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MODIFICATION OF OUTFLOW FACILITY*

Bv venrerroNs IN AeuEous FoRMAI'IoN AND ocuLAR TENSIoN

R. Waexrns, N[.D., Y. Dr,luencELLE, M.D., E. Pnrlor, M.D., aNo
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Experimental and clinical studies have

demonstrated that the lowering of ocular
tension by acetazoleamide (Diamox, Le-
derle) results from an impairment of aque-

ous formation which, with high dosage, at-
tains about 50 percent.a-?'e'14'15'20'21 Our
tonographic investigations in both normal
and glaucomatous patients, before and after
administration of Diamox, have confirmçd
this conclusion. The present study shows

variations in outflow facility which appar-
ently have not been previously noted.

I. fNvpstrcerroN oF GLAUCoMAToUS

PATIENTS

A. Mpruoos
Each tonographic test was of four min-

utes' extent. From calculations made from
the tables of Friedenwaldr the results were
expressed in resistance to aqueous flow (R)
and its inverse, the facility of outflow (C).

(Both R and C are given in discussing the results
of tonography since European authors favor the
former expression and American authors the latter.
In an individual case, R: l/C, but the arithmetical
averages of R are not exactly the inverse of the
arithmetical averages of C.

In this investigation the eyes studied in-
cluded 38 \Mith open-angle glaucoma and 15

with secondary glaucoma. Angle-closure
glaucoma rvas rigorously excluded since

such cases often exhibit rapid spontaneous
variations in ocular tension and facility of
outflow. Tonographic tests were made be-

fore and after administration of Diamox. A
tablet of Diamox (250 mg.) was given at

* From the Department of Ophthalmology, Uni-
versity of Liège, Prof. R. Weekers, director. This
investigation was aided by a grant from the Fonds
National belge de la Recherche Scientifique. The
abbreviations used were adopted at the Symposium
on Glaucoma, Quebec, 1954 (Published by Black-
well, London). The manuscript, submitted in
French, was translated for Tna JounNar by James
E. Lebensohn, M.D., Chicago, Illinois.

six, four and two hours before tonography.
After an interval of one or more days each

case was similarly retested and the average
of the t,ù/o tests \Mas used for the record.

B. Rrsums

The data of patients with open-angle glau-
coma are individually listed in Table 1. The
reduction of aqueous production (F) by
Diamox was conflrmed. In the high dosage

used, the formation of aqueous was reduced
by an average of 46.9 percent. The table re-
veals a slightly decreased resistance to flow
(-4.68 percent) and a definitely increased
facility of outflow (+13.29 percent).

The data of patients with secondary glau-
coma are similarly listed in Table 2. Aque-
ous production was reduced 50.72 percent;
the resistance to flow diminished (-9.21
percent), and the facility of outflow in-
creased (+27.26 percent).

In Table 3 the cases of open-angle glau-
coma in which the pretreatment tension was
high (26 to 52 mm. Hg) are compared to
those in which the pretreatment tension was
relatively low ( 18 to 26 mm. Hg). In Group
I, Diamox reduced production of aqueous
49.54 percent; resistance to flow decreased
14.21 percent; facility of outflow increased
23.20 percent. These changes are statistically
significant. In the latter group the production
of aqueous was reduced 44.38percent, but the
changes in resistance to and facility of out-
flow were negligible. The same deductions
hold whether the calculations are according to
the 1954 or the 1955 tables of Friedenwald
(table 4).

