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Abstract

Purpose: To assess the ability of a noncontact optical coherence tomography to 
evaluate the morphological features of filtering blebs one year after glaucoma 
surgery.
Design: Prospective study.
Methods: Eighteen patients (18 eyes) with diagnosed primary open-angle glaucoma 
(POAG) assigned for trabeculectomy were included in the 12-month study carried 
out in the Eye clinic of the Lithuanian University of Health Sciences. All participants 
underwent trabeculectomy with 5-fluorouracil (5-FU). Bleb function was considered 
to be successful if the intraocular pressure (IOP) was ≤ 18 mmHg without glaucoma 
medications and a limited success if: 18 < IOP ≤ 21 mmHg with or without glaucoma 
medications at 12 months after surgery.
The filtering blebs were imaged by anterior segment optical coherence tomography 
(AS-OCT) to evaluate the bleb wall reflectivity and measured bleb structures 
12 months after trabeculectomy. Level of significance: p < 0.05 was considered 
significant.
Results: The mean preoperative IOP was 25.7 (6.5) mmHg and the mean number of 
topical glaucoma medications was 3.0 (1.2). After surgery the mean IOP was 13.8 
(3.4) mmHg and glaucoma medication was 0.3 (1.0) (Wilcoxon test, p < 0.001).
Analyzing bleb morphology and bleb function it was found that with uniform wall 
reflectivity 0 out of 3 eyes (0%) had successful bleb function and with multiform wall 
reflectivity 14 out of 15 eyes (93.3%) had successful bleb function 12 months after 
surgery (p = 0.005).
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We found positive correlation between IOP changes and bleb wall thickness, height 
of internal fluid-filled cavity (bleb height) and total bleb height (r = 0.875, 0.897, 
0.939, p < 0.001).
Conclusion: AS-OCT is a useful device to assess the structure of the filtering bleb. 
Larger internal fluid-filled cavity, total bleb height, bigger bleb wall thickness and 
multiform bleb wall reflectivity were found to be good indicators of bleb function.

Key words: AS-OCT, intraocular pressure, filtering bleb, primary open-angle 
glaucoma, trabeculectomy 

1. Introduction

Trabeculectomy is indicated for eyes with POAG that have an inadequate IOP with 
maximum tolerated medical therapy. The principle of the surgery is to reduce IOP 
by circumventing the outflow tract and allowing aqueous humor to exit beneath the 
scleral flap and under the conjunctiva where it forms a filtering bleb.1 The success 
of this surgery depends on the functionality of the filtering bleb, aqueous humor 
drainage and IOP lowering effect.2 However, in a significant number of cases aqueous 
humor filtration does not occur, because of obstruction of intrascleral aqueous 
flow and bleb fibrosis.3 Bleb morphology has always been an important clinical 
parameter as an indicator for bleb function.2 The description of bleb morphology 
and function is usually based on clinician’s subjective judgment. Bleb appearance, 
as assessed by slit-lamp biomicroscopy, is widely used to predict the possible func-
tionality and the structure of blebs, but it is difficult to see internal structures, which 
may have an effect on bleb function.3

Cross-sectional imaging modality such as AS-OCT with high axial resolution 
(18 µm), allows to see the bleb‘s internal structures, improves the analysis of the 
function of filtering blebs4-6 and gives additional information of the  morphology. 7-10 
Understanding the bleb function, objectively identifying and quantifying early 
signs of failure after glaucoma surgery, would enable clinicians to choose proper 
treatment and/or preclude possible complications such as bleb leak or scarring, 
blebitis, and bleb-related endophthalmitis.11-13

It is important to know what features of mature blebs are associated with 
bleb function. The purpose of the present study was to assess the ability of OCT 
to evaluate morphological features of filtering blebs one year after trabeculecto-
my with 5FU. We aimed to find the correlation between AS-OCT and functional 
outcomes by describing morphological features of successful and limited success 
blebs.
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2. Methods

This prospective study was performed in the Eye clinic of the Lithuanian University 
of Health Sciences. Eligible patients with POAG were recruited between January 
and December 2014. The study was conducted in accordance with the ethical 
standards of the Declaration of Helsinki and approved by Kaunas clinical research 
ethics committee. Written informed consent was obtained from all the patients.

The inclusion criteria were POAG patients over 18 years with medically uncon-
trolled IOP and progressing glaucoma, scheduled for surgical treatment. Pregnant 
or nursing women, patients with uncontrolled systemic diseases, previous ocular 
surgery, secondary glaucoma, congenital glaucoma and patients with a history of 
other eye diseases or trauma were excluded from the study. 

Goldmann applanation tonometry was performed before and 12 months after 
surgery. An average of three separate IOP measurements was taken.

All participants underwent trabeculectomy with 5-FU. In all cases a fornix-based 
conjunctival flap was created, after which a sponge soaked in 5-FU was applied to 
the sclera. A scleral flap of approximately 5 x 5 mm was made. After trabeculectomy 
the scleral flap was closed with several (4-5) nylon 10-0 sutures. The conjunctiva 
was closed with a nylon 10-0 running suture.

