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Abstract:
This literature review paper der.cribes the disease process
of Glaucoma. Specifically it reeducates the optometrist in
the areas of visual fields, etiology, optic nerve topography
and statistical variations of the disease. It emphasizes
Low-Tension Glaucoma and when to suspect its presence.
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INTRODUCTION
Low-Tension Glaucoma is a peculiar relative to the Glaucoma family in that
(}

it is a challenging clinical entity to diagnose due to the lack of an elevated
intraocular pressure.

It is the discovery of elevated intraocular pressure that

clues the pathologist in to evaluate more carefully the optic disc, visual field
information, and the too often overlooked case history.

The lack of an elevated

tonometric measurement may result in, therefore, a lackadaisical approach to the
optic nerve head examination.

A basic knowledge of the statistical variations,

visual field abnormalities, appearance of the glaucomatous disc changes in subtle
or early glaucoma, and theories of etiology in low-tension glaucoma will allow
the clinician to more effectively screen for this ocular disease when an elevated
intraocular pressure is absent.

It is with this intention that the material

discussed in this literature research paper emphasizes hemorrhagic findings at
the glaucomatous disc and restates the clinically accepted findings of this

()

disease.
ETIOLOGY
Glaucoma is a "sick eye in a sick body". 1

This is an especially accurate

summation when referring to Low-Tension Glaucoma.

This is so because Low-Tension

Glaucoma is most prevalent in the population with circulatory disorders. 2

While

physiologically low systemic blood pressure is not necessarily detrimental, it may
result in inefficient blood perfusion to the ocular tissues when the ocular tensions are high but within the normal limits
applanation tonometry).

(roughly 21.9 mm Hg as measured with

Hypertensive patients on medication have a pharmacologi-

cally lowered blood pressure, therefore, the equilibrium set by the circulatory
system to provide nutrients to the bodily tissues may be drastically reversed.
This theoretically would result in a decrease in blood perfusion, leading to

(

necrosis of ganglional axons of the optic nerve. 3- 5

1

A third possible cause of

glaucomatous findings is the traumatic loss of large quantities of blood or shock
which may lower the blood pressure enough to induce non-progressive damage to the
(~

optic nerve.

This may be described to you during the case history. 6 •

7

Another

plausible etiology for glaucomatous findings in normal intraocular pressure findings is ischemia due

to~herosclerotic

and/or arteriosclerotic blood vessels

serving the optic nerve. 2 • 8
CLINICAL PRESENTATION
Glaucoma is generally the accepted diagnosis when two of the following three
are present:

intraocular pressure above the accepted high of 21.9mm Hg; documented

10
1
optic disc changes as described later here; visual field loss. • 2 • 4 • 9 •

While

the clinical definition of glaucoma is relatively clean cut, the terminology is not.
When a patient has glaucoma without it being secondary to other factors such

as

pseudoexfoliation syndrome, neovascularization, or closed anterior chamber angles;
then the terms used to describe the disease are Primary Open Angle Glaucoma
r' '\
\_

Chronic Open Angle Glaucoma (COAG).

or

Secondary Glaucoma is a term used to describe

glaucomatous findings in a patient whose outflow facility has been compromised due to
other ongoing pathologic conditions not including a closed anterior chamber

angle.

Closed angle glaucoma is the descriptive term for pathologically raised intraocular
fluid pressure due to an anatomic aposition of the iris dilator muscle at schlemm's
canal thus blocking off escape of fluid fromthe anterior chamber.

When glaucomatous

findings occur with intraocular fluid pressure less than 21.9mm Hg, it is called

.
2 5 11
Paraglaucoma, Pseudoglaucoma, or Low Tens1on Glaucoma (LTG). ' '
Statistically, Glaucoma is not uncommon.
patients less than

.4%

to

1.6%

40 years old, it increases

of the population

older than 40

Though it is not seen often in
in frequency

with age.

has vision loss due

From

to glaucoma.

These figures may indeed fluctuate higher or lower if the population sample

(

is

restricted, for example COAG is much more common in Blacks and relatively uncommon

2

in American Indians of the Southwest.

Nonetheless, Glaucoma accounts for 12% of

the new cases of blindness in the U.S. each year. 1- 5 • 9 • 10

(

Low-Tension Glaucoma,

being a clinically more difficult disease process to detect, could change these
statistics dramatically if thoroughly unveiled.