In Table 5 a like comparison is made with
cases of secondary glaucoma. In Group 1

the original tensions were 44 to 63 mm. Hg.
In this group Diamox reduced the produc-
tion of aqueous 43.63 percent; the resistance
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TABLE 1

EnnBc:r or Dreuox (250 trlc., X3) oN INTRAocuLAR rRESSURE (Po), rnrssunE oF FLow (Pe), nrsrsreNcri
To FLow (R), r.Lcrurv oF ourFt-o\v (C) exn AeuEous pRoDucrroN (F) rN 38 casEs oF orEN-ANGLE GLAU-
coue. Tur INDICIAL NUMBERS INDIC.A.TE VALUES BEFoRE ADMrNrsrRATroN oF Dreuox (Nr) lNo DURTNG ITS

Por - Por
acrlox (N2). -lsr ronuula, A,ÿoPs:--X100, essuuoo 10 lru. Hc es rnB v^Luti oF THE Epr-

Por - 10
scLERAL vrNous rnassune (l'v)

%,\FEye

1

2
3
4
5
6

8
I

10
11
t2
13
t4
15
16
t7
18
t9
20
2t
22
23
24
25
26
27
28
29
30
31
32
33
34
.35

36
5t
38

Mean

TABLE 2

ErrBc:r or Dreuox (250 rrrc., X3) oN TNTRAocULAR rnossune (Po),
To FLo\M (R), Eecrr.rrv oF ourrr-ow (C) aN» AeuEous rnooucrror (F)

Glaucoma capsulare
Thrombosis central vein

-41 .89
-69. 15

- 2.95
-55.62
- 1.60
-57 .39

-77.03
-65.27
-69.10
-64.66
-58.92
-66.92
-41 .41
-s2.49
-37 .39
-62.83
- 19 .86

-53.09
-43 .75

-34.37
-54.89
-78.96
-81 .22

-52.00
-59.03
-16.76
-28.66
-24.72
-43.96
-77.34
-42.71
- 18.13
- 17 .03

-34.18
-37.33
-18.28
-39.01
- 84 .61

-46.96
( +3.45)

PRESSURE oF FLow (Pe) nrsrs'rl,Ncr
IN 15 CASES OF SECONDARY GLAUCoMA

Vo aFEve

I
2
3
4

Is
6
7
E
I

10
1l
t2
13
t4
15

Glaucoma posttraumatic
Glaucoma after lens extraction
Thrombosis central vein
Glaucoma capsulare
Glaucoma postinf ammatory
Glaucoma posttraumatic
Glaucoma postinflammatory
Glaucoma postiniammatory
Glaucoma after lens extraction
Glaucoma after lens extraction
Glaucoma postinflammatory
Glaucoma alter lens extraction
Glaucoma after lens extraction

| -27 .61

-4i.20
-27 .90
-7 t.32
- 31 ,42
-29.52
-90.84
-25.25
-26.92
-75.55
-77.5t
-39.69
-63.97
-71 .43
-56. 74

-50

Poz I n oe" Rr Cr

51.88
41 .60
41 .11
36.2t
35 .65
31 .76
30.08
29.88
29.49
28.66
28.56
28.10
28 .03
27 .83
27 .68
26.92
26.60
26.35
26.26
25.43
24.76
24.60
24.16
23.60
23.52
23 .55
23.30
23.12
22.36
22.25
22.21
22.20
22.17
21 .29
20.96
20.12
19.30
18 .90

Por

30 .04
16.26
28.+t
18.42
25.43
15.91
16.42
18.05
16.66
14.31
t6.29
15.62
20.01
15.33
20.96
17.67
22.69
16.60
18.80
20.15
16.34
t3.82
13.48
16.60
14.64
t7 .67
19 .23
18.42
16.60
14.96
20.01
18.05
17 .30
t4.34
18.42
17.30
16.60
11 .85

-51
-80
-40
-67
-39
-72
-68
-59
-65
-76
-66
-68
-44
-70
-38
-54_)?
-59
-45
-34
-57
-73
-/5
-51
-65
-43
-30
-35
-46
-59
-18
-34
-40
-61
-23
-29
-29
-79

68
18
82
27
84
84
04
51
82
90
11
95
48
10
0l
67
55
63
87
22
04
83
42
47
83
39
60
82
11
51
02
02
01
55
t7
94
03
2l

