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Purpose: To review the patient and clinical characteristics of patients with Fuchs endothelial 

corneal dystrophy (FECD). 

Methods: Review of records for every patient who presented to the Bascom Palmer Eye Institute 

between 2003 and 2009 whose visit was coded for endothelial corneal dystrophy (International 

Classification of Diseases, Ninth Revision [ICD9] 371.57), bullous keratopathy (ICD9 371.23), 

or who underwent a corneal surgery with or without cataract extraction. Demographic, clinical, 

and ancillary testing data were collected from the time of presentation, diagnosis, and follow-up, 

and the use, timing, and type of surgical interventions was documented, with 6-month and final 

visual acuities recorded. 

Results: A total of 2,370 charts were included in this study, of which 966 patients had a diag-

nosis of FECD. Of these, 197 patients (21%) received a corneal transplantation procedure. The 

surgery most often performed was penetrating keratoplasty with or without cataract extraction 

(66%), followed by endothelial keratoplasty with or without cataract extraction (34%). The risk 

factors for surgery include worse visual acuity at presentation (20/60 Snellen visual acuity in 

surgical patients versus 20/40 Snellen visual acuity in nonsurgical patients, P0.001), greater 

average central corneal thickness (635 µm versus 592 µm, P0.001), loss of visual acuity over 

time (two lines lost versus zero lines lost, P0.001), increasing age (P0.001), and male sex 

(P=0.008). Over half of patients (52%) did not receive surgery despite poor vision. 

Conclusion: During this time period, FECD did not have a consistent pattern for management 

or treatment, and despite advances in surgical techniques, most patients were still managed 

without surgery. 

Keywords: Fuchs corneal dystrophy, bullous keratopathy, penetrating keratoplasty, endothelial 

keratoplasty

Introduction
Fuchs endothelial corneal dystrophy (FECD) is a degenerative disorder of the cornea 

characterized by the accumulation of guttae on the inner layer of the cornea, thicken-

ing of Descemet membrane, and loss of endothelial cells.1–3 Over time, as the cell loss 

increases, the remaining endothelium is unable to sufficiently deturgesce the corneal 

stroma, leading to fluid accumulation, clouding of the central cornea, decreased visual 

acuity, and bullae, which can be painful.4

Less-severe disease often can be managed conservatively, either with observation or 

with topical hypertonic saline to dehydrate microcystic epithelial edema externally. For 

more advanced disease, surgeons treat FECD with corneal transplantation, either full-

thickness penetrating keratoplasty (PK), or, more recently, Descemet-stripping automated 

endothelial keratoplasty (DSAEK) and Descemet membrane endothelial keratoplasty.5–7

This study reviews the patient and clinical characteristics of patients with FECD 

at the Bascom Palmer Eye Institute (BPEI) between 2003 and 2009. This manuscript 

Correspondence: Roger A Goldberg
Tufts-New England Eye Center, 
800 Washington St, Box 450, Boston, 
MA 02111, USA
Tel +1 617 636 4600
Fax +1 617 636 4867
Email rgoldberg.eyemd@gmail.com 

Jeffrey L Goldberg
Shiley Eye Center,  
University of California San Diego, 
9415 Campus Point Dr, La Jolla, 
San Diego, CA, USA
Email jlgoldberg@mail.ucsd.edu 

Journal name: Clinical Ophthalmology
Journal Designation: Original Research
Year: 2014
Volume: 8
Running head verso: Goldberg et al
Running head recto: Fuchs endothelial corneal dystrophy
DOI: http://dx.doi.org/10.2147/OPTH.S68217

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OPTH.S68217
mailto:rgoldberg.eyemd@gmail.com
mailto:jlgoldberg@mail.ucsd.edu


Clinical Ophthalmology 2014:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1762

Goldberg et al

represents a large-scale review of patients with FECD at an 

academic referral center, and offers an opportunity to update 

the patient features and clinical management patterns.

