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SUMMARY

The technique of cryoextraction using a superior polar grip
and iris retraction first described by myself4 has been im
proved. A new instrument working on the Joule-Thomson
principle, using the expansion of compressed CO, gas has
been invented. The instrument has numerous inherent advan
tages and, because of its small size and versatility, should
prove of certain value in ocular cryosurgery. It is the first
cryoprobe which can be applied to the lens at ambient tempe
rature (room temperature) and has almost instantaneous
freezing and rewarming characteristics. Iris adhesion and
laceration are virtually impossible. The value of this instru
ment in the extraction of dislocated lenses has been confirmed
by the ease with which these can be extracted and the absence
of complications. The extremely low incidence of capsular
ruptures of 2·7% is of great significance and the fact that no
reoperations were required for visual results in 73 cases, is of
even greater significance. It is felt that, with more experience,
the capsular rupture figure can be decreased well below the
figure of 2·7%.

I wish to thank Prof. Maurice Luntz, Professor of Ophthal
mology, University of the Witwatersrand, for his assistance in
the assessment of this technique; Prof. S. Smoleniec and Mr. T.
O'Duggan of the Department of Mechanical Engineering of the
University of the Witwatersrand, for their invaluable help in
the design and construction of the instruments; Mr. Carr and
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Mr. Schwab of the Instrument Technical Services of the
Transvaal Provincial Administration, for their help in the
building of the silver probe tips; and Mr. Tuchten of the
Baragwanath mechanical workshops who assisted me in the
building of the control fittings. I should also like to thank Or.
F. W. Kenny, Superintendent of Baragwanath Hospital, for
allowing me to use the case material and also Mr. S. Kleinot,
senior surgeon at Baragwanath Hospital, for his kind en
couragement at all times.

Great assistance was given me by Mr. D. Ramsay of South
African General Electric in improving the instrument and in
the design of a Freon 13 system. This work was partly financed
by a grant from National Chemical Products and the CSIR
and the colour photographs were reproduced with a grant
from Messrs. Frank and Hirsch, agents for Nikon cameras
and lenses.
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SENILE CATARACT AND ITS RELATIONSHIP TO THE GLUCOSE-TOLERANCE CURVE
J. L. VAN SELM, M.B., CH.B., D.G.M.S., R.C.P. AND S. (ENG.); Cape Town

'The essential chemical changes occurring in the lens in
cataract involve a hydration followed by dehydration, an
acidification followed by an alkalosis, a replacement of
soluble by insoluble protein, an increase in calcium and
lipoids and an averaging of the concentration of salts to
correspond with those of the blood.' Thus Duke-Elder' sums
up the complicated process resulting in the opacification of
the lens-a process associated with diminished metabolism,
decrease in capsular permeability and loss of substances
active in oxidation.

When a tissue can no longer carry on the process of
normal respiration resulting in the release of energy, such
tissue starts to die. A cataractous lens is a dead lens in
capable of normal metabolism; an asphyxiated organ
whose capsule loses its free permeability to water, electro
lytes and small-moleculed colloids; one whose ability to
recover, if normal conditions once again prevail, is perma
nently destroyed.

We are all familiar with the congenital cataract of in
fants in which the foetal tissues, asphyxiated by anoxia
during the first few weeks of intra-uterine life, become en
closed by normal clear lens material, laid down once the
anoxic state has ceased. Here the ability to recover is re
established and normal metabolism, normal oxidation and
normal activity of the cells is resumed. Not so in the case
of the adult lens. Cataract in the adult represents, as a
rule, gradual but inevitable inability on the part of the
lens tissue to carry on the normal metabolism, with resul
tant decrease in the release of energy and gradual death of
the tissue by asphyxia. At what stage the ability to recover
from the asphyxiated state is passed is difficult to establish,
but from the clinical point of view what does this gradual
asphyxiation involve?

Firstly, it should be recalled that the lens consists of

protein (under normal circumstances completely soluble)
comprising about 35% by weight of the organ. The classi
cal work of Morner' showed that this protein comprises 3
principle components, viz. alpha, beta and gamma crystal
lins. The process of ageing involves the alteration of these
proteins from their soluble to an insoluble form, this pro
cess becoming clinically manifest at first by the onset of
presbyopia with a loss of elasticity of the lens and ending
with the total cessation of metabolic activity in a mature
senile cataract.

Secondly, lipoids, particularly in the form of cholesterol
and phospholipoids-substances essential to the life of the
cell-as in other tissues tend to accumulate with increas
ing age.

