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SESION INAUGURAL 

PRIMUM FORUM OPHTHALMOLOGICUM 


LUNES 16 DE MARZO DE 1970 


I-PALAB RAS DEL PRES IDENTE DEL INST ITUTO 

BARRAQUER DE AMERICA DR. JOSE I. BARRAQUER. 

Excelentisimo Senor Presidente de la Republica, Doctor Carlos Lleras 

Restrepo. Exce^entisimo Profesor Harms, Presidente del Primum 

Forum Ophthalmologicum. nustrisimos Miembros de Honor. 

Senoras, companeros, senores: 

Es para mi altamente honroso, el dirigirm. 

mi mas cordial saludo de bienvenida, asi como tambien hacerlo en nombre 

del Instituto· Barraquer de America y de la Sociedad Americana de Oftalmo­

logia y Optometria, con ocasi6n de este acto inaugural del Primum Forum 

Ophthalmologicum, primero de una serie de Foros, que a juzgar por la 

numerosa y selecta concurrencia, seran de indudable utilidad para todos 

nosotros, para el progreso de la oftalmologia y para estrechar aun mas los 

vinculos ya apretadas de amistad y companerismo del mundo oftalmol6gico. 

Los tern as que principalmente se discutiran en este foro son dos, el pri­

mero, antiguo perc siempre de candente actualidad, dada su trascendencia 

para nuestros pacientes y especialmente actualizado por la intraduccion de 

un nuevo metodo quirurgico: La Cryoextraccion de Krwawicz. E1 otro, muy 

joven aun, esta en la mente subconsciente de la oftalmologia desde hace 

muchos anas y en la que fue introductdo par el anhelo de miles de pacientes 

que desean mejorar su capacidad de vision y prescindir del uso obligatorio 

de aditamentos protesicos, por muy perfectos que estos sean. Esta meta solo 

parcialmente alcanzada y el estudio del estado actual de metodos conve­

nientes y caminos a seguir en el futuro, es otra de las razones que nos han 
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congregado, a fin de que de la discusion brote la luz y que nuestras mentes se 

fecunden mutuamente en provecho de la ciencia y de la humanidad. 

Henos aqui venidos de los cinco continentes, reunidos en la cima de esta 

colina andina, para estudiar por cinco dias estos problemas y no dudo, sacar 

importantes conclusiones. 

Seguramente es este uno de los congresos of talmo logic os que se ha 

realizado a mayor altura y tal vez esta mayor proximidad al universo y a 

Dios, contribuya a expandir nuestras ideas en pro de nuestros ideales. 

Excelentisimo senor presidente de la Republica, doctor Carlos Lleras 

Restrepo: Vuestra presencia entre nosotros para inaugurar solemnemente 

este Primum Forum Ophthalmologicum, es Indice del interes de Colombia 

y su gobierno, por la ciencia y el progreso universal. Con ello prestigiais 

nuestra reunion y nos estimuhl.is e infundis el espiritu de servicio que 

caracteriza vuestros actos. 

Bienvenidos todos al Primum Forum y espero de todo corazon, que en 

sus actividades cientificas y sociales, hallar.eis todo el provecho y amistad 

que los organizadores han sonado pudieseis encontrar. 
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2-PALABRAS DEL PRESIDENTE DEL PRIMUM FORUM 

OPHTHALMOLOGICUM, DR. H. HARMS. 

Excelentisimo Senor Presidente de la Republica, Doctor Carlos Lleras 

Restrepo. 

Senoras, senores: 

Para comenzar quisiera agradecerles sinceramente el gran honor 

que me han conferido al nombrarme Presidente del Primum Forum Oph­

thalmologicum. Tratare de cumplir con mi deber de la mejor manera posible. 

Mi primera y mas alta obligacion es presentarle mi saludo a usted, 

Senor Presidertte, primer hombre del Pais del cual somos huespedes. Nos 

damos cuenta de la gran distincion y del gran honor que representa para 

el Primum Forum Ophthalmologicum su presencia, y su presencia aqui nos 

muestra que Usted comprende que la investigacion medica representa una 

inversion, algunas veces, una inversion muy costosa para el gobierno, pero 

que ayuda muchisimo para el bienestar de todos y cad a uno de los miembros 

de la nacion. 

Quiza Usted comparta nuestro sentimiento de que las reuniones mecticas 

internacionales ayudan de cierta manera a la comprension internacional 

puesto que no hay ningun sentimiento de competencia, ni de ce·los, ni de 

lucha por poder 0 por malentendidos politicos. Nuestra labor contribuye 

a la labor que se lleva a cabo en todo el mundo para ayudar a la salud de 

los pueblos y esta es la raz6n por la cual nosotros nos damos cuenta de que 

usted comprende nuestros ideales y nuestras ideas y Ie agradecemos de 

todo corazon por ello. 

Me corresponde ahora presentarle un saludo a todos ustedes, quienes han 

venido invitados por nuestro amigo Jose Barraquer, procedentes de todas 

partes del mundo y que se han reunido aqui en Bogota para el Primum 

Forum Ophthalmologicum; puesto que este es el Primer Forum, debemos 
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pensar un poco en el sentido y la raz6n por la cual se ha reunido este 

congreso. 

Cuando leemos los temas principales de este congreso, nos damos cuenta 

de que aqui se van a analizn dos tipos especiales de cirugia. Todos los que 

nos hemos dedicado a la Of tal mologi a no nos vamos a dedi car unicamente 

a la morfologia de los procedimientos quirurgicos, sino que vamos a sacar 

todos los procedimientos morfol6gicos y vamos a ver todos los defectos qui­

rurgicos que pueden producirse sobre el ojo. 

Claro que en el resultado nos dedicamos simplemente a las funciones 

visuales, pero por otra parte, todos sabemos que hoy en dia sin la inves­

tigaci6n especializada no se puede progresar, de modo que la primera tarea 

de un congreso cientifico tal como este Primum Forum Ophthalmologicum, 

es hallar la conexi6n y los eslabones que existen entre las diferentes esferas 

de investigaci6n cientifica y mantener la armonia de este edificio cientifico 

co-n nuestro trabJ.jo especifico, y sin esa coordinaci6n, nuestra labor no 

tendria valor. 

Estoy con-iencido de que este Primum Forum Ophthalmologicum puede 

integrar esta labnr yaqui vamos a hablar de cirugia de la cOrnea y del 

cristalino y ver los resultados 6ptimos que se pueden lograr mediante estas 

intervenciones. Estos problemas son tan importantes para la ciencia medica 

como para su pnictica y deseo que para todos nosotros, los dias por venir 

sean fructiferos y sirvan de ejemplo para nuestros colegas oftalm610gos. 

Muchas gracias. 
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-3 	 LECTURA DEL ACT A DE LA CONCESION DE LA 

MEDALLA IGNACIO BARRAQUER Y BARRAQUER. 

ACTA NQ 15 

En Bogota, a los 15 dias del mes de Septiembre de Mil novecientos se­

senta y nueve y siendo las 6 horas de la tarde, se reunio en la Presidencia 

del Instituto Barraquer de America, la Junta Directiva del Instituto. 

Actuo como Presidente, el Doctor Jose 1. Barraquer. 

I: 	 QUORUM. Con el quorum estatutario el Presidente declaro abierta -

la sesion, procediendose: 

II: 	 CONSTITUCION DEL TRIBUNAL DE HONOR. La Junta Directiva -

del Instituto Barraquer de America, en cumplimiento de 10 ordenado, se 

constituye en Tribunal de Honor, con el objeto de otorgar la primera MedaUa 

Ignacio Barraquer y Barraquer. 

EI Tribunal de Honor, tras analizar las comunicaciones recibidas, de las 

Sociedades Of talmo logic as, Academicas de Medicina, Miembros de Honor del 

Instituto y ponderar cuidadosamente los meritos de todos y cad a uno de los 

oftalmo logos propuestos para la distincion que se otorga, resuelve: 

ARTICULO UNICO. 

El Tribunal de Honor, en consideracion de los logros cientificos, labor 

humanitaria y en especial, par el desarrollo de la Crioextraccion del Cris­

talino, unanimemente confiere la Medalla de Oro Ignacio Barraquer y 

Barraquer, al Profesor: 

TADEUSZ KRWA WICZ 

En constancia se firma la presente acta tal y como aparece: 

El Presidente, 	 El Secretario, 

Jose I. Barraquer Moner 	 Ignacio Barraquer Coll. 
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4-ENTREGA DE LA MEDALLA IGNACIO BARRAQUER Y 

BARRAQUER E INAUGURACION DEL PRIMUM FORUM 

OPHTHALMOLOGICUM POR EL EXCMO. SR. PRESIDEN­

TE DE LA REPUBLICA DR. CARLOS LLERAS RESTREPO. 

Senor presidente y miembros del Primum Forum Ophthalmologicum. 

Senor profesor Krwa wicz, senoras, senores: 

No creo que los miembros de este Foro, que van a estudiar tan intere­

santes problemas de avance en la of tal mologi a, deban dar las gracias al 

Presidente de la Republica 0 al Gobierno Nacional de Colombia por participar 

en la inauguracion de tan senalado evento cientifico. Yo creo que esas 

gracias deben ser dadas por mi y por el gobierno, a los organizadores del 

congreso y a los participantes. El hecho de que ellos hayan considerado que 

el gobierno colombiano y en particular el Presidente de la Republica, tendria 

o debia asociarse a un evento cientifico nos honra al gobierno y a mi 

grandemente. 

