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Aim: To deeply analyze quantitative and qualitative changes of corneal endothelium after
longitudinal phacoemulsification.

Methods: In this prospective interventional case series study, 50 eyes with age-related
cataract have been evaluated preoperatively, intraoperatively and postoperatively. The mea-
sured parameters were surgically induced endothelial cell loss (ECL), average endothelial
cell area (AVG) and hexagonality (HEX).

Results: The relationship among the measured parameters and the energy dissipated during
the two phases of phacoemulsification, sculpting and quadrant removal, has been analyzed
with regard to the 5-score harm scale, a new method suggested to categorize cataracts. Two
phases of phacoemulsification are linearly related (r = 1.5, P < 0.001, r* = 79%). Plus,
a quadratic model described the correlation between the percentages of ECL and AVG (P <
0.0001), while there was no specific model for the correlation between ECL and HEX.
Conclusion: The 5-score harm scale allows to predict the mean changes in percentages of
ECL, AVG and HEX of endothelial cells after longitudinal phacoemulsification. Also, this
study confirms that the main damage on corneal endothelium is due to the energy delivered
in the second phase of phacoemulsification.

Keywords: phacoemulsification, cataract, endothelial cell loss, average cell area,
hexagonality

Introduction
The safety of cataract surgery has markedly improved due to novel techniques, new
machines and helpful viscoelastic devices.! The integrity of the capsular bag and
the care of corneal endothelium are the main concerns of surgeons.” Some surgical
maneuvers and several intraoperative mechanical factors might provoke alterations
within the anterior chamber, potentially followed by harm on corneal endothelium.
Using the conventional longitudinal phacoemulsification (phaco) setting mode, the
ultrasound power is generated by longitudinal excursions of the phaco tip, provok-
ing a sort of jackhammer effect.> In previous studies, non-complicated cataract
surgery has been observed to induce endothelial cell loss ranging from 12% to
20%.4°

The corneal endothelium is a monolayer of hexagonal cells that lines the posterior
corneal surface.” During life, the central endothelial cell density gradually decreases
at an average rate of about 0.6% per year going approximately from 3400 cells/mm?
at age of 15 to 2300 cells/mm? at age of 85 years.>” Corneal endothelial cells (ECs)
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are stuck in the G1 phase of the cell cycle, so they cannot
proliferate during life. In case of endothelial injuries, for
instance after cataract surgery, the survived ECs spread out,
changing size and shape over the time.' The healthy
endothelium acts as a barrier having a “pump-leak” func-
tion, which enables to maintain corneal transparency and
well-balanced stromal hydration.”' Non-contact specular
and confocal microscopy are extremely useful machines to
clinically investigate and provide for a morphological eva-
luation of the corneal endothelium.'"-'

The 5-score harm scale, first discussed by Sorrentino
et al in 2016 and 2017, is a new method to categorize
cataracts according to preoperative and intraoperative vari-
ables (grade of hardness and phacoemulsification times).
The challenging aim is to try to establish a connection
between the type of cataract and the predictable harm on
corneal endothelium after longitudinal phacoemulsifica-
tion. According to the 5-score harm scale, on which
further investigation is currently in progress, this study
will analyze changes of corneal endothelium in morphol-
ogy and hexagonality, assessing the effect of the total
energy delivered into the anterior chamber after longitu-
dinal phaco. Plus, we would like to show that the most
energy is delivered throughout the quadrant removal
phase. Statistical analysis has been used to describe the
relationships between phases of phaco and quantitative/
qualitative changes of ECs.

Subjects and Methods

This prospective interventional study included fifty sub-
jects (50 eyes) and was carried out in the Clinic of
Ophthalmology at Ferrara University Hospital. The tenets
of the Declaration of Helsinki were followed. This study
was approved by Local Ethics Committee of Ferrara
University and patients signed informed consent for the
use of their data for research.

Patients are not consecutively selected over a period of
three months in the outpatient office for cataract surgery.
Each grade of age-related cataract was an inclusive criter-
ion to have surgery that has been performed with the
conventional longitudinal phaco setting mode. Patients
were examined four weeks before cataract surgery and
followed for six weeks after surgery. Patients with any
ocular comorbidities (ie, pseudoexfoliation) or corneal
abnormalities (ie, Fuchs dystrophy) that could affect cor-
neal topography measurements were ruled out.

