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Abstract
BACKGROUND: The corneal endothelial cellular monolayer canmgfenerate after
injury. Endothelial cell loss is a commonly studieglevant postoperative variable
because it is associated with the long-term riskconeal decompensation.Analysis of
cell shape and pattern is a more sensitive indicatcendothelial damage than cell
density alone.
PURPOSE To evaluate hysteresis changes that occur in theeab endothelium at
different times (one week, three months, six mongdter cataract extraction with
phacoemulsification using noncontact specular rsimope .
PATIENTS AND METHOD: Seventy-five patients scheduled for cataract ekita
with phacoemulsification were examined with non teeh specular microscopy (SP-
3000P) performed at the center of the cornea. @bthéckness (T), average cell area
(AVG), cell density (CD), and percentage of celkagonality (HEX) were measured.
Statistical analysis was performed using a 2-tefedlent t-test, Pearson correlation.
RESULTS: In all patients there was an increase in corrf@akness, widening in cell
area, decrease in cell density, and extreme vétyaini their hexagonality after surgery.
The results were as follows:- mean T was 480.5.46,8um, 534.3um, and 541.3um;
mean AVG was 380.25nmfn465.4mm, 492.97mr, and 527.77mfMm mean CD was
2809.00 cell/mrfy 2220.72 cell/mi, 2053.56 cell/mr, and 1899.97 cell/mf mean
HEX was 72.27%, 27.35%, 39.35%, and 51.76% pretipelg one week, three
months, and six months postoperatively respectivelyalue was <0.01 for all the
findings (significant).
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DISCUSSION: Although endothelial cell density in the early fogpeerative period is

highly deranged but it is not the only valuable goaeter to maintain corneal
morphology. The ability of endothelial cells to @fion properly and rearrange
themselves is a potential element for corneal gachire. Significant changes in the
measured parameters were obtained during the qited of the study reflecting the
effect of phacoemulsification on the corneal endb#hfeatures and function.

CONCLUSION & RECOMMENDATIONS: Corneal endothelial cells can be damaged
by many factors during and after cataract surgdtyture refinements of the
phacoemulsification techniques should aim to minarearly postoperative compromise
of corneal endothelial function. A comparative studof the effect of
phacoemulsification and other variety of surgerigdl 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 redylkarranged polygonal cells covering
the posterior surface of the cornea. A minimum ll@fel00 to 700 cell/mris required
for maintenance of normal corneal endothelial fiomct with corneal edema and
decompensation occurring when cell density falls@6 cells per mfAor below? When
endothelial function fails aqueous humor diffusa@® ithe corneal stroma and produces
corneal swelling and thickening. Therefore cornbgtration control is the most
important index of corneal endothelial cell functfThe corneal thickness measured by
pachymetry is an important indicator of the cornedéma and endothelial function.
458710 addition to having adequate cell density tontain corneal function, a stable
corneal endothelium has cells of relatively unifasize and shape.

Corneal endothelium morphology is usually desctibg three aspects:-

* Endothelial cell density (ECD): is the number oframal endothelial cells per
square millimeter. The average value for adult8480 cells/mrfi (1500-3500)
with a mean cell area of 150-350fim

« Coefficient of variation (CoV): is a unitless numbmrmally less than 0.3. It is
the result of dividing the standard deviation of tihean cell area by the mean
cell area. Polymegathism is increased variatiandividual cell areas.

* Percentage of six-sided or hexagonal cells (% Ha&xe apical surfaces of
corneal endothelial cell form a mosaic that in biealthy young cornea consist
of 70% to 80% of hexagonal cells. A mosaic of hexad structures which is
often found in nature is geometrically and thermmadyically stable. A decrease
in the hexagons with concomitant increase in nunobeells with more than or
fewer than six sides is known as pleomorphism aag be a sign of endothelial
stress. % Hex ideally should approach 100%. Lower peragmtimdicates a
diminishing state of endothelium heaftH.

The principles of polymegathism and pleomorphisnm d¢est be illustrated by a
discussion of the effects of diseases, surgerycanthct lens wear on these parameters.
However, morphometric analysis has shown that pegathism and pleomorphism
increase significantly with aging. Corneal thickmefoes not increase with age, but
these changes in endothelial morphology may retideraged cornea more vulnerable
to the stress of intraocular disease or surfjEng corneal endothelial cell layer cannot

