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Juxtacanalicular Tissue in Pigmentary and Primary
Open Angle Glaucoma
The Hydrodynamic Role of Pigment and Other Constituents

Collin G. Murphy, PhD; Mark Johnson, PhD); Jorge A. Alvarado, MD

» We tested the hypothesis that ob-
struction of the juxtacanalicular tissues,
by melanin granules in pigmentary glau-
coma and by other impermeable material
in primary open angle glaucoma, leads to
the development of a chronic glaucoma-
tous condition. The distribution and con-
centration of melanin and cther imperme-
able materials in the juxtacanalicular
tissues and elsewhere in the trabecular
meshwork was determined in 13 speci-
mens. Six specimens were from patients
with pigmentary glaucoma, two from pa-
tients with pigment dispersion syndrome,
and three from patients with primary open
angle glaucoma, as well as two from nor-
mal subjects. The effect of these materials
on flow resistance was estimated using
two hydrodynamic models. In model A,
the electron-lucent spaces of the juxta-
canalicufar fissue were assumed to be
open spaces, while in mode! B, these
spaces and spaces filled with ground
substance were assumed to be gel filted.

Deposition of melanin granules within

the trabecular tissues has been as-
sociated with a short-term or even 2
long-term elevation of the intraccular
pressure {IOP).! The short-term pres-
sure rise seems to be produced by the

See also p 1769.

sudden obstruetion of agueous outflow
as demonstrated experimentally in per-
fusion studies.' These intermittent el-
evations of pressure are also observed
clinically when pigment is released fol-
lowing either pupillary dilation or vig-
orous exercise in susceptible persons.®*
How pigment aceumulation leads to the
development of chronic IOP elevation
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In pigmentary glaucoma, 3.5% of the pig-
ment was found in the juxtacanalicular
tissue, while 96.5% was found In the cor-
neoscleral and uveoscleral tissues. Per-
meabilities calculated according to model
A were much higher than those expected
from estimates of outflow facility in afl
groups, in agreement with the previous
report of Ethier et al. The gel-filied spaces
available for fluid flow, as determined
by model B, showed no statistically
demonstrable differences (pigmentary
glaucoma, 32.9%; primary open angle
glavcoma, 36.6%; pigment dispersion
syndrome, 43.4%; normal, 44.1%). Fur-
thermore, the amount of pigment present
in the juxtacanalicular tissue was deter-
mined to have a negligible influence on
permeability. Thus, the development of
the chronic glaucomatous condition can-
not be directly attributed fo pigment ac-
cumulation in the juxtacanalicular tissue
in pigmentary glaucoma.

{Arch Ophthaimol. 1992;110:1779-1785)

and pigmentary glaucoma (PG) is un-
c¢lear. It has been proposed that melanin
granules become trapped at the level of
the juxtacanalicular tissue (JXT), lead-
ing to the permanent ohstruction of
aqueous outflow.? This process would be
analogous to the plugging of a kitchen
sink by coffee grounds. However, his-
tologic studies have shown that surpris-
ingly few melanin granules are in the
JXT and have not identified other ob-
struction sites.!016

Morphometrie methods have been
used in conjunction with porous media
theory to estimate the amount of flow
resistance generated by the content of
materials with low permeability in the
JXT. Such methods have suggested (in
one eye) that in patients with PG there
is a higher resistance compared with
patients with primary open angle glau-
coma (POAG) and normal subjects.’”
This observation raised the possihility
that deposited pigment granules reduce
the space occupied by the highly con-
ducting or more “porous” structures of
the JXT. To test this hypothesis, we
first measured the content of melanin
granules within the JXT (and the other
trabecular meshwork [TM] layers) and
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then ealeulated how the JXT permeabil-
ity might be altered in PG and POAG.

