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Purpose: To investigate the refractive outcomes of eyes with Fuchs’ endothelial corneal 
dystrophy (FECD) following phacoemulsification.
Methods: This is a retrospective chart review of patients with FECD who underwent 
phacoemulsification. Manifest refraction at the early postoperative period (1–6 weeks) and 
late postoperative period (3–12 months) was collected. The spherical equivalent (SE) and 
variance of SE from target in diopters (D) were analyzed.
Results: A total of 219 eyes from 175 FECD patients (73 FLACS, 146 conventional 
phacoemulsification) were included. In the early postoperative period, when comparing 
variance from intended target, 62% (n=126) had a SE variance of ≤0.5 D, 22% (n=44) 
>0.5 D and ≤1 D, and 17% (n=34) >1 D. In the late postoperative period, 62% (n=85) had 
a SE variance of ≤0.5 D, 19% (n=26) >0.5 D and ≤1 D, and 20% (n=27) >1 D. There was no 
difference in the variance of SE comparing FLACS versus conventional phacoemulsification 
in either the early postoperative period (p=0.78) or the late postoperative period (p=0.29).
Conclusion: Patients with mild-to-moderate FECD had favorable refractive outcomes with 
phacoemulsification. There was no difference in refractive outcomes in eyes with FECD 
between the group that underwent FLACS versus the group that underwent conventional 
phacoemulsification.
Keywords: femtosecond laser assisted cataract surgery, Fuchs’ dystrophy, Fuchs’ 
endothelial corneal dystrophy, refractive error, refractive outcome

Introduction
One of the many challenges associated with cataract surgery in Fuchs’ endothelial 
corneal dystrophy is predicting the refractive outcome. Factors, such as fluctuations in 
pre-operative data, central corneal thickness, manifest refraction, topography and tomo-
graphy, as well as biometric data, serve to influence this difficulty with predictability.1–4

Femtosecond-laser assisted cataract surgery (FLACS) has been proposed to 
confer several advantages compared to standard phacoemulsification including 
shorter phacoemulsification time and less ultrasound energy usage, both of which 
have been shown to reduce endothelial cell loss and postoperative corneal edema in 
the general cataract population.5–11 In addition, it has been shown FLACS may 
result in a more predictable Effective Lens Position (ELP), and thereby aid in 
targeting the refractive outcome.12,13

As modern phacoemulsification has become more advanced, we have seen an 
expansion in the recommendation criteria for cataract surgery in FECD.14–16
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Existing literature evaluating the refractive outcomes 
of patients with FECD after phacoemulsification—whether 
conventional or FLACS—is extremely sparse.

Methods
This retrospective cohort study was approved by the 
Institutional Review Board (IRB)/Ethics Committee at the 
University of Miami. The patient informed consent waiver 
was obtained for this retrospective study. The study was 
carried out with patient data confidentiality and compliance 
in accordance with the Declaration of Helsinki. A chart 
review of all patients with a prior diagnosis of FECD who 
underwent either conventional phacoemulsification cataract 
surgery or FLACS between January 1, 2014 and January 1, 
2017 at Bascom Palmer Eye Institute was performed. The 
cases that underwent FLACS all underwent femtosecond 
laser capsulorrhexis formation, nucleus fragmentation, as 
well as corneal wound creation. All procedures were per-
formed at the Bascom Palmer Eye Institute by the surgeons 
with the Comprehensive and Cornea services. Surgery was 
performed using either the Centurion Vision (Alcon, Irvine, 
CA) or Whitestar Signature (Johnson & Johnson, New 
Brunswick, NJ) phacoemulsification system and any of the 
following femtosecond laser platforms: LenSx (Alcon, 
Irvine, CA), Catalys (Johnson & Johnson, New Brunswick, 
NJ), or Victus (Bausch & Lomb Surgical, Rancho 
Cucamonga, CA).

