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Methylcellulose, an Intraocular Pressure Reducing Adjunct in Trabeculectomy Surgery
(Mid Term Results)
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Abstract: Purpose: to study the effect of methylcellulose 2% application in trabeculectomy to reduce

intraocular pressure in open angle glaucoma patients. Design: Prospective, nonrandomized, interventional

case series. Methods: Trabeculectomy was performed on 32 eyes. The eyes were subjected to

trabeculectomy surgery with injection of methylcellulose 2% in the anterior chamber and allowed to pass

through the trabeculectomy site into the subconjunctival space and an extra amount was injected by the

same cannula under the conjunctiva in the area of the trabeculectomy from the edge of the periotomy.

Measurements of intraocular pressure using Goldman applanation tonometer was carried out once monthly

for 24 months. The target pressure set for reference is 12 mmhg or less. Paired t-test is used to analyze

the results. Results: A significant decrease in intraocular pressure was observed in 100% of the eyes

(p<0.001) with 87.5% reaching the target IOP set at the beginning. This IOP was maintained throughout

the follow up period (13-24 months) with only 3 patients in need to instill one topical medication to reach

the target pressure. Conclusion: Methylcellulose is an appropriate & safe adjunct in trabeculectomy with

probable anti healing properties that serves in decreasing the intraocular pressure. Key message:

Trabeculectomy is still the gold standard in the surgical management of primary glaucomas, yet, the failure

rate needs to be decreased by the use of different adjuncts. One of them is addressed in this article, which

is methylcellulose 2%, with suggested antihealing properties.
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INTRODUCTION

Trabeculectomy remains the standard procedure for

adult glaucoma surgery, but it is associated with

common complications including hypotony, acceleration

of cataract formation, and most notably filter failure.

To decrease filter failure rate 5-Fluorouracil (5-FU) and

mitomycin C (MMC) were initially reported as adjuncts

to improve surgical results by decreasing the healing

rate of the filtering site. The use of antimetabolites has

evolved over time to include intraoperative sponge

application of 5-FU, and intraoperative sponge

application of  m itom ycin C  w ith d ifferent

concentrations . Yet, the undesirable side effects[1 ,2 ,3 ,4]

like overfilteration, corneal problems and  scleral

ischemia and thinning of the overlying conjunctiva are

to be put into consideration. Bleb-related infections

have become more common with the use of

antimetabolite agents, and are usually associated with

late onset bleb leakage . Recently a comparative[5 ,6]

study between 5 flurouracil and Mitomycin C found no

significant difference between both agents in reducing

IOP . [7]

The aim of this study is to find an alternative

adjunct in trabeculectomy with less side effects,

namely, Methylcellulose 2% which is based on an

experimental, interventional, histopathological &

controlled study done by the author et al, where it was

found in an animal model of trabeculectomy with

methylcellulose use, decreased IOP than the controlled

group without methylcellulose injection. In addition,

there was histological evidence of decreased healing

criteria in the methyl cellulose injected trabeculectomy

group, suggesting a probable anti healing mechanism of

methylcellulose . This present study is the application[8]

of the above concept in humans.

MATERIALS AND METHODS

Thirty two eyes of 27 patients were prospectively

scheduled to have trabeculectomy surgery in their eyes

in the period between July 2006 and June 2008.

Written, informed consent was obtained from all

participants. They were all primary open angle

glaucoma with uncontrolled IOP (> 21 mmhg) with

maximum tolerated topical medication (Latanaprost,

dorzolamide, timoptol maleate, brimonidine). Exclusion

crite ria  inc luded: o ther types of glaucoma,
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pseudophakic eyes, previous antiglaucoma procedures

like SLT, ALT or surgeries.  They all had very

advanced perimetric data, tubular, contracted and

generally depressed visual fields, which mandate the

need for a large reduction in their IOP and the use of

antimetabolites. The target postoperative IOP was set

at 12 mmhg or less. Full preoperative data and

ophthalmological examination were obtained for each

patient and included age, sex, ocular history, type of

glaucoma, visual acuity, and IOP. After surgery,

patients were observed with particular attention to

visual acuity, IOP, filtering bleb appearance,

medications, and complications. Written, informed

consent was obtained from all participants. The study

had the approval of the Ethical Review Committee of

the Research institute of ophthalmology and was

carried out in accordance with the tenets of the

Declaration of Helsinki.

