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Purpose: To describe the changes in the central corneal thickness (CCT), endothelial cell
count (ECC), intraocular lens (IOL) position, and refractive error 1 and 3 months after Nd-
YAG laser posterior capsulotomy (YAG-PC) for posterior capsular opacification (PCO) in
pseudophakic eyes with Fuchs’ endothelial cell dystrophy (FECD).

Design: Prospective case-control.

Participants: Fifty pseudophakic eyes of 50 patients with visually significant PCO (25 with
healthy corneas, and 25 with FECD grade 1 and 2).

Methods: FECD was clinically graded, and only patients without clinically evident corneal
edema were included in the study (grade 1 and 2). All patients received YAG-PC and were
followed up after 1 and 3 months. Best-corrected visual acuity, refractive errors, ACD, CCT, and
ECC were assessed and compared between the pre-laser values and that of the 2 follow-up visits.
Results: In both groups, BCVA showed significant improvement (P<0.05). Compared to
healthy controls, a significant hyperopic shift was observed in the FECD eyes at the 2 follow-
up visits (P=0.027, and 0.019). A significant backward movement of the IOL was observed
in the FECD eyes in the 2 follow-up visits (P=0.043, and 0.02). There was a significant
correlation between the hyperopic shift in the FECD eyes and the ACD deepening during the
1st month (R=-0.6, P=0.001) and 3rd month (R=—0.4, P=0.04). Significant drop in the ECC
was noted in both groups but without significant increase in the CCT.

Conclusion: Compared to controls, a hyperopic shift and backward movement of the IOL
were observed in the FECD eyes after YAG-PC. No significant corneal thickening was found
in both groups despite the significant drop in the ECC. Future studies are required to confirm
our results and monitor the long-term changes after YAG-PC in FECD.

Keywords: YAG laser, posterior capsulotomy, Fuchs’ dystrophy, posterior capsular
opacification

Introduction

Fuchs’ endothelial corneal dystrophy (FECD) is an autosomal dominant slowly
progressive bilateral asymmetric primary disease of the cornea. It is characterized
by progressive loss of endothelial cells with thickening of the Descemet’s mem-
brane and development of focal excrescences called guttae that leads to endothelial
cell dysfunction, corneal edema and a drop in the visual acuity.! The reported
incidence of FECD is 6.7%,> while Krachmer et al reported a prevalence of 4-70%
according to aging.’ Cataract is the most common cause of global blindness.*
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Cataract surgery leads to endothelial cell loss of approxi-
mately 10%,>® depending on preoperative endothelial cell
count, axial length, cataract density, and the surgical
technique.”® In FECD, even a minimal loss of endothelial
cells during phacoemulsification can affect their density to
fall below the critical threshold that can lead to corneal
decompensation. Central corneal thickness (CCT) greater
than 640 um in FECD has been proposed to be a clinical
index of possible postoperative corneal decompensation
that warranted a combined cataract and endothelial trans-
plant surgery rather than doing cataract surgery alone.”

Posterior capsule opacification (PCO) is the most fre-
quent complication following cataract surgery that may
develop early or many years post-surgery. Its incidence
ranges from <5% to as high as 50% depending on the
surgical technique and IOL material and design.'” The
standard effective treatment for PCO is Nd: YAG laser
posterior capsulotomy (YAG-PC) which may be associated
with complications such as a spiking intraocular pressure,
pitting of IOL, uveitis, cystoid macular edema, vitreoret-
inal detachments, and refractive changes due to feasible
axial IOL movement.'" As one of the rare complications of
laser capsulotomy in a patient with FECD, Afriat et al
reported a Descemet membrane detachment in a 89-year-
old man 1 day after YAG-PC laser capsulotomy.'?

The aim of this prospective case-control study was to
investigate the influences of YAG-PC on corneal endothe-
lium, central corneal thickness, and IOL position in pseu-
dophakic eyes with FECD and posterior capsular
opacification.

Patients and Methods
Study Design and Participants

This is a prospective case-control study approved by
Institutional Review Board of Benha University (Study
ID: MS-922020), and strictly followed the tenets of the
Declaration of Helsinki. All patients signed a written
informed consent before being enrolled.

