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Objective: To evaluate the incidence of corneal endothelial failure (CEF) and determine the 
risk factors of developing CEF after phacoemulsification in patients with Fuchs endothelial 
corneal dystrophy (FECD).
Methods: A retrospective chart review of 2873 patients who underwent phacoemulsification 
with intraocular lens (IOL) implantation was conducted at Ramathibodi Hospital, Bangkok, 
Thailand from January 2007 to December 2019. Patient baseline characteristics, underlying 
diseases, levels of nuclear cataract, pre-operative specular microscopic parameters, intrao-
perative information (cumulative dissipated energy [CDE], mode of phacoemulsification, and 
complications), and occurrence of CEF were collected. Data were analyzed using Kaplan– 
Meier (KM) method and Cox proportional hazard model.
Results: Ninety-four patients diagnosed with FECD at follow-up time of more than 6 
months were included for analysis. Mean age was 70.3 ± 7.7 years with female predomi-
nance (81.91%). Median follow-up time was 3.2 years. Nine (9.57%) patients developed 
CEF during follow-up period. The overall incidence rate of CEF after phacoemulsification 
was 26 per 1000 person years (95% confidence interval [CI]; 14 to 49 per 1000 person 
years). Only intraoperative complications showed significant association with CEF at hazard 
ratio (HR) of 6.03 (95% CI 1.50 to 26.50). No significant association was found among age, 
gender, underlying diseases, level of nuclear sclerosis and pre-operative specular microscopic 
parameters.
Conclusion: Intraoperative complications should be considered as an important risk factor 
for developing post-operative CEF in FECD patients. Apart from assessing pre-operative 
parameters, surgeons should also consider the possibility of and try to avoid any intra- 
operative complications, which could potentially result in CEF after phacoemulsification for 
each individual patient.
Keywords: corneal endothelial failure; CEF, phacoemulsification, Fuchs endothelial corneal 
dystrophy; FECD

Introduction
Fuchs endothelial corneal dystrophy (FECD) is one of the most common indica-
tions for corneal transplantation worldwide.1–3 The overall prevalence of disease 
ranges from 3.3–9.2% and is more frequent in females and Caucasians.3 FECD is 
characterized by progressive central guttae and corneal stromal edema as a result of 
corneal endothelial failure (CEF).3 Interaction between complex genetic 
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susceptibility and environmental factors is considered as 
the main pathogenesis of the disease.4 Typically, FECD 
patients become symptomatic around the age of 50 and 
progressively worsens over time.

Cataracts are a common consequence of aging. 
Significant visual disturbance is the indication for per-
forming cataract surgery. However, corneal endothelial 
cells can be injured after cataract extraction with phacoe-
mulsification due to long phacoemulsification time, hard 
nucleus, posterior capsular rupture.5–7 Therefore, there are 
additional concerns of accelerated endothelial cells loss 
due to cataract surgery in patients with FECD.8–10 The 
American Academy of Ophthalmology (AAO) Preferred 
Practice Pattern recommendation suggests that there is an 
increased likelihood of corneal failure following cataract 
surgery in patients with central corneal pachymetry greater 
than 640 microns.11 Recently, a large cohort conducted in 
Sweden showed that the incidence rate of corneal trans-
plantation after phacoemulsification was as high as 68.2 
times for patients with corneal guttata compared to those 
without (1.4 per 10,000 person years).12 Studies from 
Arnalich-Montiel et al13 and Patel et al14 identified pre-
operative corneal tomographic features from Pentacam 
(Oculus, Wetzlar, Germany) as predicting factors for dis-
ease progression following cataract surgery in FECD 
patients. However, the authors did not assess intraopera-
tive variables that could also affect the risk.

This study aimed to evaluate the incidence rate of CEF 
after phacoemulsification and to identify risk factors asso-
ciated with CEF in patients with FECD, considering both 
preoperative and intraoperative information.

