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Abstract

Squamous cell carcinoma is the most common ocular tumor of horses. To demonstrate that carbon dioxide laser is
a useful method to successfully induce ablation of superficial squamous cell carcinoma of the cornea and conjunc-
tiva, two horses affected with superficial ocular squamous cell carcinoma were operated, under general anesthesia,
by this technique delivering continuous pulses over the affected tissue. Tumors were completely removed, with
minimal or no postoperative inflammation nor discomfort to horses. Ablation using carbon dioxide laser represents
a promising new surgery option in the treatment of squamous cell carcinoma in horses.
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Resumen

El carcinoma de células escamosas es el tumor ocular mas comun en caballos. Para demostrar que el laser de dioxido
de carbono es un método Util para inducir exitosamente la ablacién de carcinoma de células escamosas superfi-
ciales en la cornea y en la conjuntiva, bajo anestesia general se operaron dos caballos afectados con carcinoma
superficial de células escamosas ocular mediante esta técnica, administrando pulsos continuos sobre el tejido afec-
tado. Los tumores fueron removidos completamente provocando minima o ninguna inflamacién posquirtrgica o
molestia en los caballos. La ablacion con laser de didxido de carbono representa una nueva alternativa quirdrgica
prometedora en el tratamiento de carcinoma ocular de células escamosas en los caballos.
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Introduction

most common neoplasms of horses and repre-

sents the most common tumor in equine eye and
orbit. Initially, the tumor involves the eyelids, con-
junctiva and nictitating membrane, and it frequently
extends through the corneo-scleral limbus producing
visual impediment and invation of the ocular globe
surface. In most of the cases it can occur metastasis
to the surrounding tissues, regional lymph nodes and
salivary glands.

The SCC often appears as a pink wart-like mass
and produces a persistent ocular discharge which
does not respond to antibiotic therapy. It has been
shown that light colored animals or with lack of perio-
cular pigment, with frequent exposition to the sun are
more commonly affected.? In general, solar-induced
neoplasms achieve high-grade malignancy, due to this
the SCC tumor cells spread through soft tissue as slen-
der anastomosing cords and cause local destruction
and quick spread.® Tumors that have their origin in
the nictitating membrane and limbus are less invasive
and metastasic than the one that involves eyelids due
to the avascularity of the stromal sclera that delays
the disemination through the cornea or the bulbar
conjunctiva, in contrast with the eyelids region that is
more vascularized, increasing in it the invasion risk.*

Treatment of ocular squamous cell carcinoma
includes surgical removal, cytostatic chemotherapeu-
tics, cryotherapy, immunotherapy, radiotherapy or
hyperthermia; each treatment has particular indica-
tions as well as different limitations when applied to
corneal and limbal tumors. The treatment modality
chosen is according to tumor size, tumor location,
availability of equipment, collateral effects, posibili-
ties of relapse, clinical expertise and cost of treatment
and value of the animal.®

The use of carbon dioxide laser in ophthalmic
surgery allows precise cutting, homeostasis, sealing of
lymphatic vessels, sterilization of tissues and decrease
postoperative inflammation and patient discomfort.
The CO, laser emits radiation in the infrared spec-
trum in microsecond pulses that being absorbed by
water molecules, thermal tissue ablation occurs as
cells are flash-boiled and vaporized.® This vapori-
zation form is known as ablative effect, because the
focused high-energy beam delivered on the cutting
tissues, cleanly eliminates them cleanly with minimal
thermal difussion. The interaction between laser and
tissue depends on the kind of tissue, water content
and density of laser energy. The principle effect of the
CO:z is thermal, so application of focal energy allows
a deep cut of the tissues, while the use of dispersed

Squamous cell carcinoma (SCC) is one of the
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Introduccién

tituye una de las neoplasias mas frecuentes en

caballos y representa el tumor mas comudn en
el ojo y la drbita equina. Inicialmente involucra par-
pados, conjuntiva, membrana nictitante y ocasional-
mente se extiende hacia el limbo esclero-corneal,
ocasionando impedimento visual e invasion de la
superficie del globo ocular. En la mayoria de los casos
puede ocurrir metastasis hacia tejidos circundantes,
ganglios linfaticos regionales y glandulas salivales.*

