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ABSTRACT 
 

Background: Primary congenital glaucoma is the most common type of glaucoma in infancy. It 
manifests within the first few years of life and is not associated with any other systemic or ocular 
abnormalities. This study aimed to evaluate a protocol for diagnosis and treatment of primary 
congenital glaucoma at Tanta University Eye Hospital.  
Methods: The study was prospective interventional on 60 eyes of 36 infants and children who 
presented between December 2018 to March 2021 at Tanta University Eye Hospital in Egypt. All 
patients were presented with primary congenital glaucoma and were managed according to specific 
diagnostic, therapeutic and follow up regimen. Pre- and Post-operative clinical data were recorded, 
and results were studied. 
Results: The mean of age±SD (range) at first presentation was 11.33±21.76 (0.5-120) months and 
of follow-up period was 7.85±2.71 (4-13) months. The mean of pre-operative IOP, corneal diameter, 
C/D ratio and AxL was 24.1±5.9 (12–41.5) mmHg, 12.97±0.69 (11–14.5) mm, 0.57±0.18 (0.2–0.9) 
and 21.87±1.28 (19.1–26.8) mm respectively, and post-operatively was 14.4±3.09 (8.5–20.5) 
mmHg, 12.71±0.89 (11–14.5) mm, 0.48±0.22 (0.2–1) and 22.16±1.53 (19–25.9) mm respectively. 
Surgical interventions included 1ry surgeries (trabeculotomy in 21 eyes and CTT with MMC in 39 
eyes), 2ry surgeries (CTT with MMC in four eyes) and 3ry surgery (Ahmed valve implantation in one 
eye). Complete success was achieved in 38 eyes (63.3%) and qualified success in 22 eyes (36.7%). 
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Conclusions: The current protocol applied at Tanta University Eye Hospital for diagnosis and 
treatment of primary congenital glaucoma proved efficacy and safety. Primary surgical intervention 
in the form of trabeculotomy (for mild cases) and combined trabeculotomy-trabeculectomy with 
MMC (for moderate to advanced cases) is a successful regimen for management of these eyes. 
 

 
Keywords:  Primary congenital glaucoma; trabeculotomy; combined trabeculotomy-trabeculectomy; 

mitomycin C. 
 

1. INTRODUCTION 
 
Glaucoma is a disease characterized by a group 
of ocular disorders caused by multifactorial 
etiology leading finally to optic neuropathy and 
progressive visual loss [1,2].  
 
According to The World Health Organization, 
glaucoma is the leading cause of 2% of visual 
impairment and 8% of blindness worldwide in 
2010, and the prevalence of glaucoma is 
expected to increase despite of recent advances 
in diagnosis and treatment [3-5]. 
 
Childhood glaucoma can be either primary, if 
there is an isolated idiopathic abnormality in the 
development of the anterior chamber angle, or 
secondary, if the aqueous outflow is reduced due 
to congenital or acquired ocular disease or 
systemic disorder. Primary childhood glaucoma 
is further classified into congenital glaucoma 
(PCG) and juvenile open-angle glaucoma (JOAG)

 

[6-8].  
 
Primary congenital glaucoma is the most 
common type of glaucoma in infancy. It 
manifests within the first few years of life and is 
not associated with any other systemic or ocular 
abnormalities. It results from arrest in the normal 
development of the anterior chamber angle at the 
level of the trabecular meshwork (isolated 
trabeculodysgenesis), which decreases the 
aqueous humor outflow with subsequent 
increase of the intraocular pressure (IOP)

 
[9-11]. 

 
Increased IOP in the early childhood can result in 
multiple structural changes of the eye leading to 
multifactorial impairment of the visual function 
such as severe myopia caused by elongation of 
the eyeball, corneal  disorders as edema, 
opacities, breaks in the descemet's membrane 
(Haab's stria), astigmatism and optic nerve fiber 
damage [12-15].

 

 

Diagnosing a child with glaucoma places a 
burden on both the family and the child. Being a 
chronic disease requires lifelong follow-up 
including multiple hospital visits, examination 

under general anesthesia, repeated surgeries, 
anti-glaucoma topical treatment and visual aids 
as spectacles. Also, the child may have difficulty 
in dealing with the society and needs special 
support at school [13,16]. 
 
