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Abstract

Objectives: To compare the clinical outcomes of phacoemulsification combined with intraocular lens implantation in
patients with Fuchs endothelial corneal dystrophy (FECD) and individuals with healthy corneas.

Methods: This retrospective study included eyes that underwent phacoemulsification and intraocular lens (IOL) implan-
tation between January 2021 and September 2022. Phacoemulsification was performed using a contemporary oscillatory
ultrasound mode; device-logged energy and fluidics metrics were recorded. Best corrected visual acuity (BCVA) and specular
microscopy (CEM-530™; Nidek) were evaluated preoperatively and at postoperative week |, month |, and month 3. Endo-
thelial cell density (ECD) and central corneal thickness (CCT) were recorded. The primary outcome measures were post-
operative BCVA, ECD, and CCT changes. The study included 32 eyes with FECD and 29 control eyes with healthy corneas.
Results: In both groups, mean BCVA improved significantly from 0.7 LogMAR preoperatively to 0.15 LogMAR at |
month postoperatively (p<0.001). The endothelial cell loss at 3 months was significantly higher in the FECD group com-
pared to controls (20.9% vs. 17.9%, p=0.022). Baseline ECD was 2065.5 cells/fmm? in the FECD group and 2289.4 cells/
mm? in the control group, decreasing to 1633.1 and 1878.9 cells/mm?, respectively, at 3 months. CCT increased from
564.5 pm to 584.1 pm in the FECD group (p=0.006), and from 550.5 pm to 557.7 um in the control group (p=0.124). No
cases of postoperative corneal decompensation were observed.

Conclusion: Phacoemulsification yielded meaningful visual improvement in FECD eyes without early corneal decompensa-
tion. Endothelial loss was higher and CCT recovery slower than in controls, supporting energy-minimizing techniques and
closer early follow-up in FECD.

Keywords: Fuchs endothelial corneal dystrophy, phacoemulsification, endothelial cell density, central corneal thickness,
energy metrics

Introduction

Fuchs endothelial corneal dystrophy (FECD) is a bilateral, pro-
gressive disease characterized by focal excrescences of Descem-
et’'s membrane, or so-called guttata and endothelial cell loss (1).
The prevalence of the disease ranges from 3.7 to 11.0% (2). It
is seen in approximately 4% of individuals over the age of 40

(3). FECD ranks first or second among keratoplasty indications
worldwide (4). The coexistence of cataract and FECD is a chal-
lenging situation for ophthalmic surgeons. In order to protect
the corneal endothelium, careful surgery and the use of the lat-
est technology are required. It is recommended to remove the
cataract early before the nucleus becomes too hard (4). How-
ever, in eyes with FECD, phacoemulsification- intraocular lens
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(IOL) surgery carries the risk of corneal decompensation (5).
Before surgery, patients should be informed about endothelial
failure and the possible need for keratoplasty at some point in
their lifetime (6). Presence of central guttata on biomicroscopy,
anterior chamber depth, pupil size, corneal clarity and degree
of nucleus hardness should also be considered (7). In a generally
accepted rule, if the central corneal thickness (CCT) is over
640 um, combined or sequential keratoplasty is recommended
instead of cataract surgery alone (5,8). For each 10 pm increase
in preoperative CCT, the risk of corneal decompensation in-
creases 1.7 times (9). In addition, eyes with an endothelial cell
density (ECD) under 1000 cells/mm?, coefficient of variation
(CV) >40 and hexagonality <50% may not tolerate cataract sur-
gery (2,6).

In FECD, ophthalmologists have to work in a way that
causes minimal damage to the corneal endothelium during
surgery (7,9). Intra-operative measures known to protect
the endothelium include the use of the soft-shell viscoelas-
tic technique for dense cataracts, efficient cataract remov-
al techniques like phaco-chop, use of oscillatory handpiece
with high vacuum, low irrigation and surgery by an experi-
enced surgeon (4,8). Previous clinical and experimental stud-
ies showed that using torsional phaco instead of longitudinal
phaco during emulsification of the lens nucleus, reduces en-
dothelial damage (10,11). Rather than comparing ultrasound
modes, this study provides pragmatic, device-logged evi-
dence on early safety in FECD versus normal corneas and
explores preoperative CCT and intraoperative energy as
predictors of early postoperative corneal status.

