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ABSTRACT

Background: Endothelial dysfunction affects small and elderly dogs and is similar to Fuchs’ corneal endothelial dystrophy
observed in humans. This condition can be hereditary or acquired and is progressive, potentially leading to corneal edema,
bullous keratopathy and recurrent, indolent ulcers. The aim of this report is to describe a case of bilateral endothelial dys-
function treated by a superficial lamellar keratectomy followed by conjunctival advancement using both Gundersen and
modified Gundersen techniques in a 8-year-old bitch Shih-tzu with corneal ulcer refractory to clinical treatment, and to
describe the 17-month postoperative outcome.

Case: A 8-year-old bitch Shih-tzu was referred for ophthalmological evaluation due to progressive ocular opacity with-
out blindness, developed over 2 months. The patient was using an Elizabethan collar and was being treated for bilateral
superficial corneal ulcers with antibiotic eye drops and lubricating gel. Ophthalmological examination revealed moderate
mucous secretion and normal menace response, normal pupillary light reflexes (direct, consensual and dazzle). Both eyes
presented corneal edema, more pronounced in the right eye. Tear production and intraocular pressure were normal, and
bilateral superficial ulcers were noted in the paracentral region. The patient was diagnosed with endothelial dysfunction
and bilateral corneal ulcers, and treatment with antibiotic and hyperosmotic eye drops, oral analgesics and maintenance
of the protective collar was initiated. After 14 days, ocular secretion improved, but edema and ulceration persisted in both
eyes. Dimethylpolysiloxane-based eye drops were added, and due to the low therapeutic response, bilateral conjunctival
advancement using the Gundersen technique was recommended for the left eye and the modified Gundersen technique for
the right eye, where corneal edema was more intense. The conjunctival flaps were sutured with monofilament nylon in a
simple interrupted and continuous pattern and were removed after 31 days. During this period, antibiotic, hyperosmotic and
lubricating eye drops were continued. Oral anti-inflammatory and analgesic medications were also administered. Four days
postoperatively, with ulcer resolution in the left eye, prednisolone-based eye drops were added, and the same was done for
the right eye on the 22" day. On the 37" day postoperatively, antibiotic and anti-inflammatory eye drops were discontinued,
maintaining the hyperosmotic agent and lubricant, and adding the topical immunomodulator. After 6 months, the owner
reported clearer eyes with no signs of discomfort, ocular secretion, or tearing. In the follow-up, 17 months postoperatively,
the dog had been off all medication for 3 months. Positive menace responses and movement tests were observed; bilateral
ocular opacity and corneal pigmentation in the left eye were noted, with no episodes of corneal ulcer since the procedure.
Discussion: Endothelial dystrophy has been reported in dogs of various breeds, including Shih-tzu. There is a greater pre-
disposition in bitches and elderly dogs, as seen in this case. With the decline in endothelial function, the remaining cells are
unable to maintain deturgescence, allowing fluid accumulation between the collagen lamellae, causing corneal thickening,
loss of transparency, development of keratopathies and blindness secondary to edema. Corneal ulcers frequently recur in
patients with endothelial dysfunction, are challenging to heal, and cause ocular discomfort and corneal pigmentation. Among
the therapeutic options, superficial keratectomy combined with conjunctival advancement is an easily performed procedure
that does not require donors, and offers the potential to reduce edema, the recurrence of corneal ulcers, and discomfort.
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INTRODUCTION

The cornea is the primary barrier to the passa-
ge of light rays into the eye; thus, any morphological
alteration that interferes with its transparency will
compromise vision [1]. Corneal endothelial dysfunc-
tion is a progressive, hereditary disease that leads to
stromal edema, potentially triggering bullous and/or
ulcerative keratopathy that is difficult to heal [1,3,8].
This condition typically occurs bilaterally and is a
non-inflammatory disease that predominantly affects
small-breed dogs [19]. It resembles Fuchs’ endothelial
corneal dystrophy in humans, and its developmental
mechanisms are similarly not well understood [2,6].
The condition is rare in felines [3], with diffuse corneal
edema being the most common sign [16], which can
begin in paracentral or temporal regions and progress
to involve the entire cornea over months or years [8].

