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trabeculectomies in Sweden
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Abstract

Aim: To evaluate the results of a long-term follow-up after two different types of surgical techniques: trabeculectomy with
or without mitomycin-C.

Materials and methods: This study is a retrospective chart review of patients operated on with a primary trabeculectomy
at the Eye Department of the Skaraborg Hospital, Skovde, Sweden. Complete success was defined as intraocular pressure
=< |8mmHg (criterion |) or intraocular pressure reduction =30% (criterion 2) without eye drops postoperatively. Qualified
success was defined using the same criteria (I and 2), but patients were treated or untreated with eye-drops.

Results: A total of 167 patients were included in this retrospective study, 83 patients in the no-mitomycin-C group
and 84 patients in the mitomycin-C-treated group. No significant difference was found in intraocular pressure reduction
between the mitomycin-C and no-mitomycin-C group (t-test; p=0.19). Complete success using criterion | was 66.2% in
no-mitomycin-C and 62.8% in mitomycin-C (p =0.88); success using criterion 2 was 76.6% in the no-mitomycin-C and 64.2%
in the mitomycin-C group (p=0.21). Qualified success using criterion | was 71.4% in the no-mitomycin-C and 74.4% in the
mitomycin-C group (p=0.84); success using criterion 2 was 80.0% in the no-mitomycin-C and 84.4% in the mitomycin-C
group. All included patients were born in Sweden.

Conclusion: Mitomycin-C seems to add no benefits to intraocular pressure reduction after primary trabeculectomies in a
Swedish population.

Keywords
Mitomycin-C, glaucoma, surgery, Sweden

Date received: 22 February 2018; accepted: 17 May 2018

Introduction

Glaucoma is the second most common age-related eye dis-
ease in the world.! Preliminary calculations showed that
about 60 million people over 40 are affected around the
world.? The disease affects mainly older people, and an esti-
mated 1%—-2% of Swedes will suffer from glaucoma at some
point. This disease is the second most common cause of
blindness in the world.?

Glaucoma is a neurodegenerative disorder characterized
by the loss of retinal ganglion cells, leading to atrophy of the
optic nerve, thus progressive visual field effect/visual impair-
ment. The disease is usually caused by increased pressure in
the eye, but patients with normal intraocular pressure (IOP)
can also suffer from glaucoma. There is no cure for glau-
coma, and treatment is therefore intended to slow down its
progress by lowering eye pressure.* The IOP can be lowered
using eye drops laser or surgery. Still, it is unknown whether
any of the latter methods are better than others.?

There are different methods for operating on glaucoma.
Trabeculectomy is still the ‘gold standard’ among the differ-
ent surgical methods.® There is a wide variety of methods,
including trabeculectomy without additional treatment, trab-
eculectomy plus mitomycin-C (MMC), 5-fluorouracil
(5-FU) and so on. MMC’s alkylating properties inhibit DNA
replication, which led to its use first as an anti-cancer drug.
MMC is an agent that prevents scarring by inhibiting the
multiplication of cells that produce scar tissue. Other types
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of glaucoma surgery include deep sclerectomy, canaloplasty
and various types of shunt procedures. Comparisons among
studies are difficult to perform due to variation between dif-
ferent patient populations, diverse glaucoma stages, different
surgeons, other therapies and so on.”

The purpose of this study was to evaluate the results of a
2-year follow-up after adding MMC to trabeculectomy.

Materials and methods

This is a retrospective case—control study with a non-concur-
rent comparison group; we performed retrospective data col-
lection with different time periods for the two groups (chart
review). The method was chosen due to the fact that between
2004 and 2007, nearly all glaucoma patients were operated
by means of trabeculectomy without MMC. Between 2008
and 2009, different techniques were used, such as trabeculec-
tomy with implants, deep sclerectomy and so on. From 2009
to 2018, nearly all patients were operated on by means of
trabeculectomy with MMC. Inclusion criteria included
patients who underwent primary trabeculectomy with or
without MMC at the Department of Ophthalmology,
Skaraborg Hospital (SKAS), Skévde, Sweden.