Inclusion and Exclusion Criteria
A search for charts within the electronic medical record 
system with concurrent CPT procedural codes for catar-
act surgery (66,982 and 66,984) and ICD-10 (H18.5) or 
ICD-9 (371.57) diagnostic codes for FECD yielded 
a total of 753 cases. Cases with prior keratoplasty or 
glaucoma surgery, concurrent cataract extraction with 
keratoplasty, complications related to cataract surgery or 
laser application, incomplete records, and follow-up time 
less than 3 months were excluded. Eyes that required 
keratoplasty in the 12-month period following cataract 
surgery as a result of corneal decompensation were also 
excluded. A total of 219 eyes (73 FLACS and 146 con-
ventional phacoemulsification) from 175 patients were 
evaluated in this study.

Chart Review and Data Collection
The charts were evaluated for demographic and clinical 
variables including age, gender, date, type of cataract 
surgery (conventional vs FLACS), preoperative best- 

corrected visual acuity (BCVA), and central corneal thick-
ness (CCT) by ultrasound pachymetry. Nuclear sclerosis 
was assessed by slit-lamp examination and graded based 
on the Wisconsin Cataract Grading System.17 The clinical 
grade for FECD was assigned according to the degree of 
corneal guttae and edema documented upon slit-lamp 
exam as previously described.18 All cases of FECD were 
categorized as mild (grades 1–2) or moderate (grades 2.5– 
4). Advanced cases of FECD (grades 5–6) were excluded 
as they underwent concurrent endothelial keratoplasty. The 
BCVA, CCT (when available), and corneal edema findings 
documented at each postoperative visit were analyzed. The 
spherical equivalence (SE) and variance of SE from target 
refraction in diopters (D) were analyzed.

Follow-Up Periods
Due to the retrospective nature of the study, postoperative 
visits were not available to all patients at consistent fol-
low-up times. Therefore, we divided the follow-up into 
broad windows: the early postoperative period (including 
visits from 1 to 6 weeks following surgery) and the late 
postoperative period (including visits from 3 to 12 months 
following surgery). If a patient had more than one visit per 
period, the visit closest to the center of the window was 
selected for analysis.

Statistical Analyses
Categorical and ordinal variables were summarized with 
counts and percentages, while continuous variables were 
summarized with means and standard deviations (SD). 
Due to the inclusion of both eyes of some patients, statis-
tical analyses comparing the femtosecond group to the 
conventional treatment group, as well as assessing the 
influence of risk factors, were conducted using 
Generalized estimating equation (GEE) models (IBM 
SPSS Statistics version 22, Armonk NY) employing 
exchangeable correlation structure and interval, binomial, 
or multinomial links as appropriate.

Results
Baseline Patient Characteristics
A total of 175 patients were identified. Out of the 175 
patients, 52 patients had undergone conventional phacoe-
mulsification, and 123 had undergone FLACS. Two eyes 
were included from a single patient as long as the study 
eye met the Inclusion and Exclusion criteria. A total of 
219 eyes were included in the study, with 73 eyes in the 
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conventional phacoemulsification group, and 146 eyes in 
the FLACS group. Demographics were similar between 
treatment groups (Table 1). Eyes with pre-operative CCT 
measurement were more common in the conventional 
group (43%, n=63) than in the FLACS group (25%, 
n=18, p=0.038). However, there was no significant dif-
ference between the mean thickness values (p=0.81). 
Conventionally treated eyes also had visual acuity of 
0.1 logMAR (approximately one Snellen line on average) 
worse than the FLACS eyes (p=0.001). Notably, there 
was no statistically significant difference in cataract 
grade (p=0.16) and corneal guttata grade (p=0.67).