Methods
After approval for this study was given by the Institutional 

Review Board of the University of Miami Miller School of 

Medicine, the charts of every patient who presented to the 

BPEI between 2003 and 2009 with a diagnosis of endothelial 

corneal dystrophy (International Classification of Diseases, 

Ninth Revision [ICD9] code 371.57) or bullous keratopathy 

(ICD9 code 371.23), or who underwent a PK, DSAEK, PK 

combined with cataract extraction and lens implantation, or 

DSAEK combined with cataract extraction and lens implanta-

tion, were reviewed retrospectively. 

After individually reviewing each chart, only patients 

with a diagnosis of FECD were included in this analysis. 

Patients who had FECD diagnosed in a pseudophakic eye 

simultaneously with a phakic eye were classified as FECD 

patients for the purposes of analysis, though the underlying 

mechanism of corneal edema in the pseudophakic eye could 

not be determined with certainty. 

The data collected included: the age and sex of the 

patient; the date of first presentation to BPEI with the visual 

acuity and best-corrected visual acuity when available; the 

diagnosis; the presence and grading of endothelial guttae as 

documented in the chart and not based on any standardized 

grading system; the presence of an intraocular lens; and the 

pachymetry if performed. Specular microscopy was per-

formed on a small subset of patients and was not analyzed 

in this review. Subsequent visits were recorded prior to any 

intraocular surgery, with the above clinical features recorded 

if performed. The type and date of surgery performed 

were recorded, as well as the postoperative visual acuity at 

6 months. The final visual acuity was also recorded for the 

last visit at BPEI during the study period. 

Statistical analyses were performed using SPSS 17.0 (SPSS 

Inc., Chicago, IL, USA). Proportions were compared with the 

Fisher’s exact test, means were compared with the two-sample 

two-tailed t-test, and visual acuities were compared with 

the Mann–Whitney test. Time to surgery analyses included 

Kaplan–Meier and Cox proportional hazards regression.

Results 
Of the 2,370 reviewed charts, 966 patients had a diagnosis 

of FECD, including 21 patients who had a corneal transplant 

prior to presentation at BPEI. See Table 1 for a summary of 

the baseline characteristics of patients with FECD. Nearly all 

patients (957; 99%) had bilateral disease, of which 953 (99%) 

were diagnosed bilaterally on the same visit. The patients in 

this review first presented to BPEI between May 1981 and 

February 2009 (though all were seen at some point between  

2003 and 2009, as stated above), and had a median follow-up 

of 2.1 years (range: 0–25 years). 

Clinical characteristics of FECD patients
The median visual acuity at the time of diagnosis was 20/30 

with a range of 20/15 to hand motion (HM) in both right 

and left eyes. 

Corneal thickness was measured in one or both eyes at 

the time of diagnosis in 222 (23%) patients. The right eye 

pachymetry mean (standard deviation [SD] [range]) was 

603.2 (59.7 [388–860]) µm, and the left eye mean was 596.5 

(57.9 [471–883]) µm. Postdiagnosis measurements were 

made in one or both eyes in 209 (21.6%) patients, and showed 

a mean central corneal thicknesses in the right and left eye 

of 603.2 (75.6 [191–843]) and 602.5 (67.0 [217–797]) µm, 

respectively. Only 46 (5%) patients had pachymetry mea-

sured both at and after diagnosis. The average grading of 

guttae is presented in Table 2. Specular microscopy was 

performed on 137 patients (14%) at some point during their 

management at BPEI. 

Of the 958 patients with bilateral FECD, 139 patients 

(15%) had FECD diagnosed in a pseudophakic eye simul-

taneously with a phakic eye. Among 1,780 phakic eyes 

diagnosed with FECD, 640 (36%) underwent a subsequent 

cataract extraction. The median preoperative Snellen visual 

Table 1 Characteristics of patients with Fuchs endothelial 
corneal dystrophy at BPEI, 2003–2009

Number of patients 966
Age at diagnosis, average (SD) 66.6 years (12)
Median follow-up, years 2.1
  Number (percent)
Women 692 (74%)
Men 274 (26%)
Diabetes 109 (12%)
Hypertension 435 (45%)
Pseudophakic in one eye 139 (15%)

Abbreviations: BPEI, Bascom Palmer Eye Institute; SD, standard deviation.