Methods

In this retrospective comparative cohort study; the clinical
outcomes of 32 eyes with FECD and 29 control eyes (con-
trol group) with healthy corneal endothelium who under-
went phacoemulsification-intraocular lens (Centurion-OZil)
implantation surgery in our clinic between January 2021 and
September 2022 were compared. The ethical approval of
the study was obtained from the institutional Ethical Board
(Date: 7.12.2023, Reference Number:2023/101). The study
was conducted in accordance with the tenets of the Declara-
tion of Helsinki and informed consent was obtained from all
the patients. Best corrected visual acuity (BCVA), intraocu-
lar pressure (IOP) measurement with Goldmann applanation
tonometer, slit-lamp biomicroscopy, dilated fundus examina-
tion and non-contact specular microscopy was performed
before surgery and post-operative first day, first week, first
month and third month visits. Nuclear hardness was graded
with the Oxford system. Non-contact specular microscopy
(CEM-530™, Nidek) was performed by a single experienced
operator. Only high quality frames with sharp cell borders
and 220 analyzable cells were accepted. When confluent

central guttae prevented reliable cell-border delineation, im-
ages were obtained from a paracentral annulus located 0.5-
[.0 mm from the corneal apex, and the same locus was used
at all follow-ups. Automated segmentation was reviewed and
manually corrected when required. At each visit, three high
quality frames were captured and averaged. To document
the analyzable area, the number of endothelial cells includ-
ed in the analysis was recorded. ECD, CV, hexagonality and
CCT examined by specular microscopy were noted. Visual
acuity was measured using a projected Snellen chart at 4
meters and converted to logarithm of the minimum angle of
resolution (LogMAR) for analysis. Stage | and 2 FECD pa-
tients, according to the classification of Adamis, with central
guttata were included in the study (12). Inclusion criteria
were senile cataract without zonular weakness or pin-point
pupilla due to severe pseudoexfoliation. The exclusion cri-
teria were any other present or previous eye disorder than
cataract, age under 40 years, CCT >650um, history of any
ocular surgery or trauma, glaucoma and any intraoperative
complication. Only one eye per patient was included in the
analysis. Advanced FECD patients with stromal edema,
scarring and drop outs from follow-up were also excluded.
Nuclear hardness was graded from | to 4 according to the
Oxford clinical cataract grading system (I3).

The operations were performed by the same experienced
surgeon (BY) with special care to keep the phacoemulsifi-
cation tip pointed away from the endothelium. All surgical
procedures were conducted under topical anesthesia using
0.5% proparacaine hydrochloride ophthalmic solution (Al-
caine; Alcon Laboratories, Inc., Fort Worth, TX, USA). To
preserve the depth of the anterior chamber, a dispersive
ophthalmic viscoelastic agent (Viscoat, Alcon Laboratories),
consisting of 3.0% sodium hyaluronate and 4.0% chondroi-
tin sulfate, was administered following the formation of two
corneal side ports positioned 90 degrees apart from the
main incision using a 20-G paracentesis blade. Subsequently,
capsulorhexis was carefully carried out. One of the divide&-
conquer, stop&chop or quick chop techniques was used ac-
cording to Oxford nuclear grade (1-4). Torsional energy was
used at 60-80% power for nucleus removal at Centurion Sys-
tem (Alcon) with the OZil handpiece and 0,9 mm 45° angled
Kelman mini-flared tip. Typical setting for nucleus removal in-
cluded; 450-500mmHg vacuum, 28cc/min aspiration rate and
80cm bottle height. In very hard cataracts, intelligent phaco
(IP) mode of phacomachine was used to prevent the nee-
dle from clogging. Bimanual irrigation and aspiration were
performed using dual I/A instruments to ensure efficient
cortical cleanup. At the end of surgery, phaco parameters
displayed as “metrics” on the device screen were recorded
in the operative notes. Phacoemulsification metrics present-
ed on the device interface at the conclusion of surgery were
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documented as part of routine operative records and were
accessed retrospectively for data analysis. These parameters
were cumulative dissipated energy (CDE), total ultrasound
time, torsional time, average torsional amplitude, average
torsional amplitude in foot pedal position 3, total aspiration
time, estimated fluid used and operation time. Main out-
come measures were postoperative BCVA, ECD and CCT.
Secondary outcomes were CV and hexagonality.

Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics
for Windows, Version 21.0 (IBM Corp., Armonk, NY, USA).
The data obtained by taking the average of all measurements
were recorded as meantstandard deviation (range). Nor-
mality and variance homogeneity were assessed using Shap-
iro-Wilk and Levene tests, respectively. Repeated measures
ANOVA was used for multiple comparisons, and Paired
t-test was used for pairwise comparisons. Independent t
test was used for comparisons between groups. Relation-
ships between dependent variables were analyzed by Pear-
son correlation analysis. A value of p<0.05 was considered
statistically significant.

Table I. Preoperative characteristics of the FECD and control groups.

Results

Fuchs group consisted of 32 eyes and control group 29
eyes. Fourteen (14/32, 43.8%) of the Fuchs group and 18
of the control group (18/29, 62.1%) were female. Mean
age was 69.819.6 (42-83) and 68.3+8.1(50-81) respectively
(p=0.514). Preoperative characteristics of both groups are
shown in Table I.

The number of endothelial cells available for analysis was
significantly lower in the FECD group because confluent
guttae reduced the analyzable area on specular microsco-
py. These black spots occupying some part of the analyzed
area reduces the number of the cells analyzed. Due to the
known nature of the disease, the endothelial count was low
in the Fuchs group before surgery. The phacoemulsification
parameters are summarized in Table 2. At baseline, the two
groups were comparable with respect to age, sex, BCVA,
intraocular pressure, central corneal thickness and nuclear
hardness (all p>0.05). Intraoperative metrics, including ultra-
sound time, average power, aspiration time, fluid usage, and
cumulative dissipated energy (CDE), did not differ signifi-
cantly between groups (all p>0.05). These findings indicate

Preoperative Parameter FECD n=32 eyes Control n=29 eyes P
Best corrected visual acuity (LogMAR) 0.7+0.2 (2.0-1.3) 0.7+0.1 (2.0-0.4) 0.333
Intraocular pressure (mm/Hg) 15.8+2.9 (10-21) 14.5+3.5 (9-22) 0.125
Number of endothelial cells evaluated 63.9+44.2 (20-170) 115.1£41.3 (35-196) 0.000%*
Endothelial cell density (cells/mm?) 2065.5+494.0 (826-2737) 2289.4+331.8 (1574-2828) 0.044%*
Coefficient of variation 30.9+7.2 (18-56) 29.1£4.0 (21-39) 0.247
Hexagonality (%) 67.0+9.7 (38-88) 69.0+4.6 0.323
Central corneal thickness (um) 564.5141 (495-646) 550.5%35.3 (502-634) 0.161
*; Independent samples t test. FECD: Fuchs endothelial corneal dystrophy.

Table 2. Metric parameters displayed by the phaco device at the end of surgery in both groups.

Phaco Parameter FECD n=32 eyes Control n=29 eyes P*
Nucleus hardness® (1-4) 2.6+0.6 (1-4) 2.5+0.5 (2-3) 0.758
US total time (seconds) 115.2+33.9 (28-177) 108.7+44.1 (40-210) 0.521
CDE (percent-seconds) 14.6+6.1 (5.0-30.7) 14.2+7.3 (4.9-32.5) 0.792
Torsional time (seconds) 110.1+34.6 (28-177) 103.4+40.4 (40-190) 0.485
Average torsional amplitude (%) 31.849.2 (20.7-61.5) 32.6+10.8 (18.3-62.7) 0.752
Average torsional amplitude in pos3 (%) 29.6+7.7 (14.9-48.4) 30.5+7.9 (18.3-47.8) 0.657
Aspiration time (minutes) 6.1+1.8 (4.1-12.4) 5.6x1.5 (3.5-8.4) 0.230
Estimated fluid used (ml) 88.4134.6 (47-226) 79.8+21.5 (46-120) 0.252
Operation time (minutes) 17.244.7 (10-32) 17.9+4.3 (12-29) 0.592

*; Independent samples t test, *; Oxford classification system, US: ultrasound, CDE: cumulative dissipated energy, pos: foot pedal position. FECD: Fuchs endothelial

corneal dystrophy.
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that surgical technique and energy exposure were similar in
both cohorts.