Resulta tambien particularmente honroso, el que me haya correspon­

dido hacer entrega de la primera Medalla establecida por el Instituto 

Barraquer de Colombia, para premiar los grandes avances cientificos en el 

ramo de la ciencia, al cual ese Instituto se ha consagrado con un exito 

innegable y que haya sido destinatario de este honor quien ya ha alcan­

zado eh la ciencia contemponinea tan altos meritos por la introduccion 

de una'tecnica cientifica nueva en la operacion de la catarata, tema que 

precisamente sera objeto de uno de los aspectos de los trabajos de este 

congreso. Quiero presentar, a nombre del gobierno, del pueblo colombiano y 

en mi propio nombre, un saludo cordial a los participantes en este foro 

cientifico, congratularme de que se reuna en esta ciudad de Bogota, y 

desearles exito en sus trabajos que sin duda vendran a aumentar el caudal 

de conocimientos y el intercambio de experiencias que esta ram a cientifica 

ha promovido con tanto exito entre nosotros el doctor Barraquer. 

215 



PRIMUM FORUM OPHTHALMOLOGICUM 

Por ultimo, quisiera rendir un homenaje al nombre de Ignacio Ba­

rraquer y Barraquer. 

Tuve el privilegio insigne de conocerlo personalmente hace algunos 

afios en su clinica de Barcelona y de ver con cuanto espiritu cientIfico y con 

cuanta mistica trabajaba en el avance de la ciencia y reunia a su alrededor 

a un grupo de discipulos, muchos de los cuales han alcanzado ya una po­

sicion ilustre y destacada en diferentes paises. 

El hecho de que su hijo haya creado en Bogota una clinica, hace honor 

al pais y es para nosotros motivo de gran satisfaccion. El nombre del doctor 

Ignacio Barraquer y Barraquer sera recordado por los colombianos, no por 

esta creacion, sino por la transmision de conocimientos cientificos y de 

experiencias a que ha dado lugar la fundacion de la clinica y del Instituto 

Barraquer de America en Colombia. Y el numeroso grupo de colombianos que 

tuvo el privilegio de recibir los servicios y la atencion del doctor Barraquer 

y de conocerlo, tendra siempre en su memoria la imagen de este cientifico 

al mismo tiempo tan modesto y tan ilustre, dotado de tanto encanto per­

sonal y de tan seductora personalidad. 

Renuevo a ustedes mis deseos por el exito de este congreso y por una 

larga permanencia en esta capital de Colombia. 
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Dr. Joaquin Barraquer 
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Dr. Jose I. Barraquer 
Dr. Derrick Vail 

Dr. Tadeusz Krwawicz 
Dr. Carlos Lleras Restrepo 

Presidente de Colombia 
Dr. H. Harms 

Dr. Derek Ainslie Dr. Carlos Lleras Restrepo 

Dr. Derrick Vail Presidente de Colombia 

Dr. H. Harms Dr. Jose I. Barraquer 
Dr. Tadeusz Krwawicz 
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SUTURES IN KERATOPLASTY AND CATARACT 

By 

H. HARMS. M. D. 

TtiBINGEN - ALEMANIA 

Mister President, Ladies and Gentlemen: 

Refractive keratoplasty and cryoextraction of the lens are impossible 

without suturing the wounds of the eyeball. Suturing the wounds caused by 

accidents or by operations is an old but always important task in aU surgery 

and therefore in ophthalmology too, which is the oldest daughter of 

general surgery. But suturing the wounds of the eyeball makes more 

difficulties than in other regions of the body. For a long time the 

dimensions of the surgical instruments and their bad quality were a great 

impediment for a correct suture of the walls of the eyeball. A special dif­

ficulty was the inequal properties cf the different tissue of the eye. Every 

larger aperture of the eyeball consequently resulted in a higher risk. In this 

respect the cataract incision as performed by DAVIEL in 1750 was an 

extraordinary achievement. I 

The difficulties to close a wound of the eye in an accurate manner 

are subdued by the technical and surgical development of the past 40 years. 

I am not going to show you the numerous methods and techniques which 

marked the long way of this development. Many ideas side by side a lot of 

technical details would be tiring and in every case be uncomplete. I would 

like to report on this development mainly based on my personal experience. 

Of COurse this shows you only one side of the problem, but remember that 

I am one out of numerous ophthalmological surgeons who through years 

of work never had been satisfied with their operative results and who 

were continuosly looking for an improvement of their techniques. Our 

present knowledge of wound closure in ophthalmology is a result of the 

above efforts. 

The desire to close wounds of the cornea or sclera in keratoplasty and 

cataract surgery by direct sutures has been existing since 150 years. In 
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experimental keratoplasty in animals, the direct suture was used very 

early. In the human eye however direct suturing for closure of the 

wounds was used very seldom. I am sure, that it was tried more frequently, 

but because of the unsatisfactory results they were not reported. 

Only a few decades ago it was only possible to close wounds in the 

cornea or at the border of the cornea directly. In keratoplasty this is 

clearly to be seen. Either the sutures are placed from limbus to limbus 

across the graft Or the conjunctiva is stretched over the corneal graft 

and fixed at the opposite side by exact sutures. Instead of conjunctival 

tissue also other membranes, for instance egg membrane or thin rubber 

membrane are used for fixation of the graft. 

Direct suturing of corneal incision was not common for a long time. 

However, a few authors stressed the importance of direct suture already 

very early, for instance CZERMAK in 1888, DE MENDOZA in 1889, KALT in 

1895 and others. From the early thirties most surgeons were of the opinion 

that closure of the wound by a conjunctival suture or a covering with 

conjunctival tissue is necessary, especially after intracapsular cataract 

extraction. However, experienced surgeons (for instance ELSCHNIG in 

1922) repeatedly pointed out that in corneal graft as we.1l as after cataract 

extraction indirect closure of the wound is insufficient. 

III. 	 Now let us have a look on the pre-conditions which made the direct 

suture feasible since the last few decades. 

a) Instruments 

To close a wound in the eyeball by sutures we must have instruments 

to fix the border of the wound during suturing. We want to hold the margin 

cautiously and without additional traumatization but tight enough for the 

manoeuver with the needle. On one side because of the smallness of the eye 

we need fine instruments and on the other side because of the hardness o,f 

the wall, especially of the cornea, we need strong instruments. To combine 

both conditions was and is the problem of our instrument manufactures. 

Today we have better material, especially stainless steel and instruments 

machined more properly. So" during the last decades it became possible to 

develop a lot of delicate forceps and other instruments especially for 

surgery of the eye, which meet these conditions. They are all familiar to 

you so that I haven't to show them. F'ortunately the manufacturers keep 

trying to improve the instruments in constant contact with the surgeons. 
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SUTURES IN KERATOPLASTY AND CATARACT 

b) Needles 

The most important instrument for suturing of cornea and sclera is the 

needle. I remember very well the difficulties we were confronted with in 

the midst of the thirties to put one of the smallest then available needles 

through the sclera or the cornea. Either the needle had a round cross 

section which resulted in a very high resistence in the tissue or it had a 

triangular cross section which led to damage the tissue. This was much 

improved when appropriate material was available for a more delicate and 

exact machining and when the manufacturers started to regard the needle 

as a cutting lancet shaped instrument and designed it accordingly. This 

development improved the wound treatment for the end of the thirties 

and during the war very much. 

The development of suitable needle types is still going on. It extends 

on the different design of the anterior, middle and posterior parts and on 

the size of the needles. New operative techniques especially those of 

microsurgery stimulate the development. 

c) Suture material 

Simultaneous with the improvement of the needles were the in­

tentions to improve the suture material. We have to distinguish between 

resorbable and not resorb able material. The surgeons have different opinions 

about the two types. 

The advantage of resorbable material is that it is not necessary to 

remove the sutures and in some cases the irritation caused by the resorption 

of the material leads to a tighter scar. The compatibility of resorbable 

material varies, however. Sometimes irritating inflammations occur. 

Usually resorbable material is a little thicker than not resor�able 

material. However, efforts are made to produce thinner threads. Figur. 

shows below as examples: tendon of a rat tail!, collagen 7/0 catgut 7/0 and 

8/0 each with a simple knot. 

Many surgeons prefer a not resorb able material because usually this 

is better tolerated. However, these threads have the disadvantage that they 

have to be removed. 

Above in figure. .. you see not resorbable material: silk 7/0, beside of 

this the so-called Spanish silk, then follo:.vs a dark human hair and 

finally three nylon threads with 50, 40 and 30 :nicro diameter. 
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Here I want to put in two little stories. 

The human hair is that of a young female colleague who in the 

meantime -but not for this reason- became a professor of ophthalmo­

logy. For a lot of years she supplied us with her hair when we could not get 

Japanese hair. As we need a lot of suture material -malicious tongues call 

the Tiibingen Eye Clinic "Harms sewing room"- all concerned were glad 

and satisfied when in 1960 we got the black nylon thread number 1 and no 

lenger were forced to exhaust this source. 

And the second story. 

Looking for a new material, one of our colleagues met a patient of us 

who was a manufacturer of textiles. He recommended us a modern synthetic 

material which he used for the production of black mourning stockings. 

