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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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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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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 
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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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