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ABSTRACT

Introduction: Trabeculectomy is commonly
performed for glaucoma when medications are
unable to control disease progression or have
intolerable adverse effects. Previous studies have
suggested that a higher number of and/or
longer treatment duration with preoperative
topical glaucoma medications are associated
with a higher risk of trabeculectomy failure, but
most of these studies lack quantification of
exposure. The aim of this study was to investi-
gate the relationship between preoperative
exposure to topical glaucoma medications and
trabeculectomy outcome, using a new method
for quantifying accumulated exposure.
Methods: Consecutive patients with primary
open-angle glaucoma (POAG) or normal-ten-
sion glaucoma (NTG) who underwent primary
trabeculectomy between 2013 and 2017 were
retrospectively reviewed. The Glaucoma Medi-
cations Intensity Index (GMII) was calculated
for each eye by multiplying the number of
drops per week by duration of use (in years). The

relationship between the GMII and postopera-
tive outcome in terms of 1- and 2-year success
rates and survival time was analyzed.
Results: A total of 55 eyes from 40 subjects were
analyzed, all with follow-up[6 months (mean
2.72 ± 1.46 years). The GMII for eyes with suc-
cessful (n = 41) and failed (n = 14) outcome at
last visit was 111.71 ± 78.59 and
167.41 ± 85.04, respectively, and significantly
higher in failed eyes (P = 0.03). Univariate
regression analysis of age, gender, cup–disc
ratio, previous phacoemulsification, diabetes,
hypertension, dyslipidemia, preoperative num-
ber of glaucoma medications/treatment dura-
tion/intraocular pressure (IOP), and GMII
showed age and GMII to be possible predictors
of treatment failure. On subsequent multivari-
ate analysis, only GMII was correlated with
failure (odds ratio 1.021, 95% confidence
interval 1.00–1.05; P = 0.05). When GMII C 80,
the postoperative survival time was shorter
(P = 0.02), the 1-year IOP, number of glaucoma
medications, and number of needlings per-
formed were higher (P = 0.03, P \ 0.01, P \
0.03, respectively), and reduction in glaucoma
medication was less (P = 0.02).
Conclusion: The GMII can be used to predict
eyes at higher risk for trabeculectomy that may
benefit from additional perioperative interven-
tion or treatment. It can also help the surgeon
time the surgery before the GMII becomes too
high, thereby optimizing the patient’s postop-
erative outcome.
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Key Summary Points

Why carry out this study?

The success of many current glaucoma
surgeries (including trabeculectomy) are
dependent on the preoperative
conjunctival status, which is adversely
affected by exposure to topical glaucoma
medications.

Most eyes undergoing glaucoma surgery
have had long-term exposure to topical
glaucoma medications, but the effect of
this exposure has not yet been accurately
quantified.

Our aim was to quantify the threshold
exposure to preoperative topical glaucoma
medications that is associated with
increasingly poor postoperative outcome,
to help predict high-risk cases.

What was learned from the study?

The use of the Glaucoma Medication
Intensity Index (GMII) allows a more
accurate assessment of preoperative
exposure to topical glaucoma
medications.

A preoperative GMII C 80 was associated
lwith lower trabeculotomy success in
terms of postoperative survival time,
intraocular pressure, reduction in
medications, and subsequent requirement
for needling procedures.

Use of the preoperative GMII to predict
high-risk trabeculectomy cases can allow
the surgeon to plan accordingly and
optimize the patient’s postoperative
outcome.

INTRODUCTION

Glaucoma, together with macular degeneration,
are two of the leading causes of irreversible
blindness worldwide [1]. In 2010, 2.1 million
and 4.2 million people were reported to be blind
or visually impaired due to glaucoma, respec-
tively, corresponding to 6.6% cases of blindness
and 2.2% cases of moderate to severe visual
impairment globally [1]. In 2013, the total
number of people with glaucoma was estimated
at 64.3 million [2]. The goal of glaucoma treat-
ment is to prevent progression, and intraocular
pressure (IOP) is the most significant modifiable
risk factor [3, 4]. The aim of current glaucoma
management strategies are to reduce IOP [5] to a
level where disease progression or development
can be delayed or even prevented [6, 7].

There are several options for reducing IOP in
glaucoma. Due to the risk of potentially sight-
threatening complications [8] and the unpre-
dictable long-term outcome of glaucoma sur-
gery [9], most newly diagnosed patients are
treated initially with topical medications and/or
laser trabeculoplasty, followed by surgery.
Trabeculectomy and glaucoma drainage
implants are usually performed when the IOP
remains uncontrolled by non-surgical measures
[10]. Therefore, most glaucoma patients under-
going trabeculectomy have a long history of
using topical glaucoma medications
preoperatively.