We got such stockings for a test, took single threads from the factory and so 

had found an extraordinary suture material which in the meantime is 

known all over the world as "Tiibinger Faden". So mourning may be­

come joy. 

Because of its excellent properties we stuck to this material. It 

combines flexibility with strength, is very thin, because of its black colour it 

is well visible and it is extraordinarily well tolerated. Neither cornea nor 

sclera nor iris show any reaction even after years. 

The search for appropriate suture material is not finished all. In dif­

ferent parts of the world intense basis research is done concerning the 

properties and the suitability of new material. 

d) Operating microscope 

For exact suturing the surgeon must have good sight. During the last 

decades it has become matter of fact that intraocular operations are carried 

out at least with magnifying glasses. Since 1953 we use the Zeiss operating 

microscope. In the beginning it was applied in keratoplasty and in difficult 

operations in the anterior chamber. Since 1955 we use this microscope for 

all intraocular operations, especially in suturing it has become indispensable. 

I am convinced that an exact suture, appropriate to the structure of 

the tissue can only satisfactorily be carried out under an operating micro­

scope. The cornea has a thickness of about 1 mm. Often it is necessary to 

distinguish distances of 0,1 mm. so that exact closure of a wound is already 

a microsurgical act. 
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SUTURES IN KERATOPLASTY AND CATARACT 

e) structure of sclera and cornea 

Apart from the mentioned conditions for optimal suturing of scleral 

and cornea the special properties of these two tissues are important. The 

sclera is a purely connective tissue, rather so-lid, a little elastic but composed 

out of fibres. This property you can observe when the tissue is wet or if 

you grasp it with an instrument. The densest layers are in the middle of 

the tissue, in the direction to the episclera but also in the other direction 

the layers are more loosely packed together. In contrary to the cornea the 

sclera is not having the two bordering compact membranes. Because of 

its structure, it is much easier to suture the sclera than the cornea. 

Tightening a knot you see that the scleral tissue is softer, more flexible and 

therefore is better workable than the corneal tissue. 

The cornea too is composed in the greatest part of connective tissue 

with swelling properties which we can observe during all our operations. 

The parenchyma of the c.ornea is almost without any elastic elements. It 

lies between two solid membranes; the superior, a little thicker Bowman's 

membrane and on the lower side the Descemet's membrane. These two 

membranes are without any elasticity and rather stiff. They represent in 

some way the skeleton for the curvature of the cornea. The cornea offers a 

higher resistance to the piercing needle than the sclera. But we can suture 

this tissue without any damage since we are equipped with correctly formed, 

sharpened smallest needles. 

Now I am going to report something about my own experience in 

suturing corneal grafts. 

My teacher Walter LOHLEIN in Berlin already in 1910 had dealt 

successfully with lamellar grafts in animal experiments and occasionally 

also in human eyes. Under the impression of the invention of FILATOV 

that cornea of a dead just died before is as good for a corneal graft as the 

cornea of living human beings, he continued his operations in 1935. From this 

time we have performed lamellar and perforating keratoplasties in a great 

number. In the beginning we fixed the graft indirectly by a so-called inverse 

conjunctival flap. This method was not satisfying because the graft was 

not fixed reliably enough in its proper position. The conjunctiva looses its 

stress and the threads cut through the tissue. Later we fixed thinnest rubber 

membranes with some tension circular at the limbal region, but these too 

lost their stress and therefore did not fix the graft enough in its position. 
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The first experiments with direct suturing were Dtarted about 12 years 

later when we had got better needles. The settling turning point was 

brought by the operating microscope in 1953. It turned out that now be­

cause of the good vision control, it was possible to place direct sutures 

without danger for the posterior segments of the eye, although we did not 

dispose of as gOOd needles and fine instruments as we have nowadays. 

To avoid the unpleasant complaints caused by the knots and ends of the 

single sutures we started at that time to fix the corneal graft by a running 

suture. 

The technique we use in penetrating keratoplasty nowadays is the 

following: 

When the graft is laid in the opening of the recipient's cornea it is 

fixed by four deep single sutures. The sutures must be laid exactly opposite of 

each other, so that finally a quadratic figure is seen on the surface of the 

graft by the streo:s of the thread. Then, we make the running suture with 

the single loops lying one near to the other. In dOing so the needle is led 

from the center of the graft in a radia,E way towards the limbal region. The 

stitches are laid very deep through the corneal tissue. During this manoeuver 

the single sutures are usually removed. Finally, if the anterior chamber 

is restored by the injection of air 01' Ringer's solution, the single loops are 

cautiously pulled. Here, it is important to regard that no distortion of 

the corneal tissue results. The ends of the only knot are pulled into the 

corneal tissue and cut so, that the knot is buried undFr the epithelium 

and it is impossible that the patient has any trobule. The eye is quiet 

after a very short time. 

A few days after the operation the dressing can be removed if the 

patient wears spectacles with a tight sealing on the side of the operated 

eye. But this condition is only achieved if the loops of the thread are 

tightened enough so that the epithelium can grow over the single loops. If 

some of them should be loosened a superficial vasculariz3,tion may originate 

and they must be removed. 

Usually we keep the suture for 2 to 3 months because the wound of the 

cornea is healing very slowly. It would be very fine, if it would not be 

necessary to remove the corneal suture. But usually this is necessary be­

cause the stress of the thread distorts the graft so that an irregular 

astigmatisme originates. We, however, try to avoid this unintended complica­

tion by applying the lowest necessary stress on the thread. It is difficult to 

aim at this because the tension of the running suture depends not only 

224 



SUTURES IN KERATOPLASTY AND CATARACT 

from the pulling of the thread but also from the reactions of the recipient's 

cornea and of the graft. Swelling of the tissue may arise so that the final 

tension of the thread cannot be foreseen. 

The thread is tolerated so well that it may be kept for months without 

any misgivings if only the loops are bedded under the epithelium. The 

removal of the suture is no technical problema: each second loop is cut by 

a Graefe knife and then we pull out the loop using the blunt side of the 

tip of the same knife. Now we can judge the final refraction and the im­

provement of the visual acuity. This means that the patient must have some 

patience for a few months. 

The running suture was also introduced to avoid circular distortion of 

the graft during suturing. Even under the microscope it is rather difficult 

to make all stitches with a needle exactly in a symetrical way. If the single 

sutures are not lying exactly there where. they are knotted, distortions must 

result which may influence the condition of the graft. A running suture 

with a lot of loops lying one beside the other fixes the graft very well so that 

it is not necessary to pull too much on the thread. Furthermore you may 

take care during each stitch that pulling at the thread does not cause any 

distortion on the tissue. 

Some objections were made to our running suture. HALLERMANN said 

that the suture presses the outer margin of the wound more together so that 

the inner margins are gaping. But in my opinion this can only happen if 

the suture is placed too superficially. We prefer deep stitches which lie ap­

proximately in the posterior third of the corneal thickness. Careful controls 

of the inner border of the wound under the slit lamp showed us that 

HALLERMANN is not right. There is even more the danger that if the loops 

are strongly tightened, the inner borders of the wound are pressed together 

too much. In a few cases we made the running suture in the so-called 

meander shape which HALLERMANN has proposed but if the stitches are 

lying as deep as we are preferring the outer border of the wound tends to 

gape. Recently BARRIE JONES made some objections against our radial 

stitches. He thinks that it is better to pass the needle through the cornea 

in an oblique way to avoid a distortion of the graft. I think this can only 

happen if one reliquishes the four primary single sutures which fix the 

position of the graft and moreover pulls every loop in the running suture 

immediately after the performance of each stitch. However, if one starts 

with the running suture after having fixooted the graft by 4 single sutures, 

then removes step by step these sutures and stretches every loop in the 

described manner, the twisting of the graft is avoidable. 
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One pOint of our suturing technique in keratoplasty is unsatisfying. 

Occasionally it happens, even 3 to 4 months after the operation, that if we 

remove the running suture the graft is not healed enough. Even, if this 

happens rather seldom and is easily repairable by some single sutures this 

is an unpleasant event. For this reason we are now looking for a technique 

by which the later removal of the thread is not necessary. 

VI. 

Now let's consider the influence of the suturing technique on our 

method of cataract extraction. 

In the early thirties I had learnt to use in cataract surgery a corneal 

scleral incision with a conjunctival flap by means of a Graefe knife. This 

flap was fixed by some conjunctival sutures. But these sutures could not 

prevent anterior chamber hemorrhages or rupture of the wound with 

occasional prolapse of iris tissue. The bleeding into the anterior chamber, 

usually observed between the fourth and sixth day was a common event. 

In 1953 I came to Tiibingen to an Eye Clinic sobere for years the 

cataract extraction was performed with a pure corneal incision using a 

Graefe knife and without any suture. This technique showed in comparison 

to my former technique some advantages and disadvantages. 

The advantages were: 

that the operation was usually performed without any loss of blood, 

that at every time one has a perfect survey on the operating field, 

that late hemorrhages into the anterior chamber are very seldom, 

and that the important and very delicate region of the anterior chamber 

angle is not touched. 

Disadvantages were: 

that the corneal wound often did not stick together, 

that the anterior chamber was flat for a long time or even lost, which 

led to anterior synechiae and that the healing of the wound was very 

slowly. 

