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Introduction

Glaucoma is a progressive optic neuropathy characterized by 
various changes in the optic nerve head and retinal nerve fiber 
layer that may or may not include a visual field defect (1, 2).

Primary open-angle glaucoma (POAG) is one of the most 
common causes of glaucoma and accounts for about three-
-quarters (74%) of all glaucoma cases (3). Although clinical 
investigations have confirmed the importance of intraocular 
pressure (IOP) in the development and progression of open-
angle glaucoma, ocular and systemic factors (age, demographic 
factors, genetic and vascular causes, etc.) are also factors in 

the development and progression of glaucoma (4, 5).
In general, glaucoma and cataract formations are dis-

eases that occur in similar age groups, and they may occur 
in combination. It has been established that drugs such as 
pilocarpine, used in glaucoma treatment, can accelerate the 
formation of a cataract. In addition, with age, lens volume 
increases, leading to narrowing of the anterior camera and 
iridocorneal angle, and consequently increasing resistance in 
the aqueous outflow, which induces IOP elevation (6).

Examination of angle elements with gonioscopy lenses is 
accepted as the gold standard. However, it is a subjective 
technique and influenced by the experience of the examiner 
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(7). There are many studies in the literature that demon-
strate the effect of phacoemulsification on narrow-angle 
glaucoma (8, 9). The aim of this study was to evaluate these 
changes in open-angle glaucoma using anterior segment op-
tical coherence tomography (AS-OCT). After phacoemulsi-
fication, the degree of the iridocorneal angle increases. This 
research was designed to examine the correlation between 
iris thickness (IT) and angle-opening distance (AOD) at both 
500µm and 750µm (AOD500 and AOD750). AS-OCT is 
a non-invasive and non-contact technique (optical biopsy) 
that allows for cross-sectional imaging of the AS at a resolu-
tion of 6μm to 25μm with real-time, 2-dimensional imaging. 
Three-dimensional images are available in the latest models. 
AS-OCT does not require local anesthesia as a non-contact 
method (10). The main disadvantage is that the wavelength 
is absorbed by the pigments of the iris, which does not allow 
for a view behind the iris. Therefore it may not be possible 
to see some reasons for secondary angle closure, such as 
plateau iris, ciliary body tumors, lens subluxation, or ciliary 
effusion. The great advantage of AS-OCT is that it is both 
quick and simple to perform (11).

Methods

A total of 49 eyes of 39 patients who underwent phacoemul-
sification with intraocular lens (IOL) implantation due to age-
related cataract formation in the glaucoma department of 
a single institution between December 2014 and May 2016 
were studied retrospectively. The study was performed in ac-
cordance with the Declaration of Helsinki. Informed consent 
was obtained from all of the patients. Approval was granted 
by the etical committee of Istanbul Bakirkoy Dr. Sadi Konuk 
Traning and Research Hospital  on 27/07/2016 (no: 2016-238). 
After the approval of local Ethics Committee, The study data 
were then collected from the hospital archive. The inclusion 
and exclusion criteria are presented in Table 1.

Each patient underwent a typical annual ophthalmic ex-
amination before treatment. Biomicroscopic examination and 
IOP measurements with a Goldmann applanation tonometer 
were performed preoperatively and postoperatively at the 
first and third month. Antiglaucoma medications were eval-
uated 1 month after the surgery. The iridocorneal angle was 
assessed with a 3-mirror lens. Cases classified as Grade 4 glau-
coma according to the Shaffer system were included in the 
study. Patients with onset and moderate-level disease were 
evaluated in the glaucoma department according to the RNFL 
and visual field findings. Funduscopic examination was per-
formed using a 90D biomicroscopy lens after application of 
1% cyclopentolate (Sikloplejin; Abdi Ibrahim Ilac Sanayi ve Tic 
A.S., Istanbul, Turkey) and 1% tropicamide (Tropamid Forte; 
Bilim Ilac Sanayi ve Tic A.S., Istanbul, Turkey) eye drops. 