It has been reported that the conjunctiva is
adversely affected not just by topical glaucoma
medications, but also by the accompanying
preservatives [11–15]. These changes include
increased numbers of macrophages, lympho-
cytes, and fibroblasts within the conjunctiva,
suggesting that subclinical chronic inflamma-
tion is associated with the use of topical glau-
coma eye drops [12, 15]. This inflammatory
effect may explain the poorer outcome from
trabeculectomy in eyes treated preoperatively
with glaucoma eye drops compared to those
that underwent early trabeculectomy [12, 16].
However, it is unknown whether this adverse
effect on trabeculectomy by glaucoma eye drops
occurs with any level of exposure or if it is dose
dependent.
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In this study, we retrospectively reviewed
consecutive patients from 2013 to 2017 who
underwent primary trabeculectomy at two
hospitals (but same department) in Hong Kong,
to determine whether trabeculectomy outcome
is dependent on the total accumulated exposure
or dose of preoperative topical glaucoma
medications.

METHODS

Study Design

Ethics approval for this study was obtained from
the Institutional Review Board of the University
of Hong Kong/Hospital Authority Hong Kong
West cluster (reference number: UW 18–487).
The study was conducted in accordance with
the Declaration of Helsinki of 1964 and its later
amendments.

All cases of trabeculectomy (International
Classification of Diseases, Ninth Revision [ICD-
9] code: 12.64) performed from 2013 to 2017 by
the Department of Ophthalmology of Hong
Kong West cluster, at Grantham Hospital or
Queen Mary Hospital, were identified using the
Clinical Data Analysis and Reporting System
(CDARS) of the Hospital Authority of Hong
Kong. The medical records of each eye were
reviewed for eligibility depending on their ful-
filment of the inclusion and exclusion criteria
using the centralized, electronic patient record
(EPR) system of the Hospital Authority.

The inclusion criteria were: (1) primary
open-angle glaucoma (POAG), normal tension
glaucoma (NTG), or ocular hypertension (OHT);
(2) primary trabeculectomy with mitomycin-C
(MMC), with or without combined pha-
coemulsification; (3) age C 18 years at the time
of surgery; and (4) follow-up of at least
3 months after surgery.

The exclusion criteria were: (1) prior surgical
procedures (including previous trabeculec-
tomy), apart from uncomplicated clear cornea
phacoemulsification; (2) prior laser cyclopho-
tocoagulation, iridoplasty, or iridotomy; (3)
prior laser trabeculoplasty within 4 weeks of
trabeculectomy (NOT excluded if performed [
4 weeks before trabeculectomy); (4) prior ocular

cryotherapy (including cyclocryotherapy and
retinal cryopexy); and (5) missing clinical data
for analysis due to incomplete medical record
(including patients initiated on glaucoma
treatment elsewhere).

As primary trabeculectomy without intraop-
erative MMC is very rarely performed in our
locality, it is unlikely any suitable subjects
would be excluded because of this inclusion
criteria.

All trabeculectomy procedures were per-
formed by one of six experienced (post-fellow-
ship) glaucoma specialists from the same
department, using a standardized fornix-based
approach and applying sterile cellulose sponges
soaked with 0.4 mg/mL MMC for 3 min directly
over the scleral bed and under the Tenon’s
capsule, prior to making the scleral flap. None
of the eyes had received any pre-medication
(steroid or non-steroidal anti-inflammatory
drug) before the surgery. Postoperatively, all
subjects were followed in the glaucoma clinic,
and the study eye received routine postopera-
tive treatment with topical antibiotic and ster-
oid, or with a combination antibiotic/steroid
formulation (levofloxacin 0.5% ? prednisolone
acetate 1%, or combined dexamethasone
0.1% ? neomycin 0.5%), four to eight times per
day for 4–12 weeks, according to clinical
indications.

