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Abstract Elastin fibers in the lami- 
na cribrosa of glaucoma eyes have 
a curled appearance when the tis- 
sue is fixed at atmospheric pres- 
sure. To evaluate the effect of 
preparation conditions on elastin 
appearance, we set the eye pressure 
at one of four levels during tissue 
fixation in 18 glaucoma and 16 
normal eyes. Glaucomatous dam- 
age was associated with an abnor- 
mal appearance of elastin at each 
pressure level. The majority of 

glaucoma eyes (11/18) had curled 
elastin profiles. In glaucoma eyes 
with definite nerve damage, elastin 
was graded moderately or severely 
abnormal in 47% (7/15), while in 
normal controls the rate of similar 
curling was 6% (1/16). The severity 
of abnormal elastin appearance 
was lower in glaucoma eyes that 
were fixed and frozen at higher in- 
traocular pressures, but the differ- 
ence was not statistically signifi- 
cant. 

Introduction 

Glaucoma is differentiated from other optic neu- 
ropathies by its characteristic excavation of the optic 
nerve head [5, 7, 19, 21]. This physical change is impor- 
tant in clinical diagnosis and appears related to the 
pathogenetic events that lead to nerve fiber loss [4, 18, 
24]. During the excavation process, alterations occur in 
the extracellular matrix of glaucomatous optic nerve 
heads [6, 9, 12, 17, 19, 21-23, 25]. 

The major components of the extracellular matrix at 
the lamina are collagens, glycosaminoglycans, and 
elastin [8, 10, 11, 13, 15, 16]. These have been studied to 
some degree in glaucoma eyes, and a major change in 
their position and relationships occurs. There is a de- 
crease in the density of collagen, but no detectable shift 
in the diameter distribution of collagen fibrils [22]. 
There is a change in the distribution of some collagen 
types, particularly collagen type IV, in glaucoma nerve 
heads [6, 12, 17]. This seems to indicate either new syn- 
thesis of collagen or a translocation of existing material. 
The glycosaminoglycans have been studied in detail on- 
ly in normal eyes [14, 26]. 

The distribution of elastin was first detailed in the 
lamina cribrosa by Anderson [1], though its presence 
has been known for many years [5]. Hernandez and co- 
workers showed an impressive amount of elastin in the 
area surrounding the nerve head [10, 11] and suggested 
that a loss of elastin or changes in its ultrastructural 
appearance occur in glaucoma [12]. We described an 
abnormal, curled appearance of elastin in glaucomatous 
nerve heads [23]. 

In this report, we attempt to confirm that the histo- 
logical appearance of elastin is altered in glaucoma eyes 
and to determine if this alteration is related to the condi- 
tions under which the eye is prepared. Elastin may be 
able to change shape alter aldehyde fixation; hence, it is 
possible that its appearance depends upon the pressure 
of the eye at the time of preparation. No prior study, to 
our knowledge, has examined this feature. We compare 
the elastin appearance in normal and glaucomatous 
eyes that were fixed and sectioned after preparation at 
four different levels of intraocular pressure. 
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Methods 
Human eyes were obtained from eye banks and from national 
distribution systems. Those with no history of ocular disease and 
a normal optic nerve by histological study were classified as nor- 
mal controls. Those with a history of treatment for glaucoma 
according to the hospital chart or family members were consid- 
ered to have had glaucoma. Among the 18 eyes of 10 glaucoma 
patients included here, 9 eyes of 5 persons had a detailed oph- 
thalmic history that confirmed the diagnosis of open-angle glau- 
coma. In 11 eyes of 6 persons with a glaucoma history, atrophy of 
the optic nerve or optic nerve head confirmed the presence of 
glaucoma. Thus, either detailed history or confirmatory histology 
were available for every eye. This research conformed to the prin- 
ciples embodied in the Declaration of Helsinki. 

The normal control group consisted of 16 eyes of 9 persons. 
Their optic nerve area was calculated by a previously published 
histological method [20]. Every control eye had an optic nerve 
area that exceeded the lower limit of normal in our previously 
reported control nerves (6.6 mma). 

