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Abstract

Purpose: To evaluate the impact of preoperative corneal thickness
on visual outcomes following Descemet's stripping endothelial
keratoplasty (DSAEK) or Descemet membrane endothelial
keratoplasty (DMEK).

Methods: This retrospective, observational study included
patients aged > 18 years that underwent a posterior lamellar graft
surgery (DSAEK or DMEK) for Fuchs dystrophy, pseudophakic
endothelial decompensation or other endothelial dysfunction from
October 2013 to November 2016. Exclusion criteria were the
technical inability of preoperative CCT measurement, a history of
penetrating keratoplasty in the study eye, the need for a penetrating
keratoplasty following endothelial graft failure, preexisting stromal
scarring before surgery (clinically assessed by the slit-lamp exam)
and severe postoperative complications resulting in unquantifiable
visual acuity. Visual acuity, central corneal thickness (CCT) and
graft thickness were measured preoperatively and at postoperative
day 7 and months 1, 3 and 6.

Results: Forty-seven eyes (40 patients) were included in the
final analysis. No significant association was observed between
preoperative CCT and visual acuity at any postoperative time up to
month 6 (r = 0.01; p = 0.94 at month 6). Preoperative CCT showed
no association with visual acuity gain at any time up to month 6 (r =
-0.02; p = 0.91 at month 6).

Conclusion: Preoperative CCT does not predict the visual results
achievable at 6 months after DSAEK or DMEK.
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Introduction

The recent development of the posterior lamellar graft-based
techniques Descemet’s stripping endothelial keratoplasty (DSAEK)
and Descemet membrane endothelial keratoplasty (DMEK) has
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revolutionized the care of patients with endothelial dysfunction. The
performance of such posterior lamellar grafts has grown in popularity
in the US, increasing from less than 5% of all corneal grafts in 2005 to
more than 50% in 2015 [1-3]. The trend has been similar in Europe.
Posterior lamellar grafts represent a significant advancement because
they eliminate the risk of complications associated with the use of
sutures in penetrating keratoplasty, preserve corneal innervation,
limit ocular surface’s complications, maintain corneal structural
integrity, hasten visual recovery and produce more predictable
outcomes [1,4,5].

Posterior lamellar grafts are indicated in patients with
pseudophakic bullous keratophathy or Fuchs dystrophy who require
additional endothelial support and improved visual outcomes - a stage
at which patients typically report notable visual loss and discomfort,
especially when reading or driving [1].

Predictors of improved visual recovery following endothelial
transplantation have been identified in the literature. They include
preoperative visual acuity [6], young recipient age [7], and lack of
ocular comorbidity, such as retinal pathology and amblyopia [1].
Predictors of poor postoperative visual outcomes are the presence
of preoperative stromal scarring and prolonged preoperative corneal
edema [8]. DSAEK graft thickness has been proposed as a potential
influencer of postoperative outcomes; however, some authors have
reported a beneficial effect of a thinner graft on visual acuity [9-
12], while others have identified no significant relationship between
graft thickness and visual outcomes [13-15]. In contrast to DSAEK,
research suggests that DMEK achieves better visual results and at an
earlier postoperative stage [6].

At present, there is little objective data available for guiding
the treatment decisions that ophthalmic surgeons should make for
patients with endothelial decompensation, including the best time to
offer surgery. While it can be argued that undergoing surgery at an
early disease stage produces better results and better preserves vision,
this needs to be balanced with the risk of exposing a patient who is not
overly troubled by loss of visual acuity to complications, such as graft
detachment, which can lead to graft rejection, infection and a need for
additional surgery.

Given that preoperative central corneal thickness (CCT) is an easy-
to-measure factor that changes with endothelial disease stage, close
assessment of the relationship between preoperative CCT and visual
outcomes in endothelial dysfunction patients treated with DSAEK or
DMEK may reveal vital information on how to best determine patient
need for surgical intervention. Corneal thickness varies between
individuals, following a normal distribution with a large standard
deviation, with an average of 530 + 29 microns in optical pachymetry
and 544 * 34 microns in ultrasonic pachymetry [16,17]. However, its
direct link with corneal edema arising from endothelial dysfunction,
and the ease with which it can be noninvasively measured routinely
before surgery makes it an interesting variable to study.

Few published studies have focused on the efficacy of preoperative
CCT as a marker of disease severity and as a predictor of visual
recovery. This study was, therefore, designed to assess the impact of
preoperative CCT on the final postoperative visual results achieved
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following endothelial transplant via DSAEK or DMEK. As a
preliminary study, any trends identified will require substantiation
via additional prospective studies with more precise measures of
preoperative CCT.

Material and Methods

This retrospective, single-center observational study was
conducted from October 2013 to November 2016. Study approval
was obtained from the local ethics committee and was performed in
keeping with the guidelines of the Declaration of Helsinki. Written
informed consent was obtained from all participants prior to study
commencement.

Inclusion criteria were patients aged 18 or over that underwent
a posterior lamellar graft surgery (DSAEK or DMEK) for Fuchs
dystrophy, pseudophakic bullous decompensation or other
endothelial dysfunction between October 2013 and November
2016. The surgery was performed by the same surgeon. An available
measurement of preoperative CCT with a non-contacting ultrasonic
pachymeter (Tono pachymeter NT-530P, Nidek Co, Gamagori Aichi,
Japan) was needed in the month before surgery.

Exclusion criteria were a history of penetrating keratoplasty
in the indicated eye, the technical inability of preoperative CCT
measurement, the need for a penetrating keratoplasty following
endothelial graft failure, preexisting stromal scarring before surgery
clinically assessed by the slit-lamp exam and severe postoperative
complications resulting in unquantifiable visual acuity (retinal
detachment, central retinal vein occlusion, macular hematoma and
severe age-related macular degeneration [AMD]). We suppose that
the key cause of technical inability of preoperative CCT measurement
was a cornea that was too thick or had irregularities across the corneal
surface, ending in a technical impossibility to measure CCT with our
device.

A register of all patients that underwent DMEK or DSAEK
during the period was available, allowing the selection of patients
matching inclusion and exclusion criteria. All the data were collected
retrospectively in the patients’ medical records.

In all, 47 eyes of 40 patients were involved in the final data analysis
after exclusion of those with the aforementioned exclusion criteria.