Bleb function was considered to be successful if IOP was ≤ 18 mmHg without 
glaucoma medications and a limited success if: 18 < IOP ≤ 21 mmHg with or without 
glaucoma medications 12 months after surgery.

The filtering blebs were examined by slit-lamp biomicroscopy, photography and 
by AS-OCT (Nidek, RS-3000). This optical device is adapted to analyze the anterior 
segment of the eye. Work principle is based on low coherence interferometry, which 
measures the delay and intensity of backscattered infrared light using a super 
luminescent diode with a six-mm tissue penetration and the reflection signal at a 
wavelength of approximately 1310 nm.14

Patients were asked to look down, and the upper lid was manually elevated to 
expose the bleb as much as possible for better visualization and taking care to avoid 
pressure on the globe or bleb.

All blebs were assessed by wall reflectivity. Depending on the presence or absence 
of hyporeflective spaces in the bleb wall we divided blebs into the multiform or 
uniform. There was noted presence of small hyporeflective areas (various sizes and 
shapes fluid-filled spaces) in blebs with multiform walls. Uniform blebs wall looked 
hyperreflective (no visible fluid filling spaces in the wall).15

Bleb structures (wall thickness, total height, length and height of internal flu-
id-filled cavity (bleb length and height)) were evaluated in the AS-OCT images (Fig. 
1). The optical aperture of the AS-OCT was centered to the maximal elevation of the 
filtering bleb with the aid of a joystick. Then four standard AS-OCT images (vertical, 
horizontal, oblique to the right, oblique to the left) were obtained simultaneously 
for each bleb and one randomly chosen section was used for analysis.



Fig. 1. Parameters describing bleb morphology: wall thickness (dot line), total bleb height 
(dash line), bleb height (solid line); bleb length (dash-dot line).
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The AS-OCT images were evaluated in order to assess bleb morphologic features 
by a single, skilled observer (D.P.B), who was blinded to the clinical data.

Statistical analysis were performed using SPSS version 20.0 for Windows (IBM 
Corporation, Armonk, NY, USA). Qualitative variables were described as arithmetic 
mean and standard deviation (M (SD)). In this pilot study, variables of patients were 
described using the general statistical concepts for small sample size of the position, 
distribution and symmetry. The level of significance p ≤ 0.05 was considered 
significant. 

The Kolmogorov-Smirnov test was used to test for normal distribution. Preoper-
ative and postoperative data were analyzed with the nonparametric Wilcoxon test 
for continuous variables (IOP, number of glaucoma medications) and chi-square test 
for categorical variables (correlation of bleb wall morphology with bleb functions). 
To calculate a difference in IOP reduction between multiform and uniform filtering 
blebs, Mann-Whitney test was performed. Correlation between IOP reduction and 
bleb structure parameters was analyzed using the Spearmaǹ s correlation.

3. Results

Eighteen eyes of 18 patients (13 males (66.7%) and six females (33.3%)) with a mean 
age of 67.5 (7.8) were included in the study.

The mean preoperative IOP was 25.7 (6.5) mmHg after trabeculectomy decreased 
to 13.8 (3.4) mmHg (Wilcoxon test, p < 0.001) (Fig. 2). The mean number of topical 
glaucoma medications at the preoperative visit was 3.0 (1.2) and 0.3 (1.0) after 
surgery (Wilcoxon test, p < 0.001). According to surgical outcome success criteria 
there were 14 (77.8%) successful blebs (mean IOP = 12.4 (2.4) mmHg) and 4 (22.2%) 



Table 1. Correlation of bleb wall morphology with bleb functions at 12 months after surgery. 

Bleb wall 
reflectivity/
function

Success (%) Limited success (%) Total (%)

Uniform 0 (0) 3 (16.7) 3 (16.7)

Multiform 14 (93.3) 1 (6.7) 15 (83.3)

Total (%) 14 (77.8) 4 (22.2) 18 (100)

p = 0.005 by Chi-square test.

Fig. 2. IOP reduction 12 months after trabeculectomy. * p < 0.001 by Wilcoxon test. 
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limited success (mean IOP = 18.5 (1.7) mmHg). 
Uniform bleb wall reflectivity was in three eyes (16.7%) and multiform in 15 eyes 

(83.3%). Analyzing bleb morphology and function it was found that none of blebs 
with uniform wall reflectivity has successful function. While blebs with multiform 
wall reflectivity 93.3% had successful function at 12 months (p = 0.005) (Table 1).

One year after surgery decrease in IOP was statistically significantly higher in 
eyes with multiform as compared to uniform bleb wall reflectivity (p = 0.008) (Fig. 3).   

Measurements of bleb structure are shown in Figure 4. We found positive 
correlation between IOP changes and bleb wall thickness (r = 0.875, p < 0.001), 
height of internal fluid-filled cavity (r = 0.897, p < 0.001) and total bleb height (r = 
0.939, p < 0.001) (Fig. 5).



