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of positives, true and false, falls and the method becomes of no greater diagnostic value
than the standard water-drinking test. Since current data do not indicate that combined
provocative tests improve diagnostic or prognostic accuracy by enlarging the gap between
normal and pathological, they offer the physician little assistance.

There is one possible way in which the increased magnitude of response to combined
stress may be of use. This relates to a preliminary but promising method of diagnosing
glaucomatous disease, specifically, by means of fluorescein angiography. Patients with
glaucomatous damage and elevated intraocular pressure almost invariably show a delayed
entry of dye into the choroidal vessel system, in contrast to the normal person in whom
fluorescein usually lights up the choroid first and the central retinal vasculature afterwards.
The reliability of this finding is indicated in Table VI. The arm-to-retina circulation
time of glaucoma patients with elevated pressures is also prolonged, as is the retinal transit
time (Spaeth, I97I; Rosen and Boyd, I970). Decrease in papillary fluorescence (Hayreh
and Walker, i967; Oosterhuis and Gortzak-Moorstein, I970), splotchy areas of peripapill-
ary choroidal hypofluorescence (Raitta and Sarmela, I970; Blumenthal, Best, Galin, and
Toyofuku, 197 ib), and a diffuse rather intensely fluorescent peripapillary halo (Oosterhuis
and Gortzak-Moorstein, I970) have also been noted with sufficient regularity to indicate
that they are reliable signs of glaucomatous pathology.

Table VI Mean circulation time in patients with glaucoma

Circulation time (sec.) Arm-retina circulation time
Type ofglaucoma Intraocular 2 sec. less than arm-choroid

pressure (mm.Hg) Arm- Arm- circulation time
retina choroid (percentage)

(i) Chronic simple* Above 30 I7.3 32-0 I00
Less than 3 I I5-6 I 5.9 29
Less than 2 I I5 0 I4-8 o

(2) "Low tension" I48 I6-2 40

(3) Not chronic simplet Variable I2-8 13.7 8

*Does not include cases of "low tension" glaucoma.
tIncludes secondary glaucomas and chronic simple glaucoma suspects. Based on Spaeth (I97I).

The abnormal "reversed" pattern of dye entry that so typifies glaucoma patients with
elevated intraocular pressure may revert to normal when the intraocular pressure is
lowered (Spaeth, I971; Rosen and Boyd, 1970). It has been suggested that this finding
may permit determination of the intraocular pressure that any particular eye is able to
tolerate (Spaeth, I971); that is, what level of intraocular pressure will allow adequate
vascular perfusion of the retina and optic nerve (Duke-Elder, I962). Reversion to a nor-
mal pattern does not always occur, no matter how markedly the intraocular pressure
is lowered, suggesting that in such cases glaucomatous disease will continue to progress
regardless of therapy (Spaeth, I97 ). In other cases a normal pattern returns only when
the pressure has been lowered far more than is usually accomplished by medical or surgical
therapy; this was documented in a woman with progressive visual loss associated with
low-tension glaucoma whose angiogram was abnormal when her intraocular pressure was
20 mm.Hg but almost normal when the pressure had been lowered to 6 mm.Hg (Spaeth,
I971).
Blumenthal, Best, Galin, and Gitter (Ig7ia) have attempted to induce the abnormal

vascular pattern of glaucoma by raising the intraocular pressure with suction apparatus,
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hoping by this means to bring out defects otherwise not apparent. This valuable technique,
however, is not without risk, especially in the glaucomatous eye in which the circulation
is probably already impaired. Nor is it physiological or easily performed. On the other
hand, to provoke a rise in intraocular pressure with water-drinking and then to determine
if any change in flow has occurred is relatively easy, and this test mimicks the
actual stresses to which a patient is subjected. Rosen and Boyd (I970) have already
suggested this as a possible means to detect the vascular defects of early glaucoma. Our
experience with fluorescein angiographic provocative tests is too limited for us to analyse our

results, but the principle seems so sound, the procedure so straightforward, and the early
results so promising that we feel its description is justified. The test is useful
in patients suspected of having chronic simple glaucoma because of statistical abnor-
malities (elevated intraocular pressure, disc with larger than normal cup, etc.) but without
definite evidence of glaucomatous disease.

