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INTRODUCTION

Glaucoma, a progressive optic neuropathy, is the 
leading cause of vision loss.[1‑3] Classifications for angle 

Abstract
Purpose: To evaluate the effects of prophylactic laser peripheral iridotomy on corneal endothelial cell 
density and cell morphology in subjects with primary angle closure suspect (PACS) within a one‑year 
follow‑up period.
Methods: In this quasi‑experimental prospective study, from June 2012 to November 2013, thirty‑five PACS 
eyes underwent laser peripheral iridotomy at clinics affiliated to Shiraz University of Medical Sciences, 
Shiraz, Iran. After obtaining informed consent, specular microscopy was performed at baseline and at 
3‑month, 6‑month and 12‑month follow‑up visits. Central, nasal and temporal endothelial cell counts and 
cell morphology were evaluated via non‑contact specular microscopy.
Results: The mean subject age was 53.4 ± 7.9 years, and the majority of subjects were women (88.2%). The 
mean central corneal endothelial cell count prior to laser peripheral iridotomy was 2528 ± 119.2, and this value 
changed to 2470 ± 175.9, 2425 ± 150.6, and 2407 ± 69.02 at the 3‑month, 6‑month, and 12‑month follow‑up 
visits, respectively; these differences did not reach statistical significance. Additionally, the changes in the 
number of cells, the hexagonality of cells, and the coefficient of variation (CV) in the central, nasal, and 
temporal areas were not significant.
Conclusion: In PACS eyes, we did not find a decline in corneal endothelial cell density or a change in cell 
morphological characteristics, including cell hexagonality and CV, in the central, nasal, and temporal regions 
of the cornea in any of our subjects over a one‑year follow‑up period.
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Original Article

closure glaucoma have recently been proposed based 
on gonioscopy and clinical evaluation findings. It is 
unsurprising that primary angle closure glaucoma (PACG) 
is estimated to cause blindness in two to five times as many 
subjects as primary open angle glaucoma.[4,5] Studies 
revealed that 22% of subjects with primary angle closure 
suspect (PACS) may progress to primary angle closure 
(PAC) and that 28.5% of PAC subjects may develop PACG 
within 5 years if no treatment is prescribed.[6]
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Laser peripheral iridotomy is considered as the 
standard treatment modality for PACS. This procedure 
can be used to eliminate the pupillary block and to 
extend the anterior chamber angle by balancing the 
pressure between the posterior and anterior spaces. This 
technique has essentially replaced surgical iridectomy as 
the modality of choice because laser peripheral iridotomy 
has been considered as a simple, non‑invasive technique 
that can be completed in an outpatient setting without 
the risks and severe complications associated with 
invasive surgery.[7‑9] However, there is a controversy 
regarding the safety of the laser peripheral iridotomy 
procedure to endothelial cells in terms of cell density 
and morphology. Given that this procedure can be used 
to prevent further vision loss in PACS subjects, it is 
important to determine whether this procedure is safe to 
endothelial cells in order to prevent further morbidity. In 
this study, we assessed the effects of prophylactic laser 
peripheral iridotomy on corneal endothelial cell density, 
cell hexagonality and coefficient of variation (CV) in 
PACS subjects over a 12‑month follow‑up period.

METHODS

This was a quasi‑experimental prospective study 
approved by the ethics committee of Shiraz University 
of Medical Sciences, and informed consent was obtained 
from all subjects. This study adhered to the tenets of 
the Declaration of Helsinki. All enrolled patients were 
consecutively recruited from the Shahid Motahari and 
Poostchi Ophthalmology Clinics, Shiraz University 
of Medical Sciences, Shiraz, Iran, from June 2012 to 
November 2013. Each patient underwent slit‑lamp 
examination, intraocular pressure (IOP) measurement 
via Goldmann applanation tonometry (GAT), and 
gonioscopy employing a Sussman four‑mirror gonioscope 
to detect appositional or synechial closure, as well as 
stereoscopic evaluation of the optic disc using a + 90 
diopter non‑contact lens. All ophthalmic examinations 
and laser iridotomy procedures were performed by an 
ophthalmologist.

Patients for whom both eyes were diagnosed with 
PACS were qualified for inclusion in this study. Based 
on the standard description, a PACS eye displayed an 
appositional contact between the surface level of the iris 
and the posterior portion of the trabeculum extending 
at least 180° based on gonioscopic evaluation and 
showing an IOP ≤21 mmHg as measured by GAT.[7] 
The exclusion criteria were any history of a previous 
episode of increased IOP, a history of intraocular 
surgery, a history of using anti‑glaucoma medications, 
a history of acquired or genetic diseases of the cornea, 
any abnormality on specular microscopy prior to laser 
iridotomy, a history of ocular trauma or any retinal 
disease, and the presence of a systemic disease such as 
diabetes mellitus.