Each study eye was recorded separately for
subjects with both eyes eligible. The following
information was collected for each subject or
study eye:

• Subject:

– gender
– age (at the time of surgery)
– ethnicity

• Study eye:

– laterality
– cup–disc ratio (CDR)
– type of glaucoma (POAG, NTG or OHT)
– surgical details
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– pre- and postoperative visual acuity (VA),
IOP, and glaucoma medications

– any co-existing ocular pathology
– any postoperative ocular adverse event,

whether related or not to the trabeculectomy

Preoperative Topical Glaucoma
Medication Exposure Measurement

We adopted and modified the treatment inten-
sity index from Saade et al. [17], which we
renamed as the Glaucoma Medication Intensity
Index (GMII) to differentiate it from its simpler
predecessor. In the study by Saade, the intensity
index (the total number of all eye drops applied
per week, multiplied by treatment duration in
years) was used to represent the total treatment
or exposure load to the eye up to the study time
point. However, it was uncertain how the cal-
culation was done when the number of drops
varied over time; i.e., whether the ‘‘number of
drops per week’’ was an average or median for
the entire treatment duration, whether propor-
tional weighting based on actual usage duration
was done, or whether the calculation was just
based on the treatment regimen at recruitment
(even though many patients initially started on
one medication may have been using more
than one by the time of recruitment).

In this study, we clarified the preoperative
exposure load by subdividing the total treat-
ment duration into different time intervals
whenever the number of drops used varied. The
number of drops used per week during a par-
ticular interval would then be multiplied by the
duration of that specific treatment (in years or
fraction of a year) to obtain a sub-index. The
final index is the sum of all sub-indices:

GMII = (drops per week1 9 therapy dura-
tion in years1) ? (drops per week2 9 ther-
apy duration in years2) ? (drops per week3
9 therapy duration in years3) ? …….

For example, if the right eye of a patient has
been treated with glaucoma eye drops for
10 years, with 7 drops per week during the first
4 years, followed by 21 drops per week during
the last 6 years, then the GMII for that eye is (7
9 4) ? (21 9 6) = 154. The GMII was calculated

for all eligible eyes in this study. In the GMII
calculation, fixed-combination eye drops were
counted as one drop for each application, irre-
spective of the number of component medica-
tions within that drop.

Definition of Medication Exposure,
Medication Duration, and Medication
Requirement

For the definition of ‘‘medication exposure’’, we
counted each fixed-combination of glaucoma
eye drops used preoperatively as a single medi-
cation, similar to the study by Saade et al. [17]
and as used in our GMII calculation. ‘‘Medica-
tion duration’’ is simply the duration of preop-
erative glaucoma eye drop use in the study eye.
While both medication exposure and duration
are related to GMII, they are intentionally
included in our analysis as ‘‘controls’’ to com-
pare their predictive performance (for tra-
beculectomy failure) with GMII. To avoid
confusion, we used the term ‘‘medication
required’’ or ‘‘medication requirement’’ for
defining the actual number of medications
used, so that each fixed-combination of eye
drops is counted as two medications.

This delineation of medication exposure and
duration (determined preoperatively) from
medication requirement (determined both pre-
operatively and postoperatively) can better
reflect the degree of preoperative exposure than
counting each component separately for a
fixed-combination of eye drops, as one of the
major advantage of these formulations is
reduction of the total number of drops used,
even for preservative-free eye drops (for exam-
ple, a prostaglandin analog and a beta-blocker is
3 drops/day in total; a combination formulation
reduces this to 1 drop/day).

The use of ‘‘medication requirement’’ in our
study is mainly for analyzing success criteria,
comparing the preoperative with the postoper-
ative requirement. Obviously, the actual num-
ber of glaucoma medications required for IOP
control would be needed for such analysis since
an eye requiring a prostaglandin analog/beta-
blocker fixed-combination drop to achieve
‘‘success’’ status would be less successful than
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another eye requiring monotherapy with a
prostaglandin analog drop only.

Outcome Measurement

Failure criteria were defined as:

• IOP[ 21 mmHg or\20% reduction on two
consecutive visits at least 3 months after
initial trabeculectomy, with or without use
of glaucoma medications

• Requirement for an additional procedure to
reduce IOP (including tube-shunt, repeat
trabeculectomy, cyclophotocoagulation),
except for:

– lysis, cutting, or removal of scleral flap
sutures

– subconjunctival 5-fluorouracil or MMC
injections

– bleb needling
– loss of light perception (because of the

trabeculectomy, or a complication of this
procedure)

Eyes fulfilling any of the above failure criteria
postoperatively were recorded at that time
point to have failed, along with the survival
duration (time from initial trabeculectomy).
Eyes which have not fulfilled any of the above
failure criteria at the relevant study time points
were deemed to be successful.

