
A PROSPECTIVE, RANDOMIZED STUDY OF
5-FLUOROURACIL AND FILTRATION

SURGERY*

BY Jon M. Ruderman, MD (BY INVITATION),

David B. Welch, NID (BY INVITATION), Mary Fran Smith, BA

(BY INVITATION), AND David E. Shoch, MD

INTRODUCTION

PRIOR STLTDIES SU(GGEST THAT (GLAUC(OMA PATIENTS WHO ARE APHAKIC, BLACK, OR
vouing have a poorer prognosis following filtration surgery than the aver-
age patient. 1-6 In addition, those eyes with previous conjunctival surgery,
inflaimmiation, or neovascular glaucoma often do poorly. 71" Scarring of
the conjunctiva and Tenon's capsule is the most common cause of failure
of filtration. Theoretically, an agent that inhibits proliferation of fibro-
I)lasts following surgery might prevent excessive scarring and decrease
the num-ber of surgical failures. 5-Fluorouracil (5-FU), a pyrimidine ana-
log which inhibits fibroblast proliferation in tissue culture, has recently
l)een used for this purpose. 12
Heuer et all:3 14 reported a success rate of69% to 81% in poor prognosis

patienits unlidergoing filtration surgery when 5-FU was administered sub-
conjtmetivallv in the postoperative period. Furthermore, the use of this
agenit in the laboratory has imade it possible to achieve filtration in pri-
miates, a feat previously unobtainable. 15-17 However no control groups
have been incluided in prior clinical studies anid no effective dosage levels
have been determineld. Therefore, we undertook a randomized, prospec-
tive sttidyv compiarinig the use of small subconjunctival (loses of 5-FU to no
anAtimnetab)olite therapy in patients with a poor prognosis for filtration
surgery.

*From the I)epartment of ophlthalmology, North-western University Medical Sehool, Chi-
cago, Illiniois. Supported in part l)v Research to Prevent Blidnless.

TR. Am. OPIITnI. So(c. vol. LXXXV, 1987



Glaiucomtta and 5-FU

NIATERIALS AND MIETHODS

PATIENT SELECTION

Between April 1984 and April 1986, 26 of 40 eligible patients were
einrolled from the clinical practices of two of the authors (JMR and DBW).
The remaininlg 14 patieints, most of whom had undergone multiple proce-
(lures, refuse(d ranidomi-ization. Twelve additional patients were treated
with 5-FU unlder- this protocol after April 1986. The study protocol and
consenit formis were approved by the Investigational Review Board and
Hospital Scienltific Research Commnittee.

Patienits eligible for this study included those with a prior failed fil-
tratioin procedlure, aplhakia, prior conjunictival surgery, or inflammatory or
nieovascular glaucomiia. We also included primuary filtering procedures in
lblack patienits l)etween the ages of 10 aind 50 anid in white patients
)etween the ages of 10 and 40. Patients with no light perception, those
inaIble to give informed consenit, pregnant or nursing females, those
tunable to cooperate for sub)conjunctival injectioni or follow-up examina-
tionl, or those who had received prior systemic or topical corticosteroid
ther-apy were exclude(d fi-omn the study.
The aver-age age of the control group (n = 12) was 50. Five patients

were black, seven were white, niine were male, andl three were female. In
the 5-FU group (n = 14), the average age was 49. Six patients were black,
eiglht were white, seveni were male, and seveni were female.

SUR(GICAL PROCEDURES

All filtration proce(lLlres, except one, were done with a limbus l)ased flap
to miinimize leakage of a(queous humor from the surigical wound. Eighteen
pIatients hald posterior lip sclerectomies anid eight had trabecuilectomies.
This percenitage was similar in the exper-imiienital and control groups.
Following the procedlure, 2 m11g of dexametlhasonie sodiumi phosphate were
inijected subconjunctivally. Topical atropinie 1% anid auitiliotics were also
given at the time of surgery. All patients received a similar topical medi-
cal regimiieni in the postoperative period. This incluided topical dexameth-
asonie 0. 1% solutioni or predniiisonie acetate 1% solution, dexamethasone
oinitnllent, atropinie sulfate solution, anid a topical antibiotic. Each physi-
cianl miiainitainied his typical routinle of topical care anId moldified it when
nieeded (ie, patchinig for corineal abrasion or shallow ailterior chamber,
illcrease(l steroid (losage for inicreased inflammlilatioi, etc).