Following subject selection, all subjects underwent 
specular microscopy using a Topcon SP‑3000P 
noncontact automated specular microscope (Topcon 
Corporation, Tokyo, Japan). This device autofocuses on 
the surface of the corneal endothelium and provides high 
magnification, beneficial image quality and the potential 
to measure cell density and to perform morphometric 
evaluation. We evaluated the cell size according to 
various factors, such as cell density, the CV in the cell 
area (SD/mean), and the proportion of hexagonal cells, 
based on standard methods.[10‑12]

Subsequently, one drop of 2% pilocarpine (Sinadarou, 
Tehran, Iran) and one drop of 0.5% Tetracaine (Sinadarou, 
Tehran, Iran) were instilled into the eye. Conventional laser 
peripheral iridotomy was performed on the peripheral 
superior temporal region of the iris of one randomly 
selected eye by an ophthalmologist using a Nidek 1800‑YC 
Nd:YAG Laser (Tokyo, Japan) and an Abraham lens. The 
laser iridotomy procedure began with a single 4‑7 mJ pulse, 
and the laser power increased until patency was realized. 
If IOP increased significantly by more than 5 mmHg, the 
subjects were treated with anti‑glaucoma medications 
accordingly. Furthermore, all subjects were prescribed 
0.1% betamethasone eye drops four times a day for 10 days. 
All specular microscopy measurements were documented 
by a single technician, and the central, superior nasal and 
superior temporal regions were examined at baseline and 
at the 3‑month, 6‑month and 12‑month follow‑up visits. 
The sample size has been calculated according the simple 
sample size formula. Statistical analysis was performed 
using SPSS software (version 20, SPSS Inc., Chicago, 
IL, USA), and the paired t‑test was used to assess the 
significance of differences. A P value of less than 0.05 was 
considered to indicate a significant difference.

RESULTS

Thirty‑five eyes of 35 patients were enrolled in this study. 
One patient was excluded because her IOP increased 
during the follow‑up period. The mean total pulse for 
each subject was 49.9 ± 12.6 mJ. The mean subject age 
was 53.4 ± 7.99 years (range: 62‑36 years), and 30 subjects 
(88.2%) were female. In 3 cases, minimal hemorrhage 
from the iris was observed, and this complication was 
managed accordingly. The endothelial cell density, cell 
hexagonality and CV at baseline and at the 3‑month, 
6‑month and over 12‑month follow‑up visits were 
recorded. The mean central corneal endothelial cell count 
prior to laser iridotomy was 2528 ± 119.2, and this value 
changed to 2470 ± 175.9, 2425 ± 150.6, and 2407 ± 69.02 
at the 3‑month, 6‑month, and 12‑month follow‑up visits, 
respectively; these differences did not reach statistical 
significance (P > 0.05). Additionally, the change in the 
number of cells, the CV and the hexagonality of cells in 
the central, nasal, and temporal areas were not significant 
(P > 0.05) [Tables 1‑3].
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DISCUSSION

Several reports have demonstrated complications 
following laser peripheral iridotomy, including iris 
inflammation, IOP elevation, corneal decompensation, 
hemorrhage, and posterior synechiae. Thus, there is 
controversy regarding the safety of this procedure to 
the corneal endothelium, especially with respect to the 
relationship between laser peripheral iridotomy and 
corneal decompensation.[13‑16] We assessed the effects 
of prophylactic laser peripheral iridotomy on corneal 
endothelial cell density, hexagonality, and CV in PACS 
eyes over a 12‑month follow‑up period. Our results 
revealed no decline in corneal endothelial cell density or 
alteration in cell morphology in the central, nasal, and 
temporal regions over the one‑year follow‑up period.

Other studies showed that laser iridotomy may 
affect the corneal endothelium, leading to varying 
outcomes. Although the procedure has been shown 
to be fairly safe, there remains a long‑standing risk of 
corneal decompensation, as corneal transplantation may 
ultimately be required. The time period between laser 
iridotomy and corneal decompensation has been stated 
to be up to eight years.[16,17] However, since our results 
were produced over only 12 months, we are unable 
to conclude that this procedure is safe to the corneal 

endothelium, and we should follow our subjects for a 
longer duration.

Marraffa et al found a substantial decrease in corneal 
endothelial cell density after Nd:YAG iridotomy in 
the cases of angle closure glaucoma.[17] Among the 
findings in which Nd:YAG laser iridotomy was given as 
prophylaxis, Wu et al in a study revealed a significant 
cell density decrease at 1 year duration meanwhile 
no statistical correlation found between the change in 
endothelial cell density and the entire energy power used 
throughout the treatment procedure.[18]

Canning et al found that a majority of subjects 
exhibited serious focal endothelial impairment following 
Nd:YAG laser iridotomy, although there was no evidence 
of persistent injury based on short‑term follow‑up 
examinations.[19]

Using prophylactic sequential laser iridotomy, Kumar 
et al revealed declines in corneal endothelial cell density 
and central corneal thickness over 3 years, although these 
changes were comparable to those in the fellow eye, 
which had not been treated.[20] Kumar et al established 
follow‑up study for 3 years duration of the central area of 
the cornea,[20] however we report our cases for a 12‑month 
follow‑up in 3 different areas of the cornea.