Thirdly, despite normal calcium metabolism, secondary
calcium deposition occurs in the dying lens, a reaction pro
bably secondary to the death of the tissue as occurs in its
deposition in an atheromatous artery.

FourtWy, the potassium content of the normal lens is
high (40%). This steadily decreases with age, being about
9% in cataractous lenses. The potassium/calcium ratio is
normally about 380: 1, but this evens out steadily in the
cataractous lens until it becomes reduced to 2: 3 or less.

Fifthly, the sodium content is greatly increased in
cataract probably as a result of a diffusion phenomenon in
an attempt to maintain the sodium: potassium balance.
Likewise, there is an increase in magnesium and, as would
be anticipated with the increasing sodium, cWorides accu
mulate. Contrariwise, the phosphates associated with the
potassium decrease, probably also as a diffusion pheno
menon.

Sixthly, the ageing process involves an accumulation of
extracellular water, often exhibited as vacuoles between the
cells, and a loss of intracellular water as a result of prote-
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olysis which increases, initially at any rate, the osmotic
activity by the fragmentation of the large protein mole
cules into smaller ones.

Seventhly, the normal lens contains glucose in the same
form as it occurs in the blood. It increases with age and
in diabetes, and represents the source of energy required
for active metabolism and maintenance of normality. This
glucose is derived from the aqueous, and in aphakia the
glucose content of the aqueous increases: It is always,
however, lower than that in the plasma. According to
Harris er at.' under no circumstances can a higher level of
glucose occur in the lens than in the aqueous, and pene
tration into the lens is dependent upon the metabolism
occurring in the lens capsule. Until recently' it was be
lieved that the lens energy was derived either from direct
oxidation (10%) or from the anaerobic process known as
glycolysis (90%), the enzymes lactoflavin and aneurin being
intimately concerned in the process. By this process the
resultant pyruvic acid in the presence of oxygen is reduced
to carbon dioxide and water, or if oxygen is deficient, to
lactic acid. Van Heyningen6 has recently demonstrated the
presence of fructose in the lens, which represents an in
complete anaerobic breakdown of glucose to produce
energy via the sorbitol pathway. Until recently it was
thought that this sorbitol pathway was only active in the
accessory sexual tissues such as the placenta and seminal
vesicles, where the fructose formed there is broken down
as the principal fuel of the sperm cells. It is likely that,
with low concentrations of glucose in the lens, this primi
tive energy-producing pathway is unlikely to be used, as
most of the glucose will be phosphorylated.' Kucks has
shown, however, that if the blood level of glucose rises be
yond 200 mg.j 100 ml., more fructose than glucose accumu
lated in the lem in experimental animals, and that at 350
mg.flOO ml. the ratio of fructose to glucose is about 2: 1.
This suggests that with higher concentrations of glucose in
the lens the sorbitol pathway for the production of energy
may be increasingly called upon. The accumulation of
sorbitol, which is a sugar alcohol, will then tend to occur,
furthering proteolysis and consequently the formation of
cataract. Van Heyningen6 has demonstrated this accumu
lation in diabetic cataract and similarly, dulcitol in galac
tose cataract and xylol in xylose cataract.

Whatever the mechanism of production of proteolysis,
there are 3 changes which are consistently observed early
in sugar cataracts, viz. a decrease in amino acids, an in
crease in sugar alcohol and a drop in the activity of the
shunt mechanism which provides reduced TPN for the pro
duction of sugar alcohol. It would appear, therefore, that
the higher the concentration of glucose in the lens, the
more likelihood there is of a more primitive mechanism of
energy production being brought into play.

In the established diabetic, the response to a high level
of serum glucose differs from the normal in that the in
sulin response is slower and less effective, and the reabsorb
tive power for glucose by the renal tubules is exceeded.
This results in a raised fasting serum level of glucose, a
delayed peak in the glucose-tolerance curve, and the fall to
normal is long delayed and may, in fact, never occur. Nor
mally, at a level of 150 mg.j100 rnI., glucose (as detected by
ordinary clinical tests) starts to appear in the urine. Com
monly in elderly people this level is raised so that, even

with relatively high serum glucose levels, the urine remains
sugar free.

What is, then, a normal response to ingested glucose?
If 50 G of glucose is given to a normal healthy individual
who has been starved for 12 hours, what should the re
sponse be? Ordinarily the fasting level should be below 110
mg.j 100 ml., after half an hour, less than 160 mg.j 100 rnl.,
and after two and a half hours, it should have returned to
the fasting level or below.' With normal renal function
sugar should not appear in the urine.