PATIENT EVALLUATION

At a Ifliniiiiuiml all p1atienits were examlinled for the first 7 postoperative
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davs and at 14 to 16 days, 6 weeks, 3, 6, and 12 months. Patients'
examiinations included measuring for intraocular pressure (Goldmann
applainationi tonometry), anterior chamber depth, and morphology of the
conjuncietival bleb) (flat, microcystic, or Tenon's cyst). The cornea and
conjtunietiva were stainied with fluorescein to detect corneal abrasions and
wouild leaks. Humphrey or Goldmann visual fields were obtained preop-
eratively and postoperatively at 6 or 12 months if possible. The number of
glaucoma mnedicationis used preoperatively and postoperatively was also
recorded. Baseline preoperative intraocular pressures were obtained
immediately prior to surgery. Postoperative intraocular pressures were
recorded either on the date of failure (intraocular pressure > 21 mm Hg
on maximiium medication) or from 6 to 18 months postoperatively in the
successful grouip. The anterior chamiber was defined as follows: flat, if the
cornea touched the lens, posterior capsule, intraocular lens, hyaloid or
vitreous face; shallow, if there was peripher al contact between the iris and
corniea; and formed, if the cornea was not touching the iris.

5-FLUOROURACIL INJECTIONS

Patienits selected for treatmneint with 5-FU received 7 injections of 0.5 ml
(5 mg) 5-FU prepared firom the commercially available in ectioii (Fluor-
ouracil®, Roche, 50 mg/mIii) diluted to 10 mg/mil with nonpreserved saline
0.9%, USP. Injectionis with a 30-gauge needle began postoperatively as
SOOI1 as a water tight wound was established. Injections were given daily
unless a wound leak occurred. In all uncomplicated cases the injections
were comiipleted by the nintlh postoperative day. The site of injection,
anesthetized by two drops of topical proparacaiine 0.5%, was located at 90
to 180 dlegrees fiom the filtration bleb. The 5-FU was generally given as
far illto the fornix as possiIle. A follow-up injectioin was given duriilg the
seconid postoper-ative week.

STATISTICAL ANALYSIS

Preoperative ancd postoperative intraocular pressures were compared be-
tween the 5-FU group and the control group. Success rates were com-
pared by life table analysis. Successful surgery was defined as intraocular
pressure measurements that were consistently 21 mm Hg or less, regard-
less of whether- the patient was taking glaucoma medication. We chose
intraocular pressure measuremiients as the criterion of success because
meaniingfuil comiiparisons of visual fields could not be made. Comparison of
preop)erative ancd postoperative visual acuiity, bleb morphology, and com-
plicatioin rates was also muade. All comparisons were based on unpaired
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t-tests and analysis of variance. Comparison by diagnostic category was
not performed because of the small number of patients in each group.

RESULTS

Suimmaries of the patieint data are listed in Tables I to III. Three patients
in the conitrol group had other factors that influenced their outcome.
Patienit 5 developed a cyclodialysis cleft with a resulting intraocular pres-
sure of less than 5 mm Hg. Patient 6 had a bleb needling procedure of a
Tenon's cyst d(urinig the second postoperative week. Patient 12 had a
stuprachoroidal hemnorrhage with an intraocular pressure of greater than
50. The data fr-om these patients is included in the analysis.
Mean preoperative intraocular pressure in the 5-FU group (n = 14)

vas 38.4 ± 3.08 inm Hg (standard error of the mean [SE M]), while the
preoperative intraocular pressure in the control group (n = 12) was 41.2
+ 5.0 mm Hg (P > 0.6). Mean postoperative intraocular pressure at 6 to
18 miionths was 14.4 ± 1.4 mm Hg for the 5-FU group, and 30.7 ± 3.9
mm fig for the control group (P < 0.01). These results are summarized in
Fig 1. Using the level of intraocular pressure of 21 mm Hg or less as a
criterioi for stuecess, we found that 25% (n = 3/12) of the control group
had a successful outcome after 9 months; while in the same period 92% (n
= 13/14) of the 5-FU group was well controlled. By 12 months, an
a(lditionial 5-FU patient had failed, resulting in a cumulative survival rate
of 74.3%. Fig 2 shows cumulative probability of success over time for the
5-FU anid control groups. A pairwise comparison between the control and
5-FU group showed that the 5-FU patients maintained a higher success
rate throughout the stutdy (P < 0.001).

