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Abstract 
BACKGROUND: The corneal endothelial cellular monolayer cannot regenerate after 
injury. Endothelial cell loss is a commonly studied relevant postoperative variable 
because it is associated with the long-term risk for corneal decompensation.Analysis of 
cell shape and pattern is a more sensitive indicator of endothelial damage than cell 
density alone. 

PURPOSE: To evaluate hysteresis changes that occur in the corneal endothelium at 
different times (one week, three months, six months) after cataract extraction with 
phacoemulsification using noncontact specular microscope . 
PATIENTS AND METHOD: Seventy-five patients scheduled for cataract extraction 
with phacoemulsification were examined with non contact specular microscopy (SP-
3000P) performed at the center of the cornea. Corneal thickness (T), average cell area 
(AVG), cell density (CD), and percentage of cell hexagonality (HEX) were measured. 
Statistical analysis was performed using a 2-tailed Student t-test, Pearson correlation. 
RESULTS: In all patients there was an increase in corneal thickness, widening in cell 
area, decrease in cell density, and extreme variability in their hexagonality after surgery. 
The results were as follows:- mean T was 480.5µm, 526.8µm, 534.3µm, and 541.3µm;  
mean AVG was 380.25mm2, 465.4mm2, 492.97mm2, and 527.77mm2; mean CD was 
2809.00 cell/mm2, 2220.72 cell/mm2 , 2053.56 cell/mm2 , and 1899.97 cell/mm2 ; mean 
HEX was 72.27%, 27.35%, 39.35%, and 51.76% preoperatively, one week, three 
months, and six months postoperatively respectively. P value was <0.01 for all the 
findings (significant). 
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DISCUSSION: Although endothelial cell density in the early postoperative period is 
highly deranged but it is not the only valuable parameter to maintain corneal 
morphology. The ability of endothelial cells to function properly and rearrange 
themselves is a potential element for corneal architecture. Significant changes in the 
measured parameters were obtained during the entire period of the study reflecting the 
effect of phacoemulsification on the corneal endothelial features and function.  
  
CONCLUSION & RECOMMENDATIONS: Corneal endothelial cells can be damaged 
by many factors during and after cataract surgery. Future refinements of the 
phacoemulsification techniques should aim to minimize early postoperative compromise 
of corneal endothelial function. A comparative study of the effect of 
phacoemulsification and other variety of surgeries will be a good indicator of 
endothelial cell damage induced by either technique.      
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Introduction  
The corneal endothelium is a single layer of regularly arranged polygonal cells covering 
the posterior surface of the cornea. A minimum level of 400 to 700 cell/mm2 is required 
for maintenance of normal corneal endothelial function 1 with corneal edema and 
decompensation occurring when cell density falls to 500 cells per mm2 or below.2 When 
endothelial function fails aqueous humor diffuses into the corneal stroma and produces 
corneal swelling and thickening. Therefore corneal hydration control is the most 
important index of corneal endothelial cell function.3The corneal thickness measured by 
pachymetry is an important indicator of the corneal edema and endothelial function. 
4,5,6,7 In addition to having adequate cell density to maintain corneal function, a stable 
corneal endothelium has cells of relatively uniform size and shape.8 

 Corneal endothelium morphology is usually described by three aspects:- 

• Endothelial cell density (ECD): is the number of corneal endothelial cells per 
square millimeter. The average value for adults is 2400 cells/mm2 (1500-3500) 
with a mean cell area of 150-350µm2.  

• Coefficient of variation (CoV): is a unitless number normally less than 0.3. It is 
the result of dividing the standard deviation of the mean cell area by the mean 
cell area. Polymegathism is increased variation in individual cell areas. 