The main treatment of primary congenital 
glaucoma is surgical, while medical treatment 
plays only a supportive role to help in IOP control 
prior to surgery and after partially successful 
surgeries [7]. 
 
Surgery should be done as early as possible in 
order to maintain visual function and prevent 
structural changes to the eye by decreasing the 
intraocular pressure [17-19]. 
 
Surgical interventions include goniotomy, 
trabeculotomy, combined trabeculotomy-
trabeculectomy, aqueous-shunt implantation and 
in the case of repeated failure of surgery, 
cyclodestructive techniques with diode laser can 
be done [9,11]. 
 
Prognosis of pediatric glaucoma depends on 
many factors including the age at presentation, 
early establishment of the diagnosis, the time of 
surgical intervention and continuous follow up 
[20].  
 
When early diagnosed and properly treated, 
prognosis of PCG is better than other types of 
childhood glaucoma, but most of untreated cases 
of PCG end in blindness [21,22].

 

 
This study aimed to evaluate a protocol for 
diagnosis and treatment of primary congenital 
glaucoma at Tanta University Eye Hospital. 
 

2. METERIALS AND METHODS  
 
This prospective interventional study was carried 
on 60 eyes of 34 children with PCG who 
underwent glaucoma surgery. All surgeries were 
performed under general anesthesia. All patients 
received postoperative medications including 
topical antibiotic, steroid, and cycloplegic eye 
drops (after CTT) and tapered over 4 weeks. All 
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cases were basically examined at the office on 
1st and 3rd days post-operative, then weekly for 
1 month, then once a month for 3 months then 
once every 3 months. 
 
Exclusion criteria were children presented with 
glaucoma due to any other cause, children with 
follow up period less than 3 months and children 
with past history of glaucoma surgical 
intervention. 
 
Clinical examination data was recorded and 
included intraocular pressure (IOP) measured by 
Perkin's tonometer, horizontal corneal diameter 
measured by calipers, corneal clarity examined 
under operating microscope or slit lamp, cup/disc 
ratio examined by indirect ophthalmoscopy with 
20 Diopter lens and axial length measured by A-
scan ultrasound. 

 
Diagnosis was confirmed by presence of 2 or 
more of the following criteria: [IOP > 21 mmHg, 
optic nerve cupping (increased C/D ratio > 0.3, 
asymmetry ≥ 0.2 and focal thinning), corneal 
Haab's stria, corneal diameter ≥11mm before 
one month or ≥ 12 mm in the first year and 
corneal  clarity/ haze graded as follow [23]:

  

(grade 0: no corneal haze, grade 1: iris details 
are visible, grade 2: pupillary margin is visible, 
iris details are not visible, grade 3: pupillary 
margin is not visible and grade 4: cornea is 
totally opaque). 

 
2.1 Trabeculotomy 
 
A corneal traction suture was placed at 12 
o'clock using 8-0 vicryl, a fornix-based 6 mm 
peritomy was created in the superior quadrant, a 
triangular limbus-based scleral flap of 3 x 3 x 4 
mm was created and dissected 1 mm anterior to 
the limbus into clear cornea, anterior chamber 
paracentesis was performed, and AC filled by 
viscoelastic material, identifying Schlemm's canal; 
under high magnification, a vertical slit incision is 
made astriding the corneoscleral junction and 
deepened carefully until the outer wall of the 
canal is opened, the Harms trabeculotome was 
passed into each end of the canal of Schlemm 
up to the joint and smoothly rotated into the 
anterior chamber dissecting the inner wall of 
Schlemm’s canal and the trabecular meshwork, 
the scleral flap was sutured with 10–0 nylon, 
viscoelastic material wash was done and the 
conjunctival flap was closed with 8–0 vicryl 
interrupt sutures. 
 

