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INTRODUCTION

GLAUCOMA IS A DISEASE OF THE NEURONS EXTENDING FROM THE RETINAL GAN-

glion cells to the geniculate body. The major risk factor for glaucomatous
damage is intraocular pressure. Other factors also play important roles.
One satisfactory definition of glaucoma is that it is a disease due to
intraocular pressure higher than the eye can tolerate.

In primary open-angle glaucoma, or other glaucomas in which there is
permanent interference with aqueous outflow, the process responsible for
the intraocular pressure which is higher than the eye can tolerate is a
continuing one; the process persists for the life of the patient. Therefore,
the course of the disease is one of relentless deterioration (Fig 1). The rate
of descent and the shape of the course vary from patient to patient (Figs 2
and 3), but the final destination of the journey is pitifully sure-loss of
sight.
Some believe that once the optic nerve has become severely cupped,

then prevention of continued worsening is difficult, or even impossible.
That this should be so in certain cases is not surprising when the pathol-
ogy of glaucomatous optic nerve damage is considered.`5 The neurons
become compressed by the distorted, posteriorly-bowed lamina and lose
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FIGURE 1

Schematic representation of expected deterioration of visual function in a patient with
untreated continuing glaucoma. In actuality, course of deterioration is rarely, if ever, in a

"straight line" as shown here.

nourishment because of selective ischemia of the badly damaged optic
nerve head.68 The laminar distortion in such patients with advanced
glaucomatous cupping is permanent. Consequently, the neurons may
continue to be damaged, even though the intraocular pressure, the major
cause for the distortion of the lamina cribrosa, is lowered. In such a
setting the effect of the optic nerve pathology on vision, expressed as
visual field loss, decreased color sense, loss of acuity, etc, should continue
resulting in further deterioration. This reasoning is supported by several
studies that appear to show that visual field loss may continue to progress
despite lowering of intraocular pressure in patients with far-advanced
glaucomatous cupping.9" 0
Some have concluded that since there appear to be patients who show

further deterioration of vision despite lowering of intraocular pressure,
that lowering intraocular pressure is not an effective treatment for glau-
coma. But such an observation does not, of course, prove that lowering

269



Spaeth et al

UNTREATED

100

0

0

0
C._,

0

Time
FIGURE 2

Schematic representation of one pattern by which visual field deteriorates in a patient with
untreated glaucoma.

intraocular pressure is not effective in preventing further optic nerve
damage in patients with glaucoma. In the first place, the phenomenon
may be limited only to those with certain types of glaucomatous pathol-
ogy, especially those with far-advanced disease. For example, it has been
shown experimentally that reversal of glaucomatous cupping is pos-
sible. "",12 Furthermore, it may be that in those with advanced glaucoma-
tous damage that a degree of intraocular pressure greater than ordinarily
considered necessary may be beneficial. Grant and Burke's'3 retrospec-
tive study is illuminating in this regard.
The widespread use of drugs and surgical techniques designed to lower

intraocular pressure must indicate that most ophthalmologists believe
that lowering intraocular pressure is beneficial in patients with glaucoma,
at least those with early or moderate stage of the disease. According to
most current thinking, effective intervention results in stability of the
optic disc and visual field, and somewhat limits this ability to stabilize the
glaucomatous process to those with early or moderate stages of the dis-
ease14 (Fig 4).
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FIGURE 3

Schematic representation of another pattern of visual deterioration in a patient with un-
treated glaucoma.

