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METHOD FOR CUTTING LAMELLAR GRAFTS
IN FROZEN CORNEA. NEW ORIENTATION
FOR REFRACTIVE SURGERY

(Preliminary Report)

BY
JOSE 1. BARRAQUER M., M. D.

Bogotd, Colombia

Although attempts to use lamellar transplants were made in the early period of
development of keratoplasty (Walther-1840) ' they were very soon given up in
favor of penetrating keratoplasty which, by that time, was producing better results
and which continued to do so until 1948, when Paufique and Sourdille, with the
advent of the antibiotics, proved the benignity of the lamellar method.? This
characteristic has become more pronounced since the entrance of the corticosteroids
into therapeutic use.

However, the visual results of anterior lamellar keratoplasty are frequently less
satisfactory than those obtained in favorable cases by penetrating keratoplasty, a
fact which is due to one or more of the following causes:

1) Residual opacities in the deep plane.

2) Opacily in the plane of junction.

3) Defects of refraction,
Defects of refraction, which are those dealt with in this article, are caused by
irregularities:

a) In the cutting of the recipient bed.

b) In the cutting of the graft.
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REFRACTIVE GRAFTS

Fig. 2. Autor’s methods (1959) to
dicrease the corneal radius of
carvalure :

a) Laminar graft bigzer than
receptor

b) Receptor with convex sur-
face

¢) Inclusion of an acrilic

D))

The lack of a technical procedure for cutting the recipient bed in the desired
form led us to consider the possibility of modifying the form of the graft. By so
doing we succeeded in minimizing pre-existing hypermetropic or myopic defects
of refraction in eyes with superficial leukoma, using transplants cut with a knife
from a donor cornea, the form of which had previously been modified by fitting
it over a metallic sphere of adequate size (Fig. 3). Although. because of imper-
fections connected with manual cutting, the grafts did not posses sufficient
exactitude, the results obtained encouraged us to continue to make experiments
along the same road.

Fig. 3. The cornea placed on the
surface of a sphere, is ecul
horizontally once the graft has
been limited,
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REFRACTIVE GRAFTS

Fig. 2. Autor’s methods (1939) 1o
dicrease the corneal radius of
curvature:

a) Laminar graft bigger than
receptor

b) Receptor with convex sur
fuce

¢) Inclusion of am acrilie

)iy

The lack of a technical procedure for cutting the recipient bed in the desired
form led us to consider the possibility of modifying the form of the graft. By =o
doing we succeeded in minimizing pre-existing hypermetropic or myopic defects
of refraction in eves with superficial leukoma, using transplants cut with a knife
from a donor cornea, the form of which had previously been modified by fitting
it over a metallic sphere of adequate size (Fig. 3). Although, because of imper-
fections connected with manual cutting, the grafts did not posses sufficient
exactitude, the results obtained encouraged us to continue to make experiments
along the same road.

Fig. 3. The cornea placed on the
surface of a sphere, is cut .
horizontally once the graft has
been limited.
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JOSE 1. BARRAQUER M,

Our experiments were then directed toward the cutting of either the graft or
the recipient bed with mechanical aids, similar to those used in the cutting of
optic lenses. We tried in vain a large number of methods and of instruments
(curved knives, and burre of metal, emery, carborundum, diamond, etc.).

The discoveries of Eascott® in regard to the viability of frozen grafts opened
to us a new horizon for our idea of cutting perfect corneal grafts and eventually
grafts with a predetermined refractive power, because the hardness of frozen cornea
makes it possible to handle it just as any other material in common use, let us say,
for instance, plastic material, can be handled.

The method as it has been developed consists in cutting the frozen graft by
turning the parenchymatous face of the cornea, in special lathe which enables one
to give the graft the proper curvature, thickness, and size with the greatest precision.

With this technique we have been able to obtain grafts that are absolutely
uniform and that have a predetermined dioptric value. With these grafts it has
not only been possible to minimize or suppress postoperative cylindrical and
spherical defects of refraction, or those present before lamellar keratoplasty, but
also to carry out lamellar autokeratoplasty, in experimental animals for the purpose
of producing, at will, ametropias which can compensate for a pre-existing ametropia.

The method can even be adapted to another use, which at present is in the course
of experimentation, namely, the cutting of lenses of corneal tissue of precise form
and size which, when included in the thickness of the cornea, will produce modi-
fication of its refractive power. (Fig. 4).

Fig. 4. Interlaminar inclusion of lens
of “corneal parenquina”, to
increase or dicrease the cor-
neal radius curvature.

o

This article, being a preliminary report, does not allow us to give a minute
description of technical details; in fact, such a description would be premature at
the present time. We will describe only the essential steps of the technic as it was
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REFRACTIVE GRAFTS

followed in our experiments, and we will give examples of the results obtained,
which have prompted us to publish this report.