• Percentage of six-sided or hexagonal cells (% Hex): The apical surfaces of 
corneal endothelial cell form a mosaic that in the healthy young cornea consist 
of 70% to 80% of hexagonal cells. A mosaic of hexagonal structures which is 
often found in nature is geometrically and thermodynamically stable. A decrease 
in the hexagons with concomitant increase in number of cells with more than or 
fewer than six sides is known as pleomorphism and may be a sign of endothelial 
stress.9   % Hex ideally should approach 100%. Lower percentage indicates a 
diminishing state of endothelium health.3,10   

The principles of polymegathism and pleomorphism can best be illustrated by a 
discussion of the effects of diseases, surgery and contact lens wear on these parameters. 
However, morphometric analysis has shown that polymegathism and pleomorphism 
increase significantly with aging. Corneal thickness does not increase with age, but 
these changes in endothelial morphology may render the aged cornea more vulnerable 
to the stress of intraocular disease or surgery.8The corneal endothelial cell layer cannot 
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regenerate after injury. Trauma to the endothelium reduces cell density, increases the 
mean cell size, and disrupts the normal morphological pattern. Analysis of cell shape 
and pattern is a more sensitive indicator of endothelial damage than cell density alone.11 

Corneal endothelial cell loss is a commonly studied relevant postoperative variable, 
because it is associated with the long-term risk for corneal decomposition 
(pseudophakic bullous keratopathy). 11, 12, 13 During phacoemulsification, heat 
transferred from the probe to the cornea can result in stromal shrinkage. A phaco tip 
held too close to corneal endothelium allows the ultrasonic energy to injure and cause 
loss of endothelial cells. Corneal edema in these cases may appear on the first 
postoperative day or months to years after surgery.3 Whether postoperative corneal 
swelling after phacoemulsification surgery correlates to corneal endothelial cell loss has 
been a matter of debate for several years. A more pronounced, transient postoperative 
corneal edema is sometimes noted after phacoemulsification surgery, indicating effects 
on the corneal endothelial pump function.12 These have been ascribed to ultrasonic or 
mechanical trauma from the phacoemulsification procedure.14,15The causes of 
endothelial injury have been related to the mechanical effects of ultrasound, movements 
of lens fragments and air bubbles in addition to high fluid turbulence in the anterior 
chamber.16Operative factors associated with endothelial cell loss include older age, total 
amount of US energy, high nucleus grade, greater infusion volume and turbulence of the 
irrigating solution, movement of nuclear fragments and IOL and/or instrument 
contact.15,17 

The aim of this study is to evaluate corneal endothelial changes (corneal endothelial 
hysteresis) induced by phacoemulsification at different times post- operatively  (one 
week , three months and six months) using noncontact specular microscopy . 
 
Patients and methods 
In this prospective study (75) patients scheduled for cataract surgery by 
phacoemulsification were included. Their eyes had clear corneas with no evident ocular 
disease apart from cataract. All shared the fact of negative past history of ocular 
problem or contact lens wear. 
All eyes had uneventful phacoemulsification and intraocular lens implantation by the 
same surgeon through 3mm superior clear corneal incisions with an average surgical 
time of 28 - 44 minutes. 
The following measurements were determined for each patient at the first day 
preoperatively (M1):  

•  central corneal thickness (T) 
•  endothelial cell density (CD) 
•  average cell area of all analyzed cells (AVG) 
•  percentage of cell hexagonality (HEX) 

Measurements were repeated one week (M2), one month (M3), three months 
(M3), and six months (M4) after surgery.  

In all subjects, measurements with noncontact specular microscopy (SP-3000P, 
Topcon Corporation, Tokyo, Japan) were done by masked single experienced 
technician. All measurements were taken at the same time of the day, between 10:00 am 
and 2:00 pm, twice or three times with a 5 min interval between each test. 

SPSS software was used for statistical analysis. Results were analyzed using the 
two-tailed Student's t-test, Pearson correlation.  