Included patients were operated on between 2004 and
2007 for the group without MMC and between 2009 and
2012 for the group with MMC. All patients were followed up
for at least 2 years after surgery. Included patients were suf-
fering from normal tension glaucoma (NTG), secondary
glaucoma, primary open angle glaucoma (POAG) or exfolia-
tion glaucoma. Exclusion criteria included patients operated
on with a technique other than trabeculectomy, patients oper-
ated on before with a trabeculectomy and patients suffering
from diseases other than glaucoma. The following variable
was examined: eye pressure after surgery. Success or failure
was classified according to the World Glaucoma Association
(WGA)? Guidelines on Design and Reporting of Glaucoma
Surgical Trials. The whole study followed the recommenda-
tions of the WGA. The study was designed according to the
recommendations of the STROBE guidelines (www.strobe-
statement.org).

Definitions

Definitions used in this study were those stipulated by the
WGA.# Complete failure was defined as loss of light percep-
tion attributable to glaucoma or the necessity for further
glaucoma intervention. Certain postoperative surgical adjust-
ments, such as flap suturelysis, suture release, needling and
so on, had not been recorded as evidence of failure.
Successful result includes eye pressure <18 mmHg (crite-
rion 1) or pressure reduction =30% (criterion 2) from the
primary status that had been measured for at least two time
points. Complete success was defined as IOP <18 mm Hg
(criterion 1) or pressure reduction =30% (criterion 2) with-
out medication. Qualified success was defined as IOP

<18 mm Hg (criterion 1) or pressure reduction =30% (crite-
rion 2) with or without medication. Criteria 1 and 2 were
chosen according to the suggestions of the WGAS for moder-
ate glaucoma.

All patients underwent detailed ophthalmological exami-
nations before the operation. The best-corrected visual acu-
ity was measured using Snellen charts. IOP was measured at
least twice on different days using an adequately calibrated
Goldmann Applanation Tonometer (GAT). Baseline 10P
before surgery was defined as IOP on the patient’s full medi-
cal regimen just before surgery.® Gonioscopy was performed
with the patient sitting at the slit-lamp using a Zeiss-type
four mirror gonioprism to examine the anterior chamber
angle for neovascularization, pigmentation and grade of
depth. Just one eye per patient was included in the study;
when both eyes were operated on, one eye was chosen at
random. A dilated fundus examination was performed. After
pupil dilation, the optic nerve and posterior pole were exam-
ined at the slit lamp using a Volk 90 dioptre lens.

Preoperative and postoperative medications were
recorded as the number of medications and not as the num-
ber of bottles, as recommended by the WGA.3

Surgical technique. All patients were operated on under local
anaesthesia. A conjunctival peritomy was created to expose
the superior bare sclera. This peritomy was fornix-based.
Dissection of the subconjunctival space to provide a pathway
for the aqueous flow was then performed.

A rectangular partial thickness scleral flap was created in
the superior sclera, hinged at the limbus. The scleral flap was
dissected forward until the bluish grey zone at the limbus was
exposed. A sponge embedded in MMC 0.4 mg/mL was then
placed on the bare sclera for 3 min. The sponge was removed
afterwards, followed by generous irrigation of the subcon-
junctival space. An ostomy was then created underneath the
scleral flap using a Kelly punch device. A peripheral iridec-
tomy was created using forceps to pull the peripheral iris
through the ostomy site and scissors to create the iridectomy.
Two sutures (10-0 nylon) were then used to close the scleral
flap. The surgical technique was similar in the patients oper-
ated without MMC, but in this case, MMC was not used. The
flap was closed tightly enough to allow the anterior chamber
to remain formed. The conjunctival peritomy was then closed
using absorbable sutures. Five different surgeons performed
the surgery. Four of them were the same for both groups: with
or without MMC. One surgeon differed between the groups.
However, all the surgeons used the same surgical technique.
The author is not one of the surgeons.