This case report aims to describe the use of
conjunctival advancement (Gundersen and modified
Gundersen techniques) and its 17-month postoperative
outcome in resolving a case of bilateral endothelial
dysfunction in a bitch, presenting with corneal edema
and superficial ulceration unresponsive to initial cli-
nical treatment.

CASE

A 8-year-old bitch Shih-tzu, weighing 7.8 kg,
was referred for specialized ophthalmologic care due
to progressive ocular opacity over a 2-month period,
without blindness. The patient was receiving treat-
ment for superficial corneal ulcers in both eyes, with
moxifloxacin hydrochloride' [Vigamox® 0.3% eye
drops - every 12 h], sodium hyaluronate? lubricating

[Hylo® 0.15% gel - every 2 h], and was also wearing
an Elizabethan collar.

Ophthalmologic examination revealed moder-
ate mucous discharge bilaterally and positive menace
response, as well as direct, consensual, and dazzle
pupillary light reflexes. The right eye (Figure 1A)
showed moderate to severe edema (++/+++), affecting
90% of the cornea. The left eye (Figure 1B) exhibited
mild to moderate corneal edema (+/+++), affecting
approximately 80% of the cornea, with pigmentation
in the temporal region between 2 and 4 o’clock and
in the nasal region between 7 and 9 o’clock. Schirmer
tear test’ results were 16 mm/min for the right eye and
17 mm/min for the left eye. Fluorescein* staining test
showed superficial bilateral ulcers in the paracentral
region between 2 and 3 o’clock in the left eye, and
between 9 and 11 o’clock in the right eye. Intraocular
pressure* [Tonovet plus®] was 15 mmHg for the right
eye and 16 mmHg for the left eye. The patient was
diagnosed with endothelial dysfunction and bilateral
corneal ulcer.

Treatment was initiated bilaterally with
moxifloxacin-based and hypertonic saline® solution
[Hipertonic® 5% - eye drops], both administered 5
times daily. Oral administration of dipyrone sodium
[25 mg/kg, every 12 h for 5 days] was prescribed, along
with continuous use of an Elizabethan collar. After 14
days, there was an improvement in ocular discharge,
with persistent edema and ulceration in both eyes. To
the initial treatment regimen, dimethylpolysiloxane®
[Dimethylpolysiloxane® - eye drops - every 6 h] was
added. Due to inadequate clinical response, bilateral
conjunctival advancement using the Gundersen tech-
nique [10] was recommended.
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Figure 1. Photographic images of an 8-year-old Shih-tzu bitch with endothelial dystrophy. Note the
bilateral fluorescein staining (*). A- Right eye shows diffuse corneal edema (§) with an intensity
of ++/+++. B- Left eye shows corneal pigmentation in the temporal region (—) and corneal edema

(§) with an intensity of +/+++.
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Figura 2. Photographic images of the right and left eyes of an 8-year-old Shih-tzu bitch during
surgery. A, B, and C show the right eye. A- Arrows indicate horizontal lines demarcating a 6 mm
width for the subsequent superficial keratectomy; the circle indicates the ulcerated area in the
paracentral region. B- Visual aspect of the cornea shows the central strip after keratectomies, with
the ulcer in the paracentral region indicated by (—). C- Conjunctival advancements are sutured in
a simple interrupted and simple continuous pattern with 10/0 monofilament nylon suture. D- Left
eye shows the cornea with a conjunctival graft in the temporal region, sutured in a simple continu-

ous pattern with 10/0 monofilament nylon suture.

Following normal results from hematological
(complete blood count), serum biochemical (urea,
creatinine, proteins, and fractions concentrations, and
ALT and ALP activities), and cardiological examina-
tions, the Gundersen technique [10] was performed on
the left eye, where edema was less intense and more
concentrated in the temporal quadrants of the cornea.
For the right eye, which exhibited diffuse and intense
edema (++/+++), a modified Gundersen technique [6]
was employed.

