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Abstract

Background—Primary congenital glaucoma (PCG) manifests within the first few years of a 

child’s life and is not associated with any other systemic or ocular abnormalities. PCG results in 

considerable morbidity even in developed countries. Several surgical techniques for treating this 

condition, and lowering the intraocular pressure (IOP) associated with it, have been described.

Objectives—To compare the effectiveness and safety of different surgical techniques for PCG.

Search methods—We searched CENTRAL (which contains the Cochrane Eyes and Vision 

Group Trials Register) (The Cochrane Library 2014, Issue 6), Ovid MEDLINE, Ovid MEDLINE 

In-Process and Other Non-Indexed Citations, Ovid MEDLINE Daily, Ovid OLDMEDLINE 

(January 1946 to June 2014), EMBASE (January 1980 to June 2014), (January 1982 to June 

2014), PubMed (January 1946 to June 2014), the metaRegister of Controlled Trials (mRCT) 

(www.controlled-trials.com), ClinicalTrials.gov (www.clinicaltrials.gov), the WHO International 

Clinical Trials Registry Platform (ICTRP) (www.who.int/ictrp/search/en). We did not use any date 

or language restrictions in the electronic searches for trials. We last searched the electronic 

databases on 23 June 2014.

Selection criteria—We included all randomized and quasi-randomized trials in which different 

types of surgical interventions were compared in children under five years of age with PCG.

Data collection and analysis—We used standard methodological procedures specified by The 

Cochrane Collaboration.
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Main results—We included a total of six trials (four randomized and two quasi-randomized) 

with 102 eyes in 61 children. Two trials were conducted in the USA and one trial each in Egypt, 

Israel, Lebanon and Saudi Arabia. All trials included children aged younger than one year when 

diagnosed with PCG, and followed them for periods ranging from six months to five years.

No two trials compared the same pair of surgical interventions, so we did not perform any meta-

analysis. One trial compared trabeculotomy versus goniotomy; a second trial compared combined 

trabeculectomy-trabeculotomy with mitomycin C versus trabeculectomy-trabeculotomy with 

mitomycin C and deep sclerectomy; a third trial compared combined trabeculotomy-

trabeculectomy versus trabeculotomy; a fourth trial compared one goniotomy versus two 

goniotomies; a fifth trial compared trabeculotomy versus viscocanalostomy; and the sixth trial 

compared surgical goniotomy versus neodymium-YAG laser goniotomy. For IOP change and 

surgical success (defined by IOP achieved), none of the trials reported a difference between pairs 

of surgical techniques. However, due to the limited sample sizes for all trials (average of 10 

children per trial), the evidence as to whether a particular surgical technique is effective and which 

surgical technique is better still remains uncertain. Adverse events, such as choroidal detachment, 

shallow anterior chamber and hyphema, were reported from four trials. None of the trials reported 

quality of life or economic data.

These trials were neither designed nor reported well overall. Two trials were quasi-randomized 

trials and judged to have high risk of selection bias; four trials were at unclear or high risk for 

performance bias and detection bias; and we judged one trial to have high risk of attrition bias due 

to high proportions of losses to follow-up. Due to poor study design and reporting, the reliability 

and applicability of evidence remain unclear.

Authors’ conclusions—No conclusions could be drawn from the trials included in this review 

due to paucity of data. More research is needed to determine which of the many surgeries 

performed for PCG are effective.

PLAIN LANGUAGE SUMMARY

Surgical interventions for childhood glaucoma

Review question—This review compared the effects of different surgeries for primary 

congenital glaucoma (PCG).

Background—PCG is a type of childhood glaucoma, usually beginning in the first five 

years of life. PCG is caused by an abnormal drainage system in the eye in the absence of 

other eye or health problems. Fluid naturally produced by the eye builds up causing high 

pressure within the eye. In children younger than five years, the high fluid pressure can 

cause the eye to enlarge (distend) leading to a cloudy cornea (clear front part of the eye), 

decreased vision, tearing, and light sensitivity. Failure to treat this condition may result in 

partial or total blindness.

PCG is primarily treated by surgery to reduce the pressure in the eye. Some surgeries aim to 

open up the drainage system of the eye either from the inside (goniotomy) or the outside 

(trabeculotomy, viscocanalostomy). Other surgeries involve making a new drainage pathway 

for the eye (trabeculectomy, deep sclerectomy, implantation of a device). Drugs, such as 
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mitomycin C, also may be used during surgeries to prevent the drainage openings from 

closing up.

Study characteristics—We found six trials comparing different surgeries for PCG. 

These trials included 102 eyes of 61 children. Two trials were conducted in the USA and 

one trial in each of these four countries: Egypt, Israel, Lebanon and Saudi Arabia. All trials 

enrolled infants younger than one year when diagnosed with PCG, and followed them from 

six months to five years after surgery. No two trials compared the same pair of surgical 

interventions. One trial compared trabeculotomy versus goniotomy; the second trial 

compared combined trabeculectomy-trabeculotomy with mitomycin C (CTTM) versus 

trabeculectomy-trabeculotomy with mitomycin C with deep sclerectomy (CTTM-DS); the 

third trial compared combined trabeculotomy-trabeculectomy versus trabeculotomy; the 

fourth trial compared one goniotomy versus two goniotomies; the fifth trial compared 

trabeculotomy versus viscocanalostomy; and the sixth trial compared goniotomy using a 

blade versus a laser. The evidence is current to 23 June 2014.

Key results—In our review, no two trials compared the same pair of operations. Further, 

there were small numbers of children included in each trial (average of 10 children per trial), 

thus limiting our ability to draw conclusions about the effectiveness of one surgery over 

another. Four trials reported adverse events, but no trial reported an important difference 

between pairs of operations. None of the trials reported quality of life or economic data.

Quality of the evidence—The overall quality of the evidence on our review topic was 

poor. All trials had some limitations in study design, reporting, or both. None of the trials 

enrolled enough participants to detect an evident difference between surgeries.

BACKGROUND

Description of the condition

Definition and epidemiology—Pediatric glaucomas are a group of potentially blinding 

conditions characterized by elevated intraocular pressure (IOP) and subsequent damage to 

the optic nerve. Primary congenital glaucoma (PCG) occurs before five years of age and is 

not associated with any other systemic or ocular abnormality apart from isolated 

trabeculodysgenesis (malformation of the trabecular meshwork) (Stamper 2009).

According to the World Health Organization estimates in 1994, 300,000 children had 

congenital glaucoma worldwide, of whom an estimated 200,000 were blind due to PCG 

(Thylefors 1994). The incidence of pediatric glaucoma varies dramatically with race, 

ethnicity, and level of consanguinity (i.e. the number of blood relatives) in the community 

(Papadopoulos 2007). The incidence of PCG varies from 1:10,000 to 1:20,000 live births in 

western countries (Francois 1980; Gencick 1982; Miller 1966; Papadopoulos 2007) to 

1:1250 in Slovakian gypsies (Gencick 1982). Congenital glaucoma is responsible for 

between 4% to 18% of all childhood blindness (Dorairaj 2008; Franks 1989; Gilbert 1994; 

Haddad 2007; Sitorus 2007).
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Presentation and diagnosis—PCG represents 19% to 38% of all pediatric glaucoma in 

different populations in the USA and Canada (Barsoum-Homsy 1989; Fung 2013; Taylor 

1999). PCG is bilateral in 70% to 80% of cases (Francois 1980; Morin 1974). Most cases 

present within six months of birth, with nearly 80% presenting before one year of age 

(Allingham 2005a; Papadopoulos 2007).

Neonatal and infantile globes are distensible which results in globe enlargement 

(buphthalmos) when IOP is elevated. Corneal changes are often the presenting features of 

PCG and result in the classical clinical triad of epiphora (excessive tearing of eyes), 

blepharospasm (involuntary blinking of the eyelids), and photophobia (light sensitivity). 

Corneal diameters that are asymmetric, or a corneal diameter greater than 13 mm at any age, 

or greater than 11.5 mm at birth (normal 9.5 mm to 10 mm at birth and 10 mm to 12 mm at 

two years) warrant further evaluation for glaucoma (Allingham 2005a; Kiskis 1985; 

Sampaolesi 1982; Stamper 2009). Other corneal changes include corneal edema, corneal 

haze, Haab’s striae (breaks in Descemet’s membrane), and corneal opacities. An axial length 

(AL) greater than 20 mm at birth (normal 16 mm to 17 mm) or 22.5 mm at one year (normal 

20.1 mm) is suspicious for glaucoma (Stamper 2009). Gonioscopy in eyes with PCG shows 

a characteristic angle structure with an anterior iris insertion, fine iris processes, and altered 

translucency of the angle face, historically called the Barkan’s membrane (Allingham 

2005a; Barkan 1955). The iris, lens, and the other parts of the anterior segment appear 

normal. Optic nerve findings in PCG resemble those seen in adult glaucoma. In a child, the 

scleral canal is distensible, and cupping in PCG proceeds more rapidly and is occasionally 

reversible (Quigley 1977; Quigley 1982; Robin 1979). A cup/disc ratio greater than 0.3 also 

may be indicative of glaucoma (normal 0 mm to 0.1 from birth to two years and 0.1 mm to 

0.2 from two to six years) (Amer 2014).

The intrinsic abnormality in PCG lies in the angle. The corneal and optic disc features are 

associated with the rise in IOP and are shared by other infantile glaucomas. The underlying 

reason for the lower aqueous outflow (block in the aqueous pathways) has yet to be 

elucidated. Studies have shown that the PCG eye has the clinical characteristics of an 

immature eye in the seventh or eighth month of gestation with a very anterior insertion of 

the iris (Anderson 1981). Anderson 1981 has hypothesized that excess or abnormal 

collagenous beams with the trabecular meshwork may prevent the normal posterior 

migration of the ciliary body during development that leads to the extremely anterior iris 

insertion.

Prognosis—The prognosis of childhood glaucoma is affected by the age of glaucoma 

onset, the diagnosis, associated ocular defects and the treatment. Children with PCG have a 

better prognosis with treatment than children who have associated systemic or ocular 

anomalies or secondary glaucomas (Kargi 2006), although most untreated cases of PCG 

progress to blindness (Allingham 2005a).

The most favorable prognosis is for children presenting between two months and one year of 

age, who have a 90% chance of IOP control with surgery (deLuise 1983; Haas 1968). The 

worst prognosis is for children presenting at birth or after one year of age, who have a 50% 
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chance of IOP control (deLuise 1983; Haas 1968). Thus, despite treatment, the prognosis for 

useful vision remains grim in many children with PCG.

Description of the intervention

Surgical therapy—Surgical therapy is the accepted standard treatment for PCG, with 

angle surgery (goniotomy or trabeculotomy) generally used as the primary intervention 

(Allingham 2005b; Stamper 2009). There is considerable heterogeneity in the management 

of PCG even amongst experts in the field.

1. Angle surgeries: Goniotomy initially was described by Otto Barkan in 1938 (Allingham 

2005b; Barkan 1938). A goniolens is used to visualize the angle structures and a needle or a 

knife (or rarely a laser beam) penetrates the anterior chamber and is used to incise the 

trabecular meshwork circumferentially for 120 degrees. If the first goniotomy fails, a second 

goniotomy can be performed that incises previously untouched trabecular meshwork 

through a second corneal incision. In trabeculotomy, an external approach is used to reach 

the Schlemm’s canal, followed by rotation of a probe into the anterior chamber, thereby 

opening up 120 degrees of the angle. Trabeculotomy is not dependent on corneal clarity. A 

modification of the procedure uses a 6-0 polypropylene suture or a catheter advanced into 

the Schlemm’s canal which can open up 360 degrees of the angle (Beck 1995; Mendicino 

2000). Viscocanalostomy is a procedure in which Schlemm’s canal is identified under a 

scleral flap and then dilated using a viscoelastic.

2. Filtering surgeries: Trabeculectomy is a filtering procedure for the eye, in which a 

fistula is created under a scleral flap into the anterior chamber allowing aqueous to drain 

from the anterior chamber into the subconjunctival space. Drugs such as mitomycin C 

(MMC) may be used to prevent scarring of the subconjunctival space in order to maintain 

the drainage opening. In PCG, trabeculectomy (with or without MMC) is typically reserved 

as a second procedure after failure of angle surgery or is used in a combined approach with 

trabeculotomy. Children, especially infants, have a better healing response than adults, 

which can lead to scarring of the fistula or the conjunctiva, resulting in worse surgical 

outcomes with trabeculectomy than for adults. Children with trabeculectomies are subject to 

the same complications as adults, with the added caveat that any procedure performed after 

the surgery, such as suture lysis or 5-fluorouracil injections, also must be done under general 

anesthesia. The rates of bleb-related endophthalmitis (intraocular inflammation) are high, 

ranging from 7% to 14%, and highlight the need for lifelong follow-up of these children 

(Beck 1998; Freedman 1999; Sidoti 2000; Waheed 1997). Deep sclerectomy is a non-

penetrating surgery in which the Schlemm’s canal is unroofed under a scleral flap without 

entering the anterior chamber. Combined trabeculectomy-trabeculotomy procedures are 

favored by some specialists as the first choice of surgery for children with PCG, especially 

children who are at a high risk for surgical failure, i.e. children who are older than one year 

and children with advanced or long-standing untreated disease (Elder 1994).