Table 2 Guttae grading at the time of presentation

Number (percent)

“0” or “1+” 72 (7.5%)

“2+” or “3+” 545 (56.4%)

“4+” 320 (33.1%)
Not recorded 29 (3.0%)
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acuity among these eyes was 20/60, which improved to 20/30 

during the 1st year after cataract surgery (median [range] 

follow-up =7 months [3–12 months]). Of the 214 first eyes 

that progressed to corneal surgery, 192 also had a cataract 

extraction: 70 eyes (40%) prior to PK or DSAEK, 92 (52%) 

in conjunction with a PK or DSAEK (a “triple” procedure), 

and 14 (8%) after a PK or DSAEK. 

Corneal surgery: risk factors and results
Among the 945 patients who had no history of PK or DSAEK 

prior to their initial presentation, 748 (79%) did not undergo 

corneal surgery while under management at BPEI. The 

remaining 197 patients did receive a corneal transplantation 

procedure: 96 (49%) underwent a PK, 35 (18%) underwent 

a PK/triple procedure, 35 (18%) underwent a DSAEK, and 

31 (16%) underwent a DSAEK/triple procedure. The aver-

age time from presentation to surgery was 31 months (range: 

1 month to 14.5 years, standard deviation: 41 months), 

though 74 patients (38%) had only the presenting visit prior 

to surgery. See Figure 1 for the cumulative risk for corneal 

surgery over time. 

The median visual acuity at presentation for the patients 

who ultimately underwent surgery was 20/60, compared to 

a median visual acuity of 20/40 at presentation in the worse 

eye of patients who did not receive surgery (P-value 0.001, 

Mann–Whitney test). The 74 patients who had only a single 

presurgery visit had median acuity in the operated eye of 

20/90 compared to a median presenting visual acuity of 20/50 

in the operated eyes of those who underwent surgery later.

The median visual acuity at the time of surgery was 20/80 

(range 20/20 to HM), while the median worst visual acuity 

throughout the follow-up period for the nonsurgical patients 

was 20/50 (range 20/15 to HM, P0.001 by Mann–Whitney 

test). The median number of lines of Snellen visual acuity lost 

for patients between presentation and immediately prior to 

corneal transplantation was one, compared to zero lines lost  

among nonsurgical patients (P0.001, Mann–Whitney test). 

Figure 2 shows the distribution of preoperative visual acuity 

in surgical patients and the worst-recorded visual acuity at 

any time point in nonsurgical patients. 

The average (SD) initial corneal thickness was 592  

(48.0) µm for the nonsurgical patients versus 634.5 (68.3) µm 

for the patients who ultimately underwent corneal transplanta-

tion surgery (P0.001, two-sample t-test). Of patients who 

ultimately underwent surgery, 85% (n=185) had guttae graded 

3+ or 4+ at diagnosis in at least one eye compared to 63% 

(n=454) of patients who did not proceed to corneal transplan-

tation surgery during the study period (P0.001, chi-squared 

test). See Table 3 for a comparison of baseline characteristics 

between surgical and nonsurgical patients with FECD.

Among surgical patients, 45 (23%) of the 197 surgical 

cases had equal vision in both eyes at the time of diagnosis. 

Of the 152 patients with unequal visual acuity at diagnosis, 

the worse-seeing eye was operated on first in 87% of cases. 

Of the 26 patients who had surgery first in the better-seeing 

eye, 16 (62%) had only one line of Snellen visual acuity dif-

ference between the two eyes. The risk of corneal surgery 

increased with worse visual acuity at diagnosis (P0.001). 

The relative risk (RR) of surgery for three lines worse acuity 

increased by 1.7 (95% confidence interval [CI]: 1.5–2.0) in 

the best eye and 1.3 (95% CI: 1.26–1.43) in the worst eye. 