The male/female ratio was equal in both glaucoma and normal 
eyes. Each group had one black person and the remainder were 
white. The glaucoma and normal groups had no statistically sig- 
nificant difference in mean age (t-test, P > 0.05). The time from 
death to fixation averaged 4 days in the glaucoma group and 3 
days in the normal group, with only one eye in each group fixed 
more than 5 days after death. These times are considerably longer 
than in previous reports from this and other laboratories, as the 
tissues were shipped to us unpreserved, typically by overnight 
mailing services. 

For initial tissue preservation, a 23-gauge needle was inserted 
into the pars plana, connected to a reservoir with 4% 
paraformaldehyde with 5% sucrose in 0.1 M phosphate buffer, 
pH 7.4. The height of the reservoir was set to achieve an immedi- 
ate pressure within the eye of either 12, 34, 53, or 70 mmHg. 
Fixation continued for 1-3 h. A cross-section of the optic nerve 
was removed and marked for identification of the superior and 
nasal aspects with a razor blade. This specimen was processed for 
thick-section, epoxy embedding as previously described [20, 21]. 
Optimal cryopreservation was obtained by stepwise infiltration 
with increasing gradients of sucrose in 0.1 M phosphate buffer to 
a final concentration of 20% sucrose, Then, specimens were 
placed into two parts of 20% sucrose solution and one part of 
embedding medium (OCT, Miles, Elkhart, Ind.) [2]. While the eye 
was maintained at the set pressure, it was frozen in isopentane 
that was cooled by liquid nitrogen. 

The optic disc was removed from the frozen globe and the 
shape of the surrounding sclera was cut to identify its superior 
pole. This was cryosectioned serially from the vitreous cavity to 
the retrobulbar optic nerve and stained by the Luna method [23]. 

The sections from both normal and glaucoma eyes were exam- 
ined and the areas that included the lamina cribrosa were selected. 
The labels of these slides were coded. An additional set of sections 
from eyes prepared at atmospheric pressure [23] were also coded 
and read along with the new set to mask the reader more fully. 
One of us (H. Q.) then evaluated the appearance of the elastin in 
the lamina cribrosa on a four-level scale: normal (0) and mild (1), 
moderate (2) and severe (3) abnormality. An eye was defined as 
having mild curling (grade 1) if more than one beam of the lamina 
had curled elastin fibers (Fig. t). Moderate curling (grade 2) was 
assigned to eyes in which the majority of laminar beams were 
involved. Severe curling (grade 3) denoted laminas in which nearly 
all beams had a curled elastin appearance. 

All specimens were graded twice in masked fashion. Of 34 eyes, 
19 had the same grading on both occasions. In the other 15 cases, 
an adjudication was made by the reader on a third, masked read- 
ing. In these, the two initial readings differed by one grade in 10 
eyes and by two grades in only 5 eyes. No specimen differed in the 
two readings by three grades. 

Fig. la-c  The appearance of elastin fibers stained by the Luna 
method in beams of the human lamina cribrosa, a In a normal 
lamina, the fibers are straight and course across the nerve head 
opening from side to side. b In a glaucoma specimen with mild 
abnormality, some elastin fibers in a few areas can be seen to be 
curled, c In a severely affected glaucoma specimen, most of the 
elastin fibers are curled 
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Results 

Among all eyes with a history of glaucoma, 11 of 18 
(61%) were judged to have an abnormally curled ap- 
pearance of their elastin (Table 1). Three glaucoma eyes 
of two persons were found to have no atrophy in the 
sections of their optic nerves. When these are excluded, 
the abnormal elastin rate was 10/15 (67%) in glaucoma 
eyes with confirmed damage. Four of the 16 normal eyes 
(25%) had an abnormal elastin grading. The difference 
between glaucoma with damage and normal was signif- 
icant (chi-square test, P < 0.05). 