Fig. 3. IOP changes after trabeculectomy depending on bleb wall morphology. + p = 0.008 by 
Mann-Whitney Test.

Fig. 4. Bleb structure measurements (mean and 95% CI).
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Fig. 5. Scattergram showing the relationship between the changes of IOP and bleb structure 
parameters. Spearmaǹ s correlation: Ο 0.897, p < 0.001; □ 0.875, p < 0.001; × 0.939, p < 0.001.
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4. Discussion 

We found that the vast majority of investigated eyes (93.3%) retained multiple layer 
appearance (areas of hyporeflectivity) and had good bleb function 12 months after 
the glaucoma surgery. It has been reported that most of the filtering blebs found 
on AS-OCT imaging, with good IOP control had thicker bleb walls with microcysts, 
wider hyporeflective areas and higher blebs.10,17-24 Several studies used a variety of 
cross-sectional imaging modalities (e.g., UBM or AS-OCT) and found associations 
between bleb wall reflectivity and bleb function.14-24 It is known that it is possible 
from AS-OCT images to recognize features that may help to find the process and 
location of bleb failure.10 Ciancaglini et al. observed that successful blebs reveal a 
low bleb wall reflectivity.4 Filtering blebs showed average bleb wall thickness 0.51 
mm, height of internal fluid cavity 0.67 mm in observational case-series study of 
Devika et al.24 In our successful cases bleb wall thickness were 0.63 mm, height of 
internal fluid cavity 1.35 mm. Our advantage is that we also measured the length 
and the total height of the filtering bleb. Results suggested that higher IOP reduction 
and better bleb function were associated with higher bleb, bigger wall thickness 
and total height. Contrarily Tominaga et al. did not find any correlation between the 
IOP and height of bleb cavity. However a negative correlation was found between 
postoperative IOP and bleb wall thickness.25

The limited success blebs had a non-thickened, low bleb wall, high reflectiv-
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ity between the conjunctiva and scleral flap, a small spaces beneath the flap and 
occluded internal ostium.26 These small optically empty spaces beneath the flap 
inform about the level of aqueous outflow interrupting process between the sclera 
and subconjunctival space.10 Another useful information is thickness of bleb wall 
after the surgery. It possibly reflects flow of aqueous through conjunctiva-epis-
clera.25

IOP control after trabeculectomy depends on both the aqueous outflow to the 
bleb and its absorption from the bleb.2 In our study, a mean IOP reduction was 
46.3% after the surgery. Singh et al. in a prospective cross-sectional study revealed 
that in successful cases mean IOP was 12.2 (2.9) mmHg with no ocular hypotensive 
medications. In failed cases, mean IOP was 17.9 (2.0) mmHg.27 Our study shows 
similar results. Mean IOP was 12.4 (2.4) mmHg in successful cases, and 18.5 (1.7) 
in limited success cases. This proves that trabeculectomy is very effective surgical 
method for the majority of glaucoma patients. 

Napoli and coworkers reported that the reflectivity of filtering blebs associated 
very well to the postoperative IOP and to the reduction of IOP.28 Based on IOP 
and glaucoma medication criteria we determined that successful blebs had 
multiform wall reflectivity while limited success blebs had uniform wall reflectivity. 
Furthermore, multiform bleb wall reflectivity had higher IOP change from baseline 
12 months after the surgery. 

Nakano and colleagues observed that uniform bleb wall reflectivity in the early 
postoperative period associated with worse function of the mature bleb. This 
information might predict future bleb failure. They also noticed that there is no 
correlation between IOP of developing blebs and blebs function at six months.3

It is known that high wall reflectivity indicated scarring of the bleb.29 The success 
of trabeculectomy depends on the long-term preservation of the aqueous drainage, 
healing process and the use of 5-FU and mitomycin C.29,30 These antimetabolites 
are used to prevent fibrosis and significantly lowers high scarring of the bleb by 
reducing the population of goblet cells.32,32

The detection of early postoperative scarring and the continuing development of 
surgical measures to reduce this risk represent a major challenge of filtering surgery.

Possible limitations of our study are small sample size and relatively short 
follow-up. A small number of limited success blebs, may have influenced the signif-
icance of statistical findings in this group. Limitation of the AS-OCT is the disability 
to image bleb vascularity, which may be an important prognostic factor of bleb 
survival postoperatively.

Further long-term studies are needed in order to evaluate stabilization of 
glaucoma progression based on morphological parameters of filtering blebs.
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5. Conclusion

Anterior segment imaging is a valuable tool in the detailed assessment of the mor-
phological changes in the bleb tissue. Larger internal fluid-filled cavity, total bleb 
height, bigger bleb wall thickness and multiform bleb wall reflectivity were found 
to be good indicators of bleb function. These findings may aid clinicians to predict 
surgical treatment outcomes and to make correct decisions regarding postopera-
tive bleb management.
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