• Primary outcome:

• Success rate at the 1-year and 2-year time
points

• Secondary outcome:

• Survival time

– duration between the initial trabeculectomy
to the occurrence of any one of the above

failure criteria is recorded as the survival
time

• Other individual indicators of postoperative
success:

– IOP
– bleb-needling procedure performed
– glaucoma medication requirement

• Effect of different types of preservative
exposure on postoperative success

Statistical Analysis

Two-sample equal and unequal variance t-tests
were used to compare the mean of continuous
data, depending on whether the two groups of
data have equality of variance from the F-test.
Univariate and multivariate regression analyses
were used to test for the association between
various continuous and categorical variables
with trabeculectomy outcome. A P value B 0.05
was considered to be statistically significant.
Survival analysis and log-rank test were also
performed to compare the survival distributions
of eyes with GMII above and below an esti-
mated cutoff value.

RESULTS

Of the 126 trabeculectomies performed from
2013 to 2017, 71 were excluded from the study,
mostly due to the diagnosis being angle closure
glaucoma or uveitic glaucoma, the eye had had
previous glaucoma procedures apart from laser
trabeculoplasty, or the procedure was incor-
rectly coded as trabeculectomy (occasionally
occurs with deep sclerectomy and trabectome).
This left a total of 55 eyes of 40 subjects (all were
Chinese) with a mean overall postoperative
follow-up duration (± standard deviation [SD])
of 2.72 ± 1.46 (range 0.60–6.88) years. There
were 27 right and 28 left eyes, with 44 having
POAG and 11 with NTG (there was no OHT).
The mean preoperative IOP and medications
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required overall was 22.89 ± 7.13 mmHg and
3.51 ± 0.77, respectively. The other preopera-
tive characteristics of the subjects and study
eyes, overall and according to outcome at final
visit, are summarized in Table 1. Most eyes (50/
55) had baseline Snellen VA better than 20/200;
there were two eyes with 20/200, and one each
with 20/1200, finger counting and hand
movement only. Overall, 14 eyes had failed by
the last visit (all had follow-up duration [
6 months). Five (2.5%) and ten (25.0%) sub-
jects, or six (10.9%) and 19 (34.5%) eyes, that
were lost to follow-up before the 1-year and
2-year visits, respectively. By the 1-year and
2-year time points, nine (of 49) and 12 (of 36)
eyes had reached failure criteria, respectively. As
there was only one case of concurrent pha-
coemulsification, with the eye reaching failure
criteria after 33 weeks and with a GMII of 120,
this preoperative variable was not used in sub-
sequent analyses. None of the subjects were
documented in the medical record as being
non-compliant with their prescribed glaucoma
treatment for any significant period of time.

The preoperative mean age, GMII, treatment
duration, medication exposure, medication
requirement, CDR, and IOP were assessed for
association with surgical failure at 1 and 2 years
postoperatively and at the last follow-up visits,
as summarized in Table 2. The definitions for
medication exposure and requirement were as
stated in the Methods section, and the preop-
erative value is the number that was used in the
study eye just prior to the trabeculectomy pro-
cedure. Comparison of these values between the
failed and successful eyes showed that only age
and GMII were significantly higher in the failed
eyes at the 1-year follow-up and the last visit. As
expected, the number of failures increased over
time, with nine failures at the 1-year follow-up,
11 at the 2-year follow-up, and 14 by the last
visit, with failed cases having significantly
longer follow-up duration than the successful
ones. The preliminary univariate logistic
regression analysis of preoperative variables on
trabeculectomy failure (age, gender, CDR, pre-
vious phacoemulsification, diabetes (DM), sys-
temic hypertension (HT), dyslipidemia,

Table 1 Preoperative characteristics of subjects and study eyes according to their outcome at last visit