The complexity of the method does not constitute an obstacle to its use. Everything
is complicated in the beginning. In cases of homokeratoplasty, and this is the only
procedure in which, up to the present time, we have used this technic on human
beings, all the technical work can be done in the eye bank by a specialist who will
be able, by using this technic, to deliver to the eye surgeon a graft perfectly adapted
to the specifications requested by him.

With corneas cut according to this technic, two of the aforementioned causes of
tectonic irregularity in lamellar keratoplasty can be diminished, because:

1) It makes it possible to obtain grafts of perfect uniformity in thickness and
in radius of curvature, which radius can be calculated so as to compensate for a
pre-existing ametropia.

2) It makes it possible to compensate for deformations of the recipient cornea
by means of astigmatic grafts.

3) Irregularities due to defects of coaptation are minimized in lamellar kera-
toplasty either by the use of edge-to.edge sutures or by the use of a contact lens,

4) The method is not capable of modifying irregularities due to a defective
cutting of the recipient bed, irregularities that can be diminished, at present,
only by serupulously careful dissection under the control of the surgical microscope
with the slit lamp. !

EXPERIMENTAL WORK

In evolving this method we studied successively the following possibilities:

a) The possibility of freezing the recipient cornea for the purpose of cutting
it in the desired form.

b) The viability of lamellar grafts frozen after cutting.

¢) The viability of lamellar grafts cut during freezing.

We did not investigate the viability of grafts cut from globes previously preserved
at 79° Centigrade below zero and defrosted before the cutting of the graft, because

that point has already been demonstrated by the results of the experiments carried
on by Eascott, Cross, Leigh, North, Rycroft and others.

a) Freezing of the recipient.

Experiments carried out in rabbits showed us that corneal lesions caused by
freezing of the cornea produced by means of the direct application of a little rod
of carbon dioxide snow upon the cornea, or by insertion through the concave
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JOSE 1. BARRAQUER M.

surface of a little tube of metal, 7 millimeters in diameter, filled with carbon
dioxide snow are reversible (Fig. 5).

Fig. 5. Freezing of cornea, applying a tube
full of carbonic snow.
Freezing for more than ten seconds caused, in all cases, irreversible lesions of the
iris, (atrophy and paralytic mydriasis) and produced in most cases, opacity in the
anterior capsule of the crystalline lens.

This time (ten seconds) was not sufficient to enable us to cut the recipient bed
in the predetermined form, as was our plan.

In the hope of prolonging the available useful time of freezing of the cornea in
situ, without producing irreversible lesions in the iris and in the crystalline lens, we
attempted to isolate these structures by first filling the anterior chamber with air.
By so doing we succeeded in prolonging the useful time of freezing for another three
seconds. For the purpose of increasing it even more, we tried circulating air, at a
temperature of zero degrees Centigrade, in the anterior chamber (Fig. 6) and with
this we succeeded in prolonging the time to 15 seconds, Freezing for more than that
length of time produced in all cases irreversible lesions of the iris and of the crys-
talline lens. Consequently. the idea of cutting the frozen cornea in situ was dismissed
and we started new studies on the possibility of cutting it in the isolated graft.

AiRx
Comat s DO

Fig. 6. Diagram showing a desing made to keep the circulation of cold air in the anterior
chamber, at a uniform pressure. The containers have - mercury.
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REFRACTIVE GRAFTS

b) Investigation of the viability of lamellar grafts frozen after cutting.

Being aware of the results of experiments carried on by Eascott, Cross, Leigh and
North on the role that glicerol plays in protecting the viability of grafts frozen at
799 Centigrade below zero, we started to test their results in isolated cornea, carrying
out autoplasties and homoplasties in dogs, pigs, rabbits and guinea pigs.

For the freezing of the graft we used, at first, the platen of the freezing microtome
and autoplastic and homoplastic corneas which were obtained from animals killed
immediately. before the experiments.

One half of these grafts were frozen without any previous preparation, while the
rest were submerged in an isotonic saline solution with 15% of glicerol for a period
of time which varied between 15 minutes and one hour, before the freezing
was started. Freezing was maintained for 5 minutes, a span of time which
we considered sufficient for the maneuvers to which we had decided to subject the
frozen tissue. Defrosting was accomplished slowly in the ambient temperature.
With this technic we did not obtain any case of transparency.