Our measurements do not support
the idea that melanin granules are pref-
erentially trapped in the JXT, as most
of the pigment particles in PG speci-
mens are found upstream in the uveo-
scleral (UVM) and corneoscleral (CSM)
meshworks. We find little evidence to
support the hypothesis that an obstrue-
tion by melanin or other materials with
low permeability leads to an alteration
of the JXT permeability and produces
the chronie glaucomatous condition in
PG orin POAG. However, these studies
do provide a broader verification of the
conclusion of Ethier et al'” and Seiler
and Wollensak™ that the electron-
lucent spaces found in the JXT must be
gel filled to generate a significant flow
resistance.

" MATERIALS AND METHODS

Specimen Collection and Preparation

Thirteen specimens were collected for this
study (Table 1). Six specimens from patients
with PG were obtained at trabeculectomy
and fixed within seconds affer excision.
These specimens were especially dissected
to ensure that the entire outflow pathway
and the irfs root were included in each tissue
block (Fig I). The only exception is specimen
0186, which was missing a portion of the
UVM. Two pairs of eyes from patients with
pigment dispersion syndrome (PDS) without
glancoma (ie, normal IOP and outflow facil-
ity) were also analyzed. One pair was ob-
tained and fixed immediately after death and
the other was obtained ard fixed 12 hours
post. mortem.

Three age-matched specimens from pa-
tients with POAG included one promptly

-fixed trabeculectomy specimen and two
pairs of eyes fixed within 4 hours post mor-
tem. Two age-matched pairs of eyes from
nonglancomatous normal subjects (NL),
fixed 4 hours post mortem, served as con-
trols. Patient ages, IOPs, and medications
are Hsted in Table 1. Informed consent was
obtained, before undertaking this study,
from patients or relatives according to stan-
dard methods. None of the specimens had
received prior laser treatment, with the ex-
ception of case 1362, in which one meshwork
quadrant, 180° from the trabeculectomy site,
had been treated with the argon laser in-
strument. Tissues were fixed, dehydrated,
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Patient Intraocular
Diagnostic  Age, y/ Specimen  Pressure, Specimen
Group Sex Medicationst No. mm Hg Source
PG 23/ Epinephrine hydrochloride, 0169 30 T
timoloi maleate, pilocarpine
nitrate, acetazolamide
0186 30 T
64/F Timolol, pilocarpine, acetazola- 0834 44 T
mide
67/M  Epinephrine, ttmolol, pilocarpine, 1243 33 T
acetazolamide
1314 30 T
68/M Epinephrine, pilocarpine, aceia- 1362 37 T
zolamide, betaxolol hydro-
chieride
PDS 30/F e 0618 13 Eyes
67/M Epinephrine, timolol 0845 18.8 {£3.3) Eyos
POAG 62/ Pilocarpine 0977 26 T
62/M Pilocarpine, acetazolamide, 1335 27 T
betaxolol, methazolamide
71M Epinephrine, pilocarpine, aceta- ost20U 32 Eyes
zolamide, echothiophate
iodide
NL eyes B64/M 0406 Eyes
69/M 0127 Eyes

*Intraocular pressure indicates highest recorded; PG, pigmentary, glaucoma; T, trabeculectomy; PDS,

pigment dispersion syndrome; POAG, primary open angle glaucoma; and NL, normal nonglaucomatous. For

specimen 0845, intraocular pressures measured during a 19-year period were averaged. This patient had

a facifity of outflow of 0.24, and no visual field defects or disc changes were cbserved during this time.
tMedications include all of those used during the course of treatment.

embedded, and sectioned as deseribed in a
previous report.!?

Morphometry

Only the portion of the JXT internal to
Schlemm’s canal was considered; this region
was defined as the connective tissue limited
internally by the outermost aquecus chan-
nels or intertrabecular spaces, externally by
the endotheliumn of the inner wall of
Schlemm'’s canal, and anteriorly and posteri-
orly by the corresponding margins of
Sechlemm’s eanal.'” Meridional tissue sections
of the JXT were photographed in a series of
contiguous micrographs that were then as-
sembled into a montage representing the
entire structure (X6500).