The glaucoma and normal eyes differed even more 
strikingly in their rates of moderate or severe curling of 
elastin (grades 2 and 3). Thirty-nine percent of all glau- 
coma eyes (7/18) and 47% (7/15) of damaged glaucoma 
eyes fell into these categories, while only one of the 16 
normal eyes did (6%). When one eye was selected at 
random from each glaucoma and normal person, these 
results were not affected substantively (Table 1), though 
the numbers were too small to demonstrate a statistical 
difference. 

Eyes were fixed at four levels of pressure: 12, 34, 53, 
and 70 mmHg (Table 2). Five of the seven eyes with 
moderate and severe curling were fixed at the two lower 
pressure levels. All four of the eyes with mild curling 
were in the two higher pressure levels. Among normal 
eyes, only one eye was graded as moderate or severe 
curling and it, too, was in the lower pressure fixation 
group. The numbers of glaucoma eyes that were avail- 
able remained small despite nearly 2 years of collection. 
Hence, we collapsed the grading and eye pressure 
groups into a 2 x 2 matrix that showed a trend toward 

Table 1 Elastin grading in glaucoma and normal eyes. Eyes pre- 
pared at different pressures are grouped together 

Elastin Analyzed by eyes Analyzed by persons 
grading 

Glaucoma Normal Glaucoma Normal 

Severe 4 (22%) 1 (6%) 3 (30%) 1 (11%) 
Moderate 3 (17%) 0 1 (10%) 0 
Mild 4 (22%) 3 (19%) 3 (30%) 2 (22%) 
Normal 7 (39%) 12 (75%) 3 (30%) 6 (67%) 

Total 18 16 10 9 

Table 2 Elastin grading in glaucoma eyes by pressure at fixation 

Elastin Pressure at fixation 
grading 

12 mmHg 34 mmHg 53 mmHg 70 mmHg 

Severe 2 1 0 1 
Moderate 1 1 1 0 
Mild 0 0 1 3 
Normal 2 2 2 1 

Table 3 Elastin grading in glaucoma eyes with condensed group- 
ings 

Elastin Pressure at fixation 
grading 

12 or 34 mmHg 53 or 70 mmHg 

Moderate or severe 5 2 
Mild or normal 4 7 

Difference not statistically significant, chi-square test, P=0.33 

more eyes with abnormal elastin appearance in the low- 
er pressure groups, but no statistically significant differ- 
ence (Table 3). 

When only one eye was selected at random from each 
patient, the same trend was observed. In the two lower 
pressure groups, three of five glaucoma eyes had moder- 
ate or severe curling of elastin, while in the two higher 
pressure groups, only one of five eyes had moderate or 
severe curling. 

The time between death and fixation of the eye was 
unrelated to the elastin appearance. 

In the area of the sclera immediately surrounding the 
lamina cribrosa there was no detectable difference in the 
appearance of elastin. This insertion zone is rich in 
elastin fibers that are oriented circumferentially and in- 
to which the most peripheral laminar beams are insert- 
ed. 

Discussion 

In this and a previous report [23], we have studied the 
histochemical appearance of the elastin in the lamina 
cribrosa from a total of 37 glaucoma eyes. The present 
protocol imposed stricter preparation conditions than 
in our first study and introduced masked grading of 
elastin. In eyes with glaucoma damage, elastin within 
beams of the lamina cribrosa is often curled in appear- 
ance compared to its normally straight configuration. 
Examination of the laminar beams in glaucoma eyes by 
transmission electron microscopy shows a disruption of 
their normal architecture [22, 23]. This is manifest as an 
increase in space between collagenous fibrils. In addi- 
tion, the elastin complexes are more separated from the 
surrounding collagen than normally. 

We have speculated that elastin fibers are straight in 
the normal lamina because they are subjected to tension 
by the eyewall through their attachment to tissues at the 
margin of the optic nerve head. The predominant orien- 
tation of both collagen fibrils and elastin fibers at the 
lamina is in the direction of the circumference of the 
globe. It is reasonable that the disruption of laminar 
architecture induced by glaucoma leads to a dissocia- 
tion between elastin and the other components of the 
extracellular matrix. This might remove the force trans- 
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mitted to elastin by ocular wall tension, leading to a 
curled appearance. 

