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ONE of. us has previously found (Thomassen, 194Tb) that the
aqueous veins in eyes suffering from simple glaucoma convey
little or no clear liquid when the bulbar tension is in an increasing
phase, whereas the clear outflow through them is augmented when
the bulbar tension is in a decreasing phase. The main intention
of this paper is to extend this observation by means of photo-
graphs. Gartner (1944) and de Vries (1947) have already
successfully photographed aqueouis veins. Those accompanying
this paper were taken by the MIedical Illustration Department of
the Institute of Ophthalmology.

Method
The bulbar tension was measured half hourly with a Schiotz

X-tonometer. Before each measurement the eyes were
anxesthetized with one drop 1 per cent. pantocain solution. By
means of the repeated measurements it was possible to estimate
whether 'the bulbar tension was increasing or decreasing. For
further details concerning the estimation of the phases in the
tension, the reader is referred to earlier explanations (Thomassen,
1947a; Thomnassen and Leydhecker, 1950). It is obvious that the
repeated tonometry and the drops irritate the eye and therefore
produce a generalized hyperxmia of the conjunctival vessels and
aqueous veins. Observations and photographs have therefore been
taken immediately before each new measurement, thus allowing
time for the irritation from the previous measurements to subside.

In some cases the observation, has been made difficult by another
phenomenon. It has been found that the light from the slit-lamp
can increase the amount of blood in the aqueous veins. In one
case such a change was particularly striking. The patient, who
had a simple glaucoma in both eyes, was observed on eight
different days. In the left eye a large aqueous vein was seen with
Blmost clear contents. When the light was switched on the speed
of the current slowed down and after a short time the contents
were rocking to and fro synchronously with the heart-beat. At
the same time the vein was filling with blood. Finally, the
contents of the vein, now onlv blood, were running quite freely
in the direction opposite to that previously observed. After a
short time in the dark the clear fluid was running as before, but
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when the light was put on the saime changes always took place.
Sometimes the changes appeared after a few seconds, but some-
times a longer period of illumination, uI) to one miinute or more,
was necessarv. The bulbar tension was Ilot found to play aIt' V
definite part in the phenomenon. Changes as dramatic as this
have been observed only in this single case, but in some other
c-ases a slightlI increased amount of blood in the aqueous veins
has been seen when the eyes have been exposed to hright light.
rhese observations do not substantiate the findings in normal eyes
of Asclier (1942b), that light increases the flow of clear liquid.
It may be, however, that the phenomenon seen in our case is
caused bv the heat of the slit-lamp beam and nlot by the light itself.

Results
M'vore than thirtx patienits with glaucoma have been exatmined,

but most of the observations have been more or less eqluivNocal.
Only one case will tlherefore be described in detail. In this case
the changes were very marked and we had the opportunity of
making repeated observations so that the phenomena observed
must be considered established.
This one patient, a woman 60 years old, had suffered from attacks of misty

vision and haloes round lights for three years. The anterior chambers were rather
shallow and the fields showed some peripheral contraction. She had never had
an acute attack but nevertheless the disease could not be regarded as a simple
glaucoma. She had used pilocarpine for one year, but no operation had been
performed on her eyes. On the nasal side of the right eye was seen a large
aqueous vein which originated near the limbus from several small tributaries.
Fig. 1 shows the changes in tension in this eye from 10 a.m. to 4 p.m. on September
14, 1949 (no pilocarpine having been used for 36 hours). To begin with, the
tension was in a decreasing phase and the contents of the aqueous vein appeared
almost clear (Fig. 2). It should be noted that one drop of pantocain solution
had been instilled into the eye and the bulbar tension measured once before ths
photograph was taken. Some minutes after the measurement at 10.30 a.m. it
was observed that the vein was filled with blood, and from the curve it can be
seen that the bulbar tension started rising. This appearance of the aqueous vein
(Fig. 3) remained constant while the bulbar tension was in the increasing phase.
It was remarkable that even the small tributaries vere filled with blood and that
the current had the same direction and about the same speed as before. The
blood must therefore have displaced the aqueous intrasclerally, perhaps in
Schlemm's canal. Unfortunately it was impossible to see this canal by gonioscopy
on account of the shallowness of the anterior chamber. During the last 10
minutes before the mneasurement at 11.10 a.m. the vein became less engorged
and the blood in the aqueous vein seemed to be a little diluted. After this
measurement mnore clear liquid was again visible in the aqueous vein, particularly
in the upper branches. and produced a marked stratification (Fig. 4). Unfor-
tunately this photograph is not quite in focus, but a broad dilute stream in the
upper part of the vein is visible. The pressure was now in a slightly decreasing
phase and the aqueous vein appeared unchanged until, at about 2.00 p.m., it
was again filled with blood and appeared the same as in Fig. 2. The bulbar
tension was now again in an increasing phase. As it was necessary to conclude
the investigation within a limited time pilocarpine was instilled into the eye and
as a consequence the tension again dropped. During this decreasing phase Fig. 5
was taken. This shows a marked stratification due to the presence of an increased
amoun* of clear liquid in the upper part of the vein.
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lThe objection pnay still be advanced that the pantocain and

