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Abstract 

Aim: to determine the effect of ND-YAG laser posterior capsulotomies on endothelial cells count in patients attending Ibn 

Al Haitham teaching eye hospital. 

Patients and Methods: It is a Prospective non-comparative case series study including patients with clinically significant 

posterior capsular opacification (PCO) attended Ibn Al Haitham teaching eye hospital from June 2016 to February 2017. 

Detailed history taking and complete ophthalmic examinations done for all patients, Corneal endothelial cells count was 

done by using non-contact specular microscopy (topcon sp 3000) before YAG laser, 1 week and 4 weeks after laser to 

determine the endothelial cells count. Data were analyzed by using ANOVA, F test and paired t – test. 

Results: Sixty-five eyes of 65 patients presented with clinically significant PCO were included, 40 patients where males 

(61.5%) and 25 patients females (38.5%). The mean of endothelial cells count before laser was (2047 cell/mm2), 1 week 

after laser (1938 cell/ mm2) and 4 weeks after laser (1916 cell/ mm2) ,the difference between pre-laser endothelial cells 

count and 1-4 wks after laser was (109 cell), (131 cell) respectively which is found to be significant (p value 0.04 ). 

Conclusion: In our study, posterior capsule opacification when treated with ND-YAG laser is associated with statistically 

significant reduction in the endothelial cells count. The yag laser posterior capsulotomy is noninvasive and effective 

modality of treatment of PCO but the corneal endothelial cells may be damaged by laser. 
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Introduction 

Posterior Capsular Opacification 

 Following uncomplicated cataract surgery posterior 
capsular opacification (PCO) is most common late 
complication. PCO causes decrease of visual acuity, 
decrease contrast sensitivity and may cause monocular 
diplopia or glare. The incidence of PCO is reduced when 
the opening of continuous curvilinear capsulorrhexis is in 
complete contact with IOL anterior surface. Lens type that 
are more prone for posterior capsular opacification are 
PMMA and probably to a lesser extent hydrogel IOLs, but 
the design of IOL is more important than material; 
notably, a square edge of the optic appears to inhibit PCO 
[1]. 

 

PCO is a major problem after cataract surgery in 
pediatric age group where the incidence reaches 100% 
between 2 months and 5 years after the initial surgery. 
The incidence of PCO is range from less than 5% to 50% 
in eyes undergoing uneventful cataract surgery for senile 
cataracts [2]. 
 

Risk Factors 

Several systemic and ocular associations have been 
associated with the development of PCO [3]. The risk 
factors for PCO have revealed no association between PCO 
and gender, age, or axial length of the eye. Diabetic 
patients after cataract surgery had significant PCO when 
compared with non-diabetics after 1 year follow up. 
However, the degree of PCO did not seem to correlate 
with the severity of diabetic retinopathy and the systemic 
condition of diabetics [4]. Myopic eyes found to be at risk 
for an increased PCO probably because IOL implantation 
was deferred in them [5]. However study of Hayashi, et al. 
concluded that with IOL implantation in myopic eyes, 
there is no correlation between degree of myopia and 
degrees of PCO. The uveitis is found to be a risk factor for 
increased incidence of PCO [6]. In these eyes, hydrophobic 
acrylic IOLs found to lower the incidence of PCO and 
provide a better visual outcome than PMMA, silicone or 
heparin-surface-modified PMMA IOLs [7]. Patients with 
myotonic dystrophy developed thick PCO following 
cataract surgery which required multiple capsulotomies 
[8]. Also higher incidence of PCO occurs in patients with 
retinitis pigmentosa and it is significantly higher in 
traumatic cataracts, it has been quoted to be as high as 92 
% at the three-year follow-up [9,10]. 
 

Histologic Examination 

Histology of PCO is characterized by residual lens 
epithelial cells undergo reaction of tissue repair after 

cataract surgery and IOL implantation, lens epithelial cells 
transform to lens fibers and myofibroblasts, this lead to 
Soemmering ring development in periphery of capsular 
bag and Elschnig pearl on inner surface of posterior 
capsule [11]. Histology showed presence of lens like 
cellular arrangement called epithelial mesenchymal 
transition (EMT) and lead to fibrous tissue on capsule 
[12]. 
 