Spherical Equivalent Outcomes
Early and late follow-up period Spherical Equivalent (SE) 
outcomes for both the FLACS and conventional groups 
were investigated and compared (Tables 2 and 3, 
Figure 1). The mean target SE correction for eyes in the 
FLACS group was −0.3 diopter (D) (range of −2 D to 
plano). The mean target SE correction for eyes in the 
conventional group was −0.1 diopter (D) (range of −3D 
to plano). The mean deviation from the target SE correc-
tion was −0.10 D ± 0.83 in the early postoperative period 
for all eyes. The mean deviation from target SE correction 
was −0.14 D ± 0.85 in the late follow-up group for all 

Table 1 Baseline Characteristics in Risk Factor Analysis€ for Fuchs Endothelial Corneal Dystrophy Patients

Laser Treatment Femtosecond Laser Conventional Generalized Estimating 
Equation (GEE) Model P- value

Number of Patients 52 123

Number of Eyes for Analyses 73 146

Age (y), mean age ± SD 74.1 ± 7.5 75.2 ± 8.5 0.58

Best-corrected visual acuity, Mean 

logMAR (BCVA) ± SD [Range]

0.231 ± 0.163 0.331 ± 0.264 0.001

Visual Acuity Group, N (%) 0.024

≥ 20/30 40 (56) 60 (41)
20/30 – 60 30 (42) 62 (43)

20/70 – 5/200 2 (3) 24 (16)

Central corneal thickness (μm)Φ, mean 

± SD [Range]

576 ± 39 [496, 623] 574 ± 39 [496, 648] 0.81

Not collected N, (%) 55 (75) 83 (57) 0.038
Collected N, (%) 18 (25) 63 (43)

Gender N, (%) 0.83
Male 21 (29) 48 (33)

Female 52 (71) 98 (67)

Corneal guttata grade N, (%) 0.67

0.5–1.0 16 (24) 42 (33)

1.5 −2.0 24 (36) 38 (30)
2.5–3.0 22 (33) 35 (28)

3.5–4.0 5 (8) 12 (9)

Cataract grade N, (%) 0.16

0.5–1.0 7 (10) 5 (4)

1.5−2.0 34 (49) 84 (58)
2.5–3.0 29 (41) 52 (36)

3.5–4.0 0 3 (2)

Target refractions 0.005

Mean (SD) −0.3 (0.3) −0.1 (0.1)

[Range] [−2, 0] [−3, 0]

Notes: ΦPreoperative central corneal thickness was not available for every patient; values were calculated from n = 18 (femtosecond laser) and n = 63 (conventional); 
€Tabled samples sizes are based on all eyes with early follow-up data at 1–6 weeks and/or late follow-up data at 3–12 months.
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eyes. In the group that underwent FLACS, the mean 
deviation from target SE correction was −0.07 D ± 0.89 
in the early postoperative period and −0.10 D ± 0.68 in the 
late postoperative period. In the conventional group, the 
mean deviation from target SE correction was −0.11 D ± 
0.80 in the early postoperative period and −0.15D ± 0.94 
in the late postoperative period. In both the early post-
operative period and the late postoperative period, there 
was no statistical difference (p > 0.005) when comparing 
the mean deviation from target SE between FLACS and 
conventional groups (p=0.78 and 0.47, respectively for the 
two follow-up periods). For the early period, the corre-
sponding 95% CI for the regression coefficient 0.039 
(representing the difference between the mean deviation 
from target SE in the FLACS group and the mean devia-
tion from target SE in the conventional group) was −0.23, 

0.31. For the later period, the corresponding 95% CI for 
the regression coefficient 0.12 (representing the difference 
between the mean deviation from target SE in the FLACS 
group and the mean deviation from target SE in the con-
ventional group) was −0.21, 0.45. There was no difference 
between the groups with respect to the absolute value of 
the target corrected SE (Tables 2 and 3).

The refractive outcomes of groups in both the early and 
late postoperative periods were further divided into Good 
(defined as having a mean deviation of ≤0.5 D from target 
SE), Fair (defined as having a mean deviation of >0.5 
D and ≤1.0 D from target SE) and Poor (defined as having 
a mean deviation of >1.0 D from target SE). In the FLACS 
group, the percentages to achieve a SE that was within 
±0.5 D from the intended target (Good refractive outcome) 
for the early and late postoperative periods were 56% 

Table 2 Eyes with Early (1–6 Weeks) Postoperative Follow-Up

Eyes with Early (1–6 Week) Postoperative Follow-Up

Femtosecond Conventional Total GEE 
p-value

N Eyes 70 134 204

Preoperative Spherical Equivalent, 

Mean ± SD [range]