On the right eye, 2 horizontal lines 6 mm apart
were marked on the cornea using a caliper (Figure 2A),
followed by incisions with a 15 C blade, and lamellar
keratectomy involving removal of corneal epithelium
and significant portions of the stroma from the su-
perior and inferior corneal areas, using an escalating
blade (Figure 2B). Superficial lamellar keratectomy
was performed axially, removing anterior epithelium
and stroma. Subconjunctival saline solution was then

applied to separate conjunctiva from Tenon’s capsule,
followed by conjunctival dissection using conjunctival
scissors. Conjunctival flaps were sutured with 10/0
nylon in interrupted and continuous simple patterns
(Figure 2C).

On the left eye, vertical corneal incision was
made from 12 to 6 o’clock. Subsequently, superficial
lamellar keratectomy was performed, followed by
conjunctival advancement and suturing as described
previously (Figure 2D).

Postoperatively, treatment was initiated with
moxifloxacin and sodium hyaluronate® [Hyabak®
0.15% - eye drops], both administered 5 times daily.
Oral anti-inflammatory prednisolone’ was prescribed
[Predsim® 5mg - 0.5 mg/kg/day for 7 days], along
with dipyrone 5 days and the use of an Elizabethan
collar. Weekly follow-ups were scheduled to monitor
ocular progress.
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Figure 3. Photographic images of an 8-year-old Shih-tzu bitch with endothelial dysfunction, 37
days after undergoing a modified Gundersen and Gundersen graft. A- Right eye & B- Left eye,
both show evident vascularization from the graft, a visible pupil, and the absence of an ulcer. In
A and B, respectively, note the final appearance of the healing process.

On the 4™ postoperative day, prednisolone®
[Ster® 1% eye drops - twice daily] were added to the left
eye’s prescription. At 22 days post-surgery, the same
prescription was extended to the right eye, along with
bilateral use of hypertonic saline solution 5 times daily
and immunomodulator tacrolimus® 0.03% once daily.

Sutures in both eyes were removed after 31
days (Figure 3), with the patient awake and cor-
neal desensitization achieved using proxymetacaine’
[Anestalcon® 0.5% - eye drops]. Moxifloxacin were
discontinued at 37 days post-surgery, with tacrolimus
0.03% eye drops prescribed every 12 h and 5% sodium
chloride every 8 h.

Six months post-procedure, the owner reported
via telephone a clearer eye without discomfort, ocular
discharge, or tearing. During a follow-up at 17 months
post-surgery, the owner reported discontinuing topical
medications on their own initiative at 3 months post-
operatively. Ophthalmic examination revealed positive
responses to menace and movement tests, bilateral

ocular opacity (+/+++), corneal pigmentation in the
upper quadrants of the left eye, and no episodes of
corneal ulceration since the procedure (Figure 4).

DISCUSSION

In dogs, endothelial dysfunction has been des-
cribed in breeds such as Boston Terrier, Dachshund,
Chihuahua [1,3,6,8,13,14,16,19], German Shorthaired
and Wirehaired Pointer [1,6], Boxer [3], Poodle and
Shih-tzu [8]. There is a greater predisposition in bitches
and the in elderly dogs, as observed in the patient in
this report [1].

The corneal endothelium is an active layer
responsible for transporting solutes and fluids from
the cornea to the aqueous humor, maintaining corneal
deturgescence essential for transparency [5]. As post-
-mitotic cells, corneal endothelial cells do not regene-
rate, and once they reach a critically low number, the
remaining cells become incapable of maintaining de-
turgescence. This leads to fluid accumulation between
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Figure 4. Photographic images of an 8-year-old Shih-tzu bitch with endothelial dysfunction, 17
months after undergoing a modified Gundersen graft in the right eye (A) and a Gundersen graft in
the left eye (B). Note the diffuse corneal opacity (+/+++), evident vascularization from the graft,
visible pupil, and absence of ulcers in both A & B. B- Pigmentation in the superior quadrants and

the inferior perilimbal region.
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collagen lamellae, causing corneal thickening, loss of
transparency, and the development of keratopathies
and secondary blindness due to edema [14,19]. Phy-
siologically, endothelial cell loss increases with age,
potentially impairing corneal transparency. It can also
result from endothelial lesions post-intraocular surge-
ries, primary corneal diseases, uveitis, glaucoma, an-
terior lens luxation, diabetes mellitus, and endothelial
dysfunction itself, the pathogenesis of which remains
unclear [2]. In this patient’s case, no other causes for
endothelial dysfunction were identified beyond racial
predisposition and age.