Fifty pseudophakic eyes of 50 patients with visually sig-
nificant posterior capsular opacification (PCO) were included
in the study. Patients were recruited during the period between
January 2020 and June 2020 from the outpatient clinic at
Benha University Hospital. Patients were divided into 2
groups (25 each) according to clinical diagnosis made by
a cornea specialist into group 1 (healthy cornea), group 2
(cornea with FECD). FECD was diagnosed clinically by the
presence of guttae, with or without clinically evident edema.

Furthermore, FECD eyes were clinically graded according to
Adamis et al', grading method. Only grade 1 and 2 were
included in our study. Eyes were pseudophakic with an endo-
capsular posterior chamber intraocular lens implant
(AcrySof® hydrophobic single-piece intraocular lens) in the
studied groups, without any history of uveitis. All patients had
an uneventful cataract surgery at least 6 months before enroll-
ment. Patients received YAG-PC as a management for PCO.

Exclusion criteria were patients with grade 3 or 4 FECD,
pseudoexfoliation syndrome, uveitis, glaucoma, diabetes
mellitus, systemic diseases with ocular involvement and
patients who could not stay at an upright position.

Full ophthalmic examination was conducted including
best-corrected visual acuity (BCVA), slit-lamp biomicro-
scopic and fundus examination, and intraocular pressure
(IOP) measurement. Effective IOL position determined by
measuring anterior chamber depth (ACD) using IOL-master
(ZEISS IOLMaster 500) that gives accurate measurements
of AC depth using partial coherence interferometry techni-
que, taking average 5 measurements for detection of IOL
position. Corneal endothelium imaging and central corneal
thickness were obtained with specular microscopy (Tomey
EM-3000) which is a non-contact specular microscope using
fixed frame analysis method to image the corneal central
area automatically using auto tracking system. The taken
images were transferred to the computer that is supplied
with a software that analyzes the endothelial cell layer
accurately.'® Averages of parameters were used for the ana-
lysis. Specular microscope was calibrated so that when the
endothelium is in focus, the thickness of the cornea auto-
matically gets displayed digitally. All data were collected
from non-dilated eyes prior to YAG-PC, then 1 month and 3

months after the procedure.

Surgical Procedure

Patients were pretreated with dilating drops, such as tro-
picamide 1.0%. Eye was anesthetized with a drop of
Benoxinate hydrochloride 0.4%. The laser power was
1-3 mJ with a Q-switched mode that produces a series
of single pulses that last 12—-20 nanoseconds. The posterior
capsulotomies usually performed with an average diameter
of 5.0 mm in a circular pattern, the Nd: YAG laser was
defocused posteriorly by 0.50 mm to avoid IOL pitting."*

Postoperative Follow-Up

After laser procedure, all patients were treated with topical
brimonidine (0.1%) twice a day for one week and topical
steroids (prednisolone acetate 1%) four times daily for
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a week followed by tapering. Post laser, patients were fol-
lowed-up and reassessed at 1 week, 1 month and 3 months.

Statistical Analysis

The results were analyzed using SPSS 25. Normally distrib-
uted continuous data were expressed as mean =+ standard
deviation and not-normally distributed continuous data were
expressed as median (range). Categorical data were
expressed as percentage. t-test used to compare between
two groups in case of normally distributed variables. Not-
normally distributed variables were analyzed using Mann—
Whitney U-test. Chi-square test was used to compare
between qualitative variables. Paired samples #-test was
used to compare the repeated measures of the tested para-
meters between the 2 groups at each time point. Results were
considered statistically significant at a p-value less than 0.05.