N/A N/A N/A N/A

Preoperative logMAR BCVA  

Mean ± SD [range]

0.23 ± 0.17 [0, 1.0] 0.32 ± 0.26 [−0.1, 1.6] 0.29 ± 0.24 [−0.1, 1.6] 0.003

Preoperative Acuity Group, N (%) 0.042
≥ 20/30 38 (55%) 57 (43%) 95 (47%)

60 29 (42%) 56 (42%) 85 (42%)

20/70 – 5/200 2 (3%) 21 (16%) 23 (11%)

Early Postoperative Spherical Equivalent, target corrected (SETC)

SETC, Mean ± SD [range] −0.07± 0.89 [−2.00, 2.75] −0.11 ± 0.80 [−2.63, 3.25] −0.10 ± 0.83 [−2.63, 3.25] 0.78

Absolute value SETC, Mean ± SD 
[range]

0.66 ± 0.60 [0, 2.75] 0.56 ± 0.58 [0, 3.25] 0.60 ± 0.59 [0, 3.25] 0.25

Outcome classification by deviation 
from target refraction, N (%)

0.24

Good (≤0.5D) 39 (56%) 87 (65%) 126 (62%)
Fair (>0.5 to ≤1D) 19 (27%) 25 (19%) 44 (22%)

Poor (>1D) 12 (17%) 22 (16%) 34 (17%)

Early Postoperative Visual acuity

logMAR BCVA Mean ± SD [range] 0.14 ± 0.14 [0, 0.7] 0.17 ± 0.25 [−0.1, 2.0] 0.16 ± 0.22 [−0.1, 2.0] 0.18

Visual Acuity Group 0.29

≥ 20/30 57 (81%) 97 (73%) 154 (76%)
20/30 – 60 12 (17%) 28 (21%) 40 (20%)

20/70 – 5/200 1 (1%) 8 (6%) 9 (4%)
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(n=39) and 68% (n=34), respectively (Tables 2 and 3). In 
the conventional group, the percentages to achieve a SE 
that was within ±0.5 D from the intended target (Good 
refractive outcome) for the early and late postoperative 
periods were 65% (n=87) and 58% (n=51), respectively 
(Tables 2 and 3). There was no statistical significance in 
the mean deviation from target SE between the two groups 
in either the early postoperative period (p=0.78) or the late 
postoperative period (p=0.29). For all FECD eyes, in the 
early postoperative period, 62% (n=126) of eyes were 
found to be in the Good category, 22% (n=44) in the 
Fair category, and 17% (n=34) in Poor category 
(Table 2). In the late postoperative period, 62% (n=85) 
of eyes were found to be in the Good category, 19% 
(n=26) in the Fair category, and 20% (n=27) in the Poor 
category (Table 3).

There were no statistically significant differences in 
outcome classifications (Tables 2 and 3) between the 
FLACS and conventional groups at either early follow- 
up (p=0.24) or late follow-up (p=0.11). Of note, at late 
follow-up 15% more (total n=22) conventionally treated 
eyes were found to have poor outcomes than FLACS 
treated eyes.

Drift in Spherical Equivalent Refraction 
from Early-to-Late Postoperative Period
Comparison of outcome classifications within the two 
treatment groups reveals some shift in outcomes 
between early and late postoperative periods (Tables 2 
and 3). However, these rates cannot be directly com-
pared because the two follow-up periods included dif-
ferent subsets of eyes. Therefore, we examined the drift 
in SE from early-to-late period in the 47 FLACS and 76 
conventionally treated eyes who contributed data for 
both follow-up periods. Figure 2 presents SE drift 
from early-to-late follow-up by treatment group. There 
was no statistically significant difference between the 
groups in drift categories (p=0.45, multinomial GEE); 
however, of note, 10 (13%) of eyes receiving conven-
tional treatment experienced a change in SE of 2 or 
more diopters from early to late follow-up compared 
to none of the FLACS treated eyes. These large drifts 
did not always result in a worse outcome. Of these 10 
eyes, 5 of 7 with a Poor early outcome achieved a Fair 
or Good outcome at late follow-up; nevertheless, 3 eyes 
with Good early follow-up outcome had Poor late fol-
low-up outcomes.