Because of this comparison we decided to make as a routine technique 

a corneal incisi6n but with a following suture of the wound. This was easily 

done under the operating microscope which had been available for us at 

that time. This is our technique until today. However, we are not making 

any more a Graefe incision because the direction is very oblique so that 

it is difficult to bring the two margins exactly together. 
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Nowadays we have the following technique: 

Firstly we make a so-called two-step incision through the cornea using 

a piece of razor blade for the perpendicular incision of the superior 

circumference which goes approximately to the outer two third of the 

tissue·. Then, the anterior chamber is opened by a pair of Vannas'scissors. 

After this, two corneal sutures are pre-placed through the deep layers of 

the tissue. The needle is introduced through the corneal margin where the 

tip of the needle should come through the angle between the two steps of 

the incision. The corresponding part on the scleral side of the corneal wound 

is looked for whilst the cornea is relaxed. Again the tip of the needle goes 

exactly through the angle of the two-step incision. Now, the knot is pre­

placed and the thread is moved out of the wound. After the extraction of 

the lens the two pre-placed sutures are pulled and knotted 2 to 3 further 

sutures are laid, sometimes even more. 

The peripheral iridectomy may be made either after opening of the 

anterior chamber or after the final closure of the wound. This may have 

some advantages in a few difficult situations. 

In order to avoid that the knots of the single sutures give any com­

plaints to the patient they are pulled into the canal of the stitch. This 

is very easy because the thread is so thin that even a five times twisted 

knot does have the diameter of the needle. 

With our suturing technique in cataract extractions hemorrhages, rup­

tures of the wound and synechiae are extraordinarily seldom. In so far our 

expectations in this method came up completely. The corneal incisions heal 

very slowly because of the slow metabolism of this tissue. The threads are 

tolerated very well if the loop is imbedded under the epithelium. If not, just 

in the limbal region we soon see an irritation and a superficial vasculariza­

tion. Therefore, every loosened loop which does not give anymore fixation 

to the tissue must be removed. But also the other correct lying threads must 

be removed months after the operation it the wound is healed. The 

reason is, that usually we have a higher astigmatism as long as the sutures 

are lying in the cornea. Immediately after the removal this refractive 

error is diminished or disappeared. 

We already try during suturing to keep the astigmatism as small as 

possible. We do not pull more at the sutures as closure of the wound 

demands. But it is not possible to judge the extense of tension especially 

because the corneal tissue has a very different stiffness. In this point we are 
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not satisfied with our present technique. Because our patients need pre­

liminary spectacles which are exchanged two months after the operation 

when the sutures are removed. This shows that the corneal incision in 

cataract surgery confronts us with the same problem as the above mentioned 

in keratoplasty. The curvature of the cornea is altered by a lying suture. 

Let us now consider how this is caused. 

If we look at the corneal suture with high magnification so we can 

observe that small triangular distortions are visible just under the surface 

of the cornea which must be caused by the Bowman's membrane. These 

distortions are not altered even after months. The astigmatism of the cornea 

is also not changed very much during this time. This does not happen 

if the sutures lie in scleral tissue. Then a primarily existing astigmatism 

vanishes without recovering the threads during a more or less long time. 

These different properties are doubtiessly a consequence of the different 

strucetures of sclere and cornea. I mentioned above that the Bowman's 

membrane which is perforated by the single corneal stitch has no elasticity. 

Obviously, a pull at the membrane of Bowman causes the distortion of 

the curvature of the cornea. The parenchyma of the cornea itself is not 

stiff enough so that the stress results in a permanent astigmatism. 

VII. 

It follows from this that if the disadvantageous influence of the 

corneal suture on the refraction of the eye is caused by the stretch on 

Bowman's membrane, this membrane must not be touched. The suture 

should only be led through the soft perenchyma, that means it should be 

placed intracorneally. 

The next figure shows an eye after cataract extraction in which in 

the upper nasal part 3 of the usual vertical sutures are placed whereas in 

the upper temporal part 2 loops lying horizontally to the surface are placed 

throug'h the middle of the parenchyma, additionally a superficial horizontal 

tusure is placed, The intracorneal sutures only grasp loose corneal stroma. 

They close the wound. The reflexion of the corneal surface shows that a 

high astigmatism exists in the area of the vertical sutures, whereas in the 

region of the two horizontal sutures the astigmatism is only very small. 

But the photo with higher magnification revea,?s that in the region of these 

sutures the corneal wound has a superficial cleft. This is not surprising if 

we remember that the stroma of the cornea is rather soft which makes 

it impossible that a stronger pull joins the two margins of the wound in the 
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full thickness of the cornea. The deeply placed vertical suture closes as 

well the inner as the outer wound lips of the cornea; this leads to a perfect 

wound closure. Whereas the horizontal suture -at least if it is placed in 

the miqdle of the parenchyma- only brings into touch the inner wound 

lip and the parenchyma. For this reason we here need a second pulling 

action, leading also to an exact closure of the outer part of the wound. 

This is an example out of a series of various new suturing techniques 

being investigated by us at present. 

We are going to study the technique and the applicability of the 

intracorneal suture with the aim to avoid corneal refractive errors as 

consequence of our operating techniques. At the same time we hope being 

able to develop a technique releasing us from the later removal of the 

sutures. 

Ladies and Gentlemen, 

The last ideas should show that in no case all problems in corneal and 

scleral suturing are solved and that especially with regard to the refraction 

improvements are still necessary. In spite of this we can say that the direct 

suLure of cornea and sclera is an important advance in ophtalmic surgery. 

The exact closure of the wound resulted in a higher security and better 

healing for our patients and avoids complications in the postoperative 

course. 

The ophthalmological surgeons may nowadays place more extended 

wounds than before because they can control them by a careful suture. 

This gives us clear space of action for the development of new operating 

techniques. 
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By 

TADEUSZ KRWAWICZ 

The operative treatment of cataract is not always a simple task. 

Everyone who is practicing such operations is also familiar with their dif­

ficulties, which are often considerable. There are, of course, some universally 

accepted principles and more recent technical improvements which have 

created conditions for an easier and safer extraction of the cataractous lens. 

In spite of this, however, the risk of failure was still considerable, because 

the favourable result of the operations of total removal of cataract often 

depended on which was broken first: the delicate zonule fibres, or the 

sometimes even more delicate capsule of the opaque lens. 

This commonly practiced, but difficult, and at the same time one of 

the most fascinating ophthalmoligical operations suffered from the great 

part that chance played in its performance. It must be said that this role 

of chance has been greatly diminished thanks to the most interesting 

variation of the technique of total extraction consisting in grasping the 

lens with a suction cup, instead with a forceps. This method has been 

spread by the work of Professor Ignacio Barraquer, who devoted a whole 

life of study and investigation to the problems of cataract surgery, and 

to whose memory I have the great honour to dedicate this lecture. 

The endeavour to perfect the art of ocular surgery by all po:osible and 

available means has resulted during recent years in the utilization of cold 

as the basic physical principle of a surgical instrument. Based on the 

technology of extremely low temperatures, an new branch of surgery, and 

especially of ocular surgery, the so-called cryosurgery, has come into 

being 1. 

• Ignacio Barraquer y Barraquer Memorial Lecture. 
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The idea to apply low temperature for cataract extraction presented 

itself during experimental investigations on the possibility of storing tissues 

by freezing. Some experiments with frozen-died animal lenses made it 

necessary to find a method of removing the lens undamaged from the eye. 

This proved rather difficult, as the lens was usually damaged. On that 

occasion a copper wire, soldered to a piece of metal refrigerated in a mixture 

of dry ice and alcohol, was used for the first time. 

It was noticed that when the lens capsule was touched with the tip of 

the refrigerated instrument, for which we later suggested the name 

"cryoextractor", there occurred immediate, circumscribed freezing of the 

capsule, which attached itself to the instrument. In the course of further 

experimentation, a method of cataract extraction was developed. 

The first reports 2,3,4 on the possibility of applying low temperature for 

cataract extraction acted, to quote Bellows 5, as a catalyst which stimulated 

a number of authors to undertake experimental and clinical investigations 

or further possibilities of the cryogenic technique, on new instruments and 

apparatus, and on the effects of cold on the ocular tissues. The ophthal­

mological world quickly realized the potentialities inherent in ocular 

cryogenics. 

The history of cryoextraction is not so old as of most other ophthal­

mological operations. Only ten years elapsed sin::e the moment when it was 

practiced for the first time 1. Nevertheless, this operation has found an 

almost universal acceptance and is regarded as the safest method of cataract 

extraction 6. 

In the first line, the application of low temperature established a basis 

for progress in the art of restoring sight to people afected with cataract. 

The uncertainty inherent in the traditional methods of cataract extraction 

can be removed by making use of low temperature. It can be said that the 

risk of capsular complications now belongs to the past and that we are 

not so far from ultimate stabilization in this field. In consequence, the 

operator's nervous tension is reduced 7, and consistently good results can 

be assured. More and more ophthalmologists adopt the cryogenic technique 

because of its advantages over the application of the forceps or erisiphake 8. 

The tensile strenght of the capsule grasped with the forceps is about 

15 grams; for the erisiphake it is 17 or 18 grams, but it rises to 250 grams 

and more when the cryoextractor is used 9,10. The traction force is applied 
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Fig. Nq 1 


The corneal flap is lifted and is held in this position by the auxiliary suture. The 
forceps grasps the iris, and the cryoextractor is ready for use. 

