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ARTICLE

Short-term outcomes of Mitomycin-C augmented phaco- 
trabeculectomy using subconjunctival injections versus soaked 
sponges: a randomized controlled trial
Sabyasachi Chakrabarty ]]]1✉, Mohideen Abdul Kader2, Devendra Maheshwari ]]]2, Madhavi Ramanatha Pillai ]]]2, 
Shivkumar Chandrashekharan ]]]3 and Rengappa Ramakrishnan2
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OBJECTIVES: To determine whether subconjunctival Mitomycin-C (MMC) injections are as safe and effective as sponge-soaked 
MMC in phaco-trabeculectomy.
METHODS: This prospective, randomized, interventional study was conducted on consecutive patients with visually significant 
cataract and an uncontrolled primary open-angle glaucoma. One hundred thirty-nine patients were recruited but 15 were 
ineligible for analysis. The patients were randomized into a sponge/injection group. All participants received a twin-site phaco- 
trabeculectomy. They were followed up on days 1, 15, 30, 3 months and 6 months post-operatively. A p-value < 0.05 was 
considered significant.
INTERVENTIONS: Participants in the sponge group received an augmentation of their phaco-trabeculectomy with sponges 
soaked in a mixture of 0.04% MMC and 2% preservative-free Lignocaine in a 1:1 ratio, placed in the subconjunctival space for four 
minutes. Participants in the injection group received the same mixture as a subconjunctival injection, after surgical draping.
RESULTS: There were 62 patients in each group. The groups had no significant differences in their baseline characteristics. The 
mean IOP at 6 months was significantly lower in the injection group (14.8 ± 3.7 mm Hg) than in the sponge group (17.1 ± 6.4 mm 
Hg) (p = 0.02). There was no notable difference in the complications or the final post-operative visual outcome but a significantly 
greater number of patients in the sponge arm required removal of the releasable suture (p = 0.001) and additional anti-glaucoma 
medications (p = 0.04) at six months post-operatively.
CONCLUSIONS: Subconjunctival MMC achieves a lower IOP with fewer anti-glaucoma medications than sponge-soaked MMC at 
six months for twin-site phaco-trabeculectomy in primary open-angle glaucoma with no additional risks.

Eye (2024) 38:1196–1201; https://doi.org/10.1038/s41433-023-02869-2

INTRODUCTION
Cataract and glaucoma may co-exist and when both are significant, 
a simultaneous surgical management or a phaco-trabeculectomy is 
preferred in low-economy nations to avoid repeat surgeries and 
multiple hospital admissions. A phaco-trabeculectomy is augmen-
ted using anti-metabolites like Mitomycin-C (MMC) to improve 
outcomes.

Classically, sponges soaked in MMC are placed in the 
subconjunctival space for augmentation [1]. However, with this 
technique, the actual dose delivered varies in every case [2]. 
Moreover, there is a risk of intra-operative loss of sponges and 
formation of focal, encapsulated blebs (“ring of steel”) in the long- 
term leading to surgical failure [3, 4]. An alternate method of 
MMC augmentation is via a subconjunctival/ intra-tenon/ 
subtenon injection [5–7]. With a subconjunctival injection, an 
exact dose is delivered and less stress is put on the conjunctival 
wound edges leading to fewer tears and leaks [8]. It improves the 
ease of construction of a fornix-based flap and prevents the 

backflow of MMC into the anterior chamber through the fistulous 
tract [4, 8].

A large number of publications have compared sponge- 
soaked and injectable modes of MMC augmentation in patients 
undergoing trabeculectomy [7, 9–12]. However, one cannot 
directly extrapolate this data to phaco-trabeculectomy. A recent 
systematic review with meta-analysis, which has evaluated data 
from non-randomized sources, has concluded that phaco- 
trabeculectomy is associated with a similar IOP control and 
fewer complications than a standalone trabeculectomy [13]. But 
this can at best be considered a level 3a evidence [14]. On the 
contrary, many authors have reported poorer outcomes follow-
ing phaco-trabeculectomy compared to an isolated trabecu-
lectomy [15–18].