A P value <0.01 was considered statistically significant. 
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Results 
The mean of central corneal thickness (T) in µm is shown in table (1) for the 

seventy-five patients at1day,1week,3and 6months postoperatively. 
Table (1) Mean central corneal thickness in (µm) 

Thickness Mean ±S.D. P value 
M1 480.5333 42.01105  
M2 526.8400 56.53390 P<0.01 
M3 534.3467 46.71260 P<0.01 
M4 541.3733 73.72479 P<0.01 

 
Figures 1, 2, 3 and 4 show central corneal thickness versus patients` age before surgery and after 1 
week, 3 months and 6 months respectively. 
Table 2 shows the mean of average cell area in µm2 (AVG) for the patients at the four defined time 
intervals 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Table (2) The mean of average cell area in µm2 of corneal endothelium               

AVG Mean ±S.D. P value 
M1 380.2533 53.57442  
M2 465.4133 67.79861 P<0.01 
M3 492.9733 68.23785 P<0.01 
M4 527.7733 65.05976 P<0.01 
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Figure 1 
Corneal thickness before surgery 

Figure 2 
Corneal thickness 1week postoperatively 

Figure 2 
Corneal thickness 3month postoperatively 

Figure 2 
Corneal thickness 6month postoperatively 
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Figures 5, 6, 7 and 8 show AVG versus patiens`age before surgery and after 1 week, 3 months and 6 
months respectively  

 
 

Table 3  shows the mean endothelial cell densities(CD)-cell/mm2 for the four groups of 
measurements 

CD Mean ±S. D. P value 

M1 2809.0000 423.61294  

M2 2220.7200 359.76327 P<0.01 

M3 2053.5600 360.39263 P<0.01 

M4 1899.9733 335.45858 P<0.01 

 
Table (3)The mean of endothelial cell density of corneas  
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  AVG 1 week postoperatively 
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 AVG 3months postoperatively 
Figure 8  

AVG 6months postoperatively 
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Figures 9, 10, 11 and 12 show CD values for the patients before surgery and after 1 week, 3 months 
and 6 months respectively 
 

 
 
Table 4 shows the mean of percent of endothelial cell hexagonality (HEX) for the four 
groups of measurements 

 
HEX
% 

Mean ±SD P value 

M1 72.2667 17.18055  
M2 27.3467 11.00183 P<0.01 
M3 39.3467 11.37148 P<0.01 
M4 51.7600 13.99791 P<0.01 

                            Table (4) The mean of endothelial cell hexagonality% 
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Figures 13, 14, 15 and 16 show HEX % values for the patients before surgery  
and after 1 week, 3 months and 6 months respectively 
 

 
 

 
 
Discussion  
Causes of corneal edema following surgical procedures are often multifactorial and 
related to the health of the patient's endothelium as well as to iatrogenic factors.3 

Corneal endothelial cells can be damaged by many factors during and after cataract 
surgery. Intraoperative factors associated with corneal endothelial injury include 
turbulence of the irrigation solution, mechanical trauma by instruments, the presence of 
lens fragments and intraocular lenses.16-20 Hyaluronic acid has binding sites on the 
endothelium and may provide mechanical and chemical protection during surgery.21 
Endothelial alterations are considered important parameters of surgical trauma and are 
essential in estimating the safety of surgical techniques. 22 It is expected that endothelial 
damage diminishes cell density, increases corneal thickness, and alters the normal 
morphometric endothelial pattern. 23 Analysis of endothelial size and shape provides a 
more sensitive indication of endothelial cell damage than cell density alone. Therefore, 
polymegathism (expressed by the coefficient of variation in cell size) and pleomorphism 
(expressed by the percentage of hexagonality) may indicate endothelial trauma.24, 25 
In our study the corneal thickness was progressively increasing during the follow up 
period, there was a 9.7% increase in mean corneal thickness at 1 week postoperatively. 