Results

Our study included 50 pseudophakic eyes of 50 patients (25
with FECD versus 25 age-matched controls with healthy cor-
neas) who underwent uneventful YAG laser capsulotomy at

(10.243.8, range 6-14) months after uneventful cataract
extraction. The mean age of the controls was 57.24+4.6 years,
and 59.6+5.4 years for the FECD group (P=0.054). Seventeen
(68%) of the controls were females, while 9 (36%) of the
FECD group were females. In healthy controls, the mean
energy used for laser treatment 0.4 MJ/spot, the average total
spot count was 7.8 (range: 5-10), and the mean total energy
level was 6.4mj (range: 3.9-16.8mj). In FECD group, the mean
energy used for laser treatment 0.35 MJ/spot, the average total
spot count was 7.5 (range: 4-9) and the mean total energy level
was 6.1mj (range: 3.6-15.8mj). There was no statistically
significant difference between 2 groups. Table 1 summarizes
the changes in BCVA, refractive errors, ACD, ECC, and CCT
in each group at each postoperative visit compared to the
preoperative ones. Table 2 compares the measured parameters
between both groups at each time point.

The BCVA has significantly improved in both groups at the
first and the third postoperative month compared to that before
the YAG-PC (P<0.05, Table 1). The BCVA was significantly
better in the controls compared to the FECD group during the 3
visits (P=0.0001, Table 2). No significant changes were found

Table | Postoperative Parameters Compared to the Preoperative Ones at Each Time Point in Both Groups

Fuchs’ Group (25 Eyes) Healthy Cornea Group (25 eyes)
Preoperative I Month After 3 Months After | Preoperative I Month After 3 Months After
Value YAG-PC YAG-PC Value YAG-PC YAG-PC
Best-corrected visual 0.332 £ 0.15 0.4052 + 0.18 0418 £ 0.16 0516 £ 0.12 0.636 £ 0.11 0.644 £ 0.10
acuity
P-value 0.04 0.027 0.001 0.001
Spherical refractive -1.8+ 133 -1.73 £ 1.24 —1.75 £ 1.25 -1.3+£093 —1.Il £0.88 —1.04 + 1.05
error
P-value 0.42 0.44 0.236 0.18
Cylindrical refractive —1.89 + 0.97 —1.56 + 0.86 —1.67 £ 0.92 —1.44 + 1.12 —-1.5+1.95 —-1.35+1.38
error
P-value 0.11 0.21 0.44 0.4
Anterior chamber 3.5836 * 0.32 3.7456 £ 0.31 3.7752 £ 0.30 3.7348 + 0.49 3.8292 + 0.48 3.8708 + 0.49
depth
P-value 0.043 0.02 0.25 0.17
Endothelial cell count | 1472.4 + 69.65 1357.48 + 75.86 1322.36 + 78.42 2642.28 + 2528.96 + 176.99 | 2500.48 = 177.18
169.67
P-value <0.00001 <0.00001 0.014 0.003
Central corneal 560.32 + 22.20 556.96 + 20.45 557.04 £ 21.12 517.68 £ 25.36 5144 £ 2551 513.52 £ 2533
thickness (um)
P-value 0.29 0.30 0.28 0.32
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Table 2 Comparison of the BCVA, Refractive Errors, ACD, ECC, and CCT Between Both Groups at Each Postoperative Visit

Parameters Pre-YAG Pre-YAG p-value | Month | Healthy Month | FECD p-value | Month Month p-value
Healthy FECD (Mean) Cornea (Mean) (Mean) 3 Healthy 3
Cornea Cornea FECD
(Mean) (Mean) (Mean)
BCVA 0.516 0.332 0.0001 0.636 0.4052 0.0001 0.644 0418 0.0001
Spherical refractive | —1.3 -1.8 0.07 -1l -1.73 0.027 —-1.04 -1.75 0.019
error
Cylindrical —1.44 -1.89 0.073 -1.5 —-1.56 0.45 -1.35 —-1.67 0.175
refractive error
ACD 3.7348 3.5836 0.11 3.8292 3.7456 0.24 3.8708 3.7752 0.21
Endothelial cell 26124 1462.52 2500.48 | <0.00001 1381.24 2537.8 <0.00001 1352.04 | <0.00001
count
Central corneal 517.68 560.32 0.001 5144 556.96 0.001 513.52 557.04 0.001
thickness

in the spherical or cylindrical refractive errors in the controls
during the 1st and 3rd postoperative months compared to the
preoperative ones. Compared to the control group, a significant
hyperopic shift was observed in the FECD group at 1st and 3rd
postoperative months (P= 0.027, and 0.019, respectively,
Table 2).