The montage was divided into segments at
approximately 30-pm intervals along its an-
teroposterier axis {five to 10 such segments
for each specimen). The area of each seg-
ment, its open spaces {model A; see below),
and constituents (model B; see below) were
traced to make the. desired measurements
(Fig 2). To deseribe the structure of the JXT
in greater detail, its average thickness (mean
of means) was determined from measure-
ments taken at 3-pm intervals.

The pigment content was assessed by
measuring its distribution and concentration
within three regions of the TM (JXT, CSM,
and UVM). Pigruent distribution was deter-
mined by first measuring the aggregate area
occupied by both intracellular and extracel-
lufar melanin granules in the entire TM.
Then, the percentage of that area found in
each region was used to describe pigment
distribution. Pigment concentration in each
region was determined by dividing the area
occupied by melanin pranules in a specified
region by the area of that tissue. For the
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JXT, the electron micrograph montages de-
scribed earlier were used, and for the CSM
and UVM, we used montages of light micro-
graphs {magnification, xX1700) made from
meridional sections of specimens from pa-
tients with PG and PDS. (Morphometric
measurements were carried out on a Sum-
magraphics digitizing pad [Fairfield, Conn]
interfaced with an IBM XT personal com-
puter.) So few melanin granules occurred in
the CSM and UVM of POAG and NL spec-
imens that we did not measure their area,

Permeabitity Models

Two hydrodynamie models of the JXT, as
described by Ethier et al' were used to
characterize its hydrodynamic properties. In
model A, the electron-lucent spaces in the
JXT (Fig 2, top) were considered to be open
spaces available for flow. For calenlations
with this model, the areas and perimeters of
individual electron-lucent spaces in the JXT
were traced on each segment. Then, we cal-
culated porosity, specific surface, and hydro-
dynamic permezbility in two specimens from
each diagnostic group (eight eyes). Porosity
(g, calculated as “pore” volume per unit voi-
ume) was defined as the ratio of the sum of
the electron-lucent areas in the JXT to the
total JXT area. Similarly, specific surface (S,
calculated as pore surface area per unit vol-
ume) was determined as the ratio of the sum
of the perimeters of the electron-lucent
spaces to the totai JXT area. Hydrodynamic
permeability (K, expressed in square centi-
meters) was then determined by the
Carman-Kozeny equation: K=e%/482" A re-
lated value, the hydraulic radius (2¢/5), char-
acterizing the average size of openings in the
JXT, was also calculated.
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In model B, the electron-lucent spaces and
other spaces filled with a light gray, amor-
phous, gel-like material (ground substance)}
are considered to be filled with a homogeneous
gel and available for flow. For caleulations
with this model, the areas occupied by imper-
meable JXT constituents were traced oneach
sepment (Fig2, middle, bottom}. The fractions
of each segment occupied by melanin (intra-
cellular and extracellular), plaque material,'®
collagen {fibrils and bundles), and cells were
calenlated. These measurements were made
in 13 specimens. The aggregate area of imper-
meable material was then divided by the total
JXT area to yield the impermeable fraction or
proportion of thistissue occupied by imperme-
able structures. The remaining tissue is de-
fined as the JXT area occupied by a gel, or the
gel fraction. As an indicator of tissue hydro-
dynamic permeability, we compared the gel
fraction among the diagnostic categories. To
determine how pigment accumulation af-
fected the gel fraction, we caleulated how this
fraction would have increased by removal of
both intracellular and extracellular pigment.
Then we could determine the direct, poros-
ity-decreasing effect of pigment on flow
resistance,

The fractional increase in flow resistance
(AR) due to accumnlated pigment was found
as follows:

AR:(AO!Agel) - lz(Ai:p+ AquJ/Agelr
where A, indicates gel fraction; A, intra-
cellular pigment; A.., extracellular pigment;
and Ag=Ay+ Aip+ A Implicit in this equa-
tion is the assumption that the extracellular
matrix permeability in the gel-filled spacesis
the same with or without pigment, consis-
tent with the hypothesis that we are exam-
ining, namely, that pigment affects outflow
resistance by direetly decreasing the open
space available for flow.