Data from the first postoperative day were not analyzed
because transient corneal edema precluded the acquisition
of reliable specular microscopy in most cases. In both groups,
statistically significant visual improvement was achieved com-
pared to baseline at postoperative Ist week, |st month and
3rd month visits (p<0.001). At postoperative 3 months, |IOP
showed a significant decrease in Fuchs group compared to
preoperative value (15.8 to 14.5mmHg) (p=0.025). Where-
as, in the control group, no significant change was observed
in IOP compared to baseline in any visit. (p=0.405).

In both groups, the sharp decrease in ECD at first postoper-
ative week slowed down in the following months | and 3 (Fig. I).

In the Fuchs group, a significant endothelial cell loss was
observed in all three postoperative exams compared to the
preoperative ECD (p=0.004; p=0.001 and p<0.00! respec-
tively) (Fig. 2).

Similarly, a significant endothelial loss was observed in
the control group in all three visits compared to baseline
(p<0.001) (Fig. 3).

However, the endothelial loss rate was higher in the
Fuchs group compared to controls at the first and third
months (p=0.047 and p=0.022 respectively).

While the increase in CV in the Fuchs group was not
significant in the first week compared to preoperative value
(p=0.065), it was significant at months | (p=0.025) and 3
(p=0.005). In the control group, while the increase in the
Ist week was statistically significant (p:0.005), increases at
months | (p=0.154) and 3 (p=0.457) were not significant.
Although the postoperative hexagonality decreased in both
groups compared to the preoperative level, that decrease
was not statistically significant. In the Fuchs group, CCT
showed a significant thickening compared to baseline in all
three postoperative visits (p<0.001; p=0.001 and p=0.006).
However, the significant thickening (p<0.001) observed in
the control group at the |st week, approached the baseline
level at months | (p=0.014) and 3 (p=0.124).

Two most severe Fuchs patients who had a CCT or ECD
out of generally accepted range were operated. One of them
had a CCT>640 pum, and the other had an ECD<1000cells/
mm?, The first patient was an 81-year-old female with preop-
erative BCVA of 20/200, CCT of 646 um and ECD of 1922
cells/mm? At the postoperative |st month: BCVA improved
to 20/40, CCT 661 pm and ECD was 1514 cells/mm?. The
second patient was a 7|-year-old female with preoperative
BCVA of 20/66, CCT of 591 pm and ECD of 826 cells/mm?.
At the postoperative |st month: BCVA was 20/20, CCT; 596
pm and ECD was 1003 cells/mm?.

Pearson correlation analysis showed month 3 CCT was
significantly correlated with preoperative CCT in both
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Figure 1. Changes in endothelial cell density of both groups during
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groups (p<0.001). While there was no correlation be-
tween the preop ECD and the 3rd month ECD in Fuchs
group (p=0.212), it was found to be correlated in controls
(p=0.026). A significant correlation was found between CDE
and month 3 CCT in the Fuchs group (p=0.030) but not in
controls (p=0.552). There was no significant correlation be-
tween preop CCT, ECD and 3rd month BCVA.