Treatment 

1. Nd: YAG laser to create an opening in posterior capsule 
[1]. 

2. Surgical treatment with a discussion knife, vitrectomy 
hand piece, or scissors in dense fibrosis in which laser 
treatment insufficient [13]. The neodymium yttrium 
aluminum garnet (Nd: YAG) laser: is a solid type of 
laser, its work by causes disruption of tissue by 
ionization mode of action or photo-disruption. It has a 
wavelength of 1064 nanometers in the infrared range 
of radiation. It is commonly used to disrupt the 
posterior capsule opacity following cataract surgery 
[14].  

 

Specular Microscopy 

 Is a non-invasive technique to assess the corneal 
endothelium both structure and function. There are 
multiple specular microscope companies, each capturing 
the cell images at different magnifications and 
calibrations. The clinical specular microscopes are all 
based on the laboratory microscope designed by Maurice, 
to provide a high magnification view of specular reflected 
light from the corneal endothelium. The endothelial cells 
can be imaged because the refractive index of the 
endothelial cells is greater than the 1.336 value for 
aqueous humor, thus reflecting 0.022% of the projected 
light [15]. 

 
Specular microscopy use computer-assisted software, 

modern specular microscopes can analyze the shape, size 
and population of the endothelial cells. It uses light that 
projects onto the cornea and captures the image reflected 
from the optical interface between corneal endothelium 
and the aqueous humor. The reflected image is analyzed 
by the instrument and displayed as a specular 
photomicrograph [16].  

 
The corneal endothelium is a single layer of polygonal 

cells that firmly attached to the Descemet’s membrane 
and is in contact with the aqueous humor, it is believed to 
be originated from neural crest. Control the hydration 
state of the corneal stroma through an active pumping is 
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the main function of corneal endothelium, thereby 
providing transparency of the cornea. Damage to the 
endothelium is more potentially serious than that of 
damage to other corneal layers [17]. 
 

The normal surface area of human corneal 
endothelium is approximately 130 mm2 [18]. The normal 
cell density of children 3-6 years old was approximately 
4000 to 3500 cells per mm2. This value decreases with 
age and the surface area of cornea increases. Middle 
adults (30 years of age) a range of cells count between 
2700 to 2900 cells per mm2, and >75 years old can have a 
range of cell densities between 2400 to 2600 cells per 
mm2. The Asian race has more cell densities than other 
races per given age group [15]. 
 

Patients and Methods 

Prospective non comparative case study including 65 
eyes of 65 patients (40 males and 25 females) age 
between 47-72 years with mean (58.8 ± 6.4) presented 
with clinically significant posterior capsular opacification 
attended Ibn Al Haitham teaching eye hospital from June 
2016 to February 2017. Detailed history taking from the 
patients and complete ophthalmic examination done, 
phacoemulsification was done for all patients included in 
the study. Time interval between cataract surgery and Nd: 
YAG laser posterior capsulotomy was 1-3 years. 
 
Exclusion Criteria: 
1. Patients with corneal pathology like endothelial 

dystrophy, scar or trauma. 
2. Retinal pathology. 
3. Pseudoexfoliation syndrome. 
4. Active uveitis. 
5. Traumatic cataract. 
6. Primary or secondary glaucoma. 
7. Diabetes mellitus 
 

The following protocols were done before YAG laser 
capsulotomy which include, measuring of uncorrected 
and best corrected visual acuity, measurement of 
intraocular pressure (IOP), slit-lamp examination, dilated 
fundus examination and specular microscopy using non-
contact SP-3000 P (Topcon) version. The method of 
fixation that used is central fixation to capture the center 
area of cornea (auto alignment). Area of the cornea that 
examined 8 mm × 8 mm in which focusing and centering 
was automatically done. The image then transferred to 
the computer, which provided highly precise analysis of 
the endothelium. 1% tropicamide eye drops were instilled 
to dilate the pupil and the cornea was anaesthetized with 
topical 0.5% tetracaine hydrochloride eye drops. Then 

YAG laser capsulotomy using Q-switched protocol was 
applied. 