Following the required surgical site cleaning, the standard 

phacoemulsification technique was performed by a single sur-
geon in all cases. A corneal incision was made with a 2.8-mm 
blade. Typical phacoemulsification techniques were applied ac-
cording to the type of nucleus. A foldable IOL was implanted 
into the capsule through the main incision using viscoelastic 
material. The clear cornea cataract incision was inflated with 
balanced salt solution and the operation was completed with 
an intracameral injection of cefuroxime antibiotic prophylaxis.

Central corneal thickness (CCT), anterior chamber angle 
(ACA), IT, AOD at both 500µm and 750µm (AOD500 and 
AOD750), maximum iris bow height (MIBH), and anterior 
chamber depth at 2000μm (ACD) were measured using the 
AS-OCT scans and evaluated to determine whether any sig-
nificant changes had occurred. The AOD500 is defined as 
the length of a line beginning at a point on the cornea-tra-
becular meshwork (500μm anterior to the scleral spur) and 
perpendicular to the iris surface. The IT at 500μm (IT500) 
records the IT measured at the iris surface 500μm from the 
scleral spur. The MIBH is the perpendicular distance mea-
sured from the posterior iris pigment epithelial surface at its 

Criteria for inclusion

• Glaucoma history

• Cataract accompanied by glaucoma.

• Phacoemulsification surgery without complications.

• At least 6 months of follow-up in the glaucoma department.

• Use at least one glaucoma medication

• Intraocular pressure control with drugs and no need for 
glaucoma surgery

• No neurological or psychiatric illness that would make 
compliance difficult.

• No additional ocular disease (senile macular degeneration, 
uveitis, ocular disease, trauma, retinal detachment, etc.).

• No additional systemic disease that will cause ocular 
complications (diabetes mellitus, hypertension etc.).

Criteria for exclusion

• Mature cataracts.

• Patients with alpha 1 blocker due to hypertension or benign 
prostatic hyperplasia.

• Cataract diagnosis due to trauma, uveitis or secondary causes.

• Follow-up due to narrow-angle or secondary angle glaucoma.

• Newly diagnosed (less than 6 months) glaucoma patients.

• Attempts to change the anterior segment structure, such as 
trabeculectomy or iridotomy.

• Patients with eye disease other than cataracts and glaucoma

• Conditions such as a macular disease that will cause a non-
glaucoma visual field defect in the fundus

• Patients with advanced level glaucoma (based on visual field and 
RNFL findings).

Table 1. Criteria for inclusion and exclusion
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apex (i.e., the point where iris bowing was greatest) to the 
line joining the iris pigment epithelium at the pupil edge to 
its insertion at the ciliary body. The trabecular iris space area 
(TISA500) is bounded by the corneal endothelium, trabecu-
lar meshwork, and anterior iris surface to a distance 500μm 
from the scleral spur.

The patients were evaluated preoperatively and again at 
1 and 3 months postoperatively. The study included analysis 
of patient age, sex, preoperative findings, IOP change, post-
operative visual acuity, and perioperative and postoperative 
complications. AS imaging was performed in a darkened 
room (curtains and doors closed, only OCT scan beams) 
with a Topcon 3D OCT-2000FA Plus (Topcon Corp., Tokyo, 
Japan) AS-OCT device after biomicroscopic AS examina-
tion. The temporal cross-section of the cornea was focused 
on the right eye at 9 o'clock and the left eye at 3 o'clock. 
All measurements were recorded at least twice at different 
times by the same individual. CCT, ACD, ACA, AOD500, 
and AOD250 were measured using the scales provided with 
the device software (Fig. 1).

SPSS for Windows, Version 15.0 (SPSS Inc., Chicago, IL, 
USA) was used for the statistical calculations. Descriptive 
statistics were reported as mean and SD. A paired t-test 
was used to assess 2 dependent groups if the data were nor-
mally distributed, and the Wilcoxon test was applied when 
the distribution was not normal. Statistical significance was 
accepted at p<0.05. 