Mean values for each of the variables
measured in the two models were obtained
using data from the entive JXT region. The
values for the individual segments were used
to calenlate an SE for each specimen.

RESULTS

Pigment Distribution and Concentration

Inspection of Table 2 shows large and
statistically significant differences in:
pigment, distribution among the tissue
regions. In PG, most of the pigment
(96.5%) is found internal to the JXT in
the CSM and UVM meshworks. Only a
minor portion (3.5%) of the pigment is
actually present in the JXT. Table 2
shows that regional differences in pig-
ment coneentration, however, are less
striking, but still statistically demon-
strable. The JXT has an average con-
centration of 1.3% compared with 3.9%
and 2.8% in the CSM and UVM, respec-
tively. In comparing PDS with PG, it is
difficult to determine whether there are
any real differences in pigment distri-
bution, concentration, or the total
amount of pigment in the TM. The small
differences observed in Table 2 are not
statistically significant.
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Fig 1.—Severe case of pigmentary glaucoma in a 62-year-old man. Topleft, Goniophotograph. Note intense trabecular pigmentation and Krukenberg

spindle on the comea. Top right, Trabeculectomy specimen (No. 1362} from the same patient. A black band of tissues has been created by the
deposited pigment granules. The entire outflow pathway is included in the specimen. Note the ciliary body band, iris root, filtration zone, etc {<200).
Light micrographs of meridional sections of this specimen are shown at center and bottom parts of this figure. Center left, Pigment deposited in the
trabecular meshwork is most concentrated in the uveal and corneoscleral tissues (x600). Center right, Higher magnification. Note relative lack of
pigment accumuiation in the juxtacanalicular tissue region (arrows) (x800). Bottom left, Abundant pigment in corneoscleral and uveoscleral mesh-
works (X600}. Bottom right, Rounded nuclei (arrows) indicate necrotic cells in the uveal meshwork (toluidine blue, x600).

Permeability Models

The permeability values of the JXT of
the eight specimens caleulated using
model A are given in Table 3. Relative
values are ordered as might be expected
for the diagnoses. The highest calculated
hydrodynamic permeability was ob-
tained in NL specimens (mean
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K=60.8x107" em?) and the lowest was
obtained in POAG specimens (mean
K=3.25x 107" erf). Intermediate values
were obtained for the PDS specimens
(mean K=9.3X107'% em? and PG speci-
mens (mean K=185x10"12 em?). How-
ever, all of these values were much
greater than the known typical values of

thenormal (0.35 % 10~ cm?) or glaueoma-
tous {0.06 to 0.11x1072 em? outflow
pathway (see “Comment” for details), in
substantial agreement with the findings
of Ethier et al.l”

Porosity and hydraulic radius mea-
surements also seem to be ordered ac-
cording to expectations, as with the

Juxtacanaticular Tissue—Murphy et al 1781




Fig 2.—A portion of Schiemm's canal (SC) and juxtacanalicular tissue {JXT} is shown at the
magnification (uranyl acetate—lead citrate, X 8500) used to make the measurements (specimen
845). Top, The JXT (outlined by dotted line} extends between the inner wall (IW) endothelium
lining SC and the trabecular cells (TC) lining the outermost aqueous channels of the trabec-
ular meshwork. Electron-lucent spaces (hatched regions) were cutlined to determine their ar-
eas and perimeters for the porosity and permeability caloulations according to model A. Cen-
ter, For model B, the areas occupied by several types of impermeable components were
measured. Here, plaque material (hatched areas} is indicated on the same micrograph as at
top. Bottomn, Additional materials measured for model B included areas occupied by cellular
material (blackened areas), collagen (hatched areas), and melanin granutes (not shown). To
determine the gel fraction, the areas of plaque, cells, collagen, and melanin were subtracted

from the total JXT area.

