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Abstract
Feline corneal sequestrum develops secondary to the quantitative or qualitative deficit of the lacrimal tear film or
represents a sequela in the healing process of corneal ulcers. The classic surgical approach is keratectomy and
corneal-conjunctival flap for which not only special equipment is required (surgical microscope, corneal surgery kit),
but also good knowledge of the technique of corneal sutures. For 32 cats diagnosed with corneal sequestrum (Persian,
Exotic Shorthair, British Shorthair and Domestic Shorthair), a new surgical protocol was performed: keratectomy,
application of the SoftShield® collagen contact lens and third eyelid flap. The sutures were maintained for three weeks.
The healing of the cornea was achieved with minimal scarring, compared to the cases in which the corneal-conjunctival
flap was performed. This surgical technique for feline corneal sequestrum can be performed by any veterinarian
because it does not require special equipment or knowledge of corneal suture techniques.
Key words: corneal sequestrum, keratectomy, SoftShield®, third eyelid flap.

INTRODUCTION
Corneal sequestrum (also known as corneal
mummification, necrotizing keratitis) is a common
disease in cats, although it has been documented in
dogs and horse as well (McLellan & Archer, 2000;
Bouhanna et al., 2008; Dubin et al., 2013). It occurs
more frequently in brachycephalic breeds, like the
Persian, Himalayan, Siamese and Burmese, but the
Domestic Shorthair is also affected (Featherstone &
Sansom, 2004; Graham et al., 2017).
The pathogenesis is not fully understood. Most
common causal associations are quantitative or
qualitative tear film abnormalities, corneal ulcers,
lagophthalmos,
chronic
corneal
irritations,
entropion, trichiasis, breed predisposition, felineherpesvirus-1, Chlamydia psittaci infection
(Nasisse, 1990;1998; Featherstone & Sansom,
2004; Volopich et al., 2005; Lim et al., 2009;
Ionașcu, 2017; Graham et al., 2017).

Characteristic lesions are usually unilateral, but
can also occur bilaterally, it can be located
centrally or paracentrally. The discolouration is
variable, ranging from opaque to black, representing focal stromal collagen degeneration and
necrosis, with or without vascularization
(Figure 1) (Andrew et al., 2001; Featherstone
& Sansom, 2004; Graham et al., 2017).

Clinical signs manifest as blepharospasm, epiphora
and ocular discharge. Sequestrum can vary in size
and depth, affecting from superficial stroma to
involvement of Descemet’s membrane and
subsequent corneal perforation.

Figure 1. OD Central corneal sequestrum
in an 8-years-old DSH

Surgical management is often the treatment of
choice to alleviate the pain and decrease the chance
of recurrence or progression to deeper corneal
tissue (Andrew et al., 2001; Graham et al., 2017;
Yang et al., 2019). It generally consists of a
keratectomy (lamellar or full-thickness) to remove
the affected cornea and techniques to provide
tectonic support during corneal healing. Reported
surgical interventions include: corneoconjunctival
transposition (CCT), conjunctival grafts, porcine
small intestinal submucosal (SIS) graft, porcine
urinary bladder submucosa, bovine pericardial
grafts, donor keratoplasty, and amniotic membrane
transplantation (Andrew et al., 2001; Featherstone
et al., 2001; Townsend et al. 2008; Barachetti et al.,
2010; Dulaurent et al., 2014; Laguna et al. 2015;
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mild corneal edema (Figure 4) and slight positive
fluorescein test.

Chow & Westermeyer, 2016; Ion et al., 2016;
Graham et al., 2017).
The objective of this study is to report the use of
Softshield® collagen bandage lens as an option in
the management of corneal sequestrum.
MATERIALS AND METHODS
Medical records of 32 cats were analysed. Patients
that were included in this study had a clinical
diagnostic of corneal sequestrum and underwent
lamellar keratectomy and Softshield® collagen lens
application, followed by a third eyelid flap.
All patients underwent complet ocular and physical
examination. Pain, conjunctival dischage (Figure 2)
and mild blepharospasm were observed.

Figure 4. OD Corneal sequestrum with edema and
positive fluoresceine test in a 6-years-old BSH

In cases which did not uptake fluorescein, the
dye cannot penetrate the sequestrum surface
because the sequestrum lacks stromal ground
substances (Andrew et al., 2001).
In eight cases (8/32) the corneal sequestrum
was covering the central part of the cornea, the
corneal edema was marked and the cats had
visual deficits (Figure 5). Additional diagnostic
tests, such as complete blood count and serum
biochemistry were unremarkable.
Patients were placed under general anesthesia.
The
cats
were
pre-medicated
with
dexmedetomidine (Dexdomitor 0.1 mg/ml,
Orion Pharma) 15 mcg/kg, ketamine
(Ketamidor 100 mg/ml, Richter Pharma,
Austria) 5 mg/kg and butorphanol (Butomidor
10mg/ml, Richter Pharma, Austria) 0.2 mg/kg
IM. Anesthesia was induced with propofol
(Propofol Lipuro 10 mg/ml, Braun Germany)
IV 2-4 mg/kg.