-tonometry influence the results, in spite of the fact that the clear
fluid in this case reappeared spontaneously after 4 drops of
pantocaine and as many. measurements of the tension. This
patient has been examined altogether 12 times in the course of
3 months. Each time no pilocarpine has been used during the
previous 36 hours. The significant observation was made that
the aqueous vein contained mainly clear liquid every morning.
Between 10 and 11 a.m. the vein became filled with blood in the
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FIG. 1.-The oscillation of tension in a glaucomatous eye during one day.
Pil. means that a 2 per cent. colution of pilocarpine is instilled into the eye.
Arrows 1 to 4 refer to the moments when Figs 2 to 5 were taken.

course of 10-15 seconds. This alteration took place even if nothing
were done to the eye except observation with the slit-lamp.
Figs 6 and 7 were taken on such a day when no measurements
had been made. Fig. 6 shows the same appearance as Fig. 24 and
Fig. 7 is similar to Fig. 3. In Fig. 3 the aqueous vein in question
is seen to be somewhat broader than in Fig. 6. This may be
caused by the drops and tonometry done before Fig. 3 was taken.
In fact, when nothing was done to the eye, no hyperxmia was seen
in the increasing phase except the filling of the aqueous veins with
blood and some, dilatation of small veins joining it. Figs 8, 9,
and 10 were taken by one of us (E. S. P.) on another day when
no measurements of tension were performed. Fig. 8 was taken
in the same phase as Fig. 2, Fig. 9 in the increasing phase
(corresponding to Fig. 3), and Fig. 10 after the instillation of
pilocarpine as in Fig. 5. The changes in this particular aqueous
vein were indeed so regular that after a few days' observation we
were able to tell by its appearance whether the bulbar tension was
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in an increasing or decreasing phase, and tonometry proved that
we were never wrong. Only twice did the bulbar tension decrease
again spontaneously after the pronounced increase. On other
days the tension increased so much that pilocarpine had to be
instilled.

lFIr. 2 FIG. 3.

I Ic. 4. FIG. 5.

FIG. 6. FIG. 7.

F igs 2-5 show the different appearances of the aqueous vein " A igs
6 and 7, taken on another day when no measurements of the teitsion were
maLde, show the same aqueous vein '' A i.

The observations on this case show that at least in some
glaucomatous eyes there must be a close relationship between
the appearance of the aqueous veins and the changes ;n the
bulbar tension. There are three possible explanations of this
relationship:



AQUEOUS VEINS IN GLAUCOMATOUS EYES

FIG. 8.

FIG. 9.

FIG. 10.
Figs 8, 9, and 10 showing the same aqueous vein "A " were taken some
weeks later than 2-7, again without any measurements being made. Fig.
10 shows the vein " A " after the instillation of pilocarpine.

(1) Thomassen (1947a) has emphasized that the venous
pressure in the globe' is high when the bulbar tension is
increasing and low when it is decreasing. When 'the venous
pressure is high it is easy to understand that the aqueous will
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be displaced by- blood. The outflow of aqueous humour will
therefore also be hampered, causing the bulbar tension to
increase.

(2) Ascher and Spurgeon (1949) and Goldmann (1948) hiave
emphasized that the pressure in the aqueous veins is decreased
in glaucomatous eyes. This can of course explain our findings
if it is sup)posed to occur only during the increasing phase.

(3) The third possible explanation is that there is no causative
relation between the phenomena. That is to say that the
increase of blood in the aqueous veins is a vascular phenomenon
similar to the livlperxmia caused by irritation.

The pressiure in some of the episcleral veins was measured by
means of the water manometer described by Thomassen (1947a).
In the first decreasing phase it wa,s found to be about 5 mmn. Hg
in the aqueous vein as well as in most of the other veins. When
the bulbar tension started increasing the pressure in the aqueous
vein and in. the small veins connected with the aqueous vein also
increased and rose by degrees to 14 mm. Hg. The rise in the venous
pressure -was not found to precedle the rise in bulbar tension. Most of
the other veins did not show anx change in pressure. In some deep
veins, hlow ev-er, marked changes were found, but again they- did
not precede the changes in the ocular tension. In any case the
rapid change in the bulbar tension nakes it very difficult to be
sure that changes in the venous pressure precede the changes in
ocular tension.

In conclusion, soime observations on othier glaucomatous ee.
should be briefly mentioned. ln some cases when the patient w%as
first seen swhile the bulbar tension was in an increasing phase no
aqueous vein couild be found, although subsequent examination
in the decreasing phase showed them to be present. In one case
al miarked na.rrowing of the blood column was seen during the
increasing phase whliere the smaller veins entered the side of a
larger- vein. \When the tension decreased again this could no
longer be observed.

Gartner (1944) has show n that pilocarpine increases the outflow
of clear liqtild through the aqueous veins. Ascher (1942) has
describedl the same phenomenoni, but hie finds it does not occur in
every case. W, e can confirm their findings in so far as pilocarpinie
can increase the outflows, but only when it produces a decreasing
phase in the bulbar tension. If pilocarpine does not produce this
decrease in tension only a hvperemia in the episcleral veins is seen
and there is no alteration in the aqueous veins.
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Summary
The authors confirm by means of photographs the phenomenon

previously described, that at least in some glaucomatous eyes the
aqueous veins tend to be filled with blood when the bulbar tension
is in an increasing phase and convey more clear liquid when the
bulbar tension is decreasing.
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