Fig. Nq 2 


The iris is lifted with the forceps in the form of a tent. 
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to the capsule over a large area; thanks to this circumstance there is no 

need to use counterpressure, so that the risk of vitreous loss is reduced 11. 

The result of the operation does not depend on the type of the cryo­

extractor, but on the condition of the cataract and on the operator's 

experience 12. Cryoextractor does not require any changes in the operative 

technique; every operator may safely go on using his preferred technique. 

Cryoextraction has brought about a real progress, evidenced by better 

operative results and by a decreased incidence of complications 13. In 

comparison with other methods, it assures the best results as far as visual 

acuity is concerned 14,15,16,17,18. The occurrence of complications depends 

on the experience of the operator, and thOSe who apply cryoextraction 19 

agree in the opinion that all types of cataract can ben removed in­

tracapsularly and with greater security than by any other method. 

In the original method of cryoextraction of cataract 2,3,4, the initial 

stages of the operation do not differ much from those of the conventional 

methods, up to the moment when the cataract is exposed. It is then that 

the ball-shaped end of the cryoextractor is applied to the lens. Immediately 

upon application, the refrigerated part of the capsule adheres firmly to the 

instrument, so that the lens can be manipulated freely. 

We are now convinced that cryoextraction is a method that spares the 

ocular tissues by enabling the surgeon to operate more delicately. We have 

also arrived at the conclusion that this operative procedure can be 

simplified even more than it could be initially expected. No winder section 

is now necessary, or counterpressure, or retraction of the iris with a special 

instrument; there is also no need of the operative assistance being 

engaged more than with the traditional methods 1. 

The classical method of cryoextraction, which we employed for several 

years, required a very active co-operation of the operative assistance. The 

assistant lifted the corneal flap and retracted the iris with a retractor or 

another instrument, and thus bore a great part oJ the responsibility for 

the outcome of the operation. This circumstance sometimes gave rise to 

complaints that a well-trained and highly qualified aJsistance is not always 

available. Besides, there are operators who prefer to be independent of 

extraneous help 1. The need of a competent assistant was considered as a 

drawback of cryoextraction 20, and Our personal opinion was not much 

different. 
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A sufficiently large part of the sur/ace 0/ the lens is exposed so that the instrument 
can be safely applied to it. 

Fig. N9 4 


Herpes simplex keratitis treated by a traditional method, 60 days before cryogenic 
treatment. 

235 




TADEUSZ KRWAWICZ 

Recently it has been found that, thanks to the constant advances of 

cryosurgery of cataract, this inconvenience can be obviated by reducing the 

role of the assistance if the whole burden of the operation is laid on the 

surgeon 21. This can be achieved by introducing the following modification 

of the original cryoextraction technique. 

An additional suture is used to lift the corneal flap; this suture can be 

held by assistant, or it can be fixed with a clamp. The iris is grasped by 

the operator with a smooth or mosquito forceps, and is pulled upwards in 

the form of a tent. Now a sufficiently large part of the surface of the 

lens is exposed, to that the instrument can be safely applied to it (Figs. 1, 

2 and 3). The cataract is delivered with rotating movements, the iris is 

adjusted, and the corneal flap is allowed to fall back into position. The 

additional suture is removed before tying the corneo-scleral suture. 

In this way the assistance can be freed from the responsible task of 

pulling the iris upwards by means of a retractor. When this pulling was too 

strong the iris could be injured, and when it was insufficient there was an 

increased risk of touching the iris with the refrigerated instrument. We 

do not feel now any need of hooks or retractors, and we have discontinued 

their use. 

Our experience with this modified technique has demonstrated that it 

represents an essential advance in comparison with the classical form of 

cryoextraction. It does away with the doubts expressed by numerous 

authors, and especially with the objection22 that cryoextraction with round 

pupil cannot be carried out by one man only, and that in this case a very 

active assistance is needed. We have found that the present modification 

contributes to a more smooth and delicate extraction of the cataract, and 

that the intraoperative complications, both capsular and others, become 

less frequent. When the lens is exposed in accordance with the technique 

just described, there is little probability that the iris or the cornea will be 

touched with the cold cryoextractor. 

The decision to apply enzymatic zonulolysis can be taken during the 

operation, when a considerable resistance of the zonule is observed. In such 

cases the operation can be interrupted at any moment, zonulolysis can be 

performed, and cryoextraction can be resumed 1. 

The original cryoextractor is still willingly used by many operators in 

its classical form. When refrigerated to -790 C in a mixture of dry ice and 

alcohol, it warms up slowly and reaches -200 C after 5 minutes' exposure 
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Fig. N9 5 


The same case, 30 days after cryotherapy. 

Fig. N9 6 


Herpes simplex keratitis treated by a traditional method, 14 days before cryogenic 
treatment. 
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to room temperature. This short span of time is fully sufficient to perform 

cryoextraction without haste. The performance of the cryqextractor re­

frigerated to _79' C is the same as at -20' C, the higher temperature being 

balanced by a longer time of the application of the instrument to the 

lens 1,,23. Good results of cryoextraction with the use of the original model 

of the cryoextractor have been reported by a number of authors 17,24,25,26, 
27 28 29 30 31 32 33 34 35 3637 38 39 

, , , , , , , , , , , , . 

'The growing popularity of cryoextraction brought with it numerous 

modifications of the instrument itself and of the method of obtaining its 

refrigeration 40,41,42,43. The number of excellent, modern devices which are 

now available is so great that it is practically impossible to get acquainted 

with all of them. All the instruments can be useful in the hand of operators 

who employ them habitually because the basic idea is always the same. 

It should be remembeDed, however, that even the most ingenious technical 

device cannot replace the delicacy of the surgeon's hand, and that 

cryoextraction of cataract is not a method which would decrease' the 

importance of the human factor 1·. 

The great diversity of instruments for cryogenic cataract extraction 

indicates that ultimate stabilization in this field is still to come. But even 

those which are available now make it possible to avoid in many thousands 

of patients every year the highly undesirable capsular and other com­

plications and to assure better operative results. 

The indications of cryoextraction comprise now all kinds of cataract, 

including complicated cataract. Virtually, no contraindications are known, 

which means that in all cases in which the intracapsular technique was 

formerly used cryosurgery always gives better results. Bellows44 has rightly 

remarked that a surgeon who has not adopted the cryogenic method 

exclusively should certainly consider its application in those cases in which 

capsular rupture is particularly undesirable. 

The essential danger of cryoextraction might lie, as it was initially 

feared, in the transmiSSion of low temperature to the other parts of the 

eye, and, in consequence, in the damage o-f the surrounding tissues. How­

ever, when cryoextraction is carried out correctly no complications 

connected with the cryogenic technique will arise because the only part of 

the eye which is refrigerated, the lens, is instantaneously removed 45 . The 

temperature of the tissues surrounding the lens, measured during ex­

perimental cryoextraction, has proved to be virtually the same as when 

the traditional methods of cataract extraction are used23,46. 
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Fig. N9 7 


The same case, 5 days after cryotherapy. 

Fig. N9 8 


Corneal scar produced by keratitis, prior to cryotherapy. Visual acuity: 0.1. 

239 



1'ADEUSZ KRWAWICZ 

Accidental touching of the adjacent tissues, and especially of the iris, 

with the cold cryoextractor is an infrequent and rather harmless complica­

tion, as the adhesion can be instantaneously abolished. Such freezing of 

the iris or cornea is usually of no consequence for the visual acuity. 

We have also observed the complication of accidental damaging the 

lens capsule; this usually happens when a less experienced operator notices 

that the cryoextractor has been applied too far from the equator or too 

near the margin of the iris. To correct the position of the instrument, he 

lifts it involuntarily and breaks the capsule. Sometimes damage to the 

capsule is done by a retractor or hook, or even by the cryoextractor itself. 

It is possible, however ,to remedy this complication by renewed application 

of the cryoextarctor to the margin of the capsular tear. The cataract can 

then be removed as a whole 45,47. 

It also happens sometimes that the operator begins extracting the lens 

too early after the application of the cryoextractor; the bond between the 

instrument and the lens is still too weak, and the cryoextractor detaches 

itself from the capsule, but without ·injuring it. 

The average percentage of intracapsular cataract extractions, as it 

can be deduced from the world literature, is about 98 per cenP6. In our 

clinical material, which comprises now 5,210 cryogenic cataract extractions, 

capsular rupture occured in one per cent, vitreous loss in 0.8 per cent, 

selective zonulolysis was applied since its introduction in 4.2 per cent of 

operations. Other intra.- and postoperative complications are less frequent 

than when the traditional techniques are used. It is also worthy noticing 

that about 60 per cent of these operations concerned intumescent cataract, 

which means that so many patients could be operated upon earlier, without 

waiti. until cataracts becomeng their would mature. 

Our present experience, as well as the data given by other authors, 

justify the opinion that cryoextraction of cataract can be regarded as a 

method rendering good services. This is the reason of the growing pop­

ularity of this method. 