Results

The mean age of the patients was 67±8 years. The mean 
values of the other parameters and data are shown in Tables 
2 and 3. No significant difference was observed between the 
preoperative and postoperative first- and third-month CCT 
values (p=0.490; p=0.480, respectively). 

The ACA, IT, AOD500, AOD750, ACD, TISA500 values 
were statistically significantly greater after the surgery. Post-

operative MIBH values were significantly smaller when com-
pared with the measurements recorded before the surgery 
(Table 2). IOP measurements were also significantly reduced 
at postoperative month 1 and 3 (Tables 3 and 4).

Figure 1. Images of optical coherence tomography measurements. 
(a) CCT: Central corneal thickness; (b) ACA: Anterior chamber an-
gle; (c) Iris thickness; (d) AOD: Anterior opening distance; (e) MIBH: 
Maximum iris bow height; (f) ACD: Anterior chamber depth; (g) TISA: 
Trabecular iris space area.
All of these images were digitally processed with Microsoft Paint (Microsoft 
Corp., Redmond, WA, USA).

a

c d

e

f g
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  Preoperative Postoperative 1st month p Postoperative 3rd month p

CCT (μm) 540.9±49.3 539±37.8 0.490 538.3±34.4 0.480

ACA (degrees) 35.3±9.8 42.3±9.2 <0.001 46.1±11.5 <0.001

IT (μm) 336.9±68.7 361.4±67.8 0.030 362.3±67.7 0.037

AOD 500 (μm) 362.6±120.1 451.5±110.2 <0.001 452.3±106.6 0.005

AOD 750 (μm) 499.6±142.0 618.7± 132.2 0.002 628.4±124.6 <0.001

MIBH (μm) 121.0±109.0 65.0±90.3 <0.001 55.0±91.3 <0.001

ACD (μm) 1696.9±275.4 2129.8± 275.2 0.010 2231.9±281.1 <0.001

TISA 500 (μm2) 252181.8±106815.2 341115.0±102255.6 <0.001 351125.0±122255.6 <0.002

ACA: Anterior chamber angle; ACD: Anterior chamber depth; CCT: Central corneal thickness; IT: Iris thickness; MIBH: Maximum iris bow height; TISA: Trabecular 
iris space area..

Table 2. Mean values for preoperative and postoperative measurements
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Discussion

Cataract surgery is the most common surgical procedure 
in the world. The development of a cataract or glaucoma 
is associated with advanced age and may occur simultane-
ously. Cataract surgery provides generally positive results for 
glaucoma patients. Elimination of cataract-associated media 
opacification facilitates monitoring of the progression of op-
tical neuropathy (e.g., changes in cup/disc ratio, optical nerve 
head analysis) and the patient's visual field (12). It has been 
established that changes in the AS morphology occur after 
phacoemulsification and IOL implantation (13). The objective 
of our study was to demonstrate these morphology changes 
in patients with open-angle glaucoma using AS-OCT.

The crystalline lens is larger than an IOL in anterior-pos-
terior thickness and volume. After cataract surgery, the iris-
lens diaphragm moves backward and increases the anterior 
chamber volume and expands the iridocorneal angle (8). 
Cataract surgery relieves the load on the anterior chamber 
with the removal of the swollen lens. Combined phacoemul-
sification and IOL with trabeculectomy or single surgery may 
be considered, depending on the degree of the cataract and 
the severity of the glaucoma in eyes with the simultaneous 
presence of both. 

