
CLOSED -  ANGLE GLAUCOMA

A study o f  the Mechanism 

o f  Angle C losu re•

by

MLLACE S. ffPULES.



ProQuest Number: 13850325

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 13850325

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



C O N T E N T S

Page

INTRODUCTION............................................. 1

SUHMART........................................................... 4

CHAPTER I

Review o f  th e  L i te r a tu re  •• •• 9

CHAPTER I I

The Darkroom T e s t .....................  42

CHAPTER H I

The Darkroom Outflow Test . .  . .  63

CHAPTER IV

A Comparison o f P rovocative T es ts  95

CHAPTER V

Chronic Closed-Angle Glaucoma •* 105

CHAPTER VI

U n ila te ra l  Closed-Angle Glaucoma. 115

CHAPTER V II

C onclusion . • «. . • . .  *. 12®

ACKNOWIEDGEMENTS......................................139

REFERENCES.................................................140

APPENDIX ........................................................  147



I N T  S O D U  C T I  0 N

Since the  f i r s t  sy stem a tic  d e s c r ip t io n  o f 

th e  d isea se  was pub lished  ty  S i r  W illiam McKenzie 

in  1830 much has been w r it te n  on the s u b je c t o f glaucoma* 

Even now, more th an  one hundred y ea rs  l a t e r ,  in  s p i te  

o f  an enormous volume o f experim en tal work a complete 

understand ing  o f th e  co n d itio n  has y e t to  be reached*

One o f the  main stum bling  blocks to  the  a tta in m en t 

o f  t h i s  understand ing  has been a la c k  of re c o g n itio n  

th a t  prim ary glaucoma i s  no t one d isea se  but s e v e ra l , 

and much o f th e  confusion  o f  term inology and o f concept 

has been due to  an a ttem pt to  f i t  th e  v a rio u s  c l i n i c a l  

appearances o f  th e  s e v e ra l  types o f  prim ary glaucoma 

in to  imagined s tag e s  in  the  development of a s in g le  

d ise a se  e n tity *  I t  i s  now g e n e ra lly  agreed th a t  cases 

o f  prim ary glaucoma can be subdivided in to  two main 

ty p e s , each so d i f f e r e n t  from the o th e r  th a t  they may 

be considered  to  be e n t i r e ly  d i f f e r e n t  d iseases*

The f i r s t  o f  th ese  c o n d itio n s , now known as 

closed  angle glaucoma? (Duke E ld e r , 1955) i s  c h a ra c te r is e d  

by a shallow  a n te r io r  chamber, a narrow en trance  to

*  See no te  on te rm ino logy , p . 140
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t,6 th e  angle o f  th e  a n te r io r  chamber and a tendency
/ /to  develops sudden r is e s  in  o cu la r te n s io n  ap p aren tly  

p re c ip i ta te d  by m echanical o b s tru c tio n  of th e  angle* 

This o b s tru c tio n  i s  i t s e l f  brought about by s e v e ra l 

f a c to r s  -whose mode o f a c t io n  has not y e t been fu l ly  

e lu c id a te d  and o f  -«hich more w il l  be s a id  la te r*

glaucoma, the  ra is e d  o c u la r  te n s io n  i s  thought to  be 

due to  a more o r  le s s  permanent in te r fe re n c e  w ith the 

eg ress  o f aqueous humour from the eye* The exac t lo c a t io n  

o f the o b s tru c tio n  in  t h i s  d is e a s e , however, has not 

y e t been determined* C l in ic a l ly ,  th e  c o n d itio n  i s  

c h a ra c te r is e d  by i t s  in s id io u s  o n se t, cupping o f  the  

o p tic  d is c  w ith  in c re a s in g  v is u a l  f i e l d  lo s s  and the 

f a c t  th a t  the  dep th  o f  th e  a n te r io r  chamber and the 

w idth o f  th e  angle o f the  a n te r io r  chamber i s  not d i f f e r e n t  

from th a t  found i n  normal eyes*

a t ta c k  o f the  d is e a s e ,  and may, as a r e s u l t  mimic ch ron ic  

sim ple glaucoma, and in  those  few eyes which a re  a ffe c te d  

by b o th  co n d itio n s  sim ultaneously*

In  th e  second c o n d itio n , ch ron ic  simple

D if f ic u l ty  in  d iagnosis  a r is e s  i n  those  cases

o f c lo sed  angle glaucoma which

I t  • • • •



I t  i s  m ainly w ith  some o f  the  problems o f  

c lo sed  angle glaucoma th a t  th i s  th e s is  w i l l  deal*
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S U M M A R Y

P resen ted  i n  th i s  th e s is  i s  a new conception 

o f  th e  mechanism underly ing  the  development o f  c losed  

angle glaucoma* I t  i s  based upon a s tudy  o f  the o c u la r  

te n s io n  and f a c i l i t y  o f aqueous o u tflo w  i n  normal eyes 

and those  a f fe c te d  by the  d is e a s e , in  response to  p rovocative  

t e s t s ,  to g e th e r  w ith  o b serv a tio n s  upon cases  o f  ch ro n ic  

closed  angle  glaucoma and upon th e  ap p aren tly  h e a lth y  

eyes o f cases inherein th e  d isea se  i s  u n ila te ra l*

The development o f  c u r re n tly  accepted views 

on the a e tio lo g y  o f c lo sed  angle glaucoma i s  t ra c e d  

in  a review  o f  th e  l i t e r a t u r e  on the  su b jec t and i t  

i s  shown th a t  th e  d isea se  i s  b e liev ed  to  be due to  

m echanical o b s tru c tio n  o f the angle of the a n te r io r  

chamber by the  ro o t o f  the  i r i s  in  an eye wherein the  

len s  i s  d isp ro p o rtio n a te ly  large*  I t  has been g e n e ra lly  

h e ld  u n t i l  now th a t  in  an eye a f fe c te d  by th i s  d isea se  

th e  o c u la r  te n s io n  and f a c i l i t y  o f  aqueous ou tflow  between 

a tta c k s  o f  h y p e rten sio n  are com pletely  normal and th a t  

the  angle o f th e  a n te r io r  chamber a t  th e se  tim es i s  

open and fm o tio n in g  f r e e ly .  That t h i s  view i s  erroneous

xn * • • •
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i n  masy c a se s , however, i s  th e  ded u ctio n  to  be drawn 

from th e  work p resen ted  in  th i s  th e s is ,  f o r  a l l  th e  

evidence su p ports  the view  th a t  even in  the  e a r ly  

s tag e s  o f the  d ise a se  a v a r ia b le  p o r tio n  o f  th e  angle 

o f the a n te r io r  chamber i s  h a b itu a l ly  c losed  and th a t  

th e  o c u la r  te n s io n  and f a c i l i t y  o f  aqueous outflow  

i n  such an eye, although s t i l l  w ith in  the  accep ted  

l im i ts  o f  norm ality  > i s  in  fa c t a lread y  abnormal fo r  

the  eye i n  question*

The darkroom t e s t  is  s tu d ied  in  d e t a i l  and 

an a n a ly s is  o f th e  r e s u l t s  o f the t e s t  on noimal eyes 

and those  a f fe c te d  by c losed  angle glaucoma i s  presented* 

I t  i s  shown, co n tra ry  to  the  g e n e ra lly  accep ted  view , 

th a t  the  r i s e  i n  o c u la r  te n s io n  occasioned by th e  t e s t  

i s  in flu en ced  by the  i n i t i a l  te n s io n  in  the eye te s te d  

and probably by th e  degree o f  angle c lo su re  e x is t in g  

p r io r  to  the  te s t*  I t  i s  c a lc u la te d  th a t  a  r i s e  in  

o c u la r  te n s io n  o f over 8*5 mm* Hg w ith  th e  darkroom 

t e s t  i s  evidence in  favour o f a d iag n o sis  o f  c lo sed  

angle glaucoma*

The development o f th e  tonograph ic  method 

o f m easuring the f a c i l i t y  o f  aqueous ou tflow  i s  o u tlin e d

and •• • •



and a new p rovocative  t e s t ,  th e  "darkroom ou tflow  t e s t "  

i s  described# In  th is  t e s t ,  measurements o f th e  f a c i l i t y  

o f  aqueous outflow  a re  made before  and a f t e r  one hour 

i n  the dark ; th e  occurrence of angle c lo su re  being 

in d ic a te d  by a m easurable f a l l  in  th e  le v e l  o f aqueous 

ou tflo w . From a study of the r e s u l t s  of th i s  t e s t  

on normal eyes and those a f fe c te d  by c lo sed  angle glaucoma 

i t  i s  concluded th a t  a f a l l  in  the ou tflow  le v e l  o f 

a t  l e a s t  30$ w ith  th i s  t e s t  i s  o f  s ig n if ic a n c e . C ontrary  

to  the  g e n e ra lly  accepted view , i t  i s  shown th a t  in  cases  

o f  c losed  angle glaucoma, even where th e  r e s t in g  o c u la r  

te n s io n  i s  w ith in  normal l im i t s ,  th e  f a c i l i t y  o f  ou tflow  

i s  low er th an  th a t  found in  comparable normal eyes, 

in d ic a tin g  the  ex is tan ce  o f some degree o f  angle c lo su re  

i n  the a f fe c te d  eyes# I t  i s  a lso  dem onstrated th a t  the  

r i s e  in  o c u la r  te n s io n  occuring  with the darkroom t e s t  

i s  d i r e c t ly  re la te d  to  the le v e l o f  aqueous outflow  e x is t in g  

p r io r  to  th e  t e s t  and th u s  to  th e  degree o f  angle c lo su re  

p re sen t a t  th a t  time#

From a study of the e f f e c t  o f the  darkroom 

t e s t  and the darkroom outflow  t e s t  on normal eyes i t  

i s  concluded, c o n tra ry  to  the  g e n e ra lly  accepted view ,

tn a t  • • • •
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th a t  v a r ia t io n s  in  the r a te  of aqueous in flo w  play a 

more im portan t p a r t in  th e  c a u sa tio n  o f  changes in  

o c u la r  te n s io n  th an  do a l t e r a t io n s  in  the r a te  o f aqueous 

outflow#

I t  i s  shown th a t  th e  o p e ra tio n  o f  p e r ip h e ra l  

irid ec to m y  on eyes w ith  closed  angle glaucoma com pletely 

p rev en ts  th e  development o f  c lo su re  o f the angle on 

p rovoca tion  w ith  the  darkroom outflow  te s t*

I t  i s  p o s tu la te d  th a t  advanced ch ron ic  c lo sed  

angle glaucoma w ith  cupping o f the  d isc  and v is u a l  

f i e l d  lo s s  may develop in s id u o u s ly  by a g radual ex ten s io n  

o f  the  a rea  o f  o cc lu s io n  o f the angle which commences 

e a r ly  i n  the  d ise a se  and th a t  th i s  advanced stage  o f 

the  d isease  need no t n e c e s sa r ily  in d ic a te  the  presence 

o f goniosynechiae as i s  a t  p re se n t thought# A study 

o f  th e  o c u la r  te n s io n , f a c i l i t y  of aqueous ou tflow  and 

appearance o f  th e  angle a f t e r  the  o p e ra tio n  o f p e r ip h e ra l 

iridec tom y  in  such cases supports  th i s  view*

I t  i s  found th a t  a la rg e  number o f  apparen tly  

h e a lth y  "second" eyes in  cases o f  u n i la te r a l  c lo sed  

ang le  glaucoma are in  fa c t  a f fe c te d  by the d isease  and 

th a t  the  absence of symptoms i s  no guide to  A e th e r  o r

not • • • •
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not an eye under c o n s id e ra tio n  i s  so a f fe c te d .

F in a l ly  th e  r e s u l t s  o f a l l  th ese  sep ara te  

in v e s t ig a tio n s  a re  c o r re la te d  and views, d i f f e r in g  

from those  g e n e ra lly  accepted^on th e  n a tu ra l  h is to r y  

o f g leaed  angle glaucoma i n  b o th  i t s  acute and 

ch ro n ic  forms are presented*
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C H A P T E R  I  

REVIEW OP THE LITERATURE

SUMMARY

The l i t e r a t u r e  a p e r ta in in g  to  c lo sed  

angle glaucoma i s  reviewed and the  development 

o f c u rre n t views on the  mechanism o f  th e  d isea se  

o u tlined*

I n  h is  o r ig in a l  d e sc r ip tio n  o f  glaucoma, 

McKenzie (1830) ho te d  th a t  in  t h i s  co n d itio n  th e re  

was u su a lly  an abnormal hardness o f th e  eye, a  

f in d in g  which he a sc rib e d  to  th e  fo rm ation  o f a  

superabundance o f aqueous f lu id .  He a lso  noted 

th a t  some cases ran  an acu te  and o th e rs  a chronic  

co u rse , von Graefe (1857) d e sc rib in g  the  o p e ra tio n  

o f  iridectom y a lso  noted the  acu te  and ch ron ic  forms 

o f  th e  d isea se  and s ta te d  th a t  the a n te r io r  chamber 

was freq u e n tly  shallow  in  eyes a f fe c te d  by glaucoma. 

P r i e s t l y  Smith (1887) p o in ted  out th a t  shallow ness 

o f  the a n te r io r  chamber was no t found in  a l l  eyes 

a f fe c te d  by glaucoma b u t was c h a r a c te r i s t ic  o f  the

acute . . • *



-  10 -

acu te  congestive  form of the  d isease*

I n  1922 Haeder attem pted to  c la s s i f y  glaucoma 

in to  a group o f cases in  which the a n te r io r  chamber 

was shallow  and one i n  which i t  was o f normal depth*

The s ig n if ic a n c e  o f shallow ness o f the a n te r io r  

chamber became more•apparen t as the  r e s u l t  o f work 

by Rosegren (1930-31)* This au tho r measured the  

depth o f  th e  a n te r io r  chamber in  a la rg e  number 

o f normal and glaucomatous eyes. In  th e  normal eyes, 

he found th a t  the  depth o f the  a n te r io r  chamber dim inished 

w ith  age and th a t  when, tak ing  th i s  f a c to r  in to  

accoun t, a comparison was made between th e  glaucomatous 

and normal eyes, the  depth  o f  th e  a n te r io r  chamber 

was found to  be s ig n if ic a n t ly  le s s  in  the  form er.

On f u r th e r  a n a ly s is  he found th a t  th i s  d iffe re n c e  

was due to  the  presence in  th i s  group o f  glaucomatous 

eyes o f a sm all number o f  eyes in  which th e  a n te r io r  

chamber was extrem ely shallow* These cases alm ost 

w ithout excep tion  were a ffe c te d  by s o -c a lle d  congestive  

glaucoma* llhen the  depth  o f  the a n te r io r  chamber 

in  th e  rem aining non-conge s t iv e  eyes was oompared 

w ith  th a t  i n  the  normal s e r ie s , no s ig n if ic a n t

d if fe re n c e  . . . *
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d if fe re n c e  was found. From th e se  o b serv a tio n s  i t  

became apparent th a t  cases o f  prim ary glaucoma in  

which th e  a n te r io r  chamber was shallow  were o f  a 

d i f f e r e n t  type to  th o se  i n  which the  a n te r io r  

chamber was o f  normal dep th .

The r e la t io n s h ip  between shallow ness 

o f  th e  a n te r io r  chamber and th e  ra is e d  o c u la r  

te n s io n  in  glaucoma has been  the  su b je c t o f  much 

con tro v ersy , some au th o rs  b e lie v in g  th e  decreased  

depth o f the a n te r io r  chamber to  be th e  r e s u l t  

o f ra is e d  o c u la r  te n s io n , o th e rs  ho ld ing  th a t  i t  

was an anatom ical p e c u la r ity  o f the  a ffe c te d  eyes 

and i t s e l f  a f a c to r  p red isp o sin g  to  ra is e d  o c u la r  

te n s io n . One o f the e a r l i e s t  supporte rs  o f the  

view th a t  shallow ness o f the  a n te r io r  chamber was 

th e  r e s u l t  r a th e r  than  th e  cause o f  ra is e d  o cu la r 

te n s io n  was von Graefe (1857) who b e liev ed  th a t  

a  high in t r a - o c u la r  p re ssu re  by making the  eye more 

s p h e r ic a l  would f l a t t e n  the  co rn eal curve thus reducing 

the dep th  o f  the  a n te r io r  chamber. These p o s tu la te d  

changes in  o o rn ea l cu rvatu re  cou ld , however, not be 

supported  by a c tu a l measurement (S ch es lsk e , 1864;

Coccius . . . .
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C occius, 1872; E iss e n , 1888).

A more popular h y p o thesis  and one which 

ag a in  rece iv ed  support from von G-raefe (1857) 

was th a t  th e  ra is e d  o c u la r  te n s io n  in  glaucoma 

was due to  an in c re ase  in  th e  volume o f  th e  v i tr e o u s , 

which i n  tu rn  re s u lte d  in  an a n te r io r  displacem ent 

o f th e  le n s . Eheindorf (1887) b e liev ed  th a t  sw ellin g  

o f  the  v i tre o u s  was due to  r e te n t io n  o f f lu id  i n  

th e  v itr e o u s  chamber as th e  r e s u l t  o f decreased  

p e rm eab ility  o f  th e  zonu le . P r i e s t ly  Smith (1897) 

a lso  thought th a t  th e re  was an a n te r io r  d isplacem ent 

o f  th e  len s  during an acute a tta c k  o f  glauccma 

bu t he  b e liev ed  th a t  the  a n te r io r  chamber in  th ese  

cases was a lread y  abnorm ally shallow  b efo re  the 

development o f  the  acute a t ta c k .

Although i t  i s  tru e  th a t  a change i n  th e  

volume o f the  v itre o u s  can be brought about by 

a l te r in g  i t s  pH th e re  i s  no evidence th a t  th i s  

can occur in  vivo and in  f a c t  th e re  i s  good evidence 

to  show th a t  i t  does n o t. Baurman (1924) and 

Lobeck (1929) found th a t  the pH change necessa ry  

to  a l t e r  th e  volume o f  the v itre o u s  was w ell ou ts id e  

th a t  which would o b ta in  in  v iv o . Schmerl (1928)

was • • • •
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was unable to  dem onstrate any s ig n if ic a n t  a l t e r a t i o n  

in  the  pH o f  th e  blood in  cases o f glaucoma. Duke 

E ld e r , Davson and Benham (1936) showed th a t  th e  sw elling  

p ressu re  of th e  v itre o u s  from an eye known to  have 

had glaucoma was le s s  th an  2 mm. o f s a lin e  even when 

dehydrated  by over 99>£. Ik)re re c e n tly  von Sallm an 

(1941) has shown th a t  a lthough  the  volume of the  v i tre o u s  

i s  in c reased  in  the very  high and very  low pH range

i t  i s  a c tu a l ly  le s s  a t  a pH ju s t  above and ju s t  below

7 than  i t  i s  a t  n e u t r a l i ty ,  i . e . ,  w ith in  the  pH range 

expected in  th e  l iv in g  eye.

I t  may be tak en  th e re fo re  th a t  th e  depth  

o f the  a n te r io r  chamber does not r e f l e c t  changes in  

the  volume o f  the v i tre o u s  although as l a te  as 1955, 

th e  op in ion  th a t  th e re  was oedema and sw ellin g  o f the  

v itre o u s  in  acute glaucoma was expressed  by Sheie (see  

Newell, 1955).

G-ronhdlm (1910) suggested th a t  shallow ness 

o f  th e  a n te r io r  chamber re s u lte d  from sw elling  

o f  the c i l i a r y  body in  glaucoma. Oedema and sw e llin g

o f  the  c i l i a r y  p rocesses in  acu te  glaucoma were

dem onstrated . . .
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dem onstrated h i s to lo g ic a l ly  by Friedenw ald (1930) 

bu t as T drnqu ist (l9 5 3 ) has observed , i n  c y c l i t i s  

•where sw ellin g  o f th e  c i l i a r y  body i s  probably  a t 

i t s  maximum the a n te r io r  chamber i s  u su a lly  deep* 

The opposite  view, th a t  th e  shallow  

a n te r io r  chamber found i n  some cases o f glaucoma 

was an anatom ical p e c u la r ity  of the a f fe c te d  eye 

and th a t  th i s  d e fe c t predisposed  to  the development 

o f  the  d isease  was s tro n g ly  supported  by P r ie s t ly  

Smith (1883-1910) who v/as o f the o p in ion  th a t in  

th e se  eyes th e re  was a d isp ro p o rtio n  between the  

s iz e  o f  th e  len s  and th a t  o f  the eye* This th eo iy  

had e a r l i e r  been suggested  by Bowman (1862) but 

was g re a tly  s tren g th en ed  by the experim ental work 

o f  P r i e s t l y  Smith who, in  1883, dem onstrated the 

continuous growth o f the  len s  throughout l i f e  and 

c o r re la te d  t h i s  w ith  the in c reased  inc idence  o f  

glaucoma with advancing y ea rs  (1886)* He a lso  noted 

th a t  th e  co rn ea l d iam eter o f glaucom atous eyes 

tended to  be sm a lle r than  th a t  seen in  normal eyes 

( l8 9 l )  and th a t  th i s  tendency a f fe c te d  bo th  eyes 

even when the  glaucomatous p rocess was u n ila te ra l*

He • • • •
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He p o in ted  out ( l8 9 l )  th a t  although hyperm etropia 

was common in  eyes a ffe c te d  by glaucoma, i t  was 

th e  r e la t iv e  s iz e  o f the len s  to  the  eye r a th e r  

th a n  th e  ex isten ce  o f th i s  r e f r a c t iv e  e r r o r  which 

r e s u lte d  i n  shallow ness o f the  a n te r io r  chamber* 

Czermak, (1897) a lso  observed th a t  i n  u n i la te r a l  

acu te  glaucoma the  a n te r io r  chamber was shallow  

i n  the u n a ffec ted  as w ell as the a f fe c te d  eye*

He to o  b e liev ed  th i s  to  be due to  a d isp ro p o rtio n a te ly  

la rg e  len s  bu t thought th a t  i n  these  cases th e re  

was superadded a f a i lu r e  to  form s u f f ic ie n t  aqueous 

f l u i d .  I t  says much fo r  th e  observ a tio n s  o f P r i e s t ly  

Smith th a t  a lthough  the mechanism underly ing  c lo se d  

angle glaucoma is  more f u l ly  understood now than  

i t  was six±y years ago, c u rre n t thought s t i l l  regards 

d isp ro p o rtio n  between the s iz e  o f the  len s  and 

th a t  o f  the eye to  be the ma^or p red isp o sin g  fa c to r  

in  the  development o f  t h i s  type o f  glaucoma.

The accu ra te  measurements o f  Rosengren 

(1930-31) v i r tu a l ly  proved th a t  shallow ness o f the 

a n te r io r  chamber was a prim aiy c o n d itio n  and one 

which was probably an a e t io lo g ic a l  f a c to r  in  the

de ve lopme n t • • • •
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development o f  what was then  known as congestive  glaucoma. 

He measured the dep th  o f  the a n te r io r  chamber i n  fo u r  

cases b e fo re  and during an acu te  "co n g es tiv e" a tta c k  

and found no s ig n if ic a n t  a l t e r a t io n  i n  th e  a x ia l  depth 

o f the  a n te r io r  chamber w ith  the  a t ta c k . He c o r re la te d  

the  re sp e c tiv e  depths o f the a n te r io r  chambers o f  each 

eye i n  cases o f  u n i la te r a l  glaucoma and showed th a t  

i n  g en e ra l th e  two eyes were anato m ica lly  s im ila r  as 

regards th e  depth o f the a n te r io r  chamber. Sugar ( l9 5 l)  

was o f the  o p in io n  th a t  i n  u n i la te r a l  acu te  prim ary 

glaucoma a deep a n te r io r  chamber in  the u n a ffec ted  eye 

was o f ra re  occurrence i f  indeed i t  occurred  a t  a l l .

In  a recen t s tudy , T 8 rn q u ist (1953) has shown 

th a t  a shallow  a n te r io r  chamber i s  commoner in  the  eyes 

o f  r e la t iv e s  o f  p a t ie n ts  su ffe r in g  from acute glaucoma 

th a n  in  th e  eyes o f  o th e r  normal persons o f corresponding  

age. He has a lso  dem onstrated by a study o f the  eyes 

o f  u n io v u la r and b in o v u la r  tw ins th a t  the s t ru c tu re s  

which determ ine th e  depth o f  th e  a n te r io r  chamber are 

in flu en ced  more by g e n e tic  th an  environm ental f a c to r s ,  

ag a in  suggesting  th a t  shallow ness o f  th e  a n te r io r  chamber 

i s  a p re -e x is t in g  and p red isp o sin g  f a c to r  i n  acute

glaucoma . . • .
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glaucoma* The same au th o r (1957) has shown th a t  the 

co rn ea l rad iu s  i s  s ig n i f ic a n t ly  sm alle r i n  eyes w ith  c lo sed  

angle glaucoma than  in  comparable normal eyes.

I t  i s  thus c le a r  th a t  shallow ness o f  the  

a n te r io r  chamber i s  an anatom ical g e c u la r ity  o f  some eyes 

and most probably determ ined by g e n e tic  f a c to r s .  I n  

a d d it io n , th e  depth  o f  the  a n te r io r  chamber becomes 

p ro g re s s iv e ly  le s s  as the len s  in c re a s e s  i n  s iz e  w ith 

pass in g  y e a rs , and th i s  ev en tu a lly  p red isposes to  th e  

development o f  acu te  glaucoma in  a ffe c te d  eyes.

An ex p lan a tio n  o f th e  way in  which shallow ness 

o f th e  a n te r io r  chamber might le ad  to  glaucoma had to  

aw ait th e  development of gonioscopy. A tte n tio n  was 

f i r s t  drawn to  th e  angle o f the a n te r io r  chamber when 

Leber (1873) dem onstrated by th e  in je c t io n  o f  dyes th a t  

th e  aqueous humour passed by way o f  th e  angle o f the  

a n te r io r  chamber to  be absorbed in  th e  cana l o f Schlemm.

The independent d iscovery  o f  p e r ip h e ra l a n te r io r  synechiae 

i n  eyes w ith  long s tand ing  glaucoma by Knies (1876) 

and Weber (1877) appeared to  o f f e r  an e x p la n a tio n  o f 

the  ra is e d  o cu la r te n s io n  in  glaucoma u n t i l  i t  was 

proved th a t  th e se  synechiae were on ly  p re sen t i n  some

cases . . . .
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cases o f  glaucoma and in  f a c t  appeared to  be th e  r e s u l t  

r a th e r  than  th e  cause o f the d isease  (E lsch n ig , 1896;

P r i e s t l y  Sm ith, 1910; Reese, 1933).

Although th e  anatomy o f  the  angle o f  the  

a n te r io r  chamber had been d esc rib ed  in  d e t a i l  by Rochon- 

Duyingeaud (1892) i t  was not u n t i l  1914 th a t  exam ination 

o f  th e  angle in  the  l iv in g  eye was achieved by Salzman 

who not only  d esc rib ed  th e  appearance o f  the normal 

angle b u t was ab le to  g ive  a d e s c r ip t io n  of such a b n o rm a litie s  

as p e r ip h e ra l  a n te r io r  synech iae . An e a r l i e r  attem pt 

to  see the  angle by ophthalmoscopy and in d e n ta tio n  o f  

g lobe was made by T ran tas (1907) but th i s  au tho r was 

more p a r t i c u la r ly  in te r e s te d  in  th e  appearance of the 

pars p lan a  c i l i a r i s  th a n  th a t  of the angle o f  th e  a n te r io r  

chamber. F u rth er development o f the  method devised  by 

Salzman was c a r r ie d  out by Koeppe (1920) and Troncoso 

(1925). The l a s t  au thor suggested  the  now g en era lly  

used te r n ,  wgonioscopy” to  d esc rib e  th e  procedure.

Troncoso (1925) noted th a t  th e  width o f  angle of the 

a n te r io r  chamber v a r ie d  g re a tly  from eye to  eye and 

th a t  i t  appeared to  be g re a te r  i n  youth than  in  o ld  age.

He could  f in d  no c o r r e la t io n  between th e  occurrence
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o f goniosynechiae and any p a r t i c u la r  type  o f  glaucoma.

One o f  th e  g re a te s t  advances in  the  understand ing  

o f glaucoma came w ith  the re c o g n itio n  by Barkan (1936-38) 

t h a t  prim aiy glaucoma could  be d iv id ed  in to  two main 

groups on th e  b a s is  o f the  w idth o f  th e  angle o f the 

a n te r io r  chamber. He d esig n a ted  th e se  groups wide 

angle and narrow angle glaucoma and showed th a t  in  the 

l a t t e r  group, the o cu la r te n s io n  remained w ith in  normal 

l im i t s  so long  as th e  en trance  to  th e  angle o f th e  a n te r io r  

chamber was unobstructed  by  the  ro o t o f  the  i r i s .

When, however, the  root o f  the i r i s  c lo sed  the en trance 

to  the  angle th e re  occurred  a p r e c ip i ta te  r i s e  i n  o c u la r  

te n s io n  which was re s to re d  to  normal le v e ls  on the 

re-opening  o f the angle by the use o f  m io tic s  o r fo llow ing  

an irid ec to m y . F a ilu re  o f  the  o cu lar te n s io n  to  re tu rn  

to  normal occurred  i f  goniosynechiae had formed during 

the  p e rio d  th a t  the angle had been c lo se d . In  the  

group o f  cases  desig n a ted  wide angle glaucoma no such 

tendency fo r  m echanical o b s tru c tio n  o f the  angle to  occur 

was dem onstrable.

The su ggestion  th a t  the ra ise d  o cu lar te n s io n  

in  what had p rev iously  been known as congestive glaucoma

was ••••
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was due to  m echanical o b s tru c tio n  of th e  f i l t r a t i o n  

angle was s tro n g ly  supported  by various workers* B an g aerte r 

and Goldmann ( l9 4 l)  showed th a t  in  a group o f eyes a f fe c te d  

by fran k  o r  prodromal acute glaucoma, the o cu la r te n s io n  

was h igh  when the  angle was c lo sed  bu t f e l l  to  normal 

ag a in  when the  ang le  reopened. Sugar ( l9 4 l)  s ta te d  th a t  

”a l l  evidence in d ic a te s  th a t  in  cases of acute congestive  

glaucoma the  angle i s  normal b e fo re  the onset o f  the  a t ta c k  

bu t i s  c lo sed  during  th e  a t ta c k ”. K ronfeld (1949) 

i n  a review  o f  c u rre n t thought a t  th a t  tim e, noted th a t  

narrow  angle glaucoma was d is tin g u ish ed  by ” r i s e s  o f 

o cu la r te n s io n  due to  t r a n s ie n t  re v e rs ib le  o b s tru c tio n s  

o f  the  en trance to  the chamber ang le” . He thought th a t  

th e se  o b s tru c tio n s  were dependant upon "a p re -e x is t in g  

chron ic  narrowness o f the  passage in to  the ang le” and 

”the  a c t io n  o f acute seconaaiy angle crowding f a c to r s ”.

A tte n tio n  was then  tu rned  from the  p o ssib le  

reasons fo r  the  ex istence  o f a shallow  a n te r io r  chamber 

to  a c o n s id e ra tio n  o f the f a c to r s  re sp o n sib le  fo r  narrowness 

o f  the  angle o f  the a n te r io r  chamber. Although i t  was 

recogn ised  th a t  the  dep th  o f the a n te r io r  chamber and the 

w idth  o f  the  angle were probably d i r e c t ly  r e la te d ,
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G-radle and Sugar (1940) were ab le  to  show by d i r e c t  

measurement th a t  th is  was ho t always th e  case . $ h ile  

th ey  found a gross c o r r e la t io n  between the  a x ia l  depth 

o f  th e  a n te r io r  chamber and the w idth o f th e  angle o f 

the  chamber (e s tim a ted  by "goniom etry”) they  po in ted  

ou t th a t  i n  some eyes a deep a n te r io r  chamber was a sso c ia te d  

w ith a narrow  entrance to  th e  ang le .

Most au thors (B arkan, 1936; Sugar, 1941) s tre s s e d  

th e  im portance o f a d isp ro p o r tio n a te ly  la rg e  le n s  in  

causing  narrowness of the  ang le , b e lie v in g  th i s  narrow ness 

to  be due e n t i r e ly  to  an  a n te r io r  displacem ent o f  the 

p lane o f the  i r i s .  An eye w ith a la rge  len s  and a 

r e l a t iv e ly  sm all cornea i s  l ik e ly  to  be hyperm etropic 

and the h igh  incidence of hypeiraetropia in  eyes su b je c t 

to  acute glaucoma was po in ted  out by sev e ra l workers 

(R osengren, 1930-31; H ird , 1933; Sugar, 1941: 42: 4 7 ).

Although i t  was r e a l is e d  th a t  i n  an eye in  which 

th e  le n s  was d isp ro p o rtio n a te ly  la rge  the  en trance  to  

the  angle o f  the a n te r io r  chamber would be narrowed by 

th e  consequent a n te r io r  d isplacem ent o f the  i r i s ,  an 

a l te r n a t iv e  ex p lan a tio n  fo r  the occurrence o f a narrow 

angle in  these cases had a lread y  been p o s tu la te d  by

Curran • • • •



-  22 -

C urran (1920). In  the  normal eye th e re  i s  a co n stan t 

flow  of aqueous humour from the p o s te r io r  chamber, through 

th e  p u p il to the  a n te r io r  chamber* For th i s  flow  to  

occur th e re  must be a p ressu re  g rad ien t from th e  p o s te r io r  

to  th e  a n te r io r  chamber* The fa c t  th a t  the aqueous 

p re ssu re  behind  the i r i s  i s  g re a te r  than  th a t  in  fro n t 

o f  i t  was dem onstrated by U lbrich  (1908) and Heine (1913) 

each o f  whom described  a case in  which p a r t o f  the  

i r i s  strom a was weaker th an  the r e s t ,  no ting  th a t  the 

weakened a re a  bulged towards the a n te r io r  chamber e s p e c ia l ly  

when th e  pu p il in  th e  a f fe c te d  eye was c o n s tr ic te d  by 

th e  i n s t i l l a t i o n  o f physostygine.

A s im ila r  case o f  co n g en ita l a p la s ia  o f  an 

a rea  o f the i r i s  was d e sc rib e d  by Urbanek (1922)* M ille r  

(1956) published  d e ta i l s  o f  a case o f c lo sed -an g le  glaucoma 

i n  which an attem pted p e r ip h e ra l iridectom y re s u lte d  

i n  th e  removal o f  only p a r t  o f  the i r i s  strom a leav ing  

th e  pigment ep ith e liu m  in ta c t .  In  th is  case a ls o , bulg ing  

o f  the weakened a rea  towards the a n te r io r  chamber was 

v e ry  n o tic e a b le , and dem onstrated the  fa c t  th a t  i n  an 

eye a f fe c te d  by c lo sed -ang le  glaucoma th e  p ressu re  in  

tfos p o s te r io r  chamber i s  markedly h ig h e r than  th a t  in

a n te r io r  . . .  •
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a n te r io r .  P r i e s t ly  Smith (1910) noted th a t  th e re  was 

a d e f in i te  r e s is ta n c e  to  the  passage o f  aqueous f lu id  

from th e  p o s te r io r  chamber to  th e  a n te r io r  and p o s tu la ted  

th a t  th i s  was due to th e  c lo se  ap p o sitio n  o f  the p u p il la iy  

m argin o f  the  i r i s  to  the a n te r io r  len s  cap su le . Curran 

(1920) advanced the  th eo ry  th a t  in  glaucoma 'where the 

a n te r io r  chamber was shallow  and the  le n s  la rg e  the consequent 

a re a  o f  c o n tac t between the i r i s  and th e  a n te r io r  lens 

capsule  would be much g re a te r  than i n  th e  normal eye.

The to n ic  a c tio n  o f the  sp h in c te r  p u p illa e  in  such an 

eye would o b s tru c t the flow  o f aqueous from the  p o s te r io r  

to  th e  a n te r io r  chamber so th a t  the p re ssu re  i n  the 

p o s te r io r  chamber might be high enough to  b a llo o n  the 

p e rip h e ry  o f  the i r i s  forwards to  o b s tru c t the  en trance 

to  th e  an g le , thus p reven ting  the normal eg ress o f  aqueous 

and p re c ip i ta t in g  a r i s e  i n  o c u la r  te n s io n . He suggested 

th a t  th e  e ff ic a q y  o f  an iridectom y in  cases o f acute 

glaucoma depended upon th e  e q u a lis a tio n  o f th e  p re ssu res  

i n  th e  a n te r io r  and p o s te r io r  chambers.

B gnziger (1922) was ab le  to  p reven t sub-acu te  

glaucomatous a tta c k s  in  one p a tie n t by perform ing a p e r ip h e ra l 

irid ec to m y . He too thought th a t  acute glaucoma was

due • • • •
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due to  an in c re a se  i n  the p re ssu re  w ith in  the p o s te r io r  

chamber and th a t  th i s  fo rced  the  i r i s  ro o t in to  c o n tac t 

w ith  th e  cornea*

Chandler (1952) supported the  mechanism o f 

" r e la t iv e  p u p il la ry  block* p o s tu la ted  by Curran* He 

noted  th a t  the gonioscopic appearance o f  eyes a ffe c te d  

by c lo sed -an g le  glaucoma was c o n s is te n t w ith  th e  e x is ten c e  

o f  a degree o f  i r i s  bombd'. He was ab le  to  show th a t  

i n  th ese  eyes a p e r ip h e ra l  iridectom y, by c o lla p s in g  

t h i s  i r i s  bomb^, was follow ed by the reopening o f the  

whole o f  the p rev io u s ly  c losed  ang le . He confirm ed 

the  e a r l i e r  woik o f  Curran th a t i t  was im possib le  to  

provoke a fu r th e r  a t ta c k  o f acu te  glaucoma in  an eye 

upon which a p e r ip h e ra l iridectom y had been perform ed.

That tru e  i l l s  bomb^ r e s u l ts  i n  c lo su re  o f 

the  angle  of the  a n te r io r  chamber and a secondary r is e  

i n  o cu la r te n s io n  had been known from c l i n i c a l  experience 

fo r  a long time* Scheie and F rsyer (1950) found th a t  

when a i r  was in je c te d  in to  the a n te r io r  chamber o f  a 

r a b b i t 's  eye, the re s u lt in g  o b s tru c tio n  to  the flow  

o f  aqueous f lu id  through the p u p il was follow ed c o n s is te n tly  

by the  development o f  an i r i s  bombe^ and an acute r is e

i n  • •• •
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in  o c u la r  tension*  Barkan (1947) had p re v io u s ly  noted 

th a t  in  the o p e ra tio n  o f c y c lo d ia ly s is  ?»ith in je c t io n  

o f  a i r  in to  th e  a n te r io r  chamber, the bubble o f  a i r  so 

in tro d u ced  could o b s tru c t the normal flow o f  aqueous 

th rough the p u p il and le ad  to  the  form ation o f  an i r i s  

bomb^ and c lo su re  o f  the angle o f a n te r io r  chamber*

The i r i s  bonib^ would co llap se  and the o c u la r  te n s io n  

re tu rn  to  normal i f  the bubble were d isp la ce d  from the 

p u p il a rea  by a su ita b le  a l t e r a t i o n  in  the p o s it io n  o f  

th e  p a t i e n t 's  head.

Haas and Scheie (1952) used th e  o p e ra tio n  

o f p e r ip h e ra l iridectom y to  t r e a t  t h e i r  e a r ly  cases 

o f  c lo sed  angle glaucoma* They found th a t  when the  

o c u la r  te n s io n  in  these  cases was ra ise d  the angle 

o f the a n te r io r  chamber was in v a r ia b ly  c lo sed  but a f t e r  

th e  irid ec to m y  had been perform ed the p rev io u s ly  c losed  

angle reopened, not only in  the operated  s e c to r  but 

in  the whole circum ference o f the  a n te r io r  chamber*

Barkan (1954) made a d e ta i le d  s tudy  o f the 

p e rip h e ry  of the  i r i s  in  glaucomatous and nonnal eyes*

He noted an a n te r io r  convexity  o f  the i r i s  in  a l l  hyper

m etrop ic  and emmetropic eyes but not in  myopic ey es . (T his

convexity



convex ity  he found to  "become more marked w ith the 

p u p il  in  m io s is .)  He noted a ls o  th a t  th i s  "p h y sio lo g ica l 

i r i s  bombe" was much more marked in  th e  eyes o f  o ld e r 

p a t ie n ts  and was ap p aren tly  absen t from the  eyes o f c h ild re n  

and th o se  in  whom th e  a n te r io r  chamber was o f  g re a te r  

th an  average a x ia l  dep th . He c o rre la te d  the  f l a t  appearance 

o f th e  i r i s  in  c h ild re n  with t h e i r  g re a te r  average depth 

o f  a n te r io r  chamber and assumed th a t  in  these eyes th e re  

was a  minimal a re a  o f  con tac t between the i r i s  and a n te r io r  

le n s  cap su le .

Barkan b e liev ed  th a t  an a n te r io r  displacem ent 

o f  the  le n s  was the main f a c to r  in  the  p r o b a t i o n  o f  

in c reased  p u p illa ry  r e s is ta n c e  to  aqueous flow . He regarded  

a d isp ro p o rtio n  in  the s iz e  o f  the le n s  as an a l te rn a t iv e  

a e t io lo g ic a l  f a c to r  and was o f  the  o p in io n  th a t both  

th e  p o s i t io n  and the  s ize  o f the len s  could c o n tr ib u te  

to  th e  c lo su re  o f  the angle by the  ro o t o f the  i r i s .

H is b e l i e f  th a t  the  p u p i l la ry  b lock  in  eyes 

a f fe c te d  by c lo sed-ang le  glaucoma was due to  an a n te r io r  

displacem ent o f the  lens was based on h is  measurements 

o f  the  a x ia l  dep th  of the  a n te r io r  chamber in  such eyes.

He found th a t  over the course o f  years the ax ia l: depth
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o f  the  a n te r io r  chamber in  these  eyes became n o tic e ab ly  

le ss*  This cou ld , however, have been due merely to  

th e  known in c rease  in  the th ick n ess  o f  the  len s  vtfiich 

occurs  w ith advancing y e a rs . He a lso  thought th a t  

i n  c lo sed -ang le  glaucoma a f t e r  a p e r ip h e ra l  iridectom y 

th e re  was a deepening o f th e  a n te r io r  chamber due to  

a backward movement o f the  le n s . $ h ile  i t  i s  tru e  

th a t  th e  periphery  o f  the  a n te r io r  chamber deepens w ith  

th e  a b o l i t io n  o f  the i r i s  bombe i n  these  eyes, most workers 

have been unable to  show any a x ia l  deepening o f  th e  a n te r io r  

chamber a f t e r  th is  o p e ra tio n . As has a lread y  been n o ted , 

Rosengren (1930) was unable to  show ai\y a l t e r a t io n  i n  

th e  depth o f  the a n te r io r  chamber b e fo re  and a f t e r  an 

acu te  a t ta c k  o f  glaucoma and T/^rnquist (1956) in  a recen t 

pap er found no s ig n if ic a n t  change in  the  depth o f the 

a n te r io r  chamber fo llow ing iridectom y i n  c lo sed-ang le  

glaucoma.

That an a n te r io r ly  p laced  len s  can cause p u p il la ry  

b lock  and i r i s  bombe^ however, was c le a r ly  dem onstrated 

by Barkan (1953) vfoo d esc rib ed  a case of secondary glaucoma 

in  which th e  le n s  was drawn forward by a f ib ro u s  band 

a r is in g  from the cornea ann in s e r te d  in to  th e  a n te r io r

l e  ns . . . .
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le n s  capsule • In  th i s  eye although th e re  was marked 

i r i s  bombe'' and c lo su re  o f  the  angle by the  i r i s  roo t the  

appearance o f  th e  angle re tu rn ed  to  normal and th e  i r i s  

bombe7 d isappeared  when th e  fib ro u s  band was d iv id e d , 

a llo w in g  th e  len s  to  move back in to  what was presum ably 

i t s  norm al p o s it io n .

Whether in  c lo sed -ang le  glaucoma an a n te r io r  

d isplacem ent o f  the  lens does account in  p a r t  fo r  shallow ness 

o f  the a n te r io r  chamber o r  whether the i r i s  bombef i s  e n t i r e ly  

th e  r e s u l t  o f  th e  le n s  be ing  too la rg e  i s  s t i l l  undecided, 

although  most workers favour th e  l a t t e r  ra th e r  than  th e  

form er view. The fa c t  th a t  fo llow ing  an iridectom y fo r  

acu te  glaucoma, th e re  i s  u su a lly  l i t t l e  change in  the 

degree o f bypexmetropia would suggest th a t  th e re  i s  no 

backward movement o f the  le n s  a s  a r e s u l t  o f  the o p e ra tio n .

Thus was evolved the  concept th a t  in  c lo sed -an g le  

glaucoma the en trance to  the angle of the a n te r io r  

chamber was b a s ic a lly  narrow doe to the anatom ical 

c o n f ig u ra tio n  o f the  a ffe c te d  eye. This narrowing 

o f  th e  en tran ce  to the angle was thought u su a lly  to  

be due to  increased  re s is ta n c e  to  the flow  of aqueous 

through the  p u p il and the occurrence o f  p h y s io lo g ic a l

i r i s  • . . .



i r i s  bombe. In  some cases o f  c losed-ang le  glaucoma 

(2Cyfo o f  the  t o t a l  according to  Barkan, 1954) however 

th e  ang le  o f  the a n te r io r  chamber was seen to  be narrow 

a lthough  th e re  was no evidence o f  i r i s  bombed

The ex isten ce  in  any eye o f  a narrow angle 

however does not n e c e s sa r ily  mean th a t  the eye i s  a f fe c te d  

by c lo sed -an g le  glaucoma. I t  i s  on ly  when the en trance 

to  the  angle has become so narrow th a t  i t  can  be o b s tru c ted  

by secondary angle crov/ding fa c to rs  th a t  one can speak 

o f  such an eye as being a f fe c te d  by c lo sed -an g le  glaucoma*

Of the  fa c to rs  which determ ine w hether a p re v io u s ly  

narrow  bu t open angle w il l  be converted in to  a c lo sed  

o ne , changes i n  the  s ize  o f the p u p il a re  undoubtedly 

im p o rtan t. I t  has long been known th a t  d i l a t a t i o n  of 

th e  p u p il  by a m yd ria tic  may be followed by an a tta c k  

o f  acute glaucoma i n  a s u ita b ly  predisposed  eye. Derby 

(1867) pub lished  d e ta i l s  of two cases in  which an acute 

r i s e  in  o c u la r  te n s io n  was p re c ip i ta te d  by the  lo c a l  use 

o f  a tro p in e  d rops. In  th e  a ffe c te d  eyes o f  each of 

th e se  cases the  a n te r io r  chamber was n o tic eab ly  shallow .

This au th o r a lso  quoted a s im ila r  case recorded  e a r l i e r  

by lh a r te n  Jones (1865). Gronholm (1910) n o tea  th a t
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i n  some cases o f  glaucoma the o cu la r te n s io n  rose  when 

th e  p a t ie n t  was kep t in  a darkened room and f e l l  again  

when -the eyes were exposed to  b r ig h t  l i g h t .  He c o r re la te d  

th e se  changes in  o cu la r te n s io n  w ith  a l te r a t io n s  in  

p u p il la ry  d iam eter. He 'also  found th a t  a m y d ria tic  

i n s t i l l e d  in to  an a f fe c te d  eye was follow ed by a r is e  

i n  o c u la r  te n s io n  and a m io tic  by a f a l l  i n  te n s io n .

P r i e s t l y  Smith (1910) b e liev ed  th a t  p u p il la ry  d i l a t a t io n  

could cause m echanical o b s tru c tio n  o f the angle of 

the  a n te r io r  chamber bu t thought th a t  th is  e f fe c t  was 

no t o f g re a t s ig n if ic a n c e  in  the pathogenesis o f  glauccma.

S e id e l (1922) c o rre la te d  changes in  the p u p il la ry  

d iam eter produced by m iotics and n y d r ia tic s  w ith c o in c id e n ta l 

changes in  o c u la r  te n s io n . He be liev ed  th a t  the e f fe c t  

o f d i l a t in g  th e  p u p il was to  crowd the  i r i s  in to  the angle 

o f  th e  a n te r io r  chamber and so o b s tru c t th a t  outflow  

o f  aqueous. S e rr  (±929) by varying the e x te rn a l  illu m in a tio n  

o f  the  eye produced changes i n  p u p il s iz e  ana o c u la r  

te n s io n . He was of the  op in ion  th a t  fo r  any p a r t i c u la r  

glaucom atous eye th e re  was a c r i t i c a l  p u p il s ize  which 

would p r e c ip i ta te  a r i s e  in  o c u la r  te n s io n . He noted 

t h a t ,  i n  one case of glaucoma, although a p e rio d  in  the

dark • • •
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dark  had re s u lte d  in  a r i s e  in  o cu la r te n s io n , f u l l  

d i l a t i o n  o f th e  p u p il  by cocaine and a d re n a lin  was 

fo llow ed "by a f a l l  i n  o c u la r  tension* This fin d in g  

i s  in  keeping w ith th e  th eo ry  o f  r e la t iv e  p u p illa ry  

b lock  f o r ,  w ith  th e  p u p il f u l ly  d i la te d ,  th e re  i s  

no lo n g e r  any con tac t between the  i r i s  and a n te r io r  

le n s  capsule and thus no tendency fo r  abnorm ally in c reased  

p re s su re  to  develop in  th e  p o s te r io r  chamber* Sugar ( l9 4 l )  

by means o f  gonioscopy was ab le to  dem onstrate c lo su re  

o f  th e  angle by th e  root o f th e  i r i s  in  eye s a ffe c te d  

by c lo sed -an g le  glaucoma in  which the p u p il had been 

d i la te d  by m y d ria tic  d rugs.

The hypo thesis  th a t  angle c lo su re  i s  more l ik e ly  

to  occur a t  one p a r t i c u la r  p u p il  s iz e  th an  any o th e r  

had re c e n tly  received  support from Chandler (1952) who 

b e lie v ed  th a t  a t ta c k s  o f acu te  glaucoma were most l ik e ly  

to  occur when the  p u p il was sem i-d ila ted  (3-6mm. d iam e te r). 

He f e l t  th a t when the  p u p il was in  th is  s ta te ,  th e re  

s t i l l  e x is te d  a degree o f  Mp u p illa ry  b lo ck M s u f f ic ie n t  

to  ensure th a t  the p ressu re  in  the p o s te r io r  chamber 

was h ig h e r than  th a t  in  the a n te r io r ,  bu t th a t in  a d d itio n , 

th e  p e rip h e ry  o f the i r i s  was in  a re laxed  co n d itio n  

and so ab le to b a llo o n  forward more re a d ily  and so o b s tru c t

the • • • •
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the  en tran ce  to  the  an g le . In  support of t h i s  th eo ry  

he quoted the occurrence o f a spontaneous f a l l  in  the  

o c u la r  te n s io n  o f  . some eyes a ffe c te d  by acute glaucoma 

i n  which the p u p il  v/as w idely d i la te d .  M ille r  (1956) 

a lso  noted the  ap p aren tly  anomalous r e s u l t  o f a f a l l  

i n  o c u la r  te n s io n  w ith  f u l l  d i l a t io n  o f the pu p il 

i n  a case o f c lo sed -an g le  glaucoma in  whose eyes a trop ine  

had been m istak en ly  i n s t i l l e d .

A lthough i t  i s  g en era lly  recognised th a t  

o b s tru c tio n  o f the angle may occur when the pu p il d i l a t e s ,  

i t  has a lso  been suggested  th a t  such an o b s tru c tio n  

can o ccu r i f  the  p u p il i s  very  s tro n g ly  c o n s tr ic te d .

S h a ffe r  (see  N ew ell, 1955) noted th a t  i f  extreme p u p illa ry  

c o n s t r ic t io n  were e f fe c te d  in  an eye by the use o f a 

very  s tro n g  m io tic , the  o c u la r  te n s io n  would r i s e .  He
t

noted  th a t  cjiisopropylflurophosphate (DPP) caused a 

marked r i s e  i n  o c u la r  te n s io n  when i n s t i l l e d  in to  the 

eye o f a rab b it*  T his substance i s  markedly i r r i t a n t  

however and the change in  o c u la r  te n s io n  which i t  causes 

may w e ll be r e la te d  to  the  re s u lt in g  v a s o d ila ta t io n .

C handler (1952) however noted th a t  in  c losed-ang le  

glaucoma i n s t i l l a t i o n  o f DPP in to  an a ffe c ted  eye was

followed
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fo llow ed by o b s tru c tio n  o f the angle. He believed  

th a t  the extreme p u p illa ry  c o n s tr ic t io n  which follow ed 

th e  use o f  t h i s  drug c rea ted  an almost complete p u p illa ry  

b lock  in  th ese  cases w ith th e  form ation of a marked 

i r i s  bombe' in  s p i te  o f the f a c t  th a t  the  body o f the 

i r i s  was te n se  and one would have presumed incapable 

o f  b a llo o n in g  in to  the  a n te r io r  chamber. I t  i s  o f course 

p o ss ib le  th a t  v a s o d ila ta t io n  w ith in  the c i l i a r y  body 

m ight have been re sp o n sib le  fo r the angle c lo su re  seen 

i n  th ese  ey es . I t  i s  u n lik e ly  however th a t the degree 

o f m iosis which might occur under p h y s io lo g ica l cond itions 

could ever produce enough i r i s  bombe^ to  r e s u l t  in  angle 

c lo su re . That a s u f f ic ie n t  degree o f  p u p illa ry  d i la t io n  

to  cause c lo su re  of the angle might occur under p h y sio lo g ica l 

co n d itio n s  however is  w ell recognised (S h a ffe r , 1955).

Another f a c to r  which might r e s u l t  in  the c losu re  

o f  an a lread y  narrow angle was thought to  be accommodation. 

Sugar in  h i s  monograph ”The Glaucomas” (1957) noted 

th a t  a narrow ing o f  the  angle could be seen go n io sco p ica lly  

when th e  eye being  examined was made to  accommodate.

He a lso  no ted  th a t  th is  change in  the width o f the 

angle was more marked in  young in d iv id u a ls  than  in

those • • • •
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those  o f  th e  o ld e r  age groups in  which the incidence 

o f  c lo sed -an g le  glaucoma was h ig h e r. H ig g itt  and Smith 

(1955) d esc rib ed  two cases in  yhich the o cu la r ten sio n  

rose a f t e r  tw enty to  t h i r t y  minutes of read ing . Both 

o f  th e se  cases were young a d u lts  (25 y ears  and 44 years 

o ld ) and a lthough both showed arm ies which were anatom ically  

narrow  i n  n e i th e r  was th e  i r i s  n o ticeab ly  bombed Duke 

E ld e r  (1955) was o f  the  op in ion  th a t  in  these cases 

th e  o b s tru c tio n  o f the angle was due to  a forward movement 

o f  the c i l i a r y  body and b e liev ed  th a t  v a so d ila ta tio n  in  

th is  re g io n  might s im ila r ly  re s u l t  in  the c lo su re  o f 

a narrow  a n g le .

The occurrence o f an acute a tta c k  o f  prim ary
I

glaucoma fo llow ing  em otional s t r e s s  has long been recognised . 

P r i e s t l y  Sm ith (1886) thought th a t  the increased  l i a b i l i t y  

o f  the  female to  develop acu te  glaucoma was due to  

v a sc u la r  i n s t a b i l i t y .  Goldlehburg (1928) b e liev ed  th a t  

acu te  glaucoma was p re c ip i ta te d  by sw elling  o f the 

c i l i a r y  body in  response to  some c irc u la t in g  to x in . 

Friedenw ald  (1930) showed h is to lo g ic a l ly  th a t  in  eyes 

which had su ffe re d  an acute a tta c k  o f  glaucoma evidence 

o f  a v a sc u la r  le s io n  in  the c i l i a r y  body could be d e tec te d .

The • • •
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The eyes which he examined however were excised some 

co n sid e rab le  tim e a f t e r  the a tta c k  o f glaucoma and are 

u n l ik e ly  to  have given a tru e  p ic tu re  o f  the  p a th o lo g ica l 

changes p re se n t a t  the onset o f  the  a tta c k . Fiegenbaum 

(1931) noted th a t  a change in  the in te n s i ty  o f  the  il lu m in a tio n  

o f  one eye could  a f f e c t  th e  o cu la r ten sio n  in  the o th e r  

and p o s tu la te d  a nervous re f le x  to exp la in  t h i s .  M agitot 

(1948) expressed  th e  b e l ie f  th a t the o cu la r ten sio n  

was c o n tro lle d  c e n tr a l ly  by means o f a hypothalamic re f le x  

and th a t  p u p i l la ry  d i la ta t io n  and changes i n  o cu lar ten sio n  

were b o th  m a n ife s ta tio n s  of th i s  same neuro -vascu lar 

c o n tro l .  Duke E ld e r  (1955) a t  the  C. I.O.M.S. symposium 

on glaucoma, w hile ag reein g  th a t m echnicai blockage 

o f  th e  angle by th e  ’’C urran-Chandler” mechanism could 

o ccu r, f e l t  th a t  th i s  m echanical o b s tru c tio n  was i t s e l f  

th e  r e s u l t  o f some underlying v a sc u la r  change w ith in  th e  

eye.

V arious th e o r ie s  to  exp lain  how em otional 

d is tu rb a n ce  could p re c ip i ta te  an acute a ttack  o f glaucoma 

have been p o s tu la te d . Thus Sugar ( l9 4 l)  favoured the 

p u p i l la ry  d i l a t a t io n  which accompanies em otional s tre s s  

as th e  c h ie f  f a c to r  re sp o n sib le . Chandler (1952) f e l t

that «• • •
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th a t  c lo su re  o f  the  angle could  r e s u l t  from v a sc u la r  

co n g es tio n  i n  the  uveal t r a c t .  Grant (1952) noted 

a sudden in c re ase  in  o cu lar te n s io n  co inciden t w ith 

b lu sh in g  on th e  p a r t  of the  p a tie n t ana assumed i t  

to  be due to  v a s o d i la ta t io n  in  the choroid . Barany 

(1955) suggested  th a t  ten sen ess  in  the e x tra -o c u la r  

m uscles might p lay  a p a r t in  r a is in g  the o cu lar te n s io n .

The f a c t  th a t  a v i s i t  to  a cinema p re c ip ita te d  an acute 

a tta c k  o f  glaucoma in  a p a t ie n t  -vhose o c u la r  ten s io n  

d id  not r i s e  fo llow ing  a darkroom t e s t  v/as c i te d  as 

evidence o f  th e  im portance o f  psychic fa c to rs  in  the  

development o f th e  d isea se  by M ille r  (1953). I t  has 

however been found im possib le to  determ ine whether 

th e re  i s  a p a r t i c u la r  type o f p syho log ical make-up which 

p re d isp o se s  to  the  development o f glaucoma (R ip ley , 1948-50).

I t  thus appeared th a t  although the  r ise  in  

o c u la r  te n s io n  occu rrin g  in  c lo sed -ang le  glaucoma was 

th e  r e s u l t  o f m echanical o b s tru c tio n  o f  the angle o f 

th e  a n te r io r  chamber in  a su ita b ly  predisposed eye th e re  

was no d e f in i t e  agreement on the fa c to rs  resp o n sib le  

f o r  t h i s .

That c lo su re  o f the angle d id  indeed precede

the . . . .
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th e  l i s e  in  o cu la r te n s io n  in  th is  d isease  was shown 

by B angaerte r and Goldman (1941), Froncois (1948) and 

V annini (1952). These same au thors showed th a t  as 

th e  p u p il co n trac ted  under the  in fluence  o f  n d o tic s , 

th e  angle opened again  and the ten sio n  re tu rn ed  to  

noim al provided th a t  no pem anent adhesion  had formed 

between the  ro o t o f  the  i r i s  and the p rev io u s ly  occluded 

trabeculum .

When Balkan (1936) separated  prim ary glaucoma 

in to  narrow and wide angle glaucoma he noted th a t  some 

o f  h i s  cases o f  narrow  angle glaucoma p resen ted  i n i t i a l l y  

w ith complete angle c lo su re  and an acute r i s e  in  o c u la r  

te n s io n  w hile o th e rs , as the re s u l t  o f  numerous moderate 

a t ta c k s  o f t r a n s ie n t  o b s tru c tio n  o f  the  angle lead ing  

to  th e  fo m a tio n  o f  p e r ip h e ra l a n te r io r  synech iae, 

p re sen ted  as cases o f  chronic  p ro g ressiv e  d e te r io ra t io n  

o f  v is io n  which could only w ith d i f f i c u l ty  be d is tin g u ish ed  

from th a t  found in  ch ron ic  simple glaucoma. He noted 

th a t  as a ru le  the angle o f  the  a n te r io r  chamber was 

narrow er above th an  below and th a t  i t  was in  th is  upper 

s e c to r  th a t  c losu re  o f the  angle u su a lly  s ta r te d  and in  

which p e r ip h e ra l  a n te r io r  synecniae f i r s t  formed* He

a lso  •* .•
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a lso  though t th a t  th is  narrowness o f the angle o f  the  

a n te r io r  chamber su p e r io r ly  was the ex p lan a tio n  o f the 

v e r t i c a l l y  o v a l p u p il seen in  eyes a ffe c te d  by acute  

glaucoma. The changes in  the symmetry o f the  i r i s  

p a t te r n  noted by  R id d e ll (1946) as an e a r ly  s ig n  in  

prim ary glaucoma may a lso  r e f l e c t  the  as§$anetry o f 

the  angle d esc rib ed  by Barkan.

S h a ffe r  (1955), as the  r e s u l t  repeated  gonioscopic 

exam ination o f  eyes a ffe c ted  by c losed-ang le  glaucoma 

o v e r a p e rio d  o f y e a r s , was o f th e  op in ion  th a t the 

angle of the  a n te r io r  chamber was i n i t i a l l y  c losed  

in  i t s  upper s e c to r  b u t th a t the area so o b s tru c ted  g rad u a lly  

in c re a se d  u n t i l  f i n a l ly  only  a very sm all p ro p o rtio n  

o f  the circum ference o f the  angle below was l e f t  unobstruc ted . 

P h i l l ip s  (1956) showed th a t  the  incidence o f goniosynechiae 

in  cases o f c lo sed -an g le  glaucoma was s ig n if ic a n t ly  

g re a te r  in  the upper h a l f  o f  th e  angle than i n  the  low er.

