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A gonioscopical study of anterior peripheral synechiz in
primary glaucoma

By T. THORBURN

I. Introduction

The solution of the question of etiology and
pathogenesis of primary glaucoma is intima-
tely connected with our knowledge of the
chief channels of excretion for the intrao-
cular fluid, that is the angle of the anterior
chamber. Many investigations have been made
in the last century on this part of the eye, but
they all have had to be done on anatomical
speciments or histological slides, as a clinical
method for examining the angle of the ante-
rior chamber has been lacking. It is only
recently, that with help of the so-called con-
tact glass it has heen possible to get a good
view of this area for examination, a method
of observation, which has been called Gonio-
scopy.

Although we thus for some time have had
a good clinical method of observation, it
seems, as if tho state of this part of the
living eye, sufforing from primary glaucoma,
has not yet been the subject to systematic
and sufficiently conclusive investigations; there
further scems to Le a good deal of uncer-
tainty and confusion in the ideas, as to what
degree the filtration channels may be pos-
sibly blocked by the root of the iris in pri-
mary glaucoma, and to what extent such a
synechia, if any, between the root of the
iris and the corneo-scleral wall may play
some part as an etiological factor in primary
glaucoma,

Only a few writers have published papers

1

on the subject, giving their results from the
gonioscopical method of observation, and as
far as I am aware, there is no published
record in the ophthalmological literature of any
extensive series of goniscopical examinations
of eyes suffering from various forms of pri-
mary glaucoma. These authors have deseri-
bed cases with a fully open angle, as well
as cases, where the angle is more or less
blocked by the iris, and they seem to be of
the opinion, that at least in some classes of
primary glaucoma the blocking of the excre-
tion channels is the usual finding. Genera-
lized conclusions, applicable to all forms of
primary glaucoma, are not inferred,

It thereforo seemed to me of great im-
portance to undertake a series of goniosco-
pical investigations in primary glancoma, as
has also been emphasized by such an emi-
nent author as KElliot, and it was with the
view of elucidating these questions, that I plan-
ned this work at the suggestion of Dr J. W.
Nordenson. As the question of glaucoma
includes such an enormous number of inte-
resting problems, it became necessary to
limit the matter very strictly.

The questions I have chiefly tried to eluci-
date are:

1) Is in the majority of cases of primary
glaucoma the angle of the anterior chamber
blocked by a synechia of the root of the
iris to the corneo-scleral wall?

2) Do in this respect any differences occur
between various forms of primary glaucoma?
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Fig. 1. The angle of the anterior chamber

a, Canal of Schlemm; b, trabecular tissue of pectinate ligament; c, scleral vein: d, dense scleral tissue:

e, scleral process or spur projecting inwards and forwards from the sclera close behind the canal of

Schlemm; f, radial muscular fibres of the iris extending outwards below the iridial angle; g, iridiai

angle; h, meridional fibres of the ciliary muscle; i, circular fibres of the ciliary muscle (By kind
permission of Professor R. H. Elliot, and the Oxford Press)

II. General anatomical survey

The part of the eye the anatomy of which
is of interest in gonioscopy, is the anterior
chamber. This space is limited posteriorly
by the iris and by that part of the anterior
surface of the lens, which for the moment
happens to be in the pupillary area. Ante-
riorly it is limited by the inner surface of
the cornea. At the junction of the poste-
rior and the anterior limitation, at the so-
called angle of the anterior chamber, the
ciliary body, covered by a network of con-
nective tissue bundles, also takes part in
bordering of the chamber.

As to the posterior wall of the chamber
it is of interest to note, that the iris, the
surface of which shows concentric as well
as radiating folds, has the most peripheral

of these concentric folds more developed
than the others. This greatly affects the
visibility of living eyes in regard to that
part of the angle lying distally to this so-
called last roll of the iris, as on account
of its volume it may conceal parts of the
angle, and thus simulate a synechia between
the root of the iris and the anterior limit
of the chamber.

Peripheral to the root of the iris comes
the anterior surface of the ciliary body, to
which the iris is fixed along a wavy line.
The ciliary body is here mostly built up of
fibres of the ciliary muscle. As its surface
is doubly curved — not only aequatorially
but also meridionally — the bottom of the
angle is smoothed out, so that no sharp angle
is formed, the posterior wall passing gradu-
ally over into the anterior.
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Anteriorly the ciliary body is fixed to the
celera close to the scleral spur, the latter
heing o sligthly prominent in section trian-
;:ul:l.r shaped ring of scleral tissue, forming
the posterior horder of the sulcus sclerae in-
ternus, - This suleus s a shallow  groove,
about 0.75 mm. broad, being gradually smooth-
ed out in front. Outside the posterior part
of this sulcus lies the canal of Schlemm, but
the groove itself is filled out by a network
of fibres, which continues to the sides, hoth
covering the surface of the ciliary body and
part of the sclera,

The canal of Schlemm is a flat furrow,
often in some parts of its way round the
periphery divided into 2 or 3 branches. It
communicates with the vena vorticosa, but
only in some diseased eyes it contains a little-
blood; it is nowaday sconsidered normally to
contain only aqueous, with perhaps a small
quantity of much diluted blood. It is sar-
rounded by scleral tissue on all sides, except
towards the anterior chamber, where it is
covered by the above mentioned network of
fibres, There is, however, no direct com-
munication with the anterior chamber, as the
endothelium of the cornea extends into the
angle and forms a delicate wall.

Just in front of the canal of Schlemm one
finds the so-called »Grenzring» of Schwalbe,
which is a narrow ring of flat bundles of
scleral tissue. Then comes the sharply defined
junction between the sclera and the cornea.
This junction is seen in the section as an
oblique line, so that the sclera at the out-
side of the eye extends further forwards
and even closer to the axis of the eye, than
at the inner side.

In some eyes may be seen threads of iris
tissue bridging over the angle. The colour
of these threads is determined by the pig-
mentation of the iris. They are white in
poorly pigmented eyes, in more pigmented
rather brown. They are mostly divided into
branches. They can be secn as a direct
continuation of the bundles of the iris, and
to pass from the root of this membrane to-
wards the scleral wall, where they become
inserted at various distances forwards. They
never occur in such great numbers as to

form a real wall in the human cye, as is the
case in some kinds of animals, where the
pectinate ligament is formed by such threads.

The term pectinate ligament, however,
Is used in clinical ophthalnology for denoting
a layer of tissue in the angle of the anterior
chamber in the human eve. This layer con-
sists of a metwork of threads, covering the
ciliary body and part of the sclera at their
surfaces facing the anterior chamber. Anato-
mically — macroscopically as well as micro-
scopically. — the network, however, may be
divided into two separate portions, for if the
iris is loosened from the ciliary body, the
superficial bundles of this part stick to the
iris, while the rest, forming the bigger por-
tion, adheres to the ciliary body.

That part, which sticks to the iris, is eal-
led by Seefelder and Wolfrum ligamentum
pectivatum or trabeculum uveale, while the
other portion is called trabeculum corneo-
sclerale. In a histological slide the threads
may be seen to be covered by endothelium,
which is a continuation of the endothelium
on the inside of the cornea. The threads of
the corneo-scleral trabeculum contain elastic
fibres. They pass away in a mostly cireu-
lar direction, so that the openings between
the threads have their biggest extension in
a course parallel to the surface of the iris.
These threads are not so frequently divided
into branches as the threads of the pecti-
nate ligament, which are arranged in a more
meridional direction, having bigger and more
polygonal spaces between them. No elastic
clements is to be found in the pectinate liga-
ment.

The trabeculum covers the angle all the
way from the root of the iris to the “Grenz-
ring® of Schwalbe. Tt is thickest at the
place corresponding to the canal of Schlemm,
where it may be 15--20 threads in front
of cach other. I'rom there it is getting thin-
ner in each direction,

As normally most of the aqueous, when
excreted from the anterior chamber, leaves
the eye through the spaces of the trabecu-
Ium, the construction of this network has
attracted great interest in several theories
of glaucoma,
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IIl. History of methods for examination of
the angle of the anterior chamber

The difficulty or in many cases the im-
possibility of obtaining a view of the angle
of the anterior chamber in the living human
eye, depends on the considerable — in some
parts total — reflexion, to which the beams
of light, forming the image of this area, are
subjected. Formerly it was possible to see
this angle only in eyes with a pathologi-
cally deep anterior chamber, as in cases of
high degree of myopia, hydrophthalmus etec.
In eyes, suffering from primary glaucoma, it
has been even more difficult than in healthy
eyes, as a very common symptom of this
disease is an abnormal shallowness of the
anterior chamber.

A condition for obtaining a clear view of
this recess, is a good illumination of it, even
of its innermost parts. In order to reach
right down to the bottom of the angle the
beam of light must be thrown in at a wide
angle to the axis of the bulb. The light,
on its way out from the eye, as the image
forming rays, hits the cornea at points far
away from its apex, at points where the cor-
nea is not spherical; it thus becomes astig-
matic in character and makes a bad image.
In consequence of the oblique direction of the
imageforming rays, and the fact, that they
pass from a medium with a higher optical
index to a medium with a lower one, these
rays become totally reflected in a very big
area of the corneal surface, and thus do not
form any image, observable outside the eye.
The rays, not totally reflected, are those,
the direction of which passes close to the
surface of the iris, at an almost right angle
to the axis of the eye. Naturally the major
part of these rays is cut off by the iris, in
the case of this being displaced forwards as
in primary glaucoma.

In eyes, where the iris cuts the radius of
the cornea in its foremost quarter, as seen
from its apex, it is theoretically impossible
to get a view of the angle of the anterior
chamber, without the help of special arrange-
ments.

If we assume the index of refraction of

the cornea to be 4/3, and neglect the refrac-
tion at the inner surface of the cornea and
the fact, that its peripheral parts are not
spherical, and if, finally, we give the whole
of the cornea the same radius as that tem-
poral part of it, through which we can see
the nasal section of the angle of the ante-
rior chamber, we find the way of the illu-
minating and the image-forming rays by the
following construction (indicated by Weier-
strass, and quoted here from a paper by
Salzmann in the Zeitschrift fiir Augen-
heilkunde 31/1914).

Fig. 2. Diagram of the refraction of the rays

‘We call the cornea H,—H,, its radius r, its
the optical index n, and draw two concentric
circles around the centre of the section of
the cornea, the radius of the lesser circle
being r/n, and that of the bigger r. n. The
direction of the illuminating ray xa, is drawn
from the point a, where it meets the cornea,
to the point d, where it culs the bigger
circle. From d a radius is drawn to the
common centre, and its intersection, b, with
the lesser circle, is joined with the point,
a, on the cornea, where the illuminating ray
meets it. This last line, ay, shows the way of
the ray, after being refracted at the surface
of the cornea.

In observing the angle of the anterior
chamber the question is not so much how
the light enters the eye, but all the more
how it leaves the eye to form the image.
Its way may be found by reversing the
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construction just mentioned. A point of
light is thought to be situated at the angle
of the anterior chamber (w), (Fig. 3) and
the rays coming from it are considered. The

d

H W
b

X

Fig. 3 Diagram of the refraction of the rays

direction of a ray, refracted in the cornea
and coming from this point of light is found,
if through the point, b, where it cuts the
lesser circle, a radius to the bigger circle
is drawn, and if further a line is drawn
from the crossing-point, d, between this radius
and the bigger circle to the point, where
the ray meets the corneal surface, a. The
continuation of this line outside the eye
shows the direction of the ray, which comes
from the angle of the anterior chamber, after
having been refracted in the cornea.

As these rays come from a medium with
a higher index, and enter a medium with a
lower one, the case of a total refraction may
oceur. This is the case with the rays, which
do not cut the lesser circle, namely in fig.
3 all the rays meeting the cornea between
M. and H, which last point indicates the
limitation of the translucence of the cornea.
Thus only those rays, cutting the cornea
between M and H,, escape beeing totally
reflected.

In a deep anterior chamber it is the junc-
tion between the translucent cornea and the
non-translucent sclera, that forms the hinder-
most limit for image-forming rays. In a
shallower anterior chamber it is the position
of the iris membrane, that determines this
hindermost limit for the rays, which can be

used for getting a view of the angle, for,
if the iris is moved forwards, some of the
rays are cut off by it. In the extreme case,
when the iris is placed altogether in front
of the lesser circle, the very angle of the
anterior chamber must be invisible, without
special instruments or arrangements. Thus
the foremost position of the iris, just making
the observation of the angle impossible, is
that when situated at the periphery of the
lesser circle, the radius of which was o
the radius of the cornea.

As the obstruction of the view of the
angle, caused by the iris, depends upon the
position of this membrane in relation to the
radius of the cornea, the observation, in the
case of equally deep chambers, is easier with
a more curved cornea than with a flatter
one, and in the case of the cqrnea being
equally curved easier with a deep than a
shallow chamber.

Fuchs in the year 1900 made an attempt
with another method to see the angle, espe-
cially the canal of Schlemm. He threw a
very strong light through the limbus, where
the sclera is very thin, and saw a grey band,
which he thought to be the canal of Schlemm.
Subsequent writers have in some respects
been unable to verify the results thus gained
by him. As far as I am aware, however,
no series of observations of glaucoma eyes
by this method have been published.

Trantas, in 1907, wrote a paper about
a method, invented by him to make the
angle of the anterior chamber visible for
direct observation. Using the ophthalmoscope
with a powerful convex lens inset, he obser-

ved the angle through the cornea in a very-

oblique direction to the axis of the eye,
while at the same time making pressure with
a finger at the limbus outside the point under
observation. In eyes with deep anterior
chambers he could thereby get a view of
the anterior chamber in its peripheral parts,
but owing to the pressure exerted on the
limbus, its condition was an abnormal one.
He published a description of the appearance
of the region concerned in eyes, suffering
from various diseases. In glaucomatous eyes,
however, with their shallow anterior cham-
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bers, the method is not suitable for solving
the question as to the presence or not of
synechiae between the iris and the corneo-
sclera, as the pressure exerted upon the eye
at the limbus may easily alter the mutual
position of the different tissues, forming this
part of the eye.

Even in a later paper (1918) Trantas does
not seem to pay attention to this question.

The Japanese ophthalmologist, Missio,
remarks, in 1913, that it is possible to see
the very angle of the anterior chamber by
ophthalmoscopy, if the conjunctival sack is
filled with tears or some other fluid, but he
has not published any systematically made
observations of the angle in primary glaucoma.

It is not until the contact glass is invented,
that a method useful for clinical observations
is  brought forth, and the name gonioscopy
becomes appropriate.

Fick was the first one to use the con-
tact glass. His glass was a concave-convex
glass, 1 mm. thick, and with a radius of the
convex surface of 8 mm. The object of
using this instrument was to locate the re-
fracting surface of the corneal system to
the convex surface of the glass, thus making
the part of the radius lying in front of the
iris membrane appear longer. 1In the above
mentioned construction the lesser circle is
thus moved forward, and the areas in which
the rays are totally reflected, are diminished.
A larger amount of rays is thereby made
imageforming. The glass was used s0, that
its borders were put under the lids into the
conjunctival sac, and its concave excavation
fitted closely to the corneal surface. There
was always an interspace, bowever, between
some parts of the cornea and the glass, and
this vacuity had to be filled up with some
fluid of about the same optical index as the
cornea. This was effected by injecting saline
solution into the, interspace. By help of this
contact glass and the ophthalmoscope Fick
was able to get a view of the most peripheral
parts of the anterior chamber, even in the
case of this being abnormally shallow.