The primary objective of this study was to identify if any
relationship between preoperative CCT and postoperative month 6
visual acuity exists in patients who have undergone posterior lamellar
grafting (DSAEK or DMEK). This objective was based on the premise
that a thicker preoperative cornea may lead to poorer postoperative
visual outcomes due to the existence of edema-induced advanced
corneal stroma alterations.

Secondary objectives included: investigation of any relationship
between preoperative CCTs, and preoperative and postoperative
visual acuity at postoperative day 7, and month 1 and 3; assessment
of the relationship between preoperative and postoperative CCT
measured by optical coherence tomography (OCT) at postoperative
day 7 and months 1, 3 and 6.

The following data were collected: patient age and gender, date
of surgery, crystalline lens status (phakic, pseudophakic or aphakic),
eye operated on, preoperative corneal thickness measured using
a non-contacting ultrasonic pachymeter (Tono pachymeter NT-
530P, Nidek Co, Gamagori Aichi, Japan) surgery duration, DSAEK
or DMEK surgery (and if combined with phacoemulsification),
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patient history of previous endothelial grafting on the study eye, time
since last transplant, type of graft (DMEK or DSAEK), reason for
transplant, graft detachment, number of rebubblings, graft rejection,
comorbidities, best corrected visual acuity (BCVA) and postoperative
improvement in visual acuity. Visual acuity, CCT and graft thickness
measurements were taken preoperatively and at postoperative day 7
and months 1, 3 and 6.

Surgical technique

All surgeries were performed by a single surgeon under local or
general anesthesia.

Unprepared grafts required for the procedure were obtained from
the tissue bank of Besancon or Nancy (France). A three-stage wash
using iodized povidone (Betadine 5%, Ocular solution, Meda Pharma,
Paris, France) was performed on the operative site.

DSAEK

The surgery was performed according to the standardized
technique described by Busin et al. [11]. The graft was prepared in
the operating room and positioned on an artificial anterior chamber
(MORIA SA, Anthony, France). The total thickness of the graft was
measured using ultrasonic pachymetry (Handy Pachymeter SP-100
TOMEY Corporation, Nagoya, Japan). Each graft was thinned using
a microkeratome (CBm turbine MORIA SA Anthony, France) to
obtain a posterior endothelial lamellar graft (thickness 100 to 150um)
and trephined to produce a final 8mm diameter section. The patient’s
endothelial Descemet’s membrane (EDM) was then removed under
an air bubble using an inverted hook (Single use PRICE hook #17302,
MORIA SA Anthony, France). While under constant irrigation,
the graft was carefully placed on a Busin spatula (Single-Use Busin
Spatula #17300. MORIA SA Anthony,

France) and introduced into the anterior chamber using the Busin
forceps (Single use Busin forceps 23G #17301, MORIA SA Anthony,
France). It was then positioned centrally on the posterior surface of
the recipient cornea.

DMEK

The graft was trephined to produce a final section (8mm diameter)
using Hanna punch (Moria One® Disposable Corneal Vacuum punch
#17200. MORIA SA Anthony, France). The EDM was manually
stripped from the donor corneal stroma using monofilament tying
forceps (MMSU1210. Malosa Medical®) and the graft was colored
using trypan blue ophthalmic solution (Visionblue®, VBL-10-S-USA,
Dutch Ophtalmic, DORC’, USA). The patient’s EDM was removed
under an air bubble using the same type of inverted hook as used
for DSAEK. The graft was injected into the patient’s eye using a
customised injector (DMEK disposable surgical kit, 50.2200. Dutch
Ophtalmic, DORC®, USA) and the EDM was centrally positioned via
external manipulation.

Phacoemulsification

Some patients underwent phacoemulsification (Stellaris PC,
Bausch and Lomb, Aliso Viejo, CA, USA; incision 2.2mm) with
placement of an intraocular lens (IOL; CT ASPHINA 409m, Carl
Zeiss Meditec, Marly-le-roi, France) in the capsular bag.

End of procedures

After injection of a sterile air bubble into the anterior chamber in
order to fix the endothelial graft (DSAEK or DMEK)), a single corneal
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suture was performed using nylon thread 10/0. All patients received
an anterior chamber injection of 0.ImL cefuroxime (Aprokam
sol inj 10fl/50mg, THEA LAB, Clermont-Ferrand, France) and a
subconjunctival injection of dexamethasone and gentamycin before
applying an antibiotic and corticosteroid ointment (Dexamethasone
and Oxytetracyclin; Sterdex’, THEA LAB, Clermont-Ferrand,
France). Patients were told to adopt a supine position for the first
12 hours after surgery and early postoperative clinical evaluations
were performed on postoperative day 1. Patients also commenced
dexamethasone and neomycine / polymyxin B eyedrops (Maxidrol®,
Alcon) four times daily on postoperative day 1 and twice daily vitamin
ointment was prescribed.

Statistical analysis

Statistical analysis was performed with R statistical software,
version 3.4.0. A p-value of less than 0.05 was defined as statistically
significant. The statistical relationship between preoperative corneal
thickness, pre- and postoperative visual acuity, and postoperative
CCT was analyzed via Spearman’s correlation test. Comparison of
eyes with measurable pachymetry versus those with unmeasurable
pachymetry was performed using the Wilcoxon test for quantitative
variables and the Fisher exact test for qualitative variables.

Results

Forty-seven eyes of 40 patients were involved in the final data
analysis. The clinical characteristics of patients are summarized in
Table 1. The only significant difference between both groups is a
higher number of second grafts in the DSAEK group (36% versus 5%,
p=0.03). DSAEK remains indeed the first choice technique in case
of prior endothelial graft failure, because DSAEK surgical technique
is more reproductible with in most cases a simpler follow-up period
than DMEK.

As shown in Table 2 (including all patients), no significant
association was observed between preoperative CCT and postoperative
month 6 visual acuity (r=0.01; p=0.94). No significant association
was also observed between preoperative CCT and preoperative visual
acuity (r=0.03, p=0.82) or postoperative visual acuity at day 7, and
months 1 and 3, with respective correlation coefficients 0f0.28 (p=0.1),
0.09 (p=0.54) and -0.04 (p=0.81). Preoperative pachymetry did not
influence gains in visual acuity, with coefficients of 0.26 (p=0.14) at
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postoperative day 7, 0.12 (p=0.4) at month 1, -0.02 (p=0.92) at month
3 and -0.02 (p=0.91) at month 6.