According to Fajans'O a delayed peak and a delayed re
turn to the fasting level raises the suspicion of pre-diabetes,
and a fasting level of 125 mg.j 100 ml. or higher (venous
blood) with a delayed peak is diagnostic of the disease. A
fasting level of 150 mg./lOO ml. or more makes a glucose
tolerance curve unnecessary, as this level on its own is
diagnostic.

On reviewing the serum response to ingestion of glucose
of patients presenting with incipient cataract over the past
few years, several interesting facts have been brought to
light. It should be noted that no attempt has been made to
classify the type of cataract occurring in these patients,
and also that all patients who have been known to have
diabetes before the diagnosis of their cataract being made,
have been excluded from this series. In other words, of
those patients who have frank diabetes, cataract was the
presenting sign.

The total number of cases reviewed is 183 private pa
tients, of which about two-thirds were females. The
youngest investigated was 18 years old and the eldest 92.
Of these patients, at original examination, 61 had normal
glucose-tolerance curves, but 17 who have been re
examined subsequently have developed an abnormal re
sponse to ingested glucose. In every case of these 17 there
was a family history of diabetes. The remaining 122 all had
abnormal curves at the first investigation, either in the
form of a frank diabetic curve with a fasting level of 150
mg.jlOO ml. or higher (in one case 339 mg.j100 ml.) or,
more commonly, with a normal fasting level but a de
creased insulin response either in the form of a delayed
peak, a rise above 180 mg.jlOO rnl. or a delayed return to
the fasting level. One was struck by the fact that only 31
showed glycosuria during the test and that of these, only
10 had glycosuria in the fasting urine specimen. The great
majority, therefore, had a raised threshold for sugar.
One case with a peak of curve at 280 mg.j100 rnl. had a
fasting level ot 113 mg.jlOO ml. and well-developed diabe
tic retinopathy. In this case the level after 2t hours was
within normal limits, being 68 mg.j 100 rnI. Subsequent
follow-up has shown that this patient has developed full
blown diabetes.

The unreliability of a single fasting level estimation of
serum glucose is illustrated by the fact that 90 of these
patients had normal fasting levels, and of these only 61
had normal curves. Even those with normal curves, when
followed up over a period of time, have developed true
diabetes, e.g. one of these patients who originally presented
with a fasting level of 107 mg.j 100 ml., a peak of 160
mg.jlOO ml. and a return to 90 mg.jlOO rnl. after 2t hours
was found 7 years later, to have a fasting level of 302
mg./lOO rnI., a peak of 471 mg.flOO ml. and a return to
397 mg.j 100 rnl. at the end of 2t hours. Yet another pre-
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sented with a fasting level of 98 mg.flOO m!' with a peak
of 173 mg·flOO m!' after one hour and 114 mg.flOO m!.
after 2t hours. Four years later these figures had risen to
128 mg.j100 ml., 228 mg./100 m!. and 148 mg.flOO m!'
respectively. Yet another patient had the serum figures of
18 mg.flOO ml., 182 mg.flOO m!' and 108 mg.flOO ml., but
8 years later the figures had risen to 122 mg. 1100 ml., 230
mg.ll00 ml. and 124 mg.flOO ml.

It should be noted that even in frank diabetics not a
single case presented with the classical symptoms of loss of
weight, polyuria or polydypsia. On the contrary many, if
not most, were obese and overnourished.

DISCUSSION

The suggestion that the causative factor of cataract in the
adult should be looked for in generalized faulty meta
bolism is not a new one. Langdon," in 1925, reviewed 100
cases of cataract which had been subjected to physical
examination, urine analysis and the investigation of blood
chemistry, including a tolerance curve; 'where a diagnosis
of diabetes was indicated'.

Unfortunately the figures were not clearly set out. He
does state, however, that 'fully 5 cases showed inability to
digest the sugar meal in the normal fashion, making it
seem possible that it would be well advised to warn them
against excessive ingestion of carbohydrates'. In the same
article he quotes Corson-White concerning observations
made on the changes of the blood-sugar content of lower
animals. Dogs, for example, with clear lenses, averaged
112 mg.flOO m!., while those with cataract averaged 222
mg./lOO m!' In parrots with normal lenses the average was
114 mg.jl00 mt. and those with cataract 168 mg.flOO mt.
In owls the figures were 118 mg.flOO ml. and 189 mg.flOO
ml. respectively.

