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Abstract

Aim—To study how the delivery of
S-fluorouracil (5-FU) to ocular tissues is
affected by altering delivery variables.
Method—Sponge(s) soaked in radio-
labelled 5-FU were placed between the
conjunctiva and sclera of pig eyes. Appli-
cation time, sponge size, sponge make
(Altomed, Weck, Merocel), and 5-FU con-
centration were varied. Conjunctival and
scleral tissue levels were determined in
samples taken from the application site.
Results—Dose-response curves for scleral
and conjunctival 5-FU levels against appli-
cation time showed increasing tissue levels
that reached a plateau after 2-3 minutes.
Application beyond 3 minutes did not
increase tissue levels. There was no differ-
ence in tissue levels between 7x4 and 3.5%2
mm sponges. Altomed sponges produced
5-FU tissue levels that were twice as high
as those obtained with Weck-cell (p<0.01)
or Merocel (p<0.02) sponges. Changing the
5-FU concentration from 25 mg/ml to 6.25
mg/ml reduced the conjunctival concen-
tration by a factor of 3.5 (p<0.003).
Conclusion—Application time up to 3
minutes, sponge make, and 5-FU concen-
tration can have a large effect on the tissue
delivery of 5-FU. Application time beyond
3 minutes, using 3.5X2 mm or 7X4 mm
sponges, and replacing sponges every
minute did not have a significant effect on
tissue levels. This study models the effect
that different variables can have on the
ocular tissue levels of an antimetabolite
applied intraoperatively.

(Br ¥ Ophthalmol 2000;84:92-97)

The use of antimetabolites has revolutionised
filtration surgery offering improved success
rates in high risk patients."™ Initially mitomycin
C and now 5-fluorouracil (5-FU) are both
applied intraoperatively using a sponge soaked
in the antimetabolite. However, the use of
antimetabolites is associated with side effects.
The thin avascular blebs associated with their
use can lead to hypotony, bleb leaks, and
endophthalmitis.' >"* Conversely, some blebs
may fail despite mitomycin C treatment, some
of the variation in response to antimetabolites
being due to variations in delivery technique.
In an attempt to “titrate” the antiscarring
effects of intraoperative antimetabolites inves-
tigators have varied application technique.
Clinical studies have assessed the effect of
varying duration of application,"”" concentra-
tion of agent,” '“'® and irrigation,” but not
sponge type or treatment area. Non-clinical

studies have altered sponge type® and area.”
We designed a study to investigate the effects of
application time, application technique,
sponge type, and size on tissue levels of 5-FU
in an experimental model.

Method

Fresh pig eyes (Dalehead Foods, Cambridge-

shire) were removed from carcasses on the

morning of slaughter and transported to the
laboratory. Dissolving a pellet of “C 5-FU

(Sigma) in 2 ml distilled water made up a stock

solution of "C Ilabelled 5-FU. For each

application technique, adding 5 pl of stock to 3

ml of 25 mg/ml 5-FU (David Bull Laborato-

ries) created a radioactive 5-FU solution.

Preliminary work showed that this dilution was

sufficient to produce detectable levels in ocular

tissue following application.

Each eye that was tested was placed under
an operating microscope and rotated until
undisturbed conjunctiva overlying sclera was
visible superiorly. A limbal based flap was dis-
sected and, depending on the experiment, one
or more sponges soaked in “C 5-FU placed
between the conjunctiva and sclera. For
techniques 1-4 a 25 mg/ml “C 5-FU solution
as detailed above was used. For technique 5 the
solution was diluted 1:4 using phosphate buff-
ered saline. The posterior edge of the conjunc-
tiva was held down using a muscle clamp. The
following application techniques were then
performed:

(1) Single 7x4 mm Altomed sponge applied
for 0, 1, 2, 3, 5, and 10 minutes.

(2) Single 3.5%2 mm Altomed sponge applied
for 5 minutes, compared with single 7x4
mm Altomed sponge applied for 5 minutes.

(3) 7*x4 mm Altomed sponge: one sponge
applied for 1 minute replaced every
minute for 5 minutes, compared with
single 7x4 mm Altomed sponge applied
for 5 minutes.

