated using the Chi-square test. The
normality assumption of healing time was assessed
using the Kolmogorov—Smirnov test. The difference
in healing time among the two treatment groups was
analyzed using either the Student’s #-test or the Mann—
Whitney U test depending on the normality assumption
of the data. Furthermore, age was categorized based
on the quantile method into younger than 10 years
and 10 years or older while breed was categorized
into either brachycephalic or mesencephalic based
on skull conformation, then compared between the
treatment groups using the Chi-square test. The healing
times of each treatment group based on age and breed
were compared descriptively. The statistical analyses
were performed using Statistical Package for the
Social Sciences (IBM SPSS Statistics for Windows,
Version 25.0, IBM Corp., Armonk, NY). The statistical
significance was considered when p < 0.05.

Ethical approval

This study was a retrospective study. The medical
records of dogs visiting the Ophthalmology Clinic at
the Small Animal Teaching Hospital, Chulalongkorn
University, Bangkok, Thailand between January 2018
and March 2020 were retrospectively reviewed without
using animal experiments. The authors confirm that the
ethical policies of the journal have been followed and
that no ethical approval was required for this study.

Results

There were 65 dogs (66 eyes) included in this study.
When categorized into two treatment groups, the mean
age of the dogs in the medical treatment group (11.73
+ 5.22 years) was older than that of the combined

treatment group (9.04 + 3.56 years) (p = 0.031). With
regard to sex, the proportion of male dogs in the
medical treatment group (56.25%) was more than in
the combined treatment group (38.71%). Meanwhile,
the proportion of female dogs in the medical treatment
group (43.75%) was less than in the other group
(61.29%). Sex was not significantly different between
the two treatment groups (p = 0.281) (Table 1).

In this study, 11 dog breeds were identified and
presented in Table 2. Of all dogs, 39 cases (60.93%)
were brachycephalic breeds while the rest were
mesencephalic breeds. Non-infectious deep ulcerative
keratitis was found in female dogs (51.5%) more than
in male dogs (48.5%). The average age of the dogs
diagnosed with non-infectious deep ulcerative keratitis
was 10.49 + 4 years, ranging from 2 to 20 years.
Corneal healing time was not significantly different
between the medical treatment group (median 19.0
days; range 10.0-30.0 days) and the combined
treatment group (median 20.5 days; range 14.0-29.5
days) (p = 0.386) (Fig. 1). The result showed that
sex (median males 19.0 days; range 13.0-30.5 days,
median females 20 days; range 11-30 days) and breed
(median brachycephalic breeds 21 days; range 11-38
days, median mesencephalic breeds 18 days; range
14.0-24.5 days) were not significantly different (Fig.
2) between the two groups. The median healing time of
dogs older than 10 years receiving combined treatment
(29.5 days; range 20.0-46.0 days) was longer than for
those receiving medical therapy alone (21.0 days; range
9.5-30.5 days) (Fig . 3).

Discussion

The result from this study showed that the healing time
of non-infectious deep ulcerative keratitis involving
not exceeding 50% of corneal thickness was not

Table 1. Demographic information of dogs with non-infectious deep ulcerative keratitis categorized into two

treatment groups.

Treatment group

Variable l:ll(l)cne-::tfi‘;c;il(:::a(:iet?f Medication alone fr(::tl:li:;:tl .
(n=34) (n=32)

Age (years) 10.49 £4.7 11.73 +£5.22 9.04 +3.56 0.031
<10 (%) 41.0 30.30 53.57 0.075
>10 (%) 59.0 69.70 46.43

Sex
Male (%) 48.5 56.25 38.71 0.281
Female (%) 51.5 43.75 61.29

Breed
Brachycephalic (%) 60.93 60 62.07 0.394
Mesencephalic (%) 39.07 40 37.93
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significantly different between the medical treatment
group and the combined treatment group. According to
the healing time of combined treatment, Vongsakul et
al. (2009) revealed that the average healing time for
eyes receiving a nictitating membrane flap was 9.17 +
0.31 days, which was shorter than that in our study. The
duration for the covering flap reported by Vongsakul
et al. (2009) was 7 days, but it was 14 days which was

Table 2. Breed distribution of dogs with non-infectious deep
ulcerative keratitis.

Breed Non-infectious deep corneal

longer in this study. The true healing time could not
be assessed while corneal ulcers were being entirely
covered by the nictitating membrane flap. It could
therefore be speculated that, in some cases, ulcers may
have completely healed prior to flap removal. Moreover,
healing time could be influenced by the severity of the
corneal ulcer (Spiess ef al., 2014), individual variation
(Williams and Burg, 2017; Iwashita et al., 2020), ocular
surface conditions (Ollivier et al., 2007), etc. Corneal
stroma involves the majority of the entire corneal
thickness, and healing time ranges between days and
weeks (Gelatt and Plummer, 2022). The healing time of
canine fungal keratitis was from 2 to 6 weeks (median
time 30 days, range 21-43 days) (Ledbetter et al., 2016)

ulcer while the healing time of canine bacterial keratitis was
it 42.18% from 2 to 4 weeks (Farghali et al., 2021).