2.2 Combined Trabeculotomy-
Trabeculectomy with MMC  

 
A corneal traction suture was made at 12 o’clock 
using 8-0 vicryl, A fornix-based 6 mm peritomy 
was created in the superior quadrant with partial 
tenonectomy when necessary, Mitomycin-C 
(0.3mg/ml) immersion of the large area was 
soaked into cut pieces of cellulose sponges and 
applied between the conjunctiva–Tenon’s 
capsule and sclera for 2 min, after that the site of 
application of MMC was washed with 30 ml of 
balanced salt solution (BSS), a limbus-based 
rectangular scleral flap of 3 x 4 mm was created 
and dissected 1 mm anterior to the limbus into 
clear cornea, anterior chamber paracentesis was 
performed and AC filled by viscoelastic material, 
a 2mm incision was cut along the bottom of the 
scleral flap and slowly deepened until the outer 
wall of Schlemm’s canal opened up, and 
percolation of aqueous humor was seen, Harms 
trabeculotome was smoothly rotated into the 
anterior chamber dissecting the inner wall of 
Schlemm’s canal and the trabecular meshwork, a 
deep corneo-scleral block was excised using a 
kelly punch and a peripheral iridectomy was 
done using vannus scissors, the scleral flap was 
sutured with 10–0 nylon, viscoelastic material 
wash was done then the conjunctival flap was 
closed with 8–0 vicryl interrupt sutures and 
subconjunctival injection of dexa and atropin was 
performed. 
 

2.3 Glaucoma Drainage Implant 
 
A corneal traction suture is applied using  8-0 
vicryl, a fornix-based peritomy was performed in 
the supero-temporal quadrant, the drainage tube 
is trimmed to permit a 2 mm insertion in the AC 
and is bevel cut to an angle of 30°, to facilitate 
AC entering, the valve was primed using 1 ml of 
BSS, then, it was secured to the sclera, with its 
anterior edge 10 mm posterior to the limbus 
using two 8-0 silk sutures, then, a 23-gauge 
needle was used to enter the anterior chamber at 
the surgical limbus, pointing towards the center 
of the pupil, viscoelastic material was injected to 
maintain the anterior chamber then the tube was 
inserted with bevel facing anteriorly, a Scleral 
graft was used to cover the scleral entry site and 
the anterior 8 mm of the tube by securing it to the 
episcleral surface with interrupted 10-0 Nylon 
sutures and the conjunctiva and Tenon's capsule 
were reapproximated to the limbus with 8-0 vicryl 
sutures. 
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2.4 Statistical Analysis  
 
Statistical analysis was done by SPSS v25 (IBM 
Inc., Chicago, IL, USA).  Quantitative variables 
were presented as mean and standard deviation 
(SD), compared by paired Student's t- test for the 
same group, detected for correlation by 
Spearman's correlation coefficient and analysed 
by repeated measures ANOVA test. Qualitative 
variables were presented as frequency and 
percentage (%) and were compared by Chi-
square test. Kaplan-Meier survival analysis was 
conducted to evaluate the cumulative success 
rate. Log-rank test was used for comparing 
curves. A two tailed P value ≤ 0.05 was 
considered significant. 
 

3. RESULTS 
 
Postoperative at the last follow-up was 
significantly higher at one medication compared 
to two medication (P value= 0.017) while 
preoperative was insignificant different between 
one and two medications. Corneal diameter and 
cup/disc ratio were significantly higher in 
preoperative compared to postoperative (P value 
0.006, <0.001 respectively) while axial length 
was significantly lower in preoperative compared 
to postoperative (P value 0.03). 

Hyphema was significantly different among 
trabeculotomy, CTT with MMC and AGV (P 
value= 0.002). Early shallowing of AC, cataract 
and wound gaping were insignificantly different 
among trabeculotomy, CTT with MMC and    
AGV. 

 
Cumulative success and failure rates (primary, 
secondary and tertiary surgical interventions) and 
relationship between the results of the primary 
surgical interventions and the type of primary 
surgery (trabeculotomy and combined 
trabeculotomy trabeculectomy) were significantly 
different among success, qualified success and 
failure (P value <0.05). 

 
Regarding clinical parameters of the completely 
successful trabeculotomy eyes and of the 
completely successful primary CTT with MMC 
eyes, IOP, corneal diameter and cup/disc ratio 
were significantly higher in preoperative 
compared to post operative (P value <0.05) while 
axial length were insignificantly different. 