33
2+
10
43
74
75
80
19
15
59
50
t7
07
84
51
69
83
40
90
34
37
79
10
83
43
56
44
38
55
70
34
15
67
22
29
95
56
55

0
0
3
8
3
9
4
9
7
6
6
4
5
I
5
5
3
8
3
5
4
(

0
9
7
4
7
3
3
6

6
4

5
6
4

I
I

I

-17.03
-36.23
-39.08
- 28 .00
-38.86
-36.61
+38.54
-16.54
+13.50
-34.74
- 17 .45

- 6.84
- 5.13
-36.99
- 1.43
+22.50
- t2 .27

- t3 .57
- 3.84
+ 0.37
- 4.80
+24.69
+49.60
+ 0.74
- 16 .97

-32.01- 2.93
- 15 .31

- 3.94.
+79.45
+42.90
- 19.58
-27 .7 3

-41 .56
+22.36
-14.12
+16.76
+34.28

8. s7
6.53
7 .98
6.07
8.40
6. 18
6 .65

to.7r
7 .89
4 .30

13.62
13.20
4.81
6.20
5 .43
6.97
3 .36
7 .26
3.75
5 .36
4.16
7 .22
7 .63

10.91
7 .83
5.14
4.3t
6.25
3 .40
6.64
9 .06
5. /5
4.82
8 .31
8.92
5.11
7 .66
6.11

Rz % Àtir

096
098
076
1t9
073
103
208
109
140
t52
061
070
t97
to2
181
176
261
119
256
r87
))o
t73
196
092
106
t32
)') <

136
282
270
158
140
150
070
1i7
168
152
220

0
0
0
0
0
0
0
0
0
0
0
ô
0
0
0
0
0
0
0
0
0
0
n
0
0
0
n
0
0
0
0
0
n
0
0
0
0
0

+38.65
+63 .01
+57 .28

-27 .88
+14.67
- 9.28
+53.28
+24.59
+ 4.28
+ 5.58
+57 .84
+ 1.65
- 18.75
+14.17
+15.96
+ 3.51

0
+ 4.80
- 19 .65

-33.16
0

+20.7 5
+47.72
+ 3.11
+17 .64
+ 4.25
-44.07
- 30 .37
+24.28
+38.00
+71 .42

- t8 .21
+ 16.66
- 13 .81

-25.45

0.t17
o. 153
0.125
0.165
0. 119
0.162
0. 150
0 .093
0.127
0.233
0 .076
0 .073
0.208
0. 161
0. 184
0. 143
0.298
0. 138
0.267
0.187
0.240
0. 139
0.131
0.092
0.128
0. 195
0.232
0. 160
0.294
0.151
0. 110
0.17+
0.207
0.120
0.112
0. 196
0. 131
0.164

Cz 7^C
+2t.87
+56.12
+6+.47

27 .|t 17 .57 -52 .18 7 .70 6.9t - 4.68
(+4.4)

0.153 0.162 +13.29
(+4.74)

Diagnosis Por RJ 70 AR.t Cr C: 70 Ac

62.38
59.37
53.35
52.22
49,94
48.17
45.76
44.69
37 .78
32.20
31.80
2E.49
26.21
23 .85
22.69

Por

39.00
48.17
20.01
24.90
28.17
22.11
32.43
30,94
22.65
15.97
18.05
19.84
14.76
13.50
16.60

Vo aPa

-44.63
-22.68
-76.91
-64.70
-6S.53

-37 .27

-39.63
-54.46
-73.10
-63.07
-46.78
-70.63
-74.7i
-47 .99

Rr

19. 54
13 .53
11.77
10. i6
19.00
23.00

7 .98
8.85

13.32
12.40
8.74
7.05

10.06
15. l9
7.14

-23.49
+40.65
-48.68
+22.73
-s5.78
- 32.87
-32.83
-19.32
-37.31+ 8.06
+62 .58
-12.19
- r8.48
-11.12
+19.89