Visuial acuity results were not significantly different between the two
groUps. In the control group, three patients lost significant vision: patient
5 had a retinal dletachmenit from diabetic retinopathy, patient 6 developed
a cataract, and patient 12 had a suprachoroidal hemorrhage. Patient 7 in
the 5-FU treatmenit group had progressive visual loss due to severe
dlial)etic retinopathy.
Ble6 mnorphology was also comiipared (Fig 3). In the control group, 10 of

12 patienits had flat blebs at 6 moniths. One of 12 had a Tenon's cyst, and 1
of 12 hadl a diffuse mnicrocystic bleI). In the 5-FU group, 10 of 14 had
dliffise microcvstic blebs, 3 of 14 had a Tenon's cyst, and 1 of 14 had a flat
bleb.

In a(ldlition, we compiared the number of preoperative glaucoma medi-
cationis with the numtl6ber of postoperative medications re(uired to control
the intraocular pressure. These results are summarized in Table III and
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TABLE I: SUNIMIARY OF P'ATIENT DATA

PRIOR INTRAOCULAR PRESSURE
PATIEENT O(CULAR_

No. SEX AGE RACE PRO(CEI)URES DIAG;NOSIS PREOP POSTOP

Conitrol groupl)
1 F 54
2 Ni 31
3 NI 29
4 F 68
5 F 58
6 NI 61
7 NI 34
8 NI 43
9 NI 67
10 NI 64
11 NI 30
12 NI 64

5-FU groupl)
1 F 54
2 NI 31
3 NI 29
4 F 52
5 F 68
6 NI 70
7 NI 30
8 NI 55
9 F 26
10 F 39
11 F 42

12 M 43
13 F 78
14 NI 64

NV
B
B
W
T

B
B
B

.NV
NV

B
B
NV

NV

B
B

B
B
'V

4

1
2
1

2
1
1
0
1

1
5

1
1
1
0

2
2

1

1
1

Neovascuilar glautcoma
Juveniile glacucoma
Juveniile glacucoma
Aphalkic openi aingle glatucoma
Neovascular glaucoma
Primary openi acngle glatucoma
Jtuveniile glacucomna
Juvenile glauicomca
Primarv open an1gle glauicoma
Neovasccular aphakic glauicoma
Neovascular glauicoma
Congeniital aphakic glaucoma

Neovascuilar glaucomna
juveniile glautcomla
Juivenile glatucomia
Primary openi anigle glautcoma
Aphakic glatucomiia
Apliakic glaulcomlla
Neovascular glaucomiia
Neovascular aphakic glaucomiia
Neovascular glaucoim1a
Juvenile glaucomna
Inflammiiiiatory angle closure

glauicoma
Juveniile glauicoma
Chronic openi aingle glauicoma
Neovascular aphakic glaucoma

T'ABLE II: SUINIARYOF PAT'IENT DIAGNOSIS I)ATA

CONTROL G;ROU P 5-FU GROU P

PIIAKIC: APIIAKIC( TOTAL PIIAKIC APHAKI(' TOTAL

Primary open anigle glau-
coimia 2 1 3 2 2 4

Secondary angle closuire
glaticomiia 0 0 0 1 0 2

Juvenile openi anigle glati-
coImla 4 1 5 4 0 4

Neovascular glatucomiia 3 1 4 3 2 5

Total 9 3 12 10 4 14

48 40
40 30
40 29
20 18
65 8
43 18
22 33
26 31
27 27
30 34
68 42
65 60

35 19
36 14
40 14
54 7
21 15
22 12
42 24
54 5
28 21
55 11
36 10

30 17
34 18
51 14
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TABLE III:
COMPARISON OF (GLAU(COMA MEDICATIONS REQUIRED TO (CONTROL INTRAOCULAR PRESSURE