Characteristics Success Failure Overall

Number of eyes 41 14 55

Age (years) 64.68 ± 10.08 72.29 ± 12.05 66.62 ± 11.02

Female:male 9:32 6:8 15:40

Right:left eyes 21:20 6:8 27:28

POAG:NTG 33:8 13:1 46:9

CDR 0.84 ± 0.10 0.80 ± 0.14 0.83 ± 0.11

Intraocular pressure (mmHg) 22.32 ± 6.04 24.57 ± 9.72 22.89 ± 7.13

Medication requirement 3.49 ± 0.68 3.57 ± 1.02 3.51 ± 0.77

Previous phacoemulsification 11 8 19

Concurrent phacoemulsification 0 1 1

Diabetes 11 1 12

Systemic hypertension 24 7 31

Dyslipidemia 15 4 19

Values in table are presented as the mean ± standard deviation (SD) or as the frequency (number of eyes or patients)
CDR Cup–disc ratio, NTG normal tension glaucoma, POAG primary open-angle glaucoma
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medication exposure, medication requirement,
treatment duration, IOP, GMII) revealed that
for eyes followed for C 1 year, three were pos-
sibly correlated (P B 0.15) and, therefore, can-
didates for further multivariate analysis [18]:
age (P = 0.04), previous phacoemulsification
(P = 0.07) and GMII (P = 0.08). Subsequent
multivariate analysis using a backward stepwise
regression model with the lowest Akaike infor-
mation criterion (AIC) of 58.26 and age, CDR,
DM, (HT), treatment duration, and GMII as
covariables found that only GMII was a signifi-
cant predictor of failure (odds ratio [OR] 1.021,
95% confidence interval [CI] 1.002–1.046;
P = 0.05), while age no longer was (Table 3).
Using age, history of previous phacoemulsifi-
cation, and GMII (all P\ 0.15 on univariate
analysis) as covariables in another multivariate
model with a higher AIC of 59.38 (hence less
predictive performance) showed that none of
these variables were significantly correlated
with failure (all P[0.05).

Although the mean GMII was significantly
higher in failed eyes, there was a large overlap of

GMII values between the failed and successful
group, as shown in Fig. 1. After plotting the
GMII values of all study eyes in the same bro-
ken-line graph, we observed that most failed
eyes had GMII C 80, which is close to the value
(74.32) corresponding to the point with the
highest Youden’s Index on the receiver operat-
ing characteristic curve for predicting failure
with GMII. With further testing using both
GMII = 75 and GMII = 80 as cutoff values in
logistic regression analyses for a ‘‘high’’ GMII
(defined as either GMII C 75 or C 80) as possible
predictors for failure at the 1-year follow-up, we
noted that GMII C 80 (OR 9.75, 95% CI
1.66–187; P = 0.04) was a better predictor of
failure than GMII C 75 (OR 7.68, 95% CI
1.29–147; P = 0.06). We therefore chose the
cutoff value of 80 to categorize GMII as being
low (GMII\ 80) or high (C 80). Using this GMII
cutoff to divide our study eyes into two groups,
those with a low and high preoperative GMII,
respectively, at the last follow-up visit (n = 55,
all with follow-up[ 6 months), the success rate
of the low GMII group (mean follow-up

Table 3 Logistic regression analysis of preoperative factors predicting failure of trabeculectomy at the 1-year follow-up

Variables Univariate analysis Multivariate analysis

OR 95% LB 95% UB P value OR 95% LB 95% UB P value

Age (years) 1.07 1.01 1.15 0.04* 1.07 1.00 1.17 0.08

Gender (male) 0.46 0.12 1.73 0.24

CDR 0.97 0.93 1.03 0.30 0.94 0.87 1.00 0.06

Previous phacoemulsification 3.33 0.93 12.66 0.07

Diabetes 0.22 0.01 1.38 0.17 0.16 0.01 1.61 0.18

Systemic hypertension 0.67 0.19 2.35 0.52 0.25 0.03 1.32 0.13

Dyslipidemia 0.87 0.20 3.28 0.85

Medication exposure 1.68 0.68 4.51 0.28

Medication requirement 1.33 0.60 3.12 0.49

Treatment duration (years) 1.12 0.93 1.36 0.23 0.68 0.39 1.08 0.13

IOP (mmHg) 1.04 0.96 1.13 0.34

GMII 1.01 1.00 1.02 0.08 1.02 1.00 1.05 0.05*

Multivariate model based on lowest Akaike information criterion (AIC) with backward stepwise selection
LB Lower bound, OR odds ratio, UB upper bound
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2.43 ± 1.75 years) was 95%, and significantly
higher than the high GMII group’s (mean fol-
low-up 2.89 ± 1.40 years) success rate of 63%
(P\0.01), while there was no significant dif-
ference between the duration of follow-up of
the two group (P = 0.27). At the 1-year time
point, the success rate was 94% in the low GMII
group (n = 16) and 76% in the high GMII group
(n = 33), while at the 2-year time point, the
success rate was 90% in the low GMII group
(n = 10) and 56% in the high GMII group
(n = 25), although the differences in success
rates were not statistically significant in either
case (1-year P = 0.13, 2-year P = 0.06). We also
performed survival analysis for both groups.
The respective Kaplan–Meier survival curves in
Fig. 2 showed a significantly lower survival
(higher failure) rate for eyes with a high GMII
(log-rank, P = 0.02). When we repeated uni-
variate logistic regression analysis using GMII as
a categorical variable (low or high, instead of a
continuous variable), apart from a high GMII
(as noted above), increasing age (OR 1.07, 95%
CI 1.01–1.15; P = 0.04) was also associated with
higher odds of failure at the 1-year follow-up, as
shown in Table 4.