He a lso  b e liev ed  as the r e s u l t  o f  d ire c t  gonioscopic 

o b se rv a tio n  th a t  in  the e a r ly  s tag es  o f the d isease  

th e  angle o f the  a n te r io r  chamber was obstru c ted  i n i t i a l l y  

i n  the  upper s e c to r  by c o n tac t between the m o t o f  the 

i r i s  and the  p o s te r io r  su rface  o f the cornea and th a t

t h i s  • • • •
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t h i s  a re a  o f " ir id o -c o rn e a l  c o n ta c t” slow ly im p lica ted  

more and more of the angle from above downwards u n t i l  

e v e n tu a lly  th e  m aintenance o f  normal te n s io n  in  the 

eye was dependant upon the outflow  o f aqueous through 

the one rem aining open s e c to r  o f  the  angle below*

He f e l t  th a t  i t  m s the sudden o b s tru c tio n  o f  th is  rem aining 

open s e c to r  o f the angle th a t  f in a l ly  re s u lte d  in  the  

development o f  an a t ta c k  o f acute glaucoma*

K ronfeld (1944) was o f the o p in ion  th a t  the 

ou tflow  o f  aqueous from the eye could s t i l l  be normal 

when only one q u a r te r  o f the circum ference o f th e  angle 

was u n o b stru c ted , while Troncoso (1947) and Sugar (1945) 

thought th a t  an even sm aller a rea  o f open angle was 

com patible w ith  normal drainage*

I t  would appear to be a simple m a tte r to  

determ ine by gonioscopy whether o r not the angle o f  

th e  a n te r io r  chamber in  ear3y c losed-ang le  glaucoma 

i s  p a r t ly  o b s tru c ted  and to  r e la te  the  r e s t in g  ocular 

te n s io n  and f a c i l i t y  of aqueous outflow  to  the  degree 

o f  o b s tru c tio n  present*  U nfortunate ly  where th e  angle 

i s  very  narrow i t  is  u su a lly  im possible on gonioscopy 

to  t e l l  whether the angle i s  open o r  closed as the  a n te r io r

convexity  . • . •
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convexity  o f  the i r i s  o b s tru c ts  the view o f th e  deeper 

p a r t  o f  the  angle * Even where the angle can be seen 

c le a r ly  i t  i s  n o t p o ss ib le  by o b servation  alone to  

determ ine w hether c lo su re  of any s e c to r  i s  a c tu a l o r  

o n ly  ap p aren t. Support fo r  the  hypo thesis  th a t  in  e a r ly  

c lo sed -an g le  glaucoma a h a b i tu a l  although v a ria b le  degree 

o f  c o n tac t between the i r i s  and cornea e x is ts  in  some 

p a r t  o f  the  angle  must th e re fo re  be sought by some o th e r 

means.

i s  the w r i te r ,  co n tra ry  to the  g e n e ra lly  accepted 

view , was o f the  o p in io n  th a t  c losu re  o f  even a p o rtio n  

o f  the  angle in  arry p a r t i c u la r  eye was u n lik e ly  to  

be c o n s is te n t with e i th e r  a normal o cu lar ten s io n  o r 

a normal outflow  o f  aqueous fo r  th a t eye, i t  seemed 

reasonab le  th a t  in fo rm atio n  on the s ta te  o f the angle 

might be forthcom ing from a d e ta i le d  study o f  the o cu la r 

te n s io n  and qqueous outflow  in  eyes a ffe c te d  by the 

d is e a s e . I t  a lso  seemed probable th a t  the response o f 

an eye to  the u su a lly  employed provocative t e s t s  mig^it 

be g re a t ly  in flu en ced  by the  degree o f angle c lo su re  

e x is t in g  p r io r  to  the t e s t ,  and so i t  was decided to  study  

th e  v a r ia t io n s  in  the  te n s io n  and outflow  of aqueous
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i n  eyes a f fe c te d  by  c lo sed -ang le  glaucoma both  in  the  

r e s t in g  c o n d itio n  and fo llow ing  p rovocation .

The re s u l ts  o f  these  in v e s tig a tio n s  are now 

p re sen te d  and in c lu d e  a s t a t i s t i c a l  e v a lu a tio n  o f  the 

darkroom t e s t  and d e ta i ls  of a new provocative t e s t ;  

th e  "darkroom outflow " t e s t .  Several fa c to rs  o f  s ig n if ic a n ce  

i n  the  s u r g ic a l  trea tm en t o f  c losed-ang le  glaucoma have 

emerged from t h i s  study and these w i l l  a lso  be d iscu ssed .
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C H A P T E R  I I  

THE DARKROOM TEST

SUMMARY

In  th i s  c h ap te r th e  r e s u l ts  o f the  darkroom 

t e s t  on a s e r ie s  o f  normal eyes and on a s im ila r  s e r ie s  

o f  eyes presumed to  have c losed -ang le  glaucoma are  

presented*

A sm all but r e a l  r i s e  i n  o cu la r te n s io n  occurred 

i n  those norm al eyes subm itted  to  the  darkroom te s t*

The conclusion  is  reached th a t  an eye must 

develop a r i s e  in  o c u la r  te n s io n  of a t  le a s t  8*5 nms.

Hg fo r  the  r e s u l t  o f  the darkroom t e s t  to  be considered 

p o s itiv e*

I t  i s  shown th a t  a p o s it iv e  r e s u l t  with the 

darkroom t e s t  is  more l ik e ly  to  occur i f  the re s t in g  

o c u la r  te n s io n  in  the eye te s te d  i s  h ig h e r than  25 mm*

Hg and th a t  the magnitude o f the r i s e  i n  te n s io n  occurring  

w ith  th e  t e s t  a lso  depends upon the re s tin g  o cu la r 

te n s io n  a t the  s t a r t  o f the  te s t*

The ex is ten ce  in  an eye of a shallow  a n te r io r

chamber . • •



chamber and a narrow entrance to  the angle o f  th e  

a n te r io r  chamber does not c o n s ti tu te  a d iagnosis  o f  

c lo sed -an g le  glaucoma. K ronfeld (1949) noted th a t  

20^  o f  h is  cases i n  which the angle o f the  a n te r io r  

chamber was found to  be extrem ely narrow d id  not develop 

ar^y s ig n  of c lo sed -ang le  glaucoma over a f iv e  y e a r period  

o f  o b se rv a tio n . In  o rd e r to  make a d iagnosis of c losed-angle 

glaucom a, evidence o f a c tu a l o b s tru c tio n  of the angle 

o f  th e  a n te r io r  chamber must be sought. The usu al 

in d ic a t io n  th a t  o b s tru c tio n  of the angle has occurred 

i s  th e  fin d in g  o f  a p a th o lo g ic a lly  ra ised  o cu lar te n s io n .

As th e  o cu la r te n s io n  in  c losed-ang le  glaucoma between 

a t ta c k s  i s  u su a lly  w ith in  normal lim its  th e  use o f  a 

s u i ta b le  p rovoca tive  t e s t  i s  o ften  necessary  to  e s ta b lis h  

th e  d ia g n o s is . The s im p lest and most o ften  used o f 

th e se  t e s t s  i s  the  darkroom t e s t .  In  th is  t e s t  the 

p a t ie n t  i s  confined to a darkened room fo r a period  

o f  one hour and the re s u lt in g  change in  o cu lar te n s io n  

n o ted .

As has a lready  been noted (p . 29) Grohholm 

i n  1910 was th e  f i r s t  to  observe th a t  a period  o f  time 

in  a  darkened room could be followed by a r i s e  in  o cu la r

ten s io n  • . .
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te n s io #  in  p a t ie n ts  su ffe r in g  from prim ary glaucoma*

S e id e l (1922) b e liev ed  th a t t h i s  r i s e  in  o cu la r te n s io n  

was due to  angle b lock  secondary to  p u p il la ry  d i l a t a t io n  

and S e rr  (1925) was of the  o p in ion  th a t  the r i s e  in  

te n s io n  only occurred  i f  the p u p il o f th e  a ffe c te d  eye 

was d i la te d  to  a c r i t i c a l  size* From th ese  o b serv a tio n s  

th e re  was developed the  p rovocative t e s t  now known as the 

darkroom t e s t .  F u r th e r  work on the e f f e c t  o f darkness 

on th e  o c u la r  ten s io n  was published  by Sallm an, 1930; 

G-radle, 1931; Ohm, 1936; W etzlich , 1934; B loom field and 

KMllerraan, 1947; K ronfeld , 1948; M agito t, 1948; Z are tsk ay a , 

1948; W einstein , 1953; Ross, 1953, and H ig g i t t ,  1954.

C o n flic tin g  opinions on th e  value o f  th e  darkroom 

t e s t  were expressed by th ese  au thors some fin d in g  th a t  

a s u b s ta n t ia l  r i s e  in  o c u la r  te n s io n  was o f frequen t 

occurrence in  cases o f glaucoma, o th e rs  th a t  such a 

r i s e  was ra re  and o f l i t t l e  d ia g n o stic  a s s is ta n c e .

The a p p lic a tio n  o f  the darkroom t e s t  to  cases of ch ron ic  

sim ple glaucoma which as a ru le  do not develop a r i s e  

in  o cu la r ten s io n  w ith the t e s t  probably  exp la in s the 

d isap p o in tin g  r e s u l t s  found by some workers (G rad le ,

1931; Ohm, 1936; Bloom field and Kellerman, 1947; M agito t,

1948 .« • •
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1948). L a te r  workers (K ronfe ld , 1948; H ig g i t t ,  1954) 

who ap p lied  th e  t e s t  only  to  cases o f suspected  c lo sed -ang le  

glaucoma were more e n th u s ia s t ic  in  t h e i r  e s tim a te  o f 

i t s  d ia g n o s tic  va lue  in  these  cases.

Even when the t e s t  i s  app lied  to  cases presumed 

to  have c lo sed  angle glaucoma, however, a s ig n if ic a n t  

r i s e  i n  o c u la r  te n s io n  i s  not found in  every case .

H ig g itt  (1954) found th a t  70$ o f  h is  cases o f "co n g es tiv e” 

glaucoma gave a p o s it iv e  r is e  of o cu la r te n s io n  w ith the  

t e s t ,  whereas Leydhecker (see  Duke E ld e r , 1955) found 

th a t  on ly  l l f 0 o f h is  "co n g estiv e” and "narrow angle" 

glaucoma cases d id  so . Consequently the l a t t e r  au th o r 

concluded th a t  the  t e s t  was o f l i t t l e  value in  the  d iag n o sis  

o f c lo sed -an g le  glaucoma. K ronfeld (1949) noted the 

development o f  an acu te  a t ta c k  o f glaucoma in  a p a t ie n t  

who had p rev io u s ly  f a i le d  to  produce a r i s e  o f  o c u la r  

te n s io n  w ith  th e  darkroom t e s t  and M ille r  (1953) po in ted  

out th a t  a v i s i t  to  the  cinema had "been known to  r e s u l t  

i n  an acute a t ta c k  o f  glaucoma in  a p a t ie n t  i n  whom th e  

darkroom t e s t  had been  n e g a tiv e .

Leydhecker (see  Duke E ld e r , 1955) in  a sse ss in g  

the  r e s u l ts  of the darkroom t e s t  considered  the  r i s e

o f  . •
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o f 9 nuns. Hg suggested  by H ig g itt  (1953) as the  measure 

o f  a p o s i t iv e  t e s t  t o  be too  low, p o in tin g  out th a t  t h i s  

f ig u re  was derived  from the l a t t e r  authors* d a ta  w ithout 

any r e a l  s t a t i s t i c a l  a n a ly s is .  No such a n a ly s is  had in  

f a c t  been published  a t  th a t  tim e.

I n  th e  p re sen t in v e s t ig a t io n  the darkroom t e s t  

was chosen f o r  fu r th e r  s tudy  not only because i t  might 

he lp  to  e lu c id a te  the mechanism o f angle c lo su re  bu t because 

i t  was simple to  perform , not p a r t i c u la r ly  d is t r e s s in g  

to  th e  p a t ie n t  and r e la t iv e ly  s a fe . Some au tho rs  (S ugar, 

1948) have expressed the op in ion  th a t  a r i s e  in  o c u la r  

te n s io n  in  an  eye a f fe c te d  by c lo sed -ang le  glaucoma can 

be dem onstrated more re a d ily  by the i n s t i l l a t i o n  o f a 

m y d ria tic  than  by any o th e r  provocative t e s t .  The m y d ria tic  

t e s t  was considered  unsafe by K ronfeld (1949) and i t  has 

no t been made the  su b jec t o f  any p a r t  o f  th i s  in v e s t ig a t io n .

The r e s u l t s  which are p resen ted  now are  a l l  o f  

t e s t s  perform ed a t  the  I n s t i t u t e  o f  Ophthalmology c a r r ie d  

ou t by the au th o r under standard  c o n d itio n s . The method 

used was s im ila r  to  th a t described  by H ig g itt  (1954).

The eyes o f  the  p a t ie n t  to  be te s te d  were 

a n a e s th e tise d  by the  i n s t i l l a t i o n  of s e v e ra l drops o f

one . . . .
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one p e r cent amethocaine hydroch lo ride  i n  each and a 

measurement o f  the o cu la r te n s io n  was made w ith  a s tandard  

S ch in tz  X -tonoraeter, the p a t ie n t  being  recumbent while 

the  measurement was made. The p a tie n t  was then  kept in  

t o t a l  darkness f o r  one h ou r, being cautioned  not to  f a l l  

a s le e p  d u ring  th i s  p e rio d . At the  end o f an hour ano ther 

measurement o f  the o c u la r  te n s io n  was made w ith the same 

instrum ent as b e fo re . Both th e  i n i t i a l  and f i n a l  measurements 

were made under normal room lig h t in g .

The e f f e c t  of the  darkroom t e s t  on a s e r ie s  

o f  57 normal cases was f i r s t  in v e s t ig a te d . A ll  the  cases 

in c lu d ed  in  the norm al s e r ie s  were in v e s tig a te d  to  exclude 

t h e i r  having c lo sed -an g le  glaucoma* Gonioscopy was perform ed 

on each and only  those eyes in  which the  angle o f  the 

a n te r io r  chamber was no t unduly narrow included in  the  s e r ie s  

to  be te s te d .  The angle o f  the a n te r io r  chamber in  

th e se  cases had to  be open in  a l l  s e c to rs  and the trab ecu lae  

v i s ib le  in  th e  whole circum ference o f  the ang le . C l in ic a l ly  

th e se  cases were c la ssed  as having wide o r medium a n g le s .

A C arefu l case h is to iy  was taken  to  exclude any p a t ie n t  

w ith a h is to ry  o f ha loes o r a tta c k s  o f  b lu rre d  v is io n .

In  each case the c e n tr a l  and p e r ip h e ra l v is u a l f i e ld s

we re • • . .
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v/ere p lo t te d  and no case w ith  a f i e ld  d e fe c t included 

in  the normal s e r ie s ,  A part from the  q u estio n  o f c lo sed -ang le  

glaucom a, none o f  the  normal eyes had evidence o f p a s t 

o r  p re se n t u v e i t i s  o r  any o th e r  p a th o lo g ic a l co n d itio n  

•which could be recognised  by the u su al methods o f c l i n i c a l  

exam ination .

The group o f cases so s e le c te d  co n sis ted  o f 

32 m ales and 25 fem ales w ith  a mean age o f 56.8 years  

(+ 1 1 .8 ) . That the variance  o f the  r e s u l ts  might n o t be 

m inim ised by the  s im i la r i ty  o f  fe llo w  e ye s , the r e s u l t  

o f  th e  t e s t  on on ly  one eye chosen a t  random from each 

p a t ie n t  te s te d  was used in  the subsequent a n a ly s is .

(The random s e le c t io n  o f  r ig h t o r l e f t  eyes was e ffe c te d  

by th e  to s s  o f  a co in  fo r  each p a tie n t  te s te d .)

Of th e  57 eyes subm itted to the darkroom t e s t  

3Qfo showed a r i s e  in  o cu lar te n s io n ; in  the  o cu la r 

te n s io n  f e l l  w hile in  the  rem aining 5dp th e re  was no 

ap p rec iab le  change. Taken as a whole, the group showed 

a sm all mean r i s e  in  o c u la r  te n s io n  w ith the t e s t  (+0.97 

mm. Hg w ith  a s tan d a rd  e r r o r  o f  _+ 0 .3 3 ) . The d is t r ib u t io n  

o f  the r e s u l t s  was G aussian w ith  a standard  d e v ia tio n  

o f  + 2 .54  mm. Hg (Fig* i)*

Although . . . .



20 n

o
o-
z

+ 3 + 5 + 7- 3- 5

Change in o c u la r  tension in mmHg Schi<|>tz

P ig . 1 .

Graph to  i l l u s t r a t e  th e  r e s u l ts  o f  the darkroom t e s t  on 
57 noim al eyes. A sm all mean r is e  in  o c u la r  te n s io n  
(M) occurred w ith  the  t e s t  i n  these  ey es .



A lthough the  mean r i s e  in  o cu la r te n s io n  in  

th ese  normal eyes was sm all, i t  was s ig n if ic a n t ly  d i f f e r e n t  

from th e  expected value o f  zero  and so may "be considered  

r e a l .  (S tu d en ts  t  = 2.89 : n  = 56 : P = < 0 .0 1 . )

From the  behaviour o f th i s  s e r ie s  o f  normal eyes 

i t  i s  p o s s ib le  to  deduce what may be considered  a p a th o lo g ic a l 

r i s e  i n  o c u la r  te n s io n  w ith  the darkroom t e s t .  A r i s e  in  

o c u la r  te n s io n  o f more th an  th ree  tim es the  standard  

d e v ia t io n  o f  the  mean change in  o cu lar te n s io n  found in  

normal eyes w ith  t e s t  i s  l ik e ly  to  have occurred by chance 

le s s  th an  once in  one hundred tim es and such a r i s e  may 

reasonab ly  be regarded as evidence in  favour o f a d iagnosis  

o f  c lo sed -an g le  glaucoma. In  the p re sen t s e r ie s  o f  normal 

eyes i t  has been  noted th a t fo llow ing the darkroom te s t  

th e re  was a mean r i s e  o f o cu lar ten sio n  o f  + 0 .97  mms. Hg 

w ith a s tan d ard  d e v ia tio n  of _+ 2.54 mms. Hg. To be s ig n if ic a n t  

a t  the  99̂ 3 le v e l of p ro b a b ili ty  th e re fo re , an eye under 

t e s t  would have to  produce a r i s e  in  o c u la r  te n s io n  o f  a t 

l e a s t  8.6  mms. Hg (M + 3<T)•

As the  s e r ie s  o f normal eyes subm itted to  the  

darkroom t e s t  might not be t r u ly  re p re se n ta tiv e  of normal 

0ygg g e n e ra l, i t  was decided to  c a lc u la te  95̂ b confidence

l im i t s  . . . .
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l im i t s  fo r  the mean change i n  ocu lar te n s io n  w ith  the 

darkroom t e s t .  These showed th a t  the  tru e  mean change 

i n  te n s io n  w ith  th e  t e s t  could l i e  anywhere between 

+ 0.18 mma Hg and + 1.78 mms. Hg.

Tb be considered  p a th o lo g ic a l, th e re fo re , 

th e  r i s e  in  o c u la r  ten s io n  re s u lt in g  from the  t e s t  should 

be g re a te r  th an  a fig u re  ly ing  between + 7.8 mms. Hg and 

+ 9 .4  mms. Hg. T his i s  in  c lo se  agreement w ith th e  f ig u re  

o f + 9 rams. Hg r is e  suggested on c l in ic a l  grounds as 

th e  measure of a p o s itiv e  t e s t ,  by H ig g itt  (1954).

The f a c t  th a t  th e  darkroom t e s t  should be 

fo llow ed by a r i s e  in  o cu la r te n s io n  in  normal eyes in  

which th e  f a c to r  o f  angle c lo su re  can almost c e r ta in ly  

be ru led  out is  d i f f i c u l t  to  ex p la in . Duke E ld er (1940) 

noted th a t  i t  had been re p e a te d ly  shown th a t  a sm all r i s e  

i n  o c u la r  te n s io n  occurred when normal eyes were su b jec ted  

to  a p e rio d  of da rk n ess . This e f fe c t  was sa id  to  be 

abo lished  by a re tro b u lb a r in je c t io n  of a lco h o l o r  an 

o p t ic o - c i l ia r y  neurectomy, an observation  which could 

support the view th a t  the  change in  te n s io n  was r e f le x  

in  o r ig in .  Duke E ld er (1932) s ta te s  th a t  l ig h t  d i r e c t ly  

c o n s t r ic t s ,  w hile darkness d i la te s  the v e s se ls  o f the

choroid  • . .*
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choro id  and th a t  t h i s  d i l a ta t io n  in  the dark causes the 

r is e  i n  o cu la r te n s io n  which occurs when l ig h t  i s  excluded 

from a normal eye. In  the presence of an adequate drainage 

mechanism however any in c rease  in  the volume o f  the  choroid  

would be l ik e ly  to  r e s u l t  in  an in c rease  in  the ra te  o f  

ou tflow  o f aqueous so th a t  the  r is e  in  o c u la r  te n s io n  

would be t r a n s ie n t ,  and one would im agine, u n lik e ly  to  

be p re sen t a f t e r  one hour in  th e  da rk .

In  none o f the normal eyes s tu d ie d  in  th is  

in v e s t ig a t io n  was the angle abnorm ally narrow nor did 

gonioscopy re v e a l angle c lo su re  in  any o f  these cases 

a f t e r  the  darkroom t e s t .  As w il l  be seen l a t e r  (p . 78) 

no s ig n if ic a n t  a l t e r a t io n  in  the r a te  o f  aqueous outflow  

during  th e  darkroom t e s t  was d iscovered  when th is  aspec t 

o f  the  problem was s tu d ie d . I t  would seem u n lik e ly  th e re fo re  

th a t  the r i s e  in  te n s io n  occasioned by the darkroom t e s t  

i n  th e se  normal eyes was due to  o b s tru c tio n  o f aqueous 

ou tflow . S im ila r ly  i f  the outflow  o f  aqueous i n  th ese  cases 

was norm al (a s  indeed i t  was found to  be) any re f le x  

v a s o d i la ta t io n  occurring  w ith in  the eye would have p re c ip i ta te d  

on ly  a t r a n s ie n t  r i s e  in  o cu la r ten sio n  un like  the prlonged 

r i s e  no ted . The exp lanation  o f  the r is e  in  ten sio n  must

therefore . . . .
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th e re fo re  l i e  in  an in c rease  in  the ra te  o f  aqueous form ation  

so th a t  w ith  no change in  the ra te  o f  ou tflow , the p ressu re  

e q u ilib riu m  w ith in  the eye would assume a h ig h e r base le v e l .  

Such an in c rease  i n  the r a te  o f aqueous form ation might 

i t s e l f  be th e  r e s u l t  o f  re f le x  v a so d ila tio n  w ith in  the c i l i a r y  

body o r might r e f l e c t  some wider response on the p a r t 

o f the hypothalamus o r  autonomic nervous system induced 

by th e  change in  i l lu m in a tio n . Small changes in  o c u la r  

te n s io n  comparable w ith  those o ccu rring  w ith the  darkroom 

t e s t  a re  seen in  the d iu rn a l in tr a -o c u la r  p ressure  v a r ia t io n s  

which are reasonab ly  b e liev ed  to  r e s u l t  from rhythmic 

a l t e r a t io n s  i n  th e  a c t iv i ty  of the autonomic nervous 

system .

The e f f e c t  o f  the darkroom t e s t  on th e  ocu lar 

te n s io n  o f  eyes presumed to  have c losed-ang le  glaucoma 

was next in v e s t ig a te d . For th is  purpose a group o f  108 

cases each o f  whom was b e liev ed  to  be s u f fe r in g  from 

c lo se d —angle glaucoma was subm itted to  the darkroom t e s t .

I n  each case a presum ptive d iagnosis  o f c losed-ang le  

glaucoma had been made on the appearance o f the angle o f 

th e  a n te r io r  chamber and on the h is to ry  of symptoms*

A ll o f the  cases in  th i s  group had n o tic e ab ly  narrow

angles . . . *
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angles as seen  gon ioscopically*  In  some cases a presum ptive 

d iag n o sis  of c lo sed -an g le  glaucoma was made “because of 

a fran k  acute c loscd-ang le  a tta c k  in  e i th e r  the eye to  

be examined o r i t s  fellow* Where there  had been no such 

acu te  a t ta c k  a d e f in i te  h is to ry  o f h a loes and b lu rred  

v is io n  l a s t i n g  a t  le a s t  one hour and re lie v e d  by e i th e r  

s le e p  o r ra io tic s  was ob ta ined .

As w ith  th e  s e r ie s  o f  nonaal eyes only  one 

eye from each p a t ie n t  te s te d  was included in  the analysis*  

Where both  eyes were te s te d  a random choice was made between 

them* Where one eye had been operated  on fo r  acute 

glaucoma the r e s u l t  of the t e s t  on the fe llo w  eye was 

taken* The re s u l t in g  group co nsisted  o f  106 case s ,

55 o f  whom were male and 53 fem ale. The mean age o f these 

cases was 57 .6  y ears  (+ 1 1 .0 ). The sex d is t r ib u t io n  

was s im ila r  to  th a t  in  the s e r ie s  of normal cases and 

a n a ly s is  by a X  2 t e s t  d id not re v e a l any s ig n if ic a n t  

d iffe re n c e  between the  two s e i ie s  in  th i s  re sp ec t (Table 

I} .  ( X 2 = 0.406 : n = 1 : P = > 0 .5 0 ) .

A comparison of the age com positions o f  the two 

s e r ie s  revealed  no s ig n if ic a n t  d if ie re n c e  in  th is  re sp ec t 

e i th e r  (Table I I ) .  In  the c o n tro l s e r ie s  the mean age

of •* * •
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T A B L E  I

S e r ie s
Number o f  Cases

Male Female

C on tro l 32 (56$) 25 (4 fb)

C losed-angle glaucoma 55 (51$) 53 (49Jo)

Comparison of the age d is t r ib u t io n  in  57 noimal 
cases and 108 cases o f  c losed-ang le  glaucoma 
subm itted  to  the darkroom t e s t .  The two s e r ie s  
are  s im ila r  in  age d is t r ib u t io n .  (X ^  = 0,406 : 
n  s  1 ; P =]> 0 .5 0 .)

T A B L E  I I

S e rie s

Mean age (y ea rs) Comparison o f
Mean Ages o f 

Males and 
Females

T o ta l
Mean Age 

(Years)

Comparison o f  
T o ta l Mean Age 
in  C ontrol and 

T est S e rie sMale Female

C ontro l
55 .7  

(+ 13.0)

57.8 

(+ 10*2)

t  = 1.11 : 
n = 55 :
P = >  0 .10

56.8 

(+ 11.8)

t  = 0.433 : 
n = 163 :
P = >  0 .10

F = 1.07 : 
n. = 56 : 
nT = 107 : 
P = >  0.20

T est

57 .4  

(+ 10.4)

57.8 

(+ 11.8)

t  = 0.18 : 
n = 106 :
P = >  0.10

57.7 

(+ 11.0)

Comparison o f age d is t r io u t io n  in  57 normal eyes and 108 
cases w ith c losed-ang le  glaucoma subm itted  to  the darkroom 
t e s t .  The age d is t r ib u t io n  i s  s im ila r  i n  each s e r ie s .
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o f  th e  m ales (5 5 ,7  years _+ 13.0) d id  n o t d i f f e r  s ig n if ic a n t ly  

from th a t  o f  th e  fem ales (57 .8  years  + 10.2) ( t  = 1 .11  : 

n = 55 : P = >  0 .1 0 ) . In  the  s e r ie s  o f  cases a ffe c te d  

by c lo sed -an g le  glaucoma the  mean age o f th e  males 

(5 7 .4  y ears  _+ 10.4) s im ila r ly  d id  no t d i f f e r  from th a t  

o f th e  fem ales (57 .8  y ears  + 11.8) ( t  = 0.18 : n = 106 : 

P = > 0 . 1 0 ) .  In  a d d itio n , the  mean age of a l l  cases 

in  the  normal s e r ie s  (56 .8  years  _+ 11.8) d id  not d i f f e r  

s ig n i f ic a n t ly  from th a t i n  the glaucomatous s e r ie s  

(57 .7  years  + 11 .0 ) ( t  = 0.433 : n = 163 : P = > 0 .1 0 ) .

(F  = 1 .0 7  : n± = 56 : n2 = 107 : P = >  0 .2 0 ).

In  th e  group o f cases  presumed to  have c losed-angle  

glaucoma the darkroom t e s t  produced a w ell marked r is e  

in  o c u la r  te n s io n . The mean change in  ten sio n  was 

+ 11.12 rams. Hg w ith a s tan d a rd  d ev ia tio n  o f  _+ 12.08 

mms. Hg.

As was expected, th is  mean r is e  in  o c u la r  

te n s io n  was s ig n if ic a n t ly  g re a te r  than  th a t found in  

th e  s e r ie s  o f  normal eyes ( t  = 6.26 : n = 163 : P = <T 0 .001).

The f a i r l y  la rg e  s tan d ard  d e v ia tio n  fo r  the 

r e s u l t s  o f th e  darkroom t e s t  in  the cases  o f  d o se d -a n g le  

glaucoma in d ic a te d  a wide range and suggested th a t there

might • • . .
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might not be a c le a r  dem arcation between the r e s u lts  

o f  the  t e s t  on normal and glaucomatous eyes. This 

was indeed  found to be th e  case f o r ,  o f  the 108 eyes 

presumed to  have c lo sed -an g le  glaucoma, only 56 (51.9^) 

developed a  r is e  in  o cu la r ten sio n  o f more than  8 rams.

Hg w ith  the t e s t  and o f  these  17 had o c u la r  ten sio n s  

a t  the beginn ing  o f the t e s t  of more than  31 rams. Hg.

The r e s u l t s  of the t e s t  on the normal and glaucomatous 

eyes a re  shown g ra p h ic a lly  in  F ig . 2 where i t  is  apparent 

th a t  th e re  i s  co n sid erab le  overlap  o f the two s e r ie s .

From t h i s  alone i t  would appear th a t  while a p o s itiv e  

darkroom t e s t  i s  o f  va lue  i n  e s ta b lis h in g  the d iagnosis 

o f c lo sed -an g le  glaucoma the reverse  i s  c e r ta in ly  

n o t t r u e .

I f  i t  i s  th e  case th a t in  an eye a ffe c te d  by 

e a r ly  c lo sed -an g le  glaucoma, p a r t  o f the angle o f the 

a n te r io r  chamber may be more or le s s  perm anently ODstructed 

a lthough  th e  o cu la r te n s io n  might s t i l l  be w ith in  

normal l im i t s ,  one would expect th a t  i n  any group o f  

such eyes those i n  which the  angle was a lready  la rg e ly  

o b s tru c ted  would be more l ik e ly  than the o th e rs  to  develop 

a r i s e  in  o cu la r te n s io n  on s u ita b le  p rovocation .

Although . • . .
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G-raph to  i l l u s t r a t e  th e  d i s t r ib u t io n  o f 57 normal eyes and 
108 eyes w ith  c lo sed -an g le  glaucoma i n  r e la t io n  to  the 
change in  o c u la r  te n s io n  w ith  the  darkroom te s t*  There 
i s  co n sid erab le  overlap  between the normal and glaucomatous 
r e s u l t s .



Although th e  o c u la r  te n s io n  in  such eyes might he 

w ith in  norm al l im i t s  ( i . e . ,  below 31 mms. Hg) i t  seemed 

reaso n ab le  th a t  i t  would be h ig h e r in  those  eyes in  

which the  angle o f  th e  a n te r io r  chamber was p a r t ly  

o b s tru c te d  th a n  i n  those  no t so  o b s tru c te d . Thus one 

m ight expect a h ig h e r in c id en ce  o f  p o s it iv e  darkroom 

te s ts  among -those cases in  -vhich th e  o cu la r te n s io n  a t 

the s t a r t  o f th e  t e s t  was i n  the upper reaches o f  the  

normal range th an  where t h i s  o c u la r  te n s io n  was low er.

Leydhecker (see  Duke E ld e r, 1955) has s ta te d  

th a t  f o r  p rovoca tive  t e s t s  in  g e n e ra l, the i n i t i a l  r e s t in g  

o c u la r  te n s io n  does n o t in flu en ce  the  r e s u l t  o f the 

t e s t  ( a t  l e a s t  f o r  o c u la r  te n s io n s  o f le s s  th a n  30 mms. 

H g). Prom c l i n i c a l  experience and fo r  the reasons 

m entioned above i t  was b e lie v e d  th a t  the r e s u l t  o f the  

darkroom t e s t  was g re a t ly  in flu en ced  by th e  i n i t i a l  o c u la r  

te n s io n . To e s ta b l is h  w hether indeed th is  was the ca se , 

the  r e s u l ts  o f the daikroom t e s t  were c l a s s i f i e d  in  

groups according  to  the  r e s t in g  te n s io n  in  each eye 

a t  th e  s t a r t  o f th e  t e s t .  The inc idence  o f  p o s i t iv e  

r e s u l t s  w ith  the  darkroom t e s t  was found to  r i s e  s te a d i ly  

w ith  in c re a s in g  i n i t i a l  o c u la r  te n s io n  le v e ls  (F ig . 3 ) .
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Comparison o f  th e  in c id en ce  o f  p o s it iv e  r e s u l t s  w ith  the 
daikroom  t e s t  on eyes w ith  c lo sed -an g le  glaucoma a t 
d i f f e r in g  i n i t i a l  le v e l s  o f o c u la r  te n s io n . The g r e a te s t  
number o f  p o s it iv e  t e s t s  occurs in  th e  group w ith  an 
i n i t i a l  o c u la r  te n s io n  o f  26-28 mm. Hg.
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As th e re  appeared to  be a g re a te r  l ik e lih o o d  

o f  a p o s i t iv e  r e s u l t  There the i n i t i a l  te n s io n  in  the 

eye te s te d  was above 25 mms. Hg th an  where i t  was lower 

th a n  t h i s  f ig u r e ,  a com parison was made between the 

percen tage  o f  p o s it iv e  r e s u l t s  o ccu rrin g  a t  an i n i t i a l  

le v e l  o f o cu la r te n s io n  o f le s s  th an  25 mms. Hg and th a t  

found where the i n i t i a l  te n s io n  was 26-30 mms. Hg.