Table 3 Eyes with Late Postoperative Follow-Up (3–12 Months)

Femtosecond Conventional Total GEE 
p-value

N Eyes 50 88 138

Preoperative Spherical Equivalent, 
Mean ± SD [range]

N/A N/A N/A N/A

Preoperative logMAR BCVA Mean 
± SD [range]

0.21 ± 0.16 [0, 1.0] 0.40 ± 0.29 [0, 1.6] 0.33 ± 0.27 [0, 1.6] P<0.001

Preoperative Acuity Group, N (%) 0.001
≥ 20/30 31 (63%) 24 (27%) 55 (40%)

20/30 – 60 17 (35%) 44 (50%) 61 (45%)
20/70 – 5/200 1 (2%) 20 (23%) 21 (15%)

Postoperative Spherical Equivalent, target corrected (SETC)

SETC, Mean ± SD [range] −0.10 ± 0.68 [−2.00, 2.25] −0.15 ± 0.94 [−2.13, 2.75] −0.14 ± 0.85 [−2.13, 2.75] 0.47

Absolute value SETC, Mean ± SD 

[range]

0.51 ± 0.46 [0. 2.25] 0.70 ± 0.64 [0, 2.75] 0.63 ± 0.59 [0, 2.75] 0.29

Outcome classification by deviation 

from target refraction, N (%)

0.11

Good (≤0.5D) 34 (68%) 51 (58%) 85 (62%)
Fair (>0.5 to ≤1D) 11 (22%) 15 (17%) 26 (19%)

Poor (>1D) 5 (10%) 22 (25%) 27 (20%)
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Risk Factors for Poor Refractive Outcome
The study population was quite heterogeneous with 
respect to preoperative ocular characteristics, some of 
which differed between the FLACS and conventional 
groups (Table 1). Therefore, we assessed the influence of 

these characteristics on Poor early and late spherical 
equivalent outcomes (Table 4). With the exception of pre-
operative cataract status, none of the putative risk factors 
was statistically significantly related to Poor outcome at 
either early or late follow up. The influence of cataract was 

Figure 1 Spherical equivalent outcome by type of cataract surgery for early follow period (A) and late follow-up period 9 (B).

Figure 2 Spherical Equivalent drift from early-to-late follow-up period by cataract surgery type.
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limited to grades >3 (3 eyes) which had odds of Poor 
refractive outcome 5.7 times greater than those of eyes 
with less severe cataract. None of these patients returned 
for examination in the later follow-up period.

The presence of postoperative corneal edema was 
examined in relation to the refractive outcome categoriza-
tion. There was no statistical significance in the refractive 
outcome distribution when comparing absence versus 

presence of corneal edema in both the early (Table 5, 
p=0.15) and late postoperative periods (Table 6, p=0.27).

The fluctuation in SE from early to late period was 
found to be 0.02 ± 0.59 in the FLACS group versus 
−0.12 ± 1.20 in the conventional group. There was no 
statistical difference between the two groups (P=0.3). 
However, a wider range was observed in the conven-
tional group [−3.50D to +3.25D] compared to the 

Table 4 Preoperative Risk Factors for Poor Outcome (>1D from Target Refraction)

Follow Up Period

Early Late

Number of Eyes 204 138

N (%) of eyes with poor outcome 34 (17%) 27 (20%)

Risk factor Odds ratio (95% CI) * †

Age (10 years older age) 0.97 (0.62, 1.51) P=0.88 0.75 (0.46, 1.22) P=0.24

Best-corrected visual acuity (0.3 worse logMAR acuity 1.17 (0.74, 1.85) P=0.50 1.46 (0.92, 2.31) P=0.11

CCT (if measured, 50um thicker) 1.09 (0.46, 2.59) P=0.84 0.84 (0.32, 2.18) P=0.84