VISUAL ACUIT,' NUMBER OF NEDI)CATIONS
PATIENT BLEB

No. PRE()PERATIVE POSTOPERATIVE MIORPHI-OLOGY PREOPERATIVE POSTOPERATIVE

Cotitrol grotpl)
1 CF 5'
2 20/50
3 20/20
4 20(/5)
5 HNI
6 201.50
7 201:30
8 20/20
9 20/701
10 20/100
11 CF
12 20/.50

CF 5'
20/60
20/2()
20/50
NLP
20/400
20/20
20(130
20/80
20/100
CF
CF

Flat
Flat
Flat
Cvstic
Flat
Flat
Flat
Flat
Flat
Tenioni's cvst
Flat
Flat

3
4
4
2
1
4
3
3
4
2
2
4

3
4
4
2
0
4
0
3
4
2
2
2

Total 36

5-FtU gr-otul)
1
2
3
4

5
6

8

9
1t)
11
12
13
14

C(F :3'

20/60
20/20
20/S5)
20)/40)
20/40
20/1(X)
HNI
20/30
20/100
20/20
20/(30
20/100
20/1(X)

Total

*CF. collintinig fingers; HNI.

CF 5'

20/60
20/2t)
20/60
20/40
20/30)
CF
HNI
20/70
20/100
20/20
20/330-2
20/17)0
20/100

Tenioni's (vst
C v stic

C(SStiC

C 5vStic
CvStic
CvStic
Tenwoi' cvst
CvxstIc
Fla,
Cs stic
Cyv,stic
CA,stic
,-vStic

Tenon's cv'St

3
4
4

2

4

:3

3
2
4

4
2

41

lihand( IUiotioii; NLP, no light p)erception.

Fig 4. The average nlumber of medicationis takeni l)V patienits in the conltrol
gi-ol)l did niot chanige significantly, wlhereas in the 5-FU gronp patients
took ani average of' thl-ee glaticomiia ine(licationis preoperatively ancd onie

iedicatioin postoper'atively.

COMPLICATIONS

Fifty pel'ceint (n = 7) of the 5-FlU group had cornleal epithelial (lefects and
onie patienit hlad a delle. Ther'e were two wotnnid leaks aind one flat aniterior

30

2

()
0
0

2

3
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n=12
41.2 ±5 (SEM)
I n=14

38.4 ±3.1 (SEM)

n=12
30.7 ±3.9 (SEM)

n=14
14.3 ±1.4 (SEM)

Control 5-FU

PREOPERATIVE
INTRAOCULAR
PRESSURE

Ccntrol 5-Fi

POSTOPERATIVE
INTRAOCULAR
PRESSURE

FIG;URE 1

Analysis ot preoperative a,(d p)ostoperltive initraocular p)resstire.

chamber in this group, which responided well to pressure patching. In the
conitrol gr-oup, thiere were two epithelial defects, one wound leak, one flat
aniter-ior chaml)er, and onie suprachoroidal hemorrlhage.

50

45

40

35

-

I

LL

LLJ

-J

CD

1-4z

z
LAJE:

30 t

25 t

20 4

15 +

10 t

5

244



Glaiucomiia and 5-FU

100 '

90 _ *

w 80

c 70
CD

-J 60
U-

wi 50

40

L \30-

c. 20-

10

1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16

MONTHS

- Control Group + 5-FU Group

FI;GURE 2
Cumuilative 1)robability ot' siceeess.

NONRANDONIIZED PATIENTS

Twenty-six pIatients were referred to uIs specifically for 5-FU treattment
anid thus couild not he ranidomiiized anid were not entered into the study.
Tlhevx were treated with 5-FU accor-ding to the protocol. Length of follow-
ul) r.aniged fiom 2 to 16 mnoniths (mean, 5 imonitlhs). Distribution of the
diagniosis was similar- to that seeni in the randoomized group. Average
p)reoper-ative intraocular pressure was 36 + 2.0 mm Hg (SEM) and
postopercatively 17.2 + 1.7 mmn Hg (SEM). The cumulative probability of
stccess was 79% after 12 imoniths and 53% after 16 montlhs. Fifteen bleb)s
wer-e gradedl as difflse imicr-ocvstic, 10 were flat, and 1 had a Tenon's cyst.
Four of the six failur-es occurred in patients with flat blebs. The patient
with the Tenioni's cyst also failed. Eight of 26 (30.8%) had epithelial
defects, 5 of 26 (19.2%) had wound leaks, 1 of 26 had a suprachoroidal
hemiioirhlage and 1 of 26 hald a hvphema.
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100
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u
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cx ~~~~~~~~~21.4%
ui 20
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10 8.3% 8.3% 71

Control 5-FU Control 5-FU Control 5-FU

CYSTIC TENON'S CYST FLAT

BLEB MORPHOLOGY
FIGURE 3

Biel) anax 'sis.