Accordingly, we changed our procedure for freezing }JI}" submerging the cornea
into an ambient temperature of 70° Centigrade helow zero, which was obtained in a
small chamber covered with a paste of carbon dioxide snow with alcohol or glicerol
(Fig. 7). By this means we obtained 60% of transparent grafts, both in the group
of grafts which had been treated with glicerol and also in those which had not
previously been treated. '

Fig. 7. Freezing cham-
ber for grafs,

Because of the fact that a prolonged stay of the grafts in the glicerol and saline
solution caused them to become edematous and of a mucous consistency which
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destroyed their usefulness for our purpose optic cutting, we then decided to use
exclusively grafts without any protection and we restricted our experiments to
the use of eyes of rabbits because of the greater facility witch they can be manipu-
lated. Thus we were able to observe that opacities are due, in the greatest number
of cases, to defects in the coaptation of the graft, because sutures are torn prema-
turely and as a result the graft becomes detached in a small zone through which
the tears infiltrate.

By resecting the third eye-lid at the end of the operation and by practicing a
tarsorrhaphia, these accidents were diminished. Later on, they were practically
climinated when the experimental animals were treated with antibiotics and with
ACTH during the postoperative course,

In a control lot we obtained one hundred per cent of transparencies by using
homoplastic corneas which were frozen without any protection, and circular la-
mellar keratoplasty 6-mm. in diameter and 0.3 mm. in thickness, the grafts being
fixed witch a continuous edge-to-adge suture.

¢) Investigation of the viability of lamellar grafts cut during f[reezing.

Once the viability of homogenous and autogenous lamellar grafts cut according
to our customary technique (piriform spatula) and frozen for a period of 5 mi-
nutes at 79° Centigrade below zero was confirmed, we proceeded to determine
whether the cutting of the graft frozen in a lathe would modify its viability or
affect the postoperative course,

The results obtained were identical with those already described in paragraph
b), that is, manipulation of the graft in a frozen state does not modify its subs.
equent behaviour.

The grafts thus obtained (Fig. 8) exhibited a perfectly uniform section and it
was impossible to detect, even under the microscope, the slightest irregularity or
any trace left by the cutter,

W NV AEN

Fig. 8. Grafts without optical power; spherical power positive, and negative,

OPTIC CUTTING OF FROZEN GRAFTS

The question was how could be turning the frozen corneas in a lathe, for
the purpose of giving them the desired form and thickness. We must briefly con.
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HAROLD 1. MOSS

as the central radius nor the diameter of the bearing surface. A lens with too
steep a peripheral radius can easily be determined. Under flourescein it is noted
that there is a dark ring around the lens periphery. In addition, it is noted that
the lens “stands off” the cornea except at its periphery, resulting in a fluorescein
pool under the entire lens. A lens with too flat a secondary radius is usually too
loose on the cornea and will tend to ride high. In addition, if the lens is exa-
mined in situ it will be noticed that there is greater clearence inferiorly than
superiorly. This may result in bubble formation coming out of the inferior portion
of the lens.

LEAS Wiry Too LARGE &
BEANING  SURGCACE.
- - GLEARANCE

= === Touvaly
- =+ CLEARMNCE

SAME LEVS W cROIF LEcTIOW

FIG. 3.

The transition radius of the lens is usually determined by the two principal
radii of the lens. It usually is the mean of the two radii. It is rather rare to re-
quire that this radius be altered from standard. The author infrequently finds that,
regardless of how the bearing surface is altered, the clinical picture shows a
dark ring around the corneal regular zone. In a few other cases it has been noted
that the transition zone of the lens results in semi-circular abrasions surrounding
the corneal regular zone. In these instances one would prescribe a transition radius
{latter than standard or order a lens with a completely blend ed transition zone,

We are fortunate indeed that research gives us a starting point. It has already
been determined what the peripheral radii should be for the corneae of specific
central radii. It should be noted that these findings are averages, and that in
about 20 to 25% of cases they must be altered. In the author’s set of control
lenses the lens with a 7.2mm central radius has a 7.6mm peripheral radius, a
6.5mm bearing surface and a 9.5 mm overall diameter. The lens with an 8.0mm
central radius has an 8.6mm peripheral radius, a 7.0mm bearing surface and
is 9.65mm in overall diameter. It shoul be noted that research has shown that
the steeper the cornea the less the difference between the central and peripheral
radius while the flatter the cornea the greater the difference. It is also known
that the steeper the cornea, the smaller it is; while the flatter the cornea, the larger
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LOS CONTORNOS DE LA CORNEA

meridianos corneales, debe aplanarse el radio periférico con objeto de mantener
suficiente separacion en la periferia y una correcta relacion lente cérnea.