Gender P=0.52 P=0.89

Male 0.76 (0.33, 1.76) 0.94 (0.38, 2.34)
Female Reference Reference

Visual Acuity Group, N (%) P=0.98 P=0.13
≥ 20/30 Reference Reference

20/30 – 60 0.94 (0.44, 2.01) 1.23 (0.43, 3.52)
20/70 – 5/200 1.02 (0.31, 3.33) 3.32 (0.87, 11.3)

Central corneal measured P=0.66 P=0.86
Yes 1.19 (0.55, 2.57) 1.08 (0.46, 2.56)

No Reference Reference

Corneal guttata grade N, (%) P=0.97 P=0.84

0.5–1.0 Reference Reference

1.5−2.0 1.16 (0.43, 3.15) 1.96 (0.44, 8.69)
2.5–3.0 0.95 (0.34, 2.61) 1.25 (0.32, 4.88)

3.5–4.0 0.92 (0.18, 4.78) 1.40 (0.44, 4.46)

Cataract grade N, (%) P<0.001 0.90

0.5–1.0 Reference Reference

1.5−2.0 1.32 (0.29, 6.05) 1.21 (0.25, 5.95)
2.5–3.0 0.89 (0.17, 4.69) 1.44 (0.26, 8.17)

3.5–4.0 5.73 (1.32, 24.9) None present

Target refraction (D) P=0.75 P=0.47

>-0.5 Reference Reference

−0.75, −0.5 0.94 (0.34, 2.60) 0.45 (0.13, 1.60)
≤ −1.0 1.58 (0.46, 5.38) (0.87 (0.17, 4.40)

Notes: *Univariate GEE, not adjusted for type of laser treatment; †Reference = Odds ratio reference category.
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FLACS group [−1.25D to +1.75D] (Table 7). The 
regression coefficient was found to be 0.18 with 
a hyperopic increase in FLACS at the late time-point.

Discussion
Fuchs’ Endothelial Corneal Dystrophy (FECD) is 
a disease known to adversely affect the outcome of pha-
coemulsification surgery due to its direct risks of subse-
quent corneal decompensation, and authors have 
previously described strategic approaches to cataract sur-
gery in this patient population.14–16,19 As modern phacoe-
mulsification has become more advanced, studies have 
demonstrated that phacoemulsification can be safely done 
in FECD.14–16

Refractive outcomes of FECD patients undergoing 
phacoemulsification remain sparsely documented, how-
ever. Fritz et al have shown via Scheimpflug image studies 
that the curvature of the cornea affects the refractive out-
come in their study, due to the oblate posterior profile of 
FECD corneas.3 Others have proposed that in FECD 

corneas, the presence of stromal edema affects the refrac-
tive state.20,21

In the past few decades, there have been advancements 
in phacoemulsification equipment and in surgical techni-
que, and improved accuracy of biometric measurements 
and of intraocular lens (IOL) power formulas.22,23 Patient 
expectations have also risen with cataract surgery, and thus 
the demand for a desirable refractive outcome makes up 
a large part of patient expectations.23–25

Femtosecond Laser Cataract Surgery
FLACS is one of the newest technological advancements 
in modern-day phacoemulsification surgery. The clinical 
advantages of FLACS over conventional phacoemulsifica-
tion are continually being investigated and debated, 
although for many parameters, the technique seems to 
yield similar refractive and safety outcomes relative to 
conventional phacoemulsification.6,26–29 In studies com-
paring refractive outcomes, FLACS was shown to offer 
a more favorable outcome; this has been attributed to 
intraocular lens stability, and more predictable effective 
lens position (ELP) and capsulorrhexis size.30,31

The study of FLACS outcomes in FECD patients has 
garnered increasing attention in the last few years, as this 
group of patients are particularly vulnerable to corneal 
decompensation with cataract surgery.14 Previous studies 
show mixed results in terms of clinically significant advan-
tage in FECD when comparing rates of corneal edema and 
rates of corneal decompensation.32–35

FECD Cornea and Refractive Challenges
In FECD patients undergoing cataract surgery, there is the 
additional challenge of predicting the refractive outcome 
in these eyes. In particular, a hyperopic trend has been 
described, and this is thought to be due to the posterior 
corneal curvature changes from edema,3,20 as well as the 
large change in refractive index at the anterior corneal 
surface.36