There are three basic approaches to the therapy of glaucoma. The first
uses intraocular pressure as a predictive indicator of future performance
of the disc and visual field. "Glaucoma" is defined in this system as
intraocular pressure above a specific level: 21, 24, 40 mm Hg, etc. Con-
trol is defined as intraocular pressure below a specific level, most often 21
mm Hg. The problem with this approach is that the overwhelming major-
ity (some say around 90% to 95%) of those with "elevated intraocular
pressure," that is, intraocular pressure greater than 21 mm Hg, never
develop optic nerve damage. '5'9 And on the other hand, around one-
third of those with glaucomatous cupping have random intraocular pres-
sures less than 21 mm Hg.20 Now that this lack of correlation between
absolute level of intraocular pressure and state of glaucoma is known, and
now that it is understood that an intraocular pressure of 30 mm Hg may
constitute "control" in patient X and an intraocular pressure of 15 mm Hg
may constitute "lack of control" in patient Y, it should be clear that
absolute levels of intraocular pressure cannot be used to manage glau-
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FIGURE 4
Schematic representation of what are generally considered to be effects of treatment on
natural history of visual deterioration in a patient with glaucoma. The most effective inter-
vention results in stabilization of field, as shown by thick line. If intervention is less
successful, rate of deterioration may be slowed, as shown by dotted lines between thick solid
line and thin solid line. When such further deterioration is noted, an increase in vigor of
therapy may then result in stability of condition, as shown by thick line. In occasional cases
initiation of treatment may be associated with rapid deterioration of function, as occurs in

"wipe-out," a rare complication of glaucoma surgery.

coma. 15-25 Nevertheless, many current articles, especially those dealing
with surgery, continue to define glaucoma control as intraocular pressure
less than 21 mm Hg.
A second method of management is retrospective, based on stability of

the optic disc and visual field. This school aims to halt the deterioration.
The intraocular pressure is lowered to a predetermined level, at which
time the optic disc and visual field are re-examined. If they are stable,
then the glaucoma is considered "controlled." But loss often occurs grad-
ually and imperceptibly, and what appears to be "control" is often found
at a later date to be inadequate when further deterioration is docu-
mented. The intraocular pressure at that point is then considered too
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Schematic representation of course of glaucoma and effect of treatment, as discussed in the
present report. This maintains that effective intervention may be associated with an im-
provement in visual function, as seen with thick solid line. This improvement may continue,
stabilize, or stop, allowing further deterioration. The other lines in Fig 5 represent the same

possibilities as shown in Fig 4.

high, the glaucoma out of control, and attempts are made to lower the
pressure to a yet lower baseline level. The process is repeated again and
again until hopefully no further deterioration is noted. At this time the
patient is once again considered controlled and that new level of intra-
ocular pressure considered adequate for control. This appears to be the
method most glaucoma specialists employ today. One indication of this is
that it forms the basis of the therapeutic approach for the National Eye
Institute-sponsored Glaucoma Laser Trial.
A third system of treatment is the primary substance of this report. It is

a new approach. It is based on improvement in the optic disc or visual
field. This school states that both the disc and the visual field can improve
when intraocular pressure is lowered (Fig 5). It does not state that the
disc or field return to normal. It does not state such improvement occurs
in every patient. It does contend that, with proper examination tech-
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niques and adequate pressure lowering, improvement will often be seen.
The ophthalmologist lowers the intraocular pressure and looks critically
for improvement of the disc or visual field; if real improvement becomes
apparent, the pressure associated with such improvement is considered
to represent "control." If such improvement is not noted after lowering
intraocular pressure, the ophthalmologist then considers what is neces-
sary to lower the intraocular pressure still further and weighs the risks of
more aggressive treatment against the potential benefits. Obviously, dead
neurons don't recover, and blown-out optic nerve heads don't return to
normal-appearing discs. The goal is not return to normal, but return
toward normal. This third system of treatment avoids the inevitable
under- and over-treatment of the first method, where control is based on
intraocular pressure, and prevents the deterioration that is an essential
part of the second system, where control is determined by the level of
intraocular pressure associated with stability of disc and field.
There is increasing evidence that there is, in fact, improvement of disc