 
Topical steroid (dexamethasone eye drop qid) and 

(timolol 0.5%) eye drop bid for 1 week were prescribed 
for all patients after YAG laser capsulotomy. Ocular 
examination was done after 1 week including visual 
acuity, presence of uveitis, rise in IOP, vitritis, cystoid 
macular edema and retinal detachment. 
 

Statistical Analysis  

Data of the 65 patients were analyzed using the 
statistical package for social sciences (SPSS) version 24. 
Descriptive statistics presented as mean, standard 
deviation (SD), frequencies and proportions. Chi square 
test was used to compare frequencies, Analysis of 
variances (ANOVA test) was used to compare means, 
paired t test was used to compare two means (pre-laser 
versus one week or one month post laser) Level of 
significance, P value ≤ 0.05 considered as significant. 
 
Ethical Issue: the Scientific Council of Ophthalmology of 
Iraqi Board for Medical Specializations approved this 
study. The research followed the tenets of the Declaration 
of Helsinki, and each patient gave his or her written 
informed consent to participate in the study. 
 

Results 

65 eyes of 65 patients presented with clinically 
significant PCO were included in this study, 40 patients 
where males (61.5%) and 25 patients females (38.5%). 
Age of patients range (47-72) years with the mean 58.8 
(SD 6.4). (Table 1) Mean of endothelial cells count before 
laser (2047 cell/mm2 ), 1wk after laser (1938 cell/ mm2) 
and 4wk after laser (1916 cell/ mm2) ,the difference 
between pre-laser endothelial cell count and 1-4 wks after 
laser was (109 cell), (131 cell) respectively which is found 
to be highly significant p value 0.04 (Table 4). 

 
Variable No. % 

Age (year) 

≤ 50 11 16.9 
51 – 60 22 33.8 

> 60 32 49.2 
Mean ± SD* 58.8 ± 6.4 - 

Gender 
Male 40 61.5 

Female 25 38.5 

*SD : Standard deviation 

Table 1: Age and gender distribution of the studied group 
(N = 65). 
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Figure 1: Distribution of the studied group according 
to PCO. 

 
Table 2 showed no significant difference in mean IOP 

at different time of follow up (P>0.05). 
 

 
Intraocular pressure 

Mean SD 

Pre-Laser 14.8 1.7 

One week 15.2 1.7 

One month 15.1 1.5 

ANOVA, F test , P = 0.334 

Table 2: Intraocular pressure of the studied group (N = 
65). 
 

Table 3, shows number of shots that were used ranged 
from (7 – 21), the mean was 16 shots, while energy used 
range from (27-157mJ), Mean 82 MJ. 
 

 Mean SD Range 
No. of shots 16 3 7 - 21 

Total energy 82 30 27 - 157 

*SD : Standard deviation  

Table 3: Mean values of number of shots and total energy.
  

 Mean SD Range 
Pre-Laser 2047 369 1140 – 2710 
One week 1938 380 1065 – 2680 

One month 1916 379 1015 - 2650 
ANOVA, F test , P = 0.04, significant difference 

Multiple comparison (paired t test) 
Pre-Laser compared to one month, significant 

 difference (reduction), (P = 0.025). 
Pre-Laser compared to one week , no significant 

difference (P>0.05) 
One week compared to one month, no significant 

difference (P>0.05) 

Table 4: Endothelial cell count of the studied group at 
different follow up time (N = 65). 

Visual acuity 
Pre-Laser One month 

No. % No. % 

6/6 1 1.5 14 21.5 

6/9 3 4.6 18 27.7 

6/12 18 27.7 20 30.8 

6/18 21 32.3 5 7.7 

6/24 7 10.8 6 9.2 

6/36 13 20.0 2 3.1 

6/60 2 3.1 0 0.0 

Chi square was significant, P < 0.001 

Table 5: Distribution of visual acuity of the patients at 
baseline and at one month. 
 