There is only a single publication which has compared sponges 
with injectable MMC augmentation in phaco-trabeculectomy but 
the data was collected retrospectively [10]. Here we report the 
results of a randomized control trial (RCT) comparing the safety 
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and efficacy of these two modes of MMC augmentation for 
phaco-trabeculectomy.

MATERIALS AND METHODS
This was a prospective, randomized, interventional study conducted in 
the Glaucoma department of Aravind Eye Hospital and Post-Graduate 
Institute of Ophthalmology, Tirunelveli. It adhered to the tenets of the 
Declaration of Helsinki and complied with the requirements of the Health 
Insurance Portability and Accountability Act and local patient privacy 
protection policies. The study protocol was reviewed and approved by 
the Tirunelveli Medical College Institutional Research Ethics Committee 
before patient recruitment (Certificate Reference Number: 591/DNB/ 
2014/02). The period of patient recruitment was from December 2014 to 
May 2015 and all participants were followed-up for a period of six 
months post-surgery.

An informed consent was obtained from all subjects who were 
recruited. One eye of consecutive patients satisfying the inclusion and 
exclusion criteria were considered for the study. The inclusion criterion 
was a visually significant cataract along with a primary open-angle 
glaucoma demonstrating either a progression of visual field loss and/or an 
uncontrolled IOP with maximally tolerated medications in an individual 
aged more than 25 years. A visually significant cataract was defined as a 
lenticular opacity with a best corrected visual acuity of 0.18 logMAR or 
worse and an operable cataract as revealed on slit lamp evaluation.

Monocular individuals, eyes with no light perception, pregnant or 
nursing women, individuals with suspected scleral thinning on slit lamp 
examination or high axial myopia (≥−6.0 Dioptres sphere and an axial 
length ≥ 26 mm) and those with secondary or childhood glaucoma were 
excluded. Individuals with previous ocular surgeries, limbal stem cell 
deficiency, iris neovascularization, angle closure, chronic or recurrent 
uveitis and those unwilling/ unable to provide consent were also 
excluded.

There were two arms in the study - the sponge arm and the injection 
arm. Assuming a surgical success rate of 89% for injectable MMC and 70% 
for sponge-based augmentation, a sample size of 62 in each arm was 
calculated assuming a 5% level of significance, 80% power and 95% 
confidence interval [19, 20]. On the day of the surgery, recruited patients 
underwent a simple randomization to either group using a pre- 
determined random list of 150 numbers generated using the unweighted 
Bernoulli distribution protocol of the Analysis ToolPak™ add-in of 
Microsoft Excel© (Microsoft Corporation, Redmond, Washington, USA). 
Subjects, masked to the randomization, were assigned to a treatment 
group, based on the value at their rank (0 = Sponge group, 1 = Injection 
group). During follow-up, glaucoma specialists, masked to the patient’s 
group assignment, performed the post-operative examination and data 
collection.

All study participants underwent a twin-site MMC augmented phaco- 
trabeculectomy. High IOP was controlled with anti-glaucoma medications 
(AGMs) before surgery as needed. Miotics were stopped 48 h before 
surgery. If IOP was more than 30 mm Hg pre-operatively then the surgery 
was done 30 min after an intravenous infusion of 20% Mannitol (1 g/kg 
body weight).

In the sponge arm, two separate semi-circular surgical sponges 
prepared by bisecting a 7-mm Merocel® corneal light shield (Beaver- 
Visitech International, Waltham, MA, USA) soaked in a 1:1 mixture of 0.04% 
MMC and 2% preservative-free Lignocaine were used. They were placed 
underneath the conjunctival flap for 4 min and were removed. Thereafter, 
the surgical site was washed with 20 ml of balanced salt solution. In the 
injection arm, a mixture of 0.1 ml of 0.04% of MMC with 0.1 ml of 2% 
preservative-free Lignocaine was injected into the subconjunctival space 
with a 30-gauge needle 6–8 mm away from the limbus adjacent to the site 
of the future bleb after surgical draping. The surgeon waited for 4 min 
after the injection. During this interval the drug was massaged away from 
the limbus onto the future filtration site. The surgical site was then 
opened and the area was washed with 20 ml of balanced salt solution.