Salzmann, a  German ophthalmologist,
was the first to publish a case of gonios-
copy in primary glaucoma with special atten-

tion to the question as to the presence or
not of adhesions between the root of the
iris and the corneo-sclera. For these obser-
vations he first used Ficks’ contact glass,
but he soon found, that this did not fit well
to the cornea, and that the refracting sur-
face was too flat, thus giving the image-
forming rays a direction at too wide an
angle to the axis of the eye.

The following year, 1915, he published a
series of, among others, some cases of pri-
mary glaucoma observed by gonioscopy. For
these observations he had constructed a new
contact glass, which was divided into an
optical zome and a supporting zone. The
measurements of the instrument were:

Diameter of

the whele glass. = 17 .
. » optical zone = 11.5
Radius » supporting zone — 13 "
» » optical zone = 7 »
Thickness , the glass = 06 ,

Although the radius of the optical zone
in this contact glass of Salzmann was made
1 mm. shorter than in the glass of Fick,
the line of vision in many cases is said to
pass too close to the surface of the iris not
to become interrupted by it

In his book “Die Mikroscopie des leben-
den Auges“ Koeppe 1920 developed the
theory of the possibility of seeing the angle
of the anterior chamber. He also published
the construction of a new contact glass, which
like Salzmann’s consists of an optical and
of a supporting zone, The supporting zone
is formed by the border of the glass, in
which a groove is ground all round its peri-
phery. The margins of the patient’s lids
were intended to rest in the groove, thus
holding the glass in its place and pressing
it tightly against the bulb. The diameter
of this zone was 22 nm., a distance across
which the rima palpebrarum of most patients
can be made comfortably to gape.

The optical zone of the glass is a concave-
convex lens, The concave surface has an
opening of 12 mm. and a radius of 8 mm.
The convex spherical surface, where the rays
are refracted, when the glass is used, has
an breadth of 8 mm. and radius of 10 mm.
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Fig. 4. The contact glass of Koeppe

At the vertex of the glass there is a small
groove, which is intended to be the resting
place for the tip of a bar, or the knot of a
string for keeping the glass in position, with-
out coming in collision with the observation-
line. This contact glass gave 3 times magni-
fication. Finding that the astigmatism, caused
by this glass, was too great, Koeppe derig-
ned a new glass. The radius of the anterior
surface of this was 13.5 instead of 10 mm,
in the old one. Finding, that the glass was
kept sufficiently in place by the pressure of
the borders of the lids, no groove was made
at the vertex of the glass.

Karl Ascher recently (1924) made a
variation of Koeppe’s glass by diminishing
the opening of the supporting zone to only
12 mm., thus making it possible to apply
the glass on patients with much lesser rima
palpebrarum than the usual one.

In some of his investigations, Koeppe
instead of the contact glass used a so-called
“Vorschaltekammer®, the principle of which
is the same as that of the contact glass,
namely to replace the refracting surface of
the cornea by a more anteriorly situated
surface of glass, thus lessening the amount
of rays totally reflected. According to
Koeppe, this instrument is a rounded glass
chamber with a radius of 15 mm. and with
a big opening on one side. The edges of
this opening are ground to fit the surroun-

dings of the eye, and are clothed with rubber.
The space inside the chamber is big enough
to allow the patient to twinkle without the
risk of soiling it with the cilia. At the
bottom of the “Vorschaltekammer® there was
a tube for filling it with solution, and at
the top another tube for the escape of the
air., The “Kammer“ was kept in position
by a band, attached to metal bows and fixed
round the head of the patient. This “Vor-
schaltekammer“ is said to be less convenient
in practice than the contact glass and not
to  give better views than the latter, so I
have not tried it.

The question of illumination of the angle
of the anterior chamber is a very important
one, especially when observation instruments
of great power of magnification are used.
Various sources of light and different kinds
of instruments have been used for throwing
a sufficient beam of light into the eve, making
gonioscopy possible.

At the beginning of the practice of gonios-
copy the common ophthalmoscope was used
and the light from an ordinary source directed
to the angle of the anterior chamber with
a concave mirror. It is Koeppe, who has
developed the technique of using Gullstrand’s
slitlamp as source of light for gonioscopy.
The instrumental outfit was the same as for
corneal microscopy, with the slitlamp placed
on a moveable stand and the aplanatic objec-
tive lens for the illuminating system placed
close to the eye. As only an area of a few
millimeters’ width in the recess of the cham-
ber was illuminated, and as the optical zone
of the contact glass was of such small size,
the rays of the illuminating and image-forming
systems came to be very close to one another.
To avoid a collision between the instruments
for the illuminating and observing systems,
Koeppe placed a little moveable silver mirror
just distally to the objective lens, which altered
the direction of the illuminating beam, thus
allowing the source of light to be placed
at a great angle to the observation instruments.

By this stationary instrumental arrange-
ment, however, Koeppe found it difficult
or even impossible to bring the upper and
lower parts of the angle under observation,
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especially as his patients were sitting during
the gonioscopical observation.

Karl Ascher in a paper 1924 points
out a way of getting over these difficulties.
He has the patients in recumbent position
on the operating table, and makes them bend
their heads forwards in the examination of
the lower parts, and backwards in the exa-
mination of the upper parts of the angle.

Even if thereby it was possible to get a
view of the whole circumference of the angle,
the technique was inconvenient, and the
examination was tiresome to the patient.
The greatest drawback of the method was
the very limited area at the angle, that
could be illuminated at anyone time and the
consequent frequent moving of the source of
light. In order to overcome these difficulties
and to make the instrument more fit for cli-
nical purposes Troncoso 1925 constructed
his gonmioscope, which he describes as follows:

“Hoping to obtain a clear, unobstructed
view of the angle in all directions and a
sufficient magnification, T have devised and
perfected a new instrument, the gonioscope,
which is a microscope and a periscope com-
bined. It has been built by Bausch & Lomb
Optical Co. with great care and accuracy.

The tube of a microscope with a length
of 23 em. revolves around its axis inside a
looped band which is attached to the handle
of the instrument. The handle is at right
angles to the tube. Inside this handle a
sufficient space for a dry a battery has been
reserved. One end of the tube is conical
and carries the objective lens and a square
prism; the rays of light, coming from the
angle and parallel to the surface of the iris,
are totally reflected to the optical system
in the tube, allowing the observer to place
himself in front of the patient. Two inter-
changeable eyepieces give magnifications of
10 and 20 diameters. The rotation of the
microscopetube around the eye brings into
view the structures of the angle all around
the limbus. This periscope arrangement

gives the observer a much more comfortable
position than the lateral view, which the use
of the ophthalmoscope entails.

The illumination of the angle is made by

a small electric lamp, ecarried in a tube and
fastened alongside tho conical end of the
microscope. The lamp is provided with a
condensing lens, and the rays of light are
directed at right angles to the tube by means
of a square prism, parallel and on level with
the square prism of the microscope.

In order to keep electric contact when
the gonioscope revolves the tip of the lamp
carrying shaft, slides around a metallic plate
connected with the dry battery.

Focussing was at first made by changing
the distance between the objective and ocu-
lar, but we soon found that the slight mo-
vement transmitted to the instrument by
sliding the ocular piece, caused a change in
the place spotted and a blurring of the image,
due to the displacement of the microscope,
We then decided to have the ocular and
object lenses stationary, and regulate the fo-
cussing by approaching or separating the
tip of the gonioscope from the eye.«

In 1926 Troncoso published some new
arrangements, he had made, on his gonio-
scope. The source of light had been made
more powerful and fitted to the ordinary
electric current (of the house). The direc-
tion of the illuminating rays was better ad-
justed and the focal distance of the system
was reduced in order to facilitate the exa-
mination of the temporal side of the angle,
for which the tip of the instrument must
be placed between the nose and the eye.

The total magnification of the image of
the angle gained by this instrument, com-
bined with Koeppe's, contact glass, was:

With 5 x eye-piece 13 times
w 1.5 X 185
12,5 x 325

Salzmann, Koeppe and Troncoso illu-
strate their papers with beautiful handdrawn
pictures of the gonioscopical appearance of
the angle, but, as far as I am aware, there
is no photograph of it yet published. If a
photograph of this region is obtainable, it
ought to give a truer image than even the
most artistically done handdrawings. Salz-
mann does also complain of the difficulty of
making the drawings adequate, as he can
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ot draw in the same time, as he makes
his gonioscopical observations, and thus only
has to vely on his memory of the aspect.

1V. Technique employed in author’s
investigations

From the present day methods of exclu-
ding the total reflexion at the cornea of the rays
coming from the angle of the anterior cham-
ber, I have chesen the one developed by
Koeppe, using his contact glass. The me-
thod of the »Vorschaltekammer» is said to
be less convenient and not to give any better
possibilities for getting a view of the area
in question; the contact glasses of Fick and
Salzmann are, as said in the foregoing
chapter, not so well adapted to their pur-
poses, as is the contact glass of Koeppe
and hence I have used only his glass. TIn
regard to the illuminating system, I have
found the method of Koeppe rather incon-
venient and have therefore made an altera-
tion in that detail.

The great magnification obtained by the
microscope, and even — according to Tron-
coso’s statement in his last paper about
gonioscopy — with his gonioscope, at least
in using the most magnifying eyepieces, 1
have found quite unnecessary for diagnosing
the presenca or not of a synechia at the
angle. The great magnification needs a parti-
cularly adequate focussing of the observation
instruments, a thing which is very annoying
as even a little movement of the patient’s
eye brings the view out of focus.

The patient is prepared for the gonios-
copical examination by making the cornea
and the conjunctival sac anaesthetic, so that
the contact glass may be put in position
without pains to the patient. This is easily
done by instilling 2 drops of a 1 % solution
of holocain hydrochloride into the conjune-
tival sack, an interval of 3 minutes being
allowed to elapse between the drops. In
glaucoma cases, where a dilatation of the
pupil ought to be avoided, this form of anaes-
thesia may be used without risk to the patient.

As Ascher has pointed out, is it most con-
venient to have the patients lying down during
the examination; this allows, when the in-
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strumentary of Koeppe is used, a bigger
area of the angle to be investigated as the
upper and lower quadrants may be brought
into sight, if the patients turn their heads
to different directions. I have always had
the patients lying on their backs on the
operating table with their necks resting in
a cups=haped supporter.

It is adviseable to wash out the conjunc-
tival sack with saline solution just before
the contact glass is put in position, as even
small foreign bodies or mucus between the
contact glass and the cornea greatly disturb
the observation. For the same reason the
contact glass itself must be kept absolutely
clear and free from fat or dust, and is there-
fore best kept up in alcohol, when not in use.

Koeppe's contact glass is, as previously
mentioned, supplied at the supporting zone
with a groove, ground round the border.
When the glass is to be put into position
it is so placed, that the margin of the upper
lid slips into this groove at one side of the
glass, and then the upper lid is by help of
the glass pushed upwards until the margin
of the lower lid, being simultaneously pulled
downward, glides into the corresponding part
of the groove. The supporting zone of the
glass is thus enclosed by the borders of the
lids and so held in its proper place and
pressed tightly against the bulb. Occasio-
nally some patients complain of a slight fec-
ling of strething in the angles of the lids,
but this happens very seldom and may be
avoided by using a glass with a smaller
supporting zone, as is done by Ascher.

In the case of the rima palpebrarum being
unusually wide, the grasp of the lids round
the glass may mnot be steady enough, and
the glass may then slip out and be broken
against the floor. To avoid this accident
the glass may be steadied in its place by
a bar, the top of which rests in the excava-
tion at the vertex of the optical zone of the
glass. The bar itself is carried by a band
round the head of the patient in the same
way as the common front mirror is fastened.
The bar does not disturb the examination
of the angle, but in most cyes the glass is
so well held by the lids, that it is an unne-
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cessary precaution to use the bar, and in
Koeppe's last construction no groove is
made for this purpose.

When the glass is well put into position
fluid must be injected into the interspace
between the cornea and the concave surface
of the glass. I have used saline solution
for the injection of a temperature of about
18° Celsius, the optical index of which is
about the same as for the glass and cornea.
To facilitate the escape of the air in the in-
terspace the patient’s head is rotated laterally
about 45°. A semicircular bent tip of a
-anule is then pushed round the border of the
glass at the nasal side of it, and by means
of a common syringe saline solution is in-
jected, until the interspace is filled and every
bubble of air has escaped. Often the last
bubble of air will not get out by a simple injec-
tion of the fluid, but if the nasal side of the
glass be lifted a little with the tip of the
canule going round its border it will easily
run away. Precantions must be taken to
avoid the tip hooking up a fold of the con-
junctiva and thereby hurting the patient.

When the saline solution has been injec-
ted, the head of the patient is rotated for-
wardly, and the patient is told to look straight
in front and mnot to pinch with the evelids.
The patient can without discomfort look in
different directions, when the glass is in
position, which is of importance for the con-
venient examination of especially the upper
and lower quadrants of the angle.

Naturally no arrangements nced to be made
for keeping the cornea moist, as it is kept
so by the saline solution.

On bright days daylight is the best source
of light, as it gives even without concen-
tration a clear and homogenous illumination
to the whole periphery of the angle. Wor-
king with out-patients, where it is of impor-
tance to carry out the examination quickly,
the daylight is also the most convenient source
of light. But in dark days and when wor-
king with observation instruments of greater
magnification it may not be possible to con-
centrate the daylight sufficiently intensively
to the innermost parts of the recess of the

anterior chamber, and artificial light must
then also be used.

The Nernst slitlamp of Gullstrand,
which was used by Noeppe (see page 7)
gives very clear illmmination of a small part
of the angle but in consequence of the
small area illuminated at one and the same
time a frequent moving of the illuminating
instrumentary becomes necessary.  For the
upper and lower quadrant of the angle this
is very inconvenient. Tor photography or
for a closer observation with instruments of
greater magnification, as the corneal micro-
scope, 1 have also used the technique of
Koeppe, employing. however, a microarch-
lamp instead of a Nernst-lamp. Mostly,
however, T have used a small electric lamp,
mounted in a eylindrical brass capsule with
a condensing lens at the end. This little
lamp was coupled to the main current of the
laboratory through a resistance. It is wor-
ked by hand by the observer himself or by
an assistent and thus easily directed to every
place at the angle of the anterior cham-
her. The illumination was quite clear enough.
to allow detailed examinations, even when
using such a big magnification as that ob-
tained by the corneal mieroscope.

Even in using a good light, well directed
into the very depth of the angle, it was in
some cases rather difficult to make sure of
the presence or not of a synechia between
the root of the iris and the cornea-scleral
wall, owing to the limited illumination and
to the somewhat similar appearance of the
different zones. I haven often found much
help in changing the direction of the illu-
minating rays so, that they pass through the
thin selera at the limbus instead of through
the cornea and the anterior chamber. In so
doing the translucent zones stand out clearly
against the nontranslucent, that is the ciliary
body and in cases of rich pigment depo-
sition at the angle, to a certain degree
the zone the Schlemm. In the case of a
peripheral iris synechia being present this
was casily seen with this direction of the
rays.  With the gonioscope, constructed by
Troncoso, where the source of light is fixed




T. THORBURN! A GONIOSCOPICAL STUDY OF ANTERIOR PERIPHERAL SYNECHL¥ ETC. 11

o the observation tube, this direction of
e ruvs is not obtainable, without using
;'nuthn{‘ <ource of light than the one, for
which the gonioscope is constructed.

As an observation instrument I have mostly
used a binocular loupe, giving a magnifica-
tion of + times and with a working distance
of about 25 em. This instrument gives a
stereoscopic view, quite big enough to enable
the observer to detect a peripheral synechia
if present, As the line of vision from mo-
ment to moment has to be tilted to follow
the small movements of the patient's cye,
it is of great importance to have an obser-
vation instrument, allowing an easy move-
ment, and one that does not necessitate a
very accurate focussing. No trouble needs
be experienced with the localisation as a
bigger area of the angle is observed at one
and the same time — a difficulty which is
considerable, when using the corneal micro-
scope. Previous writers on the subject, who
have used the bigger magnification, do not
seem to have had much use of this greater
enlargement of the image.