Surgical Procedure: The same surgeon (AS)

performed all the trabeculectomies. Fornix based

conjunctival periotomy was done in the upper part of

the eye over a circumference of 8mm, straddling 12

o`clock position and the sclera was exposed. A limbal

based half scleral thickness flap 4×4 mm was dissected

using 45 degrees super blade up till clear cornea is

reached. A stab paracentesis was done with the tip of

the 15 degrees super blade in the temporal part of the

cornea. This is followed by a 2×2 trabeculectomy with

opening of the anterior chamber and performing it with

a 15 degrees super blade. Peripheral iridectomy was

done in the usual technique. The anterior chamber is

formed with methylcellulose 2%, the flaps are closed

with two 10/0 nylon sutures. The conjunctiva is closed

in all cases with 8/0 virgin silk sutures. Extra one cc

of methylcellulose was injected into the subconjunctival

space and through the paracentesis to deepen the

anterior chamber and to allow it to pass through the

trabeculectomy and into the subconjunctival space.

IOP M easurement: Measurements of intraocular

pressure (IOP) using Goldman applanation tonometer

was carried out once monthly for 24 months. The

target pressure set for reference is 12 mmhg or less. In

case of IOP elevation more than the preset target,

digital massage was done in the early postoperative

period until target IOP was reached, or pressure

reducing eye drops was instilled. Suture lysis was

avoided. 

Statistical Analysis: The mean differences in paired

designs were applied using paired t-test to analyze the

differences in logMAR of visual acuity in the collected

sample of this study at a confidence interval 95% and

significance level 0.05. Data was analysed using SPSS

(statistical package for social sciences, Ver 10). Paired

observations for IOP was investigated using the same

above statistical analysis.

RESULTS AND DISCUSSION

The study comprised 32 eyes of 27 patients, 14

males and 13 females aged between 42 and 68 with a

mean of 55.1. 15 left eyes and 17 right eyes.  Seven

patients have diabetes mellitus, eight have hypertension,

four have ischemic heart disease, two with renal stones

and two have hepatitis B. Seventeen eyes were right

and 15 left (Table 1). Follow up ranged 13 - 24

months with a mean of 22.25 months. A significant

decrease in IOP (p<0.001) was observed in all patients

(100%) throughout the whole follow up period after

surgery (Fig. 1). Preoperatively, IOP ranged between

23 – 44 mmhg with mean of 33.47 ± 5.47 with four

medications and postoperatively, during the follow up

period ranged between 9-14 mmhg with a mean of

11.19 ± 0.27. 87.50 % of the patients reached the

target pressure set preoperatively (12 mmgh or less),

three of them with only one medication (timotol

maleate). 12.50 % of the cases were out of the target

pressure range (Table 2). Best corrected visual acuity

(BCVA) preoperatively ranged from 0.1-1.0 and

postoperatively between 0.05 – 1.0. Statistical analysis

of the logarithm of the minimum angle of resolution

(LogMAR) between the preoperative and postoperative

visual acuity revealed insignificant change (p$0.57)

(Fig. 2). Cup disc ratio ranged between 0.6 – 0.9 and

17 patients had preoperative tubular field, 12 had

contracted fields and 3 had generalized depression.

Perimetry was not done postoperatively because the

IOP was satisfactory and met the target pressure

planned. Complications encountered are listed in the

Table (1), one patient encountered postoperative

increase in the IOP with postoperative massage and the

IOP decreased accordingly and was constant thereafter.

Three patients had postoperative medication in the form

of timoptol maleate 0.5% to decrease the IOP to the

target pressure. Two patients developed cataract during

follow up and clear corneal phacoemulsification with

hydrophilic acrylic IOL implantation was performed

with postoperative exacerbation of diabetic macular

edema with diminution of vision, one patient had

postoperative cyctoid macular edema, one patient had

wipe out syndrome. 

Discussion: This technique is novel: No references

were found on PubMed regarding the antihealing

properties of methylcellulose of any concentration. The

use of 5-fluorouracil (5-FU) and mitomycin C (MMC)

with glaucoma filtration surgery became routine in the

1990s.  Both  of  these  agents  were  introduced  as
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Table 1: Patients` data.