The r e s u l t s  o f  th e  darkroom t e s t  in  those  eyes Therein 

th e  restin g  te n s io n  was above 30 mms. Hg were not included  

in  th i s  conqparison as  the te n s io n  in  -these eyes was 

a lread y  abnormal b efo re  th e  s t a r t  o f the  t e s t .  The 

r e s u l t  of the  comparison i s  shown in  Table I I I .  A

T A B L E  I I I

I n i t i a l  te n s io n  

(mm. Hg)

R esu lt o f  Darkroom Test

Pos i t iv e Negative

Less th an  25 

(41 eyes)
17 (41 .5^) 24

26-30 (32 eyes) 23 (71.9^o) 9

Comparison o f th e  r e s u l ts  o f the  darkroom t e s t  
on eyes w ith  c lo sed  angle glaucoma ana. d i f f e r in g  
i n i t i a l  le v e l  o f  ocu lar te n s io n . The g re a te s t  
inc idence  of p o s itiv e  r e s u l t s  occurs in  the

group . . . .
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% group o f  eyes w ith  th e  h ig h e r i n i t i a l  o c u la r  
te n s io n  ( X 2 = 5 .54  : n = 1 : p  s  < 0 .0 2 )

2
X  t e s t  d is c lo se d  a s ig n i f ic a n t ly  g re a te r  in c id en ce

o f  p o s i t iv e  r e s u l t s  w ith  th e  darkroom t e s t  There the

i n i t i a l  te n s io n  in  the  eye te s te d  was in  the  h ig h e r
2

o f  the two ranges d e sc rib ed . ( X  = 5.54 : n  = 1 :

P 8 < 0 .0 2 )

The in c reased  in c id en ce  o f  p o s i t iv e  r e s u l t s  

a t  h ig h e r  le v e ls  o f i n i t i a l  o c u la r  te n s io n  suggested 

th a t  th e  a c tu a l magnitude o f th e  r i s e  in  te n s io n  w ith 

th e  darkroom t e s t  might be s im ila r ly  in flu en ced  by the 

r e s t in g  o c u la r  te n s io n . The change in  o c u la r  te n s io n  

o c cu rrin g  w ith  th e  t e s t  on cases  o f  c lo sed -an g le  glaucoma 

was acco rd in g ly  p lo tte d  a g a in s t the i n i t i a l  o c u la r  te n s io n . 

The r e s u l t s  are i l l u s t r a t e d  g ra p h ic a lly  in  P ig . 4 .

At an i n i t i a l  o c u la r  te n s io n  o f up to  25 mms. Hg and 

over 30 mms. Hg th e  t e s t  appeared to  be follow ed by a 

mean r i s e  o f  te n s io n  o f  about 10 mms. Hg. The mean 

r i s e  in  o c u la r  te n s io n  from an i n i t i a l  le v e l  o f  26-30 

mms. Hg however was found to  be unexpectedly large  

(+26.1 mms. H g). To determ ine whether th is  la rg e  

mean r i s e  in  ten s io n  wat: s ig n i f ic a n t ly  d i f f e r e n t  from

th a t  . . . .
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Graph to  show re la t io n s h ip  between the  i n i t i a l  and f i n a l  
o c u la r  te n s io n  o f  108 eyes w ith  c lo sed  angle glaucoma 
subm itted  to  th e  daikroom t e s t .  The r i s e  i n  ten sio n  from 
an i n i t i a l  le v e l  o f  26-28 ram. Hg i s  g re a te r  th an  th a t  from 
any o th e r  i n i t i a l  o c u la r  te n s io n .
The f ig u re s  i n  b ra c k e ts  re p re se n t mean changes in  o c u la r  
te n s io n .
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t h a t  o ccu rrin g  a t  o th e r  le v e ls  o f  i n i t i a l  te n s io n  a comparison 

was made between th e  mean r i s e  in  te n s io n  fo r  those 

cases i n  which th e  re s tin g  te n s io n  was from 26-30 mms.

Hg in c lu s iv e  and th a t  o f  a l l  the  o th e r  cases subm itted  

to  th e  t e s t .  The form er mean r i s e  was found to  be 

+ 23 .7  mms. Hg (_+ 29.8) and the  l a t t e r  + 8 .6  rams. Hg 

(+ 8 .1 8 ) . On te s t in g ,  th e re  i s  a s ig n if ic a n t  d iffe re n c e  

between th e se  r e s u l t s  ( t  = 4 .14  : n = 106 : p  = < 0 * 0 0 l ) .

As th i s  might m erely m irro r  the  f a c t  th a t  the 

group o f  eyes w ith  th e  lower r e s t in g  te n s io n  con tained  

a sm alle r p ro p o rtio n  o f p o s it iv e  r e s u l ts  th a n  the o th e r ,  

th e  com parison was repeated  f o r  those cases g iv in g  a r is e  

in  o c u la r  te n s io n  o f a t  l e a s t  8 mms. Hg w ith  the  t e s t .

I t  was ag a in  found th a t  th e  mean r i s e  i n  o c u la r  te n s io n  

f o r  those  cases in  which the r e s t in g  te n s io n  was 26-30 

mms. Hg was s ig n i f ic a n t ly  g re a te r  than the  r i s e  occu rrin g  

from o th e r  i n i t i a l  le v e ls  o f o cu la r te n s io n  (+ 34.8 

mms. Hg _+ 15.8  rams. Hg compared w ith + 14.8  mms. Hg 

j- 8 .9  mms. Hg : t  = 5 .4  : n = 52 : P = <  0 .0 0 1 ).

With the  excep tion  o f the  unexpectedly la rg e  

r i s e  in  o c u la r  te n s io n  where the i n i t i a l  te n s io n  was 

in  th e  reg io n  o f  25 mms. Hg th e re  appeared to  be a 

d i r e c t  r e la t io n s h ip  between the  i n i t i a l  o cu lar te n s io n

and •
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and th e  r is e  i n  te n s io n  fo llow ing  th e  darkroom t e s t .

To e s ta b l i s h  whether a simple r e la t io n s h ip  d id  in  f a c t  

e x i s t  between th e se  two v a r ia b le s ,  th e  change in  o cu la r 

te n s io n  w ith the t e s t  was p lo tte d  a g a in s t th e  i n i t i a l  

te n s io n  fo r  each eye in  the  suspected c lo sed -an g le  glaucoma 

s e r ie s  and the c o r r e la t io n  c o e f f ic ie n t  determ ined (Fig* 5 ). 

Only th o se  cases wherein the  i n i t i a l  o c u la r  te n s io n  was 

w ith in  normal l im its  were accepted fo r  th is  a n a ly s is  

and o f  th e se  th e re  were 73. Although the  c o r r e la t io n  

i s  not high, ( r  = -  0.368) i t  i s  s ig n i f ic a n t  (n  = 71 :

P = < 0 . 0 l ) .

From th e  re g re s s io n  l in e  o f y upon x one can 

c a lc u la te  what r i s e  in  o c u la r  te n s io n  i s  to  be expected 

from any p a r t ic u la r  i n i t i a l  le v e l  o f o cu la r te n s io n .

The eq u a tio n  of th is  re g re s s io n  l in e  was found to  be 

y  s  1 .05  x -  1 1 .4  mms. Hg, so th a t ,  i f  the ocu lar 

te n s io n  a t  th e  s t a r t  o f  the  darkroom t e s t  were 20 mms.

Hg, one would expect a r i s e  in  te n s io n  o f  + 9 .6  rams* Hg 

w ith  th e  t e s t ,  whereas w ith  an i n i t i a l  o c u la r  te n s io n  

o f  30 rams. Hg the expected r is e  would be + 20 .1  mms. Hg.

The re s id u a l  v ariance  however i s  ra th e r  h igh  (+ 12.10 

rams. Hg) so th a t  any estim ate  o f  the  expected r is e

i n  . . . .
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Diagram to  i l l u s t r a t e  the  r e la t io n s h ip  between th e  i n i t i a l  
o c u la r  te n s io n  ( T  ) and the change in  o c u la r  te n s io n  ( T g  -  T ) 
o ccu rrin g  w ith  th e  darkroom t e s t  on 73 eyes w ith  c lo se d - 
angle glaucoma •

High re s t in g  le v e ls  o f  o c u la r  te n s io n  are a sso c ia te d  w ith 
g r e a te r  r is e s  in  o c u la r  te n s io n  w ith  the t e s t  th an  i s  the 
case where the  i n i t i a l  o c u la r  te n s io n  i s  low.
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i n  te n s io n  w ith  the  t e s t  from  known values o f th e  

r e s t in g  o c u la r  te n s io n  would o f  n e c e s s ity  be im prec ise .

I t  was thus apparent th a t  no t only  was the 

lik e lih o o d  of a p o s it iv e  r e s u l t  -with th e  darkroom t e s t  

in flu en ced  by th e  i n i t i a l  te n s io n  in  the  eye to  be 

te s te d  b u t ,  i n  a d d itio n , th e  a c tu a l  magnitude o f the  

change in  o cu la r te n s io n  w ith  th e  t e s t  was s im ila r ly  r e la te d  

to  th e  r e s t in g  le v e l of o c u la r  te n s io n . The s ig n if ic a n c e  

o f  th ese  fin d in g s  w i l l  be d iscussed  l a t e r .
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C H A P T E R  I I I  

THE DARKROOM OUTFLOW TEST

SUME&RX

The development o f the  tonographic method 

o f  a sse ss in g  the  f a c i l i t y  o f aqueous outflow  i s  described#

I t  i s  suggested  th a t  tonography provides 

a q u a n ti ta t iv e  method o f  e s tim a tin g  th e  degree o f  

o b s tru c tio n  o f th e  angle in  cases o f c lo se d -a rg le  

glaucoma.

The d e t a i l s  o f  a new provocative t e s t ,  the 

"Darkroom Outflow  T est"  are d e sc rib e d . In  t h i s  t e s t  

th e  f a c i l i t y  o f  aqueous ou tflow  i s  a ssessed  befo re  

and a f t e r  an hour in  the d a rk .

I n  normal eyes no s ig n if ic a n t  a l t e r a t io n  

i n  th e  r a te  o f aqueous outflow  occurs w ith the t e s t  

■whereas in  eyes a ffe c te d  by  c losed-ang le  glaucoma 

th e re  i s  u su a lly  a marked f a l l  in  the le v e l o f  aqueous 

ou tflow . A 30^ f a l l  in  the  outflow  le v e l  w ith the  

t e s t  i s  co n sid ered  to  be in d ic a tiv e  o f  the occurrence 

o f  degree o f angle c lo su re  s u f f ic ie n t  to  w arrant the 

d iag n o sis  o f c losed-ang le  glaucoma.

The o c u la r  te n s io n  in  85 normal eyes i s

in v e s t ig a te d
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in v e s t ig a te d  w ith  th e  tonom eter used throughout the  

p re sen t in v e s t ig a t io n  and i t  i s  concluded th a t  an o c u la r  

te n s io n  o f 31 mm. Hg may be considered  as the upper 

l im i t  o f  th e  norm al range f o r  t h i s  in s tru m en t.

Prom a s tudy  of the  o c u la r  te n s io n  and f a c i l i t y  

o f  aqueous outflow  i t  i s  concluded th a t  in  cases o f  c lo sed -an g le  

glaucoma a r e s t in g  o c u la r  ten sio n  o f 24 mm. Hg in d ic a te s  

th e  c lo su re  o f  enough of the angle  to  reduce th e  f a c i l i t y  

o f ou tflow  to  a p a th o lo g ic a lly  low le v e l .

I t  i s  shown th a t  in  c lo sed -an g le  glaucoma, 

the  r e s u l t s  o f the  darkroom te s t  are in flu en ced  g re a t ly  

by the le v e l  of aqueous ou tflow  p re v a ilin g  a t th e  s t a r t  

o f  the t e s t ,  a g re a te r  inc idence  of p o s it iv e  are s u i ts  

and a g re a te r  mean r is e  in  o c u la r  te n s io n  o ccu rrin g  in  

eyes in  which th e  le v e l  o f  ou tflow  i s  low i n i t i a l l y  

th a n  where the  outflow  f a c to r  is  normal o r h ig h .

I t  i s  concluded th a t  some degree o f  o b s tru c tio n  

o f  th e  angle may be p resen t in  eyes a ffe c te d  by c lo sed -an g le  

glaucoma even where the o c u la r  te n s io n  i s  ap p aren tly  

norm al.

Although la rg e  changes in  the te n s io n  of an

eye • • .
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eye a f fe c te d  by c lo sed -an g le  glaucoma undoubtedly 

r e f l e c t  a l t e r a t io n s  in  th e  degree of o b s tru c tio n  o f 

th e  a n g le , a d i r e c t  measurement o f  the a rea  involved 

a t  any p a r t i c u la r  time -would obv iously  provide more 

p re c ise  in fo rm atio n  on th is  p o in t .  U nfortunate ly  

gonioscopy i s  of l i t t l e  h e lp  in  a sse ss in g  the  degree 

o f  ang le  c lo su re  p re sen t a t any time as the l ig h t  from 

the  s l i t - la m p  im m ediately causes the  p u p il  to c o n tra c t 

and th e  w idth o f  th e  angle to  a l t e r  (Sm ith , 1954)*

I t  i s  p o s s ib le ,  however, to  a sse ss  the  degree o f o b s tru c tio n  

o f  the  angle  by means o f tonography*

S c h is tz  (1905) when d e sc rib in g  the  use of 

h is  tonom eter noted th a t tonom etry repeated  a t  sh o rt 

in te r v a ls  low ered th e  te n s io n  i n  normal eyes. In  1915 

P r i e s t l y  Sm ith observed th a t  prolonged a p p lic a tio n  

o f  a tonom eter to  a normal eye re s u l te d  in  a d e f in i te  

low ering  of th e  o c u la r  te n s io n . He p o s tu la te d  th a t  th i s  

was due to  an in c re a se  in  the r a te  o f  escape o f  aqueous 

f l u i d  from the  eye. He suggested  th a t  absence of th is  

so f te n in g  o f the  eye was in d ic a tiv e  o f o b s tru c tio n  a t  

th e  f i l t r a t i o n  an g le . Polack von G-elden ( l9 1 l)  made 

rep ea ted  tonom etric  measurements on th e  same eye w ith

a * *. •
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a 5 .5  o r  7.5 g . weight# These read ings were made 

a t  fo u r -  to  fiv e -seco n d  in te r v a ls  u n t i l  a c o n sta n t 

value was obtained* He found th a t  in  normal eyes repeated  

tonom etry re s u lte d  in  a d e f in i te  red u c tio n  in  the 

ocuLar te n s io n , Wegner (1925) developed the  method o f 

p ro tra c te d  tonom etiy . He kept a tonom eter on th e  eye 

fo r  f iv e  o r s ix  m inutes and found th a t  in  normal eyes 

the o cu lar te n s io n  would f a l l  by a t  leejst a th i r d  o f  the  

i n i t i a l  measurement and sometimes by as much as one h a l f  

du ring  th i s  p rocedure , He found th a t  the phenomenon 

was u n a ffe c ted  by th e  age o f th e  p a tie n t o r  by th e  

i n s t i l l a t i o n  in to  th e  eye o f e i th e r  a m io tic  o r a 

m y d ria tic . A lthough Polack von G-elden found th a t  the 

expected  f a l l  i n  o cu la r te n s io n  w ith repeated  tonom etry 

d id  no t o ccu r in  cases a ffe c te d  by glaucoma, Wegner was 

unable to  v e r ify  t h i s .

B a i l l a i r t  who had developed the  dynamometer 

th a t  b ea rs  h is  name, noted ( l9 3 l)  th a t  the  a p p lic a tio n  

o f  h is  in strum en t to  a normal eye re su lte d  in  a marked 

f a l l  i n  th e  o c u la r  te n s io n . He was o f the  op in ion  th a t  

t h i s  was due to  an a l t e r a t io n  i n  the  volume o f  blood 

in  the cho ro id . Shope (1932) found th a t  a f a l l  i n  te n s io n

a f t e r  . • • •
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a f t e r  th e  a p p l ic a t io n  of a tonom eter to  an eye was th e  

ru le  both  w ith  normal and w ith  glaucomatous eyes seeming 

to  have l i t t l e ,  o r  no r e la t io n  to  o b s tru c tiv e  changes 

a t th e  f i l t r a t i o n  an g le . I t  is  p o ss ib le  th a t  the cases 

o f  glaucoma which he s tu d ied  were o f  the c lo sed -an g le  

type in  which between a t ta c k s  the  angle o f th e  a n te r io r  

chamber may be open and ap p aren tly  normal.

Bock, K ronfeld and Stough (1934) made a d e ta i le d  

study  o f the e f f e c t  on normal and glaucomatous eyes 

o f  tonom etry w ith  a 15 gram w eight m ain tained  fo r  a pe rio d  

o f two m inu tes. They concluded th a t  a f a l l  o f  from 

5-15 mms. Hg was the  ru le  i n  a l l  normal eyes te s te d .

They found th a t  i n  normal eyes th e  h ig h e r the i n i t i a l  

te n s io n , the g re a te r  was the f a l l  in  th e  te n s io n  w ith 

th e  t e s t .  ?hen a com parison was made between the  r e s u l t  

o f  the  t e s t  i n  p a t ie n ts  o f over f i f t y  years i n  age and 

those ob tained  from younger su b jec ts  no appreciab le  

d iffe re n c e  was found. In  eyes a f fe c te d  by glaucoma 

to o  the  r e s u l t s  o f  th e  t e s t  were in flu en c ed  by  the 

i n i t i a l  te n s io n  le v e l .  Where th e  i n i t i a l  ten s io n  was 

below 26 mms. Hg a normal r e s u l t  was obtainea. whereas 

in  eyes in  which the  i n i t i a l  te n s io n  was between 27

and . . . .
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and 56 rams* Hg th e  f a l l  in  o c u la r  te n s io n  during  the  

a p p lic a t io n  o f  the  tonom eter was much le s s  th tn  th a t  

found i n  normal ey es .

In  s p i te  o f  a l l  th is  work however prolonged 

tonom etry was no t used as a c l i n i c a l  procedure in  the 

in v e s t ig a t io n  o f glaucoma u n t i l  th e  development o f 

tonography by Grant (1950). The development o f th e  

M ueller e le c t r o n ic  tonom eter, the  s e n s i t iv i ty  o f  which 

made p o ss ib le  a more a ccu ra te  e stim ate  o f  the  f a l l  in  

o c u la r  te n s io n  on prolonged tonom etry, s tim u la ted  fu r th e r  

work on th i s  a sp ec t of th e  sub jec t*

Moses and Bruno (1950) used th i s  instrum ent 

to  determ ine -the r e la t io n s h ip  betw een the ra te  o f  volume 

lo s s  from th e  eye ana th e  t o t a l  in tr a -o c u la r  p ressu re  

during  tonom etry f o r  two minutes * They n eg lec ted  however 

to  take in to  account the d i s t e n s ib i l i t y  o f  the eye, 

r e la t in g  the  change in  volume only to  the  co rn eal 

in d e n ta tio n  produced by the tonom eter p lu n g er. Grant 

(1950) a ls o  used th e  M ueller tonom eter in  th e  development 

o f  th e  technique which he named tonography.

As G rant po in ted  o u t, a p p lic a tio n  o f a tonom eter 

to  th e  eye in c re a se s  the in t r a -o c u la r  p re ssu re , in d en ts

the . .* •
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■the cornea and d is te n d s  tine g lo b e . This in c rease  in  

in t r a - o c u la r  p re ssu re  leads to  an in c rease  in  the  ra te  

o f  outflow  o f aqueous from the  eye w ith  a consequent 

decrease  in  th e  volume o f the g lobe . In  the absence 

o f  any profound change in  the r a te  o f  aqueous fo rm ation , 

the  r a te  o f volume lo s s  i s  equal to  the ra te  o f  aqueous 

ou tflo w  from the eye.

The volume o f f lu id  d isp laced  by the  in d e n ta tio n  

o f  the  cornea has been determ ined by Friedenwald (1937) 

f o r  d i f f e r e n t  p lunger weights and d i f f e r e n t  in t r a -o c u la r  

p re s su re s . T his same au thor tak in g  in to  account the 

e l a s t i c i t y  o f  th e  coat3 o f  the  eye has c a lc u la te d  th e  

t o t a l  volume change re s u lt in g  from the  a p p lic a tio n  to  

an eye of a tonom eter with d if f e r in g  plunger weights a t 

d i f f e r e n t  le v e ls  o f in tr a -o c u la r  p re ssu re . He has shown 

th a t  the change in  volume r e s u l t in g  from the a p p lic a tio n  

o f a tonom eter to  the  eye b ea rs  a lo g arith m ic  re la tio n s h ip  

to  the  r e s u l t in g  change in  p re ssu re .

Grant used Prieaenwald*s d a ta  to  c a lc u la te  

th e  in c reased  ra te  o f  aqueous outflow  from the eye 

during  tonom etry , fie found th a t  the ra te  o f volume 

lo s s  (A V ) i s  p ro p o rtio n a l to  the  p ressu re  increm ent

due • .  •.
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due to  the  weight o f  the tonom eter ( A p ) and to  the  

d u ra tio n  o f  the procedure ( t ) ,  i . e . ,

A V c c ^ P x t  

. . Air = c. A p .t

I n  t h i s  ex p ress io n  the p re ssu re  increm ent i s  the  d if fe re n c e  

between the  in tr a -o c u la r  p re ssu re  p r io r  to  th e  a p p lic a tio n  

o f  the  tonom eter and the changing in tr a -o c u la r  p ressu re  

during  the  a p p lic a t io n  o f the instrum ent* G rant found 

th a t  th i s  l a t t e r  f ig u re  could  be rep resen ted  approxim ately 

by the  a r i th m e tic  average of the  in t r a -o c u la r  p re ssu re s  

a t  successive ha lf-m inu te  in te r v a l s .  Both the re s t in g  

in t r a - o c u la r  p re ssu re  and th a t  o b ta in in g  during  tonom etry 

were c a lc u la te d  from the recorded o cu la r te n s io n s  by 

th e  use o f Priedenwald* s d a ta . The eq u ation  thus derived  

became:

£yV = c (Av P t -  P o ) . t

from which

c g AV - t  
(Av P t  -  Po)

■where • • • •
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where c = c o - e f f ic ie n t  of aqueous ou tflow  ( i . e . ,  the

in c reased  ra te  o f  aqueous outflow  i n  cu.mm.

p e r  urn. Hg in t r a - o c u la r  p ressu re  increm ent

per m inu te),

P t = in t r a - o c u la r  p re ssu re  during  tonom etry,

Po = in t r a - o c u la r  p re ssu re  b e fo re  tonom etry,

t  = tim e o f  a p p lic a t io n  o f  the  tonom eter in  m inu tes,
5

&Y -  change in  o c u la r  volume i n  mm *

For normal eyes Grant (1950) found th a t  the  

average c o - e f f ic ie n t  of outflow  was 0.24-3 with a range 

o f  0 .15 to  0 .3 4 . In  chronic sim ple glaucoma the c o -e f f ic ie n t  

was much low er, u su a lly  below 0 .1 0 . Grant was o f the 

op in ion  th a t  the  f ig u re  he de riv ed  d id  in  f a c t  la rg e ly  

re p re se n t the in c reased  r a te  of aqueous outflow  r a th e r  

th an  e i t h e r  a change in  the  ra te  o f aqueous fo rm ation  

o r  an a l t e r a t io n  in  the ch o ro id a l blood volume, f o r  

he d isco v e red  th a t  in  ra b b its  the  f a c i l i t y  o f  outflow  

was s im i la r  a f t e r  death  to  th a t  recorded  d u rin g  l i f e .

I n  a d d it io n , in  enuclea ted  human eyes uhen allowance 

was made f o r  th e  la ck  o f aqueous in flow  the  f a c i l i t y  

o f  ou tflo w  determ ined by tonography agreed  w ell with 

th a t  f  ound in  norm al human eyes in  v iv o . The in je c t io n
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o f a v iscous so lu tio n  such as methyl c e llu lo se  in to  

th e  a n te r io r  chamber g re a tly  lowered th e  f a c i l i t y  o f 

outflow*

In  cases of c lo sed -an g le  glaucoma, G-rant ( l9 5 l)  

no ted  th a t d u ring  an acute a t ta c k  o f h y p erten sio n  •when 

the  angle was c lo se d  the f a c i l i t y  o f aqueous ou tflow  

was very  low (0 ,0 1  -  0.06) b u t betw een a tta c k s  o f  ra is e d  

ta n s io n , the  ou tflow  o f  aqueous was comparable to  th a t  

found in  normal eyes. Y/here p e r ip h e ra l a n te r io r  synechiae 

had been formed, however, th e re  was a decrease  i n  the  

f a c i l i t y  o f outflow  commensurate with the  a rea  o f angle 

occluded and t h i s  o b s tru c tio n  to  aqueous o u tflow  p e rs is te d  

even a f t e r  e n u c le a tio n . In  sub-acute c losed -ang le  glaucoma 

where the  o c u la r  te n s io n  was ra is e d  and the angle appeared 

to  be p a r t i a l l y  o b s tru c ted  -shen viewed w ith a gonioscope, 

th e  f a c i l i t y  o f  aqueous ou tflow  was found to  be co rrespond ing ly  

decreased .

G-rant (1955) po in ted  out th a t  th e  r i s e  i n  o c u la r  

te n s io n  in  acu te  glaucoma i s  e n t i r e ly  ex p licab le  by th e  

occurrence o f  angle c lo s u re , f o r  w ithout any change in  

th e  ra te  o f aqueous fo rm ation , assuming i t  to  be 1 cu.rnm ./m in., 

a de-crease in  the  f a c i l i t y  of outflow  from a normal value

of  . . .  *
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o f 0 .20  to  one o f  0.02 such as i s  found in  acu te  glaucoma 

would r e s u l t  in  a r i s e  in  o cu la r te n s io n  from an i n i t i a l  

le v e l  o f  16 mms. Hg to  one o f  58 nuns. Hg*

From the  fo reg o in g  i t  would seem reasonable 

th a t  tonog raph ic  measurement o f  the f a c i l i t y  o f aqueous 

ou tflow  in  cases o f  c lo sed -an g le  glaucoma would enable 

one to  estim ate  th e  degree o f  angle c lo su re  e x is t in g  

a t  any tim e. Measurement o f  the  change in  -the f a c i l i t y  

o f  aqueous outflow  occu rrin g  in  such an eye w ith  the 

darkroom t e s t  might th e re fo re  be more l ik e ly  to  rev ea l 

th e  ex isten ce  of the  d isea se  than  th e  u su a lly  employed 

measurement o f the change in  o c u la r  te n s io n .

I t  was decided th e re fo re  to  measure the f a c i l i t y  

o f  aqueous outflow  before and a f t e r  the darkroom t e s t  

in  cases suspected  of having c lo sed -ang le  glaucoma and 

to  compare the  r e s u l t s  so ob tained  with those  found in  

normal eyes* In  the m a jo rity  o f cases o f  c lo sed -an g le  

glaucoma such measurements revealed  a d im inution  in  the 

c o - e f f ic ie n t  o f  aqueous outflow  o f  s u f f ic ie n t  magnitude 

to  enable these  cases to be d is tin g u ish e d  from nozmal.

T his p rocedure, which i s  d escribed  i n  d e t a i l  below* 

w il l  be r e fe r re d  to  as the "daricroom outflow ” t e s t .

METHOD . . .
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METHOD

The eye to  he te s te d  was a n a e s th e tise d  by 

th e  i n s t i l l a t i o n  o f two to  th ree  drops o f 1fo amethocaine 

h y d ro ch lo rid e . A drop o f  s t e r i l e  l iq u id  paraffin was 

i n s t i l l e d  to  p ro te c t  the co rn ea . The o c u la r  te n s io n  

was measured w ith a standard  S ch i^ tz  X -tonom eter.

The f a c i l i t y  o f  aqueous ou tflow  was then  determ ined  by 

app ly ing  the  M ueller e le c tro n ic  tonom eter to  the  eye 

and n o tin g  the r e s u l t in g  change in  o cu lar te n s io n  during  

a  p e rio d  o f fo u r m inutes. From th is  the  c o e f f ic ie n t  

o f  aqueous o u tflow  was determ ined by the use o f  th e  conversion  

ta b le s  pub lished  by G-rant (1951). The p a tie n t was nex t 

asked to  s i t  q u ie t ly  fo r  h a l f  an hour under norm al room 

l ig h t in g .  At the end o f  th i s  p e rio d  the o cu la r te n s io n  

was again  measured w ith  th e  same tonom eter as b e fo re .

The p a t ie n t  was then sea ted  in  a darkened room fo r

one hou r, be ing  cau tioned  not to  f a l l  a s le e p . At the

end o f th i s  hour th e  o cu la r te n s io n  was again  measured

w ith  the same tonom eter and a fu r th e r  d e te rm in a tio n  o f

th e  f a c i l i t y  o f aqueous ou tflow  made. The i n i t i a l  measurements

o f  o c u la r  te n s io n  and f a c i l i t y  o f  ou tflow  were made

under s im ila r  cond itions o f a r t i f i c i a l  l ig h tin g  while

the • • .
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the  f i n a l  measurements were made in  s tan d a rd  co n d itions 

o f  dim il lu m in a tio n . (Enough l i^ h t  was provided to  allow  

o f accu ra te  p o s itio n in g  and read ing  o f the  tonom eter 

sca le* ) A ll measurements were made w ith  th e  p a t ie n t  

recum bent. In  a sse ss in g  the f a c i l i t y  of outflow , the 

o c u la r  te n s io n  during  the f i r s t  h a l f  minute a f t e r  a p p lic a tio n  

o f  the tonom eter was ignored  and the f a c i l i t y  c a lc u la te d  

f o r  th e  succeed ing  fo u r m inu tes, f o r  i t  -was found th a t  

the  read in g s o f o cu la r te n s io n  w ith  the e le c tro n ic  instrum ent 

were e r r a t i c  ju s t  a f t e r  i t s  a p p lic a tio n  to  th e  eye.

In  a l l  cases  i t  was found th a t  the o c u la r  te n s io n  

re tu rn ed  to  w ith in  a few mms. Hg o f the  f i r s t  measurement 

a f t e r  h a l f  an hour, in  sp ite  o f the  in te rv e n in g  tonography.

In  a l l ,  the  t e s t  was ap p lied  to  a s e r ie s  o f  

97 cases presumed to  have c lo sed -an g le  glaucoma and a 

fu r th e r  s e r ie s  o f  42 normal ey es . The c r i t e r i a  upon 

which a presum ptive d iag n o sis  of c losed-ang le  glaucoma 

o r  o f  no rm ality  was b ased , were th e  same as  those a lread y  

d e ta i le d  fo r  th e  daikroom t e s t  (p* 4 7 ).

As i n  th e  case o f  the darkroom t e s t  o n ly  one 

eye chosen a t  random from each p a tie n t  was included 

i n  th e  s e r ie s  to  be analysed . None o f  the normal eyes

had .*••
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had a narrow ang le  so th a t  c lo su re  o f th e  angle as a 

r e s u l t  of the  t e s t  was co n sid ered  u n lik e ly . This view 

was confirm ed by gcn ioscopic  exam ination o f a number 

o f  the  normal eyes b e fo re  and a f t e r  -the t e s t ,  which, 

i n  the  cases examined, rep ea led  no apparent a l t e r a t io n  

in  the  w idth o f  the a n g le . Because o f  t h i s ,  no ap p rec iab le  

a l t e r a t i o n  in  th e  f a c i l i t y  o f aqueous ou tflow  of normal 

eyes was expected w ith the t e s t  and none was found.

I t  was o r ig in a l ly  expected th a t  the  a r ith m e tic  

d if fe re n c e  between the  i n i t i a l l y  determ ined value o f the  

o u tflo w  f a c to r  and th a t  obtained  a f t e r  th e  period  in  

the  dark  would g ive a reasonable estim ate  o f  the a re a  

o f  angle  c lo su re  which had developed in  the  eye te s te d .  

T h is , however, f a i le d  to  take in to  account the e x is t in g  

le v e l  o f outflow  p r io r  to  the  t e s t  vhich in  cases o f  

c lo sed -an g le  glaucoma was found to  vary  from a s  l i t t l e  

as 0 .06 in  some eyes to  0 .30  in  o th e rs . A re d u c tio n  

in  th e  f a c i l i t y  o f ou tflow  o f  say  0 .03  from an i n i t i a l  

le v e l  o f  0.06 i s  obviously  very  d i f f e r e n t  from a s im ila r  

f a l l  in  ou tflow  where th e  i n i t i a l  ou tflow  was 0 .3 0 , 

fo r  in  the  f i r s t  case the change in  outflow  is  one of 

5C$ o f the r e s t in g  outflow  le v e l  w hile in  the second

case . . . .
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case  th e  change i s  o f lC^b only . In  o rd e r th a t  the  

in flu en ce  o f the  i n i t i a l  ou tflow  le v e l  might n o t be ignored 

i t  was decided to  express th e  change in  outflow  as 

a f r a c t io n  o f th e  i n i t i a l  outflow  le v e l so th a t  in s te a d  

o f  ta k in g  the a r ith m e tic  d iffe re n c e  between the two 

re a d in g s , the lo g a rith m ic  d iffe re n c e  was used. In  

analysing  the r e s u l t s  o f  the  darkroom outflow  t e s t  the  

d iffe re n c e  between the  logarithm s o f  the  i n i t i a l  and 

f i n a l  outflow  de term ina tions r e s u l t s  in  a p o s it iv e  

f ig u re  i f  th e re  has been a d im inution  in  the  ou tflow  

f a c to r  w ith  th e  t e s t  and in  a n eg ative  f ig u re  i f  the 

t e s t  has been follow ed by an  in c rease  in  th e  r a te  o f  

ou tflow .

In  the  s e r ie s  o f  normal eyes subm itted to  the 

t e s t  the  r e s u l t in g  change in  outflow  was sm all. The 

d i s t r ib u t io n  of the  r e s u l t s  was G-aussian w ith  a mean 

change in  outflow  o f  lo g  0.006 (+ 0 .0 5 5 ). (F ig . 6 .)

When th i s  sm all mean change in  ou tflow  was compared 

w ith th e  expected  value o f zero by means of S tudents 

wt M- t e s t  i t  cou ld  be seen th a t  i t  d id  not in  f a c t  

d i f f e r  s ig n i f ic a n t ly  from ze ro , ( t  = 0.14 : n = 41 : 

p  r r ^ O . l ) .  I t  i s  in te r e s t in g  to  note th a t  although
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Change in outflow, (log c ,— log c 2)

Fig* 6*

Graph to  i l l u s t r a t e  the  change in  th e  f a c i l i t y  o f  ou tflow  
o ccu rrin g  i n  42 normal eyes w ith  the d a ik ro aa  outflow  
te s t*  The mean lo g .  change i n  outflow  i s  not s ig n if ic a n t ly  
d i f f e r e n t  from zero*
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a sm all mean r i s e  i n  o c u la r  te n s io n  was found in  the 

norm al eyes subm itted  to  the darkroom te s t  (p . 51 ) 

no corresponding  d im inution  in  the f a c i l i t y  of aqueous 

ou tflow  was d iscovered  in  such eyes in  the p re sen t 

in v e s t ig a t io n .

As was the case w ith the darkroom t e s t ,  from 

the  behav iour o f  the  normal eyes i t  was p o ssib le  to  

e stim ate  what change in  the f a c i l i t y  o f aqueous outflow  

with the  darkroom o u tflow  t e s t  might be considered as 

ly in g  o u ts id e  the l ik e ly  range o f  no rm ality . A decrease 

in  the ou tflo w  f a c to r  o f  more th an  th re e  tim es the s tandard  

d e v ia tio n  o f th a t  change found in  normal eyes w ith the  

t e s t  c a r r ie s  a t  l e a s t  a 99fi p ro b a b il i ty  of be ing  due to  

f a c to rs  o th e r th an  chance. As noted above, the  s tandard  

d e v ia t io n  found in  the p re sen t normal s e r ie s  was 

lo g  0 .055 , making a p o s it iv e  r e s u l t  a change in  th e  

value o f  the outflow  f a c to r  a t  l e a s t  + lo g  0.160 (M + 5 (T~ )• 

This f ig u re  i s  eq u iv a len t to  a f a l l  in  ou tflow  o f  30;o 

o f  the  i n i t i a l  outflow  le v e l .

Ith h ad  next to  be seen  how eyes a ffe c te d  by 

c lo sed —angle glaucoma would re a c t  to  the t e s t .  The 

s e r ie s  of ap p aren tly  glaucomatous eyes upon which

t h i s  . . . .
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t h i s  p a r t  o f  the  in v e s t ig a t io n  was c a r r ie d  o u t, c o n s is te d  

o f  eyes in  which a presum ptive d iag n o sis  of c lo sed -an g le  

glaucoma had been made, using th e  c r i t e r i a  a lready  

d esc rib ed  (p . 47 ). To avoid r e p e t i t io n  these  eyes w i l l  

be r e f e r r e d  to  as belong ing  to  the glaucomatous s e r ie s  

a lth o u g h  i t  may be th a t  not a l l  o f th e  eyes so desig n a ted  

were, in  f a c t ,  a f fe c te d  by the d is e a s e . As a r e s u l t ,  

any d if fe re n c e s  no ted  between the  normal and glaucomatous 

s e r ie s  are l ik e ly  to  be le s s  than  those  which in  f a c t  

do e x i s t ,  thus in c re a s in g  th e  v a l id i ty  o f th e  deductions 

drawn th erefrom .

In  o rd e r  th a t  these glaucomatous eyes might 

be compared w ith the normal eyes te s te d ,  i t  was necessary  

to  ensure th a t  th e  age and sex d is t r ib u t io n s  i n  th e  two 

s e r ie s  were s im ila r .  Of th e  97 cases in  th e  glaucomatous 

s e r i e s ,  40 were male and 57 fem ale. In  the s e r ie s  o f  

normal cases  th e  sex d is t r ib u t io n  was 14 male and 28 

fem ale c a se s . No s ig n if ic a n t  d if fe re n c e  was found in  

th e  sex d is t r ib u t io n  of th e  two s e r ie s  by means of 

a  X 2 t e s t .  (Table IV>. {X ?  = 0 .77  : n = 1 : P = > 0 . 1 0 . )  

S im ila r ly  no s ig n if ic a n t  d iffe re n c e s  were found i n  the 

age d is t r ib u t io n s  w ith in  and between the two s e r ie s

o f  . . . .
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o f  cases (Table V).

T A B L E  IV

S e rie s
Number of cases

Male Female £  0.77

Normal 14 (33.3$) 28 (66.7$) n = 1

Closed-Angle Glaucoma 40 (41.2$) 57 (58.8$) P = > 0 .1 0

Comparison of the sex d is t r ib u t io n in  a s e r ie s  o f
42 normal cases and 97 cases a ffe c te d  by c lo sed - 
angle glaucoma subm itted  to  the darkroom outflow  
te s t*  The sex d i s t r ib u t io n  i s  s im ila r  in  the two 
s e r ie s .-  (X2 = 0.77 : n = 1 : P = >  0.10)

T A B L E  V

Mean Age (Y ears) Comparison oi 
tie an Ages oi 

Males and 
Female s

! T o ta l 
Mean Age 
(Years)

Comparison of 
T o ta l Mean Age 
i n  each S e r ie s .Male Female

Normal
56.2 

(+16.7)

60.9

(+11.7)

t  = 1.05 
n = 40 
P = >  0.10

59.3

(+13.5)

t  ~ 1.56 
n = 137 
P = >  -0.10

F = 1.35 
n 1= 41 
n = 96 
P ^ = >  0.10

Closed
Angle
Glauco

55.9 
[+ 9 .2 ) 
ma

56,2 
( 4;l0 * 7)

t  = 0 .08 
n = 95 
P = >  0.10

56.1
(±10. 0)

Eomparison o f  th e  age d is t r ib u t io n  of 42 normal cases and 
97 cases a f fe c te d  by c losed  angle glaucoma subm itted  to  
th e  darkroom outflow  t e s t .  The age d i s t r ib u t io n  i s  
s im ila r  i n  th e  two s e r ie s .

I n  the  normal s e r ie s ?  the mean age o f  the males

(56 .2
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(5 6 .2  y ears  _+ 16 .7) was not s ig n i f ic a n t ly  d i f f e r e n t  

from th a t  o f  th e  females i n  the  same s e r ie s  (6 0 .9  years 

+ 11 .7) ( t  = 1.05 : n = 40 : P = >  0 .1 0 ) . In  the

glaucomatous s e r ie s  the mean age of the males was

55.9  years  j;  9 .2  w hile t h a t  o f  th e  fem ales was 

56.2 y ears  £  15*7. Again th e re  was no s ig n if ic a n t  

d if fe re n c e  between these  f ig u re s  ( t  = 0.08 : n = 95 :

P = > 0 . 1 0 ) .  Comparing the t o t a l  mean age o f  a l l  

th e  normal case s  (5 9 .3  years  j;  13 .5) ?d th  th a t  o f  the 

glaucomatous s e r ie s  (56 .1  y ea rs  _+ 10 .0) i t  could be 

seen th a t  b o th  s e r ie s  were e n t i r e ly  comparable in  re sp ec t 

o f  age d i s t r ib u t io n ,  ( t  = 1 .5 6  : n = 137 : P = > 0.10 :

P s  1.35 : n = 41 : ng = 96 : P = > 0 .1 0 . )

When th e  r e s u l t s  o f the darkroom outflow  t e s t

on the  glaucomatous s e r ie s  o f eyes were examined i t  

was found th a t  i n  g en era l th e re  was a g ross  d im inution  

in  th e  f a c i l i t y  o f outflow  in  these eyes w ith  the  t e s t .

The msan change in  outflow  being + log  0.271 (+ log  0 .2 5 3 ). 

This f ig u re  i s  very  d if f e r e n t  from th a t  found fo r  the  

normal s e r ie s  (+ log  0.006 lo g  0.055) and on te s t in g ,  

th e  d if fe re n c e  is  seen to  be s ig n if ic a n t  ( t  = 6.69 : 

n = 137 : P = < 0 . 0 0 l ) .  This mean decrease  in  the

f a c i l i t y  . * . .
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f a c i l i t y  o f  aqueous outflow  o ccu rrin g  w ith  the  darkroom, 

outflow  t e s t  in  cases  presumed to  have c losed-ang le  

glaucoma is  eq u iv a len t to  a f a l l  in  th e  f a c i l i t y  of 

aqueous outflow  o f  n e a r ly  5Cjfi (47*5$) o f the i n i t i a l l y  

determ ined outflow  fac to r*

I f  i t  i s  tru e  th a t  in  e a r ly  cases o f  c losed -ang le  

glaucoma, the angle o f th e  a n te r io r  chamber i s  p ro g re s s iv e ly  

c lo sed  by co n tac t between the ro o t o f  the  i r i s  and 

th e  back o f  the cornea one might expect th a t  a group 

o f  eyes so a ffe c te d  would p re sen t a lower mean f a c i l i t y  

o f  aqueous outflow  than  a s im ila r  group o f  normal eyes, 

even when th e  o c u la r  ten sio n s  in  th e  form er group were 

w ith in  the  accepted  l im its  o f n o rm a lity . U nfo rtunate ly  

th e re  is  no g en era l agreement upon what c o n s ti tu te s  

the upper l im i t  of the  normal o cu la r te n s io n . I t  was 

decided  th e re fo re  to  c a lc u la te ,  from a s e r ie s  o f normal 

cases in v e s t ig a te d  p e rso n a lly  by th e  w r i te r ,  th e  l im its  

o f  what m ight reasonab ly  be regarded as the normal range 

o f  o c u la r  te n s io n  ( f o r  the  same standard  S ch i^ tz  

X—tonom eter as was used in  th e  darkroom and darkroom

outflow  te s t s ) *

A s e r ie s  o f  85 normal eyes was in v e s t ig a te d

and * • • *



-  83

and th e  r e s t in g  o cu lar te n s io n  o f each measured w ith 

th e  S ch in tz  X -tonom eter. The tonom eter read ing  was 

t r a n s la te d  in to  mms. Hg in  accordance w ith th e  1929 

conversion  c h a r t f o r  t h i s  in s tru m en t. The mean o c u la r  

te n s io n  o f  th i s  s e r ie s  was found to  be 19.6 mms. Hg 

jg 3 .6  mms. Hg. Thus the expected  range o f normal 

o c u la r  te n s io n s  w ith  th is  instrum ent would l i e  between 

12 .4  and 26.8 mms. Hg a t  th e  95̂ b le v e l of p ro b a b il i ty  

o r  8.8  and 3 0 .4  mms. Hg a t  the 99^ le v e l  o f  p ro b a b il i ty .

The upper l im i t  o f noiroal o cu la r ten s io n  so c a lc u la te d  

i s  h ig h e r than  the tru e  va lu e  as the v a rian ce  o f  the 

r e s u l t s  from which i t  is  derived  i s  a ffe c te d  by o b se rv a tio n a l 

e r ro rs  and in s tru m en ta l e r ro r s  in h e re n t in  the d e s ig n  

o f  th e  tonom eter to g e th e r w ith  e r ro rs  due to  such fa c to rs  

as th e  v a r i a b i l i t y  o f  co rn ea l cu rva tu re  and s c le r a l  

r i g i d i t y .  The in c reased  v ariance  r e s u l t in g  from these  

e r ro rs  extends the estim ated  range o f  th e  normal o cu la r 

te n s io n  so  th a t  the  l im its  quoted above can by no means 

be regarded as abso lu te  measurements o f  o cu la r te n s io n .

The f ig u re s  so derived  however a re  u s e fu l  and v a lid  

f o r  the com parative purposes to  which they a re  app lied  

in  t h i s  in v e s t ig a t io n .

Xt . .  o
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Xt i s  in te r e s t in g  to  note th a t  an o c u la r  te n s io n  

o f  over 26 mms. Hg -would be encountered in  normal eyes 

le s s  th an  f iv e  tim es in  a hundred cases, fo r  i t  was 

found, w ith  bo th  the darkroom t e s t  and the dazkroom 

ou tflow  t e s t  th a t  ey es , in  which the o c u la r  ten sio n  

was above 26 mms. Hg i n i t i a l l y  re a c te d  v e ry  d i f f e r e n t ly  

to  those i n  which the  te n s io n  was below th i s  f ig u re .

For the purposes o f  the  p re sen t in v e s t ig a tio n , an  o cu la r 

te n s io n  o f  up to 51 mms. Iig was taken  as being  w ith in  

$he normal range and any ten sio n  o f more th a n  th i s  f ig u re  

as being p a th o lo g ic a lly  r a is e d .

To e s ta b l is h  w hether, in  a group of eyes presumed 

to  be su ffe r in g  from c lo sed -ang le  glaucoma th e re  was 

evidence of o b s tru c tio n  o f  the angle even when the o c u la r  

te n s io n  was ap p aren tly  norm al, a comparison was made 

between th e  r e s t in g  outflow , measured by tonography, 

in  a  s e r ie s  of normal eyes and i n  a comparable s e r ie s  

o f  glaucom atous eyes. In  s p i te  o f the fa c t  th a t the 

o c u la r  te n s io n  o f the eyes in  the glaucomatous s e r ie s  

was below 31 mm. Hg, the mean le v e l  o f  ou tflow  in  these  

eyes (0 ,168 + 0.058) was s ig n if ic a n t ly  low er than  th a t  

found in  the  normal s e r ie s  (0 .19  jh 0 .0 4 6 ). ( t  = 2.06 :

n . .
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n = 137 : P = « < 0 .0 5 .)  The im portance o f  th is  f a c t

i n  the  trea tm en t o f c lo sed -an g le  glaucoma -will he d iscussed

l a t e r  ( p . 125 ) .

The d is t r ib u t io n  o f the outflow  le v e ls  i n  the 

s e r ie s  o f  normal eyes was in  accordance w ith the  usual 

b io lo g ic a l  cu rve . C a lcu la tin g  the range of values 

f o r  th e  c o - e f f ic ie n t  o f  aqueous outflow  to  be expected 

in  norm al eyes from the  mean and standard d e v ia tio n  

o f th e  p re se n t s e r ie s ,  i t  can be concluded th a t  the 

normal ou tflo w  le v e l  should l i e  between 0.10 and 0.28 

( a t  the  95$ le v e l  o f  p ro b a b ili ty )  and th a t  values 

below 0.10 should  be considered  patho log ical*

The mean re s t in g  outflow  (0 .189) determ ined 

fo r  th e  eyes in  the normal s e r ie s  in  th i s  in v e s t ig a tio n  

d i f f e r s  from th a t  pub lished  by Grant (c  = 0.243) but 

as G rant has p o in ted  out (see Duke E ld e r, 1955) a 

d if fe re n c e  in  the cu rva tu re  o f the edge o f one tonom eter 

p lunger as compared with ano ther can account fo r  

d if f e re n c e s  o f th i s  o rd e r in  the ca lcu la ted  values 

o f  the f a c i l i t y  o f ou tflow . As a l l  the  determ inations 

oftaqueous outflow  in  th i s  in v e s t ig a tio n  were c a r r ie d  

out by th e  w r i te r  u sing  th e  same e le c tro n ic  tonom eter,

the . . . •
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the  f ig u re s  so obtained , while probably not rep re sen tin g  

ab so lu te  values of aqueous outflow  are  n ev erth e le ss  

v a lid  f o r  com parative purposes*

The o c u la r  te n s io n  in  any eye i s  the re s u l t  

o f  a ba lance  between the in flow  and ou tflow  o f aqueous 

to g e th e r  w ith  the  e f f e c t  o f the r i g i d i t y  o f  th e  coats  

o f  th e  eye and the blood p ressu re  in  the in tr a -o c u la r  

v e sse ls*  I n  any s e r ie s  o f normal eyes th e re  are  l ik e ly  

to  be d if fe re n c e s  in  the  r a te s  o f aqueous in flow  and 

a s im ila r  spread in  the c a lc u la te d  f a c i l i t i e s  o f aqueous 

ou tflow , th e  a c tu a l  le v e l  of o cu la r ten sio n  in  any 

p a r t ic u la r  eye being the  r e s u l t  o f w hatever com bination 

o f  th ese  fa c to rs  p re v a ils  a t  the tim e o f  measurement.

One might imagine th e re fo re  th a t  two eyes w ith  the  

same o cu la r te n s io n  might n ev e rth e le ss  have very 

d i f f e r e n t  r a te s  o f in flow  and outflow# This was indeed 

found to  be tru e  o f  those normal eyes in v e s t ig a te d f the eyes 

w ith  the  same o cu la r te n s io n  o f te n  having d if f e r e n t  

f a c i l i t i e s  o f aqueous outflow  as measured to n o g ra p h ic a lly .

As would be expected from th is  no c o r re la t io n  could be 

dem onstrated between the measurements o f o cu la r te n s io n  

and aqueous outflow  in  these  normal eyes ( r  = -0 .178 .

n . . . .
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Facility o f  aqueous outflow (c)

Fig* 7.

Diagram r e la t in g  th e  o c u la r  te n s io n  and f a c i l i t y  o f 
aqueous outflow  in  42 normal eyes. Eyes w ith th e  same 
te n s io n  may have very  d i f f e r e n t  le v e l s  o f aqueous outflow .
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n = 40 : P = > 0 .1 0 ) ( F ig .  7 ).

The f a i r l y  sm all range o f  o c u la r  ten sio n s 

found i n  th i s  s e r ie s  of normal eyes in  s p i te  o f  th e  

■wide v a r ia t io n  in  ou tflow  le v e ls  i s  evidance in  favour 

o f  th e  ex is ten ce  of some c o n tro l l in g  fa c to r  a d ju s tin g  

tiie in flo w  le v e l  to  s u i t  the outflow , fo r  as has a lre ad y  

heen noted th e  f a c i l i t y  o f aqueous ou tflow  as measured 

to n o g rap h ica lly  appears to  be r e l a t iv e ly  S ta b le , and 

th e  fa c t  th a t  the value determ ined fo r  the  enuclea ted  

eye i s  s im ila r  to  th a t  deriv ed  from the l iv in g  eye 

(G-rant, 1950) would suggest th a t  the m aintenance o f 

th e  normal o c u la r  te n s io n  might depend more upon su ita b le  

a l te r a t io n s  in  the  ra te  o f aqueous in flow  than  upon 

compensating changes in  the  ra te  o f outflow .

ih en , however, a comparison i s  made between 

th e  f a c i l i t y  o f  aqueous ou tflow  and the o c u la r  ten sio n  

in  th e  case of eyes w ith c losed-ang le  glaucoma i t  can 

been seen  th a t  th e re  i s  a d e f in i te  tendency fo r  lower 

ou tflow  le v e ls  to  be a sso c ia ted  w ith  h igher le v e ls  o f 

o c u la r  te n s io n  (F ig s . 8 & 9 ) . This i s  borne out by 

a c o r r e la t io n  f a c to r  o f  ~ 0.45o which i s  s ig n if ic a n t  

a t  the  9 9 .9fo le v e l ( r  = -  0.455 : n = 95 : P = < 0 . 0 0 l ) .

This . • • .
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Diagram to  i l l u s t r a t e  th e  re la tio n s h ip  between o c u la r  
te n s io n  and f a c i l i t y  o f aqueous outflow  in  eyes w ith  c losed  
angle glaucoma. In  c o n tra s t  to  normal ey es , in  c losed  
angle glaucom a, where the re s tin g  o c u la r  te n s io n  i s  w ith in  
normal l im i t s ,  the h ig h e r  le v e ls  o f o c u la r  te n s io n  are  
a sso c ia te d  w ith  low v a lu es  o f aqueous outflow . The 
re g re ss io n  l in e s  are superimposed.
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Graph, to  i l l u s t r a t e  the  mean o c u la r  te n s io n  a t  d i f f e r in g  
le v e ls  o f  aqueous ou tflow  in  eyes w ith  c lo sed  angle glaucoma* 
The low er th e  f a c i l i t y  o f  outfla?f the h ig h e r i s  the o c u la r  
te n s io n .
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This l a t t e r  graph d i f f e r s  from th a t fo r  the 

eyes in  the normal s e r ie s  in  ano ther re sp ec t a lso .

In  th e  case of the  normal eyes none o f th e  outflow  

le v e ls  i s  le s s  than  0.10 whereas in  the group o f  glaucomatous 

eyes such readings a re  not uncommon. The presence o f 

th ese  low er va lues o f aqueous outflow  in  the  eyes a ffe c te d  

by c lo sed -an g le  glaucoma i s  in d ic a tiv e  o f angle c lo su re , 

a lthough i n  none o f the a ffe c te d  eyes was the te n s io n  

g re a te r  than  31 mrns. Hg. In  a d d itio n  i f  i t  i s  accepted 

th a t  the ra te  o f aqueous in flow  in  eyes with c lo sed -an g le  

glaucoma is  s im ila r  to th a t  found in  normal eyes (and 

th e re  i s  no evidence to  the co n tra ry ) the c o r re la t io n  

which e x is ts  between the o c u la r  ten sio n  and the f a c i l i t y  

o f  outflow  in  c lo sed-ang le  glaucoma must a lso  be re la te d  

to  the  ex is ten ce  of vary ing  degrees of o cc lu sio n  of 

th e  angle in  these eyes. As can be seen from the graph 

(F ig . 8) th i s  c o r re la t io n  con tinues down to ocu lar 

ten sio n s  of le s s  than  20 mms. Hg suggesting  th a t  a degree 

o f  angle o b s tru c tio n  e x is ts  in  some glaucomatous eyes 

even when th e  o cu lar te n s io n  i s  as low as th i s  f ig u re .

As has been noted , the apparatus used in  th is  

in v e s t ig a t io n  has been found to  give a co—e f f ic ie n t

o f . . .  *
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of aqueous ou tflow  of 0.10 as the low er l im it  o f no rm ality .

Prom th e  equation  o f  the re g re ss io n  l in e  of 

o c u la r  te n s io n  on aqueous ou tflow  in  cases o f  c lo sed -ang le  

glaucoma, i t  can bee seen th a t  where the  outflow  fa c to r  

i s  in  the reg io n  of 0. 10, in d ic a tiv e  of some o b s tru c tio n  

to  th e  outflow  o f aqueous the r e s t in g  o cu la r te n s io n  

i s  l ik e ly  to  be i n  the reg io n  o f 23 mms. Hg (y  = 26.05 -  3 3 .2 4 ). 

Prom th is  one may reasonably  deduce th a t  in  c lo sed -an g le  

glaucoma where the o cu lar te n s io n  i s  g re a te r  than  24 

mms* Hg, th e re  may a lready  e x is t  a degree o f angle 

c lo su re , which i f  u n trea ted  may ev en tu a lly  lead  to  the 

permanent o cc lu s io n  o f  th e  a ffe c ted  a re a  by the development 

o f  goniosynechiae.

From the  foregoing , one would expect th a t 

th e  r e s u l t  o f a p rovocative  t e s t  such as the darkroom 

t e s t  might be in fluenced  by th i s  o b s tru c tio n  to  aqueous 

ou tflow  which has been shown to occur in  a ffe c te d  eyes 

when the  o cu lar te n s io n  is  in  the upper reaches o f the

norm al range*

To t e s t  t h i s  su p p o sitio n , th e  incidence o f 

p o s it iv e  darkroom te s t s  in  the s e r ie s  of glaucomatous 

eyes was re la te d  to  the c o e f f ic ie n t of aqueous outflow

determ ined • •
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determ ined f o r  th ese  eyes a t  the s t a r t  o f the  t e s t .

The percentage inc idence  o f p o s itiv e  r e s u l ts  w ith  the 

darkroom t e s t  was c a lcu la ted  fo r  groups o f eyes w ith 

d ecreasin g  le v e ls  o f aqueous outflow  and i t  was found 

th a t  whereas the number o f p o s it iv e  r e s u l t s  was sm all 

■where the outflow  le v e l  was i n i t i a l l y  h igh , the incidence 

o f  p o s it iv e  r e s u l ts  rose p ro g re ss iv e ly  w ith  decreasing  

v a lu es  o f  outflow  c o e f f ic ie n t  (F ig . 10).

To t e s t  the s ig n ific a n ce  of t h i s  f in d in g  a 

comparison was made between th e  incidence of p o s itiv e  

r e s u l ts  w ith  the darkroom t e s t  in  those cases where 

the i n i t i a l  ou tflow  was g re a te r  than  0.15 and th a t where 

th e  outflow  Y/as lower than  0 .12 . In  the  form er category  

where the  i n i t i a l  le v e l of aqueous outflow  was w ith in  

normal l im its  only 14 out o f 79 cases (17.7%) gave a 

p o s it iv e  r e s u l t  w ith the  darkroom t e s t ,  whereas i n  the 

l a t t e r  group in  which th e  le v e l  o f  outflow  i n i t i a l l y  

was lower th an  norm al, 15 cases out o f  18 (83.3^o) 

gave a p o s it iv e  r e s u l t  w ith the t e s t .  AX te s t  rev ea ls  

a s ig n if ic a n t  d iffe ren ce  between these two c a te g o rie s  

(Table V I)( X 2 = 27.06 ; n = 1 : P = C 0 .0 0 l ) .

Vi/hen the  mean i n i t i a l  le v e l  of aqueous outflow

fo r  • • .*
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in c id en ce  o f p o s it iv e  r e s u l ts  w ith  th e  darkrocm t e s t  in  
eyes w ith  closed  angle glaucoma. The g re a te s t  incidence 
o f  p o s i t iv e  r e s u l t s  w ith  the  t e s t  occurs where tne i n i t i a l  
le v e l  o f  outflow  i s  low*
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T A B L E  V I

F a c i l i ty  o f 

Aqueous Outflow

R esult of Darkroom T est

P o s itiv e Negative

G rea te r than  0.13 

(18 eyes)

15 (83.5$) 3

Less than  0.12 

(79 eyes)

14 (17.9$) 65

A comparison o f the inc idence  o f p o s itiv e  r e s u l t s  
w ith the  darkroom t e s t  on two s e r ie s  o f eyes w ith 
c lo sed -an g le  glaucoma w ith  d if f e r in g  le v e ls  of 
aqueous outflow  i n i t i a l l y .  The darkroom t e s t  i s  
more o fte n  p o s itiv e  where the  i n i t i a l  le v e l  of
outflow  i s  low th an  where i t  i s  normal o r h igh
( X 2 = 25.85 : n = 1 : P = < 0. 00l ) .

f o r  a l l  case® o f c losed-angle  glaucoma g iv ing  a p o s it iv e  

r e s u l t  w ith  th e  darkroom te s t  (c  = 0.133 _+ 0.064) 

was compared w ith  th a t  c a lc u la te d  fo r  these  cases g iv ing  

a negative  r e s u l t  w ith  the t e s t  (0 .181 _+ 0.050) i t  was 

found t h a t ,  in  s p i te  o f the fa c t th a t  the o cu la r te n s io n  

o f  th e  eyes in  bo th  groups a t  the  s t a r t  o f the t e s t  

was w ith in  normal l im i t s ,  the group of cases g iving

a p o s itiv e  r e s u l t  w ith  the darkroom te s t  had a s ig n if ic a n t ly

low er le v e l  o f aqueous outflow  i n i t i a l l y  than had the

group . .  ••
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group in. which the  r e s u l t  of* the t e s t  was negative#

( t  = 3 .6  : n = 95 : P = < 0 .0 0 1 .)

I t  thus appeared reasonab ly  c e r ta in  th a t  

n o t only  was th e re  evidence o f o b s tru c tio n  of the angle 

in  some eyes w ith  c lo sed -an g le  glaucoma where th e  

o c u la r  te n s io n  was w ith in  normal l im i t s ,  bu t th a t  the 

r e s u l t  o f  the darkroom t e s t  depended la rg e ly  upon whether 

o r  no t th is  o b s tru c tio n  was p re sen t.

I t  has a lread y  been noted (p*62) th a t  th e  

magnitude o f the r i s e  in  o cu la r te n s io n  o ccu rring  w ith  

th e  darkroom t e s t  in  cases of c lo sed -ang le  glaucoma 

was g re a te r  where th e  i n i t i a l l y  determ ined te n s io n  was 

in  the  upper reaches o f  no rm ality . I t  was decided 

to  in v e s t ig a te  whether o r not th e  a c tu a l  magnitude 

o f the r is e  in  ten sio n  in  th ese  cases was a lso  d i r e c t ly  

r e la te d  to  the f a c i l i t y  of aqueous outflow  a t  the 

s t a r t  o f  the darkroom te s t*

Ih en  th e  r i s e  in  o c u la r  te n s io n  occurring  w ith 

th e  darkroom t e s t  i n  cases o f  c lo sed-ang le  glaucoma 

was p lo t te d  a g a in s t the i n i t i a l  le v e l  of outflow  in  

th e se  eyes i t  was found th a t  the  lower the  f a c i l i t y  

o f  ou tflow  a t  the s t a r t  o f  the t e s t  the h ig h er was

the . . .  •
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Diagram to  i l l u s t r a t e  the  re la t io n s h ip  between the re s tin g  
f a c i l i t y  o f aqueous outflow  (c ) and the r i s e  in  o cu la r 
te n s io n  w ith the darkroom t e s t  on eyes w ith  closed angle 
glaucoma* Low i n i t i a l  le v e ls  o f outflow  are a sso c ia ted  
w ith  g r e a te r  r i s e s  in  o c u la r  ten s io n  w ith  the t e s t  than  i s  
th e  case w ith  h ig h e r le v e ls  o f outflow* The re g re ss io n  
l in e  o f o c u la r  te n s io n  on aqueous outflow  i s  ind ica ted*
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the  r e s u l t in g  r is e  in  o c u la r  te n s io n  (Fig* 11). 