All surgeries were performed by two senior glaucoma surgeons (MAK 
and DM) with more than 7 years of experience in the subspeciality, in a 
similar manner. After a fornix-based superior conjunctival peritomy with 
MMC application (depending on the arm), a triangular partial thickness 
scleral flap with a side length of 4 mm and base at the limbus was 
fashioned. The phacoemulsification was performed using a 2.8 mm 
temporal clear corneal incision. A foldable posterior chamber Intraocular 
lens (IOL) was placed in the capsular bag. Thereafter, the trabeculectomy 
was completed using a Kelly’s punch and a peripheral iridectomy was 

made. The scleral flap was closed with an apical releasable 10–0 
monofilament Nylon suture. Two additional fixed 10–0 monofilament 
Nylon sutures were placed on either side. The conjunctiva was closed with 
8-0 polyglactin sutures. The anterior chamber was formed with balanced 
salt solution and Moxifloxacin (0.5%) was injected intracamerally at the 
end of surgery.

All patients were started on 2 hourly Dexamethasone (0.1%) with 
Chloramphenicol (0.5%) eye drops and 12 hourly Homatropine (2%) eye 
drops from the first post-operative day. The topical steroids were tapered 
depending upon the clinician’s discretion. The patients were reviewed on 
days 1, 15, 30 and at 3 and 6 months after surgery. The need for ocular 
massage, release of releasable sutures, LASER suturolysis, bleb needling 
and 5-Fluorouracil injections were decided by the reviewing glaucoma 
specialist at every visit.

At the time of recruitment and in all post-operative visits, the visual 
acuity was measured using a Snellen’s chart and was converted to logMAR 
for statistical evaluation. The following logMAR values were used for visual 
acuities which could not be mathematically converted to logMAR: finger 
counting close to face = 1.7 logMAR, hand movement = 2.0 logMAR and 
light perception = 2.3 logMAR. [21]. Intraocular pressure was measured 
both pre- and post-operatively using a Goldmann applanation tonometer 
(AT 900; Haag Streit International, Koeniz, Switzerland). A slit lamp 
evaluation was done at all the visits. Post-operatively, if a subject failed to 
turn up within one week from the given review date in any visit after 
discharge, they were considered lost to follow-up and were removed. The 
primary outcome measure was surgical success at 6 months post- 
operatively. “Complete” success was defined by a post-operative IOP of 
≤18 mm Hg but >6 mm Hg and a ≥20% reduction in IOP from the pre- 
operative reading without addition of AGMs or other interventions with 
retention of light perception. Eyes that needed additional AGMs or 
minor glaucoma interventions (release of releasable suture, LASER 
suturolysis, ocular massage, bleb needling with MMC or 5FU injection) 
to meet the criteria of complete success were termed as “qualified” 
successes. The surgery was deemed a “failure” if IOP was >18 mm Hg or 
there was a <20% reduction in IOP from the pre-operative reading in spite 
of AGMs or minor interventions, or if there was persistent hypotony or a 
loss of light perception.

The statistical analysis was performed using the RcmdrPlugin.EZR 
package v 1.55 of the statistical software R v 4.1.2 (The R Foundation for 
Statistical Computing, Vienna, Austria) [22]. Continuous variables were 
summarized as mean ± standard deviation and categorical variables as 
frequency (percentage). The Fisher’s exact test/χ2 test was applied to 
assess the differences between two categorical variables, based on 
satisfaction of Cochran’s rule [23]. The Shapiro-Wilk test was used to check 
whether continuous variables followed the Gaussian distribution curve. 
Normally distributed continuous variables were compared using the 
Student’s t-test. For non-normally distributed variables, stochastic 
dominance was evaluated using the Mann–Whitney U test or the 
Wilcoxon signed-rank test based on whether the recordings were 
independent or paired. Kaplan–Meier survival curves were constructed 
for surgical success for both the groups and a log-rank test was used to 
compare them. Eyes that met the criteria for failure were censored at each 
time point. A p-value < 0.05 was considered statistically significant.