DISCUSSION

Subconjunctival injectioni of 5-FU in the postoperative period followilig
filtrationi surgery is ani eflective meanis of promotinig filtration aind inhibit-
ing conjunctival scar formation. The low success rate of the control group
in our stu(lv confir-mus the impr-essioni that these patielnts have a poor
progilosis for filtration after glautcom.a sturigery withotut adjunctive therapy.
In additioni, dlespite the fact that we used less thalni onie-half the (lose of
5-FU emnployed in the sttidly by fIeuer et al, 1:3 14 our success rate is
simiiar.
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45

n=41
40

n=36
35

n=30
00C-

25

C) 20

CD

15 n= 14

10

5

Pre-op Post-op Pre-op Post-op

CONTROL 5-FU
GROUP GROUP

FIGURE 4
Anialy-sis of preoperative anid postoperative imiedications.

Obtaining patients for a randomized study such as this is difficult.
Patienits mav reftuse randomiiizationi aind demand 5-FU treatment because
of the severitv of their disease. Many times, as noted above, they were
referred bv other physicians specifically for 5-FU treatment. In addition
to raiuldomizatioin prolblems, mnasking is difficult. A series of placebo injec-
tions was not considered reasonable because of the potential risks of
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infection, inflammiiiiationi, and hemorrhage. Furthermore, we found Ino
patients willing to receive placebo injectioins. However, the 5-FU group
was so imulch more successful than the control group that the inherent bias
in our sttudlv does not seem significant.

Evaluation of whether 5-FU is a valuable adjunlctive therapy is also
comuplicatedl by the fact that intraocular pressure alone is anl inadequate
measuire of success. It does not take into account loss of vision, other
surgical comiiplications perhaps caused by the medicatioin, prolonged dis-
comfort, anid the extended hospital study that are re(quired. However,
because intraocular pressure measurements are reproducible and be-
cause elevated pressure is felt to be the most likely cause of contiinued
visuial loss in patients with severe glaucoma, we, like Hleuer et al 13, 14

have usedl it as the major criterion of success. An additional measure of
the efficacv of this procedure is found in the fact that the intraocular
pressure was cointrolled postoperatively by significantly less medication in
the 5-FU group. Fifty percenit of the 5-FU group was controlled without
medicationi after surgery, while only 16.77% of the control group was
conitrollec1 witlhouit medication.

It was not possible to analyze the efficacy of 5-FU in subgroups, be-
cause of the limuited number of patients. It is the autlhors' impression,
however, that patients with non-regressedl neovascularizatioil of the iris
(lid the poorest with filtration surgery regardless of wlhether 5-FU was
uised. This mav be due to continued or stronger stimulus for fibrous
proliferationi well after the period of 5-FU administration.

Differences in 1leb morphology suggest that increased filtration is the
mechaniismni by wlhiclh eyes treated with 5-FU have lower postoperative
intraocular pressures. Patients treated with 5-FU have an increased ten-
(lencv to for-mn diffuise microcystic blebs or Tenon's cysts, while a bleb
failed to persist in the majority of cases in the control grouip. Tonography
and/or fluor-oplhotometrv could be used to verify the mechaniism of dee-
creasedl intraoctular presstire in the future.
A major goal of our study was to determinie whether a small dose of