Surgical follow-up

After glaucoma filtration surgery, the patient was seen on the
first post-operative day. All patients were treated with dexa-
methasone 1 mg/mL eye-drops (Isopto-Maxidex; Alcon
Laboratories, Fort Worth, Texas, USA) five times daily for
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Table |I. Baseline characteristics of the patients studied.

Group | (no MMC) Group 2 (MMC) Test p
Gender (F/M) 49/34 44/40 Chi-square (y?2) 0.11
Diagnosis (NTG/sec/POAG/Ex(.) 2/3/25/53 2/4/20/58 Chi-square (3?) 0.86
Age X =74.86+10.46. x=73.14%9.16. t-test 0.27

Range =65-89 Range =64-88
Number of medications before surgery x=3.721045 x=3.58+0.59 t-test 0.10
IOP before surgery (mmHg) x=28.7816.56 x=2759+6.40 t-test 0.35
Phakia/pseudophakia 63/20 56/28 Chi-square (y?2) 0.10
Visual fields mean deviation (MD) (dB) 10.57+2.34 10.24+2.22 t-test 0.89
Optic nerve cup/disc ratio 0.88+0.1 0.87+0.13 t-test 0.46
Glaucoma stage Early (MD <-6dB) (N/%) 6 (7.2%) 7 (8.3%) Chi-square (%?) 0.78
(European Moderate (MD = 6<-12dB) (N/%) 69 (83.1%) 71(84.6%) Chi-square (%?) 0.86
g'af-'cogna Advanced (MD = -12dB) (N/%) 8 (9.7%) 6 (7.1%) Chi-square (3?) 0.59

ociety

MMC: mitomycin-C; IOP: intraocular pressure.

4weeks post-operatively. A topical antibiotic was prescribed
to be used four times daily for the first week. No other kind of
topical medication was used (5-FU, MMC, etc.). Depending
on the patient’s clinical state and IOP, the follow-up interval
varied. A typical routine was to see the patient 1 week postop-
eratively and then every 1-2weeks afterwards for the first
2months. Then, the patients were checked every 4 months.

Complications were recorded according to the recom-
mendations of the WGA.® Hypotony was defined as IOP
<5mmHg. Cataract formation was defined as reduction in
the optical clarity of the natural lens producing sufficient
visual disturbance to require surgery. Endophthalmitis was
defined as infection of the globe contents that, even with
prompt aggressive treatment, often results in substantial loss
of visual function.

Choroidal detachment was defined as detachment of the
choroid layer visualized after pupil dilation examined at the
slit lamp using a Volk 90 dioptre lens. The diagnosis was
confirmed using an ultrasound device (Quantel Medical,
Clermont-Ferrand, France).

Statistics. The study follows the Guidelines on Design and
Reporting of Glaucoma Surgical Trials (WGA).® The guide-
lines recommend the use of Kaplan—Meier survival analysis
than a simple comparison between groups at a given follow-
up time. The two groups, that is, the two different types of
surgical techniques (trabeculectomy with or without MMC)
were compared using the log-rank test (Mantel-Cox).
Kaplan—Meier curves and log-rank test were performed
using the SPSS software (IBM, New Orchard Road Armonk,
New York, USA).

Sample size was also estimated according to the recom-
mendations of the WGA. The guidelines recommend the use
of Power and Sample Size Calculation (PS), a useful sample
size programme available free from the Vanderbilt University
(http://biostat.mc.vanderbilt.edu). Calculation of sample size
assumes an alfa error=0.05 and a statistical power of 80%.

The study will include one control per experimental subject
and an accrual interval of 24 months with no additional fol-
low-up after the accrual interval. The median survival time on
the control treatment was set to 18 months. If the true hazard
ratio (relative risk) of control subjects relative to experimen-
tal subjects is 0.5, the study will need to include 77 experi-
mental subjects and 77 control subjects to be able to reject the
null hypothesis. The null hypothesis is that the experimental
and control survival curves are equal with a power of 80%.
The alfa error associated with this test of the null hypothesis
is 0.05.