El CCE regularmente se presenta como una masa
rugosa de color rosa y produce secrecion ocular persis-
tente que no responde a la terapia convencional con
antibioticos topicos. Se ha demostrado que animales
de colores claros o con falta de pigmento periocular
con exposicion frecuente al Sol son mas comdnmente
afectados.? En general las neoplasias inducidas por
el Sol desarrollan un alto grado de malignidad, por
lo que las células tumorales del CCE se diseminan a
través de tejidos blandos anastomosando cordones y
causando destruccion local del tejido rapidamente.®
Los tumores que se originan de la membrana nicti-
tante y el limbo son menos invasivos y metastaticos que
los que involucran los parpados debido a la avasculari-
dad de la sustancia propia de la esclera que retarda la
diseminacion hacia la cérnea o a la conjuntiva bulbar,
en contraste con la region de los parpados, que es mas
vascularizada, aumentando en ésta el riesgo de inva-
sion.*

En el tratamiento del carcinoma ocular de células
escamosas se pueden utilizar técnicas de remocion
quirudrgica, quimioterapeuticos citostaticos, criotera-
pia, inmunoterapia, radioterapia o hipertermia. Cada
tratamiento tiene indicaciones particulares, asi como
diferentes limitaciones cuando se aplican a tumores
corneales y limbales. La modalidad de tratamiento
que se selecciona esta en funcion del tamafio y loca-
lizacion del tumor, disponibilidad del equipo, expe-
riencia clinica, posibilidad de reincidencia y efectos
colaterales, costo del tratamiento y valor del animal.®

El uso del laser de dioxido de carbono en la cirugia
oftalmica ofrece cortes precisos, hemostasis, sellado
de vasos linfaticos, esterilizacion de los tejidos y dismi-
nucioén de la inflamacién posquirdrgicay de las moles-
tias del paciente. El laser de CO, emite radiacién en
el espectro infrarrojo en pulsos de microsegundos
siendo absorbidos por moléculas de agua; la ablacion
térmica del tejido ocurre cuando las células son rapi-
damente calentadas y vaporizadas.® Esta forma de
vaporizacion se conoce como efecto ablativo, ya que
la alta densidad de energia liberada sobre los tejidos
consigue eliminarlos limpiamente con minima difu-
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energy results in superficial ablation and minimizes
the necrotic zone.’

The objective of this work is to communicate two
cases of ocular superficial squamous cell carcinoma
that were treated succesfully by means of surgical
removal, using the dioxid carbon laser.

Case l

A stallion Quarter horse, four years old, bay, of 490 kg
was taken to the Equine Medical Unit “Santo Tomas”
with agrowth on the right eye that had appeared three
months ago. The horse presented mucopurulent dis-
charge in the medial cant of the eye. Examination
of the eye revealed a red, friable, exuberant growth
on the palpebral surface of the nictitating membrane
measuring about 2 cm horizontally, 2 cm vertically
and 1 cm of elevation with indistinct demarcation
of the margins. The cornea presented irregular thic-
kening of the temporal half with vascularization and
a red friable growth of 1.5 cm of length (Figure 1).
The friable neoplastic tissue of the nictitating mem-
brane was lifted with a tooth forceps and an incisional
wedge biopsy was obtained to provide a histopatholo-
gical sample. Diagnosis of squamous cell carcinoma
was confirmed by biopsy. Histologically the tumoral
cells were distinguished for forming typical invasive
epithelial cords that invaded the surrounding tissues.
The conjunctiva of the eyelids did not appear to be
affected and lymph nodes were not palpable.

Laser ablation was performed under general
anaesthesia, palpebral nerve block and use of topical
tropicamide. Anaesthesia included xylazine at 10%
using doses of 1 mg/kg as preaneshtesic and ketamine
doses of 2.2 mg/kg as muscle relaxant; following intu-
bation, the horse was mantained on halothane and
oxygen.

The CO, laser was operated in a continuos mode

sién térmica. La interaccion entre el laser y el tejido
depende del tipo del tejido, contenido de agua y den-
sidad de la energia del laser. El principal efecto en el
tejido del laser de CO, es térmico, por lo que la apli-
cacioén de energia focal ocasiona el corte profundo de
los tejidos, mientras que el uso de energia dispersa
resulta en ablacion superficial y minimiza la zona de
necrosis.’