It was possible that the curled elastin in glaucoma 
eyes in our original study resulted from fixation at at- 
mospheric pressure [23]. However, normal and glauco- 
ma eyes were similarly prepared, while the curled elastin 
was seen predominantly in the glaucoma eyes. Further- 
more, within individual glaucoma nerve heads, curled 
elastin Was found more often in areas of the nerve head 
with nerve fiber loss, and not in zones without loss of 
nerve bundles. Hence, the curled appearance seemed re- 
lated more to glaucoma damage than to tissue preserva- 
tion. The present examples show that the abnormal 
elastin configuration is present in many glaucoma eyes, 
whether they are prepared at normal or at considerably 
elevated pressures. 

There was a tendency for the curling of elastin to be 
less pronounced in eyes prepared at higher pressures, 
but the difference was not statistically significant with 
the sample size available. It is impractical to study sub- 
stantially more eyes, as the acquisition of those present- 
ed here took more than 2 years. A trend toward less 
elastin curling in eyes with higher pressures might indi- 
cate that the post-mortem elastin appearance is respon- 
sive to changes in eyewall tension. In general, the curled 
elastin appearance was still present under a variety of 
preparation conditions. 

It is likely that the curled appearance of elastin is a 
specific change caused by glaucoma. Hernandez and co- 
workers have reported a change in the ultrastructural 
appearance of the dense component of elastin in glauco- 
ma eyes [9]. They also report a decrease in the number of 
elastin fibers in qualitative evaluations of immunofluo- 
rescent-stained material [12]. We found no change in the 
number of elastin molecules per unit area in experimen- 
tal glaucoma in monkey optic nerve heads [22]. Further- 
more, we detected no difference in the number of elastin 
fibrils in laminar beams with the masked, semiquantita- 
tire grading system reported here. Possibly the disrup- 
tion of laminar architecture in glaucoma alters the im- 
munofluorescent labelling of elastin or its ultrastruc- 
tural appearance. It is clear that further studies of elastin 
in glaucoma are merited. 

An alteration in elastin structure might affect the 
ability of the nerve head to restore its original position 
after modest deformation. With every pulsation of the 
ocular blood vessels, the eyewall measurably expands 

and contracts. The nerve head contains the lowest 
amount of COlanective tissue per unit area of any portion 
of the eyewall. Hence, it is probably the weakest zone of 
the sclera. It contains an extraordinary complement of 
elastin, while the remainder of the sclera has nearly none 
at all. This may be an adaptation to the need for elastic 
recoil in response to momentary shifts in eye pressure. A 
loss of the contribution by elastin to this ability would 
lead to lower tissue compliance. 

If the elastin complex loses its normal attachments to 
the extracellular matrix during glaucoma injury [23], the 
behavior of the nerve head may be profoundly altered. 
Zeimer and Ogura measured the biomechanics of the 
optic nerve head in glaucoma eyes [28] under post- 
mortem, laboratory conditions. The compliance of 
glaucoma nerve heads was lower than that of normal 
eyes when small movements in the disc were induced by 
pulses of increased pressure. Decreased compliance of 
the nerve head of glaucoma eyes was also suggested by 
our studies of experimental glaucoma in vivo [3]. In 
monkey eyes, changes in intraocular pressure cause 
measurable movements in the surface topography of the 
optic disc. Such movements are smaller in eyes with 
severe glaucoma damage than in less damaged eyes. A 
similar observation has been made by Shirakashi et al. 
in movements of the nerve head surface in monkey eyes 
with chronic glaucoma after spontaneous reductions of 
intraocular pressure [27]. 

The susceptibility to injury in glaucoma may be sub- 
stantially dependent upon the function of the extracellu- 
lar matrix components of the optic nerve head. Conceiv- 
ably, functional properties of elastin vary from one indi- 
vidual to another, representing a major determinant of 
the resistance of the optic nerve head to glaucoma in- 
jury. Changes induced in the function of elastin as glau- 
coma procedes may make further injury more likely if 
compliance of the nerve head declines. Clinical provoca- 
tive testing of the nerve head compliance may provide 
important information about susceptibility to glaucoma 
damage. 
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