RESULTS
A total of 139 eyes of 139 patients met the inclusion criteria during 
the recruitment window. After randomization using the random 
number chart, 72 participants were assigned to the sponge group 
and 67 were assigned to the injection group. One patient in the 
injection group suffered a panic attack in the operation theatre 
after draping and his surgery was postponed. None of the 
remaining recruited patients suffered from an intra-operative 
complication. MAK performed 38 surgeries in the sponge group 
and 32 surgeries in the injection group while DM performed 
34 surgeries in each group (p = 0.739). After discharge, 10 patients 
in the sponge group and 4 patients in the injection group did not 
come for all the prescribed visits at the hospital and were therefore 
removed from the study. Overall, the data of 124 patients, 62 in 
each group, was eligible for analysis (Fig. 1).

Table 1 shows that the two groups had comparable baseline 
demographics and Glaucoma Medication Intensity Index (GMII) 
scores (Table 1). GMII, a validated predictor for the risk of filtration 
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surgery failure due to pre-operative AGM use, was calculated 
using the formula by Wong et al [24]. The final logMAR visual 
acuity at 6 months post-operatively in the sponge and the 
injection arms were 0.081 ± 0.17 and 0.070 ± 0.12 respectively 
(p = 0.86). This was a statistically significant improvement 
compared to the pre-operative logMAR value (p < 0.001 in both 
the arms). However, there was no significant difference in visual 
acuity in between the two groups on any post-operative visit 
(Supplementary Table 1).

Table 2 summarizes the mean IOP and AGM use in the two 
groups in all the visits. At 6 months post-operatively, the injection 
group had a significantly lower mean IOP and a lesser 
requirement for AGMs (p = 0.02 and 0.04 respectively). There 
was no significant difference in the incidence of different 
complications in the two groups (Supplementary Table 2). None 
of the patients developed major complications associated with 
cataract extraction on the first post-operative day or during the 
course of follow-up (hyphaema, fibrinous uveitis, hypopyon or 
endophthalmitis). Analysis of the need for different minor 
interventions in the two groups revealed that a greater 
proportion of participants in the sponge group had to undergo 
removal of the apical releasable suture (p = 0.001) (Table 3).

At the end of 6 months, complete success was achieved in 
17.7% (n = 11) participants in the sponge group and 40.3% 
(n = 25) of those in the injection group (p = 0.01). The overall 
success rate (complete + qualified success) for the sponge and 
the injection groups were 37.10% (n = 23) and 56.45% (n = 35), 
respectively (p = 0.048). The Kaplan–Meier survival curve showed 
a statistically significant higher rate of success with/ without 
AGMs and minor interventions in the injection group compared 

to the sponge group (p = 0.003) (Fig. 2). Right-censoring in the 
survival analysis curve (Fig. 2) exclusively indicates the occurrence 
of failure.

DISCUSSION
In a phaco-trabeculectomy, phacoemulsification generates addi-
tional inflammatory mediators which pass through the newly 
constructed fistula [25, 26]. This stimulates an exuberant healing 
reaction resulting in surgical-site scarring, an increased resistance 
to fluid egress and finally a surgical failure [18]. Wound-healing 
modulation using anti-metabolites, especially MMC, is a popular 
choice to circumvent this problem [27]. The efficacy of MMC 
varies depending on the method of application, the area of 
contact and essentially non-modifiable host factors [1]. Among 
the different modes of MMC augmentation in guarded filtration 
surgeries, subconjunctival application with pre-soaked sponges 
and tissue injections are the most common. Although studies in 
standalone trabeculectomy surgeries have shown that tissue 
injections are as safe and efficacious as pre-soaked sponges, there 
are only a few publications on the effect of tissue injections in 
phaco-trabeculectomy [10, 28]. This RCT prospectively looks at 
IOP lowering, complication profiles, the need for intervention(s)/ 
AGMs and overall success rates after these two modes of 
MMC augmentation in phaco-trabeculectomy over a 6 month 
follow-up period.