By Cox proportional hazards survival regression, other 

risk factors for corneal surgery among FECD patients include 

visual acuity worse than 20/40 (RR: 3.6, 95% CI: 2.5–5.2, 

P0.001), guttae graded 3+ or 4+ at diagnosis (RR: 3.7, 

95% CI: 2.5–5.5, P0.001), increasing age (RR: 1.31 for 

one decade of age, 95% CI: 1.1–1.5, P0.001), and male 

sex (RR: 1.5, 95% CI: 1.1–2.0, P=0.008). Diabetes (RR: 1.2, 

95% CI: 0.8–1.7, P=0.44), hypertension (RR: 1.2, 95% 

CI: 0.9–1.6, P=0.16), and a reported family history (RR: 0.9, 

95% CI: 0.4–2.0, P=0.87) were not found to be significant 

risk factors for corneal surgery. 

In a multiple variable Cox regression model, the risk 

of corneal surgery increased with worse acuity in the 

Months since diagnosis
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Figure 1 Kaplan–Meier cumulative risk of corneal surgery over time among patients 
diagnosed with Fuchs endothelial corneal dystrophy. 
Notes: The Kaplan–Meier cumulative risk for corneal transplant surgery was 15% at 
year 1 from diagnosis (SE: 1%), 26% by year 5 (SE: 2%), and 40% by year 10 (SE: 3%).
Abbreviations: DSAEK, Descemet-stripping automated endothelial keratoplasty; 
PK, penetrating keratoplasty; SE, standard error.
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better-seeing eye at diagnosis (RR: 2.2, 95% CI: 1.2–4.1 

per LogMAR unit), worse acuity in the worse-seeing eye 

at diagnosis (RR: 1.8, 95% CI: 1.3–2.5), acuity of 20/40 

or worse at diagnosis (RR: 2.4, 95% CI: 1.6–3.7), guttae 

graded 3+ or 4+ at diagnosis (RR: 3.4, 95% CI: 2.3–5.1), 

male sex (RR: 1.9, 95% CI: 1.4–2.6), and number of Snel-

len lines lost during follow-up or until time of surgery (RR: 

1.1, 95% CI: 1.04–1.16 per line lost). See Table 4 for a 

summary of the risk factors and RR for corneal surgery 

in FECD. 

Excluding patients who required cataract surgery, the 

visual acuity among corneal surgery patients improved by 

an average of three lines (SD = three) at 6 months after 

surgery. However, 23 (28%) patients were within one 

line of their preoperative visual acuity, and five (6%) had 

visual acuity more than one-line worse at postoperative 

month 6. 

Discussion
FECD is a bilateral corneal endothelial dystrophy whose 

pathogenesis is poorly understood, despite new genetic com-

ponents of the disease that have recently been elucidated.8 

This review corroborates previously published estimates 

demonstrating that FECD is more common in women, though 

why this sex preference exists is not known.4,9 Its appearance 

and clinical characteristics can vary broadly, with a range in 

presenting visual acuities, degree of guttae formation, and 

central corneal thickness.10 

During this time period, most patients with FECD, even 

at a tertiary referral center, were not managed with corneal 

surgery. Only 21% of patients received a PK, DSAEK, or 

combined procedure, and the median time from presentation 

to surgery among these patients was over 2.5 years. Dur-

ing this time, the visual acuity had deteriorated on average 

by one line on a Snellen chart, compared to a median zero 

lines lost among nonsurgical patients. This demonstrates 

that FECD is a slow-progressing disease, and perhaps a 

longer follow-up period would show an increased rate of 

corneal surgery. 

Not surprisingly, worse visual acuity, a thicker central 

cornea, and increasing age were all risk factors for corneal 

surgery. Despite the importance of corneal thickness as a 

risk factor for surgery and as an objective measure of disease 

progression, in this review only 40% of patients received even 

one pachymetry measurement, and only 5% received more 

than one documented pachymetry measurement. This rate 

Table 3 Comparison of surgical (those undergoing PK and DSAEK, with or without cataract surgery) and nonsurgical patients with 
Fuchs endothelial corneal dystrophy

  Surgical Nonsurgical P-value

Number 197 (21%) 748 (79%)  
PK 96 (48.7%)  
PK/CE/IOL 35 (17.8%)    
DSAEK 35 (17.8%)  
DSAEK/CE/IOL 31 (15.7%)    

Median VA, presentation 20/60 20/40 0.001*
Median VA, worst‡ 20/80 20/50 0.001*
Median lines of VA lost 1 0 0.001*
Average (SD) corneal thickness 634.5 (68.3) μm 592 (48.0) μm 0.001**
“3+” or “4+” corneal guttae 185 (85%) 454 (63%) 0.001***

Notes: ‡Recorded VA for surgical patients at the last visit prior to surgery, compared with the worst-recorded visual acuity throughout the follow-up period for the 
nonsurgical patients. *Mann–Whitney test. **Two-sample t-test. ***Chi-squared test.
Abbreviations: CE, cataract extraction; DSAEK, descemet-stripping automated endothelial keratoplasty; IOL, intraocular lens implantation; PK, penetrating keratoplasty; 
SD, standard deviation; VA, Snellen visual acuity.
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Fuchs endothelial corneal dystrophy. 
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period) and surgical (last recorded vision prior to surgery) cohort Snellen visual 
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Abbreviation: VA, Snellen visual acuity.
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may be artificially low as some patients were certainly referred 

specifically for corneal surgery, though with a median time to 

surgery of 2.5 years, the documented rate of pachymetry was 

strikingly low. Specular microscopy was used even less fre-

quently: only 14% of patients received a specular microscopy 

evaluation, despite the fact that this may be the gold-standard 

for diagnosis without histopathological evaluation.11 The use 

of these tools may be even lower in community settings that 

lack readily available instrumentation found at BPEI.

Advancing age and time elapsed from diagnosis were 

both also significant risk factors for corneal surgery in FECD. 

Though the disease is more common in women, male sex 

was a risk factor for corneal surgery (P=0.008), which may 

represent the possibility that men were more likely to present 

or be diagnosed later in the course of their disease. 

It is striking how many patients (79%) did not undergo 

surgical treatment despite significant deterioration in visual 

acuity. As Table 5 illustrates, a large number of patients had 

poor vision, and several-fold more have some deterioration in 

visual acuity, yet did not undergo surgical treatment. Several 

factors may explain this observation. First, surgery, whether 

PK or DSAEK, is still considered a major intervention with 

significant risks, long visual rehabilitations, and variable 

outcomes.12–17 With the advent of DSAEK, and perhaps now 

Descemet membrane-only keratoplasties, surgery is being 

considered earlier in the therapeutic algorithm,18 though still a 

large number of patients remain untreated. At this institution, 

the first DSAEK was performed in 2005, and many surgeons 

were still learning this new technique during the study period, 

which may delayed the decision to operate on nonsurgical 

patients.19 The average gain of visual acuity among surgical 

patients (three lines in this review) is consistent with prior 

reports.7,12,17

Other reasons may delay surgical intervention which 

may not be captured in this review, including other vision-

limiting disease pathology and availability of suitable tissue 

(though this has generally not been a problem in this region 

or at BPEI). Some patients may have received treatment 

after 2009 or at another location, and this information was 

not captured in our review. 

Other limitations with this study include its retrospec-

tive nature. The data and analyses were extracted from 

what was documented in the clinical chart, which was not 

uniform for each patient. For example, clinicians may have 

scored corneal guttae differently in their clinical exam, or 

not documented it at all. Additionally, corneal guttae exist 

in non-Fuchs patients, and while ancillary testing can be 

helpful, the diagnosis of FECD is largely a clinical one;20–22 

this review relied on the documentation and judgment of 

individual clinicians. 