The fractions for wvarious Ilow-
permeability constituents of the JXT
and the permeable gel-filled spaces cal-
culated according to model B for 13

permeability calculations (Table 3). The
thickness of the JXT is highly variable,
with no clear differences among diag-
nostic groups (Table 4).
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specimens are given in Table 5. Again,
as seen for model A, the relative values
for the fraction of permeable spaces
were ordered as might be expected
among the diagnostic categories; ie, NL
and PDS specimens had higher average
gel fractions (0.44 and 0.43) than did PG
and POAG specimens (0.33 and 0.37).
However, there was a large variability
within categories, and no statistically
discernible difference could be found for
this or any of the other constituent
fractions measured. The gel fraction
data indicate that on the average, 40%
(measured range, 22% to 50%) of the
JXT tissue is actually occupied by per-
meable spaces.

There seemed to be somewhat more
pigment in the JXT in PG (1.0%) and
PDS (0.7%) than in POAG (0.2%) and
NL (0.15%) specimens, but the number
of specimens was too small to demon-
strate statistical significance. The frae-
tional inerease in flow resistance due to
pigment was small in all groups, and
averaged only 0.9% in PG.

COMMENT

The main focus of our investigation
was to test the hypothesis that za
buildup of pigment in the JXT region
might obstruct aqueous outflow and
contribute to the elevated flow resis-
tance characteristic of PG. Distribution

+ studies indicate that the preponderance

of pigment granules are trapped up-
stream of the JXT. These findings agree
with previous qualitative observations
as reported by others.”™'® Even in the
specimen (No. 1362, Fig 1) that had six
times more pigment than the others,
only 7.5% of its pigment was in the JXT.
Buildup of pigment in the UVM and
CSM would result from an “upstream”
capture of this particulate matter be-
fore it reaches the JXT. This mecha-
nism has been demonstrated in an ex-
perimental model® and would be
expected, since trabecular cells are avid
phagoeytes.?! Our studies indicate that
approximately 1% of the JXT is occn-
pied by melanin. Whether this amount
of pigment would be sufficient to play a
major role in outflow obstruction was
ascertained by comparison of caleulated
hydrodynamie properties of the JXT in
PG and the other diagnostic eategories.

The JXT permeabilities caleulated
using model A, in which only the
electron-lucent spaces in the JXT are
presumed to be available for fluid flow,
indicate no significant differences
among the diagnostie categories, even
though the trends were in the direction
expected. Outweighing any such trends
is the striking faet that all of the caleu-
lated permeabilities are much too high
compared with the expected values.

Juxtacanalicular Tissue—Murphy et al



Pigment Distribution Pigment Concentration
Diagnostic (% of Total Pigenent) (% of Tissue Area)

Group, I 1 I ]
Specimen No. JXT CSM UvM JXT CSM UvM
PG

0169 45 80.0 155 0.2 0.5 0.2
0834 10 46.8 52,2 0.6 1.8 1.4
1243 1.3 275 71.3 04 3.7 1.0
1314 34 48.0 48.5 11 1.6 11
1362 75 62.5 30.0 4.0 12.0 7.8
Mean+5E 35x1.2 53.0x8.7 43.5+9.6 1.3x0.7 3.9+2.0 23x13
PDS
0619 0.3 50.0 49.7 1.2 104 19.0
0845 12 52.1 48.7 0.2 1.5 f.1
Mean+=SE 0.8+05 51.0+1.0 48.2+1.5 0.7+05 6.0x+4.5 10.186

*PG indicates pigmentary glaucoma; PDS, pigment dispersion syndrome; JXT, juxtacanalicular tissue;
CSM, comeoscleral meshwork; and UVM, uveoscieral meshwork. Pigment distribution is shown as the per-
ceniage of pigment found within the three meshwork regions in each specimen. Pigment concentration is
shown as the percent of tissue area occupied by pigment in each specimen region. Regional differences
in distribution of pigment are significant {one-tailed, paired ttests). For PG, JXT vs CSM, P<.001; JXT vs
UVM, P<01; for PDS, JXT vs CSM, P<.005; JXT vs UVM, P<.02. Regicnal differences in concentration
are significant when the JXT and CSM are compared in all seven specimens (one-taited, paired | test,
P<.05), while other comparisons are of borderfine significance {P=1).