There was no noted correlation between preoperative and
postoperative CCT at any postoperative time. Specifically, the
correlation coeflicient was -0.14 (p=0.41) at postoperative day 7, 0.25
(p=0.17) at month 1, 0.17 (p=0.39) at month 3 and 0.03 (p=0.88) at
month 6.

Pre- and postoperative BCVA, BCVA variation and corneal
thickness in both groups are compared in Table 3. Preoperative
BCVA seems to be better in DMEK group (0.7 logMAR = 0.2) than in
DSAEK group (0.9 logMAR + 0.4), but the difference is not significant
(p=0.14). There seems to be a trend with better visual outcomes for
the DMEK group, but the difference is not significant (p>0.05 at any
time). For example at 3 months postoperative, BCVA is 0.3 logMAR
+ 0.3 in the DMEK group versus 0.5 logMAR + 0.3 in the DSAEK
group (p=0.06). The gain of visual acuity is the same in both groups at
any time. For example at 6 months postoperative, delta BCVA is -0.4
logMAR = 0.5 in DMEK group versus -0.4 logMAR =+ 0.3 in DSAEK
group (p=0.92). Mean preoperative CCT is the same in both groups
(625 pm + 56 in DMEK group versus 620 pm + 57 in DSAEK group,
p=0.76).

The analysis was performed separately in the group of patients
that underwent DMEK (Table 4) and in the group of patients
that underwent DSAEK (Table 5). No correlation either between
preoperative pachymetry and the different parameters was observed
at any time. The only significant result concerns the DSAEK group
where a significant correlation between preoperative CCT and BCVA
D7 has been observed (r=0.48, p=0.03). It means that the thicker the
cornea is preoperatively, the lower is the BCVA at postoperative day
7. Anyway, this correlation remains weak (r coefficient between 0.4-
0.6) and is most likely due to chance, according to all our results.
Moreover, this correlation does not persist after postoperative day 7,
which is why it has a weak clinical impact.

Evolution of postoperative graft thickness in DSAEK group is
available in Table 6.

Discussion

This retrospective single-center observational study of 47 eyes of
40 patients undergoing endothelial transplant via DSAEK or DMEK

Table 1: Initial characteristics of patients.

DMEK (n=19)
Side Right 42%
Left 58%
Lens Phakic 26%
Pseudophakic 74%
Mean age £ SD 73.8+9.6
Sex F 58%
M 42%
Combined surgery Uncombined 74%
(graft+phacoemulsification) Combined 26%

Previous endothelial graft No previous graft 95%

Second graft 5%
Comorbidities 9%
Graft detachment 32%

Indication Fuchs: 84%
Pseudophakic decompensation : 11%
Other: 5%

Rejection 0%

Graft Thickness (mean * SD) 178.5 £ 39.5

DSAEK (n=28) p
Right 54% 0.56
Left 46%

Phakic 11% 0.24
Pseudophakic 89%

74.9+93 0.69
F71% 0.37
M 29%

Uncombined 89% 0.24
Combined 11%

No previous graft 64% 0.03
Second graft 36%

14% 0.7
18% 0.31
Fuchs: 82% 0.4
Pseudophakic decompensation : 18%

Other: 0%

4% 0.99
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Table 2: Relationship between preoperative corneal thickness and different
parameters including pre-, postoperative best corrected visual acuity (BCVA),
visual acuity gain and postoperative corneal thickness (all patients).

Mean values * SD N r P

Preoperative BCVA 0.8+0.3 47 0.03 0.82
BCVA D7 1.1+05 35 0.28 0.1

BCVA M1 0.7+05 47 0.09 0.54
BCVA M3 0403 40 -0.04 0.81
BCVA M6 0.3+04 34 0.01 0.94
delta BCVA D7 0.3+0.6 35 0.26 0.14
delta BCVA M1 -0.1+0.5 47 012 0.4

delta BCVA M3 -0.3+0.3 40 -0.02 0.92
delta BCVA M6 -04+04 34 -0.02 0.91
Corneal thickness D7 697 £ 109 36 -0.14 0.41
Corneal thickness M1 573 £ 97 32 0.25 0.17
Corneal thickness M3 546 + 72 27 0.17 0.39
Corneal thickness M6 558 + 87 24 0.03 0.88

Note: BCVA=best corrected visual acuity (logMAR); D7=seven postoperative
days, M1=a postoperative months, M3=3 postoperative months M6=6 months
postoperatively; delta BCVA=visual acuity gain on a logarithmic scale at each
postoperative day compared to the preoperative visual acuity; corneal thickness
measured at the same times with optical coherence tomography (um), N=number
of available data; r=correlation coefficient between the preoperative corneal
thickness and the different parameters.

Table 3: Comparison between DMEK and DSAEK group outcomes concerning
BCVA and corneal thickness.

DMEK (n=19) DSAEK (n=28) p
Preoperative BCVA 0.7+£0.2 09+04 0.14
BCVA D7 1.0+0.5 1.3+0.5 0.08
BCVA M1 05+0.5 0.8+0.5 0.08
BCVA M3 0.3+0.3 05+0.3 0.06
BCVA M6 0.3+0.5 04+0.2 0.66
delta BCVA D7 0.3+0.5 04+07 0.51
delta BCVA M1 -02+04 -0.1+0.6 0.54
delta BCVA M3 -0.4+0.3 -0.3+0.3 0.36
delta BCVA M6 -0.4+0.5 -0.4+£0.3 0.92
Preoperative CCT (um) 625 + 56 620 + 57 0.76
Corneal thickness D7 664 + 110 734 + 98 0.05
Corneal thickness M1 569 + 77 578 £ 116 0.78
Corneal thickness M3 533 + 75 562 + 66 0.31
Corneal thickness M6 525 + 52 588 + 101 0.08

Table 4: Relationship between preoperative corneal thickness and the different
parameters (DMEK only).