(4) Single Merocel, Weck, or Altomed 7x4
mm sponge applied for 5 minutes.

(5) Single 7x4 mm Altomed sponge soaked in
6.25 mg/ml "“C labelled 5-FU solution
applied for 5 minutes, compared with sin-
gle 7x4 mm Altomed sponge soaked in 25
mg/ml "*C labelled 5-FU solution applied
for 5 minutes.

Following the application all sponges were
removed and the treated area irrigated with 20
ml phosphate buffered saline. Conjunctiva
overlying the treated area was removed from all
eyes using an 8.25 mm corneal trephine. Addi-
tional scleral samples were taken from groups 1
to 3. Sclera underlying the treated area was
removed using an 8.25 mm trephine. To assess
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Figure 1  Sites of conjunctival and scleral biopsies. Box
shows site of sponge application.

4.0 —
3.5

3.0

5)

25—
20—
1.5

(count/g x 10

1.0 —
0.5 —

0.0 \ \ \ \ \
0 2 4 6 8 10

Time of single application (minutes)

Conjunctival level of 4c 5-FU

Figure 2 Conjunctival tissue level of "C 5-FU against
duration of single application of Altomed sponge.

regional tissue 5-FU levels conjunctival and
scleral trephines were taken from either side of
the treated area (Fig 1) after single 5 minute
applications of 7x4 mm and 3.5%X4 mm
Altomed sponges. Five fresh eyes were used for
each change in application time, technique, or
sponge type. Altomed sponges were supplied
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Figure 3 Scleral tissue level of “C 5-FU against duration
of single application of Altomed sponge.
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Figure 4 Regional conjunctival tissue level of *C 5-FU following single 5 minute
application of either 7%4 mm or 3.5%2 mm Altomed sponge. Sites 1, 2, and 3 are shown in

Figure 1.
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as 7 mm wide strips. These were cut into 4 mm
wide pieces using a purpose made punch.”
Weck and Merocel sponges were supplied on
wider strips that were reduced to 7 mm in
width and then passed through the same
punch. Quartering 7x4 mm sponges produced
the 3.5%X2 mm sponges.

Each trephined tissue sample was placed in a
preweighed scintillation vial that was then
weighed again to calculate the weight of the
specimen. Two ml of Soluene (Cambridge-
Packard) were added to the vial. The vial was
then incubated at 37°C overnight to encourage
the tissue to dissolve. After the tissue had
dissolved, 10 ml of Hionic-fluor (Cambridge-
Packard) was added and the vial then passed
through a Cambridge-Packard scintillation
counter. The resulting count was divided by
the tissue weight to achieve a count per gram of
tissue. This was taken to be directly propor-
tional to the amount of 5-FU absorbed by the
tissue.

Results

DURATION OF APPLICATION—A SINGLE ALTOMED
SPONGE APPLIED FOR INCREASING TIME PERIODS
(FIGS 2 AND 3)

A dose-response curve for 5-FU tissue levels in
both sclera and conjunctiva is shown. The
changes in tissue levels are significant using
one way analysis of variance (conjunctiva
p<0.001, scleral p<0.001). Both curves show
little improvement in tissue levels beyond a 3
minute single application. There was no
significant difference between the 2, 3, 5, and
10 minute “C 5-FU conjunctival and scleral
levels. There was marked variability in the con-
junctival tissue levels beyond 1 minute. A Lev-
ene test for homogeneity of variance across the
time points was significant for the conjunctival
tissue levels (p=0.02) but not for the scleral
ones (p=0.056). The Levene test, which is not
dependent on the assumption of normality,
assesses the equality of group variances. A sig-
nificant value for the conjunctival tissue levels
suggests that there were real differences in the
variance at different time points.

SPONGE AREA—A SINGLE 7x4 MM ALTOMED
SPONGE V A SINGLE 3.5x2 MM ALTOMED SPONGE,
BOTH APPLIED FOR 5 MINUTES (FIGS 4 AND 5)
There was no significant difference in scleral
and conjunctival “C 5-FU levels at the
application site with the two sponge sizes.
There was a marked fall off in scleral and con-
junctival tissue levels either side of the applica-
tion site which was significant whether a 7x4
mm or 3.5X2 mm sponge was used.

SPONGE REPLACEMENT—A SINGLE ALTOMED
SPONGE APPLIED FOR 5 MINUTES COMPARED

WITH REPLACING THE SPONGE EVERY MINUTE
FOR 5 MINUTES (FIGS 6 AND 7)

Replacing the sponge every minute did not sig-
nificantly increase either conjunctival or scleral
"“C 5-FU levels.

SPONGE TYPE—5 MINUTE SINGLE APPLICATIONS
OF THREE SPONGE TYPES (FIG 8)

Mean conjunctival tissue levels of “C 5-FU
were significantly different across the three
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Figure 5 Regional scleral tissue level of *C 5-FU following single 5 minute application of
either 7%x4 mm or 3.5%2 mm Altomed sponge. Sites 1, 2, and 3 are shown in Figure 1.
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Figure 6  Conjunctival tissue level of *C 5-FU following
either a single Altomed sponge applied for 5 minutes or an
Altomed sponge replaced every minute for 5 minutes.
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sponge types (one way ANOVA p=0.005).
Mean conjunctival tissue levels following appli-
cation using an Altomed sponge were at least
double those using Weck-cell or Merocel
sponges. (Weck-cell v Altomed p=0.01, Mero-
cel v Altomed p=0.02). Using the Levene test
for homogeneity of variance showed that the
variance of tissue distribution was not the same
for each sponge type p=0.039.

TECHNIQUE 5 CONCENTRATION (FIGS 9 AND
10)—SINGLE 5 MINUTE APPLICATION OF A 7x4 MM
ALTOMED SPONGE SOAKED IN EITHER 25 MG/ML
OR 6.25 MG/ML "'C 5-FU

Reducing the concentration by a factor of 4
reduced the conjunctival *C 5-FU tissue levels
by a factor of 3.5 (z test p=0.003).
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Figure 8 Conjunctival tissue level of "C 5-FU following a
single application using a Weck, Altomed, or Merocel
sponge.
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Figure 9  Conjunctival tissue level of *C 5-FU following a
single 5 minute application of an Altomed sponge soaked in
either 25 mg/ml or 6.25 mg/ml "C 5-FU solution.
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Figure 10 Scleral tissue level of *C 5-FU following a
single 5 minute application of an Altomed sponge soaked in
either 25 mg/ml or 6.25 mg/ml ""C 5-FU solution.

Discussion

Clinicians have sought to titrate the dose of
intraoperative antimetabolite delivered to tis-
sues against a patient’s risk of scarring
following filtration surgery. The most com-
monly used methods for varying intraoperative
antimetabolite delivery are to alter exposure
time and antimetabolite concentration. A
recent survey” of antimetabolite use among
American and Japanese glaucoma surgeons
found a wide range in application time (0.5
seconds—7 minutes) and concentration (0.1—
0.8 mg/ml) of mitomycin C for the same clini-
cal situation, with no clear logic for the choice
in many cases. We have assessed the effect of
varying multiple delivery variables on tissue
levels of the antimetabolite 5-FU.

While to our knowledge there have been no
animal studies looking at exposure time there
have been two prospective studies on humans
where intraoperative exposure time to an
antimetabolite has been varied. Shin et al'* "
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Table 1 ~ Summary of application techniques of intraoperative antimetabolites

MMC/ Sponge Size Sponge make  Application Application
Study 5-FU Stated specified duration technique notes

Cohen™ MMC 2x5 mm Cellulose 2.5 minutes  Excess liquid
mopped up with
second sponge