3. Glaucoma drainage devices: Glaucoma drainage devices (GDD) are devices that act as 

shunts for the aqueous to drain from the anterior chamber to a posterior drainage area around 

a plate sutured to the sclera. In PCG, they are usually reserved for refractory cases in which 
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angle surgery or trabeculectomy either did not work or was not applicable, although several 

glaucoma specialists may use GDDs earlier in secondary pediatric glaucomas. Pediatric 

models of most GDDs are available; the surgical technique is similar to that used in adults. 

Complications of GDD in children are similar to those in adults and include tube 

complications (corneal touch, implant exposure, tube block, dislocation), motility 

disturbances and infection (Al-Torbaq 2002; Gutierrez-Diaz 2001; Munoz 1991).

4. Cyclodestructive procedures: As in adults, cyclodestructive procedures are those of last 

resort in refractory pediatric glaucomas. The ciliary body can be destroyed using 

cyclocryotherapy (freezing temperatures), transcleral cyclophotocoagulation (laser) or 

endoscopic cyclophotocoagulation (laser with endoscope). Complications are similar to 

those in adults and include hypotony (low IOP), phthisis (shrinkage of the eyeball), uveitis 

(inflammation of the middle layer of the eye), cataracts and visual loss.

Medical therapy—Medical therapy plays an important auxiliary role in the management 

of PCG (Allingham 2005b). Systemic side effects have to be monitored with greater care in 

children especially in vulnerable neonates. Beta-blockers (Boger 1983;Hoskins 1985), 

systemic (deLuise 1983; Portellos 1998) and topical (Portellos 1998) carbonic anhydrase 

inhibitors have been shown to be effective in PCG although the systemic side effects require 

monitoring (deLuise 1983; Olson 1979; Passo 1984; Portellos 1998). Prostaglandin 

analogues (Enyedi 2002) and miotics (Allingham 2005b) may not be as effective in infants 

with PCG as adults. Brimonidine is contraindicated in children weighing less than 40 lbs due 

to its effects on the central nervous system in children (Carlsen 1999). Apraclonidine has 

been reported to lower the IOP in children and to have fewer central nervous system side 

effects compared to brimonidine (Wright 2009).

How the intervention might work

Angle surgery aims to open a route for aqueous humor to flow into the Schlemm’s canal by 

physically removing the obstruction at the angle. The precise mechanism of IOP lowering 

remains obscure; theoretically, aqueous outflow should increase to reduce pressure in the 

anterior portion of the eye (Grehn 1995).

Filtering surgery and glaucoma shunt surgery work by creating a separate drainage pathway 

for the aqueous either through a fistula in the eye into a conjunctival bleb in the case of a 

trabeculectomy, or into an aqueous reservoir in the case of a glaucoma shunt. 

Cyclodestructive procedures destroy the ciliary body and lower aqueous production.

Why it is important to do this review

Although most specialists agree that surgery, specifically angle surgery, is the procedure of 

first choice for PCG, there are considerable differences in management approaches and 

treatment algorithms. There are staunch supporters of both goniotomy and trabeculotomy, as 

well as other surgical techniques including trabeculectomy-trabeculotomy. Study 

investigators often have used different definitions of surgical success and have drawn 

participants from different pediatric glaucoma populations. It is unclear which surgical 

treatment is most effective to achieve or assure useful vision for children diagnosed with 
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PCG. A systematic review comparing the success rates and complication rates of different 

surgical interventions is essential to answer this question.

OBJECTIVES

To compare the effectiveness and safety of different surgical techniques for PCG.

METHODS

Criteria for considering studies for this review

Types of studies—We included randomized controlled trials (RCTs) and quasi-

randomized controlled clinical trials (CCTs).

Types of participants—We included trials that enrolled children with PCG, diagnosed 

and surgically treated at or before five years of age. We used five years as the cut-off 

because by definition, glaucoma diagnosed after five years is classified as juvenile glaucoma 

(Stamper 2009). We included trials in which children diagnosed both before and after the 

age of five years were included when data for the subgroup of children under five years 

were reported separately. We excluded trials restricted to children with developmental 

glaucomas due to associated ocular or systemic anomalies (e.g. Peters anomaly, Axenfeld-

Rieger syndrome) or secondary glaucomas due to surgery or trauma.

Types of interventions—We included all trials that compared any pair of surgical 

interventions used to treat PCG in a head-to-head design. Possible surgeries included:

1. angle surgeries, such as goniotomy, trabeculotomy, and viscocanalostomy;

2. filtering surgeries, such as trabeculectomy and deep sclerectomy;

3. surgeries using glaucoma drainage devices;

4. cyclodestructive procedures;

5. combined surgeries, such as trabeculectomy-trabeculotomy.

We also included comparisons of surgical techniques (e.g. goniotomy using a blade versus 

laser).

Types of outcome measures

Primary outcomes: Our primary outcome for comparison of interventions was IOP at one 

year after surgery. We assessed IOP as:

1. change in IOP from before surgery (baseline) to one year after surgery;

2. surgical success, defined as the proportion with postoperative IOP less than or 

equal to 21 mm Hg with or without glaucoma medications at one year after 

surgery;

3. qualified success, defined as the proportion with postoperative IOP less than or 

equal to 21 mm Hg with or without glaucoma medications after additional 

surgeries.
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We considered all routinely used tonometers (e.g. Goldmann applanation tonometer, 

pneumatonometer, Tonopen) as valid tools for measuring IOP for the purpose of the review. 

We also considered IOP and surgical success measured at six months and other time points 

when outcomes at six and 12 months postsurgery were not reported by the trial investigators. 

We also reported data from trials that defined surgical success in other ways.

Secondary outcomes: The secondary outcomes we specified for comparison of surgeries 

were as follows.

1. Visual acuity (VA) at six months and one year after surgery. We used VA at a 

follow-up time point rather than change in VA since most of the children enrolled 

in eligible trials were too young or too photophobic for VA to be measured 

accurately at baseline.

2. Mean change from baseline in corneal diameter at six months and one year after 

surgery.

3. Mean change from baseline in axial length at six months and one year after surgery.

4. Proportion of children needing repeat surgery, defined as any glaucoma surgery 

required in the study eye to achieve surgical success excluding corneal (e.g. 

penetrating keratoplasty), cataract, or retinal surgeries. Success after multiple 

glaucoma surgeries was considered a qualified success and not an outright surgical 

failure.

5. Mean number of glaucoma medications needed at six months and one year after 

surgery. We did not consider the use of glaucoma medications to maintain IOP as 

surgical failure if the IOP was less than or equal to 21 mm Hg.

6. Mean change from baseline in cup/disc ratio at six months and one year after 

surgery.

7. Quality of life and economic outcomes, as reported by included trials at six months 

and one year after surgery.

When the mean change from baseline in corneal diameter, axial length, or cup/disc ratio was 

not reported, and study investigators reported the data in another way (e.g. postoperative 

data), we also reported those data and calculated the between group difference for each 

outcome when their respective preoperative values were comparable between the two 

groups.

Adverse outcomes—We compared the proportion of children with postoperative 

complications between the surgery groups, including hyphema, vitreous loss, choroidal 

detachment, button hole, and descemet’s detachment. We planned to include hypotony, bleb 

infections, endophthalmitis, flat chambers needing interventions, wound leak, and any other 

complication when reported from the included trials.

We assessed adverse outcomes within one year after surgery and anytime until the final 

postsurgical follow-up.
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Search methods for identification of studies

Electronic searches—We searched CENTRAL (which contains the Cochrane Eyes and 

Vision Group Trials Register) (The Cochrane Library 2014, Issue 6), Ovid MEDLINE, Ovid 

MEDLINE In-Process and Other Non-Indexed Citations, Ovid MEDLINE Daily, Ovid 

OLDMEDLINE (January 1946 to June 2014), EMBASE (January 1980 to June 2014), 

(January 1982 to June 2014), PubMed (January 1946 to June 2014), the metaRegister of 

Controlled Trials (mRCT) (www.controlled-trials.com), ClinicalTrials.gov 

(www.clinicaltrials.gov), the WHO International Clinical Trials Registry Platform (ICTRP) 

(www.who.int/ictrp/search/en) and the Association for Research in Vision and 

Ophthalmology (ARVO) conference abstracts (from February 1962 to March 7, 2013). We 

did not use any date or language restrictions in the electronic searches for trials. We last 

searched the electronic databases on 23 June 2014.

See: Appendices for details of search strategies for CENTRAL (Appendix 1), MEDLINE 

(Appendix 2), EMBASE (Appendix 3), PubMed (Appendix 4), mRCT (Appendix 5), 

ClinicalTrials.gov (Appendix 6), ICTRP (Appendix 7) and ARVO (Appendix 8).

Searching other resources—We reviewed the reference lists of the trials included in 

the review to identify additional candidate trials or additional reports from included trials.

Data collection and analysis

Selection of studies—The two review authors independently reviewed the titles and 

abstracts resulting from the literature searches and classified each article as ’definitely 

relevant’, ’possibly relevant’ or ’definitely not relevant’. We resolved any discrepancies 

through discussion. We then retrieved full-text reports for records labeled as ’definitely 

relevant’ or ’possibly relevant’ by both review authors. We independently assessed the full-

text reports according to the eligibility criteria and labeled them as ’included’ or ’excluded’. 

We resolved any disagreements through discussion. For trials labeled as ’excluded’, we 

recorded the reasons for exclusion in the ’Characteristics of excluded studies’ table. For 

reports from trials published in languages other than English or Chinese, we used Google 

Translate to read the reports in English and then assessed their eligibility.

Data extraction and management—The two review authors independently extracted 

data related to study design and methods, participant characteristics, and primary and 

secondary outcomes onto forms developed by the Cochrane Eyes and Vision Group. We 

compared and adjudicated discrepancies with extracted data by discussion. After consensus 

was reached, one review author (XW) entered the data into Review Manager (RevMan) 

(RevMan 2014) and the second review author (DG) verified the data entered. We contacted 

trial investigators in an effort to retrieve incomplete or missing data (Anderson 1982; 

Noureddin 2006; Senft 1989), but did not receive any additional information compared with 

the published reports, except for information to assess risk of bias.

Assessment of risk of bias in included studies—The two review authors 

independently assessed the included trials for potential sources of bias according to the 
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guidelines in Chapter 8 of the Cochrane Handbook for Systematic Reviews of Interventions 

(Higgins 2011).

We evaluated each included trial for the following potential sources of bias: selection bias 

(sequence generation, allocation concealment), performance bias (masking of participants 

and study personnel), detection bias (masking of outcome assessors), attrition bias 

(incomplete outcome data), reporting bias (selective outcome reporting), and other potential 

threats to validity. The two review authors evaluated each trial according to the above-

mentioned criteria and judged them as being at low, high, or unclear risk of bias. We 

resolved any disagreements through discussion. Whenever we judged a trial to have unclear 

risk of bias due to unreported information, we contacted the trial investigators (Anderson 

1982; Noureddin 2006; Senft 1989). One trial investigator responded with details of 

randomization and we recorded that information (Anderson 1982). The other two trial 

investigators did not respond to our queries, so we assessed the risk of bias for their trials on 

the basis of the available information.

Measures of treatment effect

Dichotomous data: we calculated risk ratios (RRs) with 95% confidence intervals (CIs) for 

dichotomous data.

The dichotomous outcomes of interest included surgical success and qualified success, the 

need for repeat glaucoma surgery, and adverse events.

Continuous data: we calculated mean differences (MDs) with 95% CIs for outcomes based 

on continuous data.

Outcomes analyzed as continuous data were IOP change from before surgery, mean change 

from baseline in corneal diameter, mean change from baseline in axial length, mean change 

from baseline in cup/disc ratio, and number of medications used after primary surgery.

We planned to record visual acuity as either continuous data or dichotomous data but no 

such data were reported in included trials.

Unit of analysis issues—Five of six trials included both eyes of the same child in a 

paired-eye design; however, in none of these trials was a correct paired analysis done. We 

have analysed these data as reported, i.e. ignoring the paired design. This is a conservative 

analysis (confidence intervals will be wider than they would be if a paired analysis was 

done). In the sixth trial, only one eye per child was included in the trial.

Dealing with missing data—When desired data were not available, we contacted trial 

investigators for additional information or individual patient data, or both (Anderson 1982; 

Noureddin 2006; Senft 1989). When trial investigators did not respond to our queries within 

two weeks, we used the available data. We did not impute data for the purposes of this 

review.
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Assessment of heterogeneity—We assessed for clinical and methodological 

heterogeneity by comparing study methods, participant characteristics, and surgical 

interventions across trials. We planned to quantify statistical heterogeneity in meta-analyses 

using the I2 statistic according to the guidelines set out in Chapter 9 of the Cochrane 

Handbook for Systematic Reviews of Interventions (Deeks 2011).

Assessment of reporting biases—For selective outcome reporting, we compared the 

outcomes prespecified in the Methods section and outcomes reported in the Results section 

of published reports. We also planned to compare the outcomes prespecified in protocols 

with outcomes reported in published papers; however, we did not identify protocols for any 

of the included trials. For publication bias, we planned to use funnel plots created by 

RevMan to examine signs of asymmetry, as specified in Chapter 10 of the Cochrane 

Handbook for Systematic Reviews of Interventions when 10 or more included trials were 

included in meta-analysis (Sterne 2011).

Data synthesis—We planned to use either a fixed-effect or random-effects model for 

meta-analysis according to the number of trials available for inclusion in the systematic 

review: fixed-effect model for fewer than three trials and random-effects for three trials or 

more. We planned to perform data analysis according to the guidelines set out in Chapter 9 

of the Cochrane Handbook for Systematic Reviews of Interventions (Deeks 2011). Due to 

methodological and clinical heterogeneity across trials, we did not conduct any meta-

analysis.

Subgroup analysis and investigation of heterogeneity—We planned subgroup 

analyses for different population characteristics including age, race, ethnicity, and time from 

diagnosis to surgery. We also intended to conduct subgroup analyses for legally blind eyes 

(VA less than 20/200) and eyes with no light perception. However, we did not perform any 

subgroup analyses because of the small number of participants included in the trials and the 

absence of multiple trials that compared the same pair of surgeries. Future updates of the 

review may include sufficient numbers of trials and trial participants for analyses by 

subgroups. Individual patient data will be needed from the trial investigators when trial 

findings have not been reported by subgroups.

Sensitivity analysis—We planned to evaluate the impact of excluding trials with high 

risk of bias (specifically with respect to attrition bias and reporting bias), unpublished data, 

or industry funding in sensitivity analysis.

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded studies; Characteristics 

of ongoing studies.

Results of the search—We conducted electronic searches on 23 June 2014 which 

yielded a total of 1340 titles and abstracts and 169 records from trial registers. After 

removing 39 duplicates, we screened 1470 unique records and determined that 24 were 

Ghate and Wang Page 11

Cochrane Database Syst Rev. Author manuscript; available in PMC 2016 January 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



potentially relevant to the scope of the review. We examined the full-text reports of these 24 

records and excluded 15 trials, included five trials, and listed the remaining four trials as 

ongoing. Through review of the reference lists of the included trials, we found an additional 

trial that met our inclusion criteria (Anderson 1982). Therefore, we included a total of six 

trials; the study flow diagram is in Figure 1.

Included studies—We included six trials in this review. Two of the six trials were CCTs 

(Biedner 1998; Catalano 1989), and the other four were RCTs (Anderson 1982; Bayoumi 

2012; Noureddin 2006; Senft 1989). We described the details of each trial in 

the ’Characteristics of included studies’ table. We also listed comparisons across the 

included trials in Table 1.

Types of participants: Four of the six trials were conducted in the Middle East (one trial 

each in Egypt, Israel, Lebanon, and Saudi Arabia) and two trials were conducted in the 

USA. There was a total of 61 children (102 eyes) enrolled in the six trials (range of 7 to 20 

children per trial); all children were younger than five years of age. The inclusion criteria for 

the five trials with paired-eye designs was children with bilateral congenital glaucoma. The 

sixth trial included one eye of each child diagnosed with bilateral congenital glaucoma 

(Bayoumi 2012). Two trials also had IOP level as an inclusion criterion: Noureddin 2006 

included children with IOP > 21 mm Hg and Senft 1989 included children with IOP ≥ 23 

mm Hg.

Types of interventions: The interventions compared varied among the six trials and no two 

trials compared the same surgical procedures. Of the five trials with paired-eye designs, 

Anderson 1982 compared trabeculotomy in one eye versus goniotomy in the other eye of the 

same child at the same time; Biedner 1998 compared trabeculotomy-trabeculectomy 

combined procedure with trabeculotomy alone; Catalano 1989 compared one goniotomy 

versus two goniotomies; Noureddin 2006 compared trabeculotomy versus 

viscocanalostomy; and Senft 1989 compared surgical goniotomy under general anesthesia 

versus neodymium-YAG laser goniotomy under oral chloral hydrate sedation. Bayoumi 

2012 compared combined trabeculectomy-trabeculotomy with MMC (CTTM) versus CTTM 

with deep sclerectomy (CTTM-DS).

Types of outcomes

Primary outcomes: Of the six trials, three reported our primary outcome of change in IOP: 

Bayoumi 2012 reported the percentage change in IOP from baseline to six months and one 

year; Noureddin 2006 reported mean change in IOP from baseline to six months follow-up; 

and Senft 1989 reported mean change in IOP from baseline to last follow-up (range 2 to 15 

months). Another trial, Catalano 1989, reported postoperative IOP at one month follow-up. 

The other three trials did not report IOP outcomes.

All trials reported some measure of surgical success outcomes and three reported qualified 

success outcomes (Anderson 1982; Biedner 1998; Catalano 1989). The follow-up time 

across trials ranged from 6 to 35 months.
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Secondary outcomes: None of the trials reported any secondary outcomes as defined for our 

review. For outcomes to be assessed as mean changes (e.g. corneal diameter, axial length, 

and cup/disc ratio), only postoperative values were reported. Three trials reported 

postoperative corneal diameter at various time points (Bayoumi 2012; Noureddin 2006; 

Senft 1989); two trials reported postoperative cup/disc ratio at various time points (Bayoumi 

2012; Senft 1989); and one trial reported postoperative axial length at six months and one 

year (Bayoumi 2012).

We did not find information about any other prespecified outcomes of interest in these 

included trials, i.e. VA, need for repeat surgeries, number of glaucoma medications needed, 

quality of life and economic outcomes.

Adverse outcomes: Investigators of four trials reported complications during follow-up 

(Bayoumi 2012; Biedner 1998; Noureddin 2006; Senft 1989).

Excluded studies—We excluded 15 studies after review of full-text reports and listed the 

reasons of exclusion in the ’Characteristics of excluded studies’ table. Three studies were 

not RCTs (retrospective studies or case series); three studies focused on conditions other 

than PCG; and nine studies included children with multiple diagnoses and did not separate 

children diagnosed with PCG or included children with a wide age range and did not 

separate children aged under five years.

Risk of bias in included studies

We described the risk of bias for all six trials in detail (see the ’Characteristics of included 

studies’ table). A summary of risk of bias assessments is shown in Figure 2.

Allocation—Of the six trials, three employed an adequate method for random sequence 

generation; therefore, we assessed them at low risk of bias (Anderson 1982; Bayoumi 

2012;Noureddin 2006). One trial report (Senft 1989) did not specify the method for 

allocation sequence generation, so we judged the risk of bias to be unclear. Two CCTs did 

not employ an unbiased allocation method so we judged the risk of bias to be high in these 

trials.

We judged four trials (Anderson 1982; Bayoumi 2012;Noureddin 2006; Senft 1989) at low 

risk of bias as adequate procedures for allocation concealment had been employed. Three 

trials (Anderson 1982; Noureddin 2006; Senft 1989) had a paired-eye design, in which the 

two eyes of the same participant were allocated to the two surgeries at the same time, 

resulting in low risk of selection bias. One trial used a parallel-group design (Bayoumi 2012) 

in which assignment to a surgical procedure occurred intraoperatively, so allocation was 

always concealed until time of randomization.

We judged two CCTs (Biedner 1998; Catalano 1989) with paired-eye designs to be at high 

risk of bias, as the allocation of treatments was not concealed.

Masking of participants and personnel (performance bias)—None of the trials 

reported information on masking of participants, but considering participants were all young 
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children or infants, we judged that the lack of participant masking would not lead to any 

performance bias. Due to the nature of the trials, surgeons could not be masked during the 

surgery. One trial followed standard surgical protocols (Anderson 1982). Another trial 

(Bayoumi 2012) carried out randomization intraoperatively in order to avoid surgeon bias in 

changing the thickness of the scleral flap created during the initial part of the surgery, e.g. 

making it thinner in cases in which deep sclerectomy was planned and thicker (deeper 

dissection) in cases without deep sclerectomy. We judged both of these trials to be at low 

risk of bias. For the other four trials, due to insufficient information, we judged them as 

having unclear risk of bias.

Masking of outcome assessment (detection bias)—We judged one trial (Senft 

1989) at low risk of bias because the personnel who assessed IOP were masked. For the 

other five trials, due to insufficient information, we judged them as unclear risk of bias.

Incomplete outcome data—We judged three trials to have low risk of attrition bias: 

Biedner 1998 and Catalano 1989 had all or most children examined at one year; Noureddin 

2006 reported six months as the primary outcome and had all children followed-up at six 

months. One trial had two of nine children lost to follow-up at one year, so we judged it to 

have high risk of attrition bias (Anderson 1982). The other two trials did not report the 

number of children examined at individual times, so we judged the risk of attrition bias as 

unclear (Bayoumi 2012; Senft 1989).

Selective reporting—None of the trials had protocols publicly available. One trial 

publication had some outcomes listed in the Methods section but failed to report these 

outcomes in the Results section; therefore, we judged this trial to have high risk of reporting 

bias (Catalano 1989). We judged the other five trials to have unclear risk of reporting bias.

Other potential sources of bias—Only one trial (Bayoumi 2012) included one eye for 

each child and was at low risk of other potential bias. The other five trials included both 

eyes of the same child in a paired-eye design, but did not consider intraperson correlation of 

outcomes in their analysis; we judged the risk of bias as unclear for these trials.

Effects of interventions—The investigators of none of the six trials reported between-

group comparisons, so we calculated the MD or RR from reported group data. No two trials 

used the same pair of surgeries; therefore, we did not perform meta-analysis. We provide 

summary data for each pair of surgical comparisons below. None of the trials reported a 

sample size calculation nor provided a post-hoc power calculation of ability to detect or rule 

out a difference in outcomes between surgery procedures.

Trabeculotomy versus goniotomy—Anderson 1982 compared trabeculotomy versus 

goniotomy in 18 eyes of nine children. Each child was followed to a different time point, 

ranging from 3 to 34 months.

Primary outcomes (IOP and surgical success): Anderson 1982 did not report individual 

IOP data, individual follow-up times, or the duration of success in the eyes. Surgical success 

(IOP control after one surgery) was 66.7% in both trabeculotomy and goniotomy groups at 
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the last follow-up examination (range 3 to 34 months); however, the definition of surgical 

success was not provided in the paper. The failures which occurred were bilateral failures 

(three children with bilateral failures). We contacted the authors for their definition of 

surgical success and received the following response, “the criterion was simply the usual 

clinical decision that the glaucoma was controlled by standard examination, including such 

things as resolution of corneal edema, filling in or stabilization of cupping, low (normalized) 

IOP under anesthesia, etc. I believe that successful cases did not require medication, and at 

least did not need another operation.”

Qualified success (surgical success after multiple surgeries) was seen in 3/9 eyes. The six 

eyes of three children with surgical failure underwent second procedures; one eye needed a 

third procedure to achieve IOP control. The details of the secondary procedures performed 

and the duration after the first surgery were not mentioned in the paper.

Secondary outcomes: The trial did not report any secondary outcomes specified for this 

review.

Adverse outcomes: The trial did not report adverse outcomes.

Combined trabeculectomy-trabeculotomy with MMC (CTTM) versus combined 
trabeculectomy-trabeculotomy with MMC with deep sclerectomy (CTTM-DS)—
Bayoumi 2012 compared CTTM versus CTTM-DS. The trial enrolled 20 eyes of 20 

children, but did not report numbers of children examined at each time point (all children 

had at least six months follow-up). Thus, we do not know how many children or eyes 

contributed to each outcome reported. We used the number of children followed at six 

months (all children) for analyzing data at both 6 and 12 months, so the data at 12 months 

needs to be interpreted with caution.

Primary outcomes (IOP and surgical success): There was no difference between the 

percentage reduction in IOP from baseline between the two groups. The percentage 

reduction of IOP was 63% (standard deviation (SD): 24%) for the CTTM group and 62%

(SD: 22%) for the CTTM-DS group at 6 months (MD 1%; 95% CI −19.2% to 21.2%); and 

69% (SD: 16%) for the CTTM group and 62% (SD: 36%) for the CTTM-DS group at 12 

months (MD 7%; 95% CI −17.4% to 31.4%). Surgical success after one surgery at 12 

months was reported as 100% for both groups (RR 1.00; 95% CI 0.83 to 1.20), where 

surgical success was defined as an IOP of < 16 mm Hg under general anesthesia with no 

hypotony complications or no progression of the disease (i.e. no progression in corneal 

diameter, cup/disc ratio and axial length), or both.