Mean values * SD N r P

Preoperative BCVA 0.7+0.2 19 0.25 0.3

BCVA D7 1,0+£0.5 15 0.18 0.52
BCVA M1 05+0.5 19 -0.03 0.9

BCVA M3 0.3+0.3 18 -0.22 0.39
BCVA M6 0.3+0.5 14 -0.19 0.51
delta BCVA D7 0.3+0.5 15 0.06 0.82
delta BCVA M1 -02+04 19 -0.08 0.75
delta BCVA M3 -04+0.3 18 -0.2 0.43
delta BCVA M6 -04+05 14 -0.22 0.44
Corneal thickness D7 664 + 110 19 -0.19 0.44
Corneal thickness M1 569 + 77 16 0.23 0.4

Corneal thickness M3 53375 15 0.13 0.65
Corneal thickness M6 525 + 52 1 -0.03 0.95

revealed no correlation between preoperative pachymetry and
postoperative visual results.
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Table 5: Relationship between preoperative corneal thickness and the different
parameters (DSAEK only).

Mean values * SD N r p

Preoperative BCVA 09+04 28 -0.09 0.64
BCVA D7 1,3+0.5 20 048 0.03
BCVA M1 0.8+0.5 28 0.19 0.33
BCVA M3 05+0.3 22 0.07 0.77
BCVA M6 04+0.2 20 012 0.6

delta BCVA D7 04107 20 042 0.06
delta BCVA M1 -0.1+0.6 28 02 0.3

delta BCVA M3 -0.3+0.3 22 0.06 0.78
delta BCVA M6 -0.4+0.3 20 0.1 0.68
Corneal thickness D7 734 + 98 17 -0.16 0.55
Corneal thickness M1 578 +116 16 0.21 0.44
Corneal thickness M3 562 + 66 12 0.17 0.19
Corneal thickness M6 588 + 101 13 0.1 0.75

Table 6: Evolution of postoperative graft thickness (um) in the DSAEK group
(N=number of available data).

Mean values * SD N
Graft thickness D7 156 + 97 15
Graft thickness M1 101+ 64 14
Graft thickness M3 112 + 66 13
Graft thickness M6 102 + 66 12
BCVA M6 04+0.2 20

This lack of correlation is somewhat surprising because the
presence of prolonged corneal edema can lead to structural alteration
of the anterior cornea, resulting in optical aberrations that limit
visual recovery after surgery [16]. The role of endothelial dysfunction
duration and the resulting chronic edema remains controversial.
Some authors like Yamaguchi et al have reported no correlation
between the length of corneal edema in pseudophakic bullous
keratopathy and postoperative visual results [17]. In contrast, others
have demonstrated a lower rate of postoperative stromal fibrosis in
patients with preoperative edema lasting less than 12 months [18].

Nonetheless, the current study is not alone in its observation of no
correlation at any time between corneal thickness and visual acuity.
Shinton and al’s analysis of 51 eyes undergoing Descemet’s stripping
endothelial keratoplasty (DSAEK) found no clear association
between total corneal thickness and visual acuity following DSAEK
[16]. In Ahmed and al’s study, no correlation between corneal or host
thickness and visual acuity was found at 3, 6 or 12 months, but the
correlation between preoperative corneal thickness and postoperative
visual acuity has not been screened [14]. On the contrary, Pogorelov
et al reported a gradual decrease in CCT and graft thickness, with
significant correlation between CCT and visual acuity at 6 months
postoperatively [10]. Gradual reduction of CCT has been found to
be a determiner of the progressive visual recovery observed up to 5
years after surgery, influencing the postoperative decline in haze and
aberrations that patients can continue to experience for years after
surgery [19-21]. It also appears that improvement in visual acuity seen
1 to 12 months after DSAEK is influenced by other factors that affect
light scattering, but a better understanding of cell and extracellular
matrix changes in the subepithelial region and graft-host interface
is needed to fully identify the factors that limit visual recovery
after endothelial transplant [22]. This indicates that endothelial
keratoplasty performed as a first line approach, even in the presence
of stromal alterations and significant visual loss, can achieve some
degree of visual acuity recovery. Higher powered studies are now
required to confirm this theory.
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In our study, preoperative BCVA seems to be better in DMEK
group (0.7 logMAR = 0.2) than in DSAEK group (0.9 logMAR + 0.4,
p=0.14). This suggests that DMEK will be more often performed than
DSAEK in patients with the best preoperative BCVA in our center,
allowing a potential of better visual outcomes. Indeed, there seems
to be a trend with better visual outcomes for the DMEK group, but
the difference is not significant, probably because of a lack of power
of our study. Better and faster visual outcomes with DMEK have
been described in literature [23-25]. Tourtas reported visual acuity
increasing from 0.70 + 0.48 logMAR t0 0.17 + 0.12 logMAR 6 months
after DMEK and from 0.75 + 0.32 logMAR to 0.36 + 0.15 logMAR 6
months after DSAEK (p<0.001). In our study the postoperative results
are a little bit lower for DMEK, increasing from 0.7 logMAR + 0.2 to
0.3 logMAR =+ 0.5 at 6 months postoperative. They are comparable
for DSAEK (despite the lower preoperative BCVA of our patients),
increasing from 0.9 logMAR + 0.4 to 0.4 logMAR + 0.2 after DSAEK
[19].

Concerning the gain of visual acuity, there is no signifcant
difference between both groups at any time postoperative, suggesting
that patients of both groups are able to improve their visual acuity in
the same proportion, regardless of their preoperative BCVA and of
the endothelial graft technique that is performed (DSAEK or DMEK).

Mean preoperative CCT is the same in both groups (624.5 um +
56 [550-754] in DMEK versus 619.2 um + 57 [529-731] in DSAEK,
p = 0.76). It confirms that preoperative CCT is not correlated with
preoperative visual acuity (which is better in DMEK group), and
that it must not be considered as a valuable parameter to evaluate
the severity of the endothelial dysfunction. We can consider that
preoperative pachymetry has no place in the surgical decision.

We did not especially study the relationship between DSAEK graft
thickness and postoperative BCVA in our group of patients because
its impact on postoperative outcomes still remains unanswered by
suitably powered, prospective trials. Some authors have reported a
beneficial effect of a thinner graft on visual acuity [9-12], while others
have identified no significant relationship between graft thickness
and visual outcomes [13-16]. In a series of 418 eyes, Terry et al found
that preoperative graft thickness may have a small effect on visual
outcome in the extremes of thickness, but not in the common range
0f 100 to 200 pum (in our study the mean graft thickness was 178.5 pum
+ 39.5). Donor thickness has only a tenuous relationship with visual
outcome, accounting for only 5% of the variance in vision between
patients, and should play a minimal role in surgical planning [26].