The final mean IOP, at 6 months, was significantly lower in our 
injection group (p = 0.021). However, Chiew et al. in his 
retrospective review has noted no statistically significant differ-
ence in the IOP between the two modes of augmentation at 
6 months post phaco-trabeculectomy (p = 0.221) [10]. This is 
probably because they used 0.04% MMC for sponge-based 
augmentation and 0.02% MMC for injection-based augmentation 
instead of the same concentration in both the arms as in our 
study. Farooq et al. found a lower IOP at 6 months post- 
operatively in the injection group (12.30 ± 3.94 mm Hg) but their 
study population was a heterogeneous mix of primary and 
secondary glaucoma patients [28]. The decline in IOP noted in the 
sponge group in this study was similar to that found in other 
contemporary studies using sponge-based augmentation [12, 29].

Although there was no statistically significant difference in the 
post-operative complication rates between the two groups, the 
frequency of different complications in our participants was 
different from contemporary publications. The common compli-
cations in both the groups of our study were a failed bleb and a 
tenons cyst. Shallow anterior chambers and hypotony are 
reported as the most common complications after a phaco- 
trabeculectomy especially after sponge-based MMC augmenta-
tion due to ciliary body toxicity and intraocular percolation of the 
drug [10]. But we found no statistically significant difference in 
the incidence of shallow anterior chambers [nsponge = 3 (4.8%); 
ninjection = 5 (8.1%); p = 0.454] or hypotony [nsponge = 5 (8.1%); 
ninjection = 4 (6.5%); p = 0.732] between participants in the two 
arms of our study. The incidence of hypotony following a guarded 
filtration surgery has been reported to vary markedly from 1.5% 
to 41%. [30]. The difference in the reported incidence of different 
complications in published literature may be related to the 
differences in the tightness and number of sutures, scleral flap 
configuration, IOP immediately after surgery and timing of 
suturolysis as well as a surgeon factor [31].

For tissue injections, unpreserved lignocaine is frequently 
mixed with reconstituted MMC as it is believed to provide an 
additive effect by preventing proliferation of fibroblasts [32]. 
However, mixing reconstituted MMC with unpreserved lignocaine 
has an antagonistic pharmacokinetic impact because lignocaine 
renders the solution more acidic (from 7.1 to 6.57) making MMC 
less stable [33]. Moreover, recent translational research has 
concluded that lignocaine has a supra-additive cytotoxic effect 
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Fig. 1 CONSORT flowchart showing the mode of recruitment of 
patients. n number of participants.

Table. 1. Baseline characteristics of the two groups pre-operatively.

Characteristic Sponge 
arm

Injection 
arm

p value

Age (years)a 64.26 ± 8.1 65.22 ± 8.2 0.510c

Genderb 0.207d

Male 37 (59.7) 30 (48.4)

Female 25 (40.3) 32 (51.6)

IOP (mm Hg)a 27.71 ± 8.4 24.77 ± 5.1 0.109e

Log MAR visual acuitya 0.829 ± 0.31 0.818 ± 0.28 0.978e

Mean Glaucoma 
Medication Intensity 
indexa

27.37 
± 36.45

18.01 
± 29.28

0.059e

mm Hg millimetres of mercury.
aExpressed as mean ± standard deviation.
bExpressed as frequency (percentage).
cStudent’s t-test.
dχ2 test.
eMann–Whitney U test.
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in vitro when combined with MMC.(ref. 34) In our study, a uniform 
concentration of reconstituted MMC with lignocaine has been 
used in all the study participants irrespective of the mode of 
augmentation. To our knowledge this is the first time that this 
mixture has been used for sponge-based MMC augmentation for 
phaco-trabeculectomy. The results of our study indirectly support 
the in vivo safety of this mixture for both modes of augmentation.

Analysis of the different minor post-operative interventions 
required in the study participants revealed a statistically 
significant greater need for removal of the apical releasable 
suture in the sponge arm (p = 0.001). The most likely reason 
would be an inherently poorer filtration rate resulting in a 
hypofunctional bleb in participants of the sponge group. This 
correlates with the significantly greater need for AGMs in the 
sponge arm at six months (p = 0.041). We believe that this is an 
example of retarded drug effect due to unfavourable pharma-
cokinetics. Contemporary studies have shown that maximum 
ocular tissue concentrations of MMC can be achieved with 
subconjunctival injections and not surface contact techniques 
[35]. Once injected, the drug can be massaged over a wide area 
translating to a more posterior and low-lying bleb. Such a bleb 
morphology has been shown to correlate well with good IOP 
control post-operatively [36]. Our findings correlate well with a 
similar RCT in trabeculectomy [12].