The greatest simplification of the instru-
mentary by help of which the angle of the
anterior chamber is brought into sight, is
achieved by taking a common test-tube, which
is cut about 2 em. from its open end, and
by placing the open end, the border of which
is slightly outwards bent in the conjunctival
sac, which previously is made anestetic.
When saline solution is filled in the tube,
a relatively good aspect of the angle is ob-
tained, The aspect gained is sufficiently
clear to allow a judgment of the presence
or not of not too small a synechia between
the iris and the corneo-sclera. As the in-
struments necessary for this examination are
so very simple and cheap, that they can
be got without difficulty by everyone, the
method is mentioned here, especially as
mostly no artificial source of light is neces-
sary for the illumination. Iiven a modera-
tely clear daylight is sufficient for illumina-
ting the angle.

The limitation of the possibilities of seeing
the angle of the anterior chamber by help
of the gonioscopical method is essentially due

to the opacity of the cornea. Unfortunately
a diffuse haziness of the cornea is a very
common symptom of glaucoma, where the
intrabulbar tension is raised to a high de-
gree. Even should the details thereby be
made impossible of differentiation, it is ge-
nerally possible in these cases to decide,
whether there is a total synechia or not, be-
cause if the angle be open only to some degree,
the mostly dark zone of the canal of Schlemm
may be seen cven trough a foggy cornea.

A macula corneae, situated in the line of
vision, naturally makes the observation less
exact or oven impossible, according to the
thickness and extension of the macula. As
the zone in which the angle is clearly seen
is very narrow, the macula need not be big
for causing a considerable disturbance of the
observation. In cases of hypopyon, blood or
foreign bodies in the anterior chamber parts
of the angle, of course, are excluded from
gonioscopical investigation.

A question of very great importance is to
what extent it is possible to decide by go-
nioscopy, whether a real anatomical synechia
exists between the root of the iris and the
corneo-scleral wall, or whether the deeper
parts of the angle are only concealed by the
mechanical pressure of the iris into the re-
cess. If at a gonioscopical observation the
white sclera is the only zone visible, 1t is
impossible to judge, whether a real syne-
chia with new formed connective tissue is
present or not. It is only after some time's
treatment of the eye with miotics and rene-
wed gonioscopy, that the question in some
cases may be solved. If the ungle then is
found quite frec, the »synechia» must have
been due only to mechanical pressure of the
root of the iris to the wall, or the newly
formed connective tissue must have been so
thin as to have ruptured as a result of the
miotics administered. If the angle in some
parts of the circumference is found free, in
other par unaltered by the miotics, it is
most probable, that a partial synechia is at
hand, especially if the iris at the limit bet-
ween the open and the closed part makes
an abrapt elevation up to the level of the
adhering part of it.




Fig. 5. Photo of normal angle of the
anterior chamber

‘Where no change in the condition of the
angle can be seen as an effect of the mio-
tic treatment, it may be due either to an
anatomical synechia too strong to be loose-
ned by the miotics, or to the last roll of the
iris being so prominent, that, although the
iris being stretched by the miotics, it still
conceals the zones of the deeper parts of
the angle. In such cases gonioscopy can not
solve the question of the possible presence
of a total synechia but only make a real
synechia very probable, especially if at the
first gonioscopical examination the iris in its
most peripheral, still visible area, made a
smooth curve inte the angle, which curve at
a second examination after miotic treatment
is straightened out.

The question as to whether a synechia not
loosened by miotics, is a real, anatomical one
or not can only be solved by histological
examination of the angle.

The difficulty in getting a good photo-
graph of the angle is considerable, owing to
the fact, that the region in question is sharply
bent not only circurlarly but also radially.
If one point is well focussed in the camera
even its close neighbourhood is rather un-
clear, and thus only a very small area gi-
ves a really good view at one and the same
time. A strong illumination must be used
to allow a short time of exposure, as it is
very troublesome to make the patient hold

his eye fixed for even a very limited time.
I have used the pointolite-lamp of Gull-
strand as a source of light, when photo-
graphing. If that piece of the lamp, which
is used for transilluminating the bulb, is
unscrewed, leaving the lens in it at the lamp,
a very suitable source of light is obtained,
by which the time of exposure of the plates
could be as short as 3—4 seconds.

To my disposal I had a camera for stereo-
scopical photographing, but it was impossible
to get stereoscopical plates of the angle, due so
its small extension, making a focussing of both
plates at the same time impossible. I there-
fore had to be satisfied with focussing one
of the plates. The focussing had to be mi-
nutely carefully donme, if the excidingly little
difference in colour between the zone of the
canal of Schlemm and the scleral zone should
be perceivable.

The magnification gained by the camera
was 1.7 times.

V. The gonioscopieal aspeet of the anterior
chamber in normal eyes

In order to judge whether anything patho-
logical is to be seen in the angle of the
anterior chamber in eyes suffering from pri-
mary glaucoma, one must, of course, be well
aquainted with its aspect in normal eyes.
The view, obtained by gonioscopy corresponds
to what is to be expected from the anato-
mical structure of the part in question.
Previous writers on the subject are, on
the whole, agreed on the gonioscopical
appearance of the angle in young normal
eyes, although they do not agree in their
opinion as to the frequency of some details.
Salzmann, Koeppe and Troncoso give
a detailed description of the appearance of
the angle in living normal eyes, and I pro-
pose here to give a short survey of it, mentio-
ning where my experience differs from theirs.

The various zones in the anterior cham-
ber, that can be differentiated by gonioscopy
in normal eyes, are:

1) The pupil.

2) The pupillary border of the iris.

3) The anterior surface of the iris.
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Fig. 6. Diagram of the angle of the anterior chamber and its gonioscopical correspondence.

C.G.=The contact glass. IS.=Interspace between the contact glass and the cornea. 0.S.C.= The optical sec-
tion of the cornea. C.D.=The corneal dome. S.Z.=The scleral zone (inside of the limbus). V.G.S.= The Vor-
dere Grenzring of Schwalbe. CS.=The canal of Schlemm. S.S.= The scleral spur. C.B.=The ciliary body.
I=The iris. P.=The pupill. B.C.G.=The border of the contact glass. S.=The sclera outside the contact glass

4) The corneo-scleral and uveal trabeculum.
4 a) The anterior surface of the ci-
liary body.
4 b) The scleral spur.
4 c) The canal of Schlemm,
4 d) The »Vordere Grenzring of
Schwalbe>.

5) The limbus.

6) The concave dome of the cornea.

7) The optical section of the cornea.

Ad 1) In the pupil the lens may be more
or less seen depending upon the degree of
dilatation of the pupil. If a strong magni-
fication is used, the structure may to a cer-
tain extent be differentiated.

Ad 2) The pupillary border of the iris
shows various divisions. Hindmost one sees
the margin of the black pigment layer at
the posterior surface of this membrane. It
1s arranged in radiating folds causing its
border to get a wrinkled appearance.

That part of the iris-stroma, lying bet-
ween the very pupillary border and the

place, where the circulus arteriosus iridis
minor is situated, is built up of a network
of white to gray or brown threads mostly
in a radial direction, with more or less deep
and broad crypts between them. These cen-
tral parts of the iris are not so thick as the
peripheral parts, a fact, causing an abrupt
slope to be formed by the stroma to reach
the level of the rest of the iris.

Ad 3) The stroma of the rest of the iris
is formed by a similar network of bundles,
which pass mostly in a radial direction and
anastomose with each other. In irises of a
lighter colour the bundles are white or gray,
but in darker eyes they may contain pig-
ment. The surface of the iris forms radia-
ting as well as concentric folds, beautifully
seen, when the pupil is dilated. The most
peripheral of the concentric folds, the so-
called last roll of the iris, forms in most
eyes the most peripheral yet visible part of
the iris, as it is generally bigger than the
others, and big enough to conceal the very
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fixation of the root of the iris to the ciliary
body. In some eyes, however, this last roll
is not so big, but allows the junction men-
tioned to come into the reach of the gonio-
scope. In that case it can be seen, that
the junction line of the iris and the ciliary
body follows a wavy line, with bundles of
the iris stroma passing more or less out
over the anterior surface of the ciliary body.

Bundles can also be seen bridging over
the recess of the anterior chamber from the
periphery of the iris to the corneo-scleral
wall, where they become inserted at vari-
ous distances forwards. The bundles are
often divided into branches, and are some-
times pigmented. They are always much
thicker than the fine threads, building up
the trabeculum of the uveal and sclerocor-
neal reticulum, Koeppe considers the
bundles to be found in almost every eve,
altough he agrees, that they mayv be absent
in rare cases; 1 have found several eyes,
where they are undoubtedly absent and in
my opinion they are not so often to be
found in normal eyes, as believed by
Koeppe.

Just behind the last roll of the iris one
or more bright red arterial branches often
peep out. Judging from their situation and
direction, concentric to the periphery of the
iris, the are probably branches of the cir-
culus artariosus iridis major.

Ad 4) Next zone visible in gonioscopy is
that part of the angle, which is covered by
the trabeculum corneo-sclerale and uveale,
that is the ciliary body, the scleral spur,
the canal of Schlemm and the » Vordere Grenz-
ring of Schwalbe». As the trabeculum is
partly very thin and greatly transparent, it
allows the tissues behind it to come into
sight. The colour of the trabeculum, as seen
in the gonioscope, is determined by the co-
lour of the underlying tissue. A fine meri-
dional striation, caused by the trabeculum can
be seen, especially in older patients, where
some pigment often is deposited at the angle,
making the spaces between the threads to
stand out more clearly.

Ad 4 a) The most posteriorly placed zo-
ne, visible through the trabeculum, is the

anterior surface of the ciliary body. It forms
a surface, the central parts of which are on
level with the peripheral sections of the iris,
but which more peripherally makes a curve
forwards to meet the cornco-scleral wall.
Thus in parts it comes to stand at right
angles to the line of vision in gonioscopy.
The image of it, therefore, is truer, than
the images of the other zones of the angle,
which are seen in very oblique directions.
The broadness of the ciliary body mainly
depends upon the extent, to which its po-
sterior parts are concealed by the last roll
of the iris, but even in fully open angles
its broadness varies a little in different
quadrants of the eve. Iis colour is decided
by the state of pigmentation of the eye, in
eves with lesser pigmentation being gray to
light brown, usually with a touch of red in
it, and in eyes with a richer pigmentation
being dark brown.

Ad 4 b) The scleral spur, which is cove-
red by a very thin layer of the trabeculum
looks like a shining white very narrow band,
sharply limited at both sides from the sur-
rounding zones.

Ad 4 ¢) The zone corresponding to the
canal of Schlemm comes immediately ante-
rior to the scleral spur. In young normal
eyes this zone is often difficult to differen-
tiate from the white zone of the scleral
spur and the »Grenzring of Schwalbe» on
each side of it. If transscleral illumination
is used it is often more easily distinguished,
as the sclera at this line is thinner than at
its immediate surroundings, and thus more
translucent. Usually it can be seen as a
light gray ring, sometimes with a very light
red touch in it. In diseased eyes I have
had the opportunity of seeing this zone more
red, evidently depending on diluted blood
in it, but it has never been bright red. As
the trabeculum here is &t its thickest a pig-
ment deposition in the spaces gives the zone
more of a dark brown colour as compared
with the other zones. A branching of the
canal of Schlemm, which is said to have
been anatomically found, I have never been
able to observe.

That this zone of the canal of Schlemm
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is very difficult to see in some cases, is
anderstood  from the fact, that Salzmann
in lis paper of 1914 says: »Vom Schlemm-
ehen Kanal habe ich nie etwas sehen kon-
ren». o statement, which he corrects in a
paper of 1813, giving a description of the
actual gonioscopical appearance of the zone.

Troncoso also states, that the gray zone
of the canal of Schlemm is very often non-
existing, and that the white sclera begins
immediately outside the ciliary body.

The incompleteness of the observations
of the named anthors mayv perhaps find its
explanation in their having used so great a
magnification of the image in their gonio-
scopical investigations as to render the deli-
cate variations in the colours of the zones
of the hindmost parts of the corneo-scleral
wall less easily observed; a clearer concep-
tion is obtained, when a bigger area of the
angle is observed at any one time. Even
if the microscope is used, it is not possible
to differentiate these zones by anything else
than their colour.

Ad 4 d) The concentration of scleral tis-
sue, called the »Vordere Grenzring of Schwal-
be», at the boundary between the sclera and
the cornea has an exceedingly thin layer of
trabeculum in front of it, as the trabeculum
here passes over into the membrane of De-
scemet, The white colour of this zone is
generally very intense, but its breadth being
very small, it may easily be overlooked.

Ad 5) The inside of the limbus forms a
gonioscopical zone, usually called the scleral
zone. It is white in colour, but as the cor-
nea is fixed to the sclera in an oblique line,
going most posteriorly at the inner side,
the cornea becomes thicker the more for-
wards one comes, the colour of the sclera
getting blueer in the anterior parts. The
anterior limit of the sclera forms a forwardly
convex line, according to the line of vision in
gonioscopy.

In the anterior half several branches of
blood-vessels are seen passing meridionally
and disappearing round the outer limbus,
A pigment deposition, which may be seen
even in rather young eyes, is usually ar-

ranged in lines, which. although being most-
Iy wavy, pass concentrically to the border
of the cornca: I have seen such a line even
in a man of 30. This pigmentation is by
Koeppe considered as heing a senile sign,
which is also often found in cases of glau-
coma simplex.

Ad 6) The concave dome of the cornea
shows o homogenic zone of watercolour.
Depending upon from which point the obser-
vation is made it looks like a smaller or
bigger crescent.

Ad 7) The last zone observeable in gonio-
scopy is formed by the optical section of the
cornea, which, looks like a blue-gray equal-
ly broad band, going in a semi-circle from
side to =ide.

VI. The various forms of primary glaucoma

The great symptom-complex, called pri-
mary glaucoma, includes several forms of the
disease. It is of very great importance to
keep the various subdivisions well apart,
and to be quite clear about the differential
diagnosis between them. This is all the
more necessary as a pathogenesis common
to all forms is unknown, and it is not im-
possible, that the state of the angle of the
anterior chamber may vary with different
forms of primary glaucoma, and that its part
played as an etiological factor may vary.

Several attempts have been made to unite
all the different types of the dfsease under
one form, and one sign or symptom after
the other has been considered common to
all cases.

It was von Graefe, who urged, that the
raised intrabulbar tension should be a sign
sine qua non. He thereby excluded all those
cases of simple glaucoma, where no hyper-
tension could ever be found.

Another sign, which was considerad pre-
sent in every case of primary glaucoma, was
the cup-shaped papilla, If that should be
the common ground for classification, almost
none of the acute cases could be included,
as in those cases there is generally no cup-
shaped papilla to be found at least in the
beginning of the acute attack.
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Nor is the way in which the contraction
of the field of vision comes on or the se-
condary amaurosis a symptom sufficiently
uniform in all cases of primary glaucoma to
serve as a common factor, by which all the
types could be characterized.

As no sign or symptom is absolutely cer-
tainly found in every case of glancoma, confu-
sion naturally arises in the classification and
terminology of these cases.

The following is the special classification
I have used:

Irritative glaucoma / acutum

\ chronicum

Simple glaucoma

Absolute glaucoma

Partner.

The great class of secondary glaucoma,
where a cause of the disease can be found,
is not being discussed in this paper, as the
question is limited to gonioscopy in primary
glaucoma, nor is the end-state, the degene-
rative glaucoma mentioned, as it is lacking
in gonioscopical interest.