LTG is twice as common in

males and is most often encountered in the 60 to 70 year age bracket.
ingly, 29 to 36% are myopic and

it is

fe-

Interest-

thought due to a lower scleral rigidity

and the larger radius of curvature of the / cornea tonometric readings are skewed
falsely low.

2 3 5
• •

Hiatt, Deuth and Ringer conducted a study in which they

screened for patients with Glaucomatous changes with intraocular pressures never
having recorded over 21.9mm Hg by schiotz.

Of the ten patients that could be

defined with the above restrictions, all were older than 60.

Also noted in this

study was that four of the ten had vascular diseases and in only one was there
a positive family history for Glaucoma. 5
sites 93% of

(

41

Another study referred to by Harrington

eyes fulfilling the criteria for LTG has systemic abnormalities,

namely low blood pressure or history of a hemodynamic crisis.

These studies would

indicate to us that statistically we must be suspicious of glaucoma in Blacks, the
elderly, and those patients with vascular disorders.

12

The Glaucomatous visual

field is recognized as having several very characteristic abnormalities.
the earliest glaucomatous defects is an isolated paracentral

One of

scotoma in the

Bjerrum area which is most consistently discovered during static presentation of a
threshold light stimulus.

A second recognizable defect is an overall depression

of the peripheral isopters, and recently considered more important in glaucoma
detection is a depression of the central field. 12

Many ophthalmologists now rely

solely on central field testing and forego testing of the peripheral isopters.
Baring of the blind spot is also an early detectable defect which is seen as a
superior or inferior enlargement of the physiological blind spot.
is discovered superior to the blind spot.
(

More often it

This is actually an early nerve fiber

bundle defect that is not so dense that the stimuli under static presentation does

3

not completely define the limits of the defect.

One of the more diagnostic field

defects, the superior nasal depression and less often nasal step, is infrequently

("

found as compared to isolated scotomas of the central field.
more rare are temporal steps or sector defects.

Also seen but even

Another field defect to test for

as previously alluded to is the nerve fiber bundle defect.

The nerve fiber bundle

defect arches above and/or below the blind spot expanding in size nasally and ending abruptly at the horizontal raphe possibly producing a nasal step.
defect is most often seen superior to fixation.

The arcuate

It may or may not extend from the

blind spot but actually be midway from the blind spot nasally extended toward the
horizontal raphe.
tion.

As described by Seidel it is densest just above or below fixa-

This arcuate scotoma can be seen ophthalmoscopically as damage to the

retinal ganglion fiber layer off of the optic nerve head when viewed with the
red-free filter.l3

These arcuate scotomas are definitely indicative of glaucoma

and when discovered· in addition to other clinical evidence of the disease confirm

C)

.
.
d 1 oss o f v1s1on.
. .
1' 4-719'
1ts
presence an d rna k es treatment man datory to arrest cont1nue
2 10
While Low-Tension Glaucoma visual field changes tend to be very similar to
COAG field changes there have been studies that put this assumption to the test.
In a literature review of LTG by Levene, 12 he states differing views on the similarity of field changes in COAG and LTG.

Some researchers felt

the LTG variety

of field losses were quite dissimilar from COAG and yet others contend they are
practically identical in characteristics.

It is important to distinguish whether

or not the LTG field defects were due to a more advanced disease state due to the
lack of early detection of glaucoma which may be the case since elevated intraocular pressure is absent.

The significance here is the dissimilarity of field

changes would indicate separate etiologic factors in damage to the optic nerve
resulting in earlier damage to LTG patients.

Drance, et al.,

13

in an effort to

clear up this issue, compared LTG fields with COAG fields with each having virtually

(
4

identical degrees of optic nerve damage.

()

The study concludes statistically that

the visual field defects are in fact quite similar and it is the lack of disease
detection in its

earliest stages that makes the severity of vision loss appear

to be more pronounced in LTG.

The actual fiber damage then is the same

so Drance

concludes.
There has been recent concern that once Glaucomatous vision loss begins it is
very difficult to stop its progression.

A study by Abedin et al., 1 4 presents sev-

eral case examples of progressive field loss with lowered intraocular pressure.
Five patients never had an intraocular pressure measurement above 21.9 mm Hg and
four others had intraocular pressures which had been below normal since medical
treatment was instituted.

They, too, show visual fields that are similar in their

defects between the low tension group and the elevated tension group.
patients had progressive loss of vision at below normal tensions.