 
There was moderate positive correlation between 
preoperative IOP and the percentage of IOP 
reduction (r=0.65, p<0.001). In the trabeculotomy 
eyes and the CTT with MMC eyes, IOP reduced 
significantly at the last follow-up visit (p< 0.001).

 
Table 1. Demographic data, main complaints, baseline clinical examination and surgical 

interventions of the studied patients 
 

Age groups < 1st month 3 (8.8 %) 
1 - 12 months 27 (79.4 %) 
>12 – 24 months 2 (5.9 %) 
>24 months 2 (5.9 %) 

Gender Male 20 (58.8%) 
Female 14 (41.2%) 

Complaint Big eye 48 (80%) 
Photophobia 39 (65%) 
Lacrimation 27(45%) 
Change in eye color 25 (41.7%) 
Others 11 (18.3%) 

Baseline clinical examination Intraocular pressure 24.1 ± 5.9 
Corneal diameter 12.97 ± 0.69 
Cup/disc ratio 0.57 ± 0.18 
Axial length 21.87 ± 1.28 

Primary interventions Trabeculotomy 21 (35%) 
Combined trabeculotomy-
Trabeculectomy with MMC 

39 (65%) 

Secondary interventions Combined trabeculotomy-
trabeculectomy with MMC 

4 (6.7%) 

Tertiary interventions Ahmed Glaucoma valve 
implantation 

1 (1.7%) 

Data are presented as mean ± SD or frequency (%), MMC: mitomycin C 
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Table 2. Preoperative and postoperative anti-glaucoma medical treatment at the last follow-up visit and means of clinical parameters 
 

     One medication      Two medications     P Value 

Preoperative 25 (41.7%) 19 (31.7%) 0.451 

Postoperative at the last follow-up 17 (28.3%) 5 (8.3%) 0.017* 

 Preoperative Postoperative  

Corneal diameter 12.97 ± 0.69 12.71 ± 0.89 0.006* 

Cup/disc ratio 0.57 ± 0.18 0.48 ± 0.22 <0.001* 

Axial length 21.87 ± 1.28 22.16 ± 1.53 0.03* 
Data are presented as mean ± SD or frequency (%) 

 

Table 3. Postoperative surgical complications 
 

 Trabeculotomy (n=21) CTT with MMC (n=43) AGV(n=1) P-value 

Hyphema 1 (1.54%) 3 (4.62%) 1 (1.54%) 0.002* 
Early shallowing of AC 1 (1.54%) 1 (1.54%) 0 (0%) 0.855 
Cataract 0 (0%) 2 (3.07%) 0 (0%) 0.590 
Wound gaping 0 (0%) 1 (1.54%) 0 (0%) 0.771 

Data are presented as mean ± SD or frequency (%), AC: anterior chamber, CTT: combined trabeculotomy-trabeculectomy, MMC: mitomycin C, AGV: Ahmed glaucoma valve 
 

Table 4. Results and cumulative success and failure rates after primary, secondary and tertiary surgical interventions, and relationship between 
the results of the primary surgical interventions and the type of primary surgery 

 

 Success Qualified 
success 

Failure P value 

Results of surgical interventions Primary (n=60) 35 (58.3%) 21 (35%) 4 (6.7%) --- 
Secondary (n=4) 2 (50%) 1 (25%) 1 (25%) 
Tertiary (n=1) 1 (100%) 0 (0%) 0 (0%) 

Cumulative success and failure rates Primary (n=60) 35 (58.3%) 21 (35%) 4 (6.7%) < 0.001* 
Secondary(n=4) 37 (61.7%) 22 (36.7%) 1 (1.7%) < 0.001* 
Tertiary (n=1) 38 (63.3%) 22 (36.7%) 0 (0%) 0.039* 

Relationship between primary surgical 
interventions’ results and its type of 
surgery 

Trabeculotomy 8 (13.3%) 12 (20%) 1 (1.7%) 0.012* 

Combined trabeculotomy 
trabeculectomy 

27 (45%) 9 (15%) 3 (5%) < 0.001* 

Data are presented as mean ± SD or frequency (%) 
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Table 5. Preoperative and postoperative clinical parameters of the completely successful trabeculotomy eyes and the completely successful 
primary CTT with MMC eyes 

 