By the acute irritative glaucoma is meant
that form, which is characterized by an
acute, attack-like onset of symptoms. One
of the most prominent signs is the raised
tension, which rises to rather a high degree.
The haziness of the cornea in the majority
of the acute cases is thus very pronounced,
which also is the case with the irritation
of the eye, wide, curly veins being seen.
In most cases there is a considerable shal-
lowing of the anterior chamber. The iris is
discoloured, and the pupil dilated. The
cupping may be entirely absent, As a re-
sult of the haziness of the cornea the ophtal-
moscopical examination of the fundus is
much restricted, but if the tension be soon
brought down, the cornea clearing up, and
the observation of the disc being again pos-
sible, generally no excavation of it can be
seen in acute cases. During the attack the
vision is strongly diminished. Intense pains
accompany the attack.

The attack usually passes in a short time,
sometimes leaving the tension a little rai-
sed, and the vision somewhat obscured. Af-

ter some time — a few days to some weeks
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— a new attack comes on. In rare cases
the eye may be damaged at the first attack,
making it amaurotic.

The chronic irritative glancoma may deve-
lop from the acute form, where the attacks
are becoming so frequent as to cause the
irritation to become chronic, or it may de-
velop from a simple glaucoma, or be from
the beginning chronic.

This irritative form of glaucoma is charac-
terized by a chronic state of irritation, which
is clinically evidenced by the dilated, curly
veins and the deep pericorneal injection. The
pathological signs here are more localized
to the anterior parts of the eye, than it is
in the simple glaucoma cases. The foggi-
ness of the cornea and the anestecia of it
is pronounced, the anterior chamber is shal-
low. The iris is discoloured, with venous
stasis, the pupil somewhat dilated, slowly
reacting. Cupping of the dise can sooner
or later be found in every case ofirritative
glaucoma. The tension is as a rule rather
highly raised, and the vision is, partly on
account of the fogginess of the cornea more
affected than in simple glaucoma. A cer-
tain amount of pain is usmally felt by the
patient.

The simple glaucoma begins insidiously
without any allarming symptoms.  Irritation
of the eye is fully absent, as the patholo-
gical changes are limited mostly to the hin-
der parts of the eye, where a cupping of
the disc always sooner or later can be found.
In the anterior part of the eve the glauco-
matous signs in the simple cases are never
well developed. A pericorneal injection is
not present, the haziness of the cornea very
little, if any, the shallowness of the anterior
chamber is not obvious, and the pupil is
not pathologically dilated. The tension is
in most cases of glaucoma simplex just a
little raised above the mnormal. In some
cases, however, it may reach a rather high
elevation, but in other cases on the other
hand it may be totally absent during the
whole time of the disease. The field of
vision by and by becomes contracted, but
the central vision mostly remains good for
a long time. There is often found a nor-
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ol eentral vision in patients, who for years
i ~udfered from simple glaucoma, but the
~oode wlancoma has a tendency — though
to get worse, and if one eye is
ected by the disease its partner is also
vory likelv to get the same trouble sooner
or later, a fact characteristic, however, also
for irritative glaucoma.

By absolute glaucoina is meant a condi-
tion when the eye is blinded by any form
of the disease in question, whether an irri-
tative or a simple form. The classification
is here only Dbased on the vision, and in
this group may be found eyes of a very
different clinical condition. A fact often
found in these eyes is that the anterior
chamber has regained its normal depth.

Eyes, which show no signs or symptoms
of glaucoma, but which have their fellow-
eves suffering from primary glaucoma, are
here called partuers. They are, as expe-
rience shows, nearly always bound to sooner
or later develop the disease themselves. It
is therefore of great interest to carry out
gonioscopical investigations of these eyes as
well, as signs of glaucoma, if any, hefore
the disease has developed, may perhaps be
detected.

iy

VII. General survey of glaucoma theories

of interest in gonioscopy

That the raised intraocular tension is the
chief — though not indispensable — factor in
primary glaucoma, and thatmost of the other
symptoms can be deducted from it, is a
very widely accepted opinion among the
ophthalmologists of today. The cause of the
raised tension, however, has not been in-
controvertibly explained. The hypothesis
concerning the pathogensis of primary glau-
coma — or as they are usually called the
glaucoma theories — may be divided into
secretion and retention theories.

The secretion theories assume a hyper-
function of the secreting organs in the eye,
that is to say chiefly the ciliary processes
which are considered to produce most of the
intraocular fluid. The theories of this group
have not been verified either anatomically

9

or experimentally, and as the region, obser-
ved by gonioscopy is of very little interest
in connection with those theories, they will
not be further mentioned here.

To the retention theories may be recko-
ned those, which assume the pathogenesis to
be sought in a changed physical or chemi-
cal state of the tissues, forming the eye
especially  the vitreous body. Dy some
change in the colloid state, in the acidity
or in the permeability of the tissues, a re-
tention of fluid should follow, causing a
raised tension with all its consequences for
the eye. Although it seems very possible,
that an alteration in these respects may
play a considerable part in the development
of glaucoma, it has not vet heen shown, that
the origin is hidden in any process of that
kind, and experiments in vitro, made in
order to verify the theory, are far from con-
clusive.

Of greater interest in relation to gonio-
scopy are some of those retention theories,
in which an obstacle to the outflow of the
aqueous from the eve is supposed to be the
cause of primary glancoma. It has been
shown by several authors, that only a small
amount of the aqueous leaves the eye by
the way of the sheaths of the optic nerve,
and that the main part (it is said 98 %)
escapes at the angle of the anterior cham-
ber.  Thus the chief part of the fluid from
the vitreous body has to pass through the
anterior membrane of the vitreous, round
the border of the lens, between the fibres
of the zonula Zinnii, behind the iris and
out through the pupil: passing the anterior
chamber it arrives to the trabeculum at its
recess, through which it is brought over to
the canal of Schlemm, and from there it
proceeds into the veins.

Glaucoma theories have been published,
in which obstruction to the outflow is sup-
posed to be present in almost any part of
the excretion channel.  Of all those theories,
those which place the obstacle in question
at the angle of the anterior chamber, natu-
rally possess the greatest interest in gonio-
scopy, and I therefore here mention examp-
les of them, desisting from describing all
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of them, as they can be found in the hand-
books.

It is a priori clear, that a stoppage here
in the chief channel for the excretion fluids,
must result in a raised intraocular tension,
if no other regulating factors come in. This
stoppage, if any, may be brought about in
several ways. So did Knies in 1876 publish
a theory, inferring that the pathogenesis of
primary glaucoma was an indurative inflam-
mation in the surroundings of the canal of
Schlemm, and that the subsequent adhesion
of the iris-root to the corneo-scleral wall
blocked the excretion channels. Already be-
fore the publication of Knies theory, the
observation had been made several times on
histological slides, that the peripheral zones
of the iris were pressed against the wall,
but it was considered a secondary mecha-
nical effect. Tt was Knies, who first poin-
sed out the possible etiological importance
for primary glaucoma of this synechia, which
in most cases he found to be a real, ana-
tomical adhesion, formed by fresh connective
tissue.

Independently of the work of Knies, We-
ber in the same year, 1876, published a some-
what similar theory, in which the mechanical
obstruction of the angle of the anterior cham-
ber was thought to be brought about by
inflammatory swelling of the ciliary proces-
ses, pressing the iris forewards against the
corneo-scleral wall,

In the same year Czermak also published
a paper on how the obstruction of the angle
of the anterior chamber was brought about
by the iris when an acute attack of glau-
coma set in. He said, there was no inflam-
mation at the angle and no real anatomical
synechia, but only a mechanical pressure of
the root against the wall. In the shallow
anterior chamber of the glaucomatous eye
the anterior surface of the iris, comes to lie
against the corneo-scleral wall at a line cor-
responding to the hind limit of the mem-
brane of Descemet, when the pupil is dila-
ted, and thus an interspace at the bottom
of the angle is formed, whero the hind wall
is formed by the ciliaty body. The outflow
of the aquous to this interspace from the
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anterior chamber is more or less checked
by the iris, and when this stoppage is ahso-
lute, the tension in the interspace must ra-
pidly get much lesser than in the chamber,
and consequently the iris must be squeczed
into the bottom of the angle.

The strong contraction of the sphincter
pupille, brought about by the eserine in-
stillation, sometimes is powerful enough to
pull the iris out from the angle, thus again
al]owing a free excretion, and break the
attack.

A great many histologieal examinations
of the angle in primary  glaucoma were
undertaken in those years by different in-
vestigators; Poyla, for instance, has col-
lected a series of 438 eyes, suffering from
various kinds of primary glaucoma, in which,
according to the account of de Vries, the
angle was found blocked in 350 cases, partly
free in 23 cases, fully free in 38 cases.

In a paper, published 1907, Henderson
hypothetically located the cause of primary
glaucoma in the trabeculum of the angle of
the anterior chamber, which he said, was under-
going sclerosis. By this sclerosis the ex-
cretion of the aqueous from the eye was
supposed to be rendered more difficult and
thereby the intraocular tension increased.
In acute cases, (which he calls inflammatory
cases), the attack should he recipitated by
mydriasis or by a generally or locally raised
blood-pressure, caused by physical or mental
strain, which would bring about an increased
amount of aqueous. The raised blood-pres-
sure should also inerease the difficulty for
the venous return and make the iris swollen
and oedematous. As a result of this con-
dition the iris should become attached to the
pectinate ligament and so block the outlet
for the intraocular fluid,

In cases of chronic glaucoma the scleros-
ing process of the pectinate ligament should
be so slow and lengthy, that the drainage
should for years be sufficient to obviate
a congestive attack, with subsequent adher-
ing of the iris-root to the wall, but not e
ample enough to prevent an increase of the
tension, by which the finer tissues in the
eye would gradually be destroyed.
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I+ 7= a well known fact, that in primary

ieoma an abnormal deposition of particles
cment in the angle of the anterior
w1 i u common finding. Levinsohn
vae the first one to realise the possible
snnection between this fact and the patho-
wenesis of primary glaucoma. He observed
on histological slides a reaction of the tissues
in the form of lencocyte infiltration around
the lumps of pigment in the spaces of the
trabeculum, and considered this to cause
a blocking of the excretion channels for the
aqueous.

A glaucoma theory, based on the function
of the scleral spur, was published in 1911
by Thomson. As said in the anatomical
survey, the scleral spur is a rim of condensed
scleral tissue, which on section appears
triangular in shape with one angle pointing
inwards-forwards and which forms the poste-
rior limit of the sulcus sclers internus, con-
taining the canal of Schlemm. Thomson
draws attention to the fact, that the scleral
spur can be bent inwards and backwards
by the meridional strokes of the ciliary
muscle, fixed to its posterior surface, and
be pulled back to its anterior position by
the elastic threads of the trabeculum, By
these movements, he says, the lumen of the
canal of Schlemm must be changed, as it
lies immediately anteriorly to the scleral
spur and is separated from the anterior
chamber only by the moveable wall, formed
by the trabeculum. The ciliary muscle
as well as the sphincter pupillee, brought
into play by the act of accomodation, thus
very frequently, when the patient is awake,
acts on the scleral spur, and thereby on
the canal of Schlemm. When the scleral
spur is pulled backwards, the lumen of the
canal must be enlarged and the aqueous be
sucked into the canal, as some arrangement
seems to be present by which the inflow
of venous blood is checked in normal eyes.
Thomson declares, that he has seen on hi-
stological slides channels going from the
anterior chamber to the canal of Schlemm,
which channels are so arranged as to keep open,
when the scleral spur is pulled backwards, and
shut, when the spur is in its anterior position.

Primary glaucoma, according to Thomson,
may by caused by:

1) sclerosis of the trabeculum, which thereby
looses its elasticity and capability of pulling
the scleral spur forwards;

2) atrophy or paresis of the ciliary muscle,
by which the posterior traction of the scleral
spur is made insufficient;

3) hypertrophy of this muscle, which then
keeps the scleral spur in such a state of
retraction, that the elastic fibres in the tra-
beculum are unable of replacing it to its
anterior position. In these ways an equili-
brium can be established in the tension of
the anterior chamber and the canal of Schlemm,
and no aqueous is then excreted.

Tt is of interest to note the experiments
of Heine, in which the effects of eserine
and atropine are studied. He has shown,
that in monkey eyes, histological slides of
eyes treated with eserine just before death
have a much more open canal of Schlemm,
than eyes under the same conditions treated
with atropin and that the angle of the an-
terior chamber in the eserine eyes is much
wider than in the atropin eyes. This indi-
cates a possible way, in which miotics may
act in those frequent cases, where their
tension lowering effect is undoubted, and
where this can mnot be explained by any
opening up of a blocking, if any, of the
excretion channels by the root of the iris,
which should be stretched by the mioties.
Barret and Orr have puplished such a case,
where an upper and lower iridectomy for
glaucoma had been undertaken, but where
the tension nevertheless became raised. Ese-
rine treatment immediately lowered the ten-
sion, but no trace of miosis could be seen
on the remaining parts of the iris.

Koeppe, who considers a good deal of
the aqueous to be excreted through the
sponge-like tissue of the iris, has with help
of the corneal microscope been able to see
a fine dust of pigment in the very stroma of
the iris, of the aqueous of the anterior chamber
and at the angle of this, evidently emanat-
ing from the destroyed pigment layer at the
posterior surface of the iris. He suggests
that the fine lymphatic vessels and small
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veins become filled up and blocked by this
pigment and the intraocular tension thereby
raised. He says, that the pigment is found
in almost every eye tith primary glaucoma
and that he has seen it in several »normal»
eves. which subsequently after a shorter or
longer time, have undoubredly been the seat
of primary glaucoma. These eyes he calls
pre-glaucomatous eyes. The alteration of
the pigment condition of the glaucomatous
eye, he says, is a preliminary process to a
narrowing of the angle of the anterior chamber.
The root of the iris is by and by creeping
up on the corneo-seleral wall in’ the deve.
loped glaucoma, but a true synechia of ana-
tomical foundation, Koeppe says, he is not
quite sure of having detected by gonioscopy
in these eyes. Sclerosis of the trabeculum he
thinks is often present, being a senile sign,
but a real glaucoma is not established until
the pores in the spongelike ivis tissue are
blocked by the pigment dust.

That a peripheral synechia is considered
by several authors to be the usual finding
in primary glaucoma, is seen by the follow-
ing quotations from prominent authours.

Salzmann says in 1915, in writing about
the state of the angle of the anterior cham-
ber in primary glancoma: “Vollstindige
synechie wie es in schweren Fille von Glau-
coma meistens der Fall ist, . .~

Elliot says about eyes blinded from pri-
mary glaucoma although the angle was fully
open: “1) In some of the eyes it is suggeted,
that an albuminous fluid unfit for filtration
has replaced the normal aqueous.  2) In
others the closure of the angle, which existed
during life, has been broken down in the
course of the preparation of the specimen
(for histological examination).“  Further he
says: “Closure of the filtration angle is a
cause, not a consequence of glaucoma. To
the writer's mind, the evidence, though cir-
cumstancial, is overwhelming. «

In a lecture before the Clinical Congress
of the American College of Surgeons Ver-
hoff said 1924: “In cases of primary glau-
coma, with elevation of pressure, there is
almost constantly found an obstruction of
the filtration angle by the root of the iris.

In a few early cases. in which this . not
been found, it is probable, that the root of the.
iris has separated from the ligament iy 1},,.
preparation of the specimen for examination -,
and further, “Since we know, that in practi-
cally all, if not all, cases of primary glay-
coma, peripheral anterior synechia exists,
and we know, that except in special cases,
obstruction of the filtration angle leads to
inceased intraocular tension, we must con-
clude, that peripheral anterior synechia is
one of the constant causes of glaucoma. -

.