As age (together with GMII) was significantly
higher in the failed group (Table 2) and
increasing age was shown to be a risk factor for
postoperative failure on the univariate but not
multivariate analysis (Table 3), we performed
linear and logistic regression analyses for pre-
dicting the GMII value and category (low or
high), respectively, using preoperative factors
independent of GMII calculation, such as age,
gender, CDR, previous phacoemulsification,
DM, HT, and dyslipidemia, as possible

Fig. 1 Distribution of the GMII among all subjects, showing overlap of failed (gray portion of bar) and successful (black
portion of bar) cases

Fig. 2 Kaplan–Meier survival curves of eyes with low
(\ 80) and high (C 80) GMII

Ophthalmol Ther (2022) 11:387–401 395



confounding variables. Only increasing age was
significantly correlated with both higher GMII
(OR 10.42, 95% CI 1.024–106.1; P = 0.05) and
classification as high GMII (OR 1.106, 95% CI
1.03–1.21; P = 0.01), while none of the other
preoperative variables showed a significant
association with GMII.

We also compared the IOP and glaucoma
medications at baseline, and the IOP, glaucoma
medications (and reduction from baseline), and
number of bleb-needling procedures at the
postoperative 1-year time point, between eyes
with low and high GMII. These findings are
summarized in Table 5. We did not compare the
2-year outcome of these variables due to the
high number of dropouts at that time point.
Both groups had similar IOP and number of
glaucoma medications used at baseline. At the
postoperative 1-year time point, IOP, number of
glaucoma medications used, and number of
bleb-needling procedures performed were sig-
nificantly lower in the low GMII group (14.19 ±

3.73 mmHg, 0.44 ± 1.03, and 0.06 ± 0.25,
respectively) than in the high GMII group
(17.45 ± 5.32 mmHg, 1.88 ± 1.92, and

0.48 ± 1.03, respectively; P = 0.03, P\ 0.01,
and P = 0.03, respectively). The reduction in
glaucoma medications at the 1-year follow-up
from baseline was also significantly larger in
eyes with low GMII (2.81 ± 1.47) compared to
high GMII (1.67 ± 1.69) (P = 0.02).

Finally, we attempted to explore the role of
preservatives in glaucoma eye drops on post-
operative outcome. However, as all study eyes
(n = 55) were exposed to at least one of three
preservatives preoperatively (benzalkonium
chloride, polyquaternium-1, and stabilized
oxychloro complex, it was not possible to make
comparison with eyes not exposed to preserva-
tives. Instead, we conducted regression analysis
to assess the odds of failure with each preser-
vative or combination of preservatives, but
none were statistically significant, as shown in
Table 6.

DISCUSSION

Multiple human and animal studies have
shown that exposure to topical glaucoma

Table 4 Logistic regression analysis of preoperative factors predicting failure of trabeculectomy at the 1-year follow-up using
the Glaucoma Medication Intensity Index (GMII) C 80 cutoff to define ‘‘High GMII’’

Variables Univariate analysis

OR 95% LB 95% UB P value

Age (years) 1.07 1.01 1.15 0.04*

Gender (male) 0.46 0.12 1.73 0.24

CDR 0.97 0.93 1.03 0.30

Previous phacoemulsification 3.33 0.93 12.66 0.07

Diabetes 0.22 0.01 1.38 0.17

Systemic hypertension 0.67 0.19 2.35 0.52

Dyslipidemia 0.87 0.20 3.28 0.85

Medication exposure 1.68 0.68 4.51 0.28

Medication requirement 1.33 0.60 3.12 0.49

Treatment duration (years) 1.12 0.93 1.36 0.23

IOP (mmHg) 1.04 0.96 1.13 0.34

High GMII 9.75 1.66 187.00 0.04*
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medications and their preservatives can induce
subclinical chronic inflammation of the con-
junctiva [11, 13, 15, 19–22], which predisposes
to scarring of the filtration site following tra-
beculectomy and may limit postoperative suc-
cess. This effect appears to be reflected in the
multicenter Collaborative Initial Glaucoma
Treatment Study (CIGTS), where using a mixed
model-effects model the initial trabeculectomy
group had lower predicted IOP at 5 years com-
pared to the initial medication group, even
when subsequent trabeculectomy was per-
formed, suggesting a detrimental effect of
glaucoma medication [23]. However, there have