Likewise, in other studies conducted in 2016 and 2018
by Sorrentino et al, the non-contact specular microscopy

EM-3000 (Tomey GmbH, Erlangen, D) was used to reg-
ister the following parameters preoperatively and post-
operatively: endothelial cell density (ECD), average
endothelial cell area (AVG), and percentage of hexagonal
cells (HEX).® To analyze our data, we calculated the
differences in percentage between pre-op and post-op for
each variable, namely ECL%, AVG% and HEX% [(postop
- preop/preop) X 100], keeping into consideration the
absolute value. According to the Lens Opacities
Classification System II (LOCS II), the nucleus density
grade was preoperatively estimated at slit lamp."* The
experienced surgeon set the phaco machine (Optikon
R-Evolution - Optikon 2000 spa, Rome, IT) on the long-
itudinal energy mode and performed cataract surgery
“divide

technique.'* There were no significant complications nor

applying the and conquer nucleofractis”
intraoperative nor postoperative.

Intraoperative measurements, that is phaco times, fol-
lowed the same working protocol already published by
Sorrentino et al in their pilot study.® Two aspects to note:
first, the surgeon could have linear control of the phaco
power by foot pedal; second, the maximum ultrasound
power for each phase of phaco was preset.'>'®

Data were analyzed with the MINITAB 17 software
(MINITAB Inc., Pennsylvania State College, USA).
A descriptive analysis was performed and the normality
test of the data was carried out. The one-way ANOVA test
was used to compare the quantitative/qualitative effects on
ECs among the different scores of the harm scale. The
value of P < 0.05 was considered for statistical
significance.

There are no restrictions on the availability of data.
Readers can freely obtain materials and information about

this study just by asking the author.

Results

The first graph in Figure 1 (left) shows the increasing trend
of ECL% according to the 5-score harm scale. The con-
fidence intervals (ClIs) from scores 1 to 5 better describe
positioning and dispersion of values. We can see some
outliers in scores from 2 to 5, and some overlapped values
in distinct consecutive rows. To confirm that the harm
scale makes a separation among different values of ECL
%, even so with a certain grade of overlapped values, we
carried out the one-way ANOVA test (P < 0.001) to
demonstrate that the mean values of ECL% for each
score are different. The Tukey pairwise comparison test
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Figure | Interval plots. Single values and 95% confidence interval plots of ECL%, AVG% and HEX% depending on the 5-score harm scale.
Abbreviations: ECL%, percentage of endothelial cell loss; AVG%, percentage of average cell area; HEX%, percentage of hexagonality.

confirmed the overlapping of ECL% for the 1-2 scores
and 3-4, whereas score 5 remained distinct.

The second graph in Figure 1 (middle) describes the
increasing trend of AVG%, once again depending on the
5-score harm scale. Unlike ECL%, this trend is more
gradual for scores 14 and steeper for score 5 showing
an exponential-like trend. Even here, there are some super-
impositions among distinct scores and some outliers. The
one-way ANOVA test on AVG% (P < 0.001) showed that
the mean values were different. Tukey pairwise compar-
ison test confirmed a partial overlapping of scores 1-2 and
3-4, and a definitely separation of score 5. The third graph
in Figure 1 (right) shows that trend of HEX% does not
reflect the increasing trend of the 5-score harm scale. The
different 95% ClIs are largely overlapped, while several
values are totally scattered. We can see a slight tendency
of decreasing HEX% in scores from 1 to 4, but in score 5
data points are irregularly scattered along the row.
Anyway, we can see an irregular distribution of values
almost for each score. The analysis of variance (one-way
ANOVA at a = 0.05) showed that there is no difference
among the mean HEX% for scores 1-5 (P < 0.092).

Considering the fact that the international scientific
community usually takes into consideration the ECL%,
the most detectable and reliable indicator of the supposed

harm on the endothelium, we first wanted to correlate this

value with AVG% and then with HEX%. In the first case
(Figure 2), the relationship was given in a quadratic model
(P <0.0001). When we have low ECL% (score from 1 to 3
of the harm scale), this correlates to AVG% average
increase less or equal to 100%; also, when we find high
ECL% (4 or 5 score of the harm scale), this means
remarkable AVG% increase up to more than 250%.