363



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

regenerate after injury. Trauma to the endothelreduces cell density, increases the
mean cell size, and disrupts the normal morphoddgiattern. Analysis of cell shape
and pattern is a more sensitive indicator of enelhdamage than cell density aldtfe.
Corneal endothelial cell loss is a commonly studieldvant postoperative variable,
because it is associated with the long-term risk fmwrneal decomposition
(pseudophakic bullous keratopathy}" ** '3 During phacoemulsification, heat
transferred from the probe to the cornea can resudtromal shrinkage. A phaco tip
held too close to corneal endothelium allows theasbnic energy to injure and cause
loss of endothelial cells. Corneal edema in theases may appear on the first
postoperative day or months to years after surgevether postoperative corneal
swelling after phacoemulsification surgery corretato corneal endothelial cell loss has
been a matter of debate for several years. A mmeopnced, transient postoperative
corneal edema is sometimes noted after phacoematsih surgeryjndicating effects
on the corneal endothelial pump functidihese have been ascribed to ultrasonic or
mechanical trauma from the phacoemulsification edoce'**°The causes of
endothelial injury have been related to the med#mffects of ultrasound, movements
of lens fragments and air bubbles in addition tghhiluid turbulence in the anterior
chamber:®Operative factors associated with endothelial losl include older age, total
amount of US energy, high nucleus grade, greatesion volume and turbulence of the
irrigating solution, movement of nuclear fragmerdad IOL and/or instrument
contact:>*’

The aim of this study is to evaluate corneal enelahchanges (corneal endothelial
hysteresis) induced by phacoemulsification at diffié times post- operatively (one
week , three months and six months) using noncoaefsecular microscopy .

Patients and methods
In this prospective study (75) patients schedulemt fataract surgery by
phacoemulsification were included. Their eyes Hadrccorneas with no evident ocular
disease apart from cataract. All shared the fachedative past history of ocular
problem or contact lens wear.
All eyes had uneventful phacoemulsification andaatular lens implantation by the
same surgeon through 3mm superior clear cornedioms with an average surgical
time of 28 - 44 minutes.
The following measurements were determined for epahent at the first day
preoperatively (M1):

e 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 n{tih three months
(M3), and six months (M4) after surgery.

In all subjects, measurements with noncontact daecuicroscopy (SP-3000P,
Topcon Corporation, Tokyo, Japan) were done by msthskingle experienced
technician. All measurements were taken at the saneeof the day, between 10:00 am
and 2:00 pm, twice or three times with a 5 minvakbetween each test.

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

A P value <0.01 was considered statistically signiftcan
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Results

The mean of central corneal thickness (T) in purshswn in table (1) for the

seventy-five patients atlday,1week,3and 6monthperatively.
Table (1) Mean central corneal thickness in (um)

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 thicknewversus patients’ age before surgery and after 1
week, 3 months and 6 months respectively.

Table 2 shows the mean of average cell area in AAVG) for the patients at the four defined time
intervals
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Table (2) The mean of average cell area in fof 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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Figures 5, 6, 7 and 8 show AVG versus patiens agefbre surgery and after 1 week, 3 months and 6

months respectively

; Figure 6
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Table 3 shows the mean endothelial cell densiti€iD)-cell/mm? for the four groups of

measurements
CD Mean +S. D. P value
M1 2809.000 423.6129¢
M2 2220.720 359.7632 P<0.0]
M3 2053.560 360.3926 P<0.0]
M4 1899.973 335.4585 P<0.0]

Table (3)The mean of endothelial cell density of cneas
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Figures 9, 10, 11 and 12 show CD values for the jrnts before surgery and after 1 week, 3 months
and 6 months respectively
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Table 4 shows the mean of percent of endothellahegagonality (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 md@helial cell hexagonality%
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Figures 13, 14, 15 and 16 show HEX % values for thgatients before surgery
and after 1 week, 3 months and 6 months respectiyel

Figure 14
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Discussion

Causes of corneal edema following surgical procesiare often multifactorial and
related to the health of the patisnendothelium as well as to iatrogenic facfors.
Corneal endothelial cells can be damaged by macipra during and after cataract
surgery. Intraoperative factors associated withnear endothelial injury include
turbulence of the irrigation solution, mechanicalina by instruments, the presence of
lens fragments and intraocular len$&€ Hyaluronic acid has binding sites on the
endothelium and may provide mechanical and chengpoatection during surgefy.
Endothelial alterations are considered importamaipaters of surgical trauma and are
essential in estimating the safety of surgical méphes * It is expected that endothelial
damage diminishes cell density, increases corrf@ekrtess, and alters the normal
morphometric endothelial patteri. Analysis of endothelial size and shape provides a
more sensitive indication of endothelial cell damdigan cell density alone. Therefore,
polymegathism (expressed by the coefficient ofatarn in cell size) and pleomorphism
(expressed by the percentage of hexagonality) mdigate endothelial traunfa.®