5-FU wotuld restult in fewer complications. It is clear that the discomfort
to the patienit, expense, and length of hospital stav are significantlv re-
dIuced in patienits wlho are treated onlv lhalf as long. However, evidence is
also coInvin1ciIng that a lower dose of 5-FU is associated with the same
incidence of somie comiiplications as with a higher dose, such as epithelial
defects which occurred in 50% of our 5-FU group, not significantly differ-
ent thani that found by tieuer et al. 1:3,14 Although our patients did not
have anv severe sequelae from the epithelial defects, serious corneal
complications such as bacterial and sterile ulceration as well as perforation
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have recenitly l)een reported. 18
OuI rate of woun(d leaks (14%), while higher thani in the conltrol grolup

(8%), is not significantly differenit. It is however, considerably less thani
that first reported by Ileuer et al (41%). There are mainy potential expla-
nationis for this besides the fact that we use(d a lower dose of 5-FU. One
may l)e the fact that the patients had fewer injectionis antd therefore, less
maniiptilation of the eye. In addition, we chose not to legin ouI inljectiolns
uiitil a water-tight wotindl had been established. Absence of wound leaks
may enhlanice success of this procedcur-e ancd decrease complications such
as flat clhambers, cataract for-miiation, corneal decompensation, prolonged
iniflanmmationi, and suprachoroidal hemorrlhage.

Further resear-ch into alterniative delivery systems such as liposome
ani(l depot drug admllinistrationi is neede(l. In additioni, other agents that
interr-upt differenit portions of the hlealing process, sucll as steroids, beta-
amimopi)opioinitril, penicillam mile, and fluor-ouridine shouild be investi-
gated.

SUNMNIARY

OUI study shows that use of a smnall dose of subconjunctival 5-FU provides
signlificanitlv lower postoper-ative intraocuilar pressure than does nlO anti-
metabolite treatmeint. Morp)hology of the postoperative blebs suggests
that incr-eased filtration results in lower intraocuilar pressure in the 5-FU
grouip. Cornieal epithelial (lefects were as commuon with a low dose as with
higlher- doses previously descril)ed.
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DISCUSSION

DR GEORGE L. SPAETH. Doctor Ruderman and colleagues have undertaken an
important study. They are to be congratulated for trying to limit variables and bias
while investigating a subject in which there has been disappointingly little prog-
ress, how best to preserve vision in patients with glaucomas refratory to more
established methods of treatment. Mother nature has bcen extraordinarily secre-
tive in revealing or allowing to be understood why certain individuals are so
resistant to treatment.

I applaud the authors for their efforts and their contribution. However I am still
not convinced that there has been a substantive qualitative improvement in the
prognosis of patients who are the victimiis of our conitinuing inability to manipulate
satisfactorily the way tissues heal.

In an otherwise superbly designied study one area was not controlled; a syste-
matic differenice in the imaniagement and pattern between the control and treat-
mnent groups could have caused the results found by the authors. Specifically, the
postoperative use of topical steroids was apparently handled differently by the
different surgeons, the medications being altered depending upon inflammation
and other- factors. The ideal way in which to use topical corticosteroids in the
postoperative period following glaucoma surgery has not yet been established,
but it is clear that different treatmnent programs have different effects. For exam-
ple, wvith the use of"Maxitrol" four times daily in the postoperative period cysts of
Tenon's capsule develop in approximately 20% of cases, but when the frequency
is increased to hourly use, the frequency of Tenon's capsule cyst increases to
100% (personial observation). This goes along with the recent report by Lank and
colleagtues of a biphasic effect of topical steroids on fibroblast activity. Unfortu-
nately, from a clinical point of view we do not know just how much topical steroid
is goinlg to be inhibitory and howy much will facilitate fibroblast proliferation in the
individual patient wve are treating. I ask Doctor Ruderinani, "Howv much differenice
was there in the way that topical steroids were used, and do you believe there was
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a systematic difference in this regard?"
Doctor Ruderman stated that visual field examinations could not be used to

follow this group of patients. A second question is, "Why were visual fields unable
to be used to follow these patients?" Doctor Ruderman properly points out that
judging success merely on the basis of intraocular pressure lower than an arbitrary
figure is not really a satisfactory way of defining success in glaucoma patients. The
goal, after all, is enhancement or preservation of the patient's quality of life;
inconvenience, discomfort, expense, and loss of visual function are far more
important than the level of intraocular pressure. The authors correctly state that
in many similar studies the results are judged solely in terms of effect on intraocu-
lar pressure. Unfortunately, they have perpetuated this state of affairs. We now
know that arbitrary levels of intraocular pressure are of little value in determining
the natural history of visual function in patients with glaucoma.