Lamping® MMC No Weck 2.5 minutes
Smith* 5-FU No Cellulose 5 minutes
Mora® 5-FU No Weck or 5 minutes
instrument
wipe
Madhavan® MMC No No 1-3 minutes  Concentration
varied 0.2-0.4
mg/ml
Dreyer™ MMC No Gelfoam, 5 minutes
Gelatin
Greenfield” MMC Surgical Weck 5 minutes
spear
Campagna®® MMC No Weck 3.50r5 Time depends on
minutes surgeon
Mietz'® MMC 4x5x1 mm Geuder 3-5 minutes ~MMC added to
dry sponge after
sponge placed on
eye
Joos™ MMC No Alcon, 5 minutes
Cellulose
Munden* MMC No Cellulose 350r5
minutes
Lederer® MMC 4x2x1 mm Cellulose 2-5 minutes  Sponge irrigated
with saline
during
application
Kupin® MMC 2x3X7 mm Weck 3 minutes size when wet
Lachkar®® 5-FU 4.5%x4.5mm No 5 minutes
Shin'® MMC 2x3x7 mm Cellulose 1,3,5 Size when wet.
minutes Comparison of
application times
Costa® MMC 3x2 mm Weck-Cel 3 minutes
Megevand'! MMC 4.5x4.5 mm  Surgical 2 or 5 mins
sponge
Chen"’ MMC No Gelfoam 5 minutes More than one
piece of sponge
used. Pieces
replaced every
minute
Kitazawa'® MMC No Spongel 5 minutes 0.2 or 0.02
mg/ml used
Kitazawa® MMC No Spongel 5 minutes
Zacharia’ MMC No Weck-cell or  3.5-7 Either 15 or 250
Mentor O &  minutes ml of irrigation
(0] applied
Robin"? MMC No Cellulose 4 minutes Sponge replaced

after 2 minutes

randomised 174 patients undergoing trab-
eculectomy at the same time as cataract extrac-
tion to receive either no mitomycin or a 1, 3, or
5 minute intraoperative application of 0.5
mg/ml mitomycin C. There was no significant
difference in success rates between the control
and mitomycin C groups, nor within the 1, 3,
and 5 minute subgroups. Robin et a/ ran-
domised phakic trabeculectomy patients to
receive either placebo, 0.2 mg/ml mitomycin C
for 2 minutes, 0.2 mg/ml mitomycin C for 4
minutes, or 0.4 mg/ml mitomycin C for 4 min-
utes. They found no significant difference in
successful outcomes between the three appli-
cation techniques for mitomycin C. However,
no power calculation for detecting subgroup
differences is quoted and it may well be that
the study was not large enough to detect a dif-
ference. A retrospective review of cases’ treated
with mitomycin C for 3.5-7 minutes found
that those patients treated for 3.5 minutes had
less hypotony than those treated for longer.
However a case-control study'' comparing 0.2
mg/ml mitomycin C applied for either 2 or 5
minutes found no difference in success rates or
complications. Table 1 highlights other case
series that have included patients where the

95

duration of intraoperative exposure to mitomy-
cin C varied." ***® These studies have not ana-
lysed their results according to duration of
exposure. In this study increasing the duration
of application of a single “C 5-FU soaked
sponge produces a dose-response curve with
maximal scleral and conjunctival levels after
2-3 minutes. Beyond 1 minute there is a large
variability in the amount of 5-FU delivered to
tissues. The levels appear to plateau between 2
and 3 minutes with no significant increase in
tissue concentration after this time. Greater
variability was seen in the conjunctival tissue
levels than in the scleral levels. This may be
related to differences in the tissues themselves
but may also be related to technique. In
preparing a conjunctival flap the conjunctiva is
stretched and may end up having a variable
thickness. In contrast the sclera is largely
untouched.

Human" and anima studies have both
used antimetabolite application regimens that
involved replacing sponges. Chen’s mitomycin
C technique involves replacing sponges every
minute.'” However, in no study have compari-
sons between a single sponge and replacing
sponges been made. In our model replacing a
sponge every minute for 5 minutes did not
improve conjunctival and scleral levels com-
pared with applying a single sponge for 5 min-
utes. Multiple replacement of a sponge may
increase the risk of spreading antimetabolite
onto non-targeted areas such as the conjuncti-
val wound edge. Leaving a single soaked
sponge may be adequate.