Secondary outcomes

Corneal diameter: While the preoperative corneal diameters between the two groups were 

comparable (MD −0.2 mm; 95% CI −0.96 to 0.56), we calculated and did not find any 

difference between the two groups at six months: mean corneal diameter was measured as 

12.7 mm for the CTTM group and 12.5 mm for the CTTM-DS group (MD 0.2 mm; 95% CI 

−0.52 to 0.92). At 12 months, the mean corneal diameter measurement for the CTTM group 
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(12.6 mm) was greater than the CTTM-DS group (12.0 mm) (MD 0.6 mm; 95% CI 0.01 to 

1.19). The normal range is 9.5 mm to 12 mm for children up to two years of age.

Axial length: While the preoperative values between the two groups were comparable (MD 

−1.1 mm; 95% CI −2.37 to 0.17), we calculated and did not find any difference between the 

two groups at six months nor one year. The lengths were 22.06 mm and 23.06 mm at six 

months (MD −1.0 mm; 95% CI −2.12 to 0.12), and 22.52 mm and 22.26 mm at 12 months 

(MD 0.26 mm; 95% CI −0.88 to 1.40) for the CTTM and CTTM-DS groups, respectively. 

Normal axial length at 12 months is about 20 mm.

Cup/disc ratio: While the preoperative cup/disc ratios between the two groups were 

comparable (MD 0.1; 95% CI −0.08 to 0.28), we calculated and did not find any difference 

between the two groups at six months: cup/disc ratios were 0.3 for the CTTM group and 0.2 

for the CTTM-DS group (MD 0.1; 95% CI −l0.12 to 0.32). At 12 months, the cup/disc ratio 

for the CTTM group (C/D ratio = 0.2) was greater than that for the CTTM-DS group (C/D 

ratio = 0) (MD 0.2; 95% CI 0.11 to 0.29). The normal range is 0 to 0.2 for children up to two 

years of age.

Other secondary outcomes: The trial did not report other secondary outcomes specified for 

this review.

Adverse outcomes: The trial reported that two eyes (20%) in the CTTM-DS group 

developed hypotonus disc edema during the first two months after surgery that resolved 

spontaneously thereafter (RR 5.00; 95% CI 0.27 to 92.62). No other complications were 

noted in either group.

Combined trabeculotomy-trabeculectomy versus trabeculotomy—Biedner 1998 

compared combined trabeculotomy-trabeculectomy versus trabeculotomy in 14 eyes of 7 

children enrolled. All children completed six months follow-up. Six of the seven children 

completed at least 12 months follow-up. However, the trial investigator did not report 

outcomes by time point(s).

Primary outcomes (IOP and surgical success): The trial investigators did not find any 

difference between surgery arms with respect to change in IOP from preoperative levels; no 

average IOP was calculated because all seven children were followed for different lengths of 

time, ranging from 6 to 80 months. Six of seven eyes (86%) in the combined surgery group 

and 4/7 (57%) eyes in the trabeculotomy only group were reported to have achieved surgical 

success (IOP ≤ 21 mm Hg after one surgery) at the end of the follow-up period of each child 

(RR 1.50; 95% CI 0.74 to 3.05).

All four of the eyes that failed (one in the combined surgery group and three in the 

trabeculotomy group) subsequently underwent trabeculectomy with MMC with “good 

results” per the authors. Qualified success (IOP control after multiple surgeries) was seen in 

all eyes undergoing additional surgery. The time interval between the first and second 

surgery and the duration of follow-up were not mentioned in the paper.
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Secondary outcomes: The trial did not report any secondary outcomes specified for this 

review.

Adverse outcomes: The trial investigators reported several adverse outcomes in the 

combined trabeculotomy-trabeculectomy group: one eye had choroidal detachment, two 

eyes had a shallow anterior chamber, and four eyes had flat diffuse filtering blebs. The 

investigators did not report any adverse outcomes for the trabeculotomy group except that 

all eyes had benign hyphema that caused no additional problems.

One goniotomy versus two goniotomies—Catalano 1989 compared one goniotomy 

versus two separate goniotomies performed during the same surgery. The trial enrolled 14 

eyes of seven children. All children were examined at 12 months follow-up.

Primary outcomes (IOP and surgical success): Mean postoperative IOP at one month was 

18.8 mm Hg (SD = 8.0 mm Hg) for the one goniotomy group and 16.1 mm Hg (SD = 4.4 

mm Hg) for the two goniotomies group. No data were available to compare IOP change 

from baseline and between surgery groups at six or 12 months after surgery.

The trial investigators reported that 5/7 eyes in the one goniotomy group and 4/7 eyes in the 

two goniotomies group achieved surgical success (IOP control after one surgery) at 12 

months (RR 1.25; 95% CI 0.56 to 2.77). The IOP range specified for surgical success was 

not reported.

The two eyes in the one goniotomy group that had unsuccessful surgery had subsequent 

surgical success with an additional goniotomy. One of three eyes in the two goniotomies 

group that had unsuccessful surgery achieved surgical success after two subsequent 

surgeries (one goniotomy and then a trabeculectomy with MMC). The time interval between 

the first and second surgery and the duration of follow-up were not mentioned in the paper.

Secondary outcomes: None of the secondary outcomes specified for this review was 

reported.

Adverse outcomes: The trial did not report adverse outcomes.

Trabeculotomy ab externo versus viscocanalostomy—Noureddin 2006 compared 

trabeculotomy versus viscocanalostomy among 16 eyes of eight children enrolled. All eight 

children completed at least 10 months follow-up, and five children completed one year 

follow-up.

Primary outcomes (IOP and surgical success): The mean decrease in IOP from baseline 

to six months after surgery was reported to be 20.5 mm Hg for the trabeculotomy group and 

17.1 mm Hg for the viscocanalostomy group (MD 3.4 mm Hg; 95% CI −3.41 to 10.21). The 

trial investigators reported that no pressure-lowering drugs were needed in any participant 

postoperatively, implying surgical success after one surgery at last follow-up examination 

for all eyes in both the viscocanalostomy and trabeculotomy groups (RR 1.00; 95% CI 0.89 

to 1.12). However, surgical success was not defined explicitly.
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Secondary outcomes

Corneal diameter: The decrease in vertical corneal diameter from baseline to after surgery 

was 0.43 mm for the trabeculotomy group and 0.37 mm for the viscocanalostomy group 

(MD 0.06 mm; 95% CI −0.46 to 0.58); the decrease in horizontal corneal diameter was 0.75 

mm for the trabeculotomy group and 0.62 mm for the viscocanalostomy group (MD 0.13 

mm; 95% CI −0.41 to 0.67). However, the postoperative time point at which corneal 

diameter was measured was not reported.

Other secondary outcomes: The trial did not report other secondary outcomes specified for 

this review, i.e. VA, axial length, need for repeat surgeries, cup/disc ratio, quality of life, or 

economic outcomes.

Adverse outcomes: Hyphema was the most common complication, seen in 4/8 

trabeculotomy eyes and 3/8 viscocanalostomy eyes. One participant each had vitreous loss 

and choroidal detachment in the trabeculotomy group and one participant each had a button 

hole and descemet’s detachment in the viscocanalostomy group.

Surgical goniotomy under general anesthesia versus neodymium-YAG laser 
goniotomy under oral chloral hydrate sedation—Senft 1989 compared surgical 

goniotomy under general anesthesia versus neodymium-YAG laser goniotomy under oral 

chloral hydrate sedation. The trial enrolled 20 eyes of 10 children, but the investigators did 

not report numbers of children examined at each follow-up time point.

Primary outcomes (IOP and surgical success): The mean decrease in IOP from baseline 

to the last postoperative follow-up examination was reported to be 4.8 mm Hg for the 

surgical goniotomy group and 6.4 mm Hg for the laser goniotomy group (MD −1.6 mm Hg; 

95% CI −12.35 to 9.15). The time points at which IOP was measured were not reported.

The trial investigators defined surgical success as IOP ≤22 mm Hg or IOP reduction > 25% 

and reported that success was achieved in 40% of eyes (4/10) in both the surgical and laser 

goniotomy groups. Using our definition of surgical success (IOP ≤ 21 mm Hg after one 

surgery), the proportion of eyes with surgical success was 30% (3/10 eyes) in both the 

groups (RR 1.00; 95% CI 0.26 to 3.81).

Secondary outcomes

Corneal diameter: The average postoperative corneal diameter was 13.5 mm horizontally 

for surgically treated eyes and 13.1 mm for laser-treated eyes, and remained stable 

throughout the trial for both groups. No SDs or time points were reported and the trial 

investigators did not report whether this difference between the two groups was statistically 

significant.

Cup/disc ratio: The trial investigators reported that the postoperative cup/disc ratio averaged 

0.53 and 0.51 for the surgical and laser groups, respectively. No SDs or time points were 

reported and the trial investigators did not report whether this difference between the two 

groups was statistically significant.
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Other secondary outcomes: The trial did not report any other secondary outcomes targeted: 

VA, axial length, need for repeat surgeries, number of glaucoma medications needed, 

quality of life, or economic outcomes.

Adverse outcomes: The trial described several complications, but none of them were 

clinically significant: “Localized, self-limited intraocular hemorrhage was noted for both 

surgical and laser procedures. No patient in the surgical group had a significant hyphema 

during the procedure or postoperatively. Bleeding in the laser treated eyes was observed 

occasionally and was always insignificant”. There was no reported evidence that one group 

had more adverse outcomes than the other.

DISCUSSION

Summary of main results

There is insufficient evidence from randomized or quasi-randomized clinical trials to 

determine whether any particular surgical technique is superior to another for PCG. No two 

of the six RCTs/CCTs on the topic compared the same pair of surgeries, limiting our ability 

to synthesize the findings. Further, the small number of children in each trial (range 7 to 20) 

may be insufficient to detect differences between study procedures. The two most common 

adverse events reported across all studies were hyphema (7 eyes) and flat diffuse filtering 

blebs (4 eyes).

Overall completeness and applicability of evidence

We included only trials that enrolled infants and children with PCG. PCG is a rare disease; 

thus, it can be difficult to identify and enroll a sufficient number of children in an RCT 

designed to compare different approaches in management at a single center. None of the 

currently included trials performed calculation of sample size, weakening the power and 

applicability of the evidence. We excluded trials that compared surgeries among children 

with secondary childhood glaucomas from the review because the treatment and prognosis 

of secondary glaucomas are different from PCG (Kargi 2006). We also excluded trials of 

children greater than five years at diagnosis. Children under five years old develop 

buphthalmos which results in altered anatomy and a different surgical prognosis from 

children without buphthalmos (Allingham 2005a).

The trials that included goniotomy as one of the surgeries may not be applicable to advanced 

cases of PCG since participants eligible for goniotomy need to have a clear cornea for the 

procedure to be technically feasible. Presumably, participants with clear corneas tend to 

have mild PCG and better prognosis than advanced cases. The primary outcome measures 

for this review were IOP and surgical success. IOP is the primary outcome measure for most 

glaucoma trials, particularly in young children for whom it is difficult to assess and follow 

visual fields and optic nerve head cupping. We defined surgical success as IOP less than or 

equal to 21 mm Hg with or without glaucoma medications after one glaucoma surgery. We 

adopted this definition somewhat arbitrarily based on the definitions of surgical success in 

the literature, including nonrandomized studies (Al-Hazmi 2005; Zhang 2009).
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Secondary outcomes specified for our review included VA, corneal diameter, axial length, 

need for repeat surgeries, number of glaucoma medications, cup/disc ratio, quality of life, 

and economic data. Postoperative axial length has been shown to correlate with 

postoperative IOP (Kiefer 2001).

Quality of the evidence

The overall quality of the included trials (four RCTs and two CCTs) was not satisfactory, 

with more than half of the domains judged as unclear due to poor reporting.

Only one trial included and analyzed one eye per participant (Bayoumi 2012); the other five 

trials employed paired-eye designs without reporting adequate handling of correlation 

between eyes. There also were various flaws related to study design, limited sample size, 

incomplete outcome reporting, or insufficient method for data analysis among the six trials. 

Due to these issues, the evidence of the effectiveness and safety of these surgical procedures 

remain unclear, and the applicability of the evidence is limited.

Potential biases in the review process

We minimized biases in the review process by conducting an extensive literature search (see 

Electronic searches section for further details). The literature search included review of the 

reference lists for all the articles reviewed. The two review authors performed each step of 

article selection and data extraction. There was a glaucoma specialist and a methodologist 

involved in the review process.

