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THE TRABECULA IN CHRONIC SIMPLE GLAUCOMA,
WITH SPECIAL REFERENCE TO THE GONIOSCOPIC

APPEARANCE OF BLOOD IN THE CANAL OF
SCHLEMM*

BY

H. E. HOBBS
From the Glaucoma Clinic, Institute of Ophthalmology, London.

Director of Research: Sir Stewart Duke-Elder.

GONIOSCOPIC observations of the iridocorneal angle in glaucoma
have attracted increasing attention as the technique has developed
and become more widely used. Attempts have been made to
correlate certain clinical features with details of the gonioscopic
picture and to classify types of the glaucoma symptom-complex
according to these appearances (Sugar, 1941). The well established
association between congestive attacks and a shallow anterior
chamber has thus been illustrated by observations of the narrow-
ness of the angle in a very large proportion of cases, and the
demonstration in vivo of anterior peripheral synechiae after the
attacks has confirmed the association of these with embarrassment
of the aqueous outflow.

In chronic simple glaucoma the appearance of the trabecula,
especially that part of it which overlies the canal of Schlemm, lhas
been studied, and variations of the texture and pigmentation of
its surface have been noted; these have been consi(lered by some
observers to signify the essential lesion in this tvpe of glaucoma.
Koeppe (1918), in early studies of the angle, first distinguished
an appearance of pigmentation of the trabecula to which he
attributed pathological significance in the genesis of glaucoma;
and his observation, if not his conclusions, was later confirmed
by others, e.g., Trantas, 1928. Pigment dispersal within the
anterior chamber, however, was found to be a normal concomi-
tant of age (Vogt, -1921), and trabecular pigmentation has since
been considered to be so on the evidence of gonioscopic examina-
tion (Sugar, 1940; Busacca, 1945; FranSois, 1948; Troncoso,
1947); but the appearances, more especially when the canal of
Schlemm itself has been noted to be outlined by pigment in
glaucoma, have continued to provoke speculation as to their
possible role in the production of the disease. Thus Barkan and
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otlhers (19t86()) consider that a stoppage of the trabecular pores with
pigmesnt, alllied with sclerosis of the trabecula itself, which they
believRes to be distinguislhable gonioscopicallv by a porcelain
appearancel( of tlie surface, is responsible for the great majoritv of
caIses of latIcoma simp)lex. Baingerter alnd Goldmann (1941) also)
fincl evidence ol tral)ecutlar abnormalitv in glaucomllal, either as a
feltedclappearce ot the surface or as p)igmeltalltitioln. They recog-
nize stuclh appearaniwes with certainty il pelr cenit. of their forty
cases of glauom simlpllex, and find similalr, but less concluItsie,C
clhange s in a fturtlher 80 per cent., onIv l per cent. appearing
normnal.
Thfaicfat thiaet imlost observers lhave been able to see Schlemm's

canal till x\xithlblood during gon0ioscopy in a large proportion of
normal (eves, buit in only a very small l)roportion of eves with
siiple( (ylatcomiai,- lhas appearedl tOc strengrthien the case for a
mechanical block at the anole of the anterior chamber. Fran'ois
(19)48), for exampl)le, x-lxo finds nio otlher- gonioscopic sigin patlio-
gnomonic, (()llnsidlers thait the pernmnenl and constant absence of
blood froim thit canl in chronic simple glaucoa is the sole certaill
fact to be elicited ftr()omi the examination and Trantas (1928) finds
thils absence to be so constant tlhat by the observation of blood
he excIudles the conCdition.

In normal eves a redl line at the site Of Schlemm's canal, inter-
pretedl as blo)od, hlas been seen in a m1oderately large proportion
of cases, eitlher durinog observatioin wNith a contact gonioscope
(Tran tas, Salzmann, Busacca, Frany,ois, etc.), or during hiypotonv,
induced b- l)ar1celi]tesis, or after the uise of a special formnof
dxnalmomaeter (sKronfeld ancl others, 1942; van 13euningen, 1949).