and field in patients with glaucoma. Apparent improvement in the ap-
pearance of the optic disc was first noted in 1869 by von Jaeger26 and
illustrated in his beautiful atlas published just 19 years after Helmholtz
gave us the ophthalmoscope. It has been well documented in children
and adults since.27-47 The frequency with which such optic nerve change
occurs is not known, but an indication that it is common was presented at
the 1985 meeting of the Association for Research and Vision in Ophthal-
mology.37 Katz and co-workers37 performed a controlled, masked study of
pre- and posttreatment photographs of the eyes of glaucoma patients
using masked observers and random allocation design. Three groups were
chosen: two controls and one study group. Photographs of 100 glaucoma-
tous eyes were selected for evaluation. Group 1 consisted of 25 eyes that
had two sets of stereoscopic photographs on the same day. Group 2 (24
eyes) and group 3 (51 eyes) had stereoscopic photographs taken before
and after glaucoma treatment. Patients in group 2 had less than a 20%
decrease in intraocular pressure, while those in group 3 had a greater
than 30% drop in intraocular pressure after treatment had been insti-
tuted. The pairs of stereoscopic photographs from all three groups were
then randomly assigned by a coin toss to be labeled either A or B. The 100
sets of photographs were then randomly assigned to a number 1 to 100.
Three ophthalmologists independently graded each set of stereoscopic

photographs in numerical sequence. Each pair was reviewed in an A-B
order. Criteria for comparison included stereoscopic cup appearance,
neuroretinal rim area, and vessel displacement. The observers made one
of three choices: stereoscopic photograph pair A appearing better than
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TABLE I: APPEARANCE OF POSITREATMENT DISC

BETTER NO CHANGE WORSE TOTAL

Control 1* 0 25 0 25
Control 2 0 23 0 23
Study group 17 32 2 51

Total 17 80 2 99

*Eyes in this group received no treatment. Stereoscopic photographs are from the same
day.

pair B, stereoscopic photograph pair B appearing better than pair A, or no
observable difference between the two pairs.

In 13 of the 51 eyes in group three, all three observers independently
graded the disc as improved. In four additional eyes in group three, two
of the three observers were in agreement that an improvement had
occurred (Table I). The agreement among the observers was high (Table
II). There was no significant difference in agreement among the observers
between the three groups.
No discs in either control group (group 1 or 2) were considered by at

least two observers to have improved or to have deteriorated. The differ-
ence in frequency of improvement in the study group in comparison to
either of the two control groups was highly significant (P < 0.003).
There was no significant difference between the three groups in race or

sex. Of the 17 patients whose discs improved, 10 have primary open-
angle glaucoma, 3 secondary glaucoma, 3 juvenile glaucoma, and 1 pri-
mary open-angle glaucoma. Age and preoperative and postoperative in-
traocular pressure are shown in Table III.

In this study, then, one third of the patients having a decrease in
pressure of 30% or more (17 of 51 cases) showed an apparent improve-
ment in the appearance of the optic nerve head.

If the appearance of the optic disc has improved, it seems logical to
conclude that the intraocular pressure has been lowered below the level

TABLE II: AGREEMENT AMONG OBSERVERS FOR EACH GROUP

CONTROL 1 CONTROL 2 STUDY GROUP TOTAL

3 of 3 agreement 24 20 38 82
2 of 3 agreement 1 3 13 17
None 0 1 0 1

Total 25 24 51 100
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TABLE III: AGE AND INTRAOCULAR PRESSURES (IOPs) OF EACH GROUP

STUDY GROUP

NONIMPROVED
CONTROL 1 CONTROL 2 IMPROVED DISCS DISCS

Age range (yrs) 60 (22-73) 51 (30-71) 52 (17-80) 42 (24-76)
Average pre IOP
(mm Hg) 18.5 29.7 33.2

Average post IOP
(mm Hg) 20.6 15.9 11.4

responsible for the development of glaucomatous cupping. Presumably,
this level of intraocular pressure should be low enough to prevent further
damage. In patients with early or moderate glaucomatous cupping, it
seems reasonable to assume that this will reflect stability of the disease.
This conclusion is based on the assumption that whatever is responsible
for the resistance of the disc and neurons to damage remains relatively
constant with time. This is an assumption. It may be that a level of
intraocular pressure tolerable at one point of the patient's history may at a
later date become intolerable. It is also recognized that, as discussed
earlier, visual field deterioration may continue despite an intraocular
pressure which is lower than that required initially to cause damage to the
optic nerve. Improvement in the appearance of the optic disc, especially
in a patient with far-advanced disease, does not mean that the patient will
necessarily have an improved or stable visual field. If apparent improve-
ment in the appearance of the optic disc is noted, yet visual field deterio-
ration continues, it seems logical to conclude that further lowering of
intraocular pressure will not be beneficial. This also appears to be a new
concept, with important implications for the management of patients. In
patients showing further deterioration of vision despite apparent im-
provement in the appearance of the optic nerve, it would seem logical not
to attempt to lower the intraocular pressure still further despite the
presence of the continuing visual field loss, as one would not expect any
further improvement in a clinical course from a lower intraocular pres-
sure.

