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EFFECTIVE PHACOEMULSIFICATION TIME AND AGE RELATED ENDOTHELIAL ANA‑
TOMICAL CHANGES OF THE CORNEA IN CATARACT SURGERY (Abstract):  The loss of 
corneal endothelial cells that occurs intraoperative, in  phacoemulsification cataract surgery tech‑
nique, can lead to pseudofakic bullous keratopathy, which is one of the significant causes of vis‑
ual loss and corneal transplant. In Ophthalmology Department at “Emergency University Hospital   
of Bucharest”, we performed a prospective study on 70 patients that underwent this type of surgery, 
in order to develop better knowledge of the changes, related to EPT and age of the patient, in 
endothelial cell density after the intervention and compare it to different studies in the literature. 
Higher EPT values have a big impact of the endothelial cell loss, which is consistent to other 
similar studies. Although age is considered a risk factor in several studies in the literature, in our 
study it did not influence the endothelial cell loss.  Our argument is that knowing which factors 
conclude to intraoperative higher loss of endothelial cells will improve the techniques used in the 
surgical intervention and subsequently the rate of complications. Key‑words: ENDOTHELIAL 
CELL DENSITY, CATARACT SURGERY, ANATOMIC RISK FACTORS

INtROductION
Because of rising life expectancy and soci‑

odemographic status, cataract is considered to 
be one of the most prevalent cause of reversible 
blindness in the world and it affects over 15.2 
million persons aged above 50 years (1). 

Cataract surgery with phacoemulsification 
technique can lead to damage to the adjacent 
corneal tissue, especially to the endothelium 
with up to 2% of the patients experiencing 
corneal complications after the intervention (2). 
The factors involved in the cell loss are the 
duration of phacoemulsification ultrasounds, 
temperature of the probe, high aspiration or 

irrigation rates, the integrity of the endothelium 
prior to surgery, the hardness of the nucleus 
and  the age of the patient (3). 

In current cataract surgical practice is very 
important to understand the anatomical changes 
that occur during the intervention in order to pre‑
vent to some extent  further complications (4). 

mAtERIAL ANd mEthOdS

We performed a prospective intervention 
study on patients diagnosed with age related 
cataract who underwent surgical treatment with 
phacoemulsification technique and had no pri‑
or other ocular pathologies. All the patients that 



126

Şt. Pricopie et al.

TABLE I
Sex distribution of patients enrolled in the study that underwent cataract surgery

Sex Number Percentage
Female 38 55.9%
Male 32 42.1%

Table II
Distribution based on age of patients that underwent cataract surgery 

Average ± SD Mean (IQR) Avg Rank Mode Shapiro Wilk Test

71.1 ± 5.798 70 (67‑74) 72.24 69 p=0.002

Fig. 1. Distribution based on age of patients that 
underwent cataract surgery

agreed to participate in the study received in‑
formation about the cataract diagnosis, the cor‑
neal optical coherence tomography examination 
and signed an informed consent form. All 70 
subjects that participated underwent a complete 
ophthalmic examination consisting of Snellen 
chart visual acuity testing, applanation tonom‑
etry, refraction, keratometry, specular micros‑
copy, anterior and posterior pole slit lamp ex‑
amination, central corneal pachymetry, corneal 
tomography and optical biometry. All examina‑
tions prior and after the surgery were performed 
by the same person with the same devices.    

RESuLtS 
If we analyze the data in table I we can 

observe that the patients enrolled in the study 
are from both sexes, with 38 females, represent‑
ing 55.9% of the total participants and 32 males, 
representing 42.1% of the total participants.  

Data in table II and figure 1 shows that age 
has a non‑parametric distribution in the study 
group according to Shapiro‑Wilk test (p=0.002), 
the average age is 71.1 years, ranging from 62 
years to 88 years, with a median of 70 years 
and the mode value is 69 years. 

Examining the data in table III and figure 2 
we see that the endothelial cell density (ECD) 
value before the surgery has a parametric dis‑

tribution acording to Shapiro‑Wilk test (p= 
0.220) with an average of 2340.1 cells/mm2, a 
median of 2344 cells/mm2 , ranging from a 
minimum of 1845 cells/mm2 to a maximum of 
2916 cells/mm2.   The ECD value  at one month 
after the surgery has a parametric distribution 
acording to Shapiro‑Wilk test (p=0.525) with 
an average of 2237.53 cells/mm2, a median of 
2200.5 cells/mm2 , ranging from a minimum of 
1650 cells/mm2 to a maximum of 2860 cells/
mm2.

Data in table IV and figure 3 represents an 
analysis between the correlation of the differ‑
ence in ECD values before and one month after 
the surgery with the effective phacoemulsifica‑
tion time (EPT) used during the surgery. We 
can observe that EPT has a non‑parametric 
distribution, according to Shapiro‑Wilk test 
(p<0.001) and the correlation observed be‑
tween this parameters is statistical relevant 
(p<0.001, R=0.569). This high grade positive 
correlation suggests that all the patients that 
had higher EPT times during surgery had also 
a greater loss in ECD values.