VIII. Previously published results of gonio-
Scopy in primary glaucoma

The observations of the angle of the anterior
chamber and especially of the condition of the
canal of Schlemm, made by Fuchs, who used
the transscleral illumination, did not cal with
the question of the possible presence of a svne-
chia of the root of the iris to the corneo-
seleral wall in glaucoma. Neither did Trantas
turn his Interest to this question, when he
made his investigations of the angle of the
anterior chamber in living eyes, by help of
his previously mentioned method.

It was not until the contact glass began
to be used in clinical work that this question
was more closely considere].

As a consequence of the relative novelty
of this method of examination the termino-
logy of the different conditions of the angle,
as seen in gonioscopy, has not vet been uni-
formly settled. Salzmann declares in 1915,
that by a peripheral stnechia between the
iris and the corneo-seleral wall he means
every adherence between them, not ohser-
veable by the ordinary oblique examination,
but only by ophthalmoscopy of the angle
of the anterior chamber, According to their
extension synechiza may bhe divided into
various forms. For the different circular
extensions of a synechia Salzmann does not
give any distinct names. hut meridional varie-
ties he divides into complete and incomplete
synechim,

As complete synechine he considers those,
where the adhesion of the iris-root to the
wall extends as far forewards as to the po-
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o bonder of the cornea, and by incom-

. +hose, in which the foremost limit of

.~ aohesion lies more posteriorly than the

L <terior border of the cornea.

A svnechia, however, may reach the bot-
tom of the angle or not, just as a symble-
pharon posterius or anterius may or may not
reach the bottom of the conjunctival sac
Salzmann says, it is very difficult te deter-
mine which of the two possibilities is present
in each case, but if the synechia has a small
circular extension, and the bottom of the
angle can be seen completely up to both
sides of it, it is most probable, that the
angle behind it is free and that the syne-
chia is comparable to a symblepharon an-
terius.

A form of synechia with a very short cir-
cular extension, he calls »zipfelfsrmige» or
»umschriebene».

" Troncoso objects to the terminology of
Salzmann, saying that the terms may be
mistaken as referring to the circular extensions
of the synechiae, and he suggests instead the
names narrow or trabecular and broad or scleral
peripheral synechiae. »When the ciliary body
and a part of the Schlemm’s zone only are con-
cealed», he says, »it may be called a narrow or
trabecular synechia. If the border of the iris
encroaches upon the scleral zone, coming near
or even up to the insertion of the cornea,
we speak of a broad or scleral peripheral
synechia».

As to the circular extension of the ad-
hesions, a short, only a bridgelike one, is
called by Troncoso a restricted peripheral
synechia, a somewhat broader he calls a par-
tial peripheral synechia, and when the iris
all the way round the periphery is fixed to
the wall, he speaks of a fotal or annular
peripheral  synechia.  This terminology of
Troncoso is used in this paper; the word
peripheral, however, being left out.

As far as T am aware, it is only Salz-
mann, Koeppe and Troncoso, who have
published cases of gonioscopy in primary
glaucoma, i ’

Among the cases, including several diseases
Of the eye, which Salzmann describes in
his paper of 1914, there is only one case

/

of primary glaucoma. In that case he finds
a peripheral synechia, concealing the ciliary
body all the way round the periphery. On
account of a gray shadow the other zones
could not be differentiated, but as the ciliary
body was concealed, it must have been at
lcast a total trabecular synechia. The ten-
sion was 30 mm.

In Salzmann's paper of the following
vear, 1915, he describes the gonioscopical
aspect of 8 eyes, suffering from primary
chronic glaucoma, and one eye, being the
partner to one of the chronic glaucoma eyes.
In these two last eyes the ciliary body was
visible all round the periphery: that is to
say that the angle was fully open. In the
remaining 7 eyes a certain degree of syne-
chia was found, the extension of which Salz-
mann estimates to about one quadrant in
each eye, but the tension was a high as
60 mm. in one of the eyes.

Salzmann says, that a total scleral syne-
chia is such a common condition of the angle
in irritative glaucoma, that he does not take
the trouble to publish any series of descrip-
tions of such cases. He thus seems to be
of the opinion, that the total scleral syne-
chia is the one usually found in irritative
glaucoma.

Koeppe describes several cases of slit
lamp examination of the angle in primary
glaucoma, but he turns his interest mostly
to the question of the presence or not of
pigment deposits in the iris and at the angle,
and gives no distinct statements whether the
angle is blocked or not by the root of the
iris. His cases are therefore not discussed
here.

Troncoso describes in his publications
in 1925 and 1926 on gonioscopy, among
eyes suffering from various diseases also a
number of eyes with the diagnosis primary
glancoma, of which 13 were glaucoma
simplex, 4 irritative (chronic congestive), 2
acute, 1 incipient and 1 prodromal. Two
eyes (No. 13/1924) were not absolutely cer-
tain to be primary glaucoma, as synechiae
were found between the anterior lens-capsule
and the iris. In cases No. 10 (1925), 11
(1925) and 2 (1926) it is not quite certain,
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that a pure primary glaucoma is present, as
the patients also suffered from syphilis with
definite eye symptoms in one case. The 3
last cases, however, are included in the eyes
considered here.

In 8 of the eyes a total scleral synechia
was found. Of these 5 were simplex, 2 irri-
tative and 1 an acute case. Itis of interest
to note that the other acute case could not,
on account of the haziness of the cornea, be
gonioscoped before the tension was lowered
by miotics, and that then a total trabecular
synechia was found The tension in these
eyes with a total scleral synechia varies be-
tween 100 mm.and 21 mm. and 5 of the eyes
had tension below 85 mm. Only 2 of the eyes
with a total scleral synechia were observed
before an anti-glaucomatous operation had been
performed.

In 9 eyes a certain degree of symechia
was found. Of these eyes 5 were simple,
2 irritative and 1 acute. Tension varies in
the different eyes between 45 mm. and 22.5
mm, As far as I can see, only 3 of these
eyes were examined before an anti-glaucoma-
tous treatment was set in.

In 4 cases there was found a fully open
angle, of which 3 were simple and 1 a
prodromal case. The tension varies betwsen
22,5 mm. and 31 mm, All the eyes, except
the prodromal one, seems to have been
treated for glaucoma before the examination.

Troncoso thus found in the simple cases
no synechia in 3 eyes, a partial synechia
in 5 and a total scleral synechia in 5 eyes.
The numbers of irritative cases are respec-
tively 0,2,2, and of acute cases 0,1,1.

One case, which Troncoso mentions in
both his papers (No. 15/1925 and 4/1926)
seems to be of special interest. A woman
was suffering from glaucoma simplex in both
eyes, and had, when first examined by Tron-
c0so, a vision in the right eye of 20/30
and in the left 20/20, the tension being in
the right eye 30 mm. and in the left eye
35 mm. A deep cupping of the disc was
observed in both eyes. Gonioscopy showed
a total scleral synechia in both eyes. After
one week’s treatment with eserine gonioscopy
of the right eye showed no alteration of the

angular condition, but in the left eve a fully
free angle was found, showing that the <_\'m;»
chia» must have been due only to mechuni-
cal pressure of the iris against the wall, op
to such a delicate anatomical connection. that
it could be torn by the eserine treatment,
The tension in the bulbs at the time of this
gonioscopy, are, however, not mentioned,

As in spite of faithful use of miotics the
tension went up to 45 mm., and the field
of vision was more and more contracted, a
trephining operation was done on the right
eye, with the result of immediate decrease
of tension. Half a year later gonioscopy
still showed a free angle in the left eve.

After about another six months the patient
was again examined. The vision was then
in the right eye 20/40 and in the left 20/25.
The tension was in the right eye 15 mm.
and in the left 30 mm. The gonioscopical
aspect Troncoso describes thus: »In the
left eye, where the angle was free all round,
it now is open only above and a little in-
ward. On the nasal side scleral synechia,
temporally and below trabecular svnechiae,
with a gray Schlemm zone above. In the
right eye, where the trephining and iridec-
tomy was done, the angle is open temporally
and nasally, trabecular synechia below. In
the coloboma the ciliary processes appear
small and discoloured. The whole of the
trephine is visible as a dark gray spot in
the narrow scleral zone.» Tromncoso says
about this case: »The case shows, how the
angle gradually closes with the progress of
the disease, even under the action of mio-
tics. That continued hypertension is pro-
bably the principal cause of the closing is
established by the fact, that the right eye,
where the trephining lowered the tension in
a permanent way, the angle has continued
open in part,..»

It is of interest to compare the extension
of the synechiae in these two eyes with the
degree of intrabulbar tension. In the right
eye there is a slight increase of the tension,
30 mm., although, according to gonioscopical
examination, there seems to be a real, total,
scleral synechia present, which does not loo-
sen by prolonged miotic treatment, only by
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ooetomyv.  In the left eye, on the contrary,
consion is raised to 35 mm., although
~vnechiar is opened up by miotic treat-
weent, leaving the angle fully free. Unfor-
tunately there is no statement as to the ten-
sion at the time of the second gonioscopy
after one week's miotic treatment. If no
other regulation of the tension comes in,
than the outflow at the angle of the anterior
chamber, and if the secretion is undiminished,
it is very strange, that the tension in the
left eye, without any real synechia, should
be higher, than in the right eye, where the
synechia was unaffected by miotics.
" Another case of those described by Tron-
coso in the paper of 1926, (No. 6), is of
great interest. A lady had suffered severe
pains in her right eye. which was operated
on without result, the eye now being blind.
The left eye, also failing in vision, was
operated on a short time before Troncoso
saw the case, when examination showed broad
colobomas after iridectomy in both eyes. Vi
sion of the right eye was perception of light,
of the left oye 20/50. Tension in the right
eye was 25 mm, in the left eye 21 mm.
Deep cupping of the discs on both sides.
Gonioscopy showed a total scleral synechia
in both eyes, but in the left the root of the
iris was left in the coloboma. There was
a solid thread covered with black pigment,
going from the edge of the iris in the
temporal part to the scar of the inner part
of the sclera.

Troncoso says: »In this case the result
of the iridectomy has been quite different.
The right eye is blind and degenerated, the
operation probably being performed too late.
In the left eye the strip of the iris-root
does not seem to have any bad consequen-
ces even in the presence of annular synechia.
Vision is fairly good and tension lower».

Troncoso finally describes a case of to-
tal scleral synechia without any signs of
glaucoma. Cases of a partial synechia are
mentioned in other diseases of the eye by
Troncoso as well as by Salzmann. The
intra-vital examinations of primary glaucoma
eyes made by Troncoso thus include cases
with a very different condition of the angle
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of the anterior chamber, but in most eyes
he found anterior peripheral synechiz.

It is thus seen, that previous writers on
gonioscopy in primary glaucoma have found
a svnechia being present in the majority of
the cases. This result I have been unable
to verify, as I have found the angle to be
open much more frequently. especially in
the simplex cases.

IX. The material

The patients, on whom the gonioscopical
examinations were made, were out-patients
as well as in-patients of the eye-department
at the Academic Hospital of Uppsala. A few
patients were from the Garrison Hospital
of the Fortress of Boden, and a few from
the Sabbatsberg Hospital in Stockholm.

There were 32 men and 24 women. The
age of the patients has varied between 40
and 83 years. Only 4 patients were youn-
ger than 60 and only 2 older than 80 years.

Three of the patients had one of their
eyes suffering from another disease, not
allowing the diagnosis of primary glaucoma
and have not therefore been included among
the cases.

The so far clinically healthy fellow-eye to
a glaucomatous eye has been counted here
as one number under the name of partner.
Such eyes are, as the ophtalmological ex-
perience shows, very likely sooner or Jater
to develop glaucoma themselves, and they
are included im my series, in the hope of
gaining some interesting information concer-
ning the pathogenetic role, if any, plaved
by the angle of the anterior chamber in pri-
mary glaucoma. In none of the partners did
one find any traces of glaucomatous signs
or symptoms. I regret, that I have not
come across any case, which at the first exa-
mination showed no signs of glaucoma, but
where at a later examination such had deve-
loped. Tt would of course have been of
special interest to compare the condition of
the angle of such an eye in its different
glaucomatous stages, and it is desirable,
therefore, that further investigations should

be made on partners. (Contin. see p. 25.)
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! Ten- Part
X 1 en- | Treated i('ouioA sion  Later '](:r' I-n
| um-‘ sion ‘ Vision . before the ; ’ - Treatment after gonio- = Noutes
! ber | i T scopy e ST -
| - mm. | gonioscopy | treat- scopy 1
I | ' ment
Glaucoma simplex
to1 0 32 'Foe.4m Mioties T.s Miotics 27 . Idem —  Pattner chronic iritis,
| foaloeo 686 Elliot P, s. 5 T 4 Canal of Sehilemm visible pa..
| ! sally, else s s, Coloboma to
| ; the root, 1
| . .
’ | 3 40 @36 Miotics 18 9 S.soonly upwards, Seen with/
| siX months interval, Colo-
boma to the roct, !
4 20 6/18 Elliot > > 20 2 S, s except nasally. where it/
| is T, s,
i 51 40| 6/18 ¢ Xil 32 Pots. 12 S, s. on 3 mn temporally,’
‘ 1 else t. s, |
| After miotics O, a. nasul]y,}
else T, s, i
| |
6| 37 6/24 ‘ Miotics T, t, . — — 98 | Only scen once,
T 20 6/60 3 » — - 11 » i
‘\ 8| 22| 66 | Blliot | g ,
9 40 6/36 Mioties ‘1', t. s. i 18 ! Idem 3 T. s. only upwards on one,
‘ | (uadrant,
10 : 32 ‘ » 38 22 | T. s. except down,
| i
11 ‘ 26 i | » | — — 7 i Nasally T.s., ¢lse narrow O, a.
12 40 { Nil » » 30 O.a. 5| At first gonioscopy T. s, inl
i | i | + the upper half,
13 ) 27 |k ¢ ‘;'-.)" » r 5 16 Idem' 20 T. s only on cne juadrant
i m. | | nasally.
14 ' 37 ’ 6/6 | Miotics | 0. a 17 > 15 Generally narrowed angle.
i |
15 23 | 6/6 E » > } |30 14 Narrow angle down. i
16 ' 27 | 6/8 > ’ I 928 1 17 - Generally narrowad angle.
| 17 37 ‘ 612 | » 27 > |
18 45 6/6 » ‘ 35 | 19 Nasally narrow angle
19| 45 f‘ 6/6 ‘ | » 35 18 !
i 20 ' 161 624 | N1 | 16 13
21 | 387 ’ 6/6 | Miotics | | 20 > |68 Temporally narrow angle.
3 » o 26 10 |
» 27 > 24 Generally narrowed angle. |
. |
f 93 [ o5 » f
b2 67
‘ 20 27 Junction between the iris and