0.051
0.07.1
0.085
0.098
0.053
0.043
0.125
0.113
0.075
0.081
0.114
o.142
0.099
0.066
0. 140

+ 31.37
- 29.73
+ 95.29
- 18.37
+124.53
+ 5r.16
+ 49.60
+ 23.89
+ 61.33
- 7.40
- 38.59
+ 14.08
+ 23.23
+ 12.12
- 16.43

0.067
0.052
0. 166
0.080
0. 119
0.065
0. 187
0. 140
0.12t
0.075
0.070
0.162
0.122
0.074
0.117

4t .26 24.47 -55.91 12.sl 10.74

14.95
19.03
6.04

12,47
8.40

15.44
5.36
7.14
8.27

13.40
14.21
6.19
8.20

13.50
8. 56

- 9.21
(+ 8.66)

0.091 0.108 + 27.26
(+ 10.88)

Average:
(t 5.

72
48)

t
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TABLE 3

ErrBcr or Dreuox oN pRESSURE oF FLorN (Pn), nrsrsr.LNcE To FLow (R) rlcrlrrv oF ourFr-ow (C) aNo
AeuEous pRoDUCTIoN (F) tN 38 cASEs oF orEN-ANGLE cLAUcoMA, DIvTDED rNTo rwo GRoups

AccoRDrNG To rrrE INITIAL INTRAoCuLAR pnBssunn (Por)

Group
from 26 to 52

1

mm. Hg

Number
of Cases

Por Mean
(mm. Hg)

31 .70

/o d.Pa 7o AR 7a 
^C

Vo LF

-49.54

Group 2
from 18 to 26 mm. Hg 19 - 44 .38

TABLE 4

ConplnrsoN oF THE EFFE6T or Drurlox oN rRESSURE oF FLow (Pe), nrsrs:reNcE To FLorJr' (R) aN» AeuEous
pRoDucrroN (F) tN Gnour 1 or Taut-a 3 celcurlrno AccoRDrNG To rrrE ToNocRApr{rc

TABLEs or 1954 AND oF 1955 rrspBcrrvuv

Poz 7o LPa 7o LF

70
70

19.15
19 .04

- s7 .62

-55.63
- 14.21
- 12 .45

54
70

954
955

Table
Table

31
30

49
45

l9 -57.76

22.53 -46.74

-14.21(+4.76)

+3.36
(+6.5e)

7o LRPot

to flow decreased 18.69 percent and the fa-
cility of outflow increased 40.97 percent. In
Group 2 the tensions \À/ere 22 to 38 mm.
Hg. Diamox reduced aqueous production
58.83 percent but the changes in resistance
to and facility of outflow were negligible.

In Table 6 the cases in Tables 3 and 5

are combined. In combined Group 1 the
original tensions were 27 to 63 mm. Hg.
Diamox reduced aqueous production 46.21

percent; the resistance to flow decreased

13.28 percent and the facility of outflow in-
creased 29.01 percent. In combined Group 2
the original tensions were 18 to 27 mm.
Hg. Diamox reduced aqueous production

46.72 percent, but the changes in resistance
to and facility of outflow were inappreciable.

C. CouurNt
Tables 3 and 6 demonstrate that the re-

ductions of aqueous production and ocular
tension effected by Diamox are accompanied
by a lessened resistance to flow and an in-
creased facility of outflow, when the initial
tension is high (group 1) ; but this does not
occur u/hen the initial tension is low (group
2). This difference would be missed unless
the cases of high and low ocular tension
were considered separately (tables I and.2).
These tables show variations in facility of

TABLE 5

Errpcr or Dralrox oN pRESSURE oF FLow (Pe), nnsrsrexcE To FLo$/ (R), rnctltrv oF ourFl-ow (C)eNo
AeuEous pRoDucrroN (F) tN 15 CASES oF sEcoNDARY GLAUcoMÀ, DTvIDED INTo rvr'o

cRoups AccoRDING To rIrE rNrrIAL TNTRAocuLAR pnpssute (Por)