It is not the intention of this paper to suggest that all
cases of incipient cataract' are due to an inability on the
part of the body to deal with its circulating glucose, whe
ther the primary factor is associated with excessive inges
tion, decreased insulin sensitivity or secretion, or imbalance
associated with anterior pituitary, adrenal or thyroid
glands, but it appears to be significant that over 60% of
the cases investigated show an abnormality in their ability
to metabolize glucose efficiently. Even more significant is
the fact that 17 cases which presented with quite normal
glucose-tolerance curves, but with a strong family history
of diabetes, showed true diabetes after the passage of some
years.

It is well known that increasing age is usually associated
with an increasing 'tolerance to glucose' as evidenced by
the curve, and one wonders whether this inability to deal
with the intake and manufacture of carbohydrate is not, in
itself, an accurate guide to the ageing process. Much has
been written in recent years about the accumulation of
tissue cholesterol in old age, but one wonders whether this
is a cause or effect, and how much it can be related to the
inefficient utilization of glucose.

It is interesting to speculate at what stage and at what
level the more primitive mechanisms such as the sorbitol
pathway become operative in producing energy and whe
ther the decreased glucose metabolism as evidenced by the
abnormal curves illustrated here is sufficient to trigger off
such a mechanism in an ageing lens. This might explain

the onset of cataract in otherwise clinically-normal indivi
duals. Whether the restriction of carbohydrate intake, the
use of antidiabetic oral therapy or of insulin will effect the
progress of the lens opacities is something to be sought for
in the future. Most physicians seem loath to subject pa
tients of this group to strict control, but 1 case I have
followed for 9 years still retains 619 vision in the better
eye either because of, or in spite of, such a regime.

Dunlop,12 writing on 'Principles of treatment of dia
betes', states: 'It is insufficiently realized that some 45%
of all diabetic patients can and should be controlled by
dietary measures alone without recourse to insulin or oral
hypoglycaemic agents. Furthermore, good diabetic control
is impossible for diabetics requiring insulin or oral drugs
unless they are meticulously educated in the principles of
dieting. There is a substantial body of evidence to suggest
that good control will do something to prevent or at least
delay the onset of complications (retinopathy, nephropathy,
cardiopathy, etc.). There is, therefore, no justification for a
laissez faire attitude to the careful dietetic treatment of
diabetics.'

Perhaps the cases presented represent a state of pre
diabetes and perhaps the development of lens opacities
could be used as an index of pre-diabetes in the population.
It has been estimated that in the USA there are over a
million undetected diabetics who should be under some
programme of therapeutic management. It is further
claimed that 30% of diabetics are discovered, on routine
examination for insurance, by urine examination alone and
that less than 2% of diabetics present with classical symp
toms of polydypsia and polyuria."

What emerges clearly from this study is the fact that
urine examination, particularly in. the older age-group, is
unreliable in detecting even the established diabetic, and
that a normal fasting level of glucose does not necessarily
mean a normal glucose-tolerance curve. Furthermore, a
patient with a normal curve and cataract should be fol
lowed up over the years as a significant number develop
frank diabetes, particularly if there is a family history of
such disease.

Many questions are left unanswered and many avenues
unexplored. I should suggest, however, that the presence of
incipient cataract-particularly in the younger age-group
-should arouse one's suspicion either of established and
undetected diabetes or pre-diabetes, particularly in the pre
sence of a positive family history. Furthermore, a normal
fasting blood sugar and negative urine examination cannot
rule out diabetes as an aetiological factor. Prompt and
early control of the disease may not only slow down the
process of lenticular sclerosis, but the other complications
of diabetes may likewise be aborted.

SUMMARY

183 cases of incipient cataract were investigated by means of
the standard glucose-tolerance curve. 60% were found at first
examination to have some abnormality of the curve. Of the
remaining 61 cases, 17 or 28%, were found to have diabetic
curves on follow up over a period of seven years or less.

The factors associated with the formation of cataract are
briefly reviewed.
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KERATOPLASTY-A MODIFIED METHOD
E. EpSTEIN, M.B.. B.CH. (RAND), D.O.M.S., R.c.P. & S. (ENG.), Johannesburg

A full-thickness corneal graft into a deep lamellar bed
down to Descemet's membrane, has advantages of value
in certain cases, particularly in aphakia. Lamellar grafts
to Descemet's membrane have been described by
Paufique et al.' and others, but the use of a full-thickness
donor transplant into such a bed has not to my knowledge
been previously recorded, except that Stocker discussed
this method for bullous keratopathy at a recent congress.