Methods
A retrospective chart review of patients who underwent 
cataract surgery at the Cornea and Refractive Surgery 
Unit, Ramathibodi Hospital, Bangkok, Thailand during 
January, 2007 to December, 2019. This study was 
approved by the Ethics Committee of Ramathibodi 
Hospital (no. MURA2019/1007) and complied to the 
tenets of the Declaration of Helsinki. Patient consent to 
review their medical records was not required by the 
Ethics Committee of Ramathibodi Hospital for analysis 
and publication of the retrospectively obtained and anon-
ymized data for this study.

A total of 2873 patients who underwent phacoemulsi-
fication with intraocular lens (IOL) implantation by 3 
cornea specialists (VC, KL and PJ) were reviewed. Of 
these patients, 176 (6.12%) were diagnosed with FECD. 

The diagnosis of FECD was based on the presence of 
guttae and disease severity was graded according to the 
following guidelines: grade 1: non-confluent guttae; grade 
2: presence of any area of confluent guttae, but without 
clinical edema; grade 3: confluent guttae with clinical 
edema; grade 4: edema associated with whitening or 
haze.15 Patients with corneal pathology except FECD, 
previous corneal or intraocular surgery except phacoemul-
sification with endocapsular IOL implantation, and short 
follow-up time post-phacoemulsification of less than 6 
months and did not develop CEF were excluded. If both 
eyes were eligible, only the eye with the longer follow-up 
time was included.

Patient baseline characteristics at preoperative period 
including age, gender, side, underlying disease (systemic 
diseases, i.e., diabetes, hypertension and ocular disease, e. 
g., glaucoma, age-related macular degeneration), previous 
ocular surgeries, ocular examination (i.e., best corrected 
visual acuity [BCVA], nuclear cataract grading and sever-
ity of FECD), and specular microscopic parameters (i.e., 
cell density [CD], mean cell area [MCA], coefficient of 
variation of cell area [CV], percentage of cell hexagonality 
[HEX], and central corneal thickness [CCT]) measured by 
Tomey EM-3000 (Tomey, Nagoya, Japan) were collected. 
Nuclear cataract was graded using the WHO simplified 
cataract grading system.16 Intraoperative information com-
prising of mode of phacoemulsification, cumulative dissi-
pated energy (CDE), and intraoperative complication were 
obtained. CDE in conventional and torsional modes were 
calculated as follows; CDE in conventional mode = aver-
age ultrasound (U/S) power × U/S time; CDE in torsional 
mode = torsional amplitude × torsional time × 0.4. 
Postoperative information (i.e., BVCA and specular 
microscopic parameters) at every follow-up visit was 
recorded until their last visit or until the presence of 
CEF. CEF was defined if a patient developed 
a symptomatic decrease in BCVA secondary to clinically 
significant corneal edema.

Surgical technique: All patients received standard tech-
nique for phacoemulsification under peribulbar anesthesia 
with the Infiniti/Centurion Cataract Surgery System 
(Alcon Laboratories, Fort Worth, Texas, USA). The main 
corneal incisions were created using a 3 mm keratome at 
temporal side. A 1.2 mm incision was done using 
a microblade for the side port. Then, the anterior chamber 
was filled with Viscoat (3% sodium hyaluronate, 4% chon-
droitin sulfate, Alcon Laboratories) and continuous curvi-
linear capsulorhexis (CCC) was performed with 
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a capsulorhexis forceps. Lens segmentation was performed 
using a stop and chop approach, followed by lens cortex 
removal. Finally, IOLs were implanted in the capsular bag. 
At postoperative period, prednisolone acetate 1% (8 times 
a day) and topical antibiotics (4 times a day) were pre-
scribed during the first week and tapered off over the next 
3 weeks. Hypertonic saline (3% sodium chloride) 4 times 
a day was added in individuals with postoperative corneal 
edema.

Statistical analyses were performed using STATA 
Software version 16.0 (Stata Corp, College Station, TX, 
USA). Quantitative data were described in mean (standard 
deviation; SD) or median (interquartile range; IQR). 
A Kaplan–Meier (KM) survival analysis was conducted 
to demonstrate the survival of corneal endothelium over-
time and estimate survival probability for each time inter-
val. To identify risk factors associated with CEF, Cox 
proportional hazards regression was applied for all preo-
perative/intraoperative variables. HR and 95% CI of each 
factor was estimated. All analyses were two-tailed with 
a type I error level at 0.05.