The experience with the application of low temperature for cataract 

extraction, as well as the observation of some complications connected with 

this operation, suggested the idea of using cold for treating virus diseases 

of the cornea, and especially herpes simplex keratitis. In early years of 

cryoextraction we sometimes met with the complication which consisted 

in accidental touching the cornea with the cold instrument. If, however, 
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Fig. N9 9 


The same eye, 2 months ajter cryotherapy. Visual acuity: 0.2. 

Fig. N9 10 


A case oj Salzmann's nodular dystrophy oj the cornea in a one-eyed patient, prior 
to cryotherapy. Visual acuity: 0.02. 
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the cryoextractor was quickly detached from the cornea, this accident 

never had any negative effect on its transparency. This return of the 

partially frozen cornea to its normal condition seemed not only to prove 

the safety of such procedure, but to indicate some further possibility of 

applying low temperature directly to the cornea in cases of its disease. 

Experimental data were obtained on the effect of low temperature 

of about-60' C applied to the healthy cornea, and later to corneas with 

artificially produced ulceration, and it was verified that momentary, 

repeated, superficial and circumscribed refrigeration of the cornea produces 

a reversible effect and does not harm the transparency of the tissue. Thus 

conditions have been created for initiating cryotherapy of virus diseases 

of the cornea, and in consequence, as we know it now, a radical change in 

the treatment of herpes simplex keratitis has occurred, 48,49,50,51, 52,53,54. 

Figures 4, 5, 6 and 7 show the results of this method of treating herpes 

simplex keratitis. 

On the strenght of our clinical material, which now comprises 1,200 

cases, as well as of the data published by other authors, we can state 

that almost all cases of herpes simpl.ex keratitis can be cured in this way, 

without recurring to other methods; maximum visual acuity can be 

preserved because cryotherapy spares the corneal tissue. 

Our assurance that low temperature, when applied under strictly defined 

conditions, is safe to the ocular tissues incited us to use it for the treat­

ment of other corneal diseases. We are now able to obtain partial restoration 

of trasparency in corneas affected with superficial scars or with de­

generative processes 55,56. Figures 8, 9, 10 and 11 illustrate the results 

obtained by means of cryotherapy in the conditions just mentioned. 

Cryotherapy is also becoming of importance in the treatment of irido­

cyclitis 57,58,59. In such cases cold is applied transconjuctivally to the sclera, 

in the area of the ciliary body, and is supplemented with basic and causative 

treatment, if the etiology of the disease is known. Under the influence of 

low temperature, precipitates recede more quickly, vitreous dust clears up, 

and the inflamatory condition of the eye subsides. This effect of cryo­

therapy could be verified by observing cases of bilateral chronic iridocyclitis, 

in which systemic treatment was combined with cyclocryoapplication per­

formed on one eye only. WhiLe the symptoms of inflammation and 

precipitates receded quickly and very distinctly in the eye under cryogenic 

treatment, the condition of the other eye improved much more slowly. 
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Fig. Nq 11 

The same cornea after cryoterapy. Visual acuity: 0.2 

Bietti's idea 60 of using low temperature for the treatment of retinal 

detachment could also be revived. The cryog,enic method, which spares the 

ocular tissues, is becoming increasingly popular, at the expense of diathermo­

coagulation of the sclera. 

Finally, the use of cold for the treatment of glaucoma should also be 

mentioned 61,62. 

The facts that I had the honour to put forth in this lecture pertain to 

the present scope of cryosurgery and cryotherapy. With reg:ud to further 

possibilities which may be expected from cryo-ophthalmology, we may await 

new developments in the treatment of intraocular neoplasms, pterygium, 

conjunctival hypertrophy, angiomatosis retinae, conjunctivitis vernalis, 

episcleritis, sympathetic ophthalmia, trachoma, and in many other patho­

logical conditions. 

Long-standing clinical experience and prolonged follow-up of the 

therapeutic results will decide on the value of cryosurgery and cryotheraphy 

in these diverse fields of ocular pathology. 

A great number of facts now speak in favour of cryo-ophthalmology. 

We do not regard it as an exaggeration to say that it paves the way for new 

developments and for progress in ophthalmology. 
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Fig. N3 9 


The same eye, 2 months ajter cryotherapy. Visual acuity: 0.2. 

Fig. N4 10 


A case oj Salzmann's nodular dystrophy oj the cornea in a one-eyed patient, prior 
to cryotherapy. Visual acuity: 0.02. 
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Fig. NY 9 


The same eye, 2 months after cryotherapy. Visual acuity: 0.2. 

Fig. NY 10 


A case of Salzmann's nodular dystrophy of the cornea in a one-eyed patient, prior 
to cryotherapy. Visual acuity: 0.02. 
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the cryoextractor was quickly detached from the cornea, this accident 

never had any negative effect on its transparency. This return of the 

partially frozen cornea to its normal condition seemed not only to prove 

the safety of such procedure, but to indicate some further possibility of 

applying low temperature directly to the cornea in cases of its disease. 

Experimental data were obtained on the effect of low temperature 

of about-60· C applied to the healthy cornea, and later to corneas with 

artificially produced ulceration, and it was verified that momentary, 

repeated, superficial and circumscribed refrigeration of the cornea produces 

a reversible effect and does not harm the transparency of the tissue. Thus 

conditions have been created for initiating cryotherapy of virus diseases 

of the cornea, and in consequence, as we know it now, a radical change in 

the treatment of herpes simplex keratitis has occurred, 48,49,50,51, 52,53,54. 

Figures 4, 5, 6 and 7 show the results of this method of treating herpes 

simplex keratitis. 

On the strenght of our clinical material, which now comprises 1,200 

cases, as well as of the data published by other authors, we can state 

that almost all cases of herpes simplex keratitis can be cured in this way, 

without recurring to other methods; maximum visuaJ acuity can be 

preserved because cryotherapy spares the corneal tissue. 

Our assurance that low temperature, when applied under strictly defined 

conditions, is safe to the ocular tissues incited us to use it for the treat­

ment of other corneal diseases. We are now able to obtain partial restoration 

of trasparency in corneas affected with superficial scars or with de­

generative processes 55,56. Figures 8, 9, 10 and 11 illustrate the results 

obtained by means of cryotherapy in the conditions just mentioned. 

Cryotherapy is also becoming of importance in the treatment of irido­

cyclitis 57,58,59. In such cases cold is applied transconjuctivally to the sclera, 

in the area of the ciliary body, and is supplemented with basic and causative 

treatment, if the etiology of the disease is known. Under the influence of 

low temperature, precipitates recede more quickly, vitreous dust clears up, 

and the inflamatory condition of the eye subsides. This effect of cryo­

therapy could be verified by observing cases of bilateral chronic iridocyclitis, 

in which systemic treatment was combined with cyclocryoapplication per­

formed on one eye only. WhiIe the symptoms of inflammation and 

precipitates receded quickly and very distinctly in the eye under cryogenic 

treatment, the condition of the other eye improved much more slowly. 
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CRYOEXTRACTION OF CATARACT 

Fig. N9 11 

The same cornea after cryoterapy. Visual acuity: 0.2 

Bietti's idea 60 of using low temperature for the treatment of retinal 

detachment could also be revived. The cryog,enic method, which spares the 

ocular tissues, is becoming increasingly popular, at the expense of diathermo­

coagulation of the sclera. 

Finally, the use of cold for the treatment of glaucoma should also be 

The facts that I had the honour to put forth in this lecture pertain to 

the present scope of cryosurgery and cryotherapy. With regard to further 

possibilities which may he expected from cryo-ophthalmology, we may await 

new developments in the treatment of intraocular neoplasms, pterygium, 

conjunctival hypertrophy, angiomatosis retinae, conjunctivitis vernalis, 

episcleritis, sympathetic ophthalmia, trachoma, and in many other patho­

logical conditions. 

Long-standing clinical experience and prolonged follow-up of the 

therapeutic results will decide on the value of cryosurgery and cryotheraphy 

in these diverse fields of ocular pathology. 

A great number of facts now speak in favour of cryo-ophthalmology. 

We do not regard it as an exaggeration to say that it paves the way for new 

developments and for progress in ophthalmology. 
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Furthermore, the effect of a 
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OPTICS OF KERATOPLASTY 

By 

H. LITTMANN, 

Heidenheim, West Germany. 

The optical conditions in keratoplasty will here be explained without 

going into an unneoessary amount of detail as regards surgical methods 

(Barraquer, J.; Katzin, M.) or mathematical problems (Kaplan, N.; 

Littmann, H.). Merely the results of the optical computation will be used 

to discuss the influence of measuring error-s. 

change in the curvature of the posterior corneal surface will be examined. 

Fig. 1 

Fig. 1 shows the principle of optical image formation on the fundus of 

a myopic eye. The far point P is the object, P4 its image on the fovea. 

The image is produced by refraction at the corneal and lens surfaces. The 

lens is assumed to be accommodation free. The various phases of this 

process of optical image formation will be discussed to begin with. 
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Fig. 2 

Phase I (Fig. 2): The light rays emanating from P ane refra.cted by- the 

anterior corneal surface in such a way that they are directed towards PI 

after passing through the aforementioned surface. In other words: P, is 

the image of P formed by the anterior corneal surface. 