These nine

It was hypothe-

sized that the fibers once subtly damaged may continue to be compromised by mod-

()

erate levels of fluid pressures.

All but two of these patients had to undergo a

surgical procedure developed by these ophthalmologists called the "Shell-tamponade
Technique" to reduce pressures to below 12mm Hg where vision loss was then stopped.
They feel that pressures should be reduced to the single digit level whenever
possible in the highly vulnerable optic nerves that continue to be damaged with
theoretically acceptable pressures.
The healthy optic nerve head is variable in appearance and simple in structure.
It is made up of two components.

First it consists of the axons of the ganglion

cell layer of the retina and secondly its supporting connective tissue, astroglial
cells.

It is the loss of healthy axons and its supportive network which gives the

appearance of cupped or excavated nerve head. 3

Normal cupping occurs as the result

of a larger than necessary optic nerve head for the axons transversing the canal,

(

. d er o f t h e nerve h ea d 1s
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.
.
l- 4 , 10,14-16
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Generally the cup to disc ratio is less than .3 and symmetric in the two eyes,
but can be larger without the presence of glaucoma as in larger myopic eyes.
The depth of the cup varies too among a population.

It may be superficial or

depressed to the level of the lamina cribosa, which is scleral tissue, and
appears as pink strands when focused at this level with the ophthalmoscope.
Cupping is generally greater in ratio and depth in the black population.
The Glaucomatous disc has several recognizable features.

As the disease

progresses the size of the cup increases represented by the cup:disc ratio (C/D).
It is measured by either the point at which pink tissue ends and whiter tissue
begins or by contour of the cup which is visible binocularly using stereopsis.
Generally the color C/D is larger than the contour C/D but color C/D may be more
prognostic of the changes going on at the nerve head. 17

Occasionally the two

C/Ds of a nonglaucomatous patient may be assymmetric, but statistically a difference in C/D of .2 or greater is significant enough to warrant more thorough testing when present without other signs of glaucoma.

When the cup is ovally shaped

(larger vertically) the C/D ratio is represented as a fraction with horizontal
measurement in the numerator and vertical measurement in the denominator
.3/.4 .

such as

An oval appearing cup is an indication of advancing glaucomatous changes

going on. 9 • 15 - 17

Occasionally the ovalness appears as a distinct notching of the

rim tissue and very often this will correlate well with a visual field defect.l8
This notching is generally at the Superior Temporal or Inferior Temporal margin.
This rim tissue, when normal appears pink, and pallor approaching the rim should
be viewed with suspicion and weighed with other clinical evidence as suggestive
of glaucoma.

Pink rim tissue denotes adequate vascular perfusion while pallor

may indicate a disc that is more susceptible to increased intraocular pressures.
Slight temporal palloring of the disc is common but should not extend to the disc

(

margin as often is seen in glaucoma.

An increase in pallor will often accompany

6

notching of the rim tissue.
of loss of axonal tissue.
~·

1-4,10,15-17

Deepening of the cup occurs as the result

Appearance of the lamina, when absent in previous fundus

exams, is unequivocable evidence of a progressive glaucomatous state; therefore, in
evaluation of the disc it should be noted the relative depth of the cup by describing its depth in diopters where 1.0 D of change in your ophthalmoscope denotes 0.3mm
of cupping.

It is also possible to follow the glaucomatous changes by noting the

location of small blood vessels that serve the edge of the cup with drawings
photographs. 17

or

(Stereophotography is even more helpful in following glaucoma).

In

latter stages of the disease displacement of the central retinal blood vessels
nasally towards the less atrophic axons of the disc occurs and they may disappear
completely from view under the edge of the cup.

Infrequently, upon ophthalmo-

scopic examination, the clinician will find flame shaped hemorrhages on the disc
and in the peripapillary area that are associated with glaucoma.