The study followed the Tenets of the Helsinki Declaration.
The study was approved by the Gothenburg Ethical
Committee (DN: 1050-13).

Results

A total of 167 patients were included in this retrospective
study: 83 in the no-MMC group and 84 in the MMC-treated
group. All included patients were White individuals born in
Sweden and their parents also were born in Sweden. In four
cases, parents were born in Finland. No Africans, Asian and
other non-White patients were included.

No significant differences were found between the groups at
baseline regarding gender (p=0.11), diagnosis (p=0.86), age
(p=0.27), number of medications (p=0.10), IOP before sur-
gery (p=0.35), frequency of phakia/pseudophakia (p=0.10) or
visual field damage (p=0.89) (Table 1).

Regarding the IOP reducing effect of trabeculectomy, in
the no-MMC group, IOP decreased from preoperative average
28.78-13.91mmHg (difference=14.87mmHg) postopera-
tively. The IOP reduction was significant (t-test; p=<0.0001).
In the MMC group, IOP decreased from preoperative average
27.80-12.72mmHg (difference=15.07mmHg) postopera-
tively. The IOP reduction was significant (t-test; p=<0.0001).
The IOP reduction comparing both groups (no MMC vs
MMC) showed to be no significant (t-test; p=0.19).
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Figure 1. Kaplan—Meier curves showing cumulative survival in
complete success (IOP reduction without eye drops for criterion
I (=18mmHg IOP).
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Figure 2. Kaplan—Meier curves showing cumulative survival in
complete success (IOP reduction without eye drops for criterion
2 (=30% IOP reduction).

Complete failure was n=4 (4.8%) in the no-MMC group
and n=5 (6%) in the MMC group. The difference was sta-
tistically insignificant (y2; p=0.85). In both groups, all
patients were classified as ‘failure’ if new glaucoma surgi-
cal intervention was needed within 2years after initial
surgery.

Complete and qualified success did not differ signifi-
cantly between the no-MMC and MMC group. The results
are presented in Figures 1-4 and summarized in Table 2.

Before surgery, all patients (n=167) were being treated
with medications. The average number of medications was
3.65+0.52:3.72+0.45 in the no-MMC group and 3.58£0.59
in the MMC group. At the end of the study, n=130 (78%)
patients were not taking any medication. A total of n=70
(84%) of them were in the No-MMC group and n=60 (71%)
in the MMC group. The difference was not significant (2,

Figure 3. Kaplan—Meir curves showing cumulative survival in
qualified success (IOP reduction with and without eye-drops) for
criterion | (<18 mmHg IOP).
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Figure 4. Kaplan—Meier curves showing cumulative survival in
qualified success (IOP reduction with and without eye drops for
criterion 2 (=30% IOP reduction).

p=0.06). The average number of medications after surgery
was 1.92+0.74. The number of medications was 1.68+0.67
in the no-MMC group and 2.16+0.82 in the MMC group.
The difference was statistically significant (t-test; p=0.04).
A significant majority of the operations were performed by
the same surgeon: n=48 (59%) in the no-MMC group and n=50
(60%) in the MMC group. Another surgeon performed n=18
(22%) in the no-MMC and n=17 (20%) in the MMC group. The
rest of the operations (around 20%) were performed by three dif-
ferent surgeons (two of them included in both the no-MMC and
MMC groups). All surgeons were senior consultants. No signifi-
cant difference was found among the various surgeons regarding
IOP reduction after surgery in the MMC group (ANOVA:
F=0.87, p=0.48). IOP reduction after surgery was measured as
a percentage. Nor was any significant difference found in the
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Table 2. Comparisons between MMC and no MMC groups regarding complete and qualified success.
Group | Group 2 Test p
(no MMC), % (MMCQ), %
Complete success (without eye drops) 66.2 62.8 Log-rank (Mantel-Cox) 0.88
criterion | (=18 mmHg IOP)
Complete success (without eye drops) 76.6 64.2 Log-rank (Mantel-Cox) 0.21
criterion 2 (=30% IOP reduction)
Qualified success (with and without eye 714 744 Log-rank (Mantel-Cox) 0.84
drops) criterion | (=18 mmHg IOP)
Qualified success (with and without eye 80.0 84.4 Log-rank (Mantel-Cox) 0.60

drops) criterion 2 (=30% IOP reduction)

MMC: mitomycin-C; IOP: intraocular pressure.