‘ . In comparing the group receiving medical treatment and
Mixed breed 17.18% that receiving combined treatment, we herein report a
Poodle 9.37% longer corneal healing time in the combined treatment

. o group. In canine refractory superficial keratitis receiving
Clitlazetioy e topical medications only, healing times with antibiotics
Pomeranian 4.70% alone, anti-inflammatory drug alone, and proteinase

] ] inhibitor alone were 31.99 £ 21.96, 41.55 + 35.17
Yorkshire Tt 4.70% Lo i
OTSTIITE Tertier ’ and 30.95 + 19.56 days, respectively (Hvenegaard et
French bulldog 4.70% al., 2011). Although we did not analyze healing time
Pug 3.12% by type of medication, the range of healing time for
. . medication alone in our study was from 10 to 30 days.
Pekingese 1.56% It should be considered that various types of cornea
Jack Russell Terrier 1.56% damage also play a role in healing time (Kern, 1990).
With the nictitating membrane flap procedure, the
0,
ek Lo corneal healing rate may indirectly be enhanced by
100.00
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=
S
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[0}
E
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£
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Fig. 1. Comparison of the healing time between two treatment groups.


http://www.openveterinaryjournal.com

http://www.openveterinaryjournal.com
K. Imcharoon et al.

Open Veterinary Journal, (2022), Vol. 12(6): 815-821

100.00-

80.00

60.00-

40.00+

Healing time (day)

20.00

.00

Brachycephalic breed
O Mesencephalic breed

I
Medication alone

Treatment group

I
Combined treatment

Fig. 2. Comparison of the healing time between treatment groups and breeds.
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Fig. 3. Comparison of the healing time between treatment groups and ages.

inhibiting the movement of the membrane, while
moisturizing the injured cornea with precorneal tear
film (Magg et al., 2013; Giuliano, 2015). Furthermore,
a nictitating membrane flap may be a selective
choice in cases with limited health conditions to

receive general anesthesia, poor economic status, or
prevention of progressive corneal damage. However,
in a progressive deep stromal ulcer (involving more
than 50% of stromal thickness), infectious ulcerative
keratitis, or uncontrolled animal, surgical intervention
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such as conjunctival, corneal, amniotic membrane,
or biomaterial grafts is recommended (Gelatt and
Plummer, 2022), in association with primary cause
elimination.

The brachycephalic breed is a major risk factor
for canine ulcerative keratitis and keratomalacia
(Tsvetanova et al., 2021). In this study, the majority
of dogs are brachycephalic. Shih Tzu is the most
common breed and it is known for a predisposition
to keratoconjunctivitis sicca that possibly leads to
ulcerative keratitis (Kim et al., 2009; Costa et al.,
2021). When proteinase activity is uncontrolled during
corneal wound healing, keratomalacia usually occurs
and is in association with deep ulcerative keratitis. The
healing rate of melting keratitis was only 50% when
receiving intensive medical treatment (Guyonnet et
al., 2020). Additional supportive therapy such as a
nictitating membrane flap may be required to enhance
the healing rate of deep corneal ulcers by preventing
self-trauma and providing corneal moisture.

The proportion of dogs older than 10 years receiving
combined treatment was lower than the proportion of
dogs that received medication only. This could imply
that age is one of the important factors when selecting
appropriate treatment. We also observed that the
healing time in dogs older than 10 years receiving either
medication only or combined treatment was longer
than that of dogs younger than 10 years. The prolonged
healing time in older animals may be due to the lack of
healing growth factors in these animals. In humans, the
corneal healing process is delayed in elderly patients.
This is caused by an accumulation of caveolin-1, one
of the integral proteins, which is found to be age-
dependent and hypo responsive to growth factors in
corneal epithelial cells (Rhim et al., 2010). Moreover,
malfunctions of age-related ocular surface homeostasis
had been reported in many previous studies; which are
lower lacrimation rate, meibomian gland malfunction,
lower keratocyte, and corneal nerve density, decrease
corneal endothelial cell, lower systemic immunological
function (Berlau et al., 2002; Hartley et al., 2006;
Weiskopf et al, 2009; Knop et al., 2011; Gipson,
2013; Dees et al., 2017; Iwashita et al., 2020), all of
which exacerbated corneal ulcerative keratitis severity.
It would be interesting to further investigate corneal
growth factors in aging dogs.

There are limitations in this retrospective study. First,
the evaluation of the exact depth, width, and location
of the ulcer is limited. Various depths of the corneal
ulcer may lead to different healing times. Measurement
of the depth and width of corneal ulcers with the use of
image evaluation programs will provide good evidence
of the corneal wound healing process. Second, corneal
culture was not performed to rule out ocular surface
microorganisms that might prolong healing time.
A prospective randomized control study should be

performed to evaluate the difference in healing time
between therapeutic methods.

In conclusion, the healing time of the non-infectious
deep ulcerative keratitis not exceeding 50% thickness
of the cornea between medical treatment alone and
medical therapy combined with a nictitating membrane
flap is relatively comparable. While medications
are definitely required, a nictitating membrane flap
can be additionally considered not only to prevent
complications but to support the healing process.
Special attention should be concerned to senile and
brachycephalic dogs.
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