Many of the secondary outcomes and aspects of the primary outcomes we sought were not 

reported from most of the trials we reviewed.

• Anderson 1982 did not report the individual results of the nine children they 

operated on or IOP outcomes.

• The follow-up time was variable for the participants in five trials.

• Bayoumi 2012 was the only trial to report axial lengths; Bayoumi 2012 and Senft 

1989 also reported cup/disc ratio; Bayoumi 2012, Noureddin 2006 and Senft 1989 

reported data on corneal diameters.

• Of the six trials, two of them did not report any surgical complications (Anderson 

1982; Catalano 1989).

• None of the trials reported on other outcome measures such as VA, need for repeat 

surgeries, number of glaucoma medications needed, and quality of life and 

economic data.

Agreements and disagreements with other studies or reviews

In the discussion that follows, we decided to include retrospective studies, since there were 

very few RCTs or CCTs that looked at the surgical management of PCG. For the most part, 

we restricted the discussion to retrospective studies that were comparative in nature and 

evaluated children with PCG who had surgery before five years of age.
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1) Goniotomy versus trabeculotomy—Most glaucoma specialists believe that 

goniotomy and trabeculotomy yield similar results (Allingham 2005a; Anderson 1982; Beck 

2003; Brandt 2011; Hylton 2013; Morales 2013).

This belief is based on retrospective studies. The patient population in these studies has 

varying age of onset, severity of the disease and preoperative diagnosis. The surgical 

technique, definition of surgical success and duration of follow-up of the patients vary in 

these studies as well.

We found only one trial (Anderson 1982) that compared trabeculotomy and goniotomy in a 

RCT design. The trial investigators, who compared goniotomy in one eye with 

trabeculotomy in the other eye of the same children, achieved similar surgical success with 

both surgeries and observed that the success of goniotomy correlated with the success of 

trabeculotomy in the other eye, i.e. intraocular correlation of outcomes. All the failures in 

this trial were bilateral, which led the trial investigators to conclude that in children with 

clear corneas and early PCG, it is the patient rather than the type of surgery which 

determines the success or failure of the surgery.

We compared the findings from Anderson 1982 with those of two retrospective studies that 

considered goniotomy versus trabeculotomy with inclusion criteria similar to many of our 

inclusion criteria for this review (Table 2). Al-Hazmi 2005 was a retrospective study of 

children less than one year old diagnosed with PCG in Saudi Arabia. The study investigators 

classified the PCG cases as mild, moderate, or severe based on IOP (< 25 mm Hg, 25 to 35 

mm Hg, > 35 mm Hg), corneal diameter (< 13 mm, 13 to 14.5 mm, > 14.5 mm) and corneal 

clarity (good, fair, poor). Of the 254 goniotomy cases studied, 57% were classified as mild 

(81% success rate) and 42% were classified as moderate (13% success rate); there were no 

severe cases. Of the 418 trabeculotomy cases studied, 24% were classified as mild (90% 

success rate), 39% were classified as moderate (40%success rate) and 37% were classified 

as severe (10% success rate). Asseman 1972 was a retrospective study which looked at 

goniotomies and trabeculotomies performed in different time periods. The investigators of 

that study found surgical success rates of 100% with the trabeculotomies (37% loss to 

follow-up) versus a 62% surgical success rate with goniotomy (no loss to follow-up at one 

year).

Mendicino 2000 compared the technique of 360 trabeculotomy (6-0 prolene suture) with 

goniotomy in a retrospective study in patients with PCG less than one year of age. They 

found a surgical success (< 22 mm Hg with or without medications) of 92% after the 360 

trabeculotomy at 12 months, 24 months and last follow-up. The surgical success rates of 

goniotomy were 80%, 70% and 58% at 12 months, 24 months and last follow-up, 

respectively. A VA score (at final follow-up) better than 20/50 was found in 79% of patients 

who underwent the 360 trabeculotomy and 53% in the goniotomy group.

2) Trabeculotomy versus trabeculectomy—Success rates have been low with 

trabeculectomy in older studies which group several primary and secondary glaucomas 

together. Beauchamp 1979 reported on 25 eyes with advanced refractory pediatric glaucoma 

(including secondary glaucomas) and found that IOP was controlled by trabeculectomy in 
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only 50% of patients. They discussed technical problems during the surgery such as the 

limbal distortion secondary to buphthalmos, thinner sclera which led to a higher incidence of 

vitreous loss and postoperative increased healing as significant barriers to success. 

Antimetabolites such as 5-fluorouracil and postoperative modifications such as suture lysis 

are difficult in children. It is also difficult tomonitor and treat the complications of 

antimetabolites such as bleb leaks, shallow chambers or large choroidal detachments.

We did not find any RCTs comparing trabeculectomy with any other glaucoma procedure. 

Table 3 is a summary of the retrospective studies we found that compare trabeculectomy to 

trabeculotomy.

Autrata 2003 is a retrospective study of PCG patients where 45 eyes with trabeculectomy 

without MMC (enrolled before 1995) were compared with 38 eyes with trabeculotomy (all 

the patients enrolled after 1995). The average length of follow-up was 8.2 years in the 

trabeculectomy group and 4.3 years in the trabeculotomy group. Surgical success rate 

(defined as IOP < 21 mm Hg with or without medication) at 2 years was 47% in the 

trabeculectomy group and 76% in the trabeculotomy group. Although follow-up was 

unequal in the two groups, good VA (better than 6/18) was seen in 74% of patients in the 

trabeculotomy group and 51% of patients in the trabeculectomy group.

Debnath 1989 is a retrospective study of 16 patients (30 eyes) who underwent 

trabeculectomy without MMC and 16 patients (31 eyes) who underwent trabeculotomy. The 

two groups were not equivalent: more children in the trabeculectomy group had IOP > 35 

mm Hg and corneal diameter > 14 mm. The surgical success rate (IOP < 16 mm Hg without 

medications) at last follow-up was 54% in the trabeculectomy group and 67% in the 

trabeculotomy group.

Zhang 2009 is a retrospective study from China comparing different glaucoma procedures in 

children with PCG. The groups were not equivalent. Trabeculotomy was the first choice and 

trabeculectomy with MMC was performed if the child was older than three years with 

corneal diameter > 14 mm and the cornea was cloudy. Surgical success (IOP < 21 mm with 

or without medication) was 94% at one year and 67% at three years in the trabeculectomy 

with MMC group, compared to 91% at one year and 87% at three years in the trabeculotomy 

group.

As a primary surgery, trabeculectomy with or without MMC appears to have a lower success 

rate than trabeculotomy.

3) Combined trabeculectomy-trabeculotomy—Combined trabeculectomy-

trabeculotomy is favored in the Middle East (Mullaney 1999) and India (Mandal 1999) for 

patients that present late, with very severe disease plus poor follow-up (Mandal 1999). 

Mandal 2007 analyzed 360 consecutive children (624 eyes) who underwent combined 

trabeculectomy-trabeculotomy without MMC. All the children had PCG, 92% of these were 

primary surgeries, and the age of surgery was 32 months (range 0 to 353 months). Surgical 

success rate (IOP < 16 mm Hg with or without medications) was 85% and 77% at one and 

three years, respectively.
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a) Combined trabeculectomy-trabeculotomy versus trabeculotomy: Our literature search 

revealed only one CCT that fitted our inclusion criteria (Biedner 1998). Table 4 summarizes 

comparative studies of PCG patients/eyes treated with combined trabeculectomy-

trabeculotomy versus trabeculectomy. Biedner 1998 compared the combined procedure 

without MMC in one eye with trabeculotomy in the other eye and found a surgical success 

rate (IOP < 21 mmHg without medications) of 86% in the combined group and 57% in the 

trabeculotomy alone group at the last follow-up (range 6 to 80 months). Al-Hazmi 2005 is a 

retrospective study from Saudi Arabia that included PCG diagnosed at less than one year of 

age (average age 4.2 months). Surgical success rates at two years (IOP < 21 mm Hg without 

medications) were 75% in the combined group and 41% in the trabeculotomy alone group. 

As noted above, the study investigators classified the children into mild, moderate and 

severe PCG. Of the 418 trabeculotomy cases studied, 24% were classified as mild (90% 

success rate), 39% were classified as moderate (40% success rate) and 37% were classified 

as severe (10% success rate). Of the 148 combined surgery cases studied, 1% were classified 

as mild (100% success rate), 47% were classified as moderate (80% success rate) and 51% 

were classified as severe (70% success rate). Zhang 2009 was a retrospective study in China. 

Trabeculotomy was the primary preferred procedure, the combined procedure with MMC 

was performed in glaucomas deemed severe (age > three years, corneal diameter > 14 mm) 

by the study investigators if the cornea was clear and the edema was mild. Comparing the 

combined group to the trabeculotomy group, the IOP was higher (33 mm Hg versus 30 mm 

Hg), but the surgical success (IOP < 21 mm Hg with medication) was 92% at one year, 78% 

at three years and 62% at nine years in the combined surgery group, and 91% at one year, 

87% at three years and 38% at nine years in the trabeculotomy alone group.

The studies show that the combined procedure has better results than a trabeculotomy, even 

when the glaucoma was more severe in the group undergoing the combined procedure. The 

combined procedure is a more complicated procedure which leaves the child with a bleb and 

all the possibilities of long term bleb complications. The studies mentioned above were not 

designed to look at the risk of long term surgical complications. Combined surgery may be 

preferable to a regular angle surgery in a population with problematic follow-ups (Mandal 

2007).

b) Combined trabeculectomy-trabeculotomy versus trabeculectomy: There are no 

prospective studies comparing combined trabeculectomy-trabeculotomy to 

trabeculectomy.Table 5 shows the two retrospective studies comparing the two procedures. 

Elder 1994 was a prospective-retrospective study. Children with PCG less than one year of 

age were treated with the combined procedure and compared to historical controls who 

underwent primary trabeculectomy. The preoperative IOP was higher in the combined group 

(33 mm Hg versus 28 mm Hg) and the cornea was hazier in the trabeculectomy group (82% 

versus 56%). The surgical success rate (IOP < 21 mm Hg without glaucoma medications) 

was 72% at one year and 70% at two years in the trabeculectomy group as compared to 

93.5% at one and two years in the combined group. Zhang 2009 is a retrospective study 

from China. The study investigators chose either trabeculectomy with MMC or the 

combined procedure with MMC if the child was older than three years or the corneal 

diameter exceeded 14 mm. If the cornea was clear or edema was mild, the combined 
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procedure was performed. If visibility was poor, trabeculectomy was performed. They found 

a surgical success rate (IOP ≤ 21 mm Hg with medication) of 92% at one year, 78% at three 

years and 62% at nine years in the combined group, and 94% at one year, 67% at three years 

and 54% at nine years in the trabeculectomy group.

The combined procedure appears to have a better surgical success rate than just the 

trabeculectomy alone, although in both of the studies it could be argued that the children 

who underwent trabeculectomy had worse glaucoma (since they had more corneal haze) 

than the children who underwent the combined procedure.

c) Combined trabeculectomy-trabeculotomy versus combined trabeculectomy-
trabeculotomy with deep sclerectomy: Our literature search revealed one RCT that 

compared these two procedures (Bayoumi 2012). The authors used MMC in both the arms 

of the study and had a 100% surgical success rate with both procedures at one year. The 

corneal diameter and the cup/disc ratio were similar preoperatively and at six months in the 

two groups. Both the corneal diameter and cup/disc ratio decreased at one year in both 

groups, with a larger decrease in the deep sclerectomy group. Since there was a decrease in 

both groups, the difference is not clinically relevant, especially considering that the axial 

length and IOP were not different in both groups at any time point.

4) Other glaucoma surgeries—Other surgeries that have been compared in CCTs 

include different goniotomy techniques. Catalano 1989 was a small study that compared one 

goniotomy with two simultaneous goniotomies and found no difference in outcomes. Senft 

1989 compared surgical goniotomy with Nd-YAG goniotomy and found no difference in 

surgical success between the two.

Noureddin 2006 in a small RCT showed that viscocanalostomy may be as effective as 

trabeculotomy in achieving surgical success. In a recent retrospective study from China 

(Chen 2013), viscocanalostomy was compared to trabeculectomy with MMC. The study 

investigators found no significant difference in surgical success rates (≤ 18 mm Hg) at any 

time point. In the viscocanalostomy group, 4 eyes out of 27 were classified as failures. In the 

trabeculectomy group, 5 eyes out of 39 were classified as failures.