Discussion

In this case-control cohort, FECD eyes experienced larger
early endothelial loss and thicker corneas after phacoemulsifi-
cation compared with controls, while visual improvement was
comparable between groups. As a natural outcome of cata-
ract surgery, vision improved in both groups after surgery (5).
The vision, gradually increased from preoperative level of 0.7
LogMAR to 0.22 at first week and 0.15 LogMAR at | month.
This finding suggests that patients with Fuchs dystrophy can
also gain vision, with torsional phacoemulsification, at a similar
rate to normal patients. Kim et al. reported that vision gain, in
eyes with FECD, was preserved up to the 2nd year following
the phacoemulsification (I). IOP showed no significant eleva-
tion after surgery in both groups. Interestingly, a significant
decrease in intraocular pressure was observed in the FECD
group, whereas no such change was noted in controls. One
possible explanation is that subclinical corneal edema present
preoperatively in FECD eyes may have led to overestimation
of intraocular pressure measurements. Following surgery, im-
provement in corneal clarity may have resulted in more ac-
curate applanation readings. Therefore, this finding should
be interpreted with caution, as it may reflect measurement
related factors rather than a true physiological reduction in
intraocular pressure. Our correlation analyses showed that
preoperative CCT was significantly correlated with month 3
CCT in both groups. Therefore preoperative CCT may be
considered as the most reliable parameter in estimating the
surgical outcome and making the decision before surgery. By
looking at the preoperative ECD, it is more likely to predict
the outcome at the 3rd month in the control group but we
can hardly rely on ECD in the Fuchs group.

Preoperative ECD was lower in the Fuchs group as ex-
pected. CV was a little high and hexagonality little low but
these were not significantly different from the control eyes.
As known, normal CV is <30 and hexagonality>60. In pa-
tients with FECD, the cornea was slightly thicker than con-
trols due to the edema, but this was not statistically sig-
nificant either. However, endothelial function demonstrated
by specular microscopy was significantly worse in the Fuchs
group. Number of cells evaluated was running low in Fuchs
dystrophy in all 3 visits due to excrescences in Descemet
membrane. ECD decreased postoperatively in both groups
due to surgical trauma. However, postoperative endothelial

loss was significantly higher in the Fuchs group at Ist and
3rd months when compared to control group. Endothelial
loss rate at | month was 19.2% in Fuchs and 17.7% in con-
trol eyes. At 3 months, it was 20.9% and 17.9% respectively.
However, in the Fuchs group, the mean ECD was 1633 cells/
mm? at 3 months, that was well above required for corneal
transparency. Therefore, endothelial failure did not develop
in any of our patients. In general, phacoemulsification has
been shown to decrease endothelial cells by 8.5-16.0%. Fac-
tors such as a low endothelial cell count, the presence of
stromal edema, guttata, and epithelial microcystic changes
indicate a higher possibility for corneal decompensation af-
ter cataract surgery (5). Kim et al reported annual ECD loss
rate after phacoemulsification 29.3% per year in patients
with Fuchs’ dystrophy and 19.4% in normal eyes (). Our 3rd
month endothelial loss rates are significantly less than these
numbers in both Fuchs eyes and normal eyes. That favorable
result may be due to our use of torsional phaco. Likewise,
Doors et al reported that, corneal edema in eyes with FECD
also resolved faster with torsional phaco compared to longi-
tudinal phaco (9).

CCT, indicative of corneal edema, was significantly higher
in Fuchs group compare to controls in all 3 postoperative
visits. The insignificant difference in CCT between the two
groups at the Ist week (17,8um); became significant at the
Ist (26.1pm) and 3rd months (26.4pm). The reduction in
edema in the Fuchs group was 27.7um between the |st week
and the 3rd month, while it was 36.3pm in the control group.
There was a mild corneal edema in the Fuchs group at the
I'st postoperative week. Although, edema slowly decreased
starting from the |Ist month, that decrease was not as much
as the control group. At the 3rd month; the mean CCT was
still 584.1um indicating the residual edema. Whereas, in the
control group, it was 557.7um which is closer to baseline
value of 550.5 pm. Chou et al reported that CCT returns
to baseline values | month after cataract surgery in eyes
with FECD (5). However in the long run, corneal decompen-
sation may occur due to the progression of Fuchs disease,
especially in eyes with complications during surgery (4,9).
In control group, CV increase, in other words, endothelial
disorganization was only evident at the first week and the
endothelium quickly recovered starting from the Ist month
and returned to normal value of 30 at 3 months. Whereas,
in the Fuchs group, endothelial disorganization continued at
3 months and the mean CV was 34.6, which is still high (2).
Although some of these changes reached statistical signif-
icance, their magnitude was relatively limited and may not
translate into clinically meaningful functional impairment.
Therefore, these findings should be interpreted in the con-
text of overall endothelial function rather than on the basis
of statistical significance alone.