Those hemorrhages,

though rare, are diagnostic of glaucoma and highly prognostic of the vision loss
.
19
occurrJ.ng.
Disc hemorrhages are increasingly being recognized as indicators of the level
of control of the intraocular pressure, visual field losses presently occurring or
to be expected in the very near future, and the relative fragility of the
of the optic nerve. 19
clinical

axons

Several studies have been conducted to better grasp

value of disc hemorrhages.

the

An early report of disc hemorrhage and its

close correlation tovisual field defects was presented by Beggs et al., 8

in

which he presents seven cases where documented is an expanded field defect of an
earlier recorded field loss or occurrence of a fresh scotoma at the time of,
shortly after the discovery of a hemorrhage at the disc.

or

While these patients

were originally classified as ocular hypertensives wi'th their highest recorded
tension being greater than 21.9mm Hg, all of the hemorrhages were discovered
when tensions happened to be within high normal ranges or just slightly raised.
(-

These cases were noted to have a high incidence of peripapillary atrophy that

7

might lead one to theorize a correlation between it and hemorrhages.

Six of these

had vascular disease present, usually hypertensive ischemic heart disease under
medical treatment.

The seventh patient ironically was only one of two with a pas-

itive family history of glaucoma, he also had low blood pressure leading one to
speculate an etiology related to decreased capillary perfusion as in Low-Tension
Glaucoma.

These hemorrhages were generally superficial in depth as opposed to

deep within the cup and linear or flame shaped extending to the peripapillary
area.

These hemorrhages most often occurred in the arcuate nerve fiber area

and thus may account for the documentation of field loss being so frequent.
These hemorrhages were quick to reabsorb so observing them may be rare due to
this.

Because of the symptomless, though prognostic significance in field loss

associated with disc hemorrhages, these

authors feel the hemorrhage is due to

a segmental ischemic optic neuropathy due to small vessel disease as opposed to
a total infarct of the optic nerve and the obvious symptomatic presentation

(

the patient in that case.

of

It is felt that this infarction of the arterial supply

to the optic nerve is similar to that which occurs in other tissues due to arteriosclerosis and atherosclerosis.

This would appear to be the case with six of

the seven cases presented by Beggs et al., and the seventh actually being

a

capillary perfusion deficiency due to low blood pressure and high normal tensions.
While there have been several other cases presented in the literature similar
to the one above describing a disc hemorrhage's propensity to result in field loss
other significant research studies have been conducted to investigate the frequency,
configuration, location and duration of disc hemorrhages.

Shihab et al.,

20

review-

ed 800 glaucoma patient charts and applied statistical analysis to 30 eyes

of

patients with a documented disc hemorrhage at some time during treatment.

The

hemorrhages lasted approximately between three weeks and five months before disappearing.

In 12 of the 30 eyes, the hemorrhage was followed by notching of the

neuroretinal rim tissue adjacent to the hemorrhage.

8

Seventy percent

of

the

25

hemorrhages occurred at the Inferior Temporal margins, this site is confirmed in
other studies as the most common site for a hemorrhage. 21 - 23

0

frequent location was Superior Temporal.

The second most

As earlier described, the hemorrhage

tended to be linear or flame shaped and superficial extending to the peripapillary area.

This study confirms the documentation of field changes at the time

of disc hemorrhage discoveries with seven of ten eyes with progressive loss of
vision being recorded at the same time and the other three eyes showing

pro-

gressive loss of vision between one week and seven months post-discovery of the
bleed.

All of these losses of vision were permanent in nature.

These studies

also noted the higher frequency of hemorrhage occurring with the low-tension
variety of glaucoma and its propensity to develop altitudinal field defects in
association with the

hemorrhages' inferior temporal location at the disc. These

studies, in their conclusion, emphasize the poor visual prognosis for those

.
24,.-25
pat1ents. · ·

CONCLUSION
This paper was able to reacquaint the eye care professional on the multifaceted disease of glaucoma.

It brought to attention the description of a

glaucomatous optic nerve head with an emphasis place on several studies linking
Low-Tension Glaucoma to hemorrhages at the disc.

It certainly is accurate to

assume a poor visual prognosis for the eye with a bleed.

Well documented in

the literature is the distinct correlation between visual fields and optic
disc pathology, especially hemorrhages, as the studies cited in this literature review specify.

Also explored here was the common visual field defects

encountered in glaucoma.

This forum allowed

us too, to familiarize ourselves

withthepopulation we may suspect to harbor the specific variation of glaucoma
referred to as Low-Tension Glaucoma.
60 and 70;

The elderly patient between the ages

the patient with a questionable

history of vascular disease

serious loss of blood resulting in perilously lowered blood pressure;

of
or a

myopes;

and finally the patient with a positive family history of glaucoma is to be
thoroughly screened against the deliterious effects of glaucoma.

\,)

()
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