In early or moderate glaucoma it appears reasonable to expect that
improvement in the appearance of the optic disc will be associated with
improvement in visual function; our clinical impression supports such a
correlation. However, it should not be concluded that improvement in
the appearance of the optic disc is necessarily going to be associated with
improvement in visual function in all cases, especially in those with
advanced disease. In fact, in patients with advanced glaucomatous nerve
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damage, apparent improvement in the optic disc may be an unfavorable
observation, as concerns visual function. As the anatomy of the optic disc
is altered the already badly damaged optic neurons may suddenly be-
come even more damaged. Conceivably this structural rearrangement
that takes place at the time intraocular pressure is lowered may be the
mechanism responsible for "wipe-out."36

Visual fields can improve when intraocular pressure is lowered.S&47
How frequently this occurs in patients with glaucomatous disease has not
been established. Some studies have indicated no correlation between
the fall of intraocular pressure and improvement in the visual field.4'50
Others appear to find a relationship which is quite definite.44-47,51 Those
failing to show a correlation have usually been shorter-term studies and
have usually not defined the populations or analyzed the visual field as
selectively as those showing a correlation. It is important to recall that
both of the variables being considered, intraocular pressure and visual
field change, are highly subject to "noise." While intraocular pressure
may be accurately determined for a precise moment in time, how accu-
rately that specific measurement reflects the behavior of intraocular pres-
sure throughout the day and over time is far more uncertain. Although it
seems likely that an individual in whom the intraocular pressure is mea-
sured at three separate times to be around 30 mm Hg prior to trabeculo-
plasty, and around 15 mm Hg following trabeculoplasty has actually had a
fall of intraocular pressure, such measurements are by no means proof of
that. It may simply be that the patient in question was so bothered by the
trabeculoplasty that he decided to use his medications prior to his subse-
quent office visits in order to assure that his intraocular pressure had
fallen. Or there may have been marked and prolonged spikes or troughs
of intraocular pressure between examinations, and such changes were
obviously not able to be recorded by the ophthalmologist. Visual field
changes are also subject to variability. Such improvements and deteriora-
tions may be indications solely of the testing event, and not representa-
tions of real improvement or deterioration in optic nerve function. Be-
cause of this high degree of "noise" both with regard to the intraocular
pressure and the visual field, where studies are able to find a high correla-
tion between fall of intraocular pressure and improvement of the visual
field, it is reasonable to conclude that the actual correlation is, in fact,
even higher. Table IV provides data that suggest a strong correlation
between change in intraocular pressure and change in visual field. It is
interesting that persons in whom there is advanced visual field loss appear
to have decreased ability for the field to improve in association with
decrease in intraocular pressure. This is not an unexpected finding.
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TABLE IV A & B: RELATIONSHIP BETWEEN CHANGE IN
INTRAOCULAR PRESSURE (IOP) AND CHANGE IN VISUAL FIELD IN

PATIENTS WHO HAD EITHER TRABECULOPLASTY OR
TRABECULECTOMY*

IV A
NO CHANGE, ? BElTER,

BEHAVIOR OF IOP WORSE OR ? WORSE OR BEITER

Not improved 8 1
Improved 8 20

Total 16 21

IV B
BEHAVIOR OF IOP WORSE, OR ? WORSE ? BElTER, OR BEITER

Not improved 8 1
Improved 8 10

Total 16 11

IV A; statistical significance, P = 0.002. IV B; statistical signifi-
cance, P = 0.025.
*Information modified from reference 51. Visual field examina-
tion with Octopus computerized perimetry prior to and
around 3 months following trabeculectomy or trabeculoplasty.
Intraocular pressure was also measured at the same time. The
table shows in a form designed for chi-square analysis the
groupings ofpatients according to behavior of intraocular pres-
sure and behavior of visual field. Table IV A includes those
patients in whom there was no significant change in visual field
and patients whose visual field was thought to have improved
following surgery. The indication for surgery was deterioration
of visual function. It was concluded that if the field stopped
deteriorating, there had been a beneficial effect. Table IV B
eliminates the patients in whom there was no apparent change
in the field, and considers only those in whom the field ap-
peared to continue to deteriorate and those in whom the visual
field appeared to improve, and relates the changes to behavior
of intraocular pressure.

