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Introduction
Trabeculectomy is the standard fi ltration surgery for 
glaucoma, but complications, such as hypotony and 
choroidal eff usion [1], have led several glaucoma 
surgeons to prefer nonpenetrating procedures, of which 
deep sclerectomy is the most popular [2].

Th e dissection of deep sclerectomy has two distinct 
goals. Th e fi rst goal is to create a fi ltering trabeculo-
Descemet’s membrane (TDM) that will prevent 
excessive overfi ltration and the second goal is 
to create an intrascleral fi ltering space. Th e thin 
remaining scleral bed of the intrascleral bleb also 
enables redirection of part of the aqueou s humor 
to the suprachoroidal space and therefore promotes 
uveoscleral outfl ow [3].

Ultrasound biomicroscopy (UBM) provides a 
subsurface image that cannot be obtained with optical 
slit-lamp examination. It enables the visualization 
of the postoperative area and measurements of the 
thickness of the TDM and the dimensions of the 
intrascleral space [4].

Th e aim of this work was to assess the intrascleral bleb 
surface area following deep sclerectomy, to follow-
up its evolution over 1 year, and to correlate it to the 
percentage decrease in intraocular pressure (IOP).

Patients and methods
Th is was an interventional case series carried out on 
73 eyes of 58 patients. Patients were recruited from Kasr 
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El Aini Cairo University Hospital’s outpatient clinics 
of ophthalmology from February 2012 until February 
2013. Approval for the study was obtained from the 
Ophthalmology Department (according to th e WMA 
Declaration of Helsinki). All patients were provided 
with a thorough explanation of the study design and 
aims, and provided written informed consent.

We included eyes with open-angle glaucoma, whether 
medically uncontrolled or intolerable to medical 
therapy. Th irty-nine (65%) eyes had primary open-
angle glaucoma, 12 (20%) eyes had juvenile glaucoma, 
six (10%) eyes had aphakic/pseudophakic glaucoma, 
and three (5%) eyes had steroid-induced glaucoma. 
Th e exclusion criteria were eyes with angle closure 
glaucoma, congenital glaucoma, uveitic glaucoma, or 
neovascular glaucoma. We also excluded eyes with 
intraoperative rupture of the TDM (six eyes) and 
eyes with failed fi ltration that needed further laser 
goniopuncture (seven eyes).

Preoperative evaluation
All the patients received a complete ophthalmological 
examination, including measurement of the best-
corrected visual acuity, slit-lamp examination, 
IOP measurement using Goldmann’s applanation 
tonometer, dilated fundus examination, gonioscopy 
for angle and grading using Schaeff er’s method, and 
Humpher y SITA standard perimetry to assess the fi eld 
of vision.

Deep sclerectomy with mitomycin C
All surgeries were performed under genera l anesthesia 
with a fornix-based conjunctival fl ap. A rectangular 
superfi cial scleral fl ap half of the sclera thickness 

(4  mm  × 3 mm) was fashioned. Subsequently, 
mitomycin C (0.2 mg/ml) was applied under the scleral 
fl ap and the conjunctiva for 3 min and then washed. Th en, 
the deep fl ap was fashioned in the preciliary plane and 
was excised. Deroofi ng of Schlemm’s canal was followed 
by peeling of the juxtacanalicular meshwork. Th en, the 
superfi cial scleral fl ap was sutured using 10/0  nylon 
suture. Ultimately, the conjunctiva was closed using two 
8/0 virgin silk sutures at either end.

Note that six eyes developed rupture of the TDM and 
were converted to trabeculectomy and so they were 
excluded from the study.

Postoperative follow-up
All the patients were examined on the fi rst day 
postoperatively, after 1 week, and then monthly for 
12 months postoperatively. Examination involved 
measurement of the best-corrected visual acuity, slit-lamp 
examination, and IOP measurement by Goldmann’s 
applanation tonometer. In addition, Humphery SITA 
standard perimetry to assess the fi eld of vision was 
performed at 3 months and 6 months postoperatively.

UBM was performed monthly to assess the presence 
of intrascleral bleb and its surface area (Figs 1 and 2). 
A Zeiss Humphrey UBM 840 (Paradigm Medical 
Industries Inc., Dublin, CA) system was used to provide 
high-frequency ( 50 MHz) ultrasonic scan images. Scans 

Figure 1

Ultrasound biomicroscopy showing a flat intrascleral bleb in a 
pseudophakic eye after deep sclerectomy in case 14.

Figure 2

Ultrasound biomicroscopy showing intrascleral blebs, in cases 10, 
6, 15, 16, and 28.
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were performed by an experienced investigator  (P.H.F.) 
using the technique developed by Pavlin et al.  [5]. 
With the patient in the supine position and with the 
aid of an emersion scleral shell and an examination gel, 
the surgical area was scanned with the UBM probe. 
Radial and transverse sections of the sclerectomy area 
at 12 O’clock were explored using optimal dB gain 
that allowed the best resolution and quality of images. 
Biometric measurements of the surgical site were 
performed using the electronic calipers installed in the 
instrument. Th e ‘segment caliper’ resolution is +5 mm. 
From longitudinal and transverse scans, the following 
were assessed:

(1) Presence and maximum length of the intrascleral 
bleb.

(2) Th e presence and type of subconjunctival fi ltering 
bleb.

(3) Th e possibility of suprachoroidal drainage as an 
alternative aqueous pathway.

Note that laser goniopuncture was performed in seven 
eyes that presented with failure of fi ltration, confi rmed 
clinically and with UBM, and with an IOP above 
21 mmHg. It was performed 1–6 months after deep 
sclerectomy and followed by UBM 2 weeks after 
goniopuncture. Th e surface area of these blebs was 
recorded, but as these eyes were excluded from our 
study, these parameters were omitted.

Statistical analysis
Data were statistically described in terms of range, 
mean ± SD, or frequencies (number of cases) and 
percentages when appropriate. Th e correlation between 
various variables was assessed using the Spearman 
rank correlation equation for non-normal variables. 
All P values less than 0.05 were considered statistically 
signifi cant. All statistical calculations were carried out 
using the comput er program statistical package for the 
social science (SPSS, version 18; SPSS Inc., Chicago, 
Illinoi s, USA) for Microsoft Windows.

Results
Sixty eyes of 45 patients fulfi lled the inclusion and 
exclusion criteria for analysis. Th eir age ranged from 

25 to 65 years, with a mean of 52.30 ± 13.55 years; the 
female to male ratio was 11 : 9.

Th e preoperative IOP ranged from 22 to 50 mmHg, 
with a mean of 29.15 ± 7.36 mmHg. Postoperative 
IOP was followed up in the 60 eyes for 1 year (Table 1).

Postoperative intrascleral bleb
An intrascleral bleb was found in 51 eyes after 1 month 
of surgery (85%), whereas after 6 months of surgery and 
up to 1 year, it was found in 54 (90%) eyes. UBM was 
used to measure the surface area of the bleb (Table 1).

Correlation of the percentage decrease in IOP to the 
surface area of the intrascleral bleb at 1 month (r = 0.502; 
P < 0.001), using Spearman’s ρ, was statistically 
signifi cant, whereas at 6 months (r = 0.067; P = 0.610) 
and 1 year (r = 0.126; P = 0.336) postoperatively, it was 
statistically insignifi cant.

Subconjunctival bleb was also detected in some of 
the eyes using UBM. It was diff use in 18 (30%) eyes, 
shallow in 33 (55%) eyes, fl at then shallow in three (5%) 
eyes, and fl at in six (10%) eyes. No (0%) eyes developed 
cystic bleb or tenon cyst. Th e UBM also did not detect 
any suprachoroidal space in any of the 60 eyes.