Results
Of the 176 patients with FECD who underwent phacoe-
mulsification in our center, 94 patients (94 eyes) were 
eligible and included into the analysis. Nine patients 
were excluded due to short follow-up time of less than 
6 months. Their baseline characteristics and clinical 
information were provided in the Supplementary File. 
Most patients were female (77 patients, 81.91%) with 
the mean age of 70.3 ± 7.7 years. All baseline character-
istics, preoperative ocular examination, severity of dis-
ease and specular microscopy, and intraoperative 
information are presented in Table 1. Median follow-up 
time after phacoemulsification was 3.2 (IQR 1.6–5.9) 
years. Nine patients (9.57%) experienced the outcome 
of CEF. From a total time at risk of 356.2 years, the 
overall incidence rate of CEF among patients with FECD 
after phacoemulsification was 26 per 1000 person years 
(95% CI; 14 to 49 per 1000 person years). Median 
survival time was estimated at over 12.5 years. KM 
curve with numbers of patients at risk and CEF events 
at each time point is shown in Figure 1.

From Cox proportional hazard regression, we did not 
observe a significant association between preoperative 
variables (i.e., gender, age, underlying disease, severity 
of disease, specular microscopic parameters, and nuclear 
sclerosis grading) and the presence of CEF. There was 

a trend of increased risk for CEF in patients with male 
gender, aged over 70 years, higher disease severity, higher 
nuclear sclerosis level, and poor pre-operative specular 
parameters (i.e., ECD < 1500 cells/mm2, MCA > 500 
μm2, HEX < 20%, and CV > 50%), but not statistically 
significant. Among 3 intraoperative factors, only intrao-
perative complication showed significant association with 
CEF at HR of 6.03 (95% CI 1.50 to 26.50, p = 0.012) 
shown in Table 2. Seven eyes experienced intraoperative 
complications including Descemet’s membrane detach-
ment (DMD; 4 eyes, 4.25%), intraoperative corneal 

Table 1 Patient Characteristics and Intraoperative Information 
(N = 94)

Characteristics and Intraoperative 
Information

N (%)

Gender

Male 17 (18.09%)

Female 77 (81.91%)

Age, mean (years) 70.30 (SD 7.70)

≤ 70 years 47 (50%)

> 70 years 47 (50%)

Glaucoma 14 (14.89%)

Diabetes 21 (22.34%)

BCVA (LogMAR), median 0.40 (IQR 0.30, 0.52)

Severity of disease

Grade 1 32 (34.04%)

Grade 2 62 (65.96%)

Specular microscopy

Cell count (cells), median 71 (IQR 27, 129)

Central corneal thickness (CCT, µm), mean 532 (SD 43)

Endothelial cell density (ECD, cells/mm2), mean 2221 (SD 514)

Mean cell area (MCA, µm2), median 444 (IQR 384, 538)

Hexagonal endothelial cell ratio (%), median 24 (IQR 7, 34)

Coefficient of value (CV), mean 48.77 (SD 13.46)

Nuclear sclerosis level

Level 1–2 71 (75.53%)

Level 3–4 23 (24.47%)

Cumulative dissipated energy (CDE), median 15.40 (IQR 8.64, 26.18)

CDE ≤ 25 63 (74.12%)

CDE > 25 22 (25.88%)

Mode of phacoemulsification

Conventional mode 66 (70.21%)

Torsional mode 28 (29.79%)

Intra-operative complications 7 (7.45%)

Descemet detachment 4 (4.25%)

Corneal edema 2 (2.13%)

Iris incarceration 1 (1.06%)

Abbreviations: IQR, interquartile range; SD, standard deviation.
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edema (2 eyes, 2.13%) and iris incarceration (1 eye, 
1.06%). Interestingly, none of the patients who underwent 
phacoemulsification with torsional mode developed CEF. 
As only one factor was found significant from univariate 
analysis, multivariate analysis was not performed.

Discussion
FECD is not uncommonly found in patients who undergo 
cataract surgery. This current study showed that approxi-
mately 6.12% of phacoemulsification in our center was 
performed in FECD patients. This prevalence is in range 
with the global prevalence (3.3% to 9.2%). Previously, 
cataract surgery was considered as one important risk 
factors for performing earlier penetrating keratoplasty in 
patients with FECD.17 Kim et al demonstrated that the 
annual endothelial cell loss after undergoing phacoemulsi-
fication in Asian eyes with FECD was 20.39% per year 
compared to 0.82% per year in patients with no surgery.9 

However, the authors did not observe exponential changes 
after cataract surgery and preferred the cataract surgery 
approach rather than “wait-and-do” simultaneous penetrat-
ing keratoplasty and cataract surgery.9

Given the improvement in modern phacoemulsification 
techniques from the AAO guideline18 and based on the 
results from Seitzman et al, the authors recommend that all 
eyes with CCT ≤ 640 microns can proceed with cataract 

surgery alone.19 It should be noted that pachymetry values 
can vary with gender and age, and differ between ethnic 
groups as well as measurement techniques.20,21 Therefore, 
to apply this extended criteria in different clinical settings 
should be considered with caution. Although, all patients 
in our cohort had pre-operative CCT values that complied 
with the guideline, we found that 9 (9.57%) patients even-
tually developed CEF within the 10 years of follow-up 
period, corresponding to the incidence rate of 26 per 
1000 person years. A registry-based cohort study in the 
Swedish between 2010 to 2012 found that the overall 
incidence rate of corneal transplantation after phacoemul-
sification among patients with guttata was 9 per 1000 per-
son years.12 The incidence rate of CEF in our study is 
approximately 3 times compared to Swedish registry. 
Different ethnicities, patient characteristics, time frames 
and outcome definitions (CEF vs. corneal transplantation) 
could possibly explain the dissimilar results.

Our study pointed out the importance of intraoperative 
complication, which was significantly associated with the 
development of CEF in patients with FECD. We also 
considered all available pre-operative factors including 
gender, age, underlying disease of diabetes and glaucoma, 
specular microscopic parameters, and level of nuclear 
sclerosis, and phacoemulsification parameters (i.e., CDE 
and mode of phacoemulsification). However, these 

Figure 1 KM survival curve for corneal endothelial survival in patients with FECD after phacoemulsification.
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Table 2 Factors Associated with Endothelial Failure After Cataract Surgery in Patients with FECD

Factors Numbers at Risk Endothelial Failure (%) Univariate Analysis

HR (95% CI) P-value

Gender

Male 17 3 (17.65%) 2.27 (0.66–11.66) 0.162
Female 77 6 (7.79%)

Age

> 70 years 47 5 (10.64%) 1.79 (0.43–7.51) 0.424
≤ 70 years 47 4 (8.51%)

Glaucoma

Yes 14 1 (7.14%) 0.47 (0.05–4.03) 0.445
No 80 8 (10.00%)

Diabetes

Yes 21 2 (9.52%) 0.95 (0.18–4.93) 0.956
No 73 7 (9.59%)

Severity of disease

Grade 2 62 8 (12.9%) 4.11 (0.51–33.04) 0.183
Grade 1 32 1 (3.13%)

Central corneal thickness (CCT)

> 550 23 2 (8.70%) 0.92 (0.15–5.61) 0.931
≤ 550 46 3 (6.52%)

Endothelial cell density (ECD)
< 1500 5 2 (40.0%) 4.03 (0.73–22.13) 0.109
≥ 1500 69 5 (7.25%)

Mean cell area (MCA)

> 500 26 5 (19.23%) 2.98 (0.54–16.30) 0.209
≤ 500 47 2 (4.26%)

Hexagonality (HEX) (%)
< 20% 29 4 (13.79%) 1.60 (0.35–7.33) 0.546
≥ 20% 44 3 (6.82%)

Coefficient of value (CV)

> 50% 27 5 (10.87%) 2.29 (0.41–12.89) 0.344
≤ 50% 46 2 (7.41%)