Glaucoma drainage devices are used in congenital glaucoma when the glaucoma proves 

refractory to angle surgery or to trabeculectomy. Our search did not yield any studies using 

glaucoma drainage devices as primary surgeries in PCG. Beck 2003, a retrospective study, 

looked at children under two years old with refractory glaucoma (primary and secondary) 

who had previously undergone glaucoma surgery. Aqueous shunts had an 87% success rate 

(IOP < 23 mm Hg with medication) at one year as compared to a 53% success rate with 

trabeculectomy with MMC. However, complication rates were high in the aqueous shunt 

group where 21 of 46 eyes required one or more interventions due to a complication. The 

most common complication was actual or near tubecornea touch (35%). Only 3 of the 24 

eyes (12.5%) needed another surgery secondary to a complication in the trabeculectomy 

group. Other complications in the aqueous shunt group included cataracts (11%) and corneal 

decompensation (9%), among others.
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AUTHORS’ CONCLUSIONS

Implications for practice

Our review documents the paucity of systematic research in the field of congenital glaucoma 

to provide reliable information about the relative benefits and risks of different surgical 

procedures. This is because the disease is rare and additional speciality training in the field 

of pediatric glaucoma surgery is required.

Surgical success rates for goniotomy versus trabeculotomy could not be adequately 

compared based on available data. In cases with more severe glaucoma, or with cloudy 

corneas, it may be technically impossible to perform a goniotomy, but a trabeculotomy 

could be performed. Surgical success following either procedure may be achievable with 

second or third surgeries.

Combined trabeculectomy-trabeculotomy is used commonly in several countries with good 

results, but there is a paucity of good prospective studies comparing the technique to other 

types of angle surgery.

Implications for research

There are considerable gaps in our knowledge of the treatment of PCG. With a multitude of 

surgical options available, future research should aim to address the question of which one 

works best. Of particular interest would be whether filtering surgeries, such as 

trabeculectomy, should be used in place of or in addition to angle surgeries, such as 

goniotomy or trabeculotomy. Considering the rarity of the disease, a multicenter, possibly 

international, trial may be the only way to enroll enough participants for an RCT in which 

several surgical approaches are compared, with stratification by PCG severity in order to 

provide statistically valid outcome data. One recommendation for future trials would be to 

include sample size calculations to ensure that the trials have sufficient power to detect 

differences between groups. In order to compare various surgical techniques, common 

outcome measures and follow-up time points should be considered when planning research 

on this topic. Trials should have at least one year of follow-up, preferably with primary 

endpoints at three to five years to establish long-term effects. Furthermore, parents of 

children with PCG should be involved in the design and conduct of trials, especially with 

regard to which outcomes are most important and meaningful to them.
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APPENDICES

Appendix 1. CENTRAL search strategy

#1 MeSH descriptor Glaucoma explode all trees with qualifier: CN

#2 glaucoma* near/5 (congenital or neonat* or pediatric* or paediatric* or child*)

#3 (#1 OR #2)

#4 MeSH descriptor Trabeculectomy

#5 goniotom*

#6 trabeculotom*

#7 trabeculectom*

#8 trabectom*

#9 MeSH descriptor Filtering Surgery

#10 filtrat* near/3 (surg* or operat*)

#11 MeSH descriptor Sclerostomy

#12 sclerostom*

#13 sclerectom*

#14 viscocanalostom*

#15 glaucoma* near/4 surg*

#16 MeSH descriptor Glaucoma Drainage Implants

#17 molteno or ahmed or baerveldt or krupin or schocket or joseph or optimed

#18 glaucoma* near/6 (tube* or device* or drain* or shunt* or implant* or seton*)

#19 MeSH descriptor Laser Coagulation

#20 cyclophotocoagulat*

#21 cyclocryotherap*
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#22 (#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR 

#15 OR #16 OR #17 OR #18 OR # 19 OR #20 OR #21)

#23 (#3 AND #22)

Appendix 2. MEDLINE search strategy

1. Glaucoma/cn [Congenital]

2. ((congenital or neonat$ or pediatric$ or paediatric$ or child$) adj5 glaucoma$).tw.

3. or/1–2

4. exp trabeculectomy/

5. goniotom$.tw.

6. trabeculotom$.tw.

7. trabeculectom$.tw.

8. trabectom$.tw.

9. exp filtering surgery/

10. ((surg$ or operat$) adj3 filtrat$).tw.

11. exp sclerostomy/

12. sclerostom$.tw.

13. sclerectom$.tw.

14. viscocanalostom$.tw.

15. (glaucoma$ adj4 surg$).tw.

16. exp glaucoma drainage implants/

17. (molteno or ahmed or baerveldt or krupin or schocket or joseph or optimed).tw.

18. ((tube$ or device$ or drain$ or shunt$ or implant$ or seton$) adj6 glaucoma$).tw. 

laser coagulation/

19. cyclophotocoagulat$.tw.

20. cyclocryotherap$.tw.

21. or/4–21

22. 3 and 22

The search filter for trials at the beginning of the MEDLINE strategy is from the published 

paper by Glanville et al (Glanville 2006).

Appendix 3. EMBASE.com search strategy

#1 ’congenital glaucoma’/exp
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#2 ((congenital OR neonat* OR pediatric* OR paediatric* OR child*) NEAR/5 

glaucoma*):ab,ti

#3 #1 OR #2

#4 ’trabeculectomy’/exp

#5 goniotom*:ab,ti

#6 trabeculotom*:ab,ti

#7 trabeculectom*:ab,ti

#8 trabectom*:ab,ti

#9 ’filtering operation’/exp

#10 ((surg* OR operat*) NEAR/3 filtrat*):ab,ti

#11 ’glaucoma surgery’/exp

#12 sclerostom*:ab,ti

#13 sclerectom*:ab,ti

#14 viscocanalostom*:ab,ti

#15 (glaucoma* NEAR/4 surg*):ab,ti

#16 ’glaucoma drainage implant’/exp

#17 molteno:ab,ti OR ahmed:ab,ti OR baerveldt:ab,ti OR krupin:ab,ti OR schocket:ab,ti OR 

joseph:ab,ti OR optimed:ab,ti

#18 ((tube* OR device* OR drain* OR shunt* OR implant* OR seton*) NEAR/6 

glaucoma*):ab,ti

#19 ’laser coagulation’/exp

#20 cyclophotocoagulat*:ab,ti

#21 cyclocryotherap*:ab,ti

#22 #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR 

#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21

#23 #3 AND #22
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Appendix 4. PubMed search strategy

#1 (glaucoma*[tw] AND (congenital[tw] OR neonat*[tw] OR pediatric*[tw] OR 

paediatric*[tw] OR child*[tw])) NOT Medline[sb]

#2 goniotom*[tw] NOT Medline[sb]

#3 trabeculotom*[tw] NOT Medline[sb]

#4 trabeculectom*[tw] NOT Medline[sb]

#5 trabectom*[tw] NOT Medline[sb]

#6 (filtrat*[tw] AND (surg*[tw] OR operat*[tw])) NOT Medline[sb]

#7 sclerostom*[tw] NOT Medline[sb]

#8 sclerectom*[tw] NOT Medline[sb]

#9 viscocanalostom*[tw] NOT Medline[sb]

#10 (glaucoma*[tw] AND surg*[tw]) NOT Medline[sb]

#11 (molteno[tw] OR ahmed[tw] OR baerveldt[tw] OR krupin[tw] OR schocket[tw] OR 

joseph[tw] OR optimed[tw]) NOT Medline[sb]

#12 (glaucoma*[tw] AND (tube*[tw] OR device*[tw] OR drain*[tw] OR shunt*[tw] OR 

implant*[tw] OR seton*[tw]) NOT Medline[sb]

#13 cyclophotocoagulat*[tw] NOT Medline[sb]

#14 cyclocryotherap*[tw] NOT Medline[sb]

#15 (#2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 

OR #14)

#16 (#1 AND #15)

Appendix 5. metaRegister of Controlled Trials search strategy

(Glaucoma) AND (Congenital OR Neonatal OR Pediatric OR Paediatric OR Children) AND 

(Surgery OR Trabeculectomy OR Goniotomy OR Sclerostomy OR Sclerectomy OR 

viscocanalostomy OR Drainage OR Implant OR Ahmed OR Laser OR 

Cyclophotocoagulation)

Appendix 6. ClinicalTrials.gov search strategy

(Glaucoma) AND (Congenital OR Neonatal OR Pediatric OR Paediatric OR Children) AND 

(Surgery OR Trabeculectomy OR Goniotomy OR Sclerostomy OR Sclerectomy OR 
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viscocanalostomy OR Drainage OR Implant OR Ahmed OR Laser OR 

Cyclophotocoagulation)

Appendix 7. ICTRP search strategy

Glaucoma AND Congenital OR Glaucoma AND Neonatal OR Glaucoma AND Pediatric 

OR Glaucoma AND Paediatric OR Glaucoma AND Children

Appendix 8. Keyword search of ARVO conference abstracts in Investigative 

Ophthalmology and Visual Science

• congenital glaucoma

• pediatric glaucoma

• neonatal glaucoma

• trabeculotomy

• goniotomy

• viscocanalostomy

• trabeculectomy

• glaucoma drainage device

• Ahmed valve and pediatric glaucoma

• Baerveldt valve and pediatric glaucoma

• Molteno valve and pediatric glaucoma

• cyclocryotherapy

• transscleral cyclophotocoagulation

• endoscopic cyclophotocoagulation

• non penetrating glaucoma surgery

• non penetrating deep sclerectomy

• trabectome
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Figure 1. 
Results from searching for studies for inclusion in the review Included studies
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Figure 2. 
Risk of bias summary: review authors’ judgements about each risk of bias item for each 

included study.
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Table 4

Study characteristics and clinical outcomes for studies comparing combined trabeculectomy-trabeculotomy 

versus trabeculotomy

Study ID Biedner 1998 Al-Hazmi 2005* Zhang 2009

Study design Quasi-randomized trial Retrospective study Retrospective study

Interventions Combined trabeculectomy-trabeculotomy Trabeculotomy Combined 
trabeculectomy-
trabeculotomy 
with MMC

Trabeculotomy Combined 
trabeculectomy-
trabeculotomy 
with MMC

Trabeculotomy

Number of eyes 
enrolled

7 7 148 418 25 23

Participants age (mean) 3.4 months 4.9 months 3.5 months 4.2 months 2.1 years

Baseline IOP (mm Hg, 
mean ± SD)

NA NA NA NA 32.74 ± 8.71 29.94 ± 6.75

Follow-up (mean) range: 6 to 80 months 16 months 14 months 5.8 years

Outcomes

Surgical success** at 
1year

NA NA 87.4% 61.5% 92.0% 91.3%

Surgical success at 2 
years

NA NA 75.0% 41.0% NA NA

Surgical success at 3 
years

NA NA NA NA 78.0% 87.0%

Surgical success at last 
follow-up

85.7% 57.1% NA NA 62.4% (9 years) 37.7% (9 years)

C/D: cup to disk ratio
IOP: intraocular pressure
MMC: mitomycin C
NA: data not available
SD: standard deviation

*
Intervention groups differed by PCG severity.

**
Surgical success after one surgery:

Biedner 1998 definition: IOP of ≤ 20 mm Hg without medical treatment.
Al-Hazmi 2005 definition: IOP ≤21 mm Hg without additional medical or surgical therapy, and without any signs of glaucoma progression.
Zhang 2009 definition: IOP ≤ 21 mm Hg with or without medication, without glaucoma progression. 100% of the patients had follow-up at 1 year, 
79% at 3 years.
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Table 5

Study characteristics and clinical outcomes for studies comparing combined trabeculectomy-trabeculotomy 

versus trabeculectomy

Study ID Elder 1994 Zhang 2009

Study design Retrospective study Retrospective study

Interventions Trabeculectomy-trabeculotomy Trabeculectomy Trabeculectomy-trabeculotomy with MMC Trabeculectomy with MMC

Number of eyes 
analyzed

16 44 25 33

Participants age (mean) 5.6 months 4.3 months 2.08 years

Baseline IOP (mm Hg, 
mean ± SD)

32.6 ± 6.9 28.4 ± 7.4 32.74 ± 8.71 32.08 ± 10.82

Follow-up (mean) 21.6 months 48.4 months 5.8 years

Outcomes

Surgical success* at 1 
year

93.5% 72.0% 92.0% 93.9%

Surgical success at 2 
years

93.5% 70.0% NA NA

Surgical success at 3 
years

NA NA 78.0% 66.7%

Surgical success at last 
follow-up

NA NA 62.4% (9 years) 53.9% (9 years)

C/D: cup to disk ratio
IOP: intraocular pressure
MMC: mitomycin C
NA: data not available
SD: standard deviation

*
Surgical success after one surgery:

Elder 1994 definition: IOP ≤ 21 mm Hg on no medication. Follow-up in the trabeculotomy group ranged from 3 to 110 months and 19 to 27 
months in the trabeculotomy-trabeculectomy group.
Zhang 2009 definition: IOP ≤ 21 mm Hg with or without medication, without glaucoma progression. 100% of the patients had follow-up at 1 year, 
79% at 3 years.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Anderson 1982