the il body visible, [
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Ten-

o N Part-
) I'reated Gonio- sion  Later ner to
N . Vision  hefore the " Treatment after - gonio- , Notes
DU seopy : num- |
Conoseopy treat- scopy ber |
ment
Glaucoma simplex (contin.)
27 6.6 Miotics - O.a.  Miotics 90 Tdem 26 Junction Letween the iris and
i e cil. body visible
o8 | BT H. m. R . 94 29 the cil. body visible,
) a7 6/6 ‘ 26 28
30 23 6/6 > — — — 31  Narrow angle. Only seen once.
31 52 6/6 i — — — 30
32 | €0 — H — - — 33 Only seen once. i
33 17 o _ | — _ 32 > » >
34 27 6/18 Mioties Lo | — — — 35
35| 23] 612 T - - - »
36| 20| 6/24 » | I — — — 107 » > |
| |
37| 371 /24 Iridect | » | — — = 89 Narrow coloboma to the root.
| ‘ ! The cil. proc. not swollen. |
38 23 H. m. Miotics > i — — - 39  Only seen once.
¢ | |
\’ 39 » » — . — ‘ 38 » »
L0 - 1 — 106 >
41 Nil | — _ } — 42 " Narrow angle. Only seen once.
42 » ‘ — _ — ‘ 41 > » >
|
43 » > — . _— | — ! 44  Only seen once.
| |
44 » ' p— — — 43 > »
45 ! 30 Miotics > Miotics \Idem 53 | Macula cornew.
| |
46 ‘ 26 6/18 | » [V ‘ » | 74 | Incipient cataract.
- - |
a7l e iNil : > 2% | » | 100 |
| | | i | | !
48 21 6/24 Miotics > — [ [ __ | Generally narrowed angle, Only!
| | | | | seen once. Partner too big
l a macula cornew, |
49 1 6/8 Elliot » ‘ — — t — 64 | Narrow coloboma not to the
‘ ‘ root. Iris-rest blocking  to!
| | | ‘ angle, Only seen once. |
50 | 12 6/18 . Miotics | - o= ‘ — 55 | Incipient cataract. Only seen|
| i ‘ ‘ | once. |
Vo | - i | | |
LBl 47 F.elfam' > | — — — 102 | Only seen once. }
- |
9‘ 22 6/18 i Iridect, | Mioties 17 — 85  Iridectomy to the root, clsel
58 30 6/8 | Mioties > 26 | Tdem | 43 %M 5
Glaucoma irritativum aculum |
54 70 0 H, m, Mioties T. s s. Iridect, 20 - 93 | Coloboma tothe root, elseidem.!
55 1 12 6/18 P.t.s. — — — 50 | The canal of Schlemm visible

in the wavetroughs all the
way round.
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}’ | ‘[ i Ten- Part
i | Ten- | | Treated | . i sion | Later c
Num- sion | Vision | before the Gonio- Treatment after  gonjo- "' to Notes
i ber s | scopy . . num-
) mm, | gonioseopy | treat- scopy )
! | ment !
Glaucoma irritativum chronicum
] 7 F.oel mi Nil T. s.s.; Miotics ; 60 | Idem 95 | Operation declined.
] 57 52 H.m Miotics ‘ » Iridect. | 24| 92 Coloboma to the root.
1
[ 98 82 612 Nil | > Miotics | 96 Ssdown 94 : s
i i else O.a.
ih9 ‘ 52 | H om Miotics P.s.s. Elliot | 7 — 61 | Temporally canal of Schlemm!
i | i 1 w I visible
| I 601100 » » S — | — — 65 | Canal of Schlemm visible tem-
| | i i i porally along 1 mm.
61 47 | 6/24 » T.t.s| Miotics | 87 Idem 59 | Coloboma to the root.
| | . | | |
: 62 62 iF. c.2m » » ‘ Iridect. | 17 > 105 | Ciliary proc. not swollen,
b 63 i 52 ‘ 6/60 Nil » | Miotics x 17 » 103
| 64 | 72 | H. m. | Miotics >y — =] — 49 | Only scen once.
65 | 12‘ 6/18 S R
66 63 6/24 | » P. t. s.| Miotics | 40 | Idem | 104 Temporaliy-upward a narrow
| i i ‘ t. s else O, a,
67 J 70 F.c.2m » o> | » 35 | 0. a. 25 | At first gonioscopy O. a. down.
! : ! | else T. s,
68 \ 59 ’ 6/36 | » . » | 40 | Idem | 21 | O. a. down. Generally narro-
‘ i i ] wed angle,
} 69 ‘ 52 H. m. ‘ Nil O.a. | Iridect. 14 ‘ » 108 | Coloboma to the root.
! 70 52 F.c.dm » P> Miotics | 35 | » 86
/‘[ 71| 32 > » » — | — | — 96 | Only seen once.
172 65 F.c.3m| Miotics | » Elliot | 10 | Idem LT Narrow coloboma to the root.!
| | 44 606 > | > | Miotics | 25 { > 88
| 74| 60 H.m N Elliot | 17| ? | 46| The angle not visible due to
| ‘ ‘ | bombé of the i iris.
7% 1 50 > Iridect. | » —_ -1 = 76 " Iridectomy to the root. Ouly
| ‘ ‘ i seen once.
‘ i
} 1 76| 2 | 6/12 Mioties } » — | — — | 75 | Only seen once,
| 77 | 58 ’ 6/6 » » Mioties ‘ 26 | Idem i 72 | Generally narrowed angle.
78] 50! 6/18 » Io» » .26 » 79 | Generally narrowed angle,
! | ] | ! | especially upwords. i
| 79| 30| /6 S » 27| » | 18
80 42 ‘ 6/24 » oy — — ‘ — 81 | Only seen once.
| | ‘ |
81 ‘ 37 6/18 » > - ‘ — 1 — 8l »
Absolute glaucoma.
82 | 45 |Amauros. | Nil |T. s. s..Enucleatio! — — 91 ‘ Irritative type. Only scen once.
83 / 81 > ‘ » » i s e e
84 | 60 > P.s.s| Mioties | 26 T.ts| — | Irritative type, S. s. only na-
‘ 1 | } | sally on one quadrant. Part-
| ! | i ! ner phthisic.
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| a o o Tw‘l\ij N I B o §
e Ten- Treated L sion | Later nfnint;
AU Gon Vision | before the ront © Treatment ' after  gonio- Notes
ber . SCOpY ° num-
- mm. gonioscopy N treat- scopy
| ment i
Absolute glancome (contin.)
85 97 Amaures.| Iridect. P, s s, Miotics 18 Idem 52 | Coloboma not to the root. Rest;
of iris blocking the angle.
! | Canal of Schlemm visible
only nasally. Irritative type.
‘, 86 ' 63 » i Nil T. t. s » BE » 70 ; Trritative type.
| 87 52 ‘ » Mioties P. t.s| > 37 Narrow 101  Irritative type. T.S.upwards
i | 0, a. on one quadrant. The zone
i ! of the ciliary Lody broader
| | | ! .+ after miotics.
! | | ‘
: 88 ' 47 » ! Iridect. | O. a. | » 42 | Idem | 73  Irritative type. Iridectomy not,
‘ | | | to the root, Iris-rest lying
| | ‘ | | \ straight into the chamber.
i i
; 89 45| » Nil| B! o» 37 | Simple type.
| 9 47| > | > > 35| o o7
Partners.
91 ¢, 17 6/18 Nil ‘T. s. s.| Miotics 14 ; Idem | 82 Choroiditis.
92 ‘ 4| 6/6 » P.s. s » ‘ 17 ‘ » 57 | S. s. upwards only on one
| | ! quadrant, to the other sides
| ! i | i | . 3.
93 17 \ » » ‘ » » ‘ 17 » 1 54  S.s. temporally only along a
| | few mm. T. s, to the other
| | sides.
94 ‘ 15 » > 0. a — - = 58
9% | 20 Lo » ‘ o - - - a6
9 | 17 » . ‘ _ _
P97 | 24 » » | ‘ - - - 90
| 98 26 | » » > — - - 6 Only seen once.
99 17 » N - | =] = 8
| |
| -
100 17| > - | =] = 47
101 | 18 ‘ » » - | =] = ]7 .
102 2 | » » » — : —| - 51
103 | 24 » » » — ‘ — = 68 »
104 | 24 » » | — | —1 — 66
105 | 25 » ‘ » — — | = 62
106 17 » | » » — — —_ 40 >
| ]
71 17 ! » B - - 36 ‘
|
w8, 251 » | » » L — - = 69 »
|
we | oer!l L, N S I R .
Abbreviations
T. s. s. == Total scleral synechia. 0. a. = Open angle.
P.s. Partial scleral synechia, H. m. = Hand movements.
T. t. s. Total trabecular syncchia. I'. ¢. = PFinger counting.
P. t. s. = Partial trabecular synechia.




28 7. THORBURN: A

The diagnosis has been made in each
case after a clinical examination, carried out
as completely as circumstances allowed. A
record was kept of the history as well as
of the present state of the eye. The intra-
bulbar tension was measured on in-patients
almost every day and on out-patients as of-
ten as they called at the Hospital.  The
measurements were made with Schictz’s
tonometer. As a control several imeasure-
ments were made from time to time with
different speciments of the instrument of
that construction,

From time to time the field of vision was
registrered by perimetry,

In most cases a measurement of the depth
of the anterior chamber was undertaken. It
was mostly done with Lindstedt's instru-
ment, an instrument by which it is possible
to determine the distance from the anterior
surface of the lens to the cornea in one
single focussing. However, such measure.
ments are rather complicated, and it is
especially difficult in patients with one eye
blind, as they find a great difficu]ty in
keeping the eyes fixed, when the examing.
tion is done in the seeing eye. The mea-
surements I found correspond well to the
depth of the anterior chamber, found by
Lindstedt and others. As I have no rea-
son to discuss the depth of the anterior
chamber, nor the field of vision, these sub-
Jects will be left ont here, and i have re-
stricted myself to mentioning the tension and
the vision in the table of the cases.

Except the 19 partners there are 18 eyes,

which had not been treated for glaucoma
previously to my gonioscopical examination
of them. All the other eyes in my series

had been subjected to some sort of anti-
glaucomatous treatment. From the point of
view of investigating the pathogenetic role,
if any, played in primary glaucoma by the
angle of the anterior chamber, the previous
treatment of the eyes is naturally a draw-
back, but as most of the eyes in spite of
the treatment have a pathologically raised
tension, the cauge of which is unknown,
they still must be sajd to suffer from various
forms of primary glancoma, wherefore a go-

—‘—

(GONIOSCOPICAL STU DY oOF

ANTERIOR PERIPHERAL SYNECHLE ETC.
nioscopical examination of them is of almost
equally great interest as of those not pre-
viously treated.

XI. Results of author's investigations

My series of gonioscopical examinations of
eves suffering from primary glaucoma con-
sists of 109 eves, including the so far he-
althy partners to (liseased eves.

There are 33 simplex, 2 acute irritative,

26 chronic irritative, 9 absolute glaucomas
and 19 partners.
Glaucoma simplex:

Total scleral synechia = 1

Partial » =

Total trabecular » = 3

Partial » > = 5

Open angle =40

Among the simplex cases there was only
one eye, where a total sclerql synechia was
found (1). In this case the synechia was as
a later gonioscopy showed not ruptured by
miotic treatment but the tension was lowe-
red to normal. The partner of this eye is
not included in the series, as it had poste-
rior synechizw, indicating a previous disease,
and the case can therefore not incontrover-
tibly be said to be a primary glaucoma.
No signs of a previous iritis could be de-
tected in the glaucomatous eye.

In 4 eyes a partial scleral synechia was
found. In 2 (2, 4) of them the synechia
extended over almost the whole perifery,
leaving only a small area at the nasal side
so much open that the zone of the canal of
Schlemm could be gonioscopically seen.  El-
liot’s operation was made in both eyes, the
small  colobomas extending to the root. In
the third (3) eye the scleral synechia was
only found upwards but the angle was ge-
nerally narrow, just allowing a narrow band
of the zone of Schlemm’s canal to come into
sight when the line of vision was carcfully
diyected to the hottom of the angle. In the
fourth eye (5) a narrow scleral synechia was
found temporally: to the other sides trabe-
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cular  synechia at  the first
Miotics loosened the temporal
svuechia.

A tofal trabeculnr synechia was found in
3 eves. None of the eyes I have had the
opportunity of seeing more than once. I can-
not therefore say what effect an intense
miotic treatment has on the svnechie but
as 2 (6, 7) of the eves had heen under
miotic treatment for a considerable time and
the third (8) had bheen subjected to a tre-
phining operation it seems very probable
that the synechiz were real ones and not
only due to mechanical pressure of the root
of the iris against the corneo-scleral wall,

A partial trabecular synechia was also
found in 5 eyes. In one of these eves (9),
with a tension of 40 mm., the angle was
generally narrowed.  Upwards over about one
quadrant only a narrow band of Schlemm's
canal and to the other sides a narrow ciliary
body were visible. That a real synechia
was present here, was made likely by the fact
that strong eserine doses did not change
the gonioscopical aspect of it,. The tension
was, however, lowered to 18 mm. 1In 2 of
these eyes (11, 12) there was found a trabecu-
lar synechia only over one quadrant nasally,
but the angle was generally narrowed. The
third (10) of these eyes had amore extended
trabecular synechia, leaving only the down
quadrant free.  Miotics did not open
the angle or lower the tension. In the re-
maining eve, having a trabecular synechia
in the upper half, miotics liberated the
angle all the way round the periphery. The
eye had never heen subjected to miotic
treatment hefore.

Out of the 53 simple glaucoma eyes exa-
mined mnot less than 40 had no synechia
at all at the angle of the anterior chamber,
that is to say there is a so called open
angle.  The angle was in 13 of these eyes
generally or partially narrower than normal,
but the ciliary body was visible, if the line
of vision was (’11!'efi1[].\' directed to the bott-
om of angle,

From the simplex cases with some degree
of synechia, there were 3 (5, 12, 13), that
had not been treated previously to the go-

gonioscopy.
and scleral
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nioscopical examination and one of these eyes
had only a trabecular synechia of about one
quadrant extension at the nasal side of the
angle.  An Elliot-operationen had been per-
formed in 3 of the cases with svnechia and
simple  glaucoma, the coloboma in all cases
involving the root of the iris.

Only 6 of the 40 eves with the angle free
from synechia had not heen treated previ-
ously. The rvest were subjected to a mio-
tic treatment except 3, which were operated
upon. In 2 eyes (37, 52) an iridectomy
had thus been performed, the colohoma ex-
tending to the root, and in one eve (49) an
Elliot’s operation had been performed. In
this cye there could now be seen a very
small coloboma, in which a rest of the iris
was left and which now was lving against
the corneo-scleral wall concealing the ditfe-
rent zones in an area of about 1 mm. up-
wards. In spite of this fact I have regi-
stered the eye as one with an open angle.
This is done because the small synechia is
evidently a sequel to the operation, as it is
situated just in the coloboma and the angle
is fully open quite up to it, which never is
the case in synechize found in primary
glaucoma.

As seen from the previously mentioned
quotations, the opinion is widely accepted
by prominent ophtalmologists  of to-day,
that the angle of the anterior chamber in
glaucomatous vyes is blocked by the root of
the iris.  This opinion is partly founded on
the results of histological examinations of
the arca in question, which examinations
have Deen mostly done in the last quarter
of the passed century. Tt is clear, that mis-
takes, depending on the method of investiga-
tion, may be easily done, when the compli-
cated histological method is used, working
as it is with dead material, which in the
course of preparation might undergo rather
deep-going changes especially concerning the
mutual position of the tissues. A shrinking

of the eve during the preparation cannot
possibly be fully avoided, a fact, which has
great influence on the topographical situa-
tion of the tissues in the angle of the an-
terior chamber, where the iris may easily




———

30 T. THORBURN: A GONIOSCOPICAL STUDY OF ANTERIOR PERIPHERAL SYNECHLZ ETC.

be moved from its normal position. Doubt
has even been expressed in recent years by
men as Elliot and Verhoeff as to the
thrustworthiness of the histological examina-
tions of the anterior peripheral synechia in
primary glaucoma. They accept the examina-
tion in those cases, where the angle is bloc-
ked by the root of the iris, but object to
the reliability of it in those cases, where
the angle is found open, saying that it might
have been liberated in the course of pre-
paration of the slides. They are convinced
that the angle of the anterior chamber in
nearly all cases of primary glaucoma is ob-
structed by the root of the iris and that
this is one of the chief causes of the pro-
duction of glaucoma.