Discussion 

Nowadays cataract surgery is common whether extra-
capsular cataract extraction or by phacoemulsification 
techniques used. PCO is a common complication after 
cataract surgery which may affect vision by decreasing 
visual acuity, decrease the field of view during diagnostic 
and therapeutic procedures, decrease the contrast 
sensitivity, because glare and may cause diplopia. Surgical 
capsulotomy was the only method for treatment of PCO 
before development of ND: YAG laser [2]. YAG laser 
capsulotomy nowadays is a common procedure, it is safe 
and non invasive to remove the PCO [19]. 

 
Hence in current study 65 patients presented with 

PCO where included, 9 patients had capsular fibrosis 
(13.8%) and 56 patients had elschnig’s type (86.2%). we 
found that the mean of ECC pre-laser was (2047 
cells/mm2), one week after laser was 1938 cells/mm2 and 
(1916 cells/mm2) 4 weeks after laser, the differences 
between pre-laser, 1week and 4 weeks were (109) cells, 
(131) cells respectively, so the decrease in ECC is 
particularly highly significant between prelaser and 4wks 
after laser (P value = 0.025 ), although there is decrease in 
ECC between prelaser and 1 wk post laser, but it is 
statistically insignificant (P value = >0.05), this may be 
due to a late effect of YAG laser. 

 
These findings are comparable with study reported by 

Rajappe, et al. who found that the mean of ECC pre-laser 
2298 cells/mm2, 1 wk 2178 cells/mm2 and 12 wks was 
2121 cells/mm2, the difference between pre and post-
laser 1-12 weeks was highly significant (p value ≤ 0.001) 
[2]. Similarly another study by Bazard, et al. which also 
found significant difference in ECC before and 3 months 
after laser p value <0.02 [20]. 
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While D. Ruiz –casas, et al. studied the effect of yag 
laser on 31 pseudophakic eyes with PCO, found that YAG 
laser not affect the ECC significantly p value =0.4. study 
done by Slomovic, et al. which examined 39 eyes with PCO 
and evaluate effect of yag laser, the results showed the 
mean ECC before laser 1840 cells/mm2 and after laser 
1798 cells/mm2 the difference between them 42 cells 
2.3% cells loss, so concluded that there is no significant 
correlation between corneal endothelial cell loss and yag 
laser energy [21,22]. Also Kanchanaranya, et al. in their 
study included 41 patients with PCO found that mean of 
ECC pre laser 2213 cells/mm2, 1 month post-laser 2177 
cells/mm2 and 3 months post-laser 2237 cells/mm2, the 
difference of ECC between pre and post-laser at 1 and 3 
months were statistically insignificant [19]. In last 3 
studies the explanation of not concluding significant 
correlation between ECC and YAG laser may be due to 
small sample size [21]. 

 
This discrepancy between studies in endothelial cells 

loss may be due to ethenic variation, different sample size, 
technician endothelial cells measurement, nature of tissue 
being disrupted, differences in delivery of laser energy 
(number of pulses per burst, mode of delivery, quantity of 
energy) and target tissue endothelial distance. 

 
Regarding the IOP, in our study there is mild relative 

increase in mean IOP from 14.8 mmHg prelaser to 
15.2mmHg, 15.1mmHg post laser 1week and 4 weeks 
respectively, which is statistically not significant elevation 
(p value =0.33), also Rajappe, et al. found no any elevation 
in IOP after YAG laser even after follow up period of 12 
weeks [2]. Also Shani, et al. found no any elevation in IOP 
after YAG laser [23]. While in other studies, slomovic and 
parrish, et al. they mentioned there is significant increase 
in IOP following YAG laser in 55% of their patients [24]. 
This discrepancy between different studies regarding IOP 
may be due to use of timolol eye drop bid for 1 week after 
YAG laser in both studies and the use of dexamethasone 
eye drop for 1 week, number of pulses applied, pulse 
energy and total energy of YAG laser. 
 

Conclusion and Recommendation 

PCO is a common complication after cataract surgery, 
as Nd: YAG laser capsulatomy is safe, effective and non-
invasive method of treatment of PCO, it may cause corneal 
endothelial cells damage. To decrease damage of the 
endothelial cells during YAG laser posterior capsulotomy: 
1. Accurate focusing on posterior capsule 
2. Use of lowest energy setting 
3. Stabilization of the eye by contact lens in uncooperative 

patient 
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