Diagnostic Group, Permeability, Hydraulic Radius,
Specimen No. Porosity cm?x10-12 pm
PG
1243 0.125+0.026 5724 0.27+0.02
1362 0.181:+0.010 31.3+6.6 0.53+0.04
PDS
0619 0.106::0.029 6.8x4.4 0.32:+0.05
0845 0.129=0.018 11.8X8.8 0.38£0.02
POAG
1335 0.051:+0.023 289+127 0.30£0.09
0612 0.065:0.008 3407 0.29+0.02
Normai
0406 0.143:0.014 20.4+4.8 0.48::0.03
o127 0.259+0.023 100.3+29.5 0.79+0.09

*JXT indicates juxtacanalicular tissue; PG, pigmentary glaucoma; PDS, pigment dispersion syndrome;
and POAG, primary open angle glaucoma, Values are mean+SE. For reference, the estimated permeabil-
ity of the aqueous outflow system (see text) is approximately 0.35x 10" em? for normal subjects and ranges
from 0.038 0 0.11>107'2 cm? for patients with glaucoma. See text for explanation of Model A.

(For this computation, we have
assumed that the entire pressure drop
in the aqueous outflow pathway occurs
across the JXT and have used known
outflow facility values and Darey’s law:
AP/Q=pL/KA, where AP is the system
pressure drop [~5-mm Hg pressure
drop]; Q, the flow rate [~2 pL/min]; p,
the viscosity of the aqueous humor [0.72
centipose]; L, the distance across the
JXT [10 pm]7; and A, the cross-
sectional area facing flow [(.11 em?]2
For normal eyes, we used an I0P of 15
mm Hg and a 4-mm Hg pressure drop;
for glaucomatous eyes, we used an IQP
of 25 mm Hg [15-mm Hg pressure drop]
or 40 mm Hg [30-mm Hg pressure
dropl). The major cutflow pathway or
TM in normal eyes has a permeability of
0.35X107" em?, Our studies show that
the JXT has a mean permeability in
normal eyes of 60.3x 1072 em2, or about
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200 times greater than that expected if
2 major portion of the resistance to
aqueous outflow resides in the JXT. In
glaucomatous eyes, the permeability
for the outflow pathway ranges from
about 0.11x107%2 em?® to 0.058x10°12
em?. The mean JXT permeability ob-
tained for POAG specimens in this
study is at least 30 times greater than
the expected value, since it measures
3.25X 107 em® One conelusion from the
use of model A is that the open spaces
in the JXT are too large to generate a
significant flow resistanee unless they
are gel filled, as pointed out by Ethier
et al'” and Seiler and Wollensak.®
Although some of the values used in
our computations of expected JXT per-
meabilities may be inaccurate, it is un-
likely that these discrepancies eould ac-
count for the differences noted. For
instance, we used a value of 0.11 em?2 for

Diagnostic Group, B,
Specimen No. Mean+SD
PG

0169 9.00+1.88
0186 11.403+2.98
0834 6.39+0.42
1243 3.08+1.39
1314 8.97+4.5
1362 8.94=3.94
Meanz=5D 7.96+2 .87
PDS
0619 4.22+1.97
0845 643258
Mean+ 5D 5.33x1.56
POAG
0977 8.99+2.79
1335 6.82+2.38
0612 7.59+4.39
Mean+SD 7Bx14
Normal
0406 11.35:£3.71
0127 6.57+2.94
Meanx 35D 8.96+3.38

*IXT indicates juxtacanaficular tissue; PG, pig-
mentary glaucoma; PDS, pigment dispersion syn-
drome; and POAG, primary open angle glaucoma.