As cataract surgery has evolved, so have patient expecta-
tions. Most patients desire a reasonably low residual 

Table 5 Refractive Outcomes and Postoperative Edema, Early 
Postoperative Period

Refractive 
Outcome

Absence of 
Postoperative 
Edema

Presence of 
Postoperative Edema

Good 61 (66%) 23 (51%)
Fair 14 (15%) 10 (22%)

Poor 18 (19%) 12 (27%)

Table 6 Refractive Outcomes and Postoperative Edema, Late 
Postoperative Period

Refractive 
Outcome

Absence of 
Postoperative 
Edema

Presence of 
Postoperative Edema

Good 72 (63%) 12 (52%)

Fair 20 (17%) 4 (17%)

Poor 23 (20%) 7 (30%)

Table 7 Spherical Equivalence Change from Early to Late Period

Femtosecond Conventional Total GEE 
P-value

N 47 76 123
SE change from early to late Mean 

± SD [range]

0.02 ± 0.59 [−1.25, 1.75] −0.12 ± 1.20 [−3.50, 3.25] −0.06 ± 1.01 [−3.50, 3.25] 0.30
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refractive error after cataract surgery. Based on the severity 
of the Fuchs’ Dystrophy, an appropriate refractive target is 
determined by the surgeon; in particular, with more severe 
disease, mild residual myopia is targeted with the expecta-
tion that the patient may eventually undergo endothelial 
keratoplasty with an anticipated hyperopic shift.34,37,38

When comparing the fluctuation of SE from the early 
to late period, there was no statistical difference between 
the two groups (P=0.3). Interestingly, a wider range was 
observed in the conventional group [−3.50 D to +3.25 D] 
compared to the FLACS group [−1.25 D to +1.75 D]. The 
wide fluctuation range from the early to late period in both 
groups is noteworthy—this may be clinically relevant to 
the surgeon during the early postoperative period when 
addressing a patient who is anxious or unhappy about the 
refractive results of cataract surgery. Our study suggests 
that it may be prudent to wait longer in order to assess the 
true refractive results in the FECD patient.

Limitations
The retrospective nature of this investigation means there 
is inherent bias. In addition, the procedures were per-
formed by different surgeons with varying phacoemulsifi-
cation techniques. There was also variability amongst 
femtosecond laser platforms and phacoemulsification sys-
tems. In addition, the CCT was not consistently recorded 
for every eye. While the Spherical Equivalent was our 
main refractive outcome measure, we did not include 
astigmatism or astigmatism-correcting treatments because 
the disease progression of FECD is known to create pos-
terior corneal changes and induced astigmatism.39 In addi-
tion, the retrospective nature of the study would mean that 
there would be variances in the surgeons’ individual clin-
ical practice preferences for astigmatism correction. 
Furthermore, in-depth tomographic study of posterior cor-
neal changes as well as astigmatism in these eyes was not 
possible as tomographic imaging was not consistently 
performed. The limitation of examining the presence or 
absence of corneal edema was that we relied on the clin-
ician’s subjective documentation in the charts. Another 
limitation was the lack of IOL formula documentation by 
the surgeons. However, these are factors common to clin-
ical retrospective studies like ours. A controlled prospec-
tive study would be warranted to further study these areas.

Summary
In this study, we sought to investigate the overall refractive 
outcomes in this population. Despite the afore-mentioned 

challenges presented by the FECD corneas, patients with 
mild-to-moderate FECD could still expect favorable 
refractive outcomes (the patients with severe classification 
were omitted per our exclusion criteria as these eyes either 
underwent concurrent keratoplasty or experienced corneal 
decompensation). We did not find statistically significant 
differences in outcome classifications (Tables 2 and 3) 
between the FLACS and conventional groups at either 
early follow-up (p=0.24) or late follow-up (p=0.11). We 
did not find a statistical significance when looking at the 
absence or presence of postoperative corneal edema and 
the effects on refractive outcomes.
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