%^F

Group 1

from 44 to 63 mm. Hg

7 +11.60
r + 12.18)

-43 .63

/

Por Mean
(mm. Hg) ÿo L,PaNumber

of Cases 7o LR 7o LC

8
2

69
01)+(

8 51.98 - 50 .98

-61 .53 1

2
29.00 +

+
63
30)

Group 2
from 22 to 38 mm. Hg -58.83

+23.20
(+6.46)

+4.s5 I(r6.76) 
|

(
+40.97
+ 19.60)
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TABLE 6
Ernrct on Drauox oN rRESSUREoF FLow (PL), nrsrsrexcr To FLow (R), recrrrrv oF ourFr.ovr' (C) aNo

AeuEous pRoDUcrIoN (F) rN rnr rorAl- cAsEs oF opEN-ANcLE AND sEcoNDARy cLAUcoMA,
DIvIDED INTo rwo cRoups accoRDING To rlrE TNITIAL INTRAoCuLAR rnessune (Po1)

Group
from 27 to 63

1

mm. Hg

Number
of Cases

27

26

Por Mean
(mm. Hg)

23 .35 -48.66

7o LF

+29.01
(+7.6+) -46.2r

+s.76
(+s.07) -+6.72

Group
from 18 to 27

2
mm. Hg 90

3:l
2

5
+
t

7o LCVo \Pa

38.60 -s7.64

7o LR

-13.28
( +s.47)

outflow (C), but not in resistance to flow
(R). The increased facility of outflow in
Group 1 produced no change in the depth
of the anterior chamber detectable by slit-
lamp observation.

The lessened resistance to flow noted in
Group I cannot be due to errors in the 1954
tonographic tables since the findings are
confirmed with the 1955 figures" (table 4).
That the reduction in aqueous formation in-
duced by Diamox is of the same magnitude
in both Groups I and 2 is further evidence
of the validity of the calculations.

The variations in the facility of outflow
can be explained by assuming that an im-
pairment of excretion is effected by high
intraocular pressure which is relieved as the
intraocular pressure falls. The conditions of
flow are not identical before and after the
canal of Schlemm. The flow of aqueous after
the canal is through more or less anastomos-
ing conduits having a general radial direction.
But before the canal the narrow trabecular
spaces anastomose irregularly and offer a

considerable resistance to the flow of aqueous
which is likely to be enhanced by the squash-
ing due to high intraocular pressure. Perfu-
sion experiments were designed to test this
hypothesis.

II. ExppuuENTS oN TrrE ENUCLF.ATED

EYES OF ÀNIMALS

A. Mprno»s
Freshly enucleated pigs' eyes were used

for perfusion tests. The perfusion liquid had
the following composition: NaCl, 0.7 per-
cent (nine parts) ; buffered to pH 7.0 with

M/15 K H,PO4 (four parts) and M/15
Na HzPOa (six parts). The solution was
introduced into the anterior chamber by a

needle perforating the cornea and a manom-
eter checked the induced intraocular pressure.

B. Resurrs

The facility of outflow diminished as the
pressure of the perfusion liquid rose; and
vice versa (graph 1). These effects did not

60

2

Graph I (Weekers, et al.). Variation of facility oI
outflow and of resistance as a function of the pres-
sure of the perfusion liquid in the enucleated pig
cye.

3\
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result from changes in the depth of the an-
terior chamber which, to biomicroscopic ob-
servation, were minimal and inconstant.