The gonioscopical examination of glaucoma
eyes is so new and so seldom done, that
the results gained by Troncoso, Salsz
mann and Koeppe are too few to allow a full
break with the old opinion, that the angle
is blocked in glaucoma, although this me-
thod gives truer results than the histological
method, working as it is with living eyes.

The conelusion drawn from my goniosco-
pical examinations in this group is:

In the great majority of glaucoma simplex
cases the angle of the anterior chamber is not

at all blocked by adhesions from the root of

the iris to the corneo-scleral wall,

Glaucoma irvitativum acutum

The eyes with an acute attack of glau-
coma are only 2 in my series. One of these
eyes (54) had gone through at least 2 certain
attacks. The patient, a man of 62, gave
the history, that he since may 1926 now
and then had had pains in the right eye for
short periods. November 27 he called in
for an ophtalmologist because his vision was
dimmed. His vision was then, according to the
statement of the doctor, 0.9, the intraocular ten-
sion 21 mm., field of vision not contracted and
the ophtalmoscopical aspect of the disc normal
in the right eye, The tension in the left eye was

17 mm. and the eye was clincally normal.
The right eye was on account of the attacks
of pains treated with miotics.

On December 17 the patient came back
with a tension of 60 mm., a vision of 1,60
and redness of the eve. Strong miotics
were ordered and on December 18 the eye
was pale, tension 25 mni. and vision 5/60.
On the 19th the patient had a new attack
and was sent to the Academic Hospital at
Uppsala.

When the patient ecame to the Hospital
(20/12) his right eve was very irritated with
wide tortuous veins on the sclera, The
cornea was so hazy, that the deeper part
of the eye could not be examined, nor could
the depth of the anterior chamber be mea-
sured, but it looked Very narrow on inspec-
tion, The pupil was in state of medium
dilatation, the iris discoloured, slowly reac-
ting.  Vision was hand movements, and ten-
sion was 70 mm. Left eye was without
clinical changes.

Gonioscopy of the right did not succeed
on account of the haziness of the cornea.
When the contact glass was reapplied after
eserine treatment, which brought down the
tension to 36 mm., one could not see any
zone behind the scleral on the whole way
round the periphery. The bombé of the
iris was not pronounced,

On December 23 and iridectomy was per-
formed in the right eve. Repeated gonio-
scopical examinations afterwards showed a
narrow coloboma to the root of the iris, but
a total scleral synechia to every other side
of the angle.

It is of interest to note that on gonio-
scopy of the fellow eye (93) a synechia was
detected, which was extending as far for-
wardly on the temporal side as to the scle-
ral zone, concealing the zone of the canal
of Schlemm on this side. To all the other
sides the dark band of the Schlemms canal
could be seen in the wave-troughs of the
border of the iris.

The other acute glaucoma eye (55) belon-
ged to a woman of T4 vears. She had for
some month observed dimness of vision in
the right eye, and scen coloured halos
around lights. Now and then she had had
attacks of pain and redness of the right eye.
On June 21 1927 her vision was hand mo-
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vements, and the tension was 70 mm, in the
right eye and in the left eye vision was 6/18,
refraction 4 2.5 and tension 17 mm. (DBe-
¢inning senile cataract.)

Eserine was ordered and the tension went
down to 20 mm. When I saw the patient
(5/7 1927), there was some dilatation of the
scleral veins, the cornea was clear, the an-
terior chamber was shallow but no sure
cupping of the disc could be seen. Refraction
was + 2.5, vision 6/18 and the tension was
now only 12 mm.

Gonioscopy of the right eve showed a
rather pronounced bomb¢ of the iris. The
peripheral border of the iris made big wa-
ves, the tops of which went as far forwardly
as upon the zone of Schlemms canal, which in
the valleys could be seen as a dark brown
band. The pigment deposition was very poor.

Gonioscopy in the left eye, being a simple
glaucoma case, showed a total trabecular
synechia to the anterior half of the canal
of Schlemm.

The number of acute irritative glaucoma
eyes is to small to allow any generalized
conclusions. It is desirable that further
gonioscopical examinations on such cases
should be done and it would be of special
interest to examine such eyes during the
acute attack and at the free intervals, an
examination, which I have not had the op-
portunity of doing, as no such case has
come my way, where one could wait for the
attack to subside, without jeopardising the
patient’s vision and health.

In both my cases of acute irritative glau-
coma, treated with miotics previously to my
gonioscopical examination of them, « rather
pronounced degree of anterior peripheral syne-
chiae was found.

Glaucoma irritativum chronicum

Total scleral synechia = 3
Partial ” = 2
Total trabecular ,, = 5
Partial » N = 3
Open angle = 13

Among my 26 eyes with chronic irrita-
tive glaucoma there were 3 in which a total
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scleral synechic was found. In one of them
(56) the cornea was so foggy, that the view
of the angle was not as clear as usual, but,
however, clear enough to allow the judgment
that the peripheral border of the iris was
projecting as far forwardly as to the scleral
zone. Intense miotic treatment lowered the
tension from 75 to 60 mm and slightly
cleared the cornea, but did not change the
goniscopical aspect of the angle. As the
patient did not agree to an operation, there
was no opportunity of lowering the tension
further and thereby to make the cornea suf-
ficiently clear for a detailed diagnosis to be
made.

Miotics had another effect in the next
one of my chronic irritative cases with total
scleral synechia (57), as the tension was
brought down to normal and the angle was
opened up so widely, that the ciliary body
could be seen on all sides except on about
one quadrant down.

The third (58) of these cases had a ten-
sion of 54 mm, which was not sufficiently
brought down by miotics and an iridec-
tomy therefore was performed Later go-
nioscopy showed, that the iris had been
taken to the root in the coloboma and that
the rest of the angle showed no change, a
total scleral synechia still being found.

In the first (59) of my irritative eves,
where a partial scleral synechia was found,
the brown zone of the canal of Schlemm
was visible ali the way round the circum-
ference only in the wavetroughs, but the
tips of the waves of the last roll of the
iris were extended ax far forwards as to
the beginning of the scleral zone. In this
eve miotics brought down the tension to
normal, but an IElliot’s operation was ne-
vertheless made. Iater gonioscopy showed,
that the iris in the coloboma had been
taken to the root, but on account of blood
in the anterior chamber the lower parts of
the angle could not be inspected.

The other one (60) of the partial scleral
synechia eyes had the blocking of the angle
by the iris root extended over almost the
whole periphery, as there was an area of
only about 1 mm hroadness at the temporal
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side, in which the zone of the canal of
Schlemm was visible.

The {fellow-eye (61) to nio 59 was also
suffering from an irritative chronic glaucoma
and had also a synechia, going as far for-
wards as to the anterior parts of the zone
of Schlemm’s canal with the tips of the
waves of the last roll of the iris, leaving a
broader arca of this zone free in the wave-
troughs, thus being a fotal trabecular syne-
chia.

Not less than 5 of the chronic irritative
eyes had a total trabecular synechia. That
is to say, the root of the iris was exten-
ding so far forwards that the ciliary body
could nowhere be brought into sight, but
the zones anterior of the zone of the canal
of Schlemm could possibly be seen. The
visible part of this zone was of different
broadness. In none of the cases could any
alteration of the condition of the angle be
seen as an effect of even intense miotic
treatment, although the tension in most
<cases was strongly reduced. Even in the
eye (62), where an iridectomy was perfor-
med, the angular state was the same as
before the operation except at the liberation
of the angle in the coloboma.

A partial trabecular synechia temporally-
upwards was found in the case n:o 66. The
state of the angle was not influensed by
miotic treatment. but the tension was lowe-
red though not to normal.

In the 2 other cases (67, 68) with a par-
tical trabecular synechia it concealed the ci-
liary Dody only on an area of a few mm in
each eye, and these small synechiz were in
n:o 68 opened up by miotic treatment, in-
dicating that they were probably not ana-
tomically founded by a union between the
root of the iris and the corneo-sclerel wall.
‘The rest of the angle was generally narro-
wed, without however concealing the ciliary
body.

Among the chronic irritative glaucoma
eyes not less than 13 were found having
the angle entirely free from synechia. In 2
of the eyes (77, 78) there was as obvious
general narrowing of the angle. In3(69—71)
of the eyes with open angle the effect of

antiglaucomatous had
investigated.

The conclusions drawn from my gonios-
copical examinations of the eyes suffering
from primary chronic irritative glaucoma are:

1) In several such cascs the angle of the
anterior chamber is noi a/ all blocked by the
root of the iris adhering o the corneo-scleral
wall.

2) There is «a greater wumber of chronic
irvitative eyes with blocking of the angle of
the anterior chamber by the root of the iris
thav found in simple cases of glaucona.

treatment not been

Glaucoma absolutim

Total scleral svnechia = 2
Partial - - = 2
Total trabecular =1
Open angle = 4

Of the 9 eyes of absolute glaucoma, there
were 7 of an irritative type with wide tor-
tous veins, pronounced fogginess of the cor-
nea and other glancoma signs in the ante-
rior parts of the eve. Of the absolute glaa-
coma eyes 2 were of a more simplex type
and the tensions here were not so high as
in most of the irritative eyes.

The gonioscopical view of the 2 eves (82,
83) with a total scleral syncchic was not so
clear as usual, but it was sufficiently clear
to allow the diagnosis of total scleral syne-
chia to be definitely made. On account of
pains in the eyes both were enucleated, as
miotic treatment had not a sufficiently lo-
wering effect on the tension. One of them
(83) was histologically examined and the
diagnosis of a total scleral synechia veri-
fied, as the root of the iris had united with the
corneoscleral wall all the way forward to the
beginning of the membrane of Descemet.
Fresh connective tissue could be found joi-
ning the iris and the lateral wall of the
angle as far forwards as to the inside of
the limbus.

There were 2 cases with a partial scleral
synechia. In one (84) of them the periphe-
ral parts of the iris were extending as far
forwards as to the middle of the zone of
the canal of Schlemm, except over about
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one quadrant on the masal side where it
axtended still further, concealing even this
zone. Miotic treatment, lowering the ten-
sion from 60 to 26 mm, brought the zone
of the canal of Schlemm into the reach of
the gonioscope, but left the other sides of
the angle untouched.

A very interesting case is the second one
(85) of my 2 cases of absolute glaucoma,
where a partial scleral synechia was found.
Unfortunately T had not the oportunity of
seeing the patient before he was operated
on, iridectomy in his left eye being done,
but according to the statement in the clini-
cal report he had since 1919 been suffering
from glaucoma in both eyes, the tension
being at the time of operation in the left
eye 80 mm and the vision: amaurotic. On
January 26 1926 an iridectomy was perfor-
med in this eye with complete success, as
the tension being lowered to 17 mm. as
measured a fortnight later.

On June 14 1926 I gonioscoped the pa-
tient’s left eye and found a scleral synechia
to every side except over a small area at
the nasal side, where the zone of the canal
of Schlemm peeped out a little in front of
the border of the iris, thus being a partial
scleral synechia. DBut the intercsting fin-
ding was that the iris had not been ta-
ken to the root, but was adhering to the
corneoscleral  wall, concealing all the
different zones posterior to the scleral one.
The tension was then 27 mm and vision
of course still amaurotic.

A strong dose of eserine was instilled
and after 2 hours the tension was 18 mm,
but no change in the state of the angle
could be detected, when the contact glass
was reapplied.

It is possible, that the small area at the
nasal side of the angle, where the synechia
is not a total scleral one had been opened
up by the pulling of the iris at the opera-
tion, but it seems very doubtful, that such
small area of the angle, which was freed
here, should be sufficient to allow such a
good drainage of the anterior chamber, that
the tension was kept almost normal for
6 month. That the very cutting of the iris

tissue should have a prominent tension-lowe-
ring effect, as urged by Troncoso, has not
ben verified experimentally or anatomically,
as far as T am aware.

Only one eve (86) had a total trabecular
synechia, and in this eve the diagnosis was
not quite certain on account of the haziness
of the cornea. A brown band could be
scen at the angle, and it was considered
to be the zone of the Schlemm’s canal, but
it might have been the ciliary body; any-
how the angle was not blocked further than
to the canal of Schlemm.

The only case (87) with a partial {rabe-
cular synechia had had no ciliary body vi-
sible over about one quadrant upwards.
After miotic treatment the ciliary body was
brought into sight even here and was broa-
der towards the other sides, than before
the treatment and the eye is therefore rec-
koned as one with an open angle.

Of the absolute glaucoma eyes 4 had an
open angle. One of them (88) had been
treated with an iridectomy, which however,
had not taken the very root of the iris, but
the rest of the iris was not blocking the
angle, as it was lving straight into the an-
terior chamber. Immediatly nasally to the
coloboma there could be seen a synechia
about one mm, broad, going as far forwards
as to the scleral zone. In spite of this I
have registered the case as one with an
open angle, because I consider the synechia
being artificially produced, a sequel to the
operation. The angle was fully open up to
the synechia, and the iris did not pass up
to the level of it gradually, as it usually
does in the synechia found in primary glau-
coma.

The tension was, accordning to the clini-
cal record of the patient, 70 mm. at the
time of the operation and I will not deny
the possibility of a synechia being then pre-
sent, extending as far forwards as indicated
by the still existing small synechia, but it
seems very unlikely, as the appearance of
it was not the usual one of such synechiw.
That the hypertension of 47 mm., which
was now found, was due to the small syne-
chia Just mentioned is not likely, as the
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tension was lowered by miotic treatment to
42 mm. without any gonioscopically visible
alteration of it.

The other 3 eyes (87, 89, 90) with an
open angle had a tension of 52, 45 and 47
mm respectively and 2 of them were of
a simplex type, that is to say the glauco-
matous signs were not well developed in
the anterior parts of the eves, the third
being the previously mentioned case no 87.

As said in chapter VI the classification
of the absolute glancoma cases is based
upon the vision only, and eyes of a sim-
plex or an irritative type may thus be
found among them. In my series 2 of the 4
eyves with an open angle were of a simplex
type, the remaining 2 being of an irritative
type. All the eyes, where a certain degree
of anterior peripheral synechia was found,
were of the irritative type. The findingsin
this group are thus in favour of the opinion,
that anterior peripheral synechie occur less
frequently in the simplex type, than in the
irritative type.

Lurtners
Total scleral synechia = 1
Partial » W = 2

Il

16

I have examined 19 eyes, so far healthy
partners to different types of glaucomatous
eyes. None of the patients, to whom the
eyes belonged, have given any history of
definite glauncomatous attacks, which would
make the diagnosis of prodromal glaucoma
adequate. No signs of glaucoma have been
found in these eyes, but although no hyper-
tension has thus been found, a synechia at
the angle of the anterior chamber has been
found in not less than 3 cases.

In one of these cases (91) a total scleral
synechia was present. The tension in the
eye was 17 mm, and the vision 6/18. Yet
on the fundus were found signs of a cho-
roiditis.

To try the effect of miotics on the syne-
chia, pilocarpin was instilled for some days,
but no opening could be found at any side
of the angle.

Open angle

It is naturally possible, that the patient
had an iridocyclitis at the time, when the
choroiditis was acute, and that the synechia
was a sequel to this hypothetical iridocye-
litis, but whatever the cause to the syne-
chia was, it doe not scem to have had any fa-
tal consequenses on the intraocular tension,
this being only 17 mm. That the synechia
was of such a type, that bridges over the
bottom of the angle (comparable with a
svmbleparon anterius) and that there was
some small opening of the synechia through
which the aqueous was excreted, is very
possible

In his paper of 1926 Troncoso descri-
bed a case similar to the one just mentio-
ned, where he to his surprise found a total
scleral synechia in an eyve, where no trace
of glaucoma could be found, but as in my
case signs of a choroiditis were detected
at the fundus. In Troncoso’s case, how-
ever, the fellow-eye was not glaucomatous.