C a lcu la tin g  the  c o r re la t io n  c o e f f ic ie n t  fo r  these 

two v a r ia b le s ,  a s ig n if ic a n t  degree o f c o r re la t io n  

i s  found to  e x is t  ( r  = -  0.332 : n = 95 : p = < O.Ol).

Ughen co n sid e ra tio n  was given to  the in fluence  

o f  the r e s t in g  le v e l  of aqueous outflow  on the magnitude 

o f  th e  change in  the outflow  f a c to r  occu rring  in  the 

dazkroom outflow  t e s t  in  cases o f c losed-ang le  glaucoma 

some unexpected r e s u l ts  became ap p aren t. I t  might 

be thought th a t  in  these eyes an hour in  the dark would 

be l ik e ly  to  r e s u l t  in  a f a l l  in  the f a c i l i t y  o f outflow  

o f  say 3Q$ ir r e s p e c t iv e  o f  the le v e l of outflow  a t  the 

s t a r t  o f  the  t e s t ,  provided th a t enough o f  the angle 

was open to  allow  o f a reduction  in  outflow  o f  th is  

m agnitude. When however the r e s t in g  outflow  le v e l  

i s  p lo t te d  ag a in s t the change in  outflow  occurring  

w ith th e  t e s t  i n  these eyes i t  i s  seen th a t lower 

i n i t i a l  le v e ls  of outflow  are  a sso c ia ted  w ith much 

g re a te r  red uc tions in  th e  outflow  fa c to r  than are the 

h ig h e r le v e ls  (Fig* 12). This c o r r e la t io n  is  s ig n if ic a n t  

( r  s* -  0.363 : n = 95 : P = < 0 . 0 0 l ) .  This suggests 

th a t  where the  angle i s  la rg e ly  o b s tru c ted  p r io r  to

the .*.*
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Diagram to  i l l u s t r a t e  the  re la t io n s h ip  he tween the  i n i t i a l  
f a c i l i t y  o f ou tflow  (c  ) am  the change in  outflow  (A  c) 
occu rrin g  as a r e s u l t  o f  the darkroom outflow t e s t  on eyes 
w ith  c lo sed -an g le  glaucoma. Low le v e ls  o f outflow  i n i t i a l l y ,  
a re  a sso c ia te d  w ith  g re a te r  changes in  outflow  with the t e s t  
th a n  i s  th e  case where the i n i t i a l  le v e l  o f outflow  i s  h igh .
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the  t e s t ,  the rem aining un o b stru c ted  area i s  much 

more s e n s it iv e  to  changes i n  i l lu m in a tio n  th an  i s  the 

case when a l l  the  angle i s  open.
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C H A P T E R  I V  

A COMPARISON OP PROVOCATIVE TESTS

SUMMARY

A comparison i s  made "between the r e s u l ts  

o f  th e  daifcroom t e s t  and th e  darkroom outflow  t e s t  

on a s e r ie s  o f  eyes w ith  c lo sed -ang le  glauccma.

The darkroom outflow  t e s t  i s  found to  be p o s itiv e  

in  a s ig n i f ic a n t ly  g r e a te r  number o f cases th an  the 

darkroom te s t*  An attem pt i s  made to  a sse ss  how 

q u ick ly  angle c lo su re  occurs in  the daifc by m easuring 

th e  change in  the f a c i l i t y  o f  ou tflow  during  the darkroom 

t e s t  a t  in te r v a ls  o f 15 minutes*

The e f f ic a c y  o f  a p e r ip h e ra l iridectom y in  

th e  p rev en tio n  o f  angle c lo su re  is  assessed  by means 

o f  th e  darkroom outflow  te s t*  In  none o f  the eyes 

which had been  su b jec ted  to  th i s  o p e ra tio n  could c losu re  

o f  the angle  be induced.

As has a lread y  been mehhioned, i t  was expected 

th a t  th e  darkroom outflow  t e s t  might prove a more 

d is c r im in a tin g  provocative  t e s t  in  the in v e s t ig a t io n

o f  * * * •
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o f  closed-angLe glaucoma than  the  standard  darkroom 

t e s t .  A com parison of the r e s u l t s  o f the two t e s t s  

performed on th e  same group o f  glaucomatous eyes 

j u s t i f i e d  th i s  e x p ec ta tio n .

In  o rd e r  to  decide whether th e  darkroom 

ou tflow  t e s t  was more u se fu l than th e  standard  darkroom 

two q u estio n s  had to  he answered:

(1 ) Did th e  darkroom outflow  t e s t  sep a ra te  th e

normal eyes from th e  abnormal more c le a r ly

th an  the darkroom t e s t ;

( 2) was th e  darkroom ou tflo w  t e s t  more o fte n  

p o s it iv e  in  th e  same group o f  c lo sed -an g le  

glaucoma cases th an  th e  darkroom t e s t .

Hhen the  i n i t i a l l y  determ ined c o e f f ic ie n ts

o f aqueous ou tflow  i n  eyes su b jec ted  to  the darkroom 

o u tflow  t e s t  were p lo tte d  a g a in s t  th e  f i n a l  v a lu e s , 

i t  was found th a t  in  the case o f  normal eyes the r e s u l t s  

were sym m etrically  d isposed  about a l in e  vhich rep resen ted  

no change in  outflow  le v e l  w ith  the t e s t  (Fig* 13 ).

In  none o f these  eyes was th e re  a f a l l  in  th e  le v e l

o f  o u tflow  o f  as much as 3C$;.

I t  w i l l  be remembered th a t  when the darkroom

t e s t  • • •
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S ca tte rg ram  re la t in g  th e  i n i t i a l  le v e l  o f  outflov/ (c^ ) arjd 
th e  f in a l  le v e l  (eg ) -̂n 42 normal eyes (+) and 97 eyes w ith  
c lo sed  ang le  glaucoma ( • )  subm itted  to  th e  darkroom ou tflow  
t e s t .  I n  a l l  th e  normal eyes th e  change i n  ou tflow  w ith  
the  t e s t  was l e s s  th an  A f a l l  in  o u tflow  o f over
30-fi occurred  in  th e  m a jo rity  o f eyes w ith c lo sed  angle 
glaucoma.
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t e s t  was s tu d ie d , co n sid e rab le  ov erlap  was found between 

th e  r e s u l t s  w ith  th e  t e s t  i n  normal and glaucom atous 

eyes* When th e  r e s u l t s  o f  the darkroom outflow  t e s t  

were s im ila r ly  compared i t  was ap p aren t th a t  th e re  

was a much c le a r e r  s e p a ra tio n  o f  th e  two groups o f 

c a s e s .w ith  th i s  t e s t  (F ig . 1 4 ), ( c f .  F ig . 2 ) .

When the  inc idence  o f p o s it iv e  r e s u l t s  w ith 

th e  darkroom t e s t  was compared w ith  th a t  o f  the darkroom 

ou tflo w  t e s t ,  i t  was found th a t  in  -fee same s e r ie s  o f 

eyes w ith  c lo sed -an g le  glaucoma a s ig n if ic a n t  change 

i n  o u tflo w  l e v e l  was more o f te n  found th an  a s ig n if ic a n t  

r i s e  in  o c u la r  te n s io n . Of the 97 cases s tu d ie d  the  

darkroom t e s t  was p o s itiv e  i n  50fo w hile th e  darkroom 

outflow  t e s t  was p o s it iv e  in  67%• T his d if fe re n c e  i s  

s ig n i f ic a n t  ( X ^ = 24.6 : n s 1 : P = <  0 . OOl)(Table 

V II) .

At f i r s t  s ig h t  th i s  might appear s tran g e  

as b o th  the  r i s e  in  o c u la r  te n s io n  and the change in  

the  f a c i l i t y  o f  ou tflow  r e s u l t  from th e  same m echanical 

blockage o f  the  an g le . The d iffe re n c e  however i s  

e x p lic a b le  when th e  time f a c to r  i s  co n sidered  fo r  

i t  must take some ap p re c ia b le  time fo r  o b s tru c tio n  o f

the . . • •
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Diagram to  i l l u s t r a t e  th e  d i s t r ib u t io n  o f  42 normal eyes
and 97 eyes w ith  c losed  angle glaucoma i n  r e l a t io n  to  th e  change
i n  ou tflow  o ccu rrin g  w ith  the  daikroom ou tflow  te s t*  There
i s  a f a i r l y  c le a r  dem arcation  betw een the  two s e r ie s  o f
eyes.
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T A B L E  V I I

T est Employed
R esu lt o f T est

P o s it iv e N egative

Darkroom t e s t 29 ( 3 0 $ 68

Darkroom outflow  t e s t 65 ( 6 7 $ 32

Comparison o f  the r e s u l ts  of th e  darkroom t e s t  
and darkroom ou tflow  t e s t  on th e  same s e r ie s  o f 
97 eyes w ith  c lo sed -an g le  glaucoma. The darkroom 
ou tflo w  t e s t  i s  more o ften  p o s it iv e  than  the 
darkroom t e s t .  ( X  = 24 .6  : n = 1 : P =<CO.OOl)

th e  angle which i s  im m ediately reco g n isab le  by tonography 

to  cause a s ig n i f ic a n t  r i s e  in  o c u la r  te n s io n . Presum ably 

a l l  cases g iv in g  a p o s i t iv e  r e s u l t  w ith  the  darkroom 

o u tflow  t e s t  would a lso  give a p o s it iv e  r e s u l t  v/ith 

the  darkroom t e s t  i f  g iven  s u f f ic ie n t  tim e. This view 

i s  supported  by th e  fa c t  th a t  in  some cases a s ig n if ic a n t  

r i s e  in  te n s io n  occurred  a f te r  two hours in  th e  dafck 

when such a r i s e  was absen t a f t e r  on ly  one hour i n  the  

d a rk .

In  o rd er to  determ ine how q u ick ly  o b s tru c tio n  

o f  th e  angle o ccu rrin g  y/ith the  darkroom t e s t  could  

be a p p re c ia te d  by tonography a sm all s e r ie s  o f  cases

o f  . . . .
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o f  c lo sed -an g le  glaucoma was subm itted to  darkroom 

outflow  t e s t s  o f 15 m inutes, 30 m inutes, 45 m inutes 

and 60 m inutes duration* As th i s  in v e s t ig a t io n  req u ired  

e ig h t tonograph ic  d e te ira in a tio n s  o f the  f a c i l i t y  o f  

ou tflo w  on fo u r  d i f f e r e n t  days f o r  each p a tie n t  the 

number o f  cases in v e s t ig a te d  was sm all and no s ig n if ic a n t  

s t a t i s t i c a l  r e s u l ts  were o b ta ined .

The change i n  outflow  f a c to r  fo r  each t e s t  

was expressed  as a f r a c t io n  of th e  i n i t i a l l y  determ ined 

le v e l  o f  ou tflow . When th e  mean change in  ou tflow  

o c c u rr in g  a t  in te r v a ls  o f  f i f t e e n  m inutes was p lo t te d  

a g a in s t  time (Fig* 15) i t  could be seen th a t  in  the 

cases in v e s tig a te d  a m easurable degree o f angle o b s tru c tio n  

o ccu rred  a f t e r  30 minutes in  th e  dark  whereas a s ig n if ic a n t  

r i s e  in  o c u la r  te n s io n  d id  no t occur u n t i l  a f t e r  one 

hou r i n  the  d a rk .

I n  o rd e r to  make the  r e s u lts  o f the  darkroom 

ou tflo w  t e s t  more e a s i ly  in te rp re te d  a graph r e la t in g  

the  i n i t i a l  and f i n a l  d e te rm in a tio n s  o f aqueous outflow  

was p repared  (Fig* 1 6 ). R esu lts  ly in g  below the heavy 

l in e  a re  in d ic a t iv e  of angle c lo su re  with the  t e s t  while 

those  above i t  may be considered  n eg a tiv e . The a rea

bounded • • .  •
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l in e  a re  in d ic a t iv e  o f th e  occurrence o f  ang le  c lo su re  
w ith  th e  t e s t  -vshile those  above th e  l in e  may be regarded  
as n e g a tiv e . R esu lts  ly in g  w ith in  th e  shaded a re a  are 
b o rd e rlin e#
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bounded by th e  broken l in e s  re p re se n ts  95^ confidence 

l im i t s  between which the  r e s u l ts  o f  the  t e s t  may be 

tak en  as b o rd e rlin e*

As th e  darkroom outflow  t e s t  appeared to 

o f f e r  a  method of a sse ss in g  the ease w ith  which the 

ang le  could become o b stru c ted  i t  was thought a s u ita b le  

t e s t  fo r  an  in v e s t ig a tio n  in to  the  e ff ic a c y  o f  p e r ip h e ra l 

iridec tom y  in  c losed-ang le  glaucoma. For th i s  in v e s t ig a t io n  

11 cases o f  c lo sed -ang le  glaucoma upon which a p e r ip h e ra l 

iridec tom y  had been performed were subm itted to the 

t e s t .  None o f  the cases te s te d  had p e r ip h e ra l a n te r io r  

synech iae . P re -o p e ra tiv e ly  each o f these  cases had a 

narrow angle  in  the a ffe c te d  eye &hd su ffe red  a tta c k s  

o f  r a is e d  o c u la r  te n s io n  to g e th e r w ith h a loes and misty 

v is io n .  Most o f  th e  cases had experienced an acute 

c lo sed -an g le  a t ta c k  in  the a f fe c te d  eye while those 

which had no t done so p resen ted  o th er evidence of 

ang le  c lo su re  such as a  p o s i t iv e  darkroom t e s t .

The r e s u l ts  o f p rovocation  w ith the  darkroom 

o u tflo w  t e s t  on these operated  eyes a re  shown in  Table 

V III  where i t  can be seen th a t  th e  p re -o p e ra tiv e  tendency 

i n  these eyes to  develope c lo su re  o f the angle has been

com pletely . . . .
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T A B L E  V I I I

Sex Age Eye
Darkroom T est Darkroom Outflow 

T est

F 55 R

T±1 T2 T1 - T2 R esult °1 °2 R esult

17 20 + 3 Negative 0.20 0.18 N egative

F 70 L 25 25 0 It 0.14 0.14 it

F 62 L 20 19 -  1 n 0.20 0.20 it

M 42 R 20 20 0 it 0 .14 0.18 «

F 48 R 16 15 -  1 « 0.19 0.20 it

F 54 L 20 19 -  1 it 0.17 0.13 «t

F 71 R 21 17 -  4 ti 0 .14 0.11 »

M 62 R 25 24 -  1 t* 0.18 0.21 it

M 54 L 20 24 + 4 t» 0.16 0.14 11

F 64 L 29 27 -  2 ti 0.10 0.10 II

F 34 L 24 25 + 1 ti 0.16 0.15 It

R esu lts  o f  the darkroom t e s t  and darkroom outflow
t e s t  on e lev en  eyes writh c losed-ang le  glaucoma upon
■which p e r ip h e ra l ir id ec to m ies  had been performed.
I n  ecah case the r e s u l t  o f the  provocative t e s t  was
n e g a tiv e . (T. and T0 = o c u la r  te n s io n s  in  mm. Hg:
c ard c0 = f a c i l i t i e s  of aqueous ou tflow .)
1 2

com pletely  ab o lish ed  by the  p e r ip h e ra l  iridectom y.

In  none o f  th e  eyes te s te d  was the darkroom outflow  

t e s t  p o s i t iv e  nor was th e re  any s ig n if ic a n t  r is e  in  

o c u la r  te n s io n  on p rovoca tion . As there  was no subco n ju n c tiv a l

drainage . . .
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drainage o f  qqaecras in  any o f th ese  eyes p o s t-o p e ra tiv e ly  

th e  c o n tro l o f  o c u la r  te n s io n  and aqueous outflow  

ex e rc ised  by the  p e r ip h e ra l iridec tom y  i s  good evidence 

in  fav o u r o f  the e x is ten c e  o f  an i r i s  bombe' mechanism i n  

th e se  eyes p r io r  to  th e  operation*
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C H A P T E R  Y 

CHRONIC CLOSED-ANGLE GLAUCOMA

SPMMAIff

I t  i s  shown th a t  in  some cases  of chron ic  

c lo sed -an g le  glaucoma where cupping o f the o p tic  d isc  

and v is u a l  f ie ld  lo s s  has o ccu rred , th a t  although the  

o b s tru c tio n  o f the angle in  these  eyes may appear to  

be permanent and due to  goniosynechiae, i t  i s  in  f a c t  

v a r ia b le  and due to  c o n tac t r a th e r  than  adhesion  between 

th e  ro o t o f  the i r i s  and the p o s te r io r  su rface  o f  th e  

cornea*

T his deduction  i s  based on measurements o f  

the  f a c i l i t y  o f  outflow  ana o cu la r ten sio n  to g e th e r 

w ith  <1)3)6einflations o f the  appearance o f  the  angle i n  

th e se  cases fo llow ing  th e  i n s t i l l a t i o n  o f s tro n g  m io tics  

o r  a f t e r  p e r ip h e ra l  iridectom y*

I t  i s  known th a t  some long stand ing  cases 

o f  c lo sed -an g le  glaucoma develop p a th o lo g ic a l cupping 

o f  the o p tic  d is c  accompanied by v is u a l  f i e ld  loss* 

C l in ic a l ly ,  th e  development o f p a th o lo g ic a l changes

m  • • • •
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i n  the  nerve Hiead in  such cases has u su a lly  been taken  

as an in d ic a t io n  th a t  the angle has become perm anently 

o b s tru c te d  by the d evelopment of p e r ip h e ra l  a n te r io r  

synech iae . However, the  fin d in g  th a t  a v a r ia b le  degree 

o f  o b s tru c tio n  of the  angle was o ften  p re sen t even in  

e a r ly  case s  -of c lo sed -an g le  glaucoma suggested th a t 

such changes in  the o p tic  d isc  and v is u a l  f i e ld  might 

r e s u l t  from long stand ing  but not n e c e s sa r ily  permanent 

o b s tru c tio n  o f  the angle by co n tac t r a th e r  than adhesion 

between the ro o t o f the i r i s  and the cornea*

I t  was noted th a t  in  some cases o f  c lo sed -ang le  

glaucoma the  r e s t in g  outflow  was o fte n  as low as th a t  

found in  ch ro n ic  simple glaucoma but th a t  i t  could be 

ra is e d  to  near normal le v e ls  by the i n s t i l l a t i o n  o f  a 

s u i ta b le  s tro n g  m iotic* An a c tu a l example w i l l  i l l u s t r a t e  

th is*

Case I : a male aged 63 had developed an acute 

h y p e rten siv e  ep isode in  the r ig h t  eye e a r ly  in  1954*

The a t ta c k  responded to  m io tic  th e rap y  and th e re a f te r  

th e  p a t ie n t  had been i n s t i l l i n g  p ilo c a rp in e  2/c tw ice 

d a i ly  in to  th is  eye. In  June, 19o5 th e  v is io n  in  the 

r ig h t  eye was 6/9 unaided and the v is u a l  f i e ld  fu ll*

Gonioscopy . . . »
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Gonioscopy revealed  a “very  narrow an g le , c losed  above 

b u t ju s t  open below ”. The o cu la r te n s io n  was found 

to  be 28 mm. Hg some 7 hours a f t e r  the i n s t i l l a t i o n  o f  

p ilo c a rp in e  2$>; th e  f a c i l i t y  o f  aqueous outflow  was 0 . 10.

One hour in  the dark  caused the o cu la r te n s io n  to  r is e  

to  34- mms. Hg w hile the f a c i l i t y  o f  aqueous outflow  

f e l l  to  0*05. Im m ediately a f t e r  the  i n s t i l l a t i o n  o f 

p ilo c a rp in e  the o c u la r  ten sio n  was found to  be 28 mms. Hg 

b u t th e  f a c i l i t y  o f  outflow  had r is e n  to  0 .14 . A fu r th e r  

hour in  the dark  re s u lte d  in  a r i s e  o f o cu la r te n s io n  to  

30 mms. Hg and a f a l l  in  th e  f a c i l i t y  o f  outflow  to  0.08*

T his in d ic a te d  th a t  p a r t  o f the angle was more o r le s s  

h a b i tu a l ly  o b s tru c te d  by ir id o -c o rn e a l c o n tac t. J u s t  

a f t e r  th e  i n s t i l l a t i o n  o f p ilo c a ip in e  however the le v e l 

o f  aqueous outflow  rose to  w ith in  normal l im i t s ,  in d ic a t in g  

th a t  th e  o b s tru c tiv e  changes a t th e  angle were by no 

means perm anent.

In  th i s  c a se , fo r  most o f  the time th e  f a c i l i t y  

o f ou tflow  was as low as th a t  u su a lly  found in  cases o f 

chron ic  simple glaucoma, and i t  seemed reasonable  to  p o s tu la te  

th a t  such a  case might ev en tu a lly  develop cupping o f  

th e  o p tic  d is c  and v is u a l  f i e ld  lo ss  w ithout however

n e c e s sa r ily  .•
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n e c e s s a r i ly  forming goniosynechiae. I t  would obviously  

be p o ss ib le  to  prove th a t  th i s  advanced s tag e  o f ch ro n ic  

c lo sed -an g le  glaucoma could r e s u l t  from re v e rs ib le  

o b s tru c tio n  o f  the angle i f  the f a c i l i t y  o f  aqueous 

outflow  and the o cu la r te n s io n  could be norm alised by 

a p e r ip h e ra l ir id ec to n y  and th e  angle o f  the a n te r io r  

chamber subsequen tly  shown to be open and free  from 

goniosynechiae•

S evera l cases o f  chron ic  c lo sed -an g le  glaucoma 

w ith  vary ing  degrees o f cupping o f  th e  o p tic  d is c  and 

v is u a l  f i e l d  lo s s  were s tu d ied  and those in  which the 

o b s tru c t io n  o f the angle appeared to  be v a ria b le  and 

probably  re v e rs ib le  subm itted to  the  o p e ra tio n  o f p e r ip h e ra l 

irid ec to m y . In  decid ing  which cases were su ita b le  fo r  

o p e ra tio n  more re lia n c e  was placed upon the  changes 

i n  o cu la r te n s io n  and f a c i l i t y  o f  outflow  fo llow ing the 

i n s t i l l a t i o n  o f  a s trong  m io tic , th an  upon th e  gonioscopic 

appearance o f  th e  angle fo r  where th e re  was marked i r i s  

bombe  ̂ i t  was u su a lly  im possible to  t e l l  whether the angle 

was c lo sed  by  goniosynechiae o r m erely by con tac t between 

th e  i r i s  and co rnea . The absence o f  a h is to iy  o f an a tta ck  

o f  acu te  co n g es tiv e  glaucoma was a lso  regarded as a 

p o in t in  favour o f  th e  o b s tru c tio n  of the angle being

rev e rs ib le
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re v e rs ib le  r a th e r  th a n  permanent*

D e ta ils  o f  the cases s tu d ie d  are  given below*

In  a l l  th e  cases d escribed  the o c u la r  ten sio n  had been 

h igh  enough fo r  a p e riod  o f time s u f f ic ie n t  to  r e s u l t  

in  cupping o f  the o p tic  d is c  and thedevelopment o f  scotom ata 

in  th e  v is u a l f ie ld s *  This long stand ing  high te n s io n  

coupled w ith  a low ou tflow  fa c to r  was in d ic a tiv e  o f 

continuous o b s tru c tio n  o f th e  angle i n  th ese  eyes, while 

th e  fa c t  th a t  the i n s t i l l a t i o n  o f  a s tro n g  m io tic  was 

ab le  to  norm alise the  ten sio n  and outflow  read ing  fo r  

a sh o rt time in d ica ted  th a t the c lo su re  o f the  angle 

was u n lik e ly  to  be due to  goniosynechiae. The t r u th  

o f  th i s  deduction  was dem onstrated i n  those cases subm itted  

to  p e r ip h e ra l  iridec tom y , f o r ,  fo llow ing the o p e ra tio n  

th e  o c u la r  te n s io n  and f a c i l i t y  o f  aq_ueous outflow  were 

found to  be w ith in  normal l im its  while the p rev iously  

c lo sed  angle o f  th e  a n te r io r  chamber was seen to  be 

open and f re e  from goniosynechiae.

Case I I :  a m ale, aged 49, complained o f a tta ck s  

o f  b lu rre d  v is io n  in  the r ig h t  eye fo r  one y e a r . He 

was found to  have corneal oedema in  the a ffec ted  eye 

and an o cu la r te n s io n  o f  60 rnms. Hg (S ch i^ tz ) which

was



6°

F ig . 17.

Visual f ie ld  of Case II  to  show the extent of f ie ld  lo s s .



Fig, 18,
Drawing to  i l l u s t r a t e  th e  p o s t-o p e ra t iv e  appearance o f 
th e  an g le  o f  the  a n t e r io r  chamber i n  Case I I .  The angle 
i s  open and f r e e  from  g o n io sy n ech iae .
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was reduced by m io tic s  to  48 mms. Hg. Gonioscopy ■ 

rev ea led  a very  narrow angle  ap p aren tly  e n t i r e ly  c lo sed . 

The o p tic  d is c  was p& thologically  cupped and the v is u a l  

f i e l d  c o n s tr ic te d  to  w ith in  10° o f the f ix a t io n  p o in t 

(F ig . 17 ).

A p e r ip h e ra l iridec tom y  was perform ed, a f t e r  

which the ang le  o f the a n te r io r  chamber could be seen to  

be open and f re e  from goniosynechiae (F ig . 18 ). The 

o c u la r  ten sio n  th e r e a f te r  d id  not r i s e  above 20 mms. Hg 

and th e  f a c i l i t y  of aqueous outflow  was 0*25.

Case I I I :  a male aged 72, complained o f  d iscom fort 

in  the r ig h t  eye and f a i l in g  v is io n  fo r  n ine months*

The o c u la r  ten s io n  was found to  be 70 mms. Hg reduced 

by m io tic s  to between 30 and 40 mms. Hg. The o p tic  d isc  

was deeply  cupped and the  v is u a l  f ie ld  showed n a sa l lo s s  

w ith in  5° o f  the f ix a t io n  p o in t, to g e th e r w ith  a ty p ic a l 

B jerrum  scotoma (F ig . 19).

Gonioscopy s h o r t ly  a f t e r  the i n s t i l l a t i o n  of 

e se r in e  0 .5  p e r c en t, and p ilo ca rp in e  2 p e r c e n t, 

rev ea led  a narrow  an g le , open in  the low er segment but 

c lo sed  in  th e  upper (F ig . 20 ). The f a c i l i t y  of aqueous 

o u tflow  a t  th a t  time was 0.14 in  th e  a ffe c te d  (compared

w ith . . . .



Fig* 19.

Visual f ie ld  in  Oase I II  to  show the extent of f ie ld  lo ss .



P ig . 20.

Drawing to i l lu s t r a t e  the pre "operative appearance of the 
angle in  Case I I I .  The angle i s  closed  above and ju st 
open below.



F ig . 21*

Drawing to  i l lu s t r a t e  tho post-operative appearance of 
the angle in  Case I I I .  The angle i s  now open and free  
from goniosynechiae*
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w ith  0*20 i n  th e  u n a ffec ted ) eye*

A p e r ip h e ra l  iridec tom y  was perform ed on the 

r ig h t  eye, a f t e r  which the p rev io u s ly  c lo sed  s e c to r  

o f  the  angle could be seen to  be open and f r e e  frcm 

goniosynechiae (F ig . 2 1 ). The o c u la r  te n s io n  remained 

in  th e  re g io n  of 20 rams. Hg w hile  jfifceifability t pfeaaqneous 

ou tflow  was 0 .2 8 .

Case IV: Male aged 51. P re se n ted  w ith  a  h is to ry  

o f  ha lo es  and m is tin e ss  o f  v is io n  in  the l e f t  eye fo r 

s ix  months* The l e f t  o p tic  d is c  was found to  be cupped 

and th e re  was a ty p ic a l  Bjerrum scotoma in  the l e f t  

f i e ld  o f  v is io n  (F ig . 22 ). The o c u la r  te n s io n  fo u r hours 

a f t e r  the  i n s t i l l a t i o n  o f  p ilo c a rp in e  was 34 mms. Hg. 

Conioscopy rev ea led  th a t  a t  l e a s t  70fc o f the angle o f 

th e  a n te r io r  chamber v/as c lo se d . Im m ediately a f t e r  the 

i n s t i l l a t i o n  o f  p ilo c a rp in e  2% and e se rin e  1$  the  angle 

appeared to  be open while th e  f a c i l i t y  o f aqueous ou tflow  

was 0 .1 6 . The o cu la r te n s io n  was then  25 runs* Hg.

A p e r ip h e ra l ir ia e c to n y  was performed on the l e f t  eye 

fo llow ing  w hich, w ithou t m io tic s  the angle could be 

seen to  be open and fre e  from goniosynechiae. The 

o c u la r  te n s io n  was 22 rams. Hg even a f t e r  p rovocation

w ith . . .



Fig* 22*

Visual f ie ld  o f  Case IV to show the typ ica l glaucomatous 
f ie ld  loss*
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w ith  the  darkroom t e s t  and the  f a c i l i t y  of aqueous outflow  

was 0*16 w ith no s ig n if ic a n t  re d u c tio n  in  t h i s  f ig u re  

w ith  th e  darkroom outflow  te s t*

Case V: male aged 62, com plaining o f ha lo es  and 

m isty  v is io n  in  the  r ig h t  eye f o r  th re e  months, was found 

to  have cupping o f  the o p tic  d is c  and a v is u a l  f i e l d  

d e fe c t a lthough  th e  o c u la r  te n s io n  in  th e  a ffe c te d  eye 

could he norm alised by the use o f m io tic s  (Fig* 23).

A p e r ip h e ra l  iridec tom y  was performed fo llow ing  

which th e  angle o f the  a n te r io r  chamber could be seen  to  

be open and f r e e  from goniosynechiae. The o c u la r  te n s io n  

remained below  25 mms. Hg in  s p i te  o f  p rovocation  w ith  

th e  darkroom t e s t .  The darkroom outflow  t e s t  was n eg a tiv e , 

the  f a c i l i t y  of aqueous ou tflow  in  th e  a f fe c te d  eyes 

being  0 . 21.

Case V I: female aged 68, com plaining o f  m is tin e ss  

o f  v is io n  and ha loes fo r  two months. The r i ^ i t  v is u a l  

f i e ld  was found to be f u l l  whereas th a t  on the l e f t  

rev ealed  ex ten siv e  glaucomatous f i e ld  lo s s  (F ig . 24)*

The o c u la r  te n s io n  in  the l e f t  eye was 27 mms. Hg r is in g  

to  72 mms. Hg w ith  the darkroom t e s t .  The f a c i l i t y  o f  

aqueous ou tflow  was 0.07 f a l l i n g  to  0.01 w ith  the

darkroom • . . •



F ig . 23.

Visual f ie ld  o f  Case V to show the typ ica l glaucomatous 
f ie ld  loss#



Pig. 24.

Visual f ie ld  o f  Case VI to  show the defect present.



darkroom ou tflo w  t e s t .  Wien using  g u tta e  p ilo c a rp in e  2$ 

however the o cu la r te n s io n  in  th e  a f fe c te d  eye d id  n o t 

r i s e  above 25 mms. Hg w ith  the darkroom t e s t  nor d id  

the  f a c i l i t y  o f  aqueous ou tflov / f a l l  below  0 .1 5 . This 

p a t ie n t  has no t been  operated upon, b u t  the normal 

ou tflow  le v e l ,  o c u la r  te n s io n  and appearance o f  the angle 

a f t e r  th e  i n s t i l l a t i o n  o f  p ilo c a rp in e  drops in d ic a te  

th a t  the  o b s tru c tio n  o f  th e  ang le  which had been p re se n t 

long  enough to  produce o p tic  a trophy  and a f i e ld  d e fe c t ,  

must have been  due to  i r ia o -c o rn e a l  co n tac t and n o t to  

goniosynech iae•

Case VII? m ale, aged 68, complained of b lu r re d  

v is io n  and h a lo es  a f f e c t in g  the l e f t  eye fo r  5 y e a rs . The 

l e f t  o p t ic  d is c  was found to  be cupped and th e re  was 

ty p ic a l  glaucomatous f ie ld  lo ss  (Fig* 25). The o cu la r 

te n s io n  in  the  a ffe c te d  eye was 45 mms. Hg w hile gonioscopy 

revealed  th a t  a t  le a s t  5Q% of the angle was c lo sed . 