Fig. 3 

Phase 2 (Fig. 3): The light rays keep their direction in the interior of 

the cornea until they reach the back surface of the latter. Here the rays 

are refracted in such a way that they are directed towards P2• P2 is the 

image of P, formed by the posterior corneal surface or the image of P 

formed by the entire cornea. 
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Fig. 4 

Phase 3 (Fig. 4): The direction of the rays remains unchanged in the 

interior of the anterior chamber. The following chang,e in direction occurs 

at the front surface of the lens, and the rays are directed towards Po in 

the interior of the lens. 

Fig. 5 

Phase 4 (Fig. 5): The last refracLon takes place at the back surface at 

the lens. In the interior of the vitreous body the rays are directed towards 

P" on the fovea. Thus the image PP, is formed by tl�e anterior corneal 

surface. p., P, and PI are imagEs of P, formed SuccEssively by the optic­

ally active surfaces in the ey,e. 
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To correct an ametropic eye by surgery it is therefore sufficient to 

change the anterior corneal smface so that it is not but infinity that 

is imaged at Pl' This also means that rays incident on the cornea parallel 

to the optical exis are directed towards PI' as is shown in Fig. 6 and 7. 

p 
I 

I 

00 

Fig 6 

Fig. 7 

In this example it is required to flatten the anterior corneal surface 

and make the cornea thinner in order to make the eye em metro pic. Fig 6 

clearly shows that for computing the correction merely the anterior cor­

neal surface and the thickness of the cornea must be considered, since 

the image at PI is automatically passed on via p" and Pa to p. as is 

the case in the uncorrected eye. Howevler, this applies only if the curvature 

of the posterior corneal surface and the remaining elements of the eye 

are not changed by surgery. 
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Fig. 8 

Fig. 8 again shows the result. The correction is computed according to 

formula (1) (Fig. 9). 

0-1 

1 da - de J 

A o 

+1 

1000· 10-1) 
Fig. 9 

The formula indicates the radius Rc which the front surface of the 

cornea must acquire in order to correct the ametropia A of the eye. 

1000 

(where 1 = the distance (in mm) between the far point and 

the vertex of the anterior corneal surface. 

Myopia: 1 negative, hypermetropia: 1 positive) 

of the anterior corneal surface of the ametropic eye before 

of the cornea before surgery. 

of the cornea after surgical correction. 

index of the corneal substance ( = 1. 376) . 

A 

1 

Ra radius 

surgery. 

Da = thickness 

Dc thickness 

N refracti ve 
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The formula in question applies exactly for any type of ametropia, i. e. 

both for refractive ametropia and axial ametropia. It also applies if the 

cornea is not thinner but thicker after surgical correction as, for example, 

with Barraquer's method of keratophakic surgery. 

Up till now it was assumed that the posterior corneal surface was not 

change by surgery. Should however, contrary to expectations, the radius 

change, the more complex but also accurate formula (2a) Fig. 10 would 

apply. The two auxiliary quantities z and w in that formula are defined 

formula are defined by (2b) and (2c). 

0-1 o - Z Ida - de I + w 10 - Z . da J . de 
re 

0 Z +wlo-z . dal 

A 0- 1  
Z + 

1000 ra 

w 
O2 -0 1 1 

---I I0 rPa rPc 
Fig. 10 

In addition to the data already used in formula (1) this formula in-

cludes: 

. Nz refractive index of the aqueous or vitreous body (Nz = 1.336) 

Rpa' = radius of the posterior corneal surface of the ametropic eye before 

surgery 

Rpc radius of the anterior corn,eal surface after surgical correction. 

If the radius is found to be unchanged by the operation, i. e. if 

Rpa' = Rpc, then w = 0 and the formula (21C\) changes over into the 

simpler formula (1). 
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The radius of the posterior corneal surface can also be measured with 

an ophthalmometer. Measurement requires some experience, as the re­

fl.3cted mires are relatively dark. It must be considered for measurement 

that the ophthalmometer does not directly indicate the radius of the 

posterior corneal surface, since the coincidence pOSition is affected by the 

optical pow3r of the anterior corneal surface and the thickness of the 

cornea. The radius of the posterior corneal surface results from formula 

(3) Fig. 11 

21 n-

n 
. 

Fig. 11 

d 


where 

R. = radius of the posterior corneal surface 

R, = radius of the anterior corneal surface 

R. 	 = radius read of the ophthalmometer scale when the mires reflected 

by the posterior corneal surface are in coincidence. 

N refractive index of the corneal substance. 

D thickness of the cornea. 

With the aid of formulas (1) and (2) the effect of the decisive magnitudes 

on the result can be computed. If the residual ametropia after surgery is 

to be smaller than 2D., then the radius of the anterior corneal surface 

must be measured with an accuracy of 4% or 03 mm and established by 

surgery, the radius of the posterior corneal surface must be retained with 

an accuracy of 4% or 3 mm, and the refractive index of the corneal sub­

stance must be known with an accuracy of 1.1 % 015. 

255 



Arch. Soc. Amer. Oftal. Optom. (1971)-8-257 

- ' -NOTICE  

CAMBRIDGE OPHTHALMOLOGICAL SYMPOSIUM 

PERRERS TAYLOR MEMORIAL 

Miss Perrers Tay.lor trained at the Birmingham and Midland Eye 

Hospital and Moorfields Eye Hospital and then came to Cambridge, where 

she worked until her death last yea-r. The money from a fund set up at 

that time is being used to sponsor an Annual Symposium on selected topics 

in Ophthalmology. 

The purpose of these symposia will be to deal with a specific topic in 

depth and at the highest possible level, inviting speakers of international 

reputation to take part. The delegates will be strictly limited in number but 

not seniority, to encourage free and useful discussion. They will resident 

in College for the period of the symposium so that further discussion can 

take place after the formal sessions have been conducted. 

The first symposium will take place on Monday 13th September and 

Tuesday 14th September 1971 on the subject of Glaucoma, under the 

Chairmanship of Professor Goldmann. Full details are enclosed. 

Any of Miss Perrers Taylor's former colleagues and friends who would 

like to contribute to this fund should send their donation to The Perrers 

Taylor Memorial Fund, c/o Miss L. BLlinghurst, 22 Parkside, Cambridge. 

The attendance at this symposium will be limited to 40 only. Application 

will be dealt with in the order received. 

Enrolment forms 

University Medical S

Cambridge 45171). 

may 

chool, 

be 

Hills 

obtained 

Road, 

from 

Cambr

the 

idge 

Secretary, 

CB2 1QT. 

Cambridge 

(Telephone 
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CAMBRIDGE OPHTHALMOLOGICAL SYMPOSIUM 

(Perrers Taylor Memorial) 

13th and 14th September 1971 

PROGRAMME 

SUNDAY 12th SEPTEMBER 

6.20 SHERRY PARTY st. John's College 

7.30 DINNER 	 st. John's College 

MONDAY 13th SEPTEMBER 

9.00 INTRODUCTION Professor J. S. Mitchell 

Regius Professor of Physic, 

Cambridge. 

9.15 - 10.00 PATHOLOGY OF THE Dr. Douglas Anderson 

GLAUCOMAS Miami, U. S. A. 

10.00 - 10.25 TRABECULAR CHANGES Dr. Ramesh C. Tripathi 

IN GLAUCOMA London. 

10.25 - 11 . 00 	 DISCUSSION 

11.00 - 11.15 	 COFFEE 

11.15 	- 11.45 DISC CHANGES IN Dr. Sohan S. Hayreh 

GLAUCOMA Edinburgh. 

11.45 	- 12.15 FIELD CANGES IN Professor Stephen M. Drance 

GLAUCOMA Vancouver, Canada. 

12.15 - 1.00 	 DISCUSSION 

1.00 - 2.00 LUNCH 
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2.00 -	 2.30 VALUE OF TONOMETRY 


i\.ND TONOGRAPHY IN 


DIAGNOSIS 


2.30 -	 3.00 PROVOCATIVE AND 


STEROID TESTING 


IN DIAGNOSIS 


3.00 - 3.30 	 GONIOSCOPY, DIAGNOSTIC 

EVALUATION AND 

THERAPEUTIC DECISION 

3 . 30 - 3.50 	 TEA 

3.50 - 4.15 	 DISCUSSION 

4.15 -	 4.45 EPIDEMIOLOGY OF 

GLAUCOMA AND OCULAR 

HYPERTENSION 

4.45 - 5.15 	 LOW TENSION GLAUCOMA 

5. 15 - 5.45 	 DISCUSSION 

7.30 	 DINNER 

TUESDAY 14th SEPTEMBER 

9.00 - 9.30 	 OPEN ANGLE GLAUCOMA 

D . 30 9.50 	 CLOSED ANGLE AND-

COMBINED MECHANISM 

GLAUCOMA 

9.50 - 10. 10 	 DISCUSSION 

10.10 - 10.30 	 UNILATERAL GLAUCOMA 

10.30 -	 10.50 THE LENS INDUCED 

GLAUCOMAS 

10.50 11.15 	 DISCUSSION-
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Mr. Ronald F. Fisher 

London. 

Dr. George L. Spaeth 

Philadelphia, U. S. A. 

Professor 

Kenneth T. 	 Richardson 

Pittsburgh, U. S. A. 

Mr. Peter A. Graham 

Cardiff. 

Professor Stephen M. Dance 

Vancouver, Canada. 

Professor Hans Goldmann 

Bern, Switzerland. 

Professor Calbert I Phlllips 

Manchester. 

Dr. R. Etienne 

Lyon, France. 