  Preoperative Postoperative P value 

Clinical parameters of the completely 
successful trabeculotomy eyes 

IOP (mmHg) 21.36 ± 4.1 14.45 ± 3.64 0.001* 

Corneal diameter 12.19 ± 0.53 11.81 ± 0.37 0.048* 

Cup/disc ratio 0.32 ± 0.89 0.25 ± 0.75 0.048* 

Axial length 20.44 ± 0.68 20.29 ± 0.62 0.236 

Clinical parameters of the completely 
successful primary CTT with MMC 
eyes 

IOP (mmHg) 26.57±2.77 14.25±3.02 <0.001* 

Corneal diameter 13.39 ± 0.45 12.81 ± 0.65 <0.001* 

Cup/disc ratio 0.57 ± 0.14 0.38 ± 0.10 <0.001* 

Axial length 22.01 ± 0.69 21.86 ± 0.70 0.071 
Data are presented as mean ± SD or frequency (%), CTT: combined trabeculotomy-trabeculectomy, IOP: intraocular pressure 

 

 
 

Fig. 1. The mean preoperative and postoperative IOP of (A) the total eyes in the study and (B) of the primary trabeculotomy and combined 
trabeculotomy-trabeculectomy eyes 
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There’s no significant difference between the two procedures proved by log rank test.  
 

 
 

Fig. 2. Kaplan-Meier survival analysis curve of the primary surgeries 
 

4. DISCUSSION 
 
The most common complaint by the parents was 
big eye (buphthalmos) in 80% of cases which 
may be due to that the most of cases are 
presented in the first year of life so the globe had 
the ability to stretch under the effect of elevated 
IOP [24]. This is in agreement with some studies, 
[25,26] while other studies reported corneal haze 
as the most presenting symptom [7,27-29].

 

 
The mean baseline intraocular pressure (IOP) 
was 24.1 ± 5.9 mmHg  which is in the same 
range of some studies [30,31] and  lower than 
reported in other studies [32]. The mean 
postoperative IOP at the end of the follow-up 
period was 14.4 ± 3.09 with significant reduction 
of 9.7 mmHg (40.2%) (p < 0.001). This reduction 
was comparable with previous studies; Yalvac et 
al. [33] in a study of the success of 
trabeculotomy in primary congenital glaucoma 
demonstrated reduction of 36.4 % of the IOP with 
mean postoperative IOP of 21.41 ± 7.34 mmHg 
(p < 0.001). Zhang X et al. [34] reported decline 
39.3 % with mean postoperative IOP of 19.22 ± 
8.67 mmHg (p < 0.001). 
 
Corneal clarity showed significant improvement 
at the last follow-up period. Before surgery, 
corneal haze was found in 96.7% of cases from 
grade 1 to grade 4. At the end of follow-up period, 
only 11.7% showed corneal haze between grade 
1 and 2 with old Haab's stria and 2 cases of 
central corneal opacity (p < 0.001). These results 
were better than achieved by Mandal et al. [35] 
Haab's stria was found at first presentation in this 
study, in 40% of the cases. This is less than 

found by Gue et al 51.8% and Esfandiari et al 
72.6% in their studies [36,37]. 

 
The mean baseline cup/disc in our study was 
0.57 ± 0.18 and final C/D was 0.48 ± 0.22 with 
mean postoperative reduction 0.09 (p < 0.001). 
One eye progressed to full cupping after failed 
primary combined trabeculotomy – 
trabeculectomy with MMC and remained 
unchanged until the end of the follow-up period 
inspite of improvement of the other clinical 
parameters after secondary interventions. 
Cup/disc ratio reduced in 53.3% , higher than the 
rate achieved by Quigley [38] (40%). Wu et al. 
[39] found a correlation between the young age 
at the time of surgery and the reversal of the 
cupping after successful reduction of the IOP. 

 
We achieved reduction in the mean horizontal 
corneal diameter from 12.97 ± 0.69 mm 
preoperatively to 12.71 ± 0.89 mm at the end of 
the follow-up period with significant mean 
reduction of 0.27 mm (p=0.006). Some studies 
recorded significant reduction of corneal 
diameter after primary congenital glaucoma 
surgeries [40,41], while in the study made by 
Yalvac et al. [33] there was postoperative 
increase in the mean corneal diameter.  
 