I n s t i l l a t i o n  o f  g u tta e  p ilo c a rp in e  2/a caused th e  angle 

to  re-opennand the  te n s io n  to  f a l l  to  20 mms. Hg. The 

f a c i l i t y  o f  aqueous outflow  a t th is  time was 0 .33 .

A p e r ip h e ra l  iridectom y was perform ed on Hie 

l e f t  eye b u t as th e re  was evidence o f su b co n ju n c tiv a l

drainage •



H g . 25*

V isual f ie ld  o f Case VII to show the defect present*
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d ra inage  o f aqueous subsequently  no deductions on the  

fu n c tio n a l  s ta te  o f  th e  angle could be drawn from th e  

f a c t  th a t  the o cu lar te n s io n  remained w ith in  normal l im its  

p o s t-o p e ra t iv e ly . As in  Case V, however, th e  low o c u la r  

te n s io n  and h ig h  f a c i l i t y  o f ou tflow  found p re -o p e ra tiv e ly  

a f t e r  the  i n s t i l l a t i o n  o f p ilo c a rp in e  to g e th e r  w ith  the 

gon ioscop ic  appearance o f  the angle ru led  out th e  presence 

o f  goniosynechiae i n  th is  case*

The behav iour o f th ese  eyes c le a r ly  dem onstrates 

th a t  o b s tru c t io n  o f  the  angle i n  cases  o f  advanced 

ch ron ic  c lo sed -an g le  glaucoma may be due to  co n tac t 

between the i r i s  and cornea s u f f ic ie n t  to  reduce the 

ou tflow  o f aqueous to  abnorm ally low le v e l s  and m ain tained  

f o r  a p e rio d  o f  time long  enough to  r e s u l t  in  cupping 

o f  th e  o p tic  d is c  and lo s s  o f  p a r t  o f  the v is u a l  f i e ld  

w ithout the fo rm ation  o f  goniosynechiae.

I t  i s  w e ll recognised  th a t  in  ch ron ic  c lo sed -an g le  

glaucom a, goniosynechiae do e v en tu a lly  form and th i s  

p re se n t s tudy  u n d e rlin e s  th e  im portance o f adequate 

tre a tm e n t o f such  eyes in  th e  e a r ly  s tag es  where the 

o b s tru c t io n  o f  the angle is  s t i l l  r e v e r s ib le .
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C H A P T E R  7 1  

UNILATERAL CLOSED-ANGLE GLAUCOMA.

SUMMARI

The b i l a t e r a l  incidence o f c lo sed -an g le  

glaucoma i s  to  be expected from th e  anatom ical s im i la r i ty  

o f  fe llo w  eyes.

The second eye in  a s e r ie s  o f  cases o f u n i l a t e r a l  

c lo sed -an g le  glaucoma i s  in v e s t ig a te d  by means o f  th e  

darkroom t e s t  and th e  darkroom outflow  t e s t .

P o s i t iv e  evidence o f  c lo sed -ang le  glaucoma 

was d iscovered  in  approxim ately tw o -th ird s  o f  the eyes 

in v e s t ig a te d .

The darkroom outflow  t e s t  was more o f te n  p o s it iv e  

in  th ese  eyes than  th e  s tan d ard  darkroom t e s t .

In  th e  cases in v e s t ig a te d , dem onstrable angle 

c lo su re  was found in  most o f  those having symptoms of 

th e  d is e a s e . The occurrence o f angle c lo su re  was a lso  

dem onstrated in  a la rg e  number o f  eyes which were symptom 

f r e e .

As th e  anatom ical c o n f ig u ra tio n  o f an eye p r in c ip a l ly  

determ ines w hether o r not i t  w i l l  develop c lo sed -an g le

glaucoma . • . •
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glaucoma, i t  i s  to  be expected th a t  the  s im i la r i ty  

which e x is ts  between the  two eyes i n  any one p a t ie n t  

would r e s u l t  in  th e  b i l a t e r a l ,  ra th e r  than  u n i l a t e r a l ,  

in c id en ce  o f  th e  d is e a s e . I t  has long been known from 

c l in ic a l  experience th a t  where one eye i s  a f fe c te d  

by glaucoma, sooner o r l a t e r  the o th e r  eye i s  l ik e ly  to  

fo llo w  s u i t ,  I&ackensie (1854) noted th a t  Wwhen glaucoma 

has commenced in  one eye i t  g en e ra lly  extends a lso  

to  th e  o th e r” .

Bain (1956) has re c e n tly  s tre s s e d  th e  a d v is a b i l i ty  

o f  thorough in v e s t ig a tio n  o f the fe llo w  eye where one 

eye has developed an acute a t ta c k  o f  c lo sed -an g le  glaucoma. 

He has shown th a t  o f  200 cases (which had su ffe re d  a 

u n i la te r a l  a t ta c k  o f acu te  glaucoma) th e  second eye 

developed c l in ic a l  evidence o f  th e  d isea se  in  more than  

h a l f  the cases s tu d ied  (53;%). He noted  th a t  the darkroom 

t e s t  was p o s it iv e  in  te n  cases (o u t of a t o t a l  of 60) 

w herein the second eye was symptom f re e  and suggested 

th a t  a more e f f i c i e n t  p rovoca tive  t e s t  would have 

rev ea led  the ex is ten ce  o f  th e  d is e a se  in  a much g re a te r  

number o f  th ese  ap p aren tly  normal ey es .

As the darkroom ou tflow  t e s t  i s  more o f te n

p o sitiv e  • . . .
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p o s itiv e  than  the  s tan d a rd  darkroom t e s t  in  cases o f  

c lo sed -an g le  glaucoma i t  was decided to  use th i s  t e s t  

to  in v e s t ig a te  th e  fe llo w  eyes o f  a number o f  cases 

w herein one eye was known to  have c lo sed -an g le  glaucoma*

The a ffe c te d  eye in  each case had e i th e r  had a fran k  

a t ta c k  o f  acu te  glaucoma o r  had been seen in  a sub-acute 

a t ta c k  w ith ra is e d  te n s io n  and a closed  an g le . Sdventy-n ine 

such cases were in v e s t ig a te d  and o f these  52 were male 

and 4-7 fem ale. Of these  79 eyes in v e s t ig a te d , 22 

(27 .8^) showed a p o s it iv e  r i s e  in  o c u la r  te n s io n  w ith 

th e  darkroom t e s t  while a s ig n if ic a n t  f a l l  i n  the f a c i l i t y  

o f  aqueous ou tflo w  occurred in  45 (57%)• The number 

o f cases showing a s ig n if ic a n t  change in  the  f a c i l i t y  

o f outflow  i s  s ig n if ic a n t ly  g re a te r  th an  those g iv in g  

a p o s i t iv e  r e s u l t  w ith  th e  darkroom t e s t  ( X 2 * 12.07 : 

n = 1 : P = C  0.001) (T able IX).

In  an attem pt to  determ ine w hether the  d iag n o sis  

o f  c lo sed -an g le  glaucoma in  th ese  cases could have 

been made on the h is to ry  o f  symptoms suggestive  o f 

the  ex is ten ce  o f the d isea se  r a th e r  than  by the use 

o f p rovocative  t e s t s ,  th e  r e s u l ts  o f the  darkroom t e s t  

and th e  darkroom outflow  t e s t  were re la te d  to  the

presence • • • •
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<

T A B L E  I  X

T est Employed
R esu lt o f  P rovocative  T est

P o s it iv e N egative

Darkroom t e s t 22 (27 .8$) 57

Darkroom outflow  t e s t 45 (57$) 34

Comparison o f  the  r e s u l t s  o f the  darkroom t e s t  and 
darkroom outflow  t e s t  on 79 u n a ffec ted  eyes in  
cases o f  ap p aren tly  u n i l a t e r a l  c lo sed  ang le  glaucoma* 
The darkroom outflow  t e s t  i s  more o f te n  g o s it iv e  in  
th e se  cases than  the darkroom te s t*  (X  = 12.07 : 
n = 1 : P = C O .001).

presence o f symptoms in  each p a r t ic u la r  case . Ih e re  

th e re  was a d e f in i te  h is to r y  o f ha loes and b lu rre d  v is io n  

th e  eye was considered  to have p o s it iv e  symptoms of 

c lo sed -ang le  glaucoma. In  the absence o f  such a h is to ry  

th e  eye was considered  to  be negative  in  th i s  re s p e c t.

Of th e  79 fe llo w  eyes s tu d ie d , a p o s it iv e  

h is to r y  o f symptoms was found in  on ly  17 (2 1 .5 $ ) .

Of th e se  17 on ly  8 eyes gave a p o s i t iv e  r e s u l t  w ith  the  

darkroom t e s t .  Of th e  rem aining 62 eyes which were 

symptom-free 14 showed a s ig n if ic a n t  r i s e  in  o cu lar 

te n s io n  w ith the  darkroom t e s t .  The d if fe re n c e  in  the

incidence . « . .
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inc idence  o f p o s i t iv e  r e s u l t s  w ith  th e  darkroom t e s t  

i n  the group o f  eyes w ith  p o s i t iv e  symptoms (47 .1$) i s  

s ig n i f ic a n t ly  h ig h e r than  th a t  i n  the  o th e r  group (27 .5$) 

(Table X) ( X 2 = 7 .34  : n = 1 : P = < . 0 l ) .

T A B L E  X

Presence o r absence 

o f  Symptoms

R esu lt o f Darkroom T est

P o s itiv e N egative

P o s it iv e  symptoms 
o f  c losed  angle 
glaucoma

8 (47 .1$) 9

No symptoms 14 (27 .5$) 48

R esu lts  o f  the darkroom t e s t  i n  th e  ap p aren tly  
u n a ffe c ted  eyes o f  cases w ith u n i l a t e r a l  c lo se d -  
ang le  glaucoma. The r e s u l ts  o f  the  t e s t  are 
more o f te n  p o s i t iv e  in  those  eyes w ith symptoms 
o f the d isea se  than  in  th o se  which are  symptom 
f r e e .  ( X 2 = 7.34 ; n = 1 : P =<c 0 .0 1 .)

Yfhile i t  i s  tru e  th a t  the inc idence  o f p o s itiv e  

r e s u l t s  w ith the  darkroom t e s t  was h ig h e r i n  the group 

w ith  p o s it iv e  symptoms th a n  in  the o th e r  neg ativ e  group, 

th e  o b se rv a tio n  th a t  le s s  th an  h a lf  the  cases w ith  a 

d e f in i te  h is to r y  su g g estiv e  o f c lo sed -an g le  glaucoma 

gave a p o s i t iv e  r e s u l t  w ith  the  t e s t  u n d e rlin e s  the

f a c t  . . . .
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f a c t  th a t  a negative  darkroom t e s t  i s  o f  l i t t l e  c l i n i c a l  

value in  a sse ss in g  w hether o r not an eye i s  a f fe c te d  

by the  d is e a s e .

Vftien th e  r e s u l ts  o f the  darkroom ou tflow  t e s t  

were s im i la r ly  re la te d  to  th e  symptomatology in  th i s  

s e r ie s  o f  cases i t  was found th a t  o f  th e  17 cases w ith 

p o s itiv e  symptoms 14 (82 .4$) showed a s ig n if ic a n t  f a l l  

i n  the  f a c i l i t y  o f aqueous ou tflow  w ith  the  t e s t  w hile 

in  one o f the  th re e  rem aining eyes te s te d  th e  f a c i l i t y  

o f  outflow  p r io r  to  the t e s t  was a lready  abnorm ally 

low (c  = 0 .0 5 ). Of th e  62 eyes which were symptom-free 

30 (48 .4$) gave a p o s itiv e  r e s u l t  w ith  the darkroom 

ou tflow  t e s t .  Although the darkroom outflow  t e s t  was 

p o s it iv e  in  n e a r ly  a l l  eyes e x h ib it in g  symptoms o f  the 

d is e a s e , i t  was a lso  p o s i t iv e  in  a la rg e  number o f those 

eyes which were symptom-free, and in  f a c t  the  inc idence  

o f p o s it iv e  r e s u l t s  w ith  th is  t e s t  i s  not s i g n i f i c a n t ^  

d i f f e r e n t  in  the  two c a te g o r ie s  ( = 1.40 : n = 1 :

P = > 0 .1 0 ) .

Thus a p o s it iv e  h is to r y  o f  symptoms in  the 

fe llo w  eye where one eye i s  a lread y  a f fe c te d  by c lo sed -ang le  

glaucoma i s  good evidence in  favour o f  the second eyes

being . . . .
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being a f fe c te d  by th e  d is e a s e . No re lia n c e  however 

can  be p laced  on the  absence o f  symptoms in  ru lin g  out 

th e  ex is ten ce  o f  th e  d is e a s e , fo r  bo th  the darkroom 

t e s t  and the darkroom outflow  t e s t s  w i l l  f re q u e n tly  

re v e a l the  presence o f the d isea se  in  the absence o f  

p o s i t iv e  symptoms*

The ex istence  o f dem onstrable c lo sed -an g le  

glaucoma in  th e  g re a t m a jo rity  o f  th ese  "second" eyes 

s t r e s s e s  the  im portance o f  adequate in v e s t ig a t io n  and 

trea tm en t o f the  ap p a ren tly  h ea lth y  fe llow  eye where 

th e  d ise a se  appears to  be u n ila te ra l*
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C H A P T E R  V I I  

CONCLUSION

SUMMARY

The o b serv a tio n s  recorded  in  the  previous 

ch ap te rs  are  c o r re la te d  and views on the n a tu ra l  h is to r y  

o f  c lo sed -an g le  glaucoma in  b o th  i t s  acu te  and chronic  

forms a re  presented*

In  th e  f i r s t  c h ap te r  o f  th i s  th e s is  th e  

ev o lu tio n  o f  th e  c o rre n tly  accepted views on th e  a e tio lo g y  

o f  c lo sed -an g le  glaucoma was tr a c e d . I t  was noted 

th a t  the  d ise a se  was b e lie v e d  to  be th e  d i r e c t  r e s u l t  

o f  the  presence o f a d isp ro p o rtio n a te ly  la rg e  len s  

in  an eye too sm all to  accommodate i t .  This d isp ro p o rtio n  

was thought to  le ad  to  the  form ation  o f an i r i s  borabe' 

w ith consequent narrowing o f  the  angle o f the a n te r io r  

chamber.

An eye so a f fe c te d , b u t in  which the  angle 

o f  the  a n te r io r  chamber was open a lthough narrow and 

w herein the o c u la r  ten s io n  was comparable to  th a t  

found in  an u n a ffec ted  normal eye, was considered  to

be . . . .
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be pre-g laucom atous. Such an eye was thought to  d i f f e r  

from i t s  normal co u n te rp a rt on ly  in  i t s  p o ss ib le  

p re d is p o s i t io n  to  the  development o f  h y p e rten sio n  

as th e  r e s u l t  o f  the o b s tru c tio n  o f  the angle by the  

a c tio n  o f some secondary angle crowding f a c to r .

In  an eye in  which such h y p e rten siv e  ep isodes 

occurred  i t  was considered  th a t  between a tta c k s  when 

th e  o c u la r  te n s io n  was not ra is e d , the  angle o f  the 

a n te r io r  chamber was open and fu n c tio n in g  norm ally . 

C losed-angle  glaucoma in  such an eye was understood 

to  p ro g ress  in  one o r  o th e r  o f two d i f f e r e n t  ways.

As the r e s u l t  o f  the a c tio n  o f  some more v igorous stim ulus 

to  angle c lo su re  an acu te  a tta c k  o f Mco n g estiv ew glaucoma 

might r e s u l t  o r , fo llow ing  repeated  minor a tta c k s  o f 

t h i s  n a tu re , goniosynechiae would be foimed and th e se  

by perm anently reducing the le v e l  o f aqueous outflow  

would le ad  to  the development o f  chron ic  c lo sed -an g le  

glaucoma w ith  i t s  a tten d an t cupping o f the  o p tic  d isc  

and v is u a l  f i e l d  lo s s .

Owing to  the  p re s e n c e ^  goniosynechiae in  th i s  

l a t t e r  in s ta n ce  the  s u rg ic a l  trea tm en t o f such a case 

was always by a d rainage o p e ra tio n  r a th e r  than  by sim ple

iridectom y . . . .
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iridec tom y .

The s ta te  o f  the ang le  between a t ta c k s  o f 

h y p e rten s io n  i s  o f  importance in  th e  trea tm en t o f  c lo sed -an g le  

glaucoma. C o n sidera tion  o f the o b serv a tio n s  p resen ted  

i n  th i s  th e s is  would suggest th a t  a degree o f  angle 

c lo su re  e x is t s  in  most eyes a f fe c te d  by th e  d isease  

even when the  o cu la r te n s io n  i s  not ap p aran tly  r a is e d .

The su g g estio n  th a t  the angle o f th e  a n te r io r  

chamber was a lre a d y  p a r t ly  c losed  in  the  upper se c to rs  

b e fo re  th e re  was any o th e r  o b je c tiv e  o r  su b jec tiv e  

evidence o f  th e  d isea se  (S h a ffe r , 1955; P h i l l ip s ,  1956) 

rece iv ed  support from se v e ra l o b se rv a tio n s . The f a c t  

noted  by Barkan (1938) th a t  the angle was narrow est 

in  i t s  upper s e c to r  suggested th a t  i f  angle c losure  

were to  o ccu r, i t  would do so p r e f e r e n t ia l ly  in  th i s  

upper narrow re g io n . This conclusion  was supported 

by the  u su a l f in d in g  o f  a v e r t i c a l ly  oval p u p il in  

acu te  glaucoma. The evidence th a t  goniosynechiae 

occu rred  more o f te n  above th an  below in  c losed -ang le  

glaucoma ( P h i l l i p s ,  1956) a lso  le n t  support to  the 

view th a t  angle c lo su re  was more l ik e ly  to  a f f e c t  the 

upper narrow p a r t o f the angle than  the lower and wider

p o r tio n  . . . .
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p o rtion*

This l a t t e r  o b se rv a tio n  however i s  not d i r e c t  

evidence th a t  any degree o f  angle c lo su re  i s  p re sen t 

in  c lo sed -an g le  glaucoma between a tta c k s  o f  hypertension  

f o r  goniosynechiae are known to  fo llow  h y p erten siv e  

ep isodes and the  inflam m atory re a c tio n  which produces 

them i s  p robably  i t s e l f  a response to  the  prolonged 

in te r fe re n c e  vdth the lo c a l  blood c i r c u la t io n  which 

undoubtedly occurs during  an acu te  a tta c k  o f glaucoma. 

G onioscopic v e r i f i c a t io n  o f  th e  view th a t  in  an a ffe c te d  

eye th e  angle i s  c lo sed  i n i t i a l l y  in  th e  upper s e c to rs  

i s  u s u a lly  im possib le  fo r  reasons which have a lread y  

been d iscu ssed  (p . 39).

Evidence th a t th e re  i s  some degree o f  angle 

c lo su re  p re sen t in  eyes a f fe c te d  by the d isease  even 

where the  te n s io n  i s  ap p aren tly  w ith in  noiraal l im its  

i s  to  be found however in  the  r e s u l t s  o f the darkroom 

t e s t  and darkroom outflow  t e s t  on such eyes and from 

the  s tu d y  o f  cases o f  chron ic  c lo sed -an g le  glaucoma.

The e x is te n c e , in  eyes w ith c lo sed -an g le  glaucoma 

(where th e  o c u la r  te n s io n  i s  s t i l l  w ith in  norm al l im i t s ) ,  

o f  an a v e ra g e  le v e l o f aqueous outflow  which i s  lowre r

than . . . ♦
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th a n  th a t  found in  comparable normal eyes suggests 

th a te in  the e a r ly  s tag es  o f  the  d isea se  some p a r t o f  

th e  angle i s  a lre ad y  o b s tru c ted  and th a t  the o c u la r  

te n s io n , a lthough  ap p aren tly  norm al, i s  a lread y  h igher 

and the ou tflow  of aqueous lower th an  i t  would have been 

had the  angle been fu l ly  open. In  a d d itio n , where the 

o c u la r  te n s io n  in  a ffe c te d  eyes i s  i n  the upper reaches 

o f  norm ality  th e re  is  found to  be an in c reased  p re d is p o s it io n  

to  th e  development o f  fu rth a?an g le  c lo su re  on p rov o ca tio n  

w ith  th e  darkroom t e s t .

These o b servations in d ic a te  the h a b itu a l  presence 

in  such eyes o f some degree o f angle c lo su re . The 

v a r i a b i l i t y  o f bo th  the o cu la r te n s io n  and the  le v e l  

o f  aqueous outflow  in  th ese  eyes however i t  good evidence 

th a t  the a re a  of angle o b s tru c ted  i s  no t f ix e d  and th a t  

th e  o b s tru c tio n  i t s e l f  i s  due to  co n tac t between the 

ro o t o f  the i r i s  and the  tra b e c u la e  r a th e r  th an  to  

gon iosynech iae• This conclusion  i s  a lso  to  be drawn 

from the  s tu d y  o f cases o f  ch ron ic  c lo sed -ang le  glaucoma 

where i t  was shown th a t  a h a b itu a l  degree o f  angle c losu re  

s u f f ic ie n t  to  reduce the outflow  o f  aqueous to  p a th o lo g ic a lly  

low le v e ls  might be p re sen t fo r  long enough to  r e s u l t

i n  . . . .



-  125 -

i n  cupping o f  the  o p tic  d is c  and y e t s t i l l  be r e v e rs ib le  

and no t n e c e s s a r i ly  accompanied by the fo rm ation  o f  

goniosynech iae .

These fin d in g s  have a d i r e c t  b ea rin g  on the  

tre a tm en t o f  cases o f c lo sed -an g le  glaucoma. As th e  

ra is e d  o c u la r  te n s io n  in  th i s  d isea se  i s  th e  d i r e c t  

r e s u l t  o f m echanical o b s tru c tio n  o f  the  angle which i s  

i t s e l f  s t i l l  capable o f  fu n c tio n in g  norm ally , the lo g ic a l  

tre a tm en t o f  the co n d itio n  would be by the p rev en tio n  

o f  angle c lo su re . As has been seen, in  most cases th i s  

c lo su re  o f  the angle fo llow s upon the  development o f  

an i r i s  bombe'* due to an in c rease  in  the  p ressu re  w ith in  

the  p o s te r io r  chamber r e la t iv e  to  th a t  o b ta in in g  w ith in  

th e  a n te r io r  chamber. As i s  w ell recogn ised , an iridectom y 

( e i t h e r  p e r ip h e ra l  or com plete) by e q u a ll is in g  the 

p re s su re s  in  the  two chambers w il l  a h o lish  th is  s ta te  

o f  i r i s  bombe'. The b e n e f ic ia l  e f fe c t  o f a p e r ip h e ra l  

irid ec to m y  i n  p rev en tin g  the  occurrence o f  angle c lo su re  

i s  w e ll seen in  those cases o f c losed -ang le  glaucoma 

upon which th i s  o p e ra tio n  had been perform ed, which 

were s tu d ie d  by means o f the  darkroom ou tflow  t e s t  

(C hap ter IV)*

The trea tm en t o f  th i s  d isea se  by the use o f

m iotic . . • .
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m io tic  drugs has s e v e ra l  d isadvantages* Absence o f  

symptoms and an  o c u la r  ten sio n  w ith in  the  normal range 

have in  the  p a s t been the c r i t e r i a  upon which the  

e f f ic a c y  o f  m io tic  trea tm en t has been judged. As has 

been seen  in  Chapter VI, however, the  absence o f  symptoms 

i s  no guide to  whether o r no t angle c lo su re  i s  p re s e n t, 

many eyes which were e n t i r e ly  symptom-free re v e a lin g  

fra n k  evidence o f  the d isease  on f u r th e r  in v e s t ig a t io n .

I t  has a lso  been shown th a t  an o c u la r  te n s io n  

w ith in  th e  normal range i s  not p roof th a t  the angle in  

th ese  cases i s  f u l ly  open, fo r  the ap p aren tly  normal 

te n s io n  found in  any p a r t ic u la r  eye w ith th is  d isease  

may in  f a c t  be h igher than  the b a s ic  normal te n s io n  

f o r  th a t  eye. An o c u la r  te n s io n  o f  over 26 mms. Hg 

in  an eye v/ith c lo sed -an g le  glaucoma i s  in d ic a tiv e  o f 

the  e x is te n c e  of some degree o f  angle c lo su re . An 

eye w ith  such a re s t in g  te n s io n  i s  in  an u nstab le  s ta t e  

and l i k e l y  to  develop a severe r is e  i n  te n s io n  on su ita b le  

p ro v o ca tio n . I f  t h i s  i s  so , i t  fo llow s th a t  in  an eye, 

on trea tm en t w ith  m io tic s , w herein th e  r e s t in g  o cu la r 

te n s io n  i s  between 25 ana 30 mms. Hg^the angle i s  p a r t ly  

c losed  and thus th e  eye i s  s t i l l  in  danger o f  developing

e ith e r  . . . .
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e i th e r  an acu te  a t ta c k  o f glaucoma o r o f forming 

goniosynechiae* Such an eye would be b e t t e r  t r e a te d  

s u rg ic a l ly ,  f o r  th e  r is k s  a tte n d a n t upon a p e r ip h e ra l 

iridec tom y  a t  th is  stage are  probably le s s  th an  those 

to  be expected i f  the eye is  l e f t  to  form goniosynechiae*

In  th i s  l a t t e r  in stance  th e  p o te n t ia l ly  normal 

angle is  perm anently damaged ana no a l te rn a t iv e  remains 

bu t to provide e x te r io r  d ra insgs fo r  th e  aqueous, a 

procedure which c a r r ie s  a f a r  g r e a te r  r i s k  to  the  eye 

th an  th e  com paratively  sim ple o p e ra tio n  o f p e r ip h e ra l 

i r id e c to 2ny performed in  the e a r ly  s tag e s  o f th e  d is e a s e .

The f a c t  th a t  such a la rg e  p ro p o rtio n  o f fe llow  

eyes in  cases o f a p p a ren tly  u n i la te r a l  acute glaucoma 

can be shown to  be a ffe c te d  by the d isease  g ives support 

to  the  view th a t  a p ro p h y lac tiv e  p e r ip h e ra l iridectom y 

should  be perform ed on the  second eye o f such cases 

provided th a t  the  two eyes are anatom ica lly  s im ila r .

In  t h i s  connec tion  the  value o f  provocative t e s t s  i s  

ag a in  s tre s s e d  and i t  i s  to  be noted  th a t  in  the e a r ly  

s tag e s  o f  th e  d isea se  th e  darkroom t e s t  is  u su a lly  

negative  w hile th e  r e s u l t  o f the  darkroom outflow  t e s t  

may w ell be p o s i t iv e .

Although . . .



Although, a narrow angle i s  a necessa ry  p re - r e q u is i te  

to  the  development o f  acute glaucoma i t s  presence a lon$  

does no t e x p la in  the occurrence o f such an a t ta c k .

Undoubtedly p a r t i a l  c losu re  o f  the angle i s  the  usual 

p re c u rso r o f an acute a tta c k  o f  glaucoma, and the  r e s u l t s  

o f  the  darkroom outflow  t e s t  would suggest th a t  where 

th e  angle i s  a lread y  la rg e ly  o b s tru c ted  v e ry  l i t t l e  

a d d it io n a l  s tim u lus i s  re q u ire d  to  produce complete 

c lo su re . I t  i s  o f  in te r e s t  to  c o n s id e r what p o ss ib le  

t r ig g e r in g  mechanisms e x i s t .

As has been mentioned e a r l i e r ,  i t  has long 

been known th a t  d i l a ta t io n  o f the  p u p il  in  a s u i ta b ly  

p red isposed  eye may be follow ed by an acute a tta c k  o f  

glaucoma. This p u p illa ry  d i l a t a t io n  may be the r e s u l t  

o f  changes in  i llu m in a tio n  as in  the  darkroom t e s t  o r  

r e f l e c t  some a l t e r a t io n  in  the  a c t i v i ty  o f the autonomic 

nervous system.

Prolonged accommodative e f f o r t  too , may be 

fo llow ed by angle c lo su re  and. a r i s e  i n  o c u la r  te n s io n .

On accommodation th e  a n te r io r  le n s  capsule becomes more 

convex so th a t  th e re  is  f u r th e r  impediment to  the  fre e  

passage o f  f lu id  from the p o s te r io r  to  the  a n te r io r  

chamber, w ith  consequent ex ag g era tio n  o f  the  np h y s io lo g ic a l”
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i r i s  bomb/ presen t*  In  a d d itio n  the c i l i a r y  body a l t e r s  

shape and p o s i t io n  and may d i r e c t ly  c lose  th e  ang le .

The r i s e  in  o c u la r  te n s io n  which is  sometimes found on 

prolonged accommodation forms the b a s is  o f the  read in g  

t e s t  (H ig g it t  and Sm ith, 1955).

The ro le  o f  v a s o d ila ta t io n  w ith in  the  eye i s  

d i f f i c u l t  to  a sse ss . I t  is  known th a t  passive  venous 

congestion  may ra is e  the in t r a - o c u la r  p re ssu re  (a s  in  

th e  l a b i l i t y  t e s t )  w hile i t  has been shown th a t  b lu sh in g  

may be accompanied by a la rg e  r i s e  in  o cu la r te n s io n  

(G ran t, 1955). As by f a r  th e  la rg e s t  p a r t  o f  the  

in t r a - o c u la r  c i r c u la t io n  l i e s  behind th e  i r i s - l e n s  

diaphragm, a sudden v a s o d ila t io n  in  t h i s  re g io n  would 

in c rease  the  p re ssu re  w ith in  the v itre o u s  chamber in  

f i r s t  in s ta n c e . This might r e s u l t  in  an a n te r io r  

d isp lacem ent o f  the len s  and i r i s  b u t ,  as has been a lre ad y  

n o ted , rep ea ted  measurements by v a rio u s  workers have f a i le d  

to  d isp lo se  such a forward movement o f  the len s  w ith  the 

development o f an a t ta c k  of o c u la r  h y p e rten sio n .

In  th e  absence o f any movement o f  th e  len s  

however, v a s o d ila ta t io n  w ith in  the choroid and c i l i a r y  

body could  r e s u l t  in  an in c rease  o f p re ssu re  w ith in  the

p o s te r io r  . . . .
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p o s te r io r  chamber, fo r  th e  zonule o f f e rs  no impediment 

to  the  f r e e  passage o f f lu id  from w ith in  the v itre o u s  

chamber. Such an in c rease  in  the p ressu re  o f  th e  p o s te r io r  

chamber would be l ik e ly  to  cause a forward b a lloon ing  

o f the i r i s  provided th a t  some of the f lu id  w ith in  the 

a n te r io r  chamber could be forced  out o f the  eye. As 

any open s e c to r  o f the angle in  such an eye might be 

expected to  fu n c tio n  norm ally an in c rease  in  the r a te  

o f  ou tflow  would fo llow  the  changes d e sc rib ed . I t  is  

a reasonable  deduction  th e re fo re  th a t  b a llo o n in g  of the 

i r i s  and angle c losu re  cou ld  fo llow  upon v a so d ila ta t io n  

w ith in  th e  c i l i a r y  body and the  choroid  in  a su itab ly- 

p red isposed  eye. Apart from the question  o f  v a s o d i l a t io n ,  

a sudden in c re a se  in  the  c a p i l la r y  blood pressure w ith in  

th e  eye lead in g  to  the d if fu s io n  o f f lu id  a t  a h ig h er 

th an  normal p re ssu re  in to  the p o s te r io r  segment o f the 

eye might a lso  r e s u l t  in  a forward b a llo o n in g  o f the 

i r i s  in  the  same way as would v a so d ila tio n  in  th i s  reg ion .