Personal Observations
Routine (onioscopic examination of pl)tieints attendillg the

Glatucomait Clinic at the Institute of Oplhthallnmologs hlas been per-
foirmeid w itlh (oldmann's gonioprismii and the Haag-Streit slit-lamp
microscopes, emnil)lo-itng a minimumii magnificattioni of x 20. 1Forts-
patienits xx ith established clhronic simple glaucoma provide the
malteriall f(o tlis analy-sis, and it mlala be of interest to record the
findlings in s) falr as they relate to the appearance of the trabecula.
It lhats not becni possible during these examinatiolls to identify a
differ(enc In surface texture xhlicl appeared xwith anyr constancy
aiong tle (cases in xv-liill the trabecuila could be secen, but con-
siderable cliffereinces in pigmentation lhave been noted ; the cases
include some in xhic little or none xx as present (' nlot illarked "
somfe sIIoxxing a moderate degree ('' moderate "), somile described
as xxoell-marked or xith a grood deal of piglet (" marked "), and
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TRABECULA IN CHRONIC SIMPLE GLAUCOMA

others in which the region of Schlemm's canal was clearly
demarcated by a separate zone of pigment (" pigmented
Schlemm ").
Comparisons of the severity of the disease, as judged by the

degree of cupping and extent of visual field changes, with the
degree of pigmentation fail to show any association between
marked trabecular changes and severe ocular lesions such as might
have been expected if the latter were attributable to the former.
Marked pigmentation was found with early clinical disease in
several instances, and advanced clinical changes were present
without remarkable pigmentation in others. These findings are
summarized in the Table.

TABLE

Trabecular Pigmenteation in Chronic Simple Glaucoma

larked"

Degree of C
Severity

great
moderate

great
great

moderate
great
slight

moderate
great

moderate
great

moderate
slight

moderate
moderate
slight

" Moderate"

_ase No.

0063
0021
0028
0084
0132

Degree of
Severity

slight
great
great
slight
slight

" Marked "

Case No.

0013
0020
0023
0034
0045
0068
0040
0060
0128

Degree of
Severity

moderate
great
slight
slight
great

moderate
great
great
slight

" Pigmented
Schlemm "

CaeNo. Degree ofCase No Severity

0066 slight
0105 great
0126 slight
0025 great
0085 great
0118 slight
0056 slight
0134 moderate
0018 moderate
0008 great

It was noted that in four of the cases included in the Table, blood
appeared in Schlemm's canal during gonioscopy, and no valid
reason for this finding could be discovered so far as the state of
the glaucoma was concerned. In view, however, of the pronounced
differences noted in the fit of the gonioprism, pressure upon the
post-limbal veins seemed likely to be greater in eyes in which the
fit was scleral than in those in which the contact was primarily
corneal. That this was likely to be a factor responsible for the
appearance or non-appearance of the phenomenon was suggested

'Not 1'j

Case No.

0003
0044
0089
0107
0037
0011
0047
0071
0092
0093
0101
0043
0035
0123
0125
0135
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also by- the fact that one of the cases in which blood was seen xas
a msope. It wxls felt, tlherefore, tlhat the uise of a guonioprism ill
whiclh the fit could be said to be more ceritatinly scleral in all cases
miglht l-estilt in a grecater proportionl of cases showing the
phenomenon, if post-limbal venous occlusion were a factor in
producin5r the influx of blood into the canal. A simple modifica-

tioIn of the (Goldmatnn gonioprisnm
Was therefore a(le by- adding
to the scleral sti rface of its
posterior lip a narrow- rim, 0 i
mmi. thlick and 1.0 mmi. broad, as
shown in 1F,ig. 1.
Examination of the normal eye

witl thlis device slhow-ed the canal
to fill with blood (Fig. 2) the
appearance being most readil\
apparent wlhen the gonioprism was
first applied with light )ressure.
Whlen this wcas maintainecl for a
few mintiitites the cleptlh of colour
increased and, in one or two
cases, ninltite streams of blood
Welrt seenl to issue fromii the canal
into the nterior cliamber. Firm

F(iC. 1.-MIlodified gonioprism. pressutre tistially catused these to
castec and the ca_inal to blanch.

an effect which cotild allso he prodticed hv g'ently with-
(lraxx ing thle oniopris froIm the e,\ve alg,ainst tlhe st(tion with
\\-hicll it adhieres to thie globe. Coiongestoiol of tilth elpiscleral vessels
is apparent froilm tilhe ring of oedenmatotus (conjtinc tivacl seen on
removingXil_ thle iinstrtimlent, and this is fouind to subside within a
period of Somlie 1(0 to 20 milutes. Furtelie- evidence of a rapid
rettirin to normai.lity cotil(l be seen, in suitable cases, by- the re-strati-
licatioin of preootisly notecl aqtueous veins. It was felt, therefore,
thait th1e po.Ssih)ilitv- of prodtcilnlg conlgestion dangerous to
glaucomiatotis e yes was slight, and tonometry before and after
excamination sli)ported this supposition, `a maximal rise of 6 mm.
Sio16,tz, being seen in one patient only , and the majority showing
an alteration, l)liS or mIlinlus, of less than 2 mm. Schiitz.