El objetivo de este trabajo es comunicar dos casos
de carcinoma ocular superficial que se trataron con
éxito mediante la remocién quirurgica, utilizando
laser de dioxido de carbono.

Caso 1

Un caballo entero, cuarto de milla, de cuatro afios
de edad, color bayo, de 490 kg, fue presentado en
la Unidad Médica Equina “Santo Tomas”, con cre-
cimiento en el ojo derecho que aparecié tres meses
antes. Presentaba exudado mucopurulento en el
canto medial del ojo. El examen oftalmico revel6 cre-
cimiento exuberante, friable de color rojo en la cara
palpebral de la membrana nictitante, de aproxima-
damente 2 cm horizontalmente, 2 cm verticalmente
y 1 cm de elevacion con margenes irregulares. En la
cornea se observaba engrosamiento irregular en la
mitad temporal con vascularizacion y crecimiento
color rojo friable, de 1.5 cm de largo (Figura 1). El
tejido neoplésico friable de la membrana nictitante se
levantd con un forceps de dientes y se realiz6é biop-
sia incisional con el fin de obtener una muestra para
histopatologia. El diagnéstico de carcinoma de célu-
las escamosas fue confirmado mediante la biopsia.
Histolégicamente las células tumorales se caracteri-
zaban por formar cordones epiteliales que invadian
tejidos adyacentes. La conjuntiva de los parpados
aparentemente no estaba afectada y los linfonodos no
eran palpables.

Figura 1: Apariencia del carcinoma de células escamosas del
ojo derecho del caso 1 antes de la cirugia.

Figure 1: Appearence of the squamous cell carcinoma in the
right eye of case 1 before surgery.
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with a power setting of 4 on the low scale, correspon-
ding to an average output of 5W with short pulse dura-
tion to minimize thermal diffusion and in that way,
minimize the zone of necrosis. An articulated arm
with a focal beam was used to provide ablation instead
of cutting (Figure 2). The tumor was vaporized in situ
and no abnormal tissue was left, the base of the invol-
ved conjunctiva and cornea was covered extending the
vaporization 5 mm into the visually normal adjacent
tissue. Corneal edema and chemosis were minimal
and the animal showed no discomfort after the surgery
(Figure 3). In the postsurgical stage, the horse was
treated with topical application of antibiotic ointment
every eight hours for two weeks until the cornea did
not stain with fluoresceine dye, this demonstrated the
epithelial corneal integrity and showed that the epi-
thelial corneal regeneration process was complete.?

One month after surgery, the horse was rechecked
and the cornea was clear and the eye was visual and
comfortable (Figure 4)

Case 2

A gelding white Arabian horse, 8-years old was presen-
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La ablacion con laser se realiz6 mediante aneste-
sia general, bloqueos nerviosos palpebrales y tropi-
camida tdpica. Para la anestesia se utilizd xylazina al
10% a dosis de 1 mg/kg como inductor anestésico y
ketamina a dosis de 2.2 mg/kg como relajante mus-
cular, después de la intubacion el caballo se mantuvo
con anestesia inhalada a base de halotano y oxigeno.

El laser de CO, se operdé en modo continuo en un
nivel de poder de 4 en la escala baja, correspondiendo
a 5W con pulsos de corta duracién para minimizar la
difusion térmica y de esta manera minimizar la zona
de necrosis. Se utilizd6 un brazo articulado con un
punto focal para aplicar ablacién en lugar de corte
(Figura 2). El tumor fue vaporizado in situ y no se dejo
ninguna porcion de tejido anormal; la base de la con-
juntiva lesionada y de la cornea involucrada se cubrio
extendiendo la vaporizacion 5 mm dentro del tejido
adyacente visualmente normal. EI edema corneal y
la quemosis fueron minimos y el animal no presento
molestia alguna después de la cirugia (Figura 3). El
tratamiento posquirurgico incluyo laaplicacion tépica
de antibiotico en ungiento cada ocho horas durante
dos semanas hasta que la cdrnea no retuvo tincion de
fluoresceina, lo cual permitié demostrar la integridad

Figura 2: Laser de CO»> utilizado para la ablacién quirdrgica.