Graft Reaction
Clinical experience has shown that a total penetrating

corneal graft or a smaller eccentric one abutting the
limbus, has a negligible chance of escaping what the
French term 'maladie du greffon' 'sickness of the graft',
which is now recognized as an immune reaction. The
proximity of such grafts to the limbal blood-vessels is
adduced as the reason for this failure. Hence a graft as
small as is practicably possible and a cornea free of blood
vessels are given as the ideal conditions for the success of
a transplant. On the other hand, lamellar grafts are clinic
ally noted to be less affected by this reaction, and even
total or near-total lamellar grafts are advocated as a
preliminary step to penetrating grafts in very vascular
corneas.' Likewise, lamellar grafting in recurrent pterygia
is a recognized procedure.

It thus seems that contact of the graft with the aqueous
might play a part in facilitating the development of the
immune reaction. However, it might merely be that a
perforating graft is more traumatic, as it usually has more
sutures that are left in for a longer period. No record,
however, has been found of work indicating that deeper
lamellar grafts are more likely to develop the 'maladie'
than superficial grafts.

Optical Properties
It is well known that perforating grafts are optically

better than lamellar grafts, but the latter can give remark
ably good results, if the bed and transplant have been
smoothly cleaved in one plane and all opacities have been
removed from the recipient bed. However, even should
the opacity extend throughout the thickness of the cornea,
Descemet's membrane by itself, is still very transparent
unless it is permanently rucked. Furthermore, in the type
of graft being described, the donor surface is obviously
perfectly smooth. The optical quality of this graft is
almost, or can be made to be, as good as a perforating
graft. The host's endothelial-Descemet's membrane re
mains as a layer deep to, and separated by fluid from the
donor endothelium of the full-thickness graft. With heal
ing, the host's layer contracts to a taut membrane, in
section like a bowstring across the concavity of the trans-

plant. This membrane is easily needled after the eye has
settled, to create a perfectly clear optical zone.

Aphakia and Bullous Keratopathy
Perforating grafts in aphakic eyes are clinically known

to be fraught with complications caused by the presenta
tion of vitreous into the anterior chamber. It is well
recognized that cases requiring both a graft and a cataract
extraction should have the graft done as the primary
procedure. Corneal opacity occurring after a cataract
operation is most commonly due to bullous keratopathy.
The treatment of this condition is notoriously difficult.
The only treatment I have found to be of value are
Gundersen flaps and/or corneal grafts. Paufique once
advocated curettage of the endothelium in cases of
Fuch's dystrophy to remove the diseased tissue in order
to allow new endothelial growth from the periphery to
improve that membrane before doing a graft! I have
found this treatment to be of no value at all. The few
cases on whom I used it were made worse. Paufique
himself has stated he has now abandoned this treatment.'
The Gundersen flap and corneal graft are not mutually
exclusive. In deciding the method of treatment an estimate
must be made of the site or sites of endothelial leak. It is
well recognized that the pathology of bullous keratopathy
is primarily endothelial disease, so that its 'water pump'
action becomes deranged and aqueous permeates the
cornea, eventually causing the bullous state. Those cases
that have complicated anterior chamber lens implants
are thus more likely to have the damaged endothelium
towards the angle. In such a case a Gundersen flap as a
first procedure is advisable in order to drain the leak. This
can lead to a marked improvement of the centre of the
cornea, but should secondary changes have caused an
additional opacity, a small central graft can then be done.
Obviously those cases with the damaged endothelium
more centrally sited must be grafted so that the circum
ference of the graft encloses the diseased endothelium,
and a graft can be used successfully as a primary pro
cedure. It is in such cases that a full-thickness graft into
a deep lamellar bed has proved most useful.

TECHNIQUE

As far as the surgical technique is concerned, besides care and
patience, a binocular microscope is absolutely essential for the
dissection. As the dissection of the bed proceeds, forceps such
as the St. Martins or Colibri type become inadequate when
dealing with the deepest layers. Plain forceps that have been
sharpened to a very fine point are a great help in grasping
the~e last layers of the corneal stroma. A small right-angled
delicate hook is also useful to start the dissection of'these
final lamellae.

Slit-lamp illumination obviously would be ideal at this stage
of the dissection, but this refinement is not readily available