Panek et al revealed a slight but substantial decrease 
in corneal endothelial cell density following the Nd:YAG 

Table 1. Endothelial cell density at baseline and at 3‑month, 6‑month and 12‑month follow‑up visits in 3 different regions

Evaluated 
region

Cell count 
prior to 

LPI (mean±SD)

Cell count at 
3 months after 
LPI (mean±SD)

P Cell count at 
6 months after 
LPI (mean±SD)

P Cell count at 
12 months after 
LPI (mean±SD)

P

Central 2528±119 2470±175 0.075 2425±150 0.598 2407±69 0.118
Nasal 2614±263 2590±176 0.581 2528±145 0.463 2518±29 0.463
Temporal 2786±275 2771±240 0.345 2750±177 0.243 2711±254 0.072
LPI, laser peripheral iridotomy; SD, standard deviation

Table 2. Hexagonality of endothelial cells (%) at baseline and at 3‑month, 6‑month and 12‑month follow‑up visits in 3 dif‑
ferent regions

Evaluated 
region

Hexagonality 
prior to LPI (%)

Hexagonality 
at 3 months after LPI (%)

P Hexagonality at 
6 months after LPI (%)

P Hexagonality at 
12 months after LPI (%)

P

Central 58 55 0.684 54 0.993 52 0.896
Nasal 58 57 0.980 56 0.564 55 0.528
Temporal 57 56 0.796 55 0.448 54 0.802
LPI, laser peripheral iridotomy

Table 3. Mean coefficient of variation in endothelial cells at baseline and at 3‑month, 6‑month and 12‑month follow‑up 
visits in 3 different regions

Evaluated 
region

Mean CV 
prior to LPI

Mean CV 
at 3 months after LPI

P Mean CV at 
6 months after LPI

P Mean CV at 
12 months after LPI

P

Central 34 35 0.178 36 0.627 37 0.526
Nasal 34 38 0.846 39 0.728 41 0.546
Temporal 35 37 0.402 40 0.273 41 0.053
LPI, laser peripheral iridotomy; CV, coefficient of variation
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laser peripheral iridotomy.[21] Similarly, Wu et al found 
a meaningful decline in corneal endothelial cell density 
after 1 year;[18] however, Schwenn et al did not.[22] Our 
study also demonstrated no significant changes in 
corneal endothelial cell density within one year after 
laser peripheral iridotomy.

In the studies of Indian subjects by Ramani et al and 
of Iranian individuals by Faramarzi et al, no significant 
changes in central corneal thickness were observed 
following laser peripheral iridotomy.[22-24] Although we 
did not measure this parameter, it may be interesting to 
evaluate the effects of peripheral iridotomy on central 
corneal thickness and other parameters such as anterior 
chamber depth, anterior chamber angle, axial length, 
lens thickness, relative lens position, iris‑ciliary process 
distance, and iris thickness, especially for comparison 
between races, as these anatomic parameters may vary 
according to ethnicity.

Kumar et al reported that polymegathism decreased 
while pleomorphism increased over 3 years after 
prophylactic laser iridotomy.[20] However, our study 
showed no changes in the hexagonality of cells or in the 
CV within one year after this procedure.

The major limitations of our study were its short 
follow‑up duration, the lack of a control group in the 
study design, and the sample size, although the required 
sample size was estimated based on the simple sample 
size formula. Hence, the absence of a finding does not 
establish that prophylactic laser iridotomy is completely 
safe. Despite these limitations, we believe that the 
strengths of this study, which include its prospective 
nature, examination of a homogenous population, and 
use of non‑contact measurement to assess the nasal, 
central and temporal areas of the cornea, make its 
findings particularly significant.

More studies involve larger sample size maybe 
required in order to show changes in corneal endothelium 
following laser iridotomy. Since it may present 
opportunities in term of preventive strategies, it may 
allow us to guarantee that the laser iridotomy does not 
cause additional morbidity to the patients.

In conclusion, our findings demonstrated the 
safety status of laser iridotomy over a short follow‑up 
duration. In PACS eyes, we did not detect a decline 
in corneal endothelial cell density or alterations in 
cell morphological characteristics, including cell 
hexagonality and CV, in the central, nasal, and temporal 
areas of the cornea in any of our subjects over a one‑year 
follow‑up period.
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