Table 3. Complication rate after trabeculectomy.

No MMC MMC Test p
N (%) N (%)
Hyphema 5 (6) 7 (8.3) Chi-square 04|

Hypotony <5mmHg 20 (24.1)
Choroidal detachment 10 (12)
Cataract operation 16 (19)
Needling 21 (25)

39 (46.4) Chi-square 0.00022
23 (27.8) Chi-square 0.00072
30 (35) Chi-square 0.0032
22 (26)  Chi-square 0.82

MMC: mitomycin-C.
2Comparisons were shown to be significant.

no-MMC group among different surgeons regarding IOP reduc-
tion after surgery (ANOVA: F=0.22, p=0.88).

Complications were graded according to the WGA rec-
ommendations. Hypotony, defined as IOP <5 mmHg, was of
24.1% in the no MMC meanwhile in the MMC group the
frequency was 46.4%. The difference was statistical signifi-
cant (chi-square, p=0.0002). Hypotony was probably
induced by an excessive filtration due to the use of MMC.
The frequency of cataract operation was higher in the MMC
group (35%) than in the no-MMC group (19%) (chi-square,
p=0.03). The results are summarized in Table 3.

Discussion

This study did not show any influence on IOP reduction
when MMC was used during primary trabeculectomy. The
use of MMC as an adjuvant in eye surgery was extensively
published at the beginning of the 1990s.” MMC has also
been widely used in pterygium surgery.!® Theoretically,
MMC reduced scarring at the ostomy in trabeculectomy,
yielding better results after surgery. The Cochrane Database
published a systematic review in 2005'!" providing support
for the use of MMC in trabeculectomy. The review consid-
ered different indications and concluded that MMC could
yield better results in trabeculectomies. Unfortunately for
primary trabeculectomies, the review was based on just four
studies'> 15 with a reduced number of patients included and
short follow-up. In 1997, Martini et al.!> published a small

randomized clinical trial (RCT) including 60 eyes that were
randomized to MMC 0.1 mg/mL or no-MMC. They found a
significant difference in IOP after 1-year follow-up.
However, in an RCT (published in 2006) conducted by
Girma et al.,' they did not find any differences in IOP reduc-
tion after addition of MMC. Several fall series describing the
results after addition of MMC were published, but these
studies had short follow-up, small numbers of patients
included and no control groups.'”!? Although MMC has
been used for over 20years, very few RCTs were found in
the literature to support the use of MMC in primary
trabeculectomies.

The general results (with or without MMC) after trab-
eculectomy from this study showed an average complete
success of 67.5% (without eye drops) and an average quali-
fied success of 77.5% (with and without eye drops).
Trabeculectomy seems to be an excellent way to reduce IOP
in glaucoma patients studied 2 years after surgery. The crite-
ria for defining success (IOP <18 mmHg or IOP reduction
=30%) were based on the recommendations of the WGA for
moderate glaucoma. Both criteria are quite strict compared
to the criteria used in clinical decisions. Considering that
around 5.5% of patients were classified as a total failure due
to the necessity of a new surgery, the clinical results of trab-
eculectomy were as high as 94.5%. There is a difference of
17% between the success criteria chosen for the study and
clinical practice. Patients who did not reach levels of success
according to the criteria selected were nevertheless classified
as success in clinical practice.

The study did not identify any endophthalmitis complica-
tions. The risk for endophthalmitis was estimated to be 1.1%
over Syears in a previous study.?’ Greenfield et al.?! reported
endophthalmitis frequency about 2.1% in 3-year follow-up and
detected the use of MMC and inferior placed filtration bleb as
risk factors for endophthalmitis. This study had too short fol-
low-up (2years) to detect the presence of endophthalmitis.