Regarding the ACD, there was a significant deepening at
the 1st and 3rd postoperative months in the FECD group
only, as compared to the pre-laser ACD (P=0.043, and 0.02,
respectively, Table 1). Moreover, there was a significant
negative correlation between the changes in the ACD and
the changes in the spherical equivalent during the 1st month
(R= —0.6, P=0.001, Figure 1A), and 3rd month (R= —0.4,
P=0.04, Figure 1B) postoperatively in the FECD group.

The endothelial cell count (ECC) was significantly less
in the FECD group compared to the controls at all visits
(P<0.0001). Compared to the pre-laser values, the drop in
the ECC at the 1st and 3rd months after the YAG-PC was

Simple Scatter of anterior chamber depth (ACD) changes after 1 month by spherical equivalent (SE) changes
after 1 menth

ACD changes after 1 month [mm]

SE changes after 1 month [Diopter]

statistically significant in the FECD (P<0.0001 and
P<0.0001, respectively) and the controls (P=0.014, and
0.003, respectively). The mean decrease in endothelial
cell count was 75 cells/mm? after 1 month and 112 cells/
mm? after 3 months in controls, while it was 81 cells/mm?
and 110 cell/mm? in the FECD group, respectively.

The CCT was significantly thicker in the FECD group
during all visits compared to the healthy one (P=0.001).
However, no significant changes were found in both
groups separately during the 2 postoperative visits com-
pared to that before the YAG-PC (Table 1).

Discussion

To our knowledge, we are the first to report the effects of
YAG-PC in pseudophakic eyes with FECD. Nd: YAG-
induced photodisruption throughout the anterior chamber
leads to impact injury to the endothelium with a maximum
damage to the center that could be visualized with the

Simple Scatter of Anterior chamber depth {ACD) changes after 3 months by Spherical equivalent (SE) changes
after 3 months

o)

ACD changes after 3 months [mm]

k) 50 100
SE changes after 3 months [Diopter]

Figure | Scatter plots showing a significant negative quadratic correlation between the changes in the ACD and the changes in the spherical equivalent during the |st month
(R=—0.6, P=0.001, A), and 3rd month (R= —0.4, P=0.04, B) postoperatively in the FECD group. Case numbers are displayed with connecting lines to each corresponding

data value.
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specular microscopy. Before 1970, the corneal endothe-
lium was studied at high magnification only in vitro.'®> The
development of the specular microscopy has made quali-
tative and quantitative in vivo evaluation of corneal
endothelium possible.'®!” In our study, we compared the
changes in IOL position, corneal endothelium, and central
corneal thickness after YAG-PC in patients with grade 1
and 2 FECD and patients without FECD.

In a study by Hassan et al'®, the time interval between
cataract surgery and PCO was reported as 2.49 years.
Another study by Rajappa et al'” found that the mean
interval was 2.5 years. Khambhiphant et al'® found that
the mean time from cataract surgery to the laser treatment
of PCO was 28.3 months (range: 5-71 months). In our
study, YAG-PC was indicated 6—14 months after cataract
surgery.

Rajappa et al'” reported that the Nd: YAG energy
required depends upon the type of PCO. The mean energy
required for Elschnig’s PCO was 51.33 mJ and that for
fibrous type was 63.43 mJ. The mean energy used by
Khambhiphant et al'® was 0.8 mJ/spot; the average total
spot count was 15.4 (range: 7-39), and the total energy
level was 12.6 mJ (range: 5.6-29.5 mJ). In our study, the
total energy level was 12.2mj (range: 5.6-28.9mj) and the
average total spot count was 14.5 (range: 7-21).