We compared the success rates of the interventions at 
6 months. At 6 months, the frequency of complete success was 
low in both the groups but, it still remained higher in the injection 
group than in the sponge group (p = 0.01). The frequency of 
failure at this point of time was higher in the sponge group. Many 
studies have shown higher success rates in augmented filtration 
surgeries but ours had lower rates of success probably because a 
stringent cut-off of 18 mm Hg with ≥20% reduction in IOP from 
the pre-operative reading was used [37, 38]. Moreover, in a few 
studies, procedures performed under the slit lamp such as bleb 
needling and ocular massage were not considered as re- 
operations and were included in “complete success” while we 
have included them under “qualified success” [12].

There were a few limitations to our study. A simple 
randomization rather than a stratified randomization technique 
was used to assign the patient into either group as they were 
selected singly and not in bulk. Moreover, a simplified system of 
excluding all participants lost to follow-up was practised. An 
intention-to-treat strategy, another common technique of hand-
ling attrition, was avoided because complete exclusion of all 
drop-outs provides a more accurate risk estimation and labelling 
when the duration of a study is within a year [39]. Robust 
compensatory models like inverse probability of censoring 
weighted adjustment with causal diagrams were not implemen-
ted as all the confounders for dependant censoring could not be 
identified [40].

As a single eye in all these patients were included, systemic 
absorption of AGMs from the fellow eye might have been a 
confounding factor in the IOP lowering effect of the intervention. 
We did not collect any data regarding the number and type of 
AGMs in the fellow eye and cannot predict the extent to which 
this affected the type I error [41].

A literature review revealed that seepage of MMC into the 
anterior chamber is less common in injection-based augmenta-
tion [8]. Therefore, assessment of pre and post-intervention 
endothelial cell counts as well as evaluation of other confounders 
for endothelial loss like phaco power and phaco time would have 
helped assess the clinical significance of this advantage.

Another major limitation of this study was the absence of any 
objective method of bleb grading [42, 43]. With the current 
dataset, it is therefore impossible to predict the possible effect 
that the two modes of MMC administration had on bleb 
morphology. These differences in morphological characteristics 
may have been responsible for the difference in success rates. Ta
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If available, this data could also have been used to calculate 
correlation coefficients between different bleb parameters and 
the amount of IOP reduction [44].

A long-term follow-up is essential in evaluating the outcomes 
of a filtration surgery. However, this is not possible in our patient 
pool where there is a high attrition rate, which exceeds 30% 
beyond 9 months after an intervention. With the current policy of 
removing all patients lost to follow-up from the analysis, only a 
miniscule subset of the initial participants would be available for 
final evaluation in case of a longer follow-up period. This would 
be a threat to the external validity of the study findings. The 
reader must therefore be cautious to neither extrapolate the 
findings beyond the reported timeline nor to extend it to patients 
with secondary forms of glaucoma.

Despite these limitations, this study provides some important 
insights into the effect of MMC augmentation on phaco- 
trabeculectomy procedures. To the best of our knowledge, this 
is the first RCT comparing the two modes of MMC augmentation 
for phaco-trabeculectomy. A subconjunctival MMC injection 
appears to be equally safe and more efficacious than sponge- 
based MMC in the short term in primary open-angle glaucoma 
patients with a significant cataract undergoing a twin-site phaco- 
trabeculectomy. But newer studies with longer follow-up periods 
need to be designed to compare the long-term success rates and 
complication profiles of these two methods of MMC application.

SUMMARY

What was known before

● Injectable MMC is as safe and efficacious as sponge-based 
MMC augmentation for trabeculectomy

What this study adds

● Injectable MMC is as safe and more efficacious than sponge- 
based MMC augmentation for phaco-trabeculectomy in the 
short term
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