N eyes 27

Gender%  M 58.10%

Age Age (M ean) 55.1

Age (range) 42=68

Eyes eyes 32

Rt% 53%

PreBCVA M ean logM AR 0.21± 0.3

M ean(VA) 0.73 ± 0.3

PostBCVA M ean logM AR 0.3± 0.39

M ean(VA) 0.69 ± 0.35

Systemic DM 7

H 8

IHD 4

Renal stones 2

Hepatitis C 2

Pre TopM N32 4

N3 1

Post Co DM E 2

CM E 1

Wipe out 1

massage 1

Phaco+IOL 2

N: number, M ; M ale, Rt: right, PreBCVA: preoperative best

corrected visual acuity, PostBCVA: postoperative best corrected

visual acuity, Mean LogM AR: mean logarithm of the minimum  angle

of resolution, VA: visual acuity, DM : diabetes mellitus, H;

hypertension, IHD: Ischemic heart disease, Pre TopM : preoperative

topical medication, Post Co: postoperative complications, DM E:

diabetic macular edema, CM E; Cystoid macular edema, Phaco+IOL:

phacoem ulsification and intraocular lens implantation

Table 2: IOP and LogM AR pre and post-operatively.

Pre IOP Post IOP p Value

33.47± 5.47 11.19± 0.27 0.001

Pre M ean logM AR Post M ean logM AR  

0.21± 0.3 0.3± 0.39 0.57

Pre IOP: Preoperative intraocular pressure, Post IOP: Postoperative

intraocular pressure, Pre M ean LogM AR: preoperative mean

logarithm of the minimum angle of resolution, Post M ean LogM AR:

postoperative mean logarithm of the minimum angle of resolution

adjuncts to trabeculectomy in the early 1980s . 5-FU[8]

was first used to prevent proliferative vitreoretinopathy

after vitrectomy because of the capacity to inhibit

fibroblastic proliferation.  Chen et al evaluated the[10]

long-term results of initially successful primary

trabeculectomy without antimetabolites. Their study

demonstrated that the loss of IOP control occurs over

time despite initial success at 1 year .[10 ,11]

Use of the antifibrotic agents 5-FU and MMC as

intraoperative adjuncts to trabeculectomy, which was

mainly popular in eyes at high risk for trabeculectomy

failure, has now become routine in low risk eyes

undergoing p r imary trabeculectomy. Although

approximately three of four glaucoma specialists use

one of these two agents during primary trabeculectomy

surgery, there remains no consensus on which agent

should be used in this setting, regarding the dosage or

method of application. For example, there is a 50- fold

range in the concentration of MMC used and an 84-

fold difference in the exposure time among the

membership of the American Glaucoma society .[12]

Different randomized clinical trials comparing

intraoperative use of topical MMC and 5-FU showed

minimal differences in final IOP, visual acuity, and

short- and mid-term complications between the two

groups. The proportion of patients reaching several

target IOPs did not differ significantly between the

groups . Long term postoperative complications were[7 ,13]

similar in the two groups. Persistent choroidal effusion

for more than 3 months, corneal epithelial defects,

hyphema, flat anterior chamber requiring reformation,

and persistent wound leak also did not differ

substantially between the two groups. Only two patients

in the MMC group and none in the 5-FU group

experienced persistent hypotony (IOP<5mmhg at more

than 3 months after surgery). The only patient who

experienced hypotony maculopathy was in the 5-FU

group and had a final IOP of 6 mmhg. Tenon`s cyst

formation occurred approximately twice as frequently

in the 5-FU group relative to the MMC group. No

patient in either group experienced a suprachoroidal

hemorrhage or a bleb-related infection . Tenon`s[13]

capsule episcleral interface is the major cause of failure

of filtration surgery, so inhibition of wound healing is

a crucial factor in successful glaucoma filtering

surgery . Scarring of a glaucoma filtering bleb is[6 ,14]

caused mainly by proliferation of subconjunctival

fibroblasts and by their biosynthesis of collagen and

other extra cellular material . The current study is[15]

based on an earlier animal study done by the author et

al, where 2 groups of albino rabbits were subjected to

trabeculectomy surgery, one group with methylcellulose

2% injection and the other without. IOP and

histopathological assessment of the surgery site were

assessed and found out favorable IOP management and

widely fenestrated spaces with decreased fibrous tissue

formation in the methylcellulose injected group . The[8]

surgical technique of trabeculectomy varies significantly

between surgeons. To avoid introducing additional

variables, we attempted to standardize all aspects of the

surgical technique in the current study; the same

surgical technique was used in all cases by the same

surgeon (AS). In the present study, postoperatively,

IOP ranged between 9-14 mmhg with a mean of 11.19

± 0.27. 87.50 % of the patients were in the target

pressure set preoperatively (12 mmgh or less), 3 of

them with only one medication (timoptol maleate).