Additionally, one could challenge the author's statement that "elevated pres-
sure is the most likely cause of continued visual loss in patients with severe
glaucoma. Most surely, intraocular pressure elevation is a critical factor, and
it is appropriate to direct our attention to it, but other factors can be as or more
important, as for example, in neovascular glaucoma, where the prognosis is more
related to the condition of the patient's diabetic vascular disease rather than to the
glaucoma.

Eight of the 26 cases in this study were listed as "juvenile glaucoma," their ages
ranging from 29 to 43 years. These patients have been included as ones in which
prognosis for successful filtration is poor. This differs with my experience. I
believe patients this age do well with glaucoma surgery. Therefore, it is some
wvhat surprising that the results were not more favorable. Only 7 of the 26 cases
were aphakic. It is these aphakic cases in which the results are so dismal.

It was of concern that the results in the 26 nonrandomized cases were far less
favorable than in the randomized group. Only 53% of these cases had controlled
intraocular pressure at the end of 16 months. Furthermore, around 20% had
wound leaks and 31% had epithelial defects. This seems like a high complication
rate for a success rate that is still not very gratifying.
Which brings up the essential question, which is, "Does the increased risk of

usinlg 5-FU justify the increased benefit?" The aniswer to that is still not estab-
lished. Three of Heuer et al's original patients had corneal endothelial scarring.
Knopp and colleagues reported two bacterial ulcers, a sterile corneal ulcer, and a
corneal perforation. In aphakic patients a significant number of trabeculectomies
or other procedures will succeed. However, in aphakic patienlts needing repeat
surgerv for glaucomna, 5-FU may well be justified.

Additionallv, there are alternatives which are now available. An old operation
that has been neglected in phakic patienits is cyclodialysis. In my experience it has
a fairlv high success rate in phakic patients. In aphakic glaucoma the Nd:YAG
laser cvelophotocoagulation is a viable alternative, and several centers are re-
porting up to 75% success rate uisinlg the Schockett procedure.
We need better uniderstaniding of the causes of failure of filtration procedures.

WVe need better understanding of how to manipulate these causes in each individ-
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ial case. Certainlv, there are differ-enit causes in differenit patients.
In sum marv, the authol-s are to be congr-atulated on performiinig a difficult and

important study. Tlhey had imade what I believe to be several importaint advances:
(1) 5-FU does seeim to b)e effective in establishing a lower final intraocular pres-
sure, (2) a small (losage of 5-FU is probably imore appropriate thain that initially
recommended, ancl (3) the 5-FU should not l)e started uintil it is clear that no leaks
are present and that the iniitial surgery is healinig well. It is possible that even
smialler doses of 5-FU wvill still be effective. If this is the case, it max become a
standar(d part of many surgical procedures in patienits with glauicomiia refractorv to
standard sturgical techniiqtues.

DR JULEs BAsiM. Both Doctor Rudermnclai and( colleagues and 1)octor Spaeth have
discussed the problem of corneal epithelial defects. 5-Fluorouracil is a toxic drug.
Ve have seen over the past vear 5-FU adminiistered systemically for nonophtlhal-
miC conditionis, witlh the patients cominig to uIs with photophobia. They exhibit
epithelial edemiia which disappears when the drug is stopped. Based on our
exPeril11el1tal antibiotic pl1arl11acokii1etic sttui(es, the aUth0ors Use of a subconljunc-
tival injection of 5-FU slhould deliver a much higlher coneniitrationi of drug to the
cornieal epitheliumn than wheni given byv system-ic adminiistrationi and the authors
did observe epitlhelial defects. MIight it be best to conisider giving the sub)conjunc-
tival drug at a different locationi? I lbelieve you stated you were givinig it inferiorly.
You might be able to deliver a imuchl lower dose if it were given at a superior
locationi, away from the blel). This imodificationi imiglht redtuce the incidence of
epithelial (lefects.