Corneal ulcers in animals with endothelial dys-
function recur due to excessive stromal hydration, re-
sulting in epithelial edema and rupture of subepithelial
cells, leading to bullous keratopathy and/or recurrent,
indolent ulcers [5]. Chronicity may promote corneal
pigment deposition, as observed in this case. Although
bullous keratopathy can result from endothelial dys-
function, it was not observed in this patient [1,5,8].

The application of hypertonic solution on the
corneal surface aims to remove excess intralamellar
fluid, contingent upon intact epithelium. While it may
reduce epithelial blistering extent, ocular irritation and
tearing can dilute the product, reducing its effective-
ness. In this case, standalone hypertonic therapy did
not satisfactorily reduce corneal edema, prompting its
combination with 5% saline solution and conjunctival
advancement [4].

Topical hypertonic agents and antibiotics are
recommended for resolving ulcers resulting from en-
dothelial dysfunction but often fail to address corneal
edema [1,5,13], as observed in this case. Surgical
interventions such as thermokeratoplasty [2,13] and
superficial keratectomy combined with conjunctival
advancement [1,4,12,13,18] are therefore considered
therapeutic options to improve clinical signs of endo-
thelial dysfunction.

In this case, due to poor response to initial
clinical treatment, Gundersen flap advancement was
recommended as a viable surgical alternative to correct
corneal edema, resolve corneal ulcers, and prevent
recurrence. First reported by Gundersen in 1958
[10], the use of autologous conjunctiva eliminates the
need for tissue donors and is easily performed [12],
acting as a protective barrier providing blood supply,
metabolic support, reducing ocular pain, irritability,
and minimizing the need for topical medications [7].

Additionally, conjunctival flaps assist in maintaining
corneal dehydration, providing an alternative route for
fluid drainage via conjunctival vessels [12]; alternati-
vely, fluid originally from the anterior chamber could
follow the path of least resistance through the cornea
[9]. As reported by Horikawa et al. [12] lamellar kera-
tectomy was performed to reduce axial corneal stromal
thickness, aiming to minimize the number of lamellae
where edema could accumulate.

Penetrating keratoplasty remains the definitive
treatment for severe endothelial dysfunction, providing
anew source of corneal endothelial cells. Howeyver, it is
costly, requires skilled professionals, appropriate surgi-
cal instruments, and, crucially, a donor [16]. In dogs, it
is rarely employed for visual rehabilitation [13].

In this case, due to varying intensity of corneal
edema between eyes, lamellar keratectomy and con-
junctival advancement were chosen for the temporal
cornea following Gundersen’s technique [10], and for
the left eye presenting more diffuse and intense edema,
amodified technique [6] was employed. This technique
creates an intact central corneal strip between 2 regions
(superior and inferior) where superficial lamellar
keratectomy and conjunctival advancement were per-
formed. As reported by Giannikaki et al. [6], greater
effectiveness was observed in reducing corneal edema
in the left eye and consequently, corneal thickening.

Special attention was given to dissection of
Tenon’s capsule from the substantia propria, as its thi-
ckness increases conjunctival tissue tension, resulting
in thicker scars that compromise corneal transparency
[11]. Continuous simple monofilament nylon sutures
were chosen for corneoconjunctival suturing due to
their high elasticity, prolonged tensile strength, and
low toxicity, minimizing vascular stimulation [15].

The use of corticosteroids for controlling scar
inflammation is indicated, provided there is good epi-
thelial coverage. Therefore, steroid use was initially
instituted in the left eye and subsequently, at 22 days
postoperatively, in the right eye, following a negative
fluorescein staining test. Additionally, immunomodula-
tors such as tacrolimus also possess anti-inflammatory
properties, reducing corneal vascularization and pig-
mentation [17], which was achieved while the owner
maintained its use.

In conclusion, Gundersen and modified Gun-
dersen techniques proved effective in reducing low to
moderate corneal edema, aiding in ulcer resolution,
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