Methods Study design: RCT, paired-eye design
Number randomized (total and per group): 9 children with 18 eyes; 9 eyes in the goniotomy group and 9 eyes in the 
trabeculotomy group
Number analyzed (total and per group): 9 children with 18 eyes; 9 eyes in the goniotomy group and 9 eyes in the 
trabeculotomy group. The study also reported on the results of 23 more eyes with 16 undergoing trabeculotomy and 7 
goniotomy. These 23 eyes were not randomized and hence were excluded from our analysis
Losses to follow-up: 14 eyes were followed at 1 year
Length of follow-up:
Planned: not reported
Actual: each participant was followed to a different time point, ranging from 3 to 34 months

Participants Country: USA
Age: less than 9 months of age
Gender: not specified
Inclusion criteria: primary bilateral infantile glaucoma, less than 1 year of age
Equivalence of baseline characteristics: probably equivalent, although details of glaucoma not mentioned

Interventions Intervention 1: trabeculotomy
Intervention 2: goniotomy

Outcomes Outcomes: surgical success (not defined)
Intervals at which outcome assessed: not mentioned
Issues with outcome assessment: IOP not mentioned as part of definition of surgical success
Adverse effects: not reported

Notes Type of study: published
Funding: not specified
Declaration of interest: not specified
Study period: not specified

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence 
generation 
(selection bias)

Low risk The study only mentioned “trabeculotomy in one eye and goniotomy in the other eye,” but did 
not mention whether it was an RCT or CCT. In an email from Dr. Anderson, he mentioned 
that randomization was done by an unusual method: “A cotton tipped applicator was broken in 
half, one half with cotton, the other one without. A nurse held one in her closed hand and the 
other in her other closed hand. The surgeon chose a hand after specifying that if the one with 
cotton were selected, he would do the goniotomy on the right eye, and if not, the goniotomy 
would be done on the left eye. This was done long before it became common to have a 
statistician make envelopes with one to be picked and opened with the instructions on which 
eye was to have which procedure. Thus there were no criteria for selecting the eye to get either 
one of the other procedure. Both eyes had to be eligible to have either procedure.”
As the selection of hand with cotton is similar to flip of a coin, we assessed the random 
sequence generation at low risk of bias

Allocation 
concealment 
(selection bias)

Low risk The 2 eyes were allocated concurrently to 2 interventions.

Masking of 
participants and 
personnel 
(performance bias)

Low risk The surgeons could not be masked, but surgical procedures were standardized (per Dr. 
Anderson in a personal communication). Not masking young children/infants is unlikely to 
introduce bias

Masking of 
outcome 
assessment 
(detection bias)

Unclear risk We did not know whether outcome assessors were masked.

Incomplete 
outcome data 
(attrition bias) All 
outcomes

High risk Fourteen of the 18 eyes were followed up at 1 year.

Selective reporting 
(reporting bias)

Unclear risk The protocol was not available. Outcomes prespecified in the Methods section matched the 
outcomes reported in the Results section
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Other bias Unclear risk The study included both eyes of the same participant, but did not consider intraperson 
correlation of outcomes

Bayoumi 2012

Methods Study design: RCT, parallel group design with 1 study eye per child
Number randomized (total and per group): 20 eyes of 20 children; 10 for combined trabeculectomy-trabeculotomy 
with MMC alone (CTTM) and 10 for CTTM with deep sclerectomy (CTTM-DS)
Number analyzed (total and per group): all children completed at least 6 months follow-up; children analyzed at 1 
year were not reported
Losses to follow-up: all children completed at least 6 months follow-up
Length of follow-up:
Planned: not reported
Actual: 18.5 ± 9.2 (range 8 to 35) months for the CTTM group; 14.6 ± 4.3 (range 6 to 20) for the CTTM-DS group

Participants Country: Egypt
Age: CTTM group: 4.7 ± 2.0 months; CTTM-DS group: 7.0 ± 3.8 months
Gender: CTTM group: 6/10 (60%) boys and 4/10 (40%) girls; CTTM-DS group: 8/10 (80%) boys and 2/10 (20%) girls
Inclusion criteria: diagnosis of primary congenital glaucoma
Equivalence of baseline characteristics: “There were no statistically significant differences between the two groups of 
participants as regards the preoperative variables, including age, IOP, corneal diameter, cup/disc ratio, and axial length”

Interventions Intervention 1: CTTM
Intervention 2: CTTM-DS

Outcomes Outcomes:

1 IOP-measurements were made during an EUA with a Perkins tonometer just after induction of anesthesia 
and before intubation

2 Corneal diameter-details of measurement not given

3 C/D ratio - details of measurement not given

4 Axial length

5 Surgical success defined as IOP < 16 mm Hg with no hypotony complications and no progression of disease 
as determined by measured ocular parameters

6 Adverse events

Intervals at which outcome assessed: 1, 2, 3, 6, 9, and 12 months
Issues with outcome assessment: none
Adverse effects: yes

Notes Type of study: published
Funding: not reported
Declaration of interest: “The author declares no conflict of interest”
Study period: not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence 
generation 
(selection bias)

Low risk “A CTTM was conducted in all the patients. Intraoperatively, eyes were randomized for the 
procedure of CTTM alone or with the addition of a deep sclerectomy. Randomization was 
carried out by a flip coin choice by an attending assistant nurse. Randomization was not 
carried out preoperatively in order to avoid surgeon bias in changing the thickness of the 
scleral flap created during the initial part of the surgery, tending to make it thinner in cases in 
which deep sclerectomy was planned and thicker (deeper dissection) in cases without deep 
sclerectomy.”

Allocation 
concealment 
(selection bias)

Low risk Since the randomization was done intra-operatively, and was determined by flip of coin, the 
next allocation was not known

Masking of 
participants and 
personnel 
(performance bias)

Low risk The surgeon could not be masked. However, the study carried out randomization 
intraoperatively in order to avoid surgeon bias in changing the thickness of the scleral flap 
created during the initial part of the surgery, for example, making it thinner in cases in which 
deep sclerectomy was planned and thicker (deeper dissection) in cases without deep 
sclerectomy. Not masking young children/infants is unlikely to introduce bias

Masking of 
outcome 
assessment 
(detection bias)

Unclear risk The measurements of IOP, optic nerve cupping, corneal diameter, and axial length were all 
done by an opthalmologist (rather than the surgeon who performed the procedure). We are not 
aware if this person was masked
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Incomplete 
outcome data 
(attrition bias) All 
outcomes

Unclear risk All children completed at least 6 months follow-up; number of children analyzed at 1 year was 
not reported

Selective reporting 
(reporting bias)

Unclear risk Low risk The protocol was not available. Outcomes prespecified in the Methods section matched the 
outcomes reported in the Results section

Other bias Low risk None identified.

Biedner 1998

Methods Study design: CCT, paired-eye design
Number randomized (total and per group): 7 children with 14 eyes; 7 right eyes underwent the trabeculotomy-
trabeculectomy combined procedure and 7 left eyes underwent trabeculotomy alone
Number analyzed (total and per group): all children completed 6 months follow-up, 6/7 children completed at least 1 
year follow-up
Losses to follow-up: not reported
Length of follow-up:
Planned: a minimum of 6 months
Actual: 40.29 ± 27.96 months

Participants Country: Israel
Age: trabeculotomy-trabeculectomy combined group: 3.43 ± 3.31 weeks; trabeculotomy alone group: 4.86 ± 3.89 weeks
Gender: not reported
Inclusion criteria: bilateral congenital glaucoma, younger than 3 months of age
Equivalence of baseline characteristics: each surgery was performed on the 2 eyes of the same participant. Ages at 
time of surgery differed by design (the right eye was always operated on first, the average time interval between the 2 
procedures was 1.43 ± 1.62 weeks)

Interventions Intervention 1: trabeculotomy-trabeculectomy combined procedure
Intervention 2: trabeculotomy alone

Outcomes Outcomes: IOP before surgery and at the end of follow-up
Complications during follow-up
Intervals at which outcome assessed: IOP was measured at the last follow-up of each participant
Issues with outcome assessment: none
Adverse effects: choroidal detachment, hyphema, shallow anterior chambers, corneal opacities, flat diffuse filtering 
blebs

Notes Type of study: published
Funding: not reported
Declaration of interest: not reported
Study period: 1988 to 1995

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence 
generation 
(selection bias)

High risk “The right eye underwent the trabeculotomy-trabeculectomy combined procedure, and the left 
eye underwent trabeculotomy alone, regardless of the IOP recorded.”

Allocation 
concealment 
(selection bias)

High risk Allocation was not concealed.

Masking of 
participants and 
personnel 
(performance bias)

Unclear risk The surgeon could not be masked. Not masking young children/infants are unlikely to 
introduce bias

Masking of 
outcome 
assessment 
(detection bias)

Unclear risk We did not know whether outcome assessors were masked.

Incomplete 
outcome data 
(attrition bias) All 
outcomes

Low risk 6 out of 7 children completed 1 year follow-up.

Selective reporting 
(reporting bias)

Unclear risk The protocol was not available. Outcomes prespecified in the Methods section matched the 
outcomes reported in the Results section

Other bias Unclear risk The study included both eyes of the same participant, but did not consider intraperson 
correlation of outcomes
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Catalano 1989

Methods Study design: CCT, paired-eye design
Number randomized (total and per group): 7 children with 14 eyes; 7 eyes had 2 separate goniotomies (either the 
worse eye or randomized), 7 eyes had only 1 goniotomy
Number analyzed (total and per group): all eyes examined at 1 year
Losses to follow-up: participants were followed at different time points; all eyes examined at 1 year
Length of follow-up:
Planned: minimum 12 months
Actual: 12 months

Participants Country: USA
Age: 4.5 ± 2.9 months at diagnosis (range 1.5 to 10.5 months)
Gender: not reported
Inclusion criteria: bilateral primary congenital glaucoma
Exclusion criteria: corneal edema or enlargement without glaucoma, or both, due to birth trauma; corneal dystrophy; 
metabolic storage disorder; and infants with glaucoma associated with easily recognized abnormalities of the iris, such 
as aniridia or iridocorneal dysgenesis
Equivalence of baseline characteristics: no; the more severely affected eye was chosen for the 2 goniotomies 
procedure in 1 of the study sites (Wills Eye Hospital)

Interventions Intervention 1: 2 separate goniotomies
Intervention 2: 1 goniotomy

Outcomes Outcomes:

1 IOP: measurements done with an EUA, measured by Schiotz tonometer

2 Surgical success at 12 months: an IOP of 21 mm has been considered a criteria for success or failure of IOP 
control after surgery. Need for further surgery has also been considered surgical failure

3 Corneal diameter with calipers, optic nerve cupping, if visible, and axial length measurement by A-scan 
ultrasonography

Intervals at which outcome assessed: 1 month and 1 year
Issues with outcome assessment: none
Adverse effects: not reported

Notes Type of study: published
Funding: unrestricted grant from Research to Prevent Blindness and the Sight Conservation Society
Declaration of interest: not reported
Study period: enrollment period: August 1986 to May 1987

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence 
generation 
(selection bias)

High risk “At the Wills Eye Hospital the eye with the more severe glaucoma was always selected to 
undergo two goniotomies. At the Children’s Hospital of Denver the selection as to which eye 
would undergo two goniotomies was made randomly by means of a coin toss.”
Numbers of participants treated in each hospital were not specified

Allocation 
concealment 
(selection bias)

High risk For the Wills Eye Hospital, allocation was not concealed. For Children’s Hospital of Denver, 
because coin toss was used for random sequence generation in the paired-eye design, the risk 
for allocation concealment is low

Masking of 
participants and 
personnel 
(performance bias)

Unclear risk The surgeon could not be masked. Not masking young children/infants is unlikely to introduce 
bias

Masking of 
outcome 
assessment 
(detection bias)

Unclear risk We did not know whether outcome assessors were masked.

Incomplete 
outcome data 
(attrition bias) All 
outcomes

Low risk All patients were followed for 1 year.