We do not know if the measurement of preoperative corneal
thickness prior to endothelial transplantation is performed routinely
or not by corneal surgeons, even if this data is often available in the
different studies. In Ahmed et al’s study, the preoperative corneal
thickness was measured with both confocal microscopy and
ultrasonic pachometry, which gave different results (610 + 50 um
with confocal microscopy versus 659 + 50 um, p<0.001) [14]. Li and
al also reported the preoperative pachymetry of their patients in their
prospective study. The authors don’t specify if they systematically
perform a preoperative pachymetry in clinical routine [20]. In some
other studies, we find no mention of preoperative corneal thickness
measurement [9,11,27,28]. Despite the fact that the preoperative
pachymetry is easy and quick to perform, it seems that it is not
performed routinely by every corneal surgeon in his practice.

Existing literature suggests that corneal pathology is preceded
by structural alterations, especially in the anterior portion of the
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cornea. Disorganization of collagen [22], keratocyte degeneration
[29,30], stromal scarring [31], and subepithelial fibrosis [6], have
all been identified as changes seen prior to visual decline in patients
with endothelial dysfunction. Such changes may cause higher order
aberrations, limit visual recovery and produce a visual “haze” that can
persist beyond surgery [27,28,32]. Baratz et al. have reported that in
most cases, this “haze” gradually improves after surgery, especially
in young patients, and is affected by the degree of subepithelial
fibrosis that arises from the graft-host interface [33]. Patel et al. have
also reported that anterior cornea higher order aberrations (HOAs)
are more prevalent among patients with Fuchs dystrophy than in
healthy controls, and remain more prevalent for 2 years after DSAEK
[34]. But this finding is not limited to DSAEK as research has also
shown that anterior and posterior HOAs also persist after DMEK
[35]. Alomar et al. studied the structural changes thought to precede
clinical corneal pathology as well. Their findings suggested a need for
pre- and postoperative corneal assessment when the cornea appears
clinically normal, but histological alterations are suspected [35].

The key limitations of this study are its retrospective nature and
its small size. The reliability of the measurement of corneal thickness
(using noncontact ultrasonic pachymetry) can also be criticized.
Nevertheless, the ultrasound pachymetry still remains the gold
standard in CCT measurement [36]. However, the objective of this
study was to identify a single variable that could be easily measured in
a clinic setting and used to then determine the best time for surgical
intervention and obtain an idea of a patient’s visual prognosis.
Despite the outlined study limitations, the results strongly suggest
that preoperative CCT is not an ideal measurement for providing this
information to surgeons.

Conclusion

The findings of this observational study do not demonstrate a
link between preoperative CCT and visual results at any time up to 6
months after an endothelial transplant (r=0.01, p=0.94). This suggests
that while CCT is an easy measurement to capture during routine
ophthalmic consultations, it is not suitable for guiding a surgeon on
the best time to offer surgical intervention to patients with endothelial
dysfunction or for predicting the visual prognosis of a patient.

Our observations are in line with those of published literature,
which suggest that it may be the presence of histological lesions
related to the development of endothelial pathology that has a greater
influence on the visual recovery of patients than CCT [28].

Further study focused on the relationship between the histology
of eyes with endothelial dysfunction and the visual outcomes of
patients is now required. As studies have already shown that the use
of in vivo confocal microscopy facilitates the identification of the
precise mechanisms underlying the histologic changes that influence
postoperative results,[37-40] further exploration of this field using in
vivo confocal microscopy may provide much needed answers about
endothelial dysfunction and the histological changes associated with
corneal pathologies.

References

1. Anshu A, Price MO, Tan DTH, Price FW (2012) Endothelial keratoplasty: a
revolution in evolution. Surv Ophthalmol 57: 236-52.

2. Price FW, Feng MT, Price MO (2015) Evolution of Endothelial Keratoplasty:
Where Are We Headed? Cornea 34: S41-S47.

3. Patel SV (2007) Keratoplasty for endothelial dysfunction. Ophthalmology
114: 627-628.

e Page 50f6 e


http://www.surveyophthalmol.com/article/s0039-6257(11)00224-4/abstract
http://www.surveyophthalmol.com/article/s0039-6257(11)00224-4/abstract
https://journals.lww.com/corneajrnl/Abstract/2015/10001/Evolution_of_Endothelial_Keratoplasty___Where_Are.7.aspx
https://journals.lww.com/corneajrnl/Abstract/2015/10001/Evolution_of_Endothelial_Keratoplasty___Where_Are.7.aspx
http://www.aaojournal.org/article/S0161-6420(07)00022-X/abstract
http://www.aaojournal.org/article/S0161-6420(07)00022-X/abstract

Volume 8 ¢ Issue 1 + 1000230

Citation: Neiter E, Sot M, Lhuiller L, Houmad N, Goetz, et al. (2019) Relationship between Preoperative Corneal Thickness and Postoperative Visual Outcomes
after Posterior Lamellar Corneal Transplant. Int J Ophthalmic Pathol 8:1.

4. Terry MA, Ousley PJ (2005) Deep lamellar endothelial keratoplasty visual
acuity, astigmatism, and endothelial survival in a large prospective series.
Ophthalmology 112: 1541-1548.

5. Price FW, Price MO (2005) Descemet’s stripping with endothelial keratoplasty
in 50 eyes: a refractive neutral corneal transplant. J Refract Surg Thorofare
NJ 21: 339-345.

6. Turnbull AMJ, Tsatsos M, Hossain PN, Anderson DF (2016) Determinants
of visual quality after endothelial keratoplasty. Surv Ophthalmol 61: 257-271.

7. Patel SV, Baratz KH, Hodge DO, Maguire LJ, McLaren JW (2009) The effect
of corneal light scatter on vision after descemet stripping with endothelial
keratoplasty. Arch Ophthalmol Chic Ill 1960 127: 153-160.

8. Dapena |, Yeh R-Y, Baydoun L, Cabrerizo J, van Dijk K, Ham L, et al. (2013)
Potential causes of incomplete visual rehabilitation at 6 months postoperative
after descemet membrane endothelial keratoplasty. Am J Ophthalmol 156:
780-788.

9. Neff KD, Biber JM, Holland EJ (2011) Comparison of central corneal graft
thickness to visual acuity outcomes in endothelial keratoplasty. Cornea 30:
388-391.

10. Pogorelov P, Cursiefen C, Bachmann BO, Kruse FE (2009) Changes in donor
corneal lenticule thickness after Descemet’s stripping automated endothelial
keratoplasty (DSAEK) with organ-cultured corneas. Br J Ophthalmol 93: 825-
829.

11. Busin M, Madi S, Santorum P, Scorcia V, Beltz J (2013) Ultrathin descemet’s
stripping automated endothelial keratoplasty with the microkeratome double-
pass technique: two-year outcomes. Ophthalmology 120: 1186-1194.

12. Woodward MA, Raoof-Daneshvar D, Mian S, Shtein RM (2013) Relationship
of visual acuity and lamellar thickness in descemet stripping automated
endothelial keratoplasty. Cornea 32: €69-e73.

13. Phillips PM, Phillips LJ, Maloney CM (2013) Preoperative graft thickness
measurements do not influence final BSCVA or speed of vision recovery after
descemet stripping automated endothelial keratoplasty. Cornea 32: 1423-1427.

14. Ahmed KA, McLaren JW, Baratz KH, Maguire LJ, Kittleson KM, et al. (2010)
Host and graft thickness after Descemet stripping endothelial keratoplasty for
Fuchs endothelial dystrophy. Am J Ophthalmol 150: 490-497.e2.

15. Daoud YJ, Munro AD, Delmonte DD, Stinnett S, Kim T, et al. (2013) Effect
of cornea donor graft thickness on the outcome of Descemet stripping
automated endothelial keratoplasty surgery. Am J Ophthalmol 156: 860-866.e1.

16. Shinton AJ, Tsatsos M, Konstantopoulos A, Goverdhan S, Elsahn AF, et al.
(2012) Impact of graft thickness on visual acuity after Descemet'’s stripping
endothelial keratoplasty. Br J Ophthalmol 96: 246-249.

17. Yamaguchi T, Negishi K, Yamaguchi K, Murat D, Uchino Y, et al. (2009)
Effect of anterior and posterior corneal surface irregularity on vision after
Descemet-stripping endothelial keratoplasty. J Cataract Refract Surg 35:
688-694.

18. Morishige N, Yamada N, Morita Y, Kimura K, Sonoda K-H (2013) Persistence
of structural changes at the anterior cornea in bullous keratopathy patients
after endothelial keratoplasty. PloS One 8: e74279.

19. Tourtas T, Laaser K, Bachmann BO, Cursiefen C, Kruse FE (2012) Descemet
membrane endothelial keratoplasty versus descemet stripping automated
endothelial keratoplasty. Am J Ophthalmol 153: 1082-1090.e2.

20. LiJY, Terry MA, Goshe J, Davis-Boozer D, Shamie N. Three-year visual acuity
outcomes after Descemet’s stripping automated endothelial keratoplasty.
Ophthalmology 119(2012): 1126-1129.

21. Wacker K, Baratz KH, Maguire LJ, McLaren JW, Patel SV (2016) Descemet
Stripping Endothelial Keratoplasty for Fuchs’ Endothelial Corneal Dystrophy:
Five-Year Results of a Prospective Study. Ophthalmology 123: 154-160.

22. Hindman HB, Huxlin KR, Pantanelli SM, Callan CL, Sabesan R, et al. (2013)
Post-DSAEK optical changes: a comprehensive prospective analysis on the
role of ocular wavefront aberrations, haze, and corneal thickness. Cornea
32: 1567-1577.

23. Ham L, Balachandran C, Verschoor CA, van der Wees J, Melles GRJ (2009)
Visual rehabilitation rate after isolated descemet membrane transplantation:
descemet membrane endothelial keratoplasty. Arch Ophthalmol Chic Ill 1960
127: 252-255.

doi: 10.4172/2324-8599.1000230

24. Laaser K, Bachmann BO, Horn FK, Schlétzer-Schrehardt U, Cursiefen C,
et al. (2011) Donor tissue culture conditions and outcome after descemet
membrane endothelial keratoplasty. Am J Ophthalmol 151: 1007-1018.e2.

25. Cursiefen C, Kruse FE (2010) DMEK: Descemet membrane endothelial
keratoplasty. Ophthalmol Z Dtsch Ophthalmol Ges 107: 370-376.

26. Terry MA, Straiko MD, Goshe JM, Li JY, Davis-Boozer D (2012) Descemet’s
stripping automated endothelial keratoplasty: the tenuous relationship
between donor thickness and postoperative vision. Ophthalmology 119:
1988-1996.

27. Koenig SB, Covert DJ, Dupps WJ, Meisler DM (2007) Visual acuity, refractive
error, and endothelial cell density six months after Descemet stripping and
automated endothelial keratoplasty (DSAEK). Cornea 26: 670-674.

28. Morishige N, Chikama T, Yamada N, Takahashi N, Morita Y, et al. (2012)
Effect of preoperative duration of stromal edema in bullous keratopathy on
early visual acuity after endothelial keratoplasty. J Cataract Refract Surg 38:
303-308.

29. Hecker LA, McLaren JW, Bachman LA, Patel SV (2011) Anterior keratocyte
depletion in fuchs endothelial dystrophy. Arch Ophthalmol Chic Ill 1960 129:
555-561.

30. Yuen HKL, Rassier CE, Jardeleza MSR, Green WR, de la Cruz Z, et al. A
morphologic study of Fuchs dystrophy and bullous keratopathy. Cornea
24(2005): 319-327.

31.Liu T, Xu Y, Sun D, Xie L (2012) Histological evaluation of corneal scar
formation in pseudophakic bullous keratopathy. PloS One 7: €39201.

32. Muftuoglu O, Prasher P, Bowman RW, McCulley JP, Mootha VV (2010)
Corneal higher-order aberrations after Descemet’s stripping automated
endothelial keratoplasty. Ophthalmology 117: 878-884.€6.

33. Baratz KH, McLaren JW, Maguire LJ, Patel SV (2012) Corneal haze
determined by confocal microscopy 2 years after Descemet stripping with
endothelial keratoplasty for Fuchs corneal dystrophy. Arch Ophthalmol Chic
11 1960 130: 868-874.

34. Patel SV, Baratz KH, Maguire LJ, Hodge DO, McLaren JW (2012) Anterior
corneal aberrations after Descemet’s stripping endothelial keratoplasty for
Fuchs’ endothelial dystrophy. Ophthalmology 119: 1522-1529.

35. Alomar TS, Al-Agaba M, Gray T, Lowe J, Dua HS (2011) Histological and
confocal microscopy changes in chronic corneal edema: implications for
endothelial transplantation. Invest Ophthalmol Vis Sci 52: 8193-8207.

36. Li H, Leung CKS, Wong L, Cheung CYL, Pang CP, et al. (2008) Comparative
study of central corneal thickness measurement with slit-lamp optical
coherence tomography and visante optical coherence tomography
Ophthalmology 115: 796-801.e2.

37. Prasher P, Muftuoglu O, Bowman RW, McCulley JP, Petroll WM, et al. (2009)
Tandem scanning confocal microscopy of cornea after descemet stripping
automated endothelial keratoplasty. Eye Contact Lens 35: 196-202.

38.Zhang J, Patel DV (2015) The pathophysiology of Fuchs’ endothelial
dystrophy--a review of molecular and cellular insights. Exp Eye Res 130: 97-105.

39. Mustonen RK, McDonald MB, Srivannaboon S, Tan AL, Doubrava MW, et al.
(1998) In vivo confocal microscopy of Fuchs’ endothelial dystrophy. Cornea
17: 493-503.

40. Chamberlain W, Omid N, Lin A, Farid M, Gaster RN, et al. (2012) Comparison
of corneal surface higher-order aberrations after endothelial keratoplasty,
femtosecond laser-assisted keratoplasty, and conventional penetrating
keratoplasty. Cornea 31: 6-13.

Author Affiliation Top

Department of Ophthalmology, Regional Hospital Center of Metz-Thionville,
Mercy Hospital, France

e Page 6 of 6 o


http://www.aaojournal.org/article/s0161-6420(05)00603-2/abstract
http://www.aaojournal.org/article/s0161-6420(05)00603-2/abstract
http://www.aaojournal.org/article/s0161-6420(05)00603-2/abstract
https://www.healio.com/ophthalmology/journals/jrs/2005-7-21-4/%7Bd66257e8-200a-450f-a54f-5ce4a454f7d3%7D/descemets-stripping-with-endothelial-keratoplasty-in-50-eyes-a-refractive-neutral-corneal-transplant
https://www.healio.com/ophthalmology/journals/jrs/2005-7-21-4/%7Bd66257e8-200a-450f-a54f-5ce4a454f7d3%7D/descemets-stripping-with-endothelial-keratoplasty-in-50-eyes-a-refractive-neutral-corneal-transplant
https://www.healio.com/ophthalmology/journals/jrs/2005-7-21-4/%7Bd66257e8-200a-450f-a54f-5ce4a454f7d3%7D/descemets-stripping-with-endothelial-keratoplasty-in-50-eyes-a-refractive-neutral-corneal-transplant
http://www.surveyophthalmol.com/article/S0039-6257(15)30009-6/abstract
http://www.surveyophthalmol.com/article/S0039-6257(15)30009-6/abstract
https://mayoclinic.pure.elsevier.com/en/publications/the-effect-of-corneal-light-scatter-on-vision-after-descemet-stri
https://mayoclinic.pure.elsevier.com/en/publications/the-effect-of-corneal-light-scatter-on-vision-after-descemet-stri
https://mayoclinic.pure.elsevier.com/en/publications/the-effect-of-corneal-light-scatter-on-vision-after-descemet-stri
http://www.ajo.com/article/s0002-9394(13)00359-0/abstract
http://www.ajo.com/article/s0002-9394(13)00359-0/abstract
http://www.ajo.com/article/s0002-9394(13)00359-0/abstract
http://www.ajo.com/article/s0002-9394(13)00359-0/abstract
https://journals.lww.com/corneajrnl/Abstract/2011/04000/Comparison_of_Central_Corneal_Graft_Thickness_to.3.aspx
https://journals.lww.com/corneajrnl/Abstract/2011/04000/Comparison_of_Central_Corneal_Graft_Thickness_to.3.aspx
https://journals.lww.com/corneajrnl/Abstract/2011/04000/Comparison_of_Central_Corneal_Graft_Thickness_to.3.aspx
http://bjo.bmj.com/content/93/6/825.short
http://bjo.bmj.com/content/93/6/825.short
http://bjo.bmj.com/content/93/6/825.short
http://bjo.bmj.com/content/93/6/825.short
http://www.jns-journal.com/article/S0161-6420(12)01109-8/abstract
http://www.jns-journal.com/article/S0161-6420(12)01109-8/abstract
http://www.jns-journal.com/article/S0161-6420(12)01109-8/abstract
https://journals.lww.com/corneajrnl/Abstract/2013/05000/Relationship_of_Visual_Acuity_and_Lamellar.7.aspx
https://journals.lww.com/corneajrnl/Abstract/2013/05000/Relationship_of_Visual_Acuity_and_Lamellar.7.aspx
https://journals.lww.com/corneajrnl/Abstract/2013/05000/Relationship_of_Visual_Acuity_and_Lamellar.7.aspx
https://journals.lww.com/corneajrnl/Abstract/2013/11000/Preoperative_Graft_Thickness_Measurements_Do_Not.4.aspx
https://journals.lww.com/corneajrnl/Abstract/2013/11000/Preoperative_Graft_Thickness_Measurements_Do_Not.4.aspx
https://journals.lww.com/corneajrnl/Abstract/2013/11000/Preoperative_Graft_Thickness_Measurements_Do_Not.4.aspx
http://www.ajo.com/article/S0002-9394(10)00352-1/abstract
http://www.ajo.com/article/S0002-9394(10)00352-1/abstract
http://www.ajo.com/article/S0002-9394(10)00352-1/abstract
https://www.ajo.com/article/S0002-9394(13)00445-5/fulltext
https://www.ajo.com/article/S0002-9394(13)00445-5/fulltext
https://www.ajo.com/article/S0002-9394(13)00445-5/fulltext
http://bjo.bmj.com/content/early/2011/10/25/bjophthalmol-2011-300462.short
http://bjo.bmj.com/content/early/2011/10/25/bjophthalmol-2011-300462.short
http://bjo.bmj.com/content/early/2011/10/25/bjophthalmol-2011-300462.short
http://www.jcrsjournal.org/article/S0886-3350(09)00064-9/abstract
http://www.jcrsjournal.org/article/S0886-3350(09)00064-9/abstract
http://www.jcrsjournal.org/article/S0886-3350(09)00064-9/abstract
http://www.jcrsjournal.org/article/S0886-3350(09)00064-9/abstract
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0074279
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0074279
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0074279
http://www.ajo.com/article/S0002-9394(12)00002-5/abstract
http://www.ajo.com/article/S0002-9394(12)00002-5/abstract
http://www.ajo.com/article/S0002-9394(12)00002-5/abstract
http://www.worldneurosurgery.org/article/S0161-6420(11)01240-1/abstract
http://www.worldneurosurgery.org/article/S0161-6420(11)01240-1/abstract
http://www.worldneurosurgery.org/article/S0161-6420(11)01240-1/abstract
http://www.aaojournal.org/article/S0161-6420(15)01051-9/abstract
http://www.aaojournal.org/article/S0161-6420(15)01051-9/abstract
http://www.aaojournal.org/article/S0161-6420(15)01051-9/abstract
https://journals.lww.com/corneajrnl/Abstract/2013/12000/Post_DSAEK_Optical_Changes__A_Comprehensive.11.aspx
https://journals.lww.com/corneajrnl/Abstract/2013/12000/Post_DSAEK_Optical_Changes__A_Comprehensive.11.aspx
https://journals.lww.com/corneajrnl/Abstract/2013/12000/Post_DSAEK_Optical_Changes__A_Comprehensive.11.aspx
https://journals.lww.com/corneajrnl/Abstract/2013/12000/Post_DSAEK_Optical_Changes__A_Comprehensive.11.aspx
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/422460
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/422460
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/422460
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/422460
http://www.ajo.com/article/s0002-9394(10)00955-4/abstract
http://www.ajo.com/article/s0002-9394(10)00955-4/abstract
http://www.ajo.com/article/s0002-9394(10)00955-4/abstract
https://link.springer.com/article/10.1007%2Fs00347-010-2155-2
https://link.springer.com/article/10.1007%2Fs00347-010-2155-2
http://www.ajo.com/article/S0161-6420(12)00447-2/abstract
http://www.ajo.com/article/S0161-6420(12)00447-2/abstract
http://www.ajo.com/article/S0161-6420(12)00447-2/abstract
http://www.ajo.com/article/S0161-6420(12)00447-2/abstract
https://journals.lww.com/corneajrnl/Abstract/2007/07000/Visual_Acuity,_Refractive_Error,_and_Endothelial.5.aspx
https://journals.lww.com/corneajrnl/Abstract/2007/07000/Visual_Acuity,_Refractive_Error,_and_Endothelial.5.aspx
https://journals.lww.com/corneajrnl/Abstract/2007/07000/Visual_Acuity,_Refractive_Error,_and_Endothelial.5.aspx
http://www.jcrsjournal.org/article/S0886-3350(11)01595-1/abstract
http://www.jcrsjournal.org/article/S0886-3350(11)01595-1/abstract
http://www.jcrsjournal.org/article/S0886-3350(11)01595-1/abstract
http://www.jcrsjournal.org/article/S0886-3350(11)01595-1/abstract
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/427271
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/427271
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/427271
https://journals.lww.com/corneajrnl/Abstract/2005/04000/A_Morphologic_Study_of_Fuchs_Dystrophy_and_Bullous.14.aspx
https://journals.lww.com/corneajrnl/Abstract/2005/04000/A_Morphologic_Study_of_Fuchs_Dystrophy_and_Bullous.14.aspx
https://journals.lww.com/corneajrnl/Abstract/2005/04000/A_Morphologic_Study_of_Fuchs_Dystrophy_and_Bullous.14.aspx
E:\All Flyers\UDAY\IOPJ\IOPJVolume7.1\IOPJ 7.1_W\IOPJ-17-212 (218)\v
E:\All Flyers\UDAY\IOPJ\IOPJVolume7.1\IOPJ 7.1_W\IOPJ-17-212 (218)\v
http://www.aaojournal.org/article/S0161-6420(10)00134-X/abstract
http://www.aaojournal.org/article/S0161-6420(10)00134-X/abstract
http://www.aaojournal.org/article/S0161-6420(10)00134-X/abstract
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/1149516
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/1149516
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/1149516
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/1149516
http://www.canadianjournalofophthalmology.ca/article/S0161-6420(12)00066-8/fulltext
http://www.canadianjournalofophthalmology.ca/article/S0161-6420(12)00066-8/fulltext
http://www.canadianjournalofophthalmology.ca/article/S0161-6420(12)00066-8/fulltext
http://iovs.arvojournals.org/article.aspx?articleid=2186960
http://iovs.arvojournals.org/article.aspx?articleid=2186960
http://iovs.arvojournals.org/article.aspx?articleid=2186960
http://www.aaojournal.org/article/s0161-6420(07)00775-0/abstract
http://www.aaojournal.org/article/s0161-6420(07)00775-0/abstract
http://www.aaojournal.org/article/s0161-6420(07)00775-0/abstract
http://www.aaojournal.org/article/s0161-6420(07)00775-0/abstract
https://journals.lww.com/claojournal/Abstract/2009/07000/Tandem_Scanning_Confocal_Microscopy_of_Cornea.8.aspx
https://journals.lww.com/claojournal/Abstract/2009/07000/Tandem_Scanning_Confocal_Microscopy_of_Cornea.8.aspx
https://journals.lww.com/claojournal/Abstract/2009/07000/Tandem_Scanning_Confocal_Microscopy_of_Cornea.8.aspx
https://researchspace.auckland.ac.nz/handle/2292/29284
https://researchspace.auckland.ac.nz/handle/2292/29284
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/1660947?=
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/1660947?=
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/1660947?=
https://journals.lww.com/corneajrnl/Abstract/2012/01000/Comparison_of_Corneal_Surface_Higher_Order.2.aspx
https://journals.lww.com/corneajrnl/Abstract/2012/01000/Comparison_of_Corneal_Surface_Higher_Order.2.aspx
https://journals.lww.com/corneajrnl/Abstract/2012/01000/Comparison_of_Corneal_Surface_Higher_Order.2.aspx
https://journals.lww.com/corneajrnl/Abstract/2012/01000/Comparison_of_Corneal_Surface_Higher_Order.2.aspx

	Title
	Corresponding author
	Abstract
	Keywords 
	Introduction  
	Material and Methods 
	Surgical technique 
	DSAEK 
	DMEK 
	Phacoemulsification 
	End of procedures 
	Statistical analysis 

	Results
	Discussion
	Conclusion 
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	References