A standard fluorescein angiogram is performed on the more involved eye; the patient should be
receiving no glaucoma medications. The pupil is dilated with phenylephrine io per cent. or other
similar sympathomimetic agent; cycloplegics should not be used. 5 ml. "Fluorescite" I0 per cent.
are injected as rapidly as possible through a No. 20 needle into the antecubital vein. The
timer is activated the instant the injection is started. Exposures are started 5 seconds later, at a
frequency of at least one, and preferably two or three per second. These are continued for I0
seconds after the appearance of dye; i- and 5-minute exposures complete the angiogram. Intra-
ocular pressure is then measured and if it is significantly elevated, appropriate short-acting therapy
is started.

On a succeeding occasion, at the time of day when the intraocular pressure is judged
likely to be at its peak, a fluorescein angiographic provocative test is performed.

The cornea is anaesthetized with one drop of proparacaine. The minimum amount of fluorescein
to allow applanation tonometry is instilled, and the pressure is determined with the eyes deviated
slightly towards the direction of the eye being examined so that the central portion of the cornea is
minimally disturbed. One drop of cyclopentolate 2 per cent. is placed in each eye and this is
repeated at 5-minute intervals for four doses. After the final drop, the patient, who has been
fasting for the previous 8 hours, drinks cooled tap water, 14 ml./kg. body weight, within 5 minutes and
is then seated in a darkened room. Intraocular pressure is determined as described at 15-minute
intervals until a rise of 25 per cent. occurs. A fluorescein angiogram is immediately performed,
again on the more involved eye. Technical details of the two angiograms, including the method of
development of the film, should be as nearly as identical as possible.

The negatives are examined for the following: arm-retina circulation time; arm-choroid
circulation time; retinal transit time; intensity of choroidal and discal fluorescence;
vascularity of the disc; peripapillary hypofluorescence; and peripapillary halo. The
data from the two angiograms are compared; the interval between the time of dye appear-
ance in the retina and the choroid is noted. If the dye enters the retinal vessels 2 or more
seconds before the choroid, the angiogram is characteristic of chronic simple glaucoma.

If both angiograms show typical changes of glaucoma, not only is the diagnosis likely,
but the need to lower the pressure is great; a repeat angiogram should then be performed
after the administration of oral glycerol to determine the level of intraocular pressure
which will allow adequate vascular perfusion. If the first angiogram is normal and the
second abnormal, it may be concluded that the abnormality noted is due to the rise in
pressure. This patient should be treated sufficiently vigorously to prevent rises in pressure.
Conceivably any damage that has occurred may still be reversible at this stage, as best
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demonstrated by Shaffer and Hetherington (I969) with theoretical and clinical confirm-
ation by others (Spaeth, I97I; Enoch, Berger, and Birns, 1970). If both angiograms
are normal and a significant rise in intraocular pressure is induced by the water-drinking
combined with cycloplegia, the patient had best still be considered as a glaucoma suspect
and appropriately followed.
The validity and reliability of this test await carefully designed clinical trials of sufficient

size to allow standard deviations to be determined.

Summary
The clinical value of a provocative test lies in its ability to distinguish between the normal
and the pathological. Tests presently employed in the diagnosis ofchronic simple glaucoma
are able to discriminate between normal and abnormal to a variable but small extent.
No test can indicate infallibly which eyes will develop visual field defects.
The frequency of false negative provocative tests can be reduced by considering intra-

ocular pressure rise in ternis of percentages rather than in millimetres of mercury. A rise
greater than 20 per cent. after water-loading is suggestive of the diagnosis of chronic
simple glaucoma; an increase greater than 30 per cent. makes the diagnosis more likely.

Administration of atropine intramuscularly before the performance of standard water-
drinking tonometry markedly reduces the pressure response in patients with
definite or suspected chronic simple glaucoma (8 mm.Hg without atropine, 4 mm.Hg with
atropine). This suggests that central neural control systems may be involved in the rise in
pressure caused by water-drinking.
By combining water-drinking with repeated instillations of strong cycloplegic agents,

the magnitude of pressure change can be increased. While this does not in itself enhance
the sensitivity of the provocative test, it does provide a setting in which fluorescein
angiography may be performed during periods of ocular hypertension. In this
way the degree of vascular perfusion to the retina and choroid may be determined,
allowing a more rational basis for diagnosis and therapy. The assessment of the value
of the fluorescein angiographic provocative test awaits the completion of extensive clinical
trials.