In the completely successful primary 
trabeculotomy (8 eyes) and primary combined 
trabeculotomy- trabeculectomy with MMC (27 
eyes), reduction of the mean axial length was of 
no statistical significance (p = 0.236 and 0.071, 
respectively), while other parameters (corneal 
diameter, cup/disc ratio and IOP) showed 
statistically significant reduction postoperatively.  
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In agreement of our results, Alsheikheh et al. [42] 
demonstrated significant increase in the mean 
axial length from 22.6 ± 1.8 mm to 24.4 ± 2.0 mm 
at the last examination (p < 0.001). 

 
In the present study the usage of medical 
treatment before surgery was limited for cases of 
very high IOP and in whom medical condition 
didn't allow rapid surgical intervention, so it was 
used only in 44 eyes (73.3%) (one medication 
was given to 25 eyes and two medications were 
given to 19 eyes) (p = 0.451).  Postoperatively, at 
the end of the follow-up period, the need for 
medical treatment declined to 36.7% (22 eyes) to 
maintain IOP less than 21 mmHg (17 eyes were 
on one medication and 5 eyes on two 
medications) (p = 0.017). This percentage was 
comparable with that presented by 
Papadopoulos M. et al  (38%) in the  British 
Infantile and Childhood Glaucoma (BIG) Eye 
Study [7] and lower than demonstrated by Sanaa 
et al. [43] (58%). 

 
Among 21 eyes operated with trabeculotomy, 
total success rate was 95.2% after one 
trabeculotomy (success was achieved in eight 
eyes, qualified success in 12 eyes and failure 
only in one eye). In 39 eyes (with moderate to 
severe PCG) underwent CTT with MMC, the total 
success rate was 92.3% (success achieved in 27 
eyes and qualified success in nine eyes). The 
total success rate after primary surgical 
interventions was 93.3% (p < 0.001). 

 
Between four eyes which underwent CTT with 
MMC as a secondary surgical intervention after 
failure of the primary one, success was achieved 
in two eyes, qualified success in one eye and 
one eye needed third surgical intervention in the 
form of Ahmed glaucoma valve implantation. 
After secondary surgical interventions total 
success rate increased to 98.3% (complete 
success in 37 eyes (61.7%) and qualified 
success in 22 eyes (36.7%) (p < 0.001). 

 
Kaplan-Meier survival analysis revealed high 
cumulative probability of success for both 
trabeculotomy (100% and 83.3%) and CTT with 
MMC (94.1% and 89%) at 6 and 12 months with 
no significant difference between the two 
procedures proved by log rank test (p = 0.884) 
which mean that each procedure was suitable for 
the cases it was chosen for. 

 
Cai et al. [40] in a retrospective study presented 
success rates of trabeculotomy 97.0%, 93.2%, 

and 74.5% after one, three and five years of 
follow-up. 
 

In the present study, no intraoperative 
complications were recorded for any case. 
Postoperative complications occurred mostly 
after combined trabeculotomy-trabeculectomy 
with MMC (10.77%) (p = 0.048). Hyphema 
developed in a total of five eyes due to cleavage 
of angle vessels and were conventionally 
managed. Early shallowing of the anterior 
chamber occurred in two eyes and resolved 
spontaneously. Peripheral cataract which didn't 
interfere with vision, developed in two cases four 
and eight months after CTT with MMC. 
 

These complications were comparable with other 
studies [30,31,34,36] and none of the eyes 
developed serious devastating complications 
(such as endophthalmitis, suprachoroidal 
hemorrhage or phthisis bulbi) or lost light 
perception. 

 
5. LIMITATIONS 
 
Small sample size, short follow up period, non-
commitment of some parents to attend the 
scheduled follow-up dates and medical condition 
of some patients did not allow examination under 
general anesthesia on its scheduled date. 
 

6. CONCLUSIONS 
 
Primary surgical intervention in the form of 
trabeculotomy (for mild cases) and combined 
trabeculotomy-trabeculectomy with MMC (for 
moderate to advanced cases) is a successful 
regimen for management of these eyes. 
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