F in a lly  the  in flu en ce  o f  the  r a te  o f  aqueous 

fo rm ation  must not be overlooked.

In  normal eyes (and in  chronic sim ple glaucoma) 

where m echanical o b s tru c tio n  o f  the  angle does not occur

the • • . •
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th e  le v e l  o f aqueous outflow  appears to  he f a i r l y  s ta b le .

G rant and T r o t te r  ( -i95b) have shown th a t  in  the en u c lea ted  

eye the f a c i l i t y  of ou tflow  measured by tonography 

i s  comparable to  th a t  found in  v iv o . Normal eyes subm itted  

to  the darkroom outflow  t e s t  in  the  p re se n t in v e s t ig a t io n  

showed no s ig n if ic a n t  change i n  ou tflow  w ith  the  t e s t  

a lthough a sm all r is e  in  o c u la r  te n s io n  o ccu rred .

De Roeth (1954) has shown th a t  the  d iu rn a l v a r ia t io n s  

in  o c u la r  te n s io n  which occur in  normal eyes are  unaccompanied 

by any m easurable a l t e r a t io n  in  th e  f a c i l i t y  o f  aqueous 

outflow*

In  view o f  the apparent s t a b i l i t y  o f  th e  ou tflow  

f a c to r  as measured by tonography, i t  i s  reasonab le  to  

assume th a t  the  phasic  v a r ia t io n s in  o c u la r  te n s io n  which 

are  c o n s ta n tly  o ccu rrin g  r e f l e c t  a l te r a t io n s  in  th e  r a te  

o f  aqueous in flo w , fo r  in  the  presence of a norm ally 

fu n c tio n in g  angle any in c rease  in  the volume o f blood 

w ith in  th e  eye would be l ik e ly  to  produce only a t r a n s ie n t  

change in  the le v e l of o cu la r te n s io n . In  th i s  connection  

aqueous fo rm ation  must be held  to  inc lude  the  d if f u s io n  

o f f lu id  from the in tr a -o c u la r  a r t e r i a l  c a p i l l a r ie s  fo r  

a prolonged r i s e ,  fo r  exam ple,in  the c a p i l la r y  blood

pressure . . . .
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p re ssu re  would r e s u l t  i n  a r i s e  in  th e  l e v e l  o f in t r a - o c u la r  

p re ssu re  i f  th e  ou tflow  o f  aqueous were to  rem ain u n a lte re d .

I t  was seen th a t  when normal ayes a re  subm itted 

to  the  darkroom t e s t  a sm all mean r i s e  in  o c u la r  te n s io n  

r e s u l t s  w ithout any corresponding decrease in  the f a c i l i t y  

o f  outflow . As th i s  e f f e c t  i s  apparent a f t e r  the  lapse  

o f  one hour, i t  too  i s  l i k e ly  to  be due to  an in c rease  

in  the ra te  o f  aqueous fo rm ation . As th e  r e l a t iv e ly  

slow  change i n  o cu la r te n s io n  which occurs w ith  th e  d iu rn a l 

cycle i s  thought to  be p a r t  o f  a more w idespread c y c lic  

a l t e r a t io n  in  autonomic tone i t  would appear th a t  changes 

in  th e  r a te  o f aqueous fo rm ation  may be d i r e c t ly  in flu en ced  

by the autonomic nervous system .

"Where the drainage mechanism o f th e  eye i s  

fu n c tio n in g  norm ally  a sm all in c re ase  in  the r a te  o f 

aqueous in flo w  w il l  not r a is e  the  in t r a -o c u la r  p re ssu re  

to  any g re a t e x te n t . Where the  ou tflow  is  d im inished 

however even a sm all in c rease  in  the ra te  o f  in flow  

w i l l  r e s u l t  in  a consid erab le  r i s e  in  o c u la r  te n sio n , 

lit may b e , th e re fo re , th a t  the r i s e  in  te n s io n  which 

occurs w ith the  darkroom t e s t  in  cases of c lo sed -ang le  

glaucoma w hile p r in c ip a l ly  the r e s u l t  ox o b s tru c tiv e

changes ••
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changes a t  the  ang le , i s  a lso  p a r t ly  e x p lic a b le  by an 

in c re a se  in  the r a te  o f aqueous in flow  in  such eyes 

in  the da rk . I t  i s  in te r e s t in g  to  note th a t  a p o s i t iv e  

darkroom t e s t  may occur in  cases o f ju v e n ile  glaucoma 

where no evidence o f  angle c lo su re  i s  forthcom ing and 

where the r a te  o f  aqueous’ outflow , always low in  th e se  

cases i s  not fu r th e r  reduced by the provocative t e s t .  

D e ta ils  o f such a case w i l l  i l l u s t r a t e  t h i s .

Case V III : a m ale, aged, 26, who complained 

o f  a tta c k s  of m isty  v is io n  and ha loes on and o ff  fo r  

a y ear, the a tta c k s  only o c cu rrin g  d u rin g  the hours 

o f  darkness when the  p a t ie n t ,  a seaman, was on watch.

The angle o f  the a n te r io r  chamber in  each eye was found 

to  be wide and f re e  from goniosynechiae a lthough the 

tra b e c u la r  appeared to  be poorly developed, resem bling 

the  appearance found in  cases o f buphthalmos. The 

r e s t in g  o c u la r  te n s io n  in  the l e f t  eye was 20 nrns. Hg 

and the  f a c i l i t y  o f ou tflow  0 .06 . An hour in  th e  dark  

re s u lte d  in  a r i s e  o f  te n s io n  to  40 mms. Hg while the  

f a c i l i t y  o f  aqueous outflow  and th e  gonioscopic appearance 

o f  the  angle remained unchanged. In  the absence o f  

any change in  the  ra te  o f outflow  such a r i s e  in  o c u la r

te n s io n  . .  •«
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te n s io n  could  only r e s u l t  from  an in c reased  ra te  o f  in flow  

p o ss ib ly  a sso c ia te d  w ith r a is e d  in tr a -o c u la r  c a p i l l a r y  

blood p re ssu re .

The immediate e f f e c t  o f  a sudden in c rease  in  

th e  ra te  of aqueous fo rm ation  would be to  in c re a se  the  

p re ssu re  w ith in  the p o s te r io r  chamber. This in c rease  

in  p ressu re  would be tra n sm itte d  through the body o f  

the  i r i s  to  the a n te r io r  chamber where i t  would r e s u l t  

in  an in c rease  in  the  r a te  o f escape o f  f lu id  from 

th e re .  This would lead  to  a forward b a llo o n in g  o f  the 

body o f  the  i r i s  and in  an eye with a narrow ang le , to  

o b s tru c tio n  o f  th e  ang le . Such an in c re a se  in  the  ra te  

o f  aqueous fo rm ation , determ ined by a change in  autonomic 

a c t i v i t y  may w ell ex p la in  the  occurrence o f  an acu te  

a t ta c k  o f glaucoma fo llow ing  em otional s t r e s s .

While i t  is  tru e  th a t  fo r  a p a r t i c u la r  eye, the 

f a c i l i t y  of aqueous outflow  as measured by tonography 

would appear to  be c o n s ta n t, what i s  being measured i s  

an a r t i f i c i a l l y  ra ise d  le v e l  o f ou tflow  which i s  dependant 

upon the  anatomy o f  the outflow  channels o f  the eye and 

the  a d d it io n a l  weight o f the  tonom eter. While th i s  

method i s  q u ite  c a p a b le  o f re v e a lin g  m echanical o b s tru c tio n  

o f the  angle such as osssciasin .closed-angle glaucoma i t

may . . . .
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may w e ll "be too  in s e n s i t iv e  to  measure the sm all changes 

i n  outflow  which may occur in  the undistjijujbed eye*

There i s  indeed evidence th a t  the ou tflow  o f  

aqueous i s  a v a r ia b le  f a c to r ,  fo r  Langley and Macdonald 

(1952) have shown th a t  the ra te  o f d isappearance o f 

f lu o re s c e in  from the  a n te r io r  chamber o f  th e  normal eye 

i s  r e la te d  to  the  phasic  v a r ia t io n s  in  o c u la r  te n s io n  

su ggesting  th a t  the  changes in  te n s io n  are due t o  a l t e r a t io n s  

i n  th e  ra te  o f  b o th  the in flow  and ou tflow  o f aqueous*

In  theo ry  a sudden in c rease  in  the ra te  o f  

aqueous outflow  could p re c ip i ta te  angle c lo su re  in  an eye 

w ith a narrow angle by sucking the root o f the i r i s  

a g a in s t the trabeculum .

While th e  v a rio u s  angle crowding fa c to rs  which 

may r e s u l t  in  the  f in a l  c lo su re  o f  th e  angle have been 

d iscu ssed  as sep a ra te  e n t i t i e s  i t  i s  o f course much 

more l ik e ly  th a t  sev e ra l of t h e s e  fa c to rs  would act 

to g e th e r  to  produce an  acu te  a t ta c k  of glaucoma.

I t  i s  now p o ss ib le  to  summarise the  ev o lu tio n  

o f  a ty p ic a l  case of c lo sed -an g le  glaucoma. In  the 

a ffe c te d  eye the  len s  i s  r e la t iv e ly  too la rg e  ana leads 

to  the  form ation  o f an i r i s  bombe. As time goes on the

lens . . • *
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le n s  con tinues to  grow and the  i r i s  bombe in c re a se s  

in  depth u n t i l  e v en tu a lly  the ro o t o f  the i r i s  touches 

th e  tra b e c u la e  in  th e  narrow est s e c to r  o f  'tile an g le , 

u su a lly  above. This a re a  o f co n tac t g ra d u a lly  in c re a se s  

in  s iz e  so th a t  more and more of the  angle i s  o b s tru c te d . 

From the  onset o f  th i s  o b s tru c tio n  the outflow  o f 

aqueous i s  somewhat impeded and the r e s t in g  o c u la r  te n s io n  

f o r  the eye in  q u estio n , a lthough a t  th is  s tag e  s t i l l  

ap p aren tly  normal, i s  h ig h er than  i t  was. As more o f  

the  angle i s  o b s tru c te d , the  r e s t in g  o c u la r  te n s io n  

r i s e s  to  the  upper l im its  o f  th e  normal range and a t  

th i s  s tag e  complete o b s tru c tio n  of the  angle w ith th e  

development of an acu te  a t ta c k  o f glaucoma may supervene 

as the r e s u l t  o f  the  a c tio n  o f one o r  more o f  th e  angle 

crowding fa c to rs  d iscussed  above. Such an acute 

a tta c k  may resolve spontaneously , o r fo llow ing  tre a tm e n t, 

and may be accompanied by an inflam m atory re a c tio n  

le ad in g  to the development o f  goniosynechiae. These 

goniosynechiae p re se n t a premanent and i r r e v e r s ib le  

o b s tru c tio n  to  the  outflow  o f  aqueous so th a t the o c u la r  

te n s io n  remains p a th o lo g ic a lly  ra is e d  and cupping o f  

the o p tic  d is c  and ev en tu a lly  ab so lu te  glaucoma supervenes.

This . . . .
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This advanced stag e  o f  chron ic  c lo sed -an g le  

glaucoma may a lso  a r is e  w ithou t a p reced ing  acu te  a tta c k  

o f  hypertension*  The angle of the a n te i io r  chamber may 

be so asym m etrical th a t  a lthough  c losed  by co n tac t between 

the  i r i s  and cornea in  i t s  narrow er se c to rs  so th a t  the  

outflow  o f aqueous i s  g ro ss ly  reduced, th e re  remains 

"an unobstructed  w ider s e c to r  s u f f ic ie n t  to  p reven t the 

o nset o f  an acute  a tta c k  b u t in s u f f ic ie n t  to  keep th e  

r e s t in g  o c u la r  te n s io n  below the le v e l  a t  which damage 

to  the o p t ic  nerve head occu rs.

I t  i s  p o ss ib le  too  th a t  an eye -which d i f f e r s  

l i t t l e  from one developing an acu te  a tta c k  o f  glaucoma 

may, in  th e  absence o f such a d d it io n a l  stim ulus as i s  

req u ired  to  produce complete c lo su re  o f  th e  an g le , develop 

th e  chron ic  stage of the d ise a se . In  th i s  l a t t e r  in s tan ce  

th e  slow c lo su re  of the angle from aoove downwards over 

the  y ea rs  would e v en tu a lly  a f fe c t  so much o f  the  angle 

th a t  the r e s t in g  o c u la r  te n s io n  might rem ain c o n s ta n tly  

e lev a ted  w ith  the  consequent development o f  cupping 

o f  the o p tic  d is c  and v is u a l f i e ld  lo s s .

Thus a l l  the c l i n i c a l  v a r ie t i e s  o f c lo sed -an g le  

glaucoma can be re la te d  to  the same b a s ic  anatom ical 

m ischance. As the  s e v e r ity  o f  the c o n d itio n  in  a l l  cases

i s  •* *•
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i s  s te a d ily  p ro g ressiv e  the r a t io n a l  trea tm en t o f  the 

d isea se  i s  the c o rre c tio n  o f  th e  i r i s  bombe t>y 

perform ing a p e r ip h e ra l iridec tom y  e a r ly  i n  the  course 

o f  the d isea se  before  the  occurrence o f  i r r e p a ra b le  

damage.



-  139 -

A C K N Q  I L E D G E M E N T  S.

I  acknowledge g r a te f u l ly  the encouragement and 

h e lp fu l c r i t ic is m  given  me by S i r  S tew art D like-E lder.

My thanks are a lso  due to  Mr. T. T arran t and 

Mr. N. J e f f r i e s  o f the Department o f  M edical I l l u s t r a t i o n  

o f  th e  I n s t i t u t e  o f  Ophthalmology f o r  t h e i r  he lp  in  

th e  p re p a ra t io n  of the l in e  drawings and photographs.

P a r t  o f the  substance o f C hapter V has been 

pub lished  J o in t ly  w ith Mr. C .I . P h i l l i p s .



-  140 -

REFERENCES

r BANZIGER, T. (1922). B e r .d tsc h .o p h th a l.G e s ., _43, 43.

BAILLAIRT, P . (1931). T rans.O ph thal.S oc .U .K ., =51, 412,

BAIN, W. (1956). B r i t .J .O p h th a l . , _41, 193.

BANGERTER, A. and GGLDMANN, H. (1941). Ophthalm ologica (B a se l) , 

102, 321.

BA RANI, E . (1955). In  1 Glaucoma*, p . 52, E d ito r  Newell P . 

BARKAN, Qi,. (1936). Arch. O phthal. (C hicago), 15, 101.

BARKAN, 0 . (1938). A me r .J .O p h th a l . , 21, 1099.

BARKAN, 0 . (1947). A m er.J .O ph thal., J50, 1063.

BARKAN, 0 . (1953). A m er.J.O ph thal., 36 , 901.

BARKAN, 0 . (1954). Ame r . J .  O p h th a l., 57, 332.

BAURMAN, M. (1924). A lbrecht v . G raefes A rc h iv . O p h th a l.,

114, 276.

BLOOMSTELD, S. and KELLERMAN, L. (1947). Ame r . J .  O p h th a l.,

30, 869.

BOCK, J f , KRONFELD, P . , and STOUGH, J .  (1934). A rch.O phthal.

( C hicago), JL1, 797.

BOWMAN, W. (1862), B r i t .M od.J., 2 , 377.

CHANDLER, P . (1952). A rch .0 p h th a l.(C h icag o ), 47, 695.

COCCIUS, E. (1872). Leipzig  (C ited  by Rosengren 1931).

CURRAN, E. (1920). Arch. O phthal. (C hicago), 49, 131.

CZERMAK, W. (1897). Prag.m ed.Y /sohr., 22, 1 . (C ited  by 

T ornqu ist 1953).

DERBY-, H. (1867). Trans .Ame r .  O p h th a l.S o c ., 1 :4 , 35.



-  141 -

DUKE-ELDER, S* (1932). Textbook o f  Ophthalmology, V ol. I ,  p .418

DUKE-ELDER, S . ,  DAVSQN, H ., and BENHAM, 0 . ,  (1936). B r i t .

J .  O phthal#, J20, 520.

DUKE-ELDER, S# (1940). Textbook o f  Ophthalmology, V o l.3 , 

p*3377, Kimpton, London.

DUKE-ELDER, S . (1955). Glaucoma, (A Symposium o rgan ised  

by th e  Council f o r  In te rn a t io n a l  O rg an isa tio n s  d f  

M ed ica l-S c ien ces), pp 200, 300, 316; B lack ise ll, O xford.

EISSEN, W. (1888). A lb rech t v . G raefes A rchiv . O p h th a l.,

3 4 :2 , 1:

1LSCHNIG, A. (1896). Arch. A u g en h eilk ., 3 , (E rgonsungsheft)

187.

FIEGENBAUM, A. ( l 9 3 l ) .  Arch. O phthal. (C hicago), 5 , 261.

FRANCOIS, J .  (1948). Ann. O c u lis t .  ( P a r i s ) , 181, 399.

FRIEDENWALD, J .  (1930). Arch. O phthal. (C hicago), 3, 560.

FRIEDENWALD, J .  (1937). Ame r . J  .O p h th a l., 20, 985.

GRADLE, H. (1931). Ame r .J .O p h th a l . , 14, 936.

GRADLE, H ., and SUGAR, H ., (1940). Amer. J .  O p h th a l., 23,  1135.

GRAEFE, A. von (1857). A lbrech t v . G raefes A rch iv .O phthal* ,

3 , 456.

GRANT, M., (1950). Arch. O phthal. (C hicago), 44, 204.

GRANT, M., (1951). Trans.A m er.A cad.O phthal. O to la ry n g .,55 ,  774.

GRANT, M., (1955). In  ’ Glaucoma1 p. 145, E d ito r  D uke-Elder.

GRANT, M., (1955). I n  ’ Glaucoma* p .32, E d i to r  D uke-Elder.

GRANT, M., and TROTTER, R. (1955). A rch .O phthal.( Chicago) , 53,191



-  142 -

GOLDENBURG, M., (1928). A me r . J .  Ophthal* U ,  290.

GrSnHOIM, V. (1910). Arch. A ugenheilk ., 66 , 346.

GRQNHOLM. V. (1910). Arch. A ugenheilk ., 67 , 136.

HAAS* J .  and SCHEIE, H. (1952). T rans. Amer. Acad.

O p h th a l., O to la ry n g ., 56, 593.

HEINE, (1913). B er. d tsc h . o p h th a l. G e s ., 39, 398.

HIGGITT, A. (1954). B r i t .  J .  O p h th a l., 38, 242.

HIGGIT* A. and SMITH, R. (1955). B r i t .  J .  O p h th a l., 59,  103. 

HIRD, (1933). Bghm. med. R ev ., 8 , 7. (C ited  hy Sugar 1951). 

KNIES, M. (1876). A lb rech t v . G raefes A rchiv . O p h th a l.,

2 2 :5 , 163.

KOEPPE, L. (1920). B er.O ph thal.G es.H eidelberg , 65, 87.

KRONFELD, P . (1944). Arch. Ophthal.- (C hicago), ,32, 447. 

KRONFELD, P . (1949). T rans.A m er.A cad.O phthal.O tclaiyng. ,

53, 175.

LANGLEY, D. and MACDONALD, R* (1952). B r i t .J .O p h th a l . , 56 , 499. 

LEBER, T. (1873). A lb rech t v . G raefes A rchiv. O p h th a l.,

19, 87-185.

LEYEHECKER, W. (1955). In  ‘Glaucoma1, pp. 210, 220:

E d ito r  Duke-Elder*

LOBECK, E*, (1929}• A lbrech t v . G raefes A rchiv . O p h th a l.,

122, 668.
MAGITOT, A. (1948). Ann. O c u lis t . ( P a r i s ) .  181, 338.



-  143 -

McKENZIE, w. (1830). A P r a c t ic a l  T re a tis e  on the D iseases 

o f  th e  Eye, p . 580. Longman, Browi) Green and 

Longmans, London*

McKENZIE, W. (1854). A P r a c t ic a l  T re a tis e  Om the  D iseases 

o f th e  Eye, p .898, Longman, Green and Longmans,

London.

MILLER, S. (1953). B r i t .  J .  O p h th a l., 37, 1.

MILLER, S. (1956). T rans.O ph tha l. Soc.U .K ., 76, 32.

MILLER, S. (1956). B x it. J .  O p h th a l., 40, 248.

MOSES, R. and BRUNO, M. (1950). Ame r . J .  O p h th a l., 33, 389.

NEWELL, P. (1955). E d ito r  ‘Glaucoma1 Madison P r in tin g  C o .,

I n c . ,  Madison, New J e r s e y .

OHM, G. (1936). A lbrech t v . G raefes A rchiv. O p h th a l., 155, 537.

PHILLIPS, C. (1956). B r i t .J .O p h th a l . , 40 , 129.

PHILLIPS, C. (1956). B r i t .  J .  O p h th a l., 4 9 ,  136.

POLACK, v . GELDEN, R. ( l 9 1 l ) .  K lin . Mbl. A ugenheilk ., 49 , 592.

RAEDER, J .G . ( l9 2 2 ) . A lbrecht v . G raefes A rch iv .O ph thal• ,

110, 73.

REESE, A. (1933). N .Y .S t.J .M ed ., 55,  1328.

RIPLEY, H. (1948). P ro c . Am. F ed e ra tio n  C lin.R e sea rch , 4 , 37 .

RIPLEY, H. (1950). Psychosom. Med., _12, 215. (C ited  by 

Newell F . 1955).



-  144 -

ROSENGHEN, B . , (1930). A cta. O phthal. (K bh .), 8 , 99. 

ROSENGREN, B. ( l 9 3 l ) .  A cta O phthal. (Kbh.) 9 , 103.

RHEINDOHP, (1887). K lin . Mbl. A ugenheilk ., 25, 148.

RIDDELL, W., (1946). B r i t  •o*. Opht h a l . ,  30 , 74. 

ROCHON-DWINGNEAUD. (1892). Arch. O phthal. ( P a r i s ) ,  12, 732. 

ROETH, A. ae (1954). A rch.O phthal. (C hicago), 51, 740.

ROSS, M. (1953). A m er.J .O ph thal., 36, 640.

SALLMAN, L . v . (1930). A lbrech t v . G raefes A rch iv .O ph thal• ,  

124, 624.

SALMAN, L. v . ( l 9 4 l ) .  Arch. O p h th a l., (C hicago), 25,  243. 

SALZMAN, M. (1914). Z. A ugenheilk ., 51, 1 .

SCHEIE, H. (1955). I n  ’Glaucoma* p .48, E d ito r  Newell, P. 

SCHEIE, H. and PRAYER, W. (1950). Arch. O phthal. (C hicago),

44, 691.

SCHELSKE, R. (1864). A lb rech t v . G raefes A rch iv .O ph tha l• ,

10:2 , 1 .
SCHI0IZ, J .  (1905). Arch. A ugenheilk ., _52, 401.

SCHMERL, E . (1928). Arch. A ugenheilk ., 98, 565.

SEIDEL, E . (1922). B e r .d tsc h .o p h th a l. G es.,JL 3 , 48.

SEIDEL, E. (1928). A lbrech t v . G raefes A rch iv . O p h th a l.,

119, 15.

SERR, H. (1925). B er. d tsc h . o p h th a l. G e s ., 45, 22.

SERR, H. (1929). A lbrech t v . G raefes A rchiv. O p h th a l., 121, 3. 

SHARPER, R. (1955). In  ‘Glaucoma* pp. 36, 63: E d ito r  Newell P.



-  145 -

SHORE, P .  (1932). A m or.J.O ph thal., 15 , 739.

-SMITH, P . (1891). On the P a tho logy  and Treatm ent o f  Glaucoma.

C h u rc h ill , London*

SMITH, P . (1887). O phthal. R ev ., 6 , 191.

SMITH, P . (1883). T rans.O ph tha l. Soc.U .K ., J3, 79*

SMITH, P . (1886). T rans.O ph tha l.S oc .U .K ., 6 , 294*

' SMITH, P . (1910). O phthal. R ev .,J2 9 , 289-353.

SKETH, P . (1915). O phthal. R ev., 34, 65.

SMITH, R. (1954). B r i t .J .O p h th a l . , 38, 136*

SUGAR, H. (1941). Amsr.J .O p h th a l., 24, 851.

SUGAR, H. (1942). Amer.J .O p h th a l., 25, 1230.

SUGAR, H. (1945). Eye, E a r, Nose, Thr. M onthly. 24, 279.

SUGAR, H. (1947). A rch.O phthal. (C hicago), 38, 400.

SUGAR, H. (1948). Amer.J .O p h th a l., 31, 1193.

SUGAR, H.S. (1951). The Glaucomas, p .142 . Mosby C o., S t .L o u is . 

TORNQUIST, R. (1953). A cta.O phthal. (KBh.), Supplement 39. 

TOHNQUIST, R. (1956). B r i t .J .O p h th a l .  40, 421.

TORNQUIST, R. (1957). B r i t .J .O p h th a l . , 41, 421.

TRANTAS, A. (1907). Arch. O phthal. ( P a r i s ) ,  27, 581.

TRONCOSO, M. (1925). A m er.J .O p h th al., _8, 433.

TRONCOSO, .̂ (1947). A .T rea tise  on Gonioscopy. p .214, F.H .D avis 

and C o., P h ila d e lp h ia .

ULBRICH, H. (1908). Arch. A ugenheilk ., 60, 283.



-  146 -

URBANEK, J .  (1922). V erh .o p h th a l. Ges. W ien., Q, 133.

(C ited  by M ille r  1956).

VANNINI, A. (1952). R a s s . i t a l .O t t a l . , 21, 65.

WEBBER, A. (1877). A lb rech t v . G-raefes A rchiv . O p h th a l., 

1#

WEGNER, W. (1925). Z. A u genheilk ., 55, 381.

WEINSTEIN, P . (1953). Ame r . J .  O p h th a l., 36, 361.

WETZLICH, (1934). Z» A ugenheilk ., 85 , 240.

WHARTON JONES (1865). Medical Times and G-azette, 1,  3 .

(C ited  by Derby 1867).

ZAEETSKAXA, R. (1948). A me r . J .  O phthal. , 31, 721.



M ?  -

A P P E N D I X .

Terminology

At. the  1955 symposium on glaucoma organ ised  by the  

Council f o r  In te rn a t io n a l  O rg an isa tio n s  o f Medical Science 

under th e  chairm anship o f  S ir  S tew art D uke-Elder, i t  was 

decided th a t  the term s ’’congestive  glaucoma” and ’’narrow 

angle glaucoma” should be dropped from in te rn a t io n a l  

usage, and th a t  the term  ’’closed  angle glaucoma” be used 

to  describe  th i s  v a r ie ty  o f the d is e a se . The new 

term inology has been used in  th i s  th e s i s ,  except where 

d i r e c t  re fe ren ce  has been made to  p rev ious work w herein 

the  d e sc r ip tiv e  term  "congestive  glaucoma” has been 

employed by the  au tho r c i te d .
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D e ta ile d  r e s u l t s  o f  the Darkroom Tes 
on a Random Sample o f  non-glaucomatous

t
eye s .

Sox I n i t i a l  o c u la r  
te n s io n s .

(mm.. Hg)

F in a l o c u la r  
te n s io n , 
(mm. Hg)

Change in  o c u la r  
te n s io n .
(mm* Hg)

F 48 17 17 0
M 66 28 28 0
M 71 23 26 + 3
M 55 21 17 -4
F 47 20 20 0
M 54 16 17 +1
M 50 22 21 -1
M 49 17 19 +2
F 42 24 25 +1
M 57 20 20 0
F 78 21 24 +3
F 42 20 20 0
M 75 21 28 +7
F 44 24 30 +6
M 67 20 20 0
F 75 22 21 -1
F 59 15 16 +1
M 75 20 21 +1
M 50 20 24 +4
F 70 22 22 0
M 48 17 22 +3
M 46 15 17 +2
M 64 21 21 0
M 59 24 25 +1
F 59 25 31 +6
M 26 17 19 +2
M 27 19 20 +1
F 57 19 19 0
M 28 21 24 +3
M 58 20 23. +3
M 47 17 20 +3
M 61 16 20 +4
F 50 21 20 -1
M 53 20 21 +1
M 43 20 25 +5
F 51 25 25 0
M 70 20 22 +2
M 67 14 17 +3
M 57 20 20 0
F 68 15 17 +2
F 54 22 20 -2
F 53 25 18 -7
F 54 17 17 0
F 71 23 23 0
F 55 22 22 0
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M 50 17 20 +3
M 47 17 22 +5
F 61 25 25 0

i-F 72 26 25
F 56 15 15 0
F 61 23 23 0
F 64 23 23 0

M 65 20 15 «5
M 73 25 28 +3
M 59 25 25 0
M 65 18 20 +2
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D e ta iled  r e s u l t s  o f the Darkroom T est on a 

random sample o f  eyes presumed to  have c lo sed -an g le  glaucoma-

Sex Age. I n i t i a l  o c u la r  
ten s  ion 
(mm. Hg)

P in a l o c u la r  
te n s io n  
(mm. Hg)

Change in  o c u la r  
te n s io n  
(mm. Hg)

1
M 59 25 31 +6
M 67 35 60 +25
M 67 30 40 +10
M 63 25 30 +5
M 67 21 27 +6
M 25 20 40 +20
M 66 27 60 +33
M 53 18 33 +15
M 45 31 40 +9
M 69 25 28 +3
M 59 13 17 +4
M 60 28 35 +7 |
M 48 40 45 +5
M 48 25 33 +8

50 26 63 +37
M 34 28 40 +12
M 62 55 77 +22
M 71 22 33 +11
M 53 35 55 +20
M 68 22 25 +3
M 58 35 45 +10
M 59 35 40 +5
M 56 52 62 +10
M 76 77 75 -2
M 64 35 37 +2
M 41 42 55 +13
M 47 28 48 +20
M 48 22 33 +11
M 62 24 35 +11
M 58 31 37 +6
M 72 28 68 +40
M 63 70 70 0
M 33 28 80 +52
M 60 37 42 +5
M 57 20 23 +3
M 67 25 32 +8
M 75 16 25 +9
M 69 28 63 +35
M 47 35 37 +2
M 67 20 31 +11
M 63 23 29 +6
M 48 20 60 +40
M 48 35 51 +18
M 52 32 63 +31
M 56 32 45 +13
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M 57 35 51 +16
M 57 33 82 +45
M 47 18 25 +7
M 58 19 19 0
M 57 22 25 +3
M 57 33 47 +14
M 67 15 22 +7
M 56 22 31 +9
M 62 22 26 +4
M 60 14 14 0
F 56 33 42 +9
F 47 20 23 +3
F 60 23 23 0
F 45 40 40 0
F 72 20 25 +5
F 61 30 33 +3
F 34 45 40 *-5
F 55 21 34 +13
F 61 22 31 +9

-  F 59 25 40 +15
F 48 27 40 +13
F 74 17 25 +8
F 63 35 35 0
F 41 21 27 +6

52 21 25 +4
F 51 31 37 +6
F 59 13 22 +9
F 43 31 42 +11
F 64 23 31 +8
F 63 29 40 +11

' F 66 28 31 +3
F 69 12 12 0
F 35 25 28 +3
F 56 20 25 +5

__F 41 22 20 -2
F 52 24 31 +7
F 55 28 77 +49
F 50 63 67 +4
F 30 22 26 +4

43 24 29 +5
F 42 21 23 +2
F 61 30 68 +38
F 61 37 48 +11
F 48 45 48 +3

_ F 70 25' 33 +8
F 55 31 42 +11
F 52 40 3:5 -5
F 60 72 78 +6
F 70 25 48 22

___F 77 27 84 +57
F 51 35 37 +2
F 56 28 31 +3
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F 64 24 42 + 18
F 75 33 33 0
F 52 35 58 +23
F 68 33 40 +7
F 76 33 42 +9
F 77 25 40 +15
F 68 22 31 +9
F 67 17 28 +11

" f 76 27 31 +4
F 69 20 26 +4
F 64 25 33 +8
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