The information in table V and figure 4 
represents an analysis of the correlation within 
the difference in ECD values before and one 
month after cataract surgery with the age of the 
patient at time of the intervention. Age has a 
non‑parametric distribution, according to Sha‑
piro‑Wilk test (p<0.002) and the correlation 
and there is no statistical relevance between the 
difference in ECD and age (p=0.730).

Data in table VI and figure 5 represents an 
analysis between the correlation of the differ‑
ence in ECD values before and one month after 
the surgery at patients that were under 70 years 
old compared to over 70 years old at the time 
of the surgery. Patients under 70 years old lost 
an average of 109.9 ± 64.53 cells/mm2 with a 
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TABLE III 
Comparison between the ECD values before cataract surgery and one month after 

surgery in the studied group

Time of measurement Average ± SD Mean (IQR) Shapiro Wilk Test

Before surgery 2340.1 ± 267.21
2344 

(2139.25‑2529.5)
p=0.220

1 month after surgery 2237.53 ± 265.66
2200.5 

(2037.5‑2453.75)
p=0.525

Fig. 2. Comparison between the ECD values 
before cataract surgery and one month after 

surgery in the studied group

TABLE IV 
Analysis on correlation between the difference 

in ECD values before surgery vs 
one month after surgery with EPT used 

during the intervention 

Correlation p*

Difference
ECD (p=0.161**) x 
EPT (p<0.001**)

<0.001, R=0.569

Fig. 3. Analysis on correlation between the difference in ECD values before surgery vs one month after 
surgery with EPT used during the intervention

mean of 110 cells/mm2 and patients over 70 
years old at time of the surgery lost an average 
of 96.06 ± 65.28 cells/mm2 with a mean of 110 
cells/mm2.

dIScuSSION
Our study assessed whether there is an im‑

portant anatomical change on parameters of 
the corneal endothelial cell density following 
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TABLE V 
Analysis of the correlation within the difference 

in ECD values before and one month after 
cataract surgery with the age of the patient 

at time of the intervention

Correlation p*
Age

 (p=0.002**) 
X

 Dif. ECD 
(p=0.161**)

0.730, R= ‑0.042

Age Average ± SD Mean (IQR) Avg. Rank p*

≤ 70 ani (p=0.018**) 109.09 ± 64.53 110 (68‑132) 36.83
0.585

> 70 ani (p=0.358**) 96.06 ± 65.28 110 (25‑151) 34.17

TABLE VI 
Analysis between the correlation of the difference in ECD values before 

and one month after the surgery at patients that were under 70 years old compared 
to over 70 years old at the time of the surgery

Fig. 4. Analysis of the correlation within the difference in ECD values before and one month after 
cataract surgery with the age of the patient at time of the intervention.

phacoemulsification cataract surgery in relation 
with the age of the patient and the EPT used 
during the intervention.

In cataract surgery, like in any surgical pro‑
cedure, certain complications are possible and 
despite recent advances in instrumentation and 
techniques, pseudophakic corneal edema is still 
a significant cause of morbidity and vision loss 

(3,5,6). Pseudophakic bullous keratopathy is 
by far the most common indication for corneal 
transplant  in numerous studies in Europe, North 
America and Australia (6‑16).

In our study we reported a mean loss of 
endothelial cells of 4% after phacoemulsifica‑
tion, which is consistent and  in the lower side 
of other studies in the literature that reported a 
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mean endothelial loss in the range of 4‑17,5% 
(17‑20). 

The reported endothelial cell loss varies 
widely in literature due to various surgical tech‑
niques, time intervals of evaluations after the 
surgical procedure, use of viscoelastic, total 
phacoemulsification energy used, admitting 
cases with complications  and the type of in‑
traocular lens (IOL) used (17).

Our findings about the impact  of the EPT 
used during surgery upon the endothelial cell 
loss are consistent with other studies in which 
regards, the higher the phacoemulsification 
time, the greater decline in ECD values. Al‑
though different studies used different phaco‑
emulsification techniques like bevel up or bev‑
el down, different ultrasound frequencies and 
numerous type of devices, all conclude to a 
correlation between the higher EPT and lower 

ECD values after the intervention (21‑24). 
In our study, there was no correlation be‑

tween the endothelial cell loss after the cataract 
surgery and the age of the patient at time of the 
surgery which is consistent to other studies 
(25), although some studies are considering age 
a risk factor for intraoperative endothelial dam‑
age (26). 

cONcLuSION 
The anatomical changes that occur to the 

corneal endothelium during phacoemulsifica‑
tion surgery are not related to the age of the 
patient, but are especially related to the level 
of ultrasound used during the intervention and 
we should further explore new techniques that 
enables lower EPT in order to reduce important 
postoperative complications like pseudophakic 
bullous keratopathy. 

Fig. 5. Analysis between the correlation of the difference in ECD values before 
and one month after the surgery at patients that were under 70 years old compared 

to over 70 years old at the time of the surgery.
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