Figure 2: CO2 laser used for the surgical ablation.

Figura 3: Apariencia del caso 1 inmediatamente después de la
cirugia.

Figure 3: Inmediate post laser ablation appearance of case 1.



ted for examination of a mass of the right eye in the
Ophthalmic Department of Louisiana State University.
The owner had first observed the mass four months
befote presentation. Ocular examination revealed the
presence of a focal, elevated, irregular mass of the
inferior temporal limbus of the right globe. The mass
which was 8 mm wide, 10 mm long and raised 5 mm
above the limbal surface was not pigmented and had
a rough granular surface. Epiphora was noted and
the adnexal and intraouclar structures were normal
(Figure 5). Histological examination of the tissue
revealed a hyperplastic and hyperkeratotic epidermis,
with an intense inflammatory cell infiltration consis-
ting pf plasma cells and lymphocytes and small nests
of neoplastic prickle type cells, this information con-
firmed the diagnosis of squamous cell carcinoma.
Using general anaesthesia, the horse was subjected
to the tumor ablation with CO, laser operated in the
continuos mode with a power setting of 4 on the low
scale. The tumor was vaporized very carefully elimi-
nating all the involved tissue and covering 5 mm of
extension in the aparently healthy tissue (Figure 6).

del epitelio corneal y mostrar que el proceso de rege-
neracion epitelial era completo.®

Un mes después de la cirugia, el caballo fue nueva-
mente evaluado y la cOrnea se encontro clara y el ojo
visual y confortable (Figura 4).

Caso 2

Un caballo castrado, de raza &arabe, color tordillo, de
ocho afnos de edad, fue presentado al Departamento
de Oftalmologia de la Universidad Estatal de Loui-
siana, para examinar una masa del ojo izquierdo. El
duefio informé que dicha protuberancia habia apare-
cido cuatro meses antes. El examen oftalmico reveld
presencia de una masa irregular, elevada, focal, en el
limbo inferior temporal del globo ocular derecho. La
masa media 8 mm de ancho, 10 mm de largoy se encon-
traba 5 mm abajo del limbo, no estaba pigmentada y
tenia apariencia granular. Presentaba ademas epifora
y las estructuras intraoculares y anexos se encontra-
ban normales (Figura 5). El examen histol6gico del
tejido revel6 epidermis hiperplésica e hiperquerato-

Figura 4: Un mes después de la cirugia el ojo se encontraba claro
y sin dolor.

Figure 4: One month after surgery the eye was clear and not
painful.

Figura 5: Apariencia del ojo izquierdo del caso 2 antes de la
cirugia.

Figure 5: Appareance of the left eye of case 2 before surgery.
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One month after surgery fluorescein dye retention
was absent indicating that re-epithelization of the cor-
neal surface was complete. No pain or photophobia
was evident.

SCC metastasisthrough lymph nodes, salivar glands
and torax do not ocurr very frequently, although the
local invasion to the orbit, nictitating membrane and
adyacent bones is observed up to 35% of the cases.’
In the cases that present no extensive local invasion
it is recommended to make excitional biopsy or lame-
llar keratectomy that allow total resection, but in cases
with extensive squamous cell carcinoma that involve
eyelids and periocular tissue, generally it is recommen-
ded the extensive surgical remotion, being sometimes
necessary to practice exanteration or enucleation to
have the complete extraction of the tumor, the surgi-
cal result is the alteration of the eyelids function and
the lost of the ocular globe.™

Surgical excision of big areas can cause alterations
in the function or the growth of a new neoplasia, due
to the difficulty of the remotion of extensive tissue.
There are several advantages in using a CO, laser in
comparison with the removal of neoplastic tissue with
ascalpel; small vessels are sealed as the laser cuts resul-
ting in less blood loss, leaving a clear surgical field,
better ability to visualize the neoplastic tissue and
shorter surgery time. Nerve endings and lymphatic
vessels are also sealed as the laser cuts, leading to less
postoperative edema, less exudation or ocular pain
that is typically seen in horses that have been treated
with cryotherapy.*

Debulking of corneal tumors by use of superficial
lamellar keratectomy is not necessary before laser
ablation. Achieving depth of incision and laser abla-
tion requires experience with the management of the
laser. Surgical excision of large lesions may carry out
a higher incidence of regrowth because of the diffi-
culty in removing a margin of normal tissue.*

The use of CO, laser is preferred instead of the

tica con un intenso infiltrado inflamatorio con células
plasmaticas y linfocitos junto con células escamosas,
atipicas (neoplasicas), esta informacion confirmo el
diagnostico de carcinoma de células escamosas.