As reported in the literature, we report a significant
improvement in visual acuity in both groups after YAG-PC.
Hossain et al*” reported an 80% improvement in visual
acuity. Likewise, Terry et al*' and Aron-Rosa et al* reported
visual improvement in 92%, and 94% of their cohorts,
respectively. Regarding the changes in the spherical refrac-
tive error, several studies had reported that the change in the
YAG-PC
in agreement with our results in the non-

spherical error after

20,23-25

was statistically
insignificant,
FECD group. In the FECD eyes, there was a significant
hyperopic shift compared to the controls in the 1st month
and 3rd months after laser. This might be attributed to the
significant deepening in the ACD observed in the FECD
group at the same time (Figure 1A and B). Further studies
are required to observe the long-term changes in the ACD
and the refractive errors in FECD after YAG-PC.
Regarding the changes in the effective IOL position,
the published reports in the literature are perplexing.
Khambhiphan et al,'” Hu et al*®> and Ozkurt et al*® had
reported nonsignificant changes in ACD after YAG-PC. In
contrast, Findl et al?’ reported an immediate increase in
the ACD in their cohort after the YAG-PC with a more

pronounced backward movement in plate-haptic IOLs than

both 1-piece or 3-piece IOLs. In addition, Monteiro et al''
reported a significant posterior movement after YAG-PC
in pseudophakic eyes with C-loop acrylic hydrophobic
single-piece AcrySof® SAG0AT. In our study, despite hav-
ing the same IOL implanted and the insignificant differ-
ence in the energy consumed to disrupt the PCO in both
groups, we report a significant backward shift of the
AcrySof® hydrophobic single-piece IOL in the FECD
group versus no significant changes of the ACD in the
controls 1 and 3 months after YAG-PC. A limitation in our
study is not measuring the changes in the size of capsu-
lotomy, as it can affect the IOL movement after YAG-PC.
Many studies have shown that the posterior IOL move-
ment and the hyperopic shift were associated with the
larger the size of capsulotomy.''”?® Further studies with
larger sample size are required to confirm our results and
verify whether the changes in the IOL position after YAG-
PC depend in part on the corneal health status.

For the ECC, it is well reported in the literature that
ECC drops significantly after YAG laser capsulotomy.'**’
Likewise, we reported the same finding in our cohort.
Besides, there was a statistically significant difference
between two groups in preoperative value, 1 month after
and 3 months after YAG laser. However, it is noteworthy
to mention that the ECC drop was not associated with
a significant corneal thickening in both groups, as reported
by Rajappa et al'” Clinically, the corneas of both groups
remained clear throughout the follow-up visits. Further
studies are mandated to observe the long-term effects of
Nd: YAG capsulotomy on the ECC in pseudophakic eyes
with early stages of FECD (without clinically evident
corneal edema) to find out the threshold ECC and CCT
to proceed without having the risk of corneal decompensa-
tion after laser or a corneal transplant might be required
soon.

Our study has a few limitations. First, our results stem
from limited sample size, and larger cohorts are mandated
to replicate our findings. Second, we did not include all
grades of FECD; however, we included grades 1 and 2
FECD to shed light on the short-term effects of YAG laser
in FECD eyes. Third, AS-OCT and Scheimpflug imaging
were not done for our cases.’®*' Using these imaging
techniques would help quantify the changes in the corneal
microlayers and describe the refractive changes more
precisely.*** Despite the recently reported findings of
these imaging devices in detecting subclinical edema in
FECD, they are not routinely requested before YAG cap-
sulotomy. Fourth, owing to the short-term nature of our

Clinical Ophthalmology 2021:15

1823

Dove:


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

Eleiwa et al

Dove

study, we were not able to predict the risk of corneal
decompensation and monitor FECD progression. Future
longitudinal studies are required to address the aforemen-
tioned limitations.

In conclusion, we report a significant deepening of the
AC associated with a hyperopic shift in pseudophakic eyes
with FECD (grades 1 and 2) 1 and 3 months after YAG
posterior capsulotomy. On the other hand, a significant
drop in ECC without functional corneal decompensation
was observed in both groups. Further studies are required
to identify the pseudophakic eyes with early-stage FECD
and PCO on the brink of corneal decompensation and
requiring a corneal transplant before doing the laser
capsulotomy.

Abbreviations

CCT, central corneal thickness; ECC, endothelial cell
count; IOL, intraocular lens; YAG-PC, Nd-YAG laser pos-
terior capsulotomy; PCO, posterior capsular opacification;
FECD, Fuchs’ endothelial cell dystrophy.
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