Figure 2. OD Corneal sequestrum and conjunctival
discharge in a 3-years-old Persia

In all cases the Schirmer Tear Test had low values
(0 mm/min to 10 mm/min) and IOP was in normal
range. The aspect of the cornea varied: in ten cases
(10/32) the central necrotic tissue was well
delimited and on the periphery the cornea was clear
(Figure 3).

Figure 3. OD Central corneal sequestrum well delimited
in a 7-years-old Persian

In fourteen cases (14/32) the blood vessels
surrounded the necrotic tissue and the periphery had

Figure 5. OD Massive central corneal sequestrum in an
11-years-old Burmese
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The patients were intubated, maintained on
oxygen and isoflurane 1.5-2% (Anesteran,
Rompharm SA, Romania). Topical anesthesia
consisted of oxybuprocaine hydrochloride
0.4% (Benoxi®, Unimed Pharma).
The corneal sequestrum (Figure 6 and Figure 8)
was delineated using a crescent knife and a
keratectomy was performed to remove the
entire necrotic tissue (Figure 7 and Figure 9).
After keratectomy the lavage of the cornea was
performed using saline and antibiotic eye drops
were applied (Floxal, Bausch & Lomb
Rochester, NY, SUA).

Figure 9. OD Lamellar keratectomy in previous case
(4-years-old BSH)

Figure 6. OS Central corneal sequestrum prior to the
surgery in an 12-years-old Burmese
Figure 10. OD The collagen lens applied on the cornea
in previous case (4-years-old BSH)

Figure 7. OS Lamellar keratectomy in previous case (12years-old Burmese)
Figure 11. OD Complete third eyelid flap after
keratectomy and application of Softshield® bandage
collagen lens in an 8-years-old Persian

For tectonic support of the cornea we used a
Softshield® bandage collagen lens (Softshield
Collagen Corneal Shield 72 hr, Oasis Medical
Inc, USA). The collagen bandage lens is
hydrated with saline, inverted and applied on
the cornea. The air bubbles were removed from
under the bandage collagen lens with soft
pressure using a cotton swab. After this

Figure 8. OD Corneal sequestrum with blood vessels and
edema in a 4-years-old BSH
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procedure, the collagen lens was adherent to
the entire cornea (Figure 10).
A complete third eyelid flap was performed
using a simple interrupted suture (Vicryl 3/0,
Ethicon, Johnson & Johnson, Germany) in
order to mantain the collagen lens on the
surface of the cornea (Figure 11). The sutures
were maintained for 21 days. After the surgery,
the Elizabethan collar is mandatory.
Postoperative medications included doxicycline
(Ronaxan® 20 mg, Merial, Lyon, France) 10
mg/kg SID 10 days, local antibiotics (Floxal,
Bausch & Lomb Rochester, NY, SUA) for 21
days and kanamycin ointment BID on the
sutures of the third eyelid flap (Kanamicina®,
SC Antibiotice SA, Iasi, Romania).
Cats were re-evaluated weekly, one month after
the surgery, to check the ocular discharge and
the sutures and after that at 2, 3 and 6 months
postoperatively. Information regarding time to
healing, recurrence rate, and evidence of
scarring were noted. After sutures’ removal at
21 days postoperatively, the local treatment
consisted only of artificial tears with hyaluronic
acid gel BID a la long (Optixcare Eye Lube
Plus®, CLC Medica, Ontario, Canada).

indicated for ocular surface protection
following surgery and after corneal trauma,
ulcers or abrasion, and can also be used as drug
delivery device.

Figure 12. OS Corneal sequestrum with blood vessels in
a 5-years-old DSH

RESULTS AND DISCUSSIONS

Figure 13. OS Corneal sequestrum with positive
fluoresceine test in a 9-years-old Exotic Shorthair

In this study were included 32 cats: 13 Persian,
4 Burmese, 3 Exotic Shorthair, 3 British
Shorthair and 9 Domestic Shorthair. No sex
predilection was identified; there were 18
females and 14 males. The age of the patients
ranged from 3 years to 16 years (mean age 6.71
years, SD ± 2.79). The right eye was affected in
17 cats and the left eye in 15 cats. This study
was similar to previous studies in which the
highest incidence is reported in brachycephalic
cats (19 cats) and there is no gender
predilection (Andrew et al., 2001; Graham et
al., 2017).
Fourteen cases (14/32) presented vascularized
corneal sequestrum (Figure 12) and slight
positive fluorescein test (Figure 13).
Collagen bandage lenses use has been reported
in several studies, but to the authors’
knowledge this is the first report of its use in
corneal sequestrum.
Collagen corneal shields (CCS) are contact
lens-shaped, biodegradable protein matrixes
placed on the cornea. They are currently
155