 
 
Kufa Med.Journal 2012.VOL.15.No.1 
 

369 
 

In the preceding months the rate of increase slows down and at 6months postoperatively 
there was a 12.6% increase in mean corneal thickness of the studied eyes. Compromise 
of corneal endothelial function during surgery could lead to a transient increase in 
corneal thickness as measured by pachymetry. Meanwhile, the endothelial cell density 
fell down by 20.9% and 32.4% at 1 week and 6 months following surgery 
respectively.The density of corneal endothelium after the first week of surgery was 
profoundly low indicating significant change in the endothelial cells count. Some 
studies reported successful results with phacoemulsification surgery, even in cases with 
very dense nuclei, whereas others identify a dense nucleus as a major risk factor for 
corneal endothelial cell loss. Most of our patients had dense cataract and this can 
explain the level of cell loss we encountered. The average cell area after the surgery had 
undergone much of changes increasing by 22.3% at one week and 38.7% six months 
postoperatively,  in other words the corneal endothelium rearrange their shape to cover 
the defects as they do not regenerate. 
The percent of endothelial cell hexagonality dropped down very significantly 
corresponding to the changes in endothelial cell densities and morphology and it was 
very low specially in the early postoperative period (62.2% reduction at one week and 
28.4% reduction at six months postoperatively). Considering that the endothelial 
morphology had attained acceptable values at 3 months postoperatively, the cell loss at 
this time is likely to have stabilized or at least to have entered a slower phase. Other 
studies have reported progressive cell loss over a long postoperative period.  
All the above results were statistically significant with a 99% confidence limit. P value 
<0.01. 
Endothelial cell function can be compromised in response to cataract surgery giving 
variable morphometric and pachymetric findings, although data pertaining to this are 
contradictory. Previous reports of increased corneal thickness after phacoemulsification 
describe variable increases in thickness months after surgery and were associated with 
endothelial cell loss. The interval between surgery and postoperative photography 
affects reported endothelial cell loss.26-27 

The results of mean cell loss after different cataract surgeries are not homogeneous. 
Diaz-Valle et al. reported a mean cell loss of 11.8% three months after 5.5mm limbal 
incision and 18.3% after temporal corneal incision.28  Dick and coauthors found a mean 
reduction in endothelial cellular density of 7.9% after temporal corneal incision.29 
Studies of uneventful cataract extraction reported by Kraff MC et al. showed a mean 
endothelial cell loss of 12.03%,30 Bourne et al. reported an average of 10% reduction in 
corneal endothelial cell count by one year after both phacoemulsification and 
extracapsular cataract surgery.31 

Matsuda et al. found that the frequency of hexagonal cells decreases from 68% 
preoperatively to 52% at four weeks after the cataract surgery and to 64% at 24 weeks 
after the surgery.11 Jacobs also found that corneas after cataract extraction have a lower 
endothelial cell count and higher frequency of non hexagonal cells.2 

More than one aspect of corneal endothelial cell morphology has been found to be 
related to age. Bourne et al. in a 10-year longitudinal study of 42 adult subjects found 
that there was 0.6% ± 0.5% central corneal endothelial cell loss per year. The 
percentage of hexagonal cells also decreases as a function of age.1,31,32 Cheng et al 
calculated a mean endothelial cell loss of 2% per annum for cataract operated patients 
compared to 0.9-1% loss in the unoperated eye of the same group of patients.33 Studying 
the endothelial cell variables with regards to the age distribution of our patients showed 
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an increase in corneal thickness and average cell area with decrease in cell density and 
endothelial cell hexagonality with advancing age in all the four groups of 
measurements.(figures1-16) However, the findings were not significant from the 
statistical point of view apart from the values for cell densities preoperatively, were 
elderly patients had significantly lower values. This indicates that age variation in our 
sample wouldn`t alter the findings we obtained.  
In conclusion, endothelial cell barrier function following phacoemulsification remained 
disturbed in spite of the apparent morphological stabilization. Corneal pachymetry alone 
is not useful for assessing postoperative endothelial changes, endothelial cell 
morphometric parameters are equally important. 
With the refinement of the phacoemulsification technique, cataract surgery has 
undergone a remarkable development. Phacoemulsification offers faster visual 
rehabilitation, less induced astigmatism, and a more predictable postoperative refraction 
than traditional extracapsular cataract extraction. Still, the corneal endothelial cell loss 
is unavoidable and further refinements of the technique and adequate use of viscoelastic 
material is recommended. 
Further studies with a larger population and a comparative analysis with other varieties 
of surgical techniques (like the conventional extracapsular cataract extraction) could be 
more conclusive. 
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