Discussion
Deep sclerectomy may lead to a reduction in IOP 
by a number of possible mechanisms, which might 
include the creation of a subconjunctival fi ltering 
bleb, removal of juxtacanalicular tissue, where the 
majority of the fl ow resistance is considered to be 
located, fi ltration to the supraciliary/suprachoroidal 
space, vaulting of the residual trabecular meshwork 
toward the intrascleral cavity leading to widening 
of the cribriform interspace (similar to laser 
trabeculoplasty), and development of new aqueous 
drainage veins in the scleral space months after deep 
sclerectomy [6].

Most UBM studies have evaluated the surgical area 
in the early postoperative period. Th e presence of an 
intrascleral space and a thin remaining TDM was 
a common fi nding. Th e volume of the intrascleral 
space did not appear to be associated with control of 

Table 1 Postoperative percentage reduction in intraocular pressure and bleb surface area (mm2) at 1 month, 6 months, and 1 year

Time of assessment postoperatively IOP reduction (%) Bleb surface area (mm2)

Range Mean Range Mean P value

1st month 36.4–76 45.12 ± 26.73 0–3.91 0.84 ± 0.99 <0.001

6th month 33.3–76 52.49 ± 11.41 0–3.82 0.97 ± 0.95 0.610

1 year 33.3–72 51.58 ± 12.15 0–3.60 0.89 ± 0.92 0.336

IOP, intraocular pressure; P < 0.05 is considered statistically signifi cant. 
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IOP in previous reports [7]. Th e signifi cance of the 
suprachoroidal hyporefl ective area is unclear [8].

In our study, intrascleral blebs were found in 85% of 
eyes and persisted for the entire year of the follow-up 
period. Th e mean surface area of the intrascleral bleb 
was 0.84 ± 0.99 mm2 after a month, 0.97 ± 0.95 mm2 
after 6 months, and 0.89 ± 0.92 mm2 after a year.

Correlation of the percentage reduction in the IOP 
to the surface area of the intrascleral bleb showed a 
moderately strong positive correlation after 1 month 
postoperatively, but no signifi cant correlation thereafter 
at 6 months and 1 year.

In a study by Fernández-Buenaga et al. [9], intrascleral 
blebs’ characteristics were compared after deep 
sclerectomy with three intrascleral implants using 
Visante anterior segment optical coherence tomography. 
Overall, the correlation between the scleral bleb height 
and the IOP was statistically signifi cant at 45, 90, and 
135°. However, Sk-Gel did not show any statistically 
signifi cant correlation between the scleral height and 
IOP, whereas the other two groups (Esnoper and 
Aquafl ow) showed a signifi cant correlation. Th ere were 
no diff erences in the bleb height among implants [9].

In another study by Khairy et al. [10], there was a 
poor correlation between the level of IOP at the 
time of UBM and the length of the intrascleral space 
(r2 = 0.0016) and the height of the intrascleral space 
(r2 = 0.136).

In our study, there was a subconjunctival bleb in 90% 
of the eyes, but no suprachoroidal space in any of the 
60 eyes. In a study by Chiou et al. [11], the incidence of 
subconjunctival bleb was 100%, whereas the incidence 
of a suprachoroidal hypoechoic space was 44.4%.

Conclusion
Th us, not only is the height of the intrascleral bleb 
correlated to the reduction in the IOP but the surface 
area of the bleb should also be taken into consideration. 
Other studies have focused only on the height of the 
intrascleral bleb and did not take its surface area into 
consideration. In our study, the intrascleral bleb surface 

area was directly correlated to the percentage decrease 
in IOP. Th is could be explained as in trabeculectomy; 
a diff use bleb is associated with greater decrease in 
IOP than a high bleb, which cou ld be localized and 
encysted.

However, a limitation of our study was the small 
number of eyes studied; further studies with larger 
samples are needed. A randomized-controlled trial on 
a larger number of patients for a longer period of time 
is recommended to study this trend.
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