The relationship between HEX% and ECL% (Figure 3)
was characterized by a great variability and no specific
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Figure 2 The quadratic trend of AVG% depending on ECL%. This trend can be
described with two lines: a flat one in the first part up to ECL% around 50% and
AVG% around 100%, and a steep one for the second part of the curve.
Abbreviations: ECL%, percentage of endothelial cell loss; AVG%, percentage of
average cell area.

Clinical Ophthalmology 2021:15

https:

4849

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

Sorrentino
A
0.2 A
= < A
B
01 o * &ia 4,
an * LR SR >
Fl ° A
R .’ .l‘ - »p
> <
W 00 © o o A
X e = X, e
C °
Scores
0.1 . . 1
] 2
- 3
A 4
0.2 > S
-
0 10 20 30 40 50 60 70 80
ECL%

Figure 3 Scatter plot of HEX% depending on ECL%. There is no evidence of
a specific relation between variables.

Abbreviations: ECL%, percentage of endothelial cell loss; HEX%, percentage of
hexagonality.

trend could be recognized. In other words, low or high
ECL% could correspond to any loss of hexagonality,
regardless of the score of the harm scale.

The S-score harm scale is also a tool to evaluate
energy delivered into the anterior chamber analyzing the
alterations of the endothelium, as first stated in a clinical
study in 2016.° In the above-mentioned study, authors
have just observed quantitative changes in ECs, but this
time we wanted to analyze qualitative changes in ECs. In
Figure 4, we named the energy produced during sculpting
as Phacol and the one used during quadrant removal as
Phaco2. There was a positive correlation between the two

energy-delivering phases of phaco. For each bubble, there
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are two main features: color and diameter. The first relates
to the score of the harm scale, while the second to the size
of the analyzed variable (ECL%, AVG% or HEX%).
Thus, colors have been used to categorize the cataracts
according to the 5-score harm scale, whereas the bubble
width indicated changes in the number, average area or
hexagonality of ECs. The narrower the diameter, the
smaller ECL% or AVG% or HEX%; the larger the dia-
meter, the bigger ECL% or AVG% or HEX%. The distinct
bubbles, connected with specific values of Phacol and
Phaco2, asymmetrically spread out over the bisector of
the scatterplot. Values with equal energy lie on the bisec-
tor. The bisector splits the plane: almost all bubbles sig-
nificantly lie over the up left half-plane, where values of
Phaco2 are higher than matching values of Phacol.
1.5, P <
0.001, r* = 79%). As a consequence, the spatial distribu-

Phacol and Phaco2 are linearly related (r =

tion of the three indicators of endothelial alterations —
ECL%, AVG%, HEX% — mostly depends on the energy
delivered during Phaco2.

Discussion

As well known, during cataract surgery the phaco power
modulation delivers energy into the anterior chamber. This
energy mainly affects three measured parameters: ECL
(surgically induced endothelial cell loss), AVG and HEX.
If we consider the recent classification of the 5-score
“harm scale” proposed by Sorrentino et al, each of these
variables depends on both the grade of hardness of the
cataract and the intraoperative phaco times.®

HEX%
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Figure 4 Bubble plots of Phacol and Phaco2. To analyze energies delivered into the anterior chamber during phacoemulsification according to ECL%, AVG%, HEX%.
Abbreviations: Phacol, phacoemulsification time for nucleus cracking; Phaco2, phacoemulsification time for quadrant removal; ECL%, percentage of endothelial cell loss;

AVG%, percentage of average cell area; HEX%, percentage of hexagonality.
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The “harm scale” is a new method that has been first
suggested by Sorrentino et al in 2016, and secondly in
2017, to categorize distinct cataracts according to preo-
perative and intraoperative variables: grade of hardness
and duration of phaco times, respectively.® This method
would be useful to establish a connection between the type
of cataract and the predictable harm on corneal endothe-
lium after longitudinal phaco. Another pilot study applying
the method of the harm scale to torsional phaco is in
progress. The harm scale has been constructed giving
a score from 1 to 5 to each cataract (Table 1).

In this study, our goal was first to describe the quanti-
tative and qualitative changes of ECs after longitudinal
phaco and secondly to analyze the way the energy deliv-
ered into the anterior chamber affects changes in both
polymegathism and pleomorphism of ECs.