12.50 % of the cases were out of the target pressure

range. This is comparable to previous trials done with

the use of antimetabolites where Approximately three

fourths and one half of patients had a final IOP of less

than 15 and 12 mmhg, respectively, in the MMC and

5-FU groups . In this study, a significant decrease in[13]

IOP was observed in 100% of the eyes with 87.5%

reaching the target IOP set at the beginning. This IOP

was maintained throughout the whole follow up period
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Fig. 1: IOP drop during follow up.

V/A: visual acuity, LogMAR: logarithm of the minimum angle of resolution

Fig. 2: Visual Acuity & Log-Mar pre and post –operatively.

(mean: 22.5 months) and with only 3 patients (9.4%)

in need to intake one topical medication to reach the

target pressure. Singh et al found no significant

difference in the proportion of patients in the MMC

and 5-FU groups who were taking IOP-lowering

medications at the last visit. On the final follow-up

visit, 14.8% of patients in the 5-FU group and 18.5%

in the MMC group were taking at least one IOP-

lowering medication . The complications encountered[13]

in this study is extremely minimal and mild in

comparison to those encountered with MMC and 5-FU

where the undesirable side effects like overfilteration,

corneal problems and scleral ischemia and thinning of

the overlying conjunctiva are to be put into

consideration . T he decreased visual acuity[1 6 ]

postoperatively showed insignificant drop (P$0.57)
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where, two patients developed cataract during follow

up and clear corneal phacoemulsification with

hydrophilic acrylic IOL implantation was performed

with postoperative exacerbation of diabetic macular

edema with diminution of vision, 1 patient had

postoperative cyctoid macular edema 1 patient had

postoperative cyctoid macular edema, 1 patient had

wipe off syndrome. This is in comparison to a

statistically significant decrease in the postoperative

visual acuity of procedures done with the

antimetabolites . An increase in external resistance at[7]

the conjunctiva–Tenon’s capsule – episcleral interface

is the major cause of failure of filtration surgery .[6 ,14]

Scarring of a glaucoma filtering bleb is caused mainly

by proliferation of subconjunctival fibroblasts and by

their biosynthesis of collagen and other extracellular

material . Inhibition of wound healing is a crucial[15]

factor in successful glaucoma filtration surgery . The[14]

present study demonstra ted the efficacy of

methylcellulose as an adjunct in decreasing the IOP in

conjugation with trabeculectomy during the follow-up

period, highlighting its possible role as an inhibitory

factor in the healing process in the subconjunctival and

episcleral region. This study is supported by a previous

animal module study performed by the author et al,

where injection of methylcellulose in conjunction with

trabeculectomy in albino rabbits was done. Two

mechanisms of action during our analysis of the results

was suggested: Either, methylcellulose 2% acts as a

space-occupying agent keeping tissues apart (hydraulic

effect) and thus decreases the probability of their

touching and adhering by fibrosis, or, it has a healing-

inhibiting mechanism. We are in favor of the

antihealing theory, as the amount of methylcellulose

injected would have diffused subconjunctivally and

would have been absorbed rapidly in much less than

the 4 weeks of follow-up in the animal module or the

22.5 months in humans, if the action were hydraulic,

with consequent touching of the conjunctiva-Tenon’s

layer to the sclera and ensuing fibrosis with almost the

same outcome as the group that were not injected with

methylcellulose (animal module). This conclusion is

supported by the widely fenestrated subscleral space in

the histopathological specimens . The same concept[8]

might be applicable in human in this current study,

although histopatholpgical analysis is not feasible in

humans. This study has certain limitations that should

be kept in mind, where all patients are of the same

type of glaucoma. No randomization is done, yet, the

results are extremely promising and the follow up

period is rather appropriate and it helps to find a new

trabeculectomy adjunct which we are using every day

with the least side effects and avoiding the potential

antimetabolites side effects, at least in primary cases in

midterm  periods.  Later  work  should  be  done  on

complicated glaucoma cases to find out its efficacy and

longer follow up to detect the effects of such a

technique on the IOP in the long term periods. 

Conclusion: Methylcellulose 2% can be used as an

adjunct in primary trabeculectomy cases to decrease the

incidence of bleb failure. 
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