Mediante anestesia general el caballo fue some-
tido a la ablacién del tumor con el laser de CO, con
un nivel de poder en el nimero 4 en baja escala. El
tumor fue vaporizado teniendo cuidado de eliminar
todo el tejido involucrado y abarcando 5 mm de exten-
sion sobre el tejido aparentemente sano (Figura 6).
Un mes después de la cirugia no existia retencion de
fluoresceina, lo que indicaba que la nueva formacion
de epitelio de la cornea estaba completa. No existian
tampoco dolor ni fotofobia.

La metéstasis del CCE hacia los nédulos linfaticos,
las glandulas salivales y el térax no ocurren frecuente-
mente; sin embargo, la invasion local hacia la 6rbita,
la membrana nictitante y los huesos adyacentes se
observa hasta en 35% de los casos.” En los casos que
presentan invasion local no extensiva se recomienda
practicar biopsias excisionales o bien queratecto-
mias lamelares que permiten reseccion total; mien-
tras que en los casos en que el carcinoma de células
escamosas es extenso e involucra parpados y tejidos
periorbitales, generalmente se recomienda remocion
quirdrgica extensiva, que puede llevar a la necesidad
de practicar exanteracion o enucleacion con el fin de
lograr la extraccion completa del tumor, ocasionando
como resultado quirargico alteracion en la funciona-
lidad de los parpados y llevar a la pérdida del globo
ocular.’

La escision quirdrgica de grandes areas puede
ocasionar alteraciones en la funcién o bien un nuevo
crecimiento de la neoplasia, dada la dificultad para
remover el tejido en forma extensiva. El laser de CO,
presenta varias ventajas comparativamente con la
remocion quirdrgica del tejido neoplasico usando bis-
turi, ya que con el laser los pequefios vasos sanguineos
son sellados, por lo que los cortes ocasionan menor

- 'b'"‘-.,,‘

Figura 6: Apariencia después de la ablacion quirtrgica del carci-
noma del caso 2.

Figure 6: Appareance after the surgical ablation of the carcinoma
of case 2.
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use of chemotherapy as cisplatinum (cisplatinum dia-
minodicloridio) because it does not present sistemical
adversed effects, like gastric toxicity, it is not nephro-
toxic or neurotoxic, and different applications are not
necessary to obtain the effect.'? Laser is recommen-
ded also instead of beta radiation therapies, which
are recommended after the removal of corneal neo-
plasias to reduce corneal fibrovascular infiltrates, but
cause acute inflammation, keratopathies and ocular
damage. The advantage of the laser is the abscence of
scars and corneal infiltrates, besides no damage to the
intraocular contents.™

CO, laser offers many advantages comparing it with
the traditional methods used for the ocular superficial
SCC treatment, like the surgical and chemotherapic
methods, because it does not cause negative sistemic
or ocular effects and it is easy to apply.

The incidence of tumor recurrence may be less
after CO, ablation compared with sharp dissection,
since the laser leaves a zone of cellular destruction
in the remaining tissue adjacent to the incision; with
a longer pulse duration, a larger amount of cellular
damage considered neoplastic tissue is eliminated.
The sealing of capillaries and lymphatic vessels may
also decrease the incidence of metastasis of tumor
cells liberated during surgery.*

Use of CO, laser produces sterile incisions because
bacteria, viruses and fungi are vaporized by the laser
and may further decrease the incidence of postopera-
tive microbial keratitis.

In the cases of this work, besides postsurgical cor-
neal scars were minimal, the inflammation and dis-
comfort of the patients were very low and these factors
allowed to reduce the recovering time. The results
showed carbon dioxide laser as an effective surgical
method for the ablation of squamous cell carcinoma
with superficial presentation in horses’ eyes. The pos-
sibility of renting this equipment makes it possible to
consider that the high price is not a limit for its appli-
cation in veterinary medicine.
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