The non-contact specular microscopy gives three main
indicators about corneal endothelium: ECD, AVG and
HEX. Globally well recognized and internationally well
accepted, the ECL% is the main factor that has been taken
into account in the harm scale. The AVG%, closely linked
to ECL%, gives similar information with different trends
and variables (Figure 2). Concerning the HEX%, there is
no clear relationship depending on ECL%, perhaps
because it is the less detectable and measurable among
the main indicators of the endothelium status (Figure 3).
Therefore, we confirm that there might be a mechanism,
somehow already hypothesized, according to which the
loss of hexagonality for high scores is biologically coun-
terbalanced by ECs retrieving the best hexagonal shape
after phaco as much as possible.

The hardness grading is a preliminary approximate
evaluation of any cataract. There is always a sort of

uncertainty linked to the subjective assessment of the
ophthalmologist who makes the preoperative examination.
Conversely, phaco times are objective measurements
intraoperatively taken. We chose the time instead of the
energy because the phaco machine (Optikon R-Evolution)
gave us the duration of each phase of phaco. And it is well
known that the time corresponds to the energy (Energy =
Power x Time).

Observing graphs in Figure 1, there were some outliers
that could be attributed to the hard construction of the
harm scale, supposedly due to the difficulty of the preo-
perative assessment of hardness grading. The algorithm
measuring AVG% 1is less sensitive than one analyzes
ECL%, because morphological characteristics are much
more complex to detect than just a number of cells.
Thus, the measurement of AVG% might be less precise
and the scale could be less reliable. Concerning HEX%,
we observed a light decreasing trend in hexagonality of
ECs for scores 1-4. The HEX% seen in score 5 is of
difficult understanding. Anyway, the variations of HEX%
were so tiny that they might depend on the limit of the
machine sensitivity. Geometric conditions of cells, such as
the hexagonality, are very hard to detect by statistical
algorithms.

Observing the bubble plots in Figure 4, we appreciated
that the main damage on ECs was due to the second phase
of phaco (Phaco2). In fact, most of bubbles for ECL%,
AVG% and HEX% spread across the upper half plane,
where Phaco2 was higher than Phacol. In the bubble
plots of AVG% and HEX%, bubbles were small and rather
overlapped. This is likely to be attributed to the way of
measuring cell morphology, less defined than the algo-
rithm for measuring the quantity/density of cell loss.

Table | The 5-Score Harm Scale and the Quantitative/Qualitative Changes of Endothelial Cells for Increasing Scores

Score of Harm Scale | 2 3 4 5
Hardness | -2 2-3 34 4
Phacol <10 <16 <22 <28 228
Phaco2 <15 <30 <45 <60 260
Number of patients 3 I 15 13 8

ECL% Mean * SE 7.67 £ 1.86 13.36 + 2.85 31.67 = 1.66 40.85 = 2.61 58.13 £ 5.66
AVG% Mean * SE 832 £ 2.09 16.97 = 5.05 47.47 £ 3.40 7246 + 6.37 178.10 £ 29.30
HEX% Mean + SE 0.01 £ 0.0l 0.04 £ 0.02 0.04 £ 0.02 0.09 £ 0.02 0.01 £0.03

Abbreviations: Phacol, phacoemulsification time (s) to do nucleus cracking; Phaco2, phacoemulsification time (s) to do quadrant removal; ECL, endothelial cell loss; SE,

standard error; AVG, average cell area; HEX, hexagonality.
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Probably, it might be argued that the sample size of our
research was not very large. Certainly, bigger sample size
is likely to give the chance to fine-tune the harm scale,
avoiding the dispersion of some values in high scores.

In conclusion, the harm scale is a good strategy to
foresee qualitative (average cell area and hexagonality)
and quantitative (endothelial cell density) changes on cor-
neal endothelium after longitudinal phaco. Anyway, new
research is needed to prove the validity of the method of
the harm scale with other phaco techniques or other phaco
energy mode settings such as torsional.'”'®

Finally, we confirmed that the most damage on ECs is
due to the second phase of phaco, when most of the energy
is delivered into the anterior chamber (less powerful ultra-
sounds but for longer time). However, further investigation
is to carry out to try to establish connections among fluidics,
vacuum, energy and final harm on corneal endothelium.
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