In our study the corneal thickness was progressgivalreasing during the follow up
period, there was a 9.7% increase in mean corhgdiness at 1 week postoperatively.
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In the preceding months the rate of increase stimven and at 6months postoperatively
there was a 12.6% increase in mean corneal thiskoiethe studied eyes. Compromise
of corneal endothelial function during surgery cbild¢ad to a transient increase in
corneal thickness as measured by pachymetry. Mabmwhe endothelial cell density
fell down by 20.9% and 32.4% at 1 week and 6 montbifowing surgery
respectively.The density of corneal endotheliunerathe first week of surgery was
profoundly low indicating significant change in tlemdothelial cells count. Some
studies reported successful results with phacoeficalson surgery, even in cases with
very dense nucleiwhereas others identify a dense nucleus as a malofactor for
corneal endothelial cell loss. Most of our patiehtsl dense cataract and this can
explain the level of cell loss we encountered. @herage cell area after the surgery had
undergone much of changes increasing by 22.3% aetwaek and 38.7% six months
postoperatively, in other words the corneal enelaim rearrange their shape to cover
the defects as they do not regenerate.

The percent of endothelial cell hexagonality drappdown very significantly
corresponding to the changes in endothelial celstdies and morphology and it was
very low specially in the early postoperative pér{62.2% reduction at one week and
28.4% reduction at six months postoperatively). sidering that the endothelial
morphology had attained acceptable values at 3 msqgmbstoperatively, the cell loss at
this time is likely to have stabilized or at leésthave entered a slower phase. Other
studies have reported progressive cell loss ol@mgpostoperative period.

All the above results were statistically significavith a 99% confidence limit. P value
<0.01.

Endothelial cell function can be compromised inpoese to cataract surgery giving
variable morphometric and pachymetric findingshaligh data pertaining to this are
contradictory. Previous reports of increased cdrtieekness after phacoemulsification
describe variable increases in thickness montles aftrgery and were associated with
endothelial cell loss. The interval between surgang postoperative photography
affects reported endothelial cell IG8&”’

The results of mean cell loss after different Gathisurgeries are not homogeneous.
Diaz-Valle et al. reported a mean cell loss of ¥4 ®ree months after 5.5mm limbal
incision and 18.3% after temporal corneal incisidrDick and coauthof®und a mean
reduction in endothelial cellular density of 7.9%er temporal corneal incisidf.
Studies of uneventful cataract extraction repotigcKraff MC et al. showed a mean
endothelial cell loss of 12.03% Bourne et al. reported an average of 10% redudtion
corneal endothelial cell count by one year aftethbphacoemulsification and
extracapsular cataract surgéty.

Matsuda et al. found that the frequency of hexagae#is decreases from 68%
preoperatively to 52% at four weeks after the eattasurgery and to 64% at 24 weeks
after the surgery* Jacobs also found that corneas after cataraciatixin have a lower
endothelial cell count and higher frequency of heragonal cell8.

More than one aspect of corneal endothelial celtpmology has been found to be
related to age. Bourne et al. in a 10-year longmaldstudy of 42 adult subjects found
that there was 0.6% * 0.5% central corneal endaihekll loss per year. The
percentage of hexagonal cells also decreases mactioh of age:**** Cheng et al
calculated a mean endothelial cell loss of 2% peuen for cataract operated patients
compared to 0.9-1% loss in the unoperated eyeeo$aime group of patientsStudying
the endothelial cell variables with regards toalye distribution of our patients showed
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an increase in corneal thickness and average rezll\with decrease in cell density and
endothelial cell hexagonality with advancing age @i the four groups of
measurements.(figures1-16) However, the findinggeweot significant from the
statistical point of view apart from the values fmll densities preoperatively, were
elderly patients had significantly lower values.isTindicates that age variation in our
sample wouldn't alter the findings we obtained.

In conclusion, endothelial cell barrier functionldaving phacoemulsification remained
disturbed in spite of the apparent morphologicalbbiization. Corneal pachymetry alone
is not useful for assessing postoperative endathethanges, endothelial cell
morphometric parameters are equally important.

With the refinement of the phacoemulsification t@goe, cataract surgery has
undergone a remarkable development. Phacoemutsficaoffers faster visual
rehabilitation, less induced astigmatism, and aenpoedictable postoperative refraction
than traditional extracapsular cataract extracttiil, the corneal endothelial cell loss
is unavoidable and further refinements of the tegplnand adequate use of viscoelastic
material is recommended.

Further studies with a larger population and a canajpve analysis with other varieties
of surgical techniques (like the conventional esdgzsular cataract extraction) could be
more conclusive.
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