Mr. Barrie Jay 

London 



11.15 -11.30 COFFEE 

11 .30 -12.00 GLAUCOMA IN YOUTHFUL 

PATIENTS 

Dr. John Hetherington 

San Francisco, U. S. A. 

� 

. 

12.00 -12.30 GLAUCOMA IN APHAKIA 

AND MALIGNANT 

GLAUCOMA 

Dr. Richard J. Simmons 

Boston, U. S. A. 
:: 

12.30 - 1.00 DISCUSSION 

1.00 - 2.00 LUNCH 

2.00 - 2.40 PHARMACOLOGY OF THE 

A UTONOMIC AND 

HYPERSMOTIC AGENTS 

Professor 

Kenneth T. Richardson 

Pittsburgh, U. S. A. 

2.40 - 3.10 MEDICAL THERAPY 

IN GLAUCOMA 

Mr. Stephen J. H. Miller 

and Dr. Jill Paterson 

London 

3.10 - 3.30 DISCUSSION 

3.30 - 3.50 TREATMENT OF INFANTILE 

GLAUCOMA 

Mr. Noel 

London. 

S. C. Rice 

3.50 - 4.10 TEA 

4.10 - 4.40 SURGICAL TREATMENT 

THE GLAUCOMAS 

OF Mr. Peter G. 

Cambridge. 

Watson 

4.40 - 5.10 SURGICAL VERSUS 

MEDICAL THERAPY 

Mr. Redmond 

London. 

J. H. Smith 

5.10 - 5.30 DISCUSSION 

5.30 SUMMING UP Professor Hans Goldmann 

Bern, Switzerland. 

7.30 DINNER 
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CONGRESOS 


IV Congreso de la Sociedad Europea de Oftalmologia. 

EI IV Congreso (;le: la Sociedad Europea de Of tal mologi a tendra lugar en 

BUDAPEST, del 17 al 21 de abril de 1972. 

EI tema oficial del Congreso sera: Examen Funcional en Oftalmologia. 


Para mas detalles dirigirse a la Secretaria del Congreso. 


VIII., TIles u. 15 Budapest, Hungria. 


Congreso Internacional de Criocirugia 

Tendra lugar en Viena, Austria, del 4 al 7 de junio de 1972. 

Secretaria: Aiserstrasse 4. A-1090 Wien, Austria. 

Congreso de la Com temporary Ophthalmological Society 

Tendra lugar en Hollywood, Florida, del 27 de febrero al 3 de marzo de 1972. 

Secretaria: 30 North Michigan Avenue. Chicago, III. 60602. U. S. A. 

Secundum Forum Ophthalmologicum 

Tendra lugar en Bogota, del lunes 17 al viernes 21 de marzo de 1975. 


Direcci6n: Apartado Aereo 52445, Bogota (2), Colombia. 


EI XVII Contact Lens Congress 

Tendra lugar en Bogota, Colombia, del 20 de agosto al 19 de septiembre 


de 1973. 


Apartado Aereo 20052, Bogota (2), Colombia. 
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AL SERVICIO DE LOS ESPECIALISTAS 

EN LENTES DE CONTACTO 

Lentes de CQntacto Wes!ey and Jessen (Sphercon, Cycon, Torcon, Bicon, 
Sphertan, Sphertints, Pupililentes "WI J"), pro:uctos de la 

PLASTIC CONTACT LENS CO., para 

Miopia . Astigmatismo . Afa quia (Monocular y Binocular) Medio de 
Diagnostico - Queratocono - Corneas irregulares y cicatrizadas. 

Vision sub-normal - Indicaciones Cosmeticas. 

Nuestro Departamento de Relaciones Cientificas se encuentra al servicio de los 

Gspecialistas en Lentes de Contacto, a fin de proporcionar cuaRquier informacion. 

REPRESENTANTES EXCLUSIVOS PARA COLOMBIA, 

PLASTIC CONTACT LENS DE COLOMBIA LTD. 

Apartado Aereo No. 20052 - TeIefono 48 23 63 

Bogota, D. E., 2 - Colombia, S. A. 

Archivos de la Sociedad Americana de Oftalmolcgia y Optometria 

PARA ANUNCIOS COMERCIALES DIRIGIRSE A: 

CASA HELLER L TDA. 
APARTADO AEREO 4966 - BOGOTA - COLOMBIA 

Applications and correspondence concerning advertisements please 
address to: 

CANJE: 

CASA HELLER L TDA. 
APARTADO AEREO 4966 - BOGOTA - COLOMB IA 

Se solicita canje con las publicaciones congeneres. 

On accepte des echanges avec les publications congeneres. 

Exchange with similar publications is desired. 

Wir bitten um Austausch mit aehnlichen Fachzeitschriftell. 

Aceitan-se permutas con publica`oes congeneres. 

Si desidera il cambio colle publicazioni congeneri. 
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SOCIE DAD AR GENTINA DE OFTALMOLOGIA 

ARCHIVOS DE 

OFTALMOLOGIA  DE  BUENOS AI RE S 

Fundada por el Profesor 

RAUL ARGANARAZ 

La publicacion - mensual- incluye articulos originales, aprobados en 

las Sesiones Ordinarias de la S A. O. Revision bibliografica (sumarios) 

y Critica Bibliografica. Ademas publica Conferencias por invitacion y 

resumenes de Mesas Redondas. 

Director 

DR. EDGARDO MA NZITTI 

Secr eta rio de Reda ccion 

DR. ALBERTO CIANCIA 

Las ordenes de suscripc·on cel::en ser env;atas al Secrelar:o Genera&: 

Dr. Humberto A. Perez - Santa Fe 1171, Buenos Aires - Argentina 

Suscripci6n anual US $ 12.00 
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ARQUIVOS BRASILEIROS 

DE OFTALMOLOGIA 

Fundador; w. BELFORT MATTOS t 

DIRECTORES 

RUBE S BELFORT MATTOS 

B. PAULA SA TOS 

RENATO DE TOLEDO 

DURVAL PRADO 

H. MARBACK 

, 

JACQUES TUPINAMBA 

ATURAS US. $ 7.­

Dirigirse a: RUBENS BELFORT MATTOS 

CAIXA POSTAL, 4086 SAO PAULO BRASIL 
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Maxidex (ls09'0) 

PREPARADO OFIAlMICO ESIERll-OlXAMUASONA 

MAYOR POTENCIA + 

MAYOR ABSORCION CORNEAL + 

CONTACTO PROlONGADO + 

DOSIFICACION ACHERADA + 

UN GRAN AVANCE EN lA OFTALMOTERAPIA CON ESTEROIDES 

a ideM 
Corticoesteroide - Antib3cteriano Maxitrol 

Proporciona las ventajas 

unicas d11 M3xidex Maxitror 
(dcxametasona) combinadas 

dexamalasona O.l"� 

noomicina (como sulfato) 3.5 mg /ml con la actividad 

sulfato de polimixina 8 6.000 unidades /ml 
 antib3cteriana de 

ampl:o espectro 

Alcon Laboratories International Co 
Fori Worth. Texa<. E.U.A. 
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Director: 

ARCHIVOS 

DE LA 

SOCIEDAD ESPANOLA 

DE OFTALMOLOGIA 

B. CARRERAS DURAN, M. D. 

Secretario: 

JOSE MARIA AGUILAR BARTOLOME, M. D. 

Direccion: Alcala Galiano, 8, Madrid 4 

ESPA-A 

SUSCRIPCION ANUAL: 1200 Ptas. 



Schaffhause Switzerland 

Precision-Instruments and Needles for 
o phthal mo-M icro-Su rgery 
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Titmus Vision Tester 

TITMUS VISION TESTER 

Provides means for measuring visual 
functions quicHly and easily. Relia­
ble and valid tests for acuity, stereo 
depth perception, color perception 
and phorias at far and near. No 
language barrier. Test administra­
tion easily learned. Saves doctor's 
time. Administered by doctor's assis­
tant or delegated technician. Preci­
sion made to last a lifetime. Special 
tests, pre-school to adult, for schools, 
clinics, industry. Sealed glass slides 
not affected by heat and humidity. 
Convenient. Plug into any electrical 
outlet, 110V or 220V. Write for 
brochure today. 

EL PROBADOR DE VISION 
TESTER 

Proporciona los medios para medir 
la funci6n visual rapid a y facilmen­
te: tests confiables y validos para 
agudeza, percepci6n estereosc6pica 
percepci6n del color y forias de lej� 
y cerca. Sin la barrera del lenguaje. 
Aprendizaje sen<;illo del manejo de 
los tests. Ahorro de tiempo al doctor. 
Manejado por el asistente del pro­
fesional 0 el tecnico delegado. Pe­
renne obtenci6n de precisi6n. Tests 
especiales, des de pre-escolares hasta 
adultos, para escuelas, clinicas, in­
dustrias. Diapositivas selladas de vi­
drio, no afectadas por el calor y 
la humedad. Conveniente. Dispuesto 
para salidas electric as de 110 0 de 
220 V. Solicite hoy nuestros folletos. 

r----------, 
I r����� E��r!�!�aS?·' 

INC. I
Petersburg. VIrginia 23803 I NE I 

Please send visual testing brochures. I NAME I 
I FIRM I 
I ADDRESS 

I 
I I 

__ _ ------