been few attempts at quantifying the associa-
tion between preoperative use of topical glau-
coma medication and postoperative outcome
after trabeculectomy [12, 16]. These studies
have reported better trabeculectomy outcome
in eyes that used topical glaucoma medications
for\ 8 weeks (compared to[ 1 year) [16],
or\3 years (compared to C 3 years) with no
difference between\3 months and\3 years
[12]. We believe the highly variable (and
sometimes contradictory) outcomes reported
were likely due to the wide variance in the
number of medications and/or dosing regimens
used by subjects in these studies. Even when the
number of medications was analyzed, it was
often assumed, incorrectly, that the most recent
(preoperative) prescriptions had remained
unchanged since treatment initiation. Also, the
generalizability of the results of these studies,
conducted in the 1990s, to current practice is
questionable, as the glaucoma medications
commonly used at the time (such as miotics)
have since changed dramatically, with an ever-
increasing number of newer drugs and fixed-
combination eye drops becoming available [24].
This has generally allowed for a lower number
of drops required daily, which should result in
few ocular surface disorders and possibly better
trabeculectomy outcome.

Based on the ‘‘intensity index’’ presented by
Saade et al. from their work on the association
between topical glaucoma medications and

Table 5 Postoperative mean intraocular pressure, number of bleb-needling procedures performed, and reduction of glau-
coma medications (from baseline) at 1 year

Variables Overall Low GMII (< 80) High GMII (‡ 80) P

Number of eyes 49 16 33 –

Baseline IOP (mmHg) 22.94 ± 7.52 21.75 ± 6.67 23.52 ± 7.93 0.45

Baseline medications (n) 3.45 ± 0.79 3.25 ± 0.93 3.55 ± 0.71 0.22

IOP at 1-year (mmHg) 16.39 ± 5.06 14.19 ± 3.73 17.45 ± 5.32 0.03*

Medications at 1-year (n) 1.41 ± 1.80 0.44 ± 1.03 1.88 ± 1.92 \ 0.01**

Medication reduction from baseline (n) 2.04 ± 1.70 2.81 ± 1.47 1.67 ± 1.69 0.02*

Bleb-needling procedures (n) 0.35 ± 0.88 0.06 ± 0.25 0.48 ± 1.03 0.03*

Values in table are presented as the mean ± SD

Table 6 Logistic regression analysis of odds ratio for
failure with different preservatives

Preservative OR 95% LB 95% UB P

BAK 0.33 0.01 8.61 0.44

PQ1 0.87 0.23 3.00 0.83

SOC 0.58 0.17 1.99 0.38

BAK ? PQ1 0.69 0.17 2.49 0.59

BAK ? SOC 0.64 0.19 2.20 0.47

PQ1 ? SOC 0.85 0.17 3.40 0.82

BAK ? PQ1 ? SOC 0.97 0.19 3.97 0.97

BAK Benzalkonium chloride, OR odds ratio PQ1
polyquaternium-1, SOC stabilized oxychloro complex
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ocular surface disease [17], we further refined
the parameter into a ‘‘Glaucoma Medication
Intensity Index’’ (GMII) by additionally
accounting for any variation in the treatment
regimens during the entire treatment duration
and weighing them proportionately in the
index. Short of analyzing each individual med-
ication and preservative used (which would be
impractical in most real-world settings), our use
of the GMII allows for a more accurate reflection
of medication exposure than similar studies in
the past.

Our study has shown that an increasing
GMII value, which represents the combined
accumulated dose of topical glaucoma medica-
tions and their accompanying preservatives,
was associated with significantly higher odds for
failure after trabeculectomy with MMC.
Although age was noted to be significantly
correlated with odds of failure on univariate
analysis while GMII was not, this was reversed
on subsequent multivariate analysis. The
greater probability of older subjects to have a
higher GMII in subsequent regression analyses
for predicting GMII using factors independent
of the GMII calculation can explain the higher
mean age of our failed cases and also the higher
risk of failure with increasing age on univariate
analysis, but which are probably not intrinsi-
cally age-related, as shown with multivariate
analysis in Table 3. It would appear that age was
a confounding variable in our study, as older
subjects were more likely to have glaucoma
treatment initiated earlier, with longer duration
of use and possibly a higher number of medi-
cations (added to the treatment over the years
since diagnosis). This was confirmed when we
examined factors not related to medication
usage for predicting GMII, and age was shown
to be significantly and positively correlated with
the calculated value. The results suggest that the
higher failure rate in our older subjects was not
due to their age intrinsically, but because older
subjects are more likely to have a higher GMII.
Although we did not find age to be a significant
risk factor for trabeculectomy failure, previous
studies have arrived at conflicting conclusions,
with age found not to be a risk factor in some
studies [25, 26], and to be associated with lower
[27] or higher [28] risk in others. In the study

reporting higher risk for failure in subjects aged
[ 60 years [28], treatment failure was only sta-
tistically significant for one success criteria
(complete success) and not the other (qualified
success), while treatment duration was not
analyzed as a confounding variable in the
authors’ multivariate analysis despite the sig-
nificantly longer duration of preoperative glau-
coma medication use in the older-aged group
(51.9 ± 40 months) compared to the younger-
aged group (34.3 ± 35.5 months) (P\ 0.006).