Hypotony was a common complication after trabeculec-
tomy. In general, it was a transient problem, but in three
cases in the MMC group, it lasted more than 3 months and
resulted in hypotony maculopathy with poor visual out-
comes. Hypotony maculopathy after using MMC was found



SAGE Open Medicine

to be 8.9% in a Syears’ retrospective study.?? No patients
developed hypotony maculopathy in the no-MMC group.

Cataract formation after trabeculectomy is a well-known
complication. This study showed a significant difference
between the no-MMC (19%) and MMC (35%) group.
These results are consistent with previous studies.!! Due to
this study’s retrospective nature, it cannot be determined
whether the increased number of cataracts had a direct rela-
tionship with the use of MMC. It is possible that more
patients with cataracts before trabeculectomy were included
in the MMC group. However, it seems reasonable that
MMC could have some toxicity over the lens, inducing
cataract formation.

The number of medications after surgery was reduced sig-
nificantly. A total of 70% of patients were without any treat-
ment after surgery. The rest of the patients (30%) still needed
medication. The average number of medications among them
declined from 3.65+0.52 to 1.92+0.74. Fewer medications
translates to reduced adverse effects, costs and so on. The dif-
ference between the number of medications used in the no-
MMC group (1.68+0.67) and MMC group (2.16+£0.82) was
significant (t-test; p=0.04). These results can be attributed to
the study design, which was clinically based.

The limitations of the study include its retrospective
design, multiple surgeons and a significant group of patients
suffering from exfoliation glaucoma, probably unrepresenta-
tive of the general population of patients with glaucoma.
Therefore, the study results may not apply to patients suffer-
ing from primary open-angle glaucoma. Furthermore,
patients were operated on during two different periods of
time, adding a certain bias to the results, probably due to dif-
ferences in types of medications. Another limitation of the
study is that the time of the day for IOP measurements was
not included in the medical records. The bleb appearance
was recorded in a very few cases so no analysis could be
done. Reibaldi et al.2* conducted a retrospective study and
found reduced IOP in the group treated with MMC compared
with a group treated with a balanced salt solution (BSS). In
this study, no placebo group was included, adding a certain
bias. Negative results usually raise the question of sample
size. This study included around 80 patients in each group.
Previous studies included around 60 patients in each
group.?>-25 The number of patients included in the study can-
not explain the negative results. Furthermore, this study
included four different criterion that were analysed, all
showing negative results. The use of Kaplan—Meier curves
increased the reliability of the study.

The dose of MMC used in this study (0.4 mg/mL for 3 min)
was based on previous evidence!32? and was the common
dose that the general part of ocular surgeons still use in
Sweden. Probably, the dose is too high for trabeculectomies in
virgin eyes (untouched conjunctiva) and in patients with
White ancestry. Unfortunately, the evidence in the literature is
limited regarding the concentration and the time MMC should
be used. No studies based on Scandinavian were found.

Previous studies included mostly POAG patients, and it is
possible that the concentration of MMC used in this study
was not high enough to make any difference in patients suf-
fering from pseudoexfoliation glaucoma. However, the
Swedish population is known for its tendency to have a low
rate of tenoconjunctival and scleral fibrosis after filtering
procedures. Comparisons between studies are difficult to
perform due to different populations, techniques, endpoint
definitions and so on.

Conclusion

In conclusion, this study showed no difference in IOP reduc-
tion when MMC was added to primary trabeculectomies in
Swedish patients. An increased number of complications
were detected in the MMC group.

Clinical significance

Although this is a retrospective study with its bias, results should
indicate a possible absence of effect of MMC in primary trab-
eculectomies in Swedish patients. Further randomized control tri-
als, including a more substantial number of glaucoma patients, are
still needed to prove the beneficial effects of MMC in glaucoma

surgery.
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