Collagen shields are manufactured from
porcine or bovine collagen and three different
collagen shields are currently available with
dissolution times of 12, 24, and 72 hours
(Guber et al., 2019; Willoughby et al., 2002).
Studies in animals with corneal epithelial
defects and keratectomy wounds has
demonstrated that CCS have an important role
in the promotion of re-epithelialisation and
reduces stromal inflammation and edema
(Willoughby et al., 2002; Eshar et al., 2011; Ion
et al., 2016).
Softshield® has a dissolution time of 72 hours,
but we maintained the suture for 21 days for a
better corneal healing outcome. According to
author’s experience (unpublished data), when
the sutures are removed before 21 days, for
example 7 days after the surgery, the cornea is
not healed, it has stromal edema, the blood
vessels reached the periphery of the collagen
lens and the fluorescein test is positive (Figure
14).

Clinical aspect 2 months postoperatively show
reduced corneal vascularization and central
opacification where the collagen bandage lens
is included in the corneal structure (Figure 17).

Figure 14. OS Clinical aspect of the cornea 7 days after
the surgery (5-years-old DSH)

Clinical aspect at 21 days postoperatively,
when the third eyelid flap sutures are removed,
show rich corneal neovascularization (Figure
15) or mild neovascularization (Figure 16) and
the collagen shield included in the corneal
structure.

Figure 17. OS Clinical aspect 2 months after the surgery,
reduced corneal vascularization (10-years-old Persian)

Six months postoperatively the cornea has
minimal scarring (Figure 18), comparing to the
cases in which the conjunctival flap was
performed (Figure 19 and Figure 20).

Figure 15. OD Clinical aspect 21 days postoperatively,
when the sutures of the third eyelid flap are removed (8years-old DSH)

Figure 18. OD Minimal corneal scar 6 months after the
surgery (4-years- old BSH)

Figure 16. OS Clinical aspect 21 days postoperatively,
when the sutures of the third eyelid flap are removed
(3-years-old BSH)

Figure 19. OD Aspect of conjunctival graft 6 months
after keratectomy (5-years-old Persian)
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For this technique special equipment is
required (surgical microscope, corneal surgery
kit), but also good knowledge of the technique
of corneal sutures.
The surgical protocol for feline corneal
sequestrum proposed in this study can be
performed by any veterinarian because it does
not require special equipment or knowledge of
corneal suture techniques. Other benefits of this
approach include decreased anaesthesia time
and lower procedure costs for the owner.
In our case-series, all cases undergoing
keratectomy followed by application of
Softshield®
bandage
collagen
lens
demonstrated good corneal transparency and
improved vision.

Figure 20. OD Corneal scar after sectioning the
conjunctival graft performed 6 months before for corneal
sequestrum (5-years-old Persian)

Artificial tears with hyaluronic acid were
prescribed long-term BID because all patients
were diagnosed with keratoconjunctivitis sicca,
Schirmer Tear Test values being 0-10 mm/min.
Knowing that KCS is an important factor in the
development of feline corneal sequestrum,
hyaluronic acid was used to prevent
recurrences as well.
At all recheck examinations the fluorescein test
was negative and for Schirmer Tear Test we
recorded increased values (8-15 mm/min).
None of the patients in this study had
recurrences in our follow-up period with a
range between 8 and 32 months. Because longterm follow-up was not always available, it is
possible that corneal sequestrum recurred
without being diagnosed. Regarding the
absence of recurrences, the relatively low
number of cases and the duration of follow-up
time remain limitations of this study.
After keratectomy, the Softshield® collagen
bandage lens acts as tectonic support, providing
tissue to fill the lack of the corneal structure
and facilitating healing via vascularization
starting from the limbus.
Previously reported surgical treatments for
feline corneal sequestrum include among others
keratectomy with conjunctival grafts. This
technique utilizes the patient’s own conjunctiva
and is reported to have a good success rate but
it usually leads to corneal opacification, being
associated with secondary corneal scarring of
varying densities (Morgan, 1994; Pumphrey et
al., 2019).

CONCLUSIONS
Application of Softshield® bandage collagen
lens is an effective alternative to conjunctival
grafting procedures in cats undergoing
keratectomy for treatment of feline corneal
sequestrum.
It has a good outcome in terms of corneal
transparency and vision improvement.
This novel surgical approach can be performed
by any veterinary doctor because it does not
require special equipment or knowledge of
corneal suture techniques.
To the authors’ knowledge, this is the first
report of its use in feline corneal sequestrum.
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