Examination in this way, of twelve normnal individuals, whose
alges ranged from % to 67 years, has shown blood in the canal in
every case, eitlher in its whlole extent (7) or in sectors (5); and in
two of thils sm1.all ntimber leakage of blood into the anterior
chamnber was seen.
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FIG. 2.-Appearance of blood-filled canal of Schlemm
(initial magnification X20).
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In the 26 glaucomatous patients subseqtuently, examiined by this
method, pigmentation of the trabecula was encountered in varying
degree, associated in three instances with the definite appearance
of blood in non-pigmented sectors, in four with a change of hue
suggestive of blood, and in five others, more densely pigmented,
with no such change. The findings in this respect may be
summarized as follows:

BLOOD FILLING THE CANAL ... ... ... ... ... 8
BLOOD FILLING SECTORS ... ... ... ... ... ... 8
APPEARANCES SUGGESTIVE OF BLOOD ... ... ... ... 5
BLOOD NOT SEEN ... ... ... ... ... ... ... 5

In three of these cases the minute leakages of blood noted in
normal cases were seen to appear.

Discussion
The variations in the appearance of the trabecula are consider-

able and the difficulty, under the magnifications possible in
gonioscopic examiination, of recognizing an appearance charac-
teristic of an insidious condition such as sclerosis must evidently
be great. Nevertheless, since the cases examined included a
number in which the condition was of long standing, it was to be
expected that some of these, at least, would lhave shown a distinct
variation from the normal and also from early cases of glaucoma.
The failure to observe such an appearance would seem to provide
reasonable evidence against its existence as an important factor
in chronic simple glaucoma, as Sugar, Busacca, FranSois, and
others believe. MIoreover, pigmentation of the trabecula does not
appear to be a necessary concomitant of simple glaucoma, since
it was absent in advanced cases, and marked in some with only
early signs.
The number of cases of chronic glaucoma in which blood has

been seen to enter the canal of Schlemm represents a sufficiently
high proportion to cast doubt upon the contention, based upon
gonioscopic evidence (Trantas, Barkan and others, Kronfeld and
others, Bangerter and Gioldmann), that obstruction at the canal
of Schlemm plays an important part in the pathogenesis of the
condition. In so far as transparency of the trabecula is necessary
to the observation, it suggests that the opacification of the trabecula
which would reasonablv be expected to accompany sclerosis, and
which has been put forward as an alternative reason for the non-
appearance of blood in the canal, cannot be an important factor
in many of the cases here reported. Busacca's finding, that in
chronic simple glaucoma the trabecula preserves its normal trans-
parency, through which he also has reported the appearance of
blood, is thus confirmed.
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Summary
(1) The gonioscopic appearance of the trabecula in forty cases of

chronic simple glaucoma is reportedl. Among theimi the degree
of pigmentation differed greatly, and no characteristic
variation from the normal could be fotuInd, either in this respect
or in the surface texture.

(2) There was Ino correlation between the degree of pigmentation
and the severitv of the disease; pigmentation was frecluently
founcl to he minimial in advanced glaucoma land it was nmarked
in many cases in an earl)- stage of the disease.

(3) A bloocl -eflux into Schlemm's canal, seen with greater con-
stanc\ \\-lhen the gonioprism is moditied to produce tiifornm
scleral pressure, x-as noted in a higlh percentage of cases of
chronic simple glaucoma.

(4) It is stiggested that gonioscopic examination provides no
conclusive evxidence of the pathogeniesis of simple glaucoma,
andl, in particular, that it fails to confirm the existence of a
mechalnical block at the angle of the atnterior chamber by
demonstrating either suirface changes or the absence of blood
refltix into the canal of Schlemm.

I should like to express my appreciation for the help which Mr. A. J. B.
Goldsmith has given me in the preparation of this report.
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