C. Coulrrxr
These experiments in rnucleated pigs'

eyes der.nonstrated that the facility of out-
llow is influenced by the pressure of the per-
fusion liquid. Marked ocular hypertension
diminishe<l the facility of outflow, that is,
increased the resistance. Previous perfus-
sion experiments on the eyes of cattle an<l

horses produced the same result (graph2).'u

III. ExpanrlrENTS oN NoRMAL HUMAN
SUBJECTS

A. Mrrnous

Tonographic tests were made on 24 nor-

MODIFICATION IN OUTFLOW FACILITY 903

mal eyes in patients ranging from 36 to 76
years of age, before and after administra-
tion of Diamox, 250 mg., six times during the
preceding 24 hours. Those in which the ocu-
lar tension fell below 1.2 mm. Hg under the
influence of Diamox were discarded, as the
assumption made in the usual calculations of
an episcleral venous pressure of 10 mm. Hg
should have been controlled in a measure.
This left 18 cases suitable for study.

L'|. Rpsurrs

The effects of Diarnox on aqueous pro-
duction, resistance to flow, and facility of
outflow (table 7) confrrm again that thc
reduction in ocular tension induced by Dia-
r.nox results primarily from suppression of

I 5'l

o
C)

c
d.L
Ul

r/lI

o

a

a

a

o

6040o

a

0,50

o

a

Presston mmHg

20 8,O

(Weekers, et a1.). Variation of resistance to flow with the pressure of the perfusion fluid
x 

- 
x Eyes of horse. Perfusion with Ringer's solutio4.

o 
- 

o Eyes of cattle. Perfusion with Ringer's solution.
. 

- 
. Eyes of cattle. Perfusion with aqueous humor.

Graph 2

,



^%R
c2 L%o C

2r .30
18.80
22.17
t4.64
20.42
16 .61

17 .30
14.00
18.00
19 .50
l5 .91
19.60
18.80
17 .30
20.42
17.30
1.5.91
22.t7

Por

90
21
94
00
56
72
78
70
85
51
45
90
73
99
44
26
t7
2l

2
5
3
4
J
6
4

5
4
6
+
3
3
4
7

5

90
11
90
t6
t2
12
69
38
03
02
51
53
31
86
95
20
30
74

2

3
+
4
5
4
4
5
6
5
3
3
.t
2
6
2
4

Rr R2

0
I)

+r
4

-14+31
I1

+30
+16_25
+17
+38
+12+3
+50
+17
+t2+
+11

344
196
256
2+0
243
195
213
228
199
166
181
283
302
259
338
161
434
211

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

cr

0.344
0.192
0.254
0.250
0.281
0. 149
0.209
0.175
0.171
o.222
0. 155
0.204
0.268
0.251
o.225
0.138
0. 19.3
o.192

+16
-24
-2
-23
-t+
+34
-14
-28
-11
-3
-34
-14
-56
-9

0
2
1

4+

18.28

14 .00
12.36
13 .50
13.45
15.00
18.00
18.00
13.00
18.80
15.91
12.36
19.61
16.61
12.36
16.61
12.36
12.9t
12.36

LVo Pa

_45
-41
-56
-61
- 15

-17
-10
-59
-t6
-19
-60
-21
-12
-73_46

-49
-72
-6+

14.84 -43 4.32 4 .90 +17.21
(+7.s)

0.217 0.215 -10(+4.64)
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.I'ABLE 
7

Er.r-Bcr op Duuox oN TNTRAocuLAR pRESSURE (Po), rnrssunE oF FLow (Pe.), nasrsrrrNcE To u-ow (R)
FAcrlrry oF ourFLo\M (C) exo AeuEous pRoDucrroN (F) rx 18 NoRMAL EvES

Eye LTo F

1
)

4

6
7
I
9

10
11
12
13
14
15
16
t7
18

Mean

aqueous formation. This amounts to 47 per-
cent, a figure identical to that obtained in
glaucomatous subjects. In the normal indi-
vidual the decreased tension is accompanied
by an increased resistance to flow (+17.21
percent) and a reduced facility of outflow
(-10.0 percent). The findings with the
tonometric tables of 1955 are essentiallv
similar (table 8).