Phacoemulsification should not be planned to provide 
IOP control, but it is notable that the IOP may remain 
the same or may fall within a year (14, 15). The ACD is 
an important parameter that should be determined before 
cataract surgery and IOL placement. In order to determine 
the correct lens position, as well as the IOL power obtained 
using keratometry and axial length values, the ACD must be 
measured accurately preoperatively. The ACD is particularly 
important in the diagnosis and treatment of glaucoma pa-
tients (16). Yagci et al. (17) found that there was an increase 
in the ACD as well as the ACA in their study results, which 
revealed an inverse correlation with preoperative values. The 

IT500 measured from the scleral spur represents the ante-
rior-posterior IT nearer the angle vs the pupil. Lin et al. (18) 
reported that the IT may be more relevant as an indicator of 
angle status and risk for a narrow angle and that it was pre-
dictive of IOP decrease (18). They also stated that crowding 
of the angle can be associated with the IOP outcome after 
phacoemulsification. However, Unsal et al. (19) found no sig-
nificant difference in IT before and after phacoemulsification. 
In our study, there was a significant increase in IT compared 
with the preoperative results. We attributed this to the de-
crease in crowding in the anterior segment. A number of 
studies have been conducted in our country that have evalu-
ated anterior chamber parameters (20, 21)

Our research revealed no statistically significant differ-
ence between the first and third months, although the IOP 
values in the third month were slightly higher than those of 
the first month. At the first postoperative visit, antiglaucoma 
treatment was reevaluated and some patients discontinued 
the use of medications. In the healthy population, CCT has 
a diurnal variation with a wide standard deviation. It is inde-
pendent of age and ocular biometric values. Anterior cham-
ber dynamics during surgery may lead to a greater postoper-
ative CCT due to tissue damage and endothelial cell damage 
(22, 23). Different techniques, such as optical slit scanning 
pachymetry, partial coherence interferometry, OCT, confo-
cal biomicroscopy, specular microscope, and the Pentacam 
Scheimpflug-imaging system (OCULUS Optikgeräte GmbH, 
Wetzler. Germany) are used to record measurements, as 
well as the gold standard of ultrasonic pachymetry (24, 25). 
CCT does not change with age or sex (26). The most impor-
tant factor affecting CCT in cataract surgery is the duration 
of phacoemulsification. In this study, there was no significant 
difference between the preoperative and postoperative CCT 
values. Nigra cataracts were excluded, all of the operations 
were performed by the same surgeon, and the duration of 
the phacoemulsification was similar. The main reason for vari-

Table 3. Mean values for preoperative and postoperative IOP measurements

  Preoperative Postoperative Postoperative

   1st month 3rd month

Mean IOP±SD (mmHg) 17.9±3.0 14.6±3.0 15.6±2.8

IOP: Intraocular pressure. 

Table 4. P value of preoperative and postoperative IOP measurement comparisons

  Preoperative vs. Preoperative Postoperative

  1st month vs. 3rd month 1st vs. 3rd month

p  0.019 0.003 0.002

IOP: intraocular pressure.
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ability in the measurement analysis is the choice of the image 
frame to be measured and differences in the location of the 
scleral spur. Room lighting, fixation, and accommodative ef-
fort are factors that affect the AS anatomy and are therefore 
factors that must remain constant, especially when quantita-
tive measures are taken. AS-OCT has been shown to have 
good repeatability and reproducibility in other studies (27). 
Since scleral angular aperture measurements are made on 
the iris plane, irregularities, such as anterior synechiae, can 
alter the iris contour and affect the results. Ishikawa et al. 
(28) first identified the angle recess area, a triangle defined 
by the iris surface (apex), the internal corneal wall (sides), 
and the scleral angle opening distance (floor). This angle of 
view can be difficult to observe, however, and Radhakrishnan 
et al. (29) defined the trabeculo-iris space area, which does 
not need to be very well displayed.

This study has some limitations. First, the duration of this 
study was only 3 months; glaucoma patients are known to 
require longer follow-up. Second, this study included a rela-
tively small number of participants. Third, we did not evalu-
ate the diurnal variation of IOP.

Conclusion

AS imaging methods give us valuable information about glau-
coma pathogenesis. Phacoemulsification affects the AS pa-
rameters in primary open-angle glaucoma. AS-OCT can be 
used more often in primary open-angle glaucoma.
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