En conclusion, la experiencia del autor muestra que cuando un lente ha sido cons-
truido en forma tal que sus radios sigan los contornos corneales, la tolerancia es maxi-
ma y los sintomas objetivos y subjetivos se reducen considerablemente. La prescrip-
cion de lentes debe comprender: su poder didptrico, el radio central de curvatura,
el didmetro del area central, el radio periférico de curvatura, el radio del area de
transicion (si es diferente del standard) y el diametro total del lente. Se ha obser-
vado que actualmente, el método mas practico para reunir todas las especificaciones
descritas es el empleo de lentes de control cuyos radios y didmetros son conocidos y
que si se emplea el llamado “método queratométrico” el primer par de lentes recibi-
dos debe considerarse como lentes de control y procederse a partir de ellos.
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News
SESIONES DE ATENEO

Sesion del dia 22 de octubre de 1958.

Con motivo de la visita a esta ciudad del oftalmélogo doctor Alejandro Salleras,
de Buenos Aires, la sesion de ese dia fue elevada a conferencia siendo invitado a
la misma todo el cuerpo médico colombiano.

La sesion se llevd a cabo en el Aula Méxima de la Universidad Javeriana. El
doctor Alejandro Salleras comenzo su disertacion con la proyeccién de un film
sobre su técnica para la reseccién y retroinsercién de los misculos rectos oculares
que, consiste en pasar los hilos de anclaje escleral antes de seccionar el misculo
lo que asegura una correcta situacién del mismo.

En los casos de re-intervencion emplea el bisturi eléctrico para evitar la he-
morragia.

Seiialé que tiene la costumbre de dejar a sus operados de estrabismo sin ven-
daje lo que tiene muy buen efecto psicologico sobre el enfermo y familiares,

Mostré también una miotomia del oblicuo menor realizada con bisturi eléctrico
para evitar la hemorragia.

Dacriocistorinostomia. Pelicula tomada en un angulo cinematografico par-
ticularmente acertado y que permite una perfecta visualizacion de los tiempos
de esta intervencion.

Incisién y disecciéon de partes blandas con bisturi eléctrico para evitar la he-
morragia. Trepanacién ésea con la pinza de Citelli o Lagos para evitar el ries-
go de lesionar el globo ocular con un escape involuntario del instrumento.

Seguidamente se proyectaron varios casos de queratoplastia penetrante y lami-
nar realizados magistralmente con [a técnica de Barraquer. Salleras emplea el
cuchillete de Bock para la obtencién de injertos laminares,
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Finalmente se presenté una interesante pelicula sobre el implante de corneas
acrilicas realizados en casos desesperados en los cuales la queratoplastia no tenia
posibilidades de éxito.

Salleras practica una pequena trepanacion central laminar y a través de la
misma con la espatula piriforme diseca las laminas corneales hasta cerca del

limbo.

A conlinuacién practica una incisiéon de las capas superficiales cerca del limbo
hasta llegar al plano de diseccién previamente obtenido.

En este momento se ensaya si el lente acrilico cabe bien en la bolsa corneal
asi obtenida.

Si no es el caso esta se agranda. Retirado el lente se completa la trepanacién
central, coloca el lente y se sutura la incisién por la que fue introducido.

La sesion continué con la presentacién de una pelicula del doctor Joaquin Ba-
rraquer sobre zonulosis enzimatica. La pelicula muestra un globo ocular en el
cual se ha extirpado la cérnea y el iris.

El globo esta fijo a un aparato que consta de una balanza que en una de sus
ramas lleva una ventosa y en la otra un pequeiio peso, la ventosa se coloca sobre
la capsula anterior del cristalino y al dar paso al vacio queda adherida al mismo
ejerciendo una ligera atracciéon equivalente al peso colocado en el otro platillo de
la balanza que atiranta ligeramente la zénula pero no llega a desprender el cris-
talino.

Con un cuenta-gotas se van echando a continuacién gotas de solucién de alfa-
quimotripsina sobre la capsula anterior de forma que bafien también [a zénula. Si
multaneamente y durante todo el tiempo que dura la experiencia se aprecia el se-
cundario de un reloj.

Aproximadamente a los dos minutos de estar goteando la enzima sobre la
zénula fas adherencias de ésta ceden y el cristalino es levantado por la ventosa
que esta impulsada por el mismo peso que anteriormente no habia podido rom-
perla.

Esta experiencia se verifica varias veces para hacerla mas demostrativa. A con-
tinuacién se aprecia una operacién bilateral de catarata en un sujeto joven en el
cual en el primer ojo el cristalino se extrae facilmente con el uso de alfa-quimo-
tripsina, mientras que en el segundo precisa hacer varias tomas y efectuar fuertes
presiones para conseguir la zonulotomia.

Finalmente se proyecto una pelicula del doctor José 1. Barraquer que demues-
tra la totalidad de lo que le acontece al paciente que debe operarse de catarata
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