the area of the JXT facing flow, in
agreement with published values.”
More recent measurements indicate
that this value might be 25% smaller in
POAG.® Such a reduction in area would
simply result in a proportional increase
ih the permeability ecaleulated using
Darcy’s law, Similarly, we used 10 pm
as the JXT thickness, even though our
data given in Table 8 indicate that this
value may be somewhat Iower
(mean+SD, 7.7225 um). A thinner
JXT would result in a proportional de-
crease in the estimated permeability.
These corrections for area or thickness
of the JXT would be minor compared
with the differences (at least 30-fold)
noted,

Ethier et al"" suggested that model B,
in which all spaces in the JXT not con-
taining impermeable components are
uniformly filled with a permeable ex-
tracellular matrix gel, provides a more
pertinent depiction of the open spacesin
the JXT, Therefore, we used model B to
discover (1) whether the proportion of
the JXT occupied by permeable spaces
differs among the diagnostic groups,
and {(2) whether these differences might
be related to the extent of pigment ac-
cumulation. We found that the differ-
ences in gel-filled, permeable spaces
between the diagnostic groups were too
small to account for the different out-
flow facilities of these groups. With re-
gard to the effects of pigment aceumu-
lation, only a smali fraction of the JXT
was occupied by pigment, and the effect
of pigment accumulation on flow resis-
tance (as determined by the decrease of
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Diagnestic Group, Melanin
Specimen No. Plaque Coilagen Cellular {AccptAscp) Gel (Ag) AR
PG
0169 0.078x0.010 0.335x0.017 0.364-:£0.032 0.002=0.001 0.224+0.033 0.008x0.008
0186 0.058%0.0t7 2.306x0.029 0.413+0.037 0.002+0.002 0.222x0.037 0.008+0.013
0834 0.305:x0.092 0.20620.047 0.114+0.050 0.006::0.006 0.375+0.088 0.016x0.0%2
1243 0.218x0.030 0.218=0.050 0.129+0.023 0.004+0.007 (.431+0.043 0.0090.017
1314 0.1150.005 .307:0.032 (.249+0.059 0.011x0.006 0.318+0.080 0.033x0.080
1362 0.226x0.022 0.119x0.027 0.244+0.026 0.040+0.067 0.4040.031 0.100+0.021
MeantSE 0.16720.040 0.249+0.034 0.252+0.049 0.010x0.006 0.329+0.037 0.009x0.015
PDS

0619 0.058+0.011 0.288+0.032 0.162+0.023 0.012+0.006 0.487+0.023 0.024x0.013
0845 0.096:+0.018 0.334-£0.037 0.187x0.019 0.002+0.002 0.382:0.028 0.006=0.004
MeanxSE 0.077+0.019 0.31120.023 0.174x0.012 0.007+0.005 0.434+0.052 0.015:0.00

POAG
0877 0.224+0.010 0.200£0.025 0.162£0.021 0.000+0.000 0.413+0.028 0.000+0.0600
1335 0.105+0.013 0.175+0.023 0.291 +0.020 0.002+0.001 0.429x0.030 0.005+0.002
0512 0.145:0.040 0.351+0.040 0.250+0.030 0.001x0.000 0.255+0.020 0.005x0.001
Mean+5E 0.158+0.035 0.242+0.055 0.234+0.038 0.002+0.000 0.366x0.056 0.003+0.002