186

Yiksel et al., Phacoemulsification in Fuchs Endothelial Dystrophy

As known, in longitudinal phaco, the needle tip moves
back and forth coring the nucleus and decreasing followabil-
ity. In torsional phaco, the phaco tip oscillates around its
axis, with side-to-side tip motion, to emulsify the lens (10).
It shaves nuclear material effectively and decreases repulsion
of nuclear material from the tip (4). Improved followability,
provides fewer tiny nuclear particles moving in the anterior
chamber and allows the use of a lower vacuum and flow
rates during surgery. Torsional phaco delivers 20% less en-
ergy into the eye providing thermal safety and endothelial
protection (I1). CDE is the total energy dissipated at the
wound site in foot position 3 involving the sum of torsional
and longitudinal ultrasound energies (14). It has been report-
ed that torsional phaco reduces CDE, provides less fluid use,
shortens aspiration and surgical times (9,10). On the other
hand, if the intelligent phaco (IP) mode is on, longitudinal
power is activated in case of occlusion and it causes an in-
crease in CDE (15). Experimental studies showed less free
radical production in torsional phaco (10). Less endotheli-
al loss (5.5%) was reported with torsional phaco compared
to longitudinal phaco (6.5%) in non-FECD eyes at 2 months
(I'1). Likewise, at 6-o'clock position, where the phaco nee-
dle tip points, both corneal thickness and CV values were
found smaller in torsional group than longitudinal group at
day |. It might be a result of less repulsion opposite to the
incision site (9). All these advantages of torsional mode are
useful in eyes with FECD. Therefore, the use of transverse
or torsional phaco modes are recommended in patients with
FECD (6). However, according to our results of correlation
analyzes; although safer, excessive use of torsional energy
and high CDE affect the 3rd month CCT result in Fuchs
patients. In other words, in eyes with Fuchs dystrophy, the
endothelium is more fragile and more energy causes more
pronounced edema. Whereas healthy eyes are more resis-
tant to phaco energy. Little increases in CDE are well toler-
ated and do not cause significant corneal edema at month 3.

Our study has some limitations that should be addressed.
First, the present study is retrospective in design and fol-
low-up period is relatively short. Longer follow-up is needed
to assess delayed decompensation. Single surgeon design and
modest sample size limit precision and generalizability; find-
ings should be viewed as exploratory. In addition, it would be
better to compare the torsional phaco with the longitudinal
phaco. However, given the torsional phaco has the advan-
tages mentioned above, it would be unethical to operate on
Fuchs patients with longitudinal mode. There are few studies
on the use of torsional mode in eyes with FECD, therefore
our study may be considered a contribution to the litera-
ture. Although the 3 month follow up is adequate to assess
early postoperative safety, it may not fully capture delayed
corneal decompensation, which can occur in the natural

course of FECD. Therefore, the absence of decompensation
in our cohort should be interpreted with caution. Given the
retrospective design and limited sample size, no a priori sam-
ple size calculation was performed. Therefore, the results
should be interpreted as exploratory.

This study complements prior reports by providing com-
parative, real-world early outcomes in FECD vs normal cor-
neas with device-logged metrics. Two practice-relevant obser-
vations merit emphasis. First; preoperative CCT was the most
consistent predictor of 3-month CCT across both cohorts.
Second, in FECD eyes greater intraoperative energy exposure
-reflected by CDE- as associated with thicker 3-month CCT,
underscoring heightened endothelial vulnerability and rein-
forcing the need of energy minimizing strategies.

Conclusion

In conclusion; although the endothelial loss is slightly high-
er and the corneal edema resolves a little later, patients
with Fuchs dystrophy can achieve visual gains comparable
to normal ones with torsional phacoemulsification. None
of the patients developed corneal decompensation. There-
fore, it may be preferable to use the torsional phaco in
Fuchs endothelial dystrophy patients. Preoperative CCT
is a reliable criterion on the prediction of the postoper-
ative corneal edema. These findings support careful case
selection and perioperative counseling in FECD undergo-
ing cataract surgery, and justify closer early postoperative
monitoring. Larger prospective studies with longer follow
up are warranted.
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