COMMENTARY
(I) VALUE OF FLUORESCEIN ANGIOGRAPHY IN THE DIAGNOSIS OF GLAUCOMA

The purpose of all the provocative tests is to separate three population groups; those who are normal
and will never develop glaucoma, those who are now normal but who will later develop glaucoma,
and those who have already developed glaucoma and have damage from this disease.
The standard provocative tests are of value in the last group, but the purpose of the fluorescein

angiography test is to detect patients who show a change in their vascular dynamics early in the
development of glaucoma. It is important that such an investigation should give very few false
positive or false negative results. This procedure has not been evaluated for long enough to decide
whether a patient requires treatment who has a slightly raised resting intraocular pressure with a
normal fluorescein angiogram but who has an abnormal one when the pressure is artificially raised.

Older patients frequently have poorly dilated pupils and lens opacities. The timing of the flow
ofdye is notoriously difficult because of the variation in the arm-to-retina circulation time, particularly
if the patient feels sick. Nevertheless, it was striking that most patients without field defects seemed
to be able to maintain a normal fluorescein pattern with a raised intraocular pressure. One patient
with a glaucomatocyclitic crisis and a pressure of 6o mm.Hg had a perfectly normal fluorescein
pattern. On the other hand, patients with chronic open-angle glaucoma in the presence of field
defects and cupping showed a great sensitivity to raised pressure.
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Some of the technical difficulties could be overcome in the group of patients under 40 years old
whose pressures were in the upper 20s and 30s but who had a normal disc. Dr. Spaeth had investi-
gated about 500 cases and felt he had reasonable technical results in about one out of three of the
patients with established glaucoma in the older age groups. He also felt that there should be at
least a 2-second difference between the arm-to-retina circulation time and the arm-to-choroid
circulation time for the phenomenon of reversal to be significant. However, Mr. S. S. Hayreh had
seen filling of the choroidal circulation after the retinal circulation at longer intervals than this in
perfectlynormal eyes, andsaid that, so far, the methodwas unproven and required further investigation.

(2) PROGRESSION OF GLAUCOMA IN STEROID-INDUCED GLAUCOMA

Steroid-induced glaucoma is usually permanent but may regress, particularly in the early stages.
Regression has been seen over several months and has been observed after a period of Io years,
but it is most unsafe to assume that the glaucoma has disappeared without very careful diurnal
measurements, which must include a measurement of the pressure in the early morning with the
patient in bed. The pressure may fall 5 mm.Hg within a few minutes of rising. Accurate diurnal
curves are important in all patients with chronic glaucoma, both treated and untreated, but this is
particularly true of cases of steroid glaucoma, in which the diurnal curve may remain abnormal for
a prolonged period after the medication has been stopped.

(3) STEROID-INDUCED GLAUCOMA

An increasing number of children seem to have been treated with steroid drops, particularly for
vernal conjunctivitis, and a large number of these have developed steroid glaucoma. Mr. Rice
had two patients who were blind from steroid glaucoma which was irreversible. For the treatment
of vernal conjunctivitis he now uses Intal which has no steroid-like effect and does not affect the
intraocular pressure.

Diagnostic evaluation and therapeutic
decision in the glaucomas
KENNETH T. RICHARDSON

Department of Ophthalmology, University ofPittsburgh School ofMedicine, and Eye and Ear Hospital
Pittsburgh, Pennsylvania 152I3, U.S.A.

The glaucomas are multi-parameter medical problems that can cause confusion if the
physician fails to organize his approach and his thinking. Once he becomes confused
or insecure, the tendency is to look for precise measurement, a "magic number" that will
eliminate his insecurity. Unfortunately, there are no magic numbers in the evaluation
and therapy of the glaucomas. To determine whether a patient requires more or less
intense therapy solely on the basis of a Po/C value, or to rest one's diagnosis of chronic
open-angle glaucoma on the patient's response to water-drinking, suggests at best a
superficial understanding of glaucoma as a disease. It further suggests a failure to under-
stand that the disease, glaucoma, is not simply the inverse of random population statistics.
Three general guidelines are useful when evaluating a glaucoma patient.

Brit.J. Ophthal. (1972) 56, 2i6
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