A study on a rabbit model of filtration
surgery has looked at the effect of sponge area
on bleb survival when 0.4 mg/ml mitomycin C
is applied intraoperatively.” A change in dry
Weck-cell sponge size from 4x2 mm to 8%10
mm produces an increase in bleb area, height,
and survival. In contrast, our study shows that
changing the size of an Altomed sponge from
3.5%X2 mm to 7x4 mm does not improve the
tissue levels of C 5-FU either at the
application site or at the sites either side of the
application point. It may well be that using live
rabbits, an alternative antimetabolite, Weck
sponges, and increasing the sponge size by a
factor of 10 may produce a more significant
effect. In this study the largest used sponge was
7x4 mm; this reflects the largest size sponge
currently in use at Moorfields Eye Hospital.
Reducing the area of this sponge by a factor of
10 would generate a tiny sponge that is not
clinically relevant.

Two animal studies® ** have looked at the
focality of intraoperative antimetabolite treat-
ment. Both studies applied intraoperative
5-FU or mitomycin C between the sclera and
conjunctiva of rabbits undergoing filtration
surgery. In both papers 4xX1 mm Weck-cell
sponges were used. Tissue biopsies taken from
sites 90 and 180 degrees from the treated area
and cultured for fibroblast outgrowth showed
normal outgrowth. In one study” it was
pointed out that biopsies taken 90 degrees
from the centre of the treatment area were only
1-2 mm from the edge of the treatment area.
Clearly there is a rapid fall off in clinical effect

129 30
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when either 5-FU or mitomycin C is applied
intraoperatively. Our findings confirm that
there is a rapid fall off in tissue 5-FU levels
either side of the treated area in this model and
that treatment is relatively focal.

The papers listed in Table 1 have all used
sponges to apply intraoperative antimetabo-
lites. The brand used varies considerably while
in many cases no brand is specified. Previous
work has looked at the absorption and release
of mitomycin C solution by four brands of sur-
gical spear.®® Merocel sponge spears were
shown to absorb significantly more solution
than the other brands that included Weck-cell
but not Altomed. However, saturated Weck-
cell spears released more solution when placed
on filter paper than did the other three. Our
results compared three different sponge makes
with the same dry cross sectional area and
found that Altomed sponges deliver signifi-
cantly more "*C 5-FU and with less variability
than Weck-cell or Merocel sponges. This is
important because if surgeons change sponges
they may get different clinical effects depend-
ing on the sponge type used. Discussions with
the manufacturers of Altomed sponges failed
to yield any explanation for their delivery prop-
erties

In their review of American and Japanese
clinical practice Chen et al ** showed that most
surgeons altered application time rather than
antimetabolite concentration between clinical
situations. Two prospective studies” ' have
compared different mitomycin C concentra-
tions applied for the same time. Neither found
a difference in success rates. Both studies
found that cataract progression was higher in
the arm wusing a higher concentration of
mitomycin C. A large case series'® compared
patients receiving a 3—5 minute application of
either 0.2 mg/ml or 0.5 mg/ml mitomycin C.
No difference was found in IOP or complica-
tion rates. No studies have compared the effect
of different concentrations of 5-FU. Our study
shows that diluting the 25 mg/ml 5-FU
solution by a factor of 4 significantly reduces
the conjunctival levels by a factor of 4. Our
study suggests that it may be more logical to
vary concentrations rather than delivery time.
Delivery times less than 2—3 minutes are on the
exponential part of the uptake curve and may
therefore give rise to large variability in
delivery.

Consistently successful surgery requires the
control of as many variables as possible. Papers
describing the application of intraoperative
antimetabolites usually mention antimetabo-
lite concentration and application time. Our
work confirms that these variables are impor-
tant in determining tissue delivery of 5-FU,
although applying a sponge soaked in 5-FU
beyond 3 minutes is unlikely to be useful. The
lesser quoted and variable (Table 1) properties
of types of sponge can alter tissue delivery by as
much as 100%. Our study has limitations
because it was carried out on cadaver eyes. We
would not expect the uptake of drug to be very
dissimilar in a live animal because of the
limited blood flow in the tissues involved.

Wilkins, Occleston, Kotecha, et al

Understanding the effect that particular
application factors have, allows the ophthal-
mologist to have more control on the amount
of antimetabolite delivered to tissues. This
should give more reproducible results in the
same clinical situation while permitting the
dose delivered in high risk cases to be better
controlled. If studies from different centres are
to be compared then it is important that deliv-
ery variables are standardised.
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