The 2 cases (92, 93), where a partial
scleral symechia was detected, had a tension
of 14 and 17 mm respectively. Miotic
treatment had no influence on the extension
of the synechia. In both of the eyes the
major part of the circumference showed a
trabecular synechia. allowing a narrow band
of the canal of Schlemm to come into sight.
Only along a few mm in one eye (93) and
in about a quadrant in the other eye (92)
is the synechia a scleral one.

In no less than 16 of the partners was
the angle found open. In several of these
eves a rather rich pigmentation was found
and it was commonly of the same degree
as in the glaucomatous eyes, to which they
were partners.

It is of great interest to compare the
conditions of the angular state in the eyes,
the fellow-eves of which are so far healthy,
with that in the so called partners, as some
conclusions may thereby be drawn as to the
role, if any, played by the synechia in the
pathogenesis of primary glaucoma.

Among the 16 partner-eyes, where the

angle was found open, there were not less
than 7 where no difference could be found,
in comparison with their glaucomatous fel-
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low-eyes in which therefore the angle was
also found open.  All these eves weve of a
simple type except 2, one of which had a
tension as high as 52 mm. and was of
chronie irritative tvpe. In these cases the
ll)‘perten:\'ion can of course not have been
caused by the hlocking of the excretion
channels by the root ol the iris as such a
ocking was totally absent.  No patholo-
cical changes except deposition of pigment
in the angular tissue could be conioscopicaly
detected.

A slight difference in the angula condi-
tion was scen in 2 cves (101, 104 e eom-
parison with their glancomatous fellow-cves
(87, 66), as only a trabecular synechia ex-
tending over a small area was gonioscopicaly
detected in the last named eyes.

[n the remaining 7 glaucomatous eyes,
the partners of which had an open angle,
a more pronounced difference was found as
to the presence or not of synechia as 4 of
them had a total trabecular and 3 had a total
scleral synechia,

A <lmht difference was also found in the
extension of the synechia in those eyes,
where the partner showed a partial scleral
synechia (92, 93) compared with their glau-
comatous follow-eyes, and no difference in
the eye (91), where a total scleral synechia
was found in both eyes of the same panent

The conclusions drawn from the gonios-
copical examination of this group of so cal-
led partner eyes are:

1) In the q)/'ut majority of cases there is
no synechia between the root of the iris and
the corneo-scleral wall.

2) In rare cases such a synechia may be
found more or less extended, in spite of no
clinical evidence of any hypertension or any
other signs of glaucoina.

(3]

)

XII. General conelusions

In all then it may be said that an angle
without any anterior penphom s\nmhm 1s
a very common finding in most classes of pri-
mary glaucoma, but that in several cases of
the Jdisease such Synm‘hiaw may be found,
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extending over a bi
the anterior chamber

Tt should be of interest to compare the
extension of the synechia, when found, with
the degree of h\putonimn in the same eye
If the excretion of the major part of rho
aqueous chiefly takes place through the tra-
heculum of the angle of the anterior chamber,
as shown by LPhe and others, and no
other xovuhtmﬂ factors come in and if
fnrther the secretion be not decreased and
the hypertension be caused by increased dif-
fienlty for the exeretion, established by the
blocking of the angle by the adhering root
of the iris, it seems most pro\mbh‘. that a
more extended blocking of the angle would
bring about more pronounced elevation of the
tension than would be caused by a less ex-
tended blocking.  Thus the eves with a total
scleral synechin ought to have the most raised
tensionz. This supposition is not supported
by my investigations, as it includes cases
with a total scleral syncchia without any
hypertension at all as well as cases with
only slightly raised tension.

Neither are the cases in which a certain
degree of synechia was found in favour of
this snmmﬂtmn. as there were eyes with a
very limited svnechia, in which ‘the hyper-
tension was rather high, and eves with a
very widely extended synechia, though not
totally seleral, with a very slight increase
of tension. at least at the time of observa-
tion. '

In several of the retention theories of
glaucoma the blocking of the angle by the
root of the iris is the cause of the hyper-
tension. I no such blocking can be found,
there ought not to be any hyvpertension. In
my series may be found several eyes without
any such blocking at all, but in spite of
this a tension raised as high as 50 mm. and
even more the tension in one cye reaching
65 mm. Such cases, gonioscopically obser-
ved, are described by Salzmann as well
as by Troncoso, hut these authors seem
to consider them as being very rare cases
and have not drawn any general conclusions
from the observed fact.

It is clear, therefore. thal the extension of

ger or smaller arca of
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the synechia does not correspond to the degree
of hypertension in eyes affected by primary
glaucoma.

It is also of interest to compare the area
of the angle liberated from adhesion of the
iris by an iridcctomy, undertaken with the
aim of decreasing the tension in a glauco-
matous eve, with the area left open in most
glaucomatous eyes, in thejr relation to the
intraocular tension, Fven by a broad arti-
ficial coloboma, there is not as much as one
quadrant of the angle liberate from synechia,
but in most of the eyes i have gonioscoped
a considerably greater proportion of the ciy-
camference of the angle is not blocked to
any degree by synechiae. That the tension-lo-
wering effect of an iridectomy is undoubted
and lasting for a very long time in most
cases where the operation is done, is a
well known fact, but the way in which it
works is not incontroyersibly explained.
Elliot says, that an iridectomy may act in
several ways.  Of one of the ways he says:
»in early cases, before the angle of the
chamber is irreparably sealed, the removal
of a sufficient piece of jris mechanically opens
up the filtering area in the neighbourhood
of the base of the excised portion, and thus
permits the escape of a sufficient quantity
of fluid to maintain the correct balance bet-
ween secretion and excretions.

That this is not the case in all such opera-
tions is seen by the case n:o 85, where the
iris was not taken to the root at the iridec-
tomy but was left in the coloboma, where
it still blocked the angle and concealed the
different zones, of which the zone of the
canal of Schlemm on the nasal side came
into the gonioscopical view. Tt is possible
that this part of the angle was liberated at
the operation, but this is not proved; at any
rate the angle was still blocked in the colo-
boma, although the tension was greatly de-
creased for months.

Such a case, where the tension was lowe-
red in a permanent way in spite of the angle
of the anterior chamber still being blocked
by the iris not having been taken to the
root at the operation, is deseribod by Tron-
coso.

A GONIOSCOPICAL STUDY OF ANTERIOR
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The way in which thoiridevtomy works, is
not by opening the angle in my case n:o 69,
as the angle in this eye :\Iro:u]y pre\*ious]y
to the operation was fully open. In spite
of this the tension before the operation was
as high as 59 mm. and was lowered by
the iridectony  to 14 mm. By gonioscopy
a coloboma to the root was found after
the operation as well as a still open angle
all the way round the periphery of the an-
terior chamber.

That miotics, instilled into the conjunctival
sac of eves, have an umloul»tedly 10\\'91‘ing
effect on a pathologically raised tension, is
a fact that has been very well known for
many yvears. The effect of it is thought to
be brought about by the contraction of the
sphincter iridis, by which act the peripheral
parts of the iris are drawn from the angle
of the anterior chamber, where they in glau-
coma - are supposed to block the ‘exeretion
ways for the aqueous, thereby producing an
intraocular hypertension. Another explana-
tion of the effect of mioties is, that the
stretching of the iris by the contraction of
the sphincter iridis increases the surface of
the iris, which is supposed by some authors
to absorb the aqueous. A third attempt to
explain the effect of miotics is, that they
cause the ciliary muscle to contract and that
thereby the trabecalum of the angle is strected
and so allows a better outflow of the in-
traocular fluid.

That the explanation, saying that the mio-
ties act by liberating the angle of the an-
terior chamber from an obstructing iris, is
not according to fact in wmost cases of pri-
mary  glaucoma, ecan bhe seen in my series
of observations of the actoal condition of
the angle in the living eye before and after
instillation of miotics. In the great ma-
jority of cases, where a certain degree of
anterior peripheral svnechia was found, the
miotics had a pronounced decreasing effect
on the intrabulbar tension, in spite of the
synechia not bLeing loosencd. In all those
cases, where there was no anterior peripheral
the tension-lowering effect
pronounced and in those cases it

synechin present,

was  also

is obvious therefore that the miotics did not
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bring about their therapeutic effect by any
alteration of the mutual position of the iris
and the trabeculum at the angle of the an-
terior chamber.

A case, in which mioties brought about a
lowering of the tension without causing li-
beration of the angle, is probably the pre-
viously mentioned case of Darret and Orr,
where the writers suppose, that no stret-
ching of the iris took place, as the pupil
did not contract at all, They did not,
however, observe the angle of the anterior
chamber by gonioscopy and thus their sup-
position of a blockage of it by the root of
the iris has not been verified.

The conclusion, that in most cases the mode
of action of miotics is not by liberation of the
angle, is in distinct opposition to a widely ac-
cepted idea of the way, in which the miotics acf.

Several of the retention theories of glau-
coma, as those of Knies, Weber, Czer-
mak and Henderson, suppose that the
raised tension, at least in most cases, is
caused by the blocking of the angle by the
root of the iris. This blocking of the angle
may be brought about in different ways, but
the very blocking, which they consider being
an almost constant fact in primary glau-
coma, plays a very great role for the actual
elevation of the tension. The other patho-
logical changes at the angle, whether an in-
flamation, a sclerosis or a hyperaemia of
the iris or the ciliary body, they only con-
sider to be a predisposing phenomenon.

The gonioscopical examination of primary
glaucoma eyes shows, that the obstruction
of the excretion channels by the root of the
iris is not at all necessary, and that in most
cases, especially in simplex cases, hyperten-
sion is found although the filtration channels
are quite free from such blocking by the
iris.

But thereby is not said, that the blocking
of the angle by the root of the iris cannot
be a cause of raised tension. That it most
probably is the actual cause of hypertension
in some glaucomatous cases, is seen from the
well known fact, that a mydriasis in such
eyes as a rule brings about an abrupt rise
of the tension. That the mydriatic drugs

may act in another way than by dilatation of
the pupil, whereby the iris is thickened in
its peripheral parts and thus obstructs the
excretion channels, must be considered; the
fact, however, that the dilatation of the
pupil. coming on when the patient is placed
in a dark room, also in many cases has
such an increased tension in sequel, points
to the possibility of the real cause of the
hypertension, being an actual blocking of
the excretion channels by the iris.

The effect of mydriasis in an eye, being
a so fav clinically healthy partner to an irri-
tative chronic glaucoma eye, was studied in
case n:o The tension in the partner
eve was 20 mm., and the ciliary body was
visible all the way round the periphery of
the anterior chamber. No signs of glau-
coma could be found in this eve. In the
conjunctival sac drops of homatropine were
instilled (2 drops of a 2 2, solution of ho-
matropine hydrochloride during 3 days).
The pupil was thereby moderately dilated,
but no elevation of the tension could be
measured, until the morning of the 4th day,
when it was 82 mm. The patient complai-
ned of pains in the eve, which had the
scleral veins dilated and the cornea a little
foggy. Gonioscopy then showed no zones
behind the white seleral one. The patient
was immediately put under eserine treatment
and the following dav the tension was 15
mm. and the cyve was pale. By renewed
gonioscopy a fully open angle was detected
as before the mydriasis. A clinical exami-
nation of the eye could not reveal any signs
of glaucoma,

The possibility cannot be denied, that in
this eye the root of the iris actually did
block the excretion channels, when the pupil
was dilated, and that this blocking could
be the cause of the abruptly raised tension,
but the possibility of the mydriatics also
acting in another way must be considered.
That an even more pronounced dilatation of
the pupil, than in the case Just described,
brought about by mydriatics in eyes, not
suffering from glaucoma or not being part-
ners to glancomatous eyes, only in very rare
cases causes such an abrupt elevation of

05,
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the tension indicates, that it is not only
the iris, thickened in its peripheral parts
by the dilatation and probably blocking the
filtrating area, which is the single cause of
the established hypertension. It thus secms
most probable, that there exists another,
vet unknown pathological change in the
glaucomatous eyes and their partners, and
that the effect of mydriatics npon this patho-
logical change is such, that the balance of
the intraocular tension becomes so greatly
disturbed,

The statements of Koeppe and Tron-
€080, that the angle gradually gets blocked,
by the root of the iris, creeping up at the
corngo-scleral wall, I cannot agree with, In
my series there are cases, where the angle
was  gonioscopically found fully and wwidely
open, in spite of that the patient had been
suffering from primary glaucoma for as long
time as 10 years, according to the patient's
own statements and to the records of the
hospital, where they had been treated for
the disease for such a long time. The ob-
jection may be made, that it was due to
the treatment, that the angle was still open,
but at least Troncoso argues that the gra-
dual blocking of the angle occurs in spite
of miotic treatment.

On the other hand T have found several
eyes, where a general narrowing of the
angle was undoubtly present without any
synechiae. The estimation of the degree of
such a narrowing of the angle without any
synechiae is very difficult as the wideness
of the opening of the angle looks vere diffe-
rent, according to the accuracy, by which
the line of vision is directed to the bottom
of it. No lines suitable for landmarks for
this estimation are obtzinable, as the diffe-
rent zones at the lateral wall of the recess
are in the estimation of the extension of
anterior peripheral synechiae, and thus
the estimation must  be rather subjec-
tive.

The absolute absence of any bombé of
the iris in spite of even a great extension
of synechia was very frequently found in
those eyes, I had the opportunity of exa-
mining with the gonioscope.  This may be
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a fact in favour of the opinion, that syne-
chiae at the angle of the antevior chamber
are brought about by the iris being pushed
against the corneo-scleral wall by the ciliary
processes  which bv some authors are sup-
posed to be swollen in cases of primary
glaucoma.  Tn the cases, where I have had
the opportunity of secing the ciliary pro-
cesses, namely those eves in which an iri-
dectomy had been made. the ciliary pro-
cesses have not heen swollen cnough  to
reach the posterior surface of the iris: these
observations, however, have, of course been
made rather a long time after the operation-
so that the processes might have had time
to get rid of the swelling. The pathogenesis
of anterior peripheral synechiae in primary
glaucoma has not been explained in a con-
vineing way.

XII. Summary

1. The gonioscopical metod of examina,
tion is not much used in ophthalmological
practice, but it is a method by which
important information on the condition of
the angle of the anterior chamber can be
gained. It ought therefore to be included
in the routine examination of every glau-
comatous eye.

2. It is not nceessary to use the micro-
scope as an observation instrument as a
loup  with 3 -4 times magnification is
enough to give a clear view of the angle.
The contact glass may le substituted by
a simple aqueous chamber,

3. To the first question, which this work
tries to elucidate, »Is in the majority of
cases of primary glancoma the angle of the
anterior chamber blocked by a synechia of
the root of the iris to the corneo-scleral
wall?», the answer is, that in the great ma-
jority of cases of primary glaucoma there is
no such synechia present.

4. The second (uestion, »Does in this
respect any difference occur between various
forms of primary glaucoma?s can be thus
answered, in cases of simple wcoma the
angle of the anterior chamber is more fre-
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> drritative type of primary glaucoma.

5. The raised tension in primary glavcoma-
15 eyes can be reduced by miotic treatment
1 by iridectomies, although the condition
the angle in respect of anterior peri-
eral synechiae is not affected.

6. The gonioscopical examinations o prima-
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ry glaucoma eyes here accounted for do not ex-
clude the possibility of a blocking of the exre-
tion channels at the region of the angle of the
anterior chamber and that this hypothetical
blocking may be the cause of the hypertension,
but in the great majority of primary glaucoma
eves it is not formed by the adhesion of
the root of the iris to the corneo-scleral wall.
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