In 15% of cases, the diagnosis of FECD was made in 

a patient who was already pseudophakic in one eye. This 

“retrospective” diagnosis suggests that many patients with 

FECD may go undiagnosed until more symptomatic corneal 

edema and clinically-obvious guttae are present. Alterna-

tively, cataract surgery may exacerbate FECD and make the 

corneal problems more obvious. Not only is this a limitation 

of our review, but it is a limitation with the current clinical 

diagnostic methods used to diagnosis FECD. The lack of 

simple, objective testing may lead to an underestimation of the 

disease prevalence.23,24 and may impact recommendations for 

the timing of cataract surgery in patients with FECD.25–27

Table 4 Risk factors for undergoing corneal surgery among 
patients with Fuchs endothelial corneal dystrophy

RR for  
surgery

95% CI P-value†

Univariable regression

VA 20/40 3.6 2.5–5.2 0.001
Guttae “3+” or “4+” 3.7 2.5–5.5 0.001
Increasing age, per decade 1.31 1.1–1.5 0.001
Male sex 1.5 1.1–2.0 0.008
Diabetes 1.2 0.8–1.7 0.44
Hypertension 1.2 0.9–1.6 0.16
Reported family history 0.9 0.4–2.0 0.87

Multivariable regression
VA by LogMAR unit, better eye* 2.2 1.2–4.1  
VA by LogMAR unit, worse eye** 1.8 1.3–2.5  
VA 20/40 or worse 2.4 1.6–3.7  
Guttae “3+” or “4+” 3.4 2.3–5.1  
VA lines lost 1.1 1.04–1.16  

Male sex 1.9 1.4–2.6  

Notes: †Cox proportion regression. *The relative risk for surgery for each LogMAR 
unit decrease in Snellen visual acuity of the better-seeing eye at the time of diagnosis. 
**The relative risk for surgery for each LogMAR unit decrease in Snellen visual 
acuity of the worse-seeing eye at the time of diagnosis.
Abbreviations: CI, confidence interval; RR, relative risk; VA, Snellen visual acuity.

Table 5 Visual characteristics and change in vision among 
nonsurgical patients

Worst eye acuity range N (%) patients

20/15 to 20/20 171 (23%)
20/30 to 20/40 185 (25%)
20/50 to 20/100 288 (39%)
20/100 to 20/200 43 (6%)

20/200 to  CF 49 (7%)
CF or worse 12 (2%)
2 Snellen lines lost since diagnosis 275 (37%)

Notes: The majority of patients who did not undergo corneal surgery had a worse-
eye Snellen visual acuity worse than 20/40. Over one-third of nonsurgical patients 
lost two or more lines of vision during the study period.
Abbreviation: CF, counting fingers.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Ophthalmology

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/clinical-ophthalmology-journal

Clinical Ophthalmology is an international, peer-reviewed journal 
covering all subspecialties within ophthalmology. Key topics include: 
Optometry; Visual science; Pharmacology and drug therapy in eye 
diseases; Basic Sciences; Primary and Secondary eye care; Patient 
Safety and Quality of Care Improvements. This journal is indexed on 

PubMed Central and CAS, and is the official journal of The Society of 
Clinical Ophthalmology (SCO). The manuscript management system 
is completely online and includes a very quick and fair peer-review 
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Dovepress

Clinical Ophthalmology 2014:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1766

Goldberg et al

The risk factors for surgical intervention in FECD in 

this review included decreased vision, increased age, and 

increased corneal thickness. While in general clinicians 

proceed from observation to the use of hypertonic saline fol-

lowed by surgical intervention, no standardized approach to 

disease monitoring or when to proceed down the therapeutic 

algorithm exists. New interventions such as DSAEK, and 

now Descemet membrane endothelial keratoplasty, have 

expanded the surgical options for the treatment of FECD, 

though large numbers of patients do not progress to the point 

of requiring surgical intervention. 

Disclosure 
RAG has stock in Emmetrope Ophthalmics. JLG is a consul-

tant for Alcon and for Quark, and has stock in Emmetrope 

Ophthalmics. The other authors report no conflicts of interest 
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