C. CouueNr
The reduced tacitity of outflow that ac-

companies induced ocular hypotension re-
sults apparently from a modification of the
outflow channels. Observations suggest that
the phenomenon of homeostasis affects the
physiologic regulation of ocular tension:11

1. The ligation of the common carotid in
the rabbit effects primarily a lessening of

-45
-42
-57
-62
-2
-36
-11
-68n,
+9
-66
-43
-48
-74
-64
-56
-87
-68

-47
( +6.1)

aqueous production and a lowering of ocu-
lar tension. But the tension r€turns to nor-
mal before the local arterial pressure can
be restored. From this observation Bâràny'
concluded that the fall in tension became
compensated by an increased resistance to
flow and confirmed this view by finding that,
six days after the intervention, the resist-
ance to flow as measured by perfusion of the
enucleated eyes was higher in the eye on the
operated side than in its fe11ow.3

2. Tonographic studies by Kornblueth and
Linnér1e in rabbit eyes demonstrated that
the reduced tension due to aqueous suppres-
sion was partially compensated by increased
resistance to aqueous flow.

3. Friedenwald and Linnér'2 showed by
appearance time of fluorescein in the pupil-
lary area that para-amino-hippuric acid
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lessened the secretion of aqueous withottt,
however, appreciably lowering ocular ten-

sion. This was explained by an accompany-
ing increased resistance to aqueous flow.

4. Becker and Constants in tonographic
studies on rabbits demonstrated that the ocu-

lar hypotension resulting from impairment
of aqueous production by Diamox was par-
tially masked by increased resistance to
aqueous flow. Confirming evidence was

secured by the measurements of bicarbonate
and ascorbic acid in the anterior and pos-

terior chambers.
5. In the normal human the drop in ocular

tension that follows a single dose of Diamox
does not last as long as the period of less-

ened aqueous production. The more rapid
restoration of normal ocular tension is par-
tially due to a compensatory increase of re-

sistance (Becker.).
6. In tonographic studies of normal eyes

deRoetthlo showed that an increased osmotic
pressure of the blood effected a reduced pro-
duction of aqueous and an increased resist-
ance to flow. Conversely, a decrease in the

osmotic pressure of the blood caused an in-
creased production of aqueous and a less-

ened resistance to flow. These changes in re-
sistance were not noted in glaucomatous

eyes.

All these observations indicate that the

ocular hypertension caused by decreased

production of aqueous provokes a compen-
satory increase of resistance to flow. This
occurs with Diamox, ligature of the common
carotid, and injection of substances which
lessen aqueous secretion. Our observations
on normal eyes are analogous (tables 7 and
8).

IV. CrrNrcer coNSTDERATToNS

This study confirms the suppression of
aqueous flow by Diamox and reveals the
interaction between the level of intraocular
pressure and resistance to flow. The clinical
importance of these points justifies further
comment:

L. The supPression of aqueous prod,uction

MODItrATION IN OUTFLOW FACILITY 905

by Diamor. Under the influence of Diamox
the production of aqueous falls |rom2.l5 to
1.04 cu. mm. per minute in normal subjects;
from 2.46 to 1.27 cu. mm. per minute in
open-angle glaucoma; and from 2.64 to 1.49

cu. mm. per minute in secondary glaucoma-
a reduction of approximatelÿ one half. Dia-
mox, even in strong doses, never suppresses

entirely the formation of aqueous. The per-
sistance of a current, reduced to 1.0 to 1.5

cu. mm. per minute, accounts for the follow-
ing clinical observations:

a. The aqueous veins are usually visible
even when the hypotensive action of Diamox
is rnost marked.

b. Continuous prolonged treatment with
Diamox does not threaten the transparency
of the crystalline lens. Experience with
retrociliary diathermy has shown that a

flow of 1.0 cu. mm. per minute is adequate

for lenticular metabolism, though a complete

suppression of aqueous formation rapidly
provokes opacifi cation.

c. Diamox alone does not normalize ocu-

lar tension unless the resistance to flow is
very moderate. The flow necessary to main-
tain normal ocular tension can be calculated
from the formula, Po : (F X R) * P v.
This requires data of the intraocular pres-

sure, the resistance to flow, and the episcleral

venous pfessure.
2. The interaction betzveen intraocular

Pressure and resistance to f.ow. The inter-
action between intraocqlar pressure and re-

sistance to flow is manifested quite differ-
ently in ocular hypertension and in ocular
hypotension. An elevated resistance in-
creases the intraocular pressure and this
in turn increases the resistance (tables 3,4,
5, 6). On the other hand, ocular hypoten-
sion consecutive to a reduction of flow un-
leashes the reaction of homeostasis and

causes a compensatory increase of resistance
(tables 7 andS).

The interaction between intraocular pres-

sure and resistance to flow explains the fol-
lowing observations:

a. fn an open-angle glaucoma in which

/

)
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the tension is only moderately elevated epine-
phrine (two percent) lowers the ocular pres-
sure by a reduction of the formation of
aqueous without an accompanying change
of resistance. This conclusion is supported
by fluorometric and tonographic studies. But
if the elevation of tension is marked the
instiilation of epinephrine causes also a
diminution of resistance, as revealed by the
tonographic measurements made before and
after.22,26 This is explained by the assump-
tion of trabecular compression by high in-
traocular pressure followed by decompres-
sion when the ocular tension falls.

b. Retrociliary diathermy effects a reduc-
tion of ocular tension by a reduction of
aqueous formation.2s With a modification of
technique2a this intervention can cause an
almost complete suppression of aqueous
secretion causing a marked fall of tension
even in eyes affected by absolute glaucoma.
fn some of these cases tonography revealed
an increased facility of outflow, analogous
to that noted after administration of Diamox
(tables 3, 4, 5,6) and after the instillation
of two-percent epinephrine.

c. Goldmann'3 showed that compression
of the globe accelerated the exit of aqueous
and from this observation devised a method
of measuring resistance to flow. But if the
pressure on the globe is excessively strong,
the flow of aqueous is suppressed. Kleinertls
labelled this phenomenon, "maximum com-
pensation." It appears to be an extreme case
of the increasecl resistance provoked by very
high intraocular pressure.

The effect of homeostasis in causing an

WEEKERS, DELMARCELLE,, PRIJOT ANi) LAVERGNE

increased resistance to flow when the ocular
tension falls below the physiologic level be-
cause of reduced aqueous formation is not
evident in glaucomalo (tables 3, 4, 5, 6).
This may be interpreted as due to the fol-
lor,ring considerations: (") Glaucomatous
lesions of the excretory channels prevent
homeostasis; (b) elevated resistance follows
only hypotension, while in glaucoma the
ocular tension is still higher than normal
after Diamox (tables 3, 4, 5, 6) or after
intravenous injection of hypertonic solu-
tions;10 (c) the diminution of resistance
effected by trabecular decompression may
mask the phenomenon of homeostasis.

The interplay of intraocular pressure re-
sistance and flow complicates the interpreta-
tion of tonographic findings. The simplest
situation occurs when the ocular tension is
between 18 and 30 mm. Hg, since a tension
of 30 mm. Hg is insufiûcient to cause any
trabecular compression.

Survrnteny

Tonographic studies of the effect of Dia-
mox on the ocular tension of normal subjects
and those with open-angle and secondary
glaucoma reveal that intraocular pressure is
determined by the interaction of diverse
factors including the phenomenon of home-
ostasis. This interplay must be considered
for a valid interpretation of tonographic
findings. This research confirms that of
previous authors in showing that Diamox in
high dosage causes a reduction in aqueous
formation of about 50 percent.

Hôpital de Bavi,ère.
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