Ifindeed improvement in the visual field or the appearance of the optic
disc is common following lowering of intraocular pressure, why has it not
been observed more frequently in the past? This is an important question
that needs to be answered. There are several reasons. Probably the most
important is that the phenomenon has simply not been believed to occur
and therefore has not been looked for. (The major purpose of this presen-
tation is to change that belief and to encourage studies that will define
accurately the frequency or infrequency with which such changes actually
occur.) An additional reason is that the changes that occur are in most
cases slight and, as such, cannot be detected by techniques which are not
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sufficiently sensitive to document small changes. While in some cases the
decrease in glaucomatous cupping is truly dramatic, such is not the rule.
Unless photographic documentation of the optic nerve head has been
obtained, and unless the photographs are carefully examined, small
changes will not be noted. It has been disturbing to the senior author of
this paper to note how frequently a review of photographs for purposes of
a study has shown improvement or deterioration of the optic nerve head
that was not noted clinically, even though the photographs of the optic
nerve head had been obtained as a routine part of clinical care, specifical-
ly for the purpose of noting such changes, and how even more frequently
changes were noted in the photographs but had not been observed by
ophthalmoscopic examination of the optic disc. The ability to examine the
configuration of optic discs quantitatively by using image analysis tech-
niques should dramatically improve the ability to recognize the amount
and the pattern ofchange in the optic disc, change for the better or for the
worse.

Similarly, changes in the visual field will not be reliably detected unless
the instrument employed has the capability to do so. Just as one cannot
see the most distant galaxies with opera glasses, and one cannot see
quarks with a microscope, so one cannot find small changes in the optic
disc or visual field without appropriate instrumentation. Where the mag-
nitude of noise is greater than the magnitude of change, real alterations
occur but will be missed, because of the inability of the system to distin-
guish them. This may well be the case with regard to the type of visual
field changes alluded to in this report. Unless the visual field testing is
vigorously standardized, as with automated or computerized perimetry,
and unless there is elimination of variables such as pupil size, refractive
error, etc, noice cannot be effectively limited. Nor is standardization
alone adequate. The technique employed must also be sufficiently sensi-
tive to detect small changes. This requires utilization ofprograms that will
determine threshold accurately, define areas of concern, and provide
valid estimates of variability.
A patient with glaucoma in whom there is progressive visual field loss

may be assumed to fall into one of three categories: (1) the progressive
visual field loss is not due to glaucoma, (2) the neurons have been so
mortally wounded by the glaucomatous process that no matter what
happens they will continue to deteriorate, or (3) the cause of the damage
to neurons has not been corrected; that is, the intraocular pressure is still
higher than tolerable. Regarding category 1, it is usually possible to rule
out causes other than glaucoma for progressive optic nerve damage and
visual field loss. As for category 2, just how badly damaged an optic nerve
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needs to be before the damage will continue to progress despite elimina-
tion of the causative factor, elevated intraocular pressure, is not known
and deserves further study.'3 We contend that in early or moderate
disease, and in some patients with advanced disease as well, glaucoma-
tous damage continues because intraocular pressure is higher than the
eye can tolerate.
The only sure way in which intraocular pressure can be known to have

fallen to a level which will be as well tolerated by the eye in question as
possible is by seeing an improvement in the disc or in visual function.
The development of quantitative perimetry and quantitative ophthal-

moscopy should allow continued improvement in the ability to detect
small, definite changes in the visual field and the optic disc.52 It is hoped
that such increased sensitivity and specificity of observation may lead to
confirmation of the validity of the concept of management that is pre-
sented here and will result in a diminution of the now all-too-large num-
ber of patients who become visually incapacitated by glaucoma, a disease
that theoretically can be managed so that visual function is preserved.
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DISCUSSION

DR DoUGLAs R. ANDERSON. Our thanks to Doctor Spaeth for sharing his observa-
tions and thoughts with us.