Our analyses further show that using a GMII
C 80 to define high GMII was not only associ-
ated with a higher failure rate, but also with
shorter survival time, higher mean postopera-
tive IOP, greater number of needling procedures
performed, and lower reduction of glaucoma
medication requirement at the 1-year time
point. In practical terms, this is equivalent to
using eye drops once daily or twice daily for
11.5 or 6 years, respectively, or both these eye
drops together for 4 years. Performing tra-
beculectomy before the GMII reaches 80 may,
therefore, maximize the odds for a successful
outcome. Note that the use of GMII C 80, based
on further analysis as detailed in the Results
section, should only be regarded as a useful
reference for determining those eyes at high risk
when planning glaucoma surgery. As our mul-
tivariate analysis showed, GMII as a surrogate
marker of accumulated exposure to topical
medications was a continuous variable directly
correlated with the odds of failure (OR 1.021) so
that the higher the GMII, the higher the risk of
failure. This is analogous to the role of IOP in
the risk of glaucoma development and pro-
gression, and similar to IOP, the GMII value
should not be taken in isolation as there are
likely other factors, such as use of preservative-
free eye drops or presence of significant pre-
operative dry eye disease, influencing surgical
success which were not investigated in this
study.

There were several limitations to our study.
Although our study was primarily focused on
the accurate assessment of preoperative expo-
sure to topical glaucoma medications, its retro-
spective nature made it difficult to accurately
assess treatment compliance, as this may not
always be reported by the patient or
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documented in the clinical notes. It is possible,
or even probable, that subjects using[ 2 con-
current eye drops and/or who experienced any
adverse drug effects may have poorer compli-
ance and use less medications than the calcu-
lated GMII would indicate. This could mean
that the GMII of some study eyes may be over-
estimated and the increased risk of trabeculec-
tomy failure may occur at lower GMII level. In
addition, the retrospective nature of our data
means that documentation of preoperative
glaucoma status (with perimetry or retinal nerve
fiber layer analyses) was not standardized,
although most subjects appear to have moder-
ate to advanced disease, as reflected in the pre-
operative CDR, treatment duration, and
medications used, and this was comparable
between eyes with successful and failed out-
comes. Our failure criteria for IOP level was
chosen because it was more practical to use for a
retrospective study examining the role of pre-
operative risk factors [25], and they are not
meant to be used as guidelines for prospectively
treating glaucoma patients, which should be
based on the current severity of their disease
with structural (optic disc morphology, peri-
papillary nerve fiber layer and ganglion cell-in-
ner plexiform layer thickness) and functional
(perimetry) assessments. It was also not possible
for this study to compare the individual con-
tribution of each glaucoma medication as all
study eyes were using at least two medications
(most were using 3–4), nor to analyze the con-
tribution of different preservatives separate to
the glaucoma medications, as all cases were
exposed to some preservative in their eye drops;
therefore, the GMII should be considered as a
reflection of their combined effect. Our study
was also limited by its relatively small sample
size and large number of drop-outs after 1 year,
which precluded meaningful subgroup (glau-
coma type and medication) and longer-term
analysis.

CONCLUSIONS

Our study has shown that higher accumulated
preoperative exposure to topical glaucoma
medications was associated with higher

postoperative failure rate after primary tra-
beculectomy with MMC in POAG or NTG. Use
of the GMII allows more accurate quantification
of this preoperative exposure and helps the
surgeon predict postoperative outcome. Higher
GMII levels were correlated with greater odds of
failure and eyes with a GMII C 80 had a signif-
icantly shorter survival time, higher mean IOP,
greater needling rate, and less medication
reduction. We hope our results will elicit inter-
ests in using the GMII to help predict high-risk
cases that may benefit from additional periop-
erative intervention or treatment. It may also
help with decision-making on the timing of
glaucoma surgery before the GMII reaches a
level associated with higher failure rate.
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