DR DONA.LnI) Do(;IImIAN. I have a criticismii of the study designi. You menitionied in
onie of your closing slides that you did not give a slhami or placebo injection. You
did not do so because youl- IRB commiiiiittee felt that the comiplicationis do not
warrant this. First, I'm not impressed that sul)conjunctival injectionis are neces-
sarilv clan gerous. We give tthemn a lot in anter-ior segimlenlt disease for many reasons
stuch as, delivering antibiotics ancl steroids. I don't know of any time we ran into a
ilmajor complicationi. But even so, to presumiie that it would be a comuplicationi in
the controls but beneficial to the experimilental groul) olviouslv expresses a bias
that the treatmiienit will work, but hias complications that are too risky for conitrols.
This is olviouslv a flawed study design and nlot truly a prospective conitrolled
stut(. I would like vou to commiiiient.

1)D JoN MI. RLD)ERMNAN. I would like to thank lDoctors Spaeth, Baumn, and Dough-
imian for their excellent codi1)mients. Regardinig Doctor Spaeth's qcuestionis on ste-
roi(i uise and(l why it was not uniifor-mii, it was very diffictult to establish a uniformii
method of giving steroids. The indicationi for giving steroids depends not only on
initraocular inflammiiiiationi but also on inflammiiiiation of the conjunctiva. We tried to

lilmlit the variable as to whether or not the patient received 5-FU. The vast

majority of our patienits received I)ecadron four timiies a day. Strict control over its
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dosage wouldl have been diffictult a(ind Nould have altered ouir norma-iil postfiltration
treatimienit.

Regardinig the inc'ltisioin of the yotinger patieints, this is a de)atabl)le stllbject.
There is consi(leral)le literattiu-e stiggestinig that vounig patienits, especialIy very
voung pIatients, do( not do as well withi filtering suirgery. Ouir younger patients
were split almiost evenly l)etween the two treatimienit grouips. If this diagnostic
grouil) as a %vhole tenided to stcceed or fhil, it shiotuld not affect one group mnore
thain the other. Otir juvenile glatucomnia patienits didI ilmch more poorly in the
conitrol group thani in the 5-FU grouip.

Regaridinig the lower success rate in the nonir-and(lo)imized group, there are two
possilble explaniationis for this. One is that our nonir-aiildomilized patienits similply, had
mulchi imiore severe dlisease. Thev were often referred in specifically for 5-FU
treatimienits. IMany of these patienits haid uindergonie three, four, or five prev'ious
operations. Ofteni there was a very shiort period of timie between their previous
procedure failure anid our proceduire. We are dealinig with a different group of
patients than those wlho accepted ranidoimizationi. The second reason for the lower
success rate in the nonraiidomilized patients is that with life table anailysis of
suiccess the failtire of a patient with longer follow-up would be veighed more
heavily. One patienit failed at 16 imionths because he haid inflammaitory glaucoma
aind had recuirenit inflamimiaitioni. This failure mighit skew the results.

Regarding Doctor Bauim's stiggestioni of giving stubconjunctival drug closer to
the bleb, originally, we gve the miiedicationi far inferiorlv because we noticed less
refluix of the dlrug. By chalinginig the locationi of the injection, as Doctor Spaeth
pointed ouit, perhiaps we can tuse ani even lower conicenitrationi of 5-FU. I think that
it certainly wouldI be worth comparing different areas of injectioni anid trying to
finid ouit how it affects drtig concentration. There are also other medications,
specifically 5-fluorouridine, which is 100 timnes more poweiful than 5-FU in terms
of fibroblast inhibition. It mighit be that very low concentrations of this medication
injected neair the l)lel) migit he uisefuil.

Doctor Douighmlian criticized ouir study design because not all patieints received
somile forimi of injectioni. He raised the possibility that the injectioni itself could
accouinit for the inicreased rate of stuecess. Before we started the study, I asked a
uimber of patients whiether they would eniter a study in which thev would receive

a number of subconljunctival inljections if the injectioni mighit be a placebo. No
patient was willinig to unidergo injectionis without gettinig 5-FU. In addition, we
felt very uncomfortable giving postol)erative injections with saline because of the
slighit but added risk of infectioni, hemiiorrhage, or crieatinig wound leaks. It is true
that the idleal conitrolled studv would use placebo injectionis, but we felt that
etlhical and(I practical problems prevented use of conitrol saline injections.
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