Nuclear sclerosis level
Level 3–4 23 3 (13.04%) 1.65 (0.40–6.86) 0.490
Level 1–2 71 6 (8.45%)

Cumulative dissipated energy (CDE)

> 20 29 3 (10.34%) 1.02 (0.25–4.15) 0.976
≤ 20 56 6 (10.71%)

Mode of phacoemulsification
Torsional mode 28 0 (0%) NA NA
Conventional mode 57 9 (13.64%)

Intra-operative complications

Yes 7 3 (42.86%) 6.03 (1.50–26.50) 0.012*
No 87 6 (6.90%)

Notes: *Statistical significance at P-value < 0.05. The adjusted HR by gender and endothelial cell density was 5.09 (95% CI 1.20, 21.59) with an adjusted P-value of 0.027. 
Abbreviations: CI, confidence interval; HR, hazard ratio.
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parameters did not show a significant association with 
CEF. The recent evidence has revealed that backscatter 
of the cornea at basal epithelial cell layer measured by 
in vivo confocal microscopy (IVCM)22 and anterior layer 
cornea measured by Pentacam are good predictors for 
indicating patients who are at risk for corneal 
transplantation.13,14 It should be noted that intraoperative 
variables that could affect the risk of proceeding to corneal 
transplantation was not considered in those studies. 
Additionally, IVCM and corneal topography might not 
always be available in general cataract centers, resulting 
in a limitation of their application in clinical practice.

In terms of intraoperative factors, we observed that none 
of the patients using torsional mode experienced CEF. 
A torsional emulsification mode of phacoemulsification pro-
duces rotary oscillations, contrary to the forward-backward 
movement of the tip in conventional longitudinal 
phacoemulsification,23 which might reduce the amount of 
energy during phacoemulsification and cause less trauma to 
the corneal endothelium.24 CDE of higher than 20 slightly 
increased the risk of CEF, however, there was no statistical 
significance. We found that patients with intra-operative 
complications including DMD, iris incarceration and intrao-
perative corneal edema were about 6 times more likely to 
develop CEF compared to those without intraoperative com-
plications. DMD is a potential vision-threatening complica-
tion after cataract surgery, especially in patients with pre- 
existing endothelial abnormalities.25 Various mechanical 
injuries have been considered in the pathogenesis of DMD 
consisting of blunt microkeratome, inappropriate corneal 
incision, inadvertent trauma during viscoelastic/saline injec-
tion and IOL insertion.26 Similarly, iris incarceration also 
requires repeated manipulation at the main corneal incision 
due to inserting the instrument in and out of the anterior 
chamber, which might also result in escalated endothelial 
cell damage. Intra-operative corneal edema might possibly 
indicate very poor pumping function of corneal endothelial 
cells and reflect the higher risk of developing CEF in the 
future.

This study has some limitations due to the nature of its 
retrospective design. Corneal backscatter data from 
Pentacam or confocal scanning were not available for 
analysis. All surgeries in this cohort were operated on by 
3 experienced cornea specialists in a university hospital 
setting. This might positively bias and limit the general-
izability of the post-operative outcomes of this cohort. 
Although the information of previous ocular surgeries 
affecting corneal endothelial cell loss (i.e., laser peripheral 

iridotomy and glaucoma surgery) were collected, we were 
not able to include the factor of previous ocular surgeries 
into the model due to a very low prevalence of previous 
ocular surgeries and no interesting outcome developed. 
Further study with a larger sample size is required to 
establish this association.

In conclusion, we demonstrated that FECD was not 
uncommon in Thai patients with cataracts. Performing 
phacoemulsification alone according to recommendations 
from the AAO to consider CCT at 640 microns, could be 
applied in Thai patients with FECD. However, the surgeon 
should avoid intraoperative complications to reduce risk 
for developing CEF. Apart from assessing pre-operative 
parameters, surgeons should also consider the possibility 
of and try to avoid any intra-operative complications, 
which potentially results in CEF after phacoemulsification 
for each individual patient. Comprehensive patient coun-
selling prior to performing phacoemulsification alone is 
mandatory for patients with FECD.
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