In this discussion, reversibility of cupping and field loss need to be discussed
separately, as they seem to be two different phenomena.

Reversibility of cupping is most often observed in children. Doctor Spaeth's
group has documented that a detectable amount of "filling in" of the cupping also
occurs in one-third of adults whose antiglaucoma therapy achieves a 30% lowering
of pressure. A major portion of the reversibility must be due to an elastic relaxa-
tion of the posterior bowing of the lamina cribrosa and relaxation of the stretching
of the peripapillary sclera. This elastic relaxation occurs right away. For example,
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in a recent infant aniridic patient fo mine, there was opportunity to examine the
fundus immediately at the completion of surgery, and the cup had already filled
in. There are undoubtedly fluid shifts and changes in cytoplasmic volume that
may also occur over a longer period of time, but presumably axon regeneration or
proliferation of other tissue elements does not occur.
The mechanism of visual recovery is different. Only some of the lost vision is

potentially reversible, and specifically that due to axon drop-out is surely not.
However, there is evidently a stage of damage in which axons do not conduct
nervous impulses but are viable and can recover function-even alternately losing
and regaining function. For example, I have seen at the two ends of the spectrum
(1) a case of early glaucoma with a single dense paracentral scotoma that could
easily be demonstrated on some occasions and could not be detected at all on
other occasions, and (2) a case of end-stage glaucoma with no light perception on
some occasions but 20/50 acuity in a small seeing island on other office visits. Thus
there is hope that successful control of the pressure may allow return of some part
of the lost visual function.

It is difficult to judge how often and to what degree real recovery of optic nerve
function occurs after control of the intraocular pressure. In some of the studies of
Doctor Spaeth's group, certain confounding variables were specifically elimi-
nated-for example, cases in which an improved field might have been due to a
larger pupil postoperatively, and cases in which a poorer field might have resulted
from a media opacity with reduced acuity. In fact, they were so careful about
obtaining pure examples that more cases were eliminated from the study than
were retained, because so many cases had features that could have affected visual
function in ways other than by improved optic nerve function. The practitioner
who thinks he is observing an example of improvement in visual field must
consider whether or not potential confounding factors might be present, such as a
larger pupil now or development of a "learning effect" in a patient upon per-
forming a second or third field examination.

Scientific interpretation of the data is difficult because of the fact that there are
physiologic fluctuations of visual function from one test to another, and because of
"regression to the mean." This statistical phenomenon enters the data in two
ways. First, surgery will tend to be done immediately after a visual field test that
was worse than the previous test. Even without actual improvement in optic
nerve function, the postoperative field will tend to be better to whatever degree
the preoperative worsening was simply due to the physiologic variation in visual
function and its testing. Second, variability is greater in defective areas, and
points that are particularly bad on any one examination will tend to be better the
next time simply because some of the badness of some of these points will have
been due to the physiologic variability. Contrariwise, points at which the varia-
tion happened to be in the direction of better sensitivity will tend to be in the
more normal areas of the field and will tend to worsen slightly on the next
examination. The effect of this "regression to the mean" is small, but so are the
changes in the field being reported here.
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Although further work is needed to know how frequently and how much true
field improvements occurs, the clinical philosophy advocated by Doctor Spaeth is
most instructive. Certainly the emphasis in management of glaucoma must con-
tinue to be on the status of the optic nerve and visual field, not simply the
intraocular pressure. We can feel more comfortable that the management has
achieved satisfactory control in patients that manifest a reversal of cupping or
improved sensitivity scores on visual testing. Of course, the control may also be
considered satisfactory in the larger number of patients who have substantial
lowering of intraocular pressure even without evident reversal of cupping or field
loss, as long as continued monitoring proves the progress of the disc damage and
the field loss have been halted.

DR GEORGE SPAETH. I thank you, Doctor Anderson, for your thoughtful comments.