Selective reporting 
(reporting bias)

High risk Protocol was not available. The Methods section of the paper specified measurement of 
corneal diameter, optic nerve cupping, and axial length, but the article did not report these data 
in the Results section

Other bias Unclear risk The study included both eyes of the same participant, but did not consider intraperson 
correlation of outcomes
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Noureddin 2006

Methods Study design: RCT, paired-eye design
Number randomized: 8 children with 16 eyes
After diagnosis, the more severely affected eye was randomly assigned for either trabeculotomy ab externo or 
viscocanalostomy. The second eye underwent the alternative surgery 2 weeks later
Number analyzed: not reported
Losses to follow-up: all children completed 6 months follow-up; 5 of 8 participants completed the 1 year follow-up
Length of follow-up:
Planned: not reported
Actual: 12.5 ± 1.86 months

Participants Country: Lebanon
Age: 14.68 ± 17.61 weeks (at time of first operation)
Gender: 4/8 (50%) boys and 4/8 (50%) girls
Inclusion criteria: ”Eight consecutive patients with newly diagnosed bilateral primary congenital glaucoma were 
enrolled in the study…Criteria for diagnosis were the classic symptoms of buphthalmos, photophobia and tearing, in 
addition to the signs of a large corneal diameter and IOP > 21 mm Hg.”
Equivalence of baseline characteristics: different symptoms at diagnosis (eyes had symptoms such as corneal 
clouding, buphthalmos, tearing, or a mix of the 2 or 3)

Interventions Intervention 1: trabeculotomy ab externo
Intervention 2: viscocanalostomy

Outcomes Outcomes:

1 Mean IOP at 1 week, 6 months, and last follow-up visit

2 Preoperative and postoperative vertical and horizontal corneal diameters

3 Operative complications during follow-up

Intervals at which outcome assessed: day 1, week 1, week 4 and thereafter every 4 weeks and at the last reported 
follow-up
Issues with outcome assessment: none
Adverse effects: hyphema, vitreous loss, choroidal detachment, button hole, Descemet’s detachment

Notes Type of study: published
Funding: not reported
Declaration of interest: the study investigators declared no competing interest
Study period: June 2003 to December 2004

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence 
generation 
(selection bias)

Low risk “The more severely affected eye was randomly assigned for either trabeculotomy ab externo or 
viscocanalostomy. The second eye underwent the alternative surgery 2 weeks after the first 
procedure.”

Allocation 
concealment 
(selection bias)

Low risk The 2 eyes were concurrently allocated to 2 interventions, so it is unlikely this design would 
introduce selection bias

Masking of 
participants and 
personnel 
(performance bias)

Unclear risk The surgeon could not be masked. Not masking young children/infants is unlikely to introduce 
bias

Masking of 
outcome 
assessment 
(detection bias)

Unclear risk We did not know whether outcome assessors were masked.

Incomplete 
outcome data 
(attrition bias) All 
outcomes

Low risk All children completed at least 10 months follow-up, although 5/8 children completed 1 year 
follow-up, the primary outcome (IOP) reported was at 6 months

Selective reporting 
(reporting bias)

Unclear risk The protocol was not available. Outcomes prespecified in the Methods section matched the 
outcomes reported in the Results section

Other bias Unclear risk The study included both eyes of the same participant, but did not consider intraperson 
correlation of outcomes

Senft 1989

Methods Study design: RCT, paired-eye design
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Number randomized (total and per group): 10 children with 20 eyes
Number analyzed (total and per group): not reported
Losses to follow-up: not reported
Length of follow-up:
Planned: not reported
Actual: 9.5 ± 4.8 months (range 2 to 15 months)

Participants Country: Saudi Arabia
Age: 5.7 ± 3.9 months (range 4 days to 12 months)
Gender: 6/10 (60%) boys and 4/10 (40%) girls
Inclusion criteria: “Patients included in this study were children with congenital glaucoma who were younger than age 
5 years. Diagnosis of congenital glaucoma was established on the basis of intraocular pressure (IOP) elevation above 23 
mm Hg by applanation, enlargement in the horizontal corneal diameter beyond 12 mm, and typical optic nerve changes 
suggestive of glaucomatous cupping.”
Equivalence of baseline characteristics: each surgery was done on the same patients: IOP in the surgical goniotomy 
group: 28.4 ± 4.6 mm Hg; IOP in the neodymium-YAG laser goniotomy group: 29.5 ± 11.0 mm Hg

Interventions Intervention 1: surgical goniotomy under general anesthesia
Intervention 2: neodymium-YAG laser goniotomy under oral chloral hydrate sedation

Outcomes Outcomes:

1 Mean IOP following surgery or laser treatment

2 Corneal diameters

3 C/D ratio

Intervals at which outcome assessed: not reported
Issues with outcome assessment: none
Adverse effects: “Localized, self-limited intraocular hemorrhage was noted for both surgical and laser procedures. No 
patient in the surgical group had a significant hyphema during the procedure or postoperatively. Bleeding in the laser 
treated eyes was observed occasionally and was always insignificant.”

Notes Type of study: published
Funding: Research Department, King Khaled Eye Specialist Hospital
Declaration of interest: “The authors have no proprietary interest in the Lasag Co.”
Study period: not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence 
generation 
(selection bias)

Unclear risk “One eye of each patient was chosen for surgical or Nd-YAG laser treatment in a randomized, 
double-masked fashion.” The method for random sequence generation was not specified

Allocation 
concealment 
(selection bias)

Low risk The 2 eyes were allocated concurrently to 2 interventions.

Masking of 
participants and 
personnel 
(performance bias)

Unclear risk The study stated that “One eye of each patient was chosen for surgical or Nd-YAG laser 
treatment in a randomized, double-masked fashion”, but did not specify who was masked

Masking of 
outcome 
assessment 
(detection bias)

Low risk “All IOP readings were obtained…in a double-masked fashion.”

Incomplete 
outcome data 
(attrition bias) All 
outcomes

Unclear risk Participants were followed at different time points. We are unclear how many participants 
were included in the final follow-up

Selective reporting 
(reporting bias)

Unclear risk The protocol was not available. Outcomes prespecified in the Methods section matched the 
outcomes reported in the Results section

Other bias Unclear risk The study included both eyes of the same participant, but did not consider intraperson 
correlation of outcomes

*
means reported as mean ± standard deviation

CCT: controlled (quasi-randomized) clinical trial
C/D ratio: cup/disc ratio
EUA: examination under anesthesia
IOP: intraocular pressure
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mm Hg: millimeter mercury
RCT: randomized controlled trial
YAG: yttrium aluminum garnet
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Agarwal 1997 The study included children with ages ranging from 9 days to 7 years with various diagnoses (aniridia, mesodermal 
dysgenesis); did not report outcome data for PCG for children under 5 years old separately

Asseman 1972 Retrospective cohort study

Bohnke 1990 Not PCG

Colev 1977 Only 8 children, 1 was secondary glaucoma, age ranged from 3 months to 6 years; did not separate results by age or by 
diagnosis

Dascotte 1989 Did not give any participant characteristics, whether primary or secondary glaucomas or age at which surgery occurred

Demailly 1992 Did not separate results by diagnosis - primary versus secondary infantile glaucoma

Ding 2011 Included participants with infantile glaucoma and juvenile glaucoma but did not report separate results for PCG

Gimbel 1995 Included adult patients; not PCG

Kubota 2001 Participants’ ages ranged from 11 to 50 years; not PCG

Ozcan 2004 Retrospective cohort study

Plager 1999 Interventional case series (no comparison group)

Rodrigues 2006 Conference abstract only; eligibility criteria unclear; study investigators did not respond to emailed query

Tamcelik 2008 Did not separate outcomes by participant age; only outcome measure reported was tube exposure

Tamcelik 2010a Did not separate results by diagnosis - primary versus secondary infantile glaucoma

Tamcelik 2010b Did not separate outcomes by participants’ age, only outcome measure reported was tube exposure

PCG: primary congenital glaucoma
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Characteristics of ongoing studies [ordered by study ID]

NCT01460017

Trial name or title Comparison Between Deep Sclerectomy and Traditional Trabeculotomy & Trabeculectomy in Congenital Glaucoma

Methods Study design: randomized controlled trial
Number randomized (total and per group): 40 participants; per group not reported
Number analyzed (total and per group): not reported
Losses to follow-up: not reported
Length of follow-up:
Planned: 6 months
Actual: unknown

Participants Country: Saudi Arabia
Age: 0 to 12 years
Gender: both genders were eligible
Inclusion criteria: congenital glaucoma with enlarged corneal diameter more than 11 mm and intraocular pressure 
above 21 mm Hg, including corneal edema or Habb’s Stria with or without optic disc cupping; or primary or secondary 
congenital glaucoma to ocular or systemic abnormalities; age 0 to 12 years
Exclusion criteria: previous intervention; secondary glaucoma caused by surgical intervention, ocular co-morbidity, 
medications or trauma

Interventions Intervention 1: deep sclerectomy surgery
Intervention 2: combined trabeculectomy and trabeculotomy surgery

Outcomes Primary outcome: reduction in intraocular pressure at 6 months
Secondary outcome: not specified

Starting date November 2011

Contact information Saleh A. Al-Obeidan, MD; +96614786100 ext 1425; alobeidan@yahoo.com

Notes Clinicaltrials.gov: NCT01460017
“The recruitment status of this study is unknown because the information has not been verified recently”

NCT01494974

Trial name or title Comparison of the Ahmed Glaucoma Valve FP7 and FP8 in Pediatric Glaucoma

Methods Study design: randomized controlled trial
Number randomized (total and per group): total: 40 participants; each group not reported
Length of follow-up:
Planned: 1 year
Actual: unknown

Participants Country: Brazil
Age: 0 to 10 years
Gender (percent girls): both genders were eligible
Inclusion criteria:
“

1 Diagnostic of Pediatric Glaucoma with indication of Ahmed Glaucoma Valve implantation

2 Age from 0 to 10 years old

”
Exclusion Criteria: Children older than 10 years old

Interventions Intervention 1: FP7 implant
Intervention 2: FP8 implant

Outcomes Primary outcome: position of the drainage implant plate at 1 year after surgery
Secondary outcome: variation in IOP preoperative and postoperative at 1 year

Starting date December 2011

Contact information Camila F Netto, MD; 1199177717; milanetto@gmail.com

Notes Clinicaltrials.gov: NCT01494974
“This study is currently recruiting participants”

NCT02121171

Trial name or title Combined Trab+Trab Versus Combined Trab+Trab With Subconjunctival Implantation of Ologen for Primary 
Congenital Glaucoma
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Methods Study design: randomized controlled trial
Number randomized (total and per group): total: 40 participants; each group not reported
Length of follow-up:
Planned: 24 months
Actual: unknown

Participants Country: Azerbaijan
Age: 0 to 12 years
Gender (percent girls): both genders were eligible
Inclusion criteria:
“

1 Any case diagnosed as congenital glaucoma with enlarged corneal diameter more than 11 mm and 
intraocular pressure above 21 mmHg, including corneal edema or Haab’s stria with or without optic disc 
cupping

2 Any case diagnosed as primary or secondary congenital glaucoma to ocular or systemic abnormalities

3 Within the age of (0 – 12).

”
Exclusion criteria:
“Cases of congenital glaucoma with previous intervention. Age above 12 Yrs. Cases with secondary glaucoma caused 
by surgical intervention, ocular co-morbidity, medications or trauma”

Interventions Intervention 1: combined trabeculotomy-trabeculectomy with subconjunctival Ologen matrix implant implantation
Intervention 2: combined trabeculotomy and trabeculectomy

Outcomes Primary outcome intraocular pressure (IOP) reduction at postoperative up to 24 months
Secondary outcome postoperative complications and appearances at postoperative up to 24 months

Starting date 19 April 2014

Contact information Nigar Makhmudova: Ophthalmologist at National Centre of Ophthalmology; email not reported

Notes Clinicaltrials.gov: NCT02121171
“This study is ongoing, but not recruiting participants”

Shreyas 2014

Trial name or title Comparison of 2 surgical treatments in glaucoma presenting from birth

Methods Study design: randomized controlled trial
Number randomized (total and per group): not reported
Length of follow-up:
Planned: 1 year
Actual: unknown

Participants Country: India
Age: 0 to 2 years
Gender (percent girls): both genders were eligible
Inclusion criteria:
“

1 Patients of primary congenital glaucoma

2 Age < 2 years

3 Written informed consent

”
Exclusion Criteria:
“

1 Secondary glaucoma

2 Associated ocular/systemic anomalies

3 Previous intraocular surgeries

4 One eyed patient

”

Interventions Intervention 1: combined trabeculotomy-trabeculectomy
Intervention 2: illuminated microcatheter: 360 degree assisted trabeculotomy

Outcomes Primary outcome intraocular pressure at 1, 4, 6 and 12 months
Secondary outcomes:
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1 Achieving completion of trabeculotomy using illuminated microcatheter at 1, 4, 6 and 12 months

2 Need for anti glaucoma medication to achieve target IOP at 1, 4, 6 and 12 months

3 Optic disc status at 1, 4, 6 and 12 months

4 Surgical complications at 1, 4, 6 and 12 months

Starting date 16 May 2014

Contact information Shreyas TS: tanujdada@hotmail.com

Notes WHO International Clinical Trials Registry Platform (ICTRP): Trial ID: CTRI/2014/05/004603
The study is “closed to recruitment of participants”.

IOP: intraocular pressure
mm: millimeter
mm Hg: millimeter of mercury
WHO: World Health Organization
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