Normal
0406 0.212x0.018 0.245:+{).035 0.157x0.020 0.000+0.000 0.387x0.033 {.000::0.000
0127 0.074x0.016 0.1782:0.020 0.253+0.018 0.003x0.003 0.495+0.017 0.005+0.005
MeantSE 0.143x0.069 0.212+0.034 0.205+0.048 0.0015+0.0015 0.441+0.054 0.0025:£0.0025
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Fig 3.—Cancentration of plague material in the juxtacanalicular tissue {JXT} in six specimens
from patients with pigmentary glaucoma (PG) (large triangles) and two from patients with pig-
ment dispersion syndrome (PDS) {squares), compared with age-related regression curves
described previously for 36 nonglaucomatous normal (NL) tissue specimens (circles) and 28
specimens from patients with primary open angle glaucoma (POAG) (small triangles).™ Con-
centration of plague is computed as Plague Area/(JXT Tissue Area—Cellular Area). Before the
approximate age of 45 years, there is a common regression line {solid line), which describes
the age-related plaque accumuiation in NI and POAG; thereatter, there is a slightly increased
amaunt of plaque in POAG (broken line), so there are two gradually diverging curves. The two
specimens obtained from the 23-year-old patient with PG (Nos. 0169 and 0186} are close fo
the common NL/POAG regression line. The other four PG specimens we examined were from
patients in their middie to late 60s and are distributed across both regression lines. The PDS
specimens have fow amounts of plaque material.

the fractional increase in flow resis-
tance due to pigment was estimated at
10%, which would increase the pressure

available flow area) was negligible.
Even in the eye with the largest accu-
mulation of pigment (specimen 1362},
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*JXT indicates juxtacanaficular tissue; PG, pigmentary glaucoma; PDS, pigment dispersion syndrome; and POAG, primary open angle glaucoma. For explana-

difference across the aqueons outflow
system from the usual 5.0 mm Hg to
only 5.5 mm Hg, a change mueh too low
to explain the chronic pressure eleva-
tion in PG. Thus, we eonclude that nei-
ther hydrodynamie model can substan-
tiate a basis for pigment directly
obstructing outflow in PG.

The JXT is loosely organized com-
pared with other ocular tissues. The
JXT has a mean electron-lucent space
content of 13% and a mean gel-filled
fraction of about 40%. For comparison,
corneal stromal lamella or Descemet’s
membrane would have zero electron-
lucent space measured by the criterion
of porosity in model A* All specimens
were fixed by immersion; fixation at a
physiologic level of IOP would likely
have increased the percentage of gel-
filled space. It is also possible that hy-
drodynamie determinations made with
these models are influenced by artifacts
inherent in fixed, dehydrated tissue
samples.

We congidered plague material as
another possible source of obstruction
as Rohen, Liitjen-Drecoll, and asso-
ciates®® had observed increased
amounts of this substance in the JXT in
POAG. These authors have thought
that plaque accumulation could be re-
sponsible for an eventual blockage of
certain preferential channels for aque-
ous flow. Use of model B indicates that
plaque is not present in sufficient
amounts to account for the outflow ob-
struction in POAG or PG. For example,
in POAG, the plague concentration is
increased approximately 20% over that

Juxtacanalicular Tissue—Murphy et al



in age-matched normal subjects (Fig 3);
a 20% increase in the plague fraction of
the NT group (0.143 increasing to 0.172)
would decrease the gel-filled spaces of
this group by only 6.5% (0.441 decreas-
ing to 0.412) and would increase flow
resistance hy this same insignificant
fraction. Thus, while the plaque mate-
rial may be indicative of underlying
disease, it is not in itself responsibie for
the elevated flow resistance character-
istic of POAG.

CONCLUSION

The results indicate that the develop-
ment of the glancomatous condition in
PG and in POAG does not involve a ma-
jor reduction in the proportion of highly
conducting pathways within the JXT.
However, it is important to point out
that some minor effects are discernible,
It is still coneeivable that the increase in
flow resistance is due to indirect effocts
of melanin or other substances that have
altered the physicochemica] properties
of the JXT and that were not considered
in our models. However, one eannot dis-
miss the possibility a priori that the JXT
generates only a small fraction of the to-
tal flow resistance and the glaucomatous
condition arises due to alteration in
other tissues or by other mechanisms.
At any rate, it is fair to end by stating
that “the pathogenesis of pigmentary
glaucoma is still far from clear” and
that it is likely to be more complex than
a simple obstruction of aqueous outflow
due to pigment.
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