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Abstract

2> 0.5 at 6 months.

grafts.

Introduction: To evaluate the influence of lamellar thickness on visual recovery after Descemet stripping automated
endothelial keratoplasty (DSAEK) and compare the results to penetrating keratoplasty (PK).

Methods: A prospective case series of 20 eyes with pseudophakic bullous keratopathy (PBK) undergoing DSAEK.
Lamellar graft thickness was measured at the visual axis using anterior segment OCT, by the same person, at
various time points after DSAEK. Eyes were divided into groups based on Day One postoperative endothelial lamella
thickness: standard (180 pm), medium-thick (>180 < 250 um) and thick (>250 pm). Outcome measurements were
graft survival rate, best spectacle-corrected visual acuity (BSCVA), endothelial cell density loss (ECD), and degree of
astigmatism. Results in DSAEK eyes were compared to 20 PBK eyes which underwent PK.

Results: The median postoperative graft thickness of DSAEK eyes was 194.54 + 47.61 um. There was no significant
difference in age, sex, or preoperative BSCVA between DSAEK groups. The postoperative follow-up period was 18
months. Eyes with lamellar grafts of <180 um thickness showed better postoperative BSCVA and quicker recovery
rates compared to the medium-thick and thick grafts (P<0.001). Only eyes receiving <180 ym thickness lamellar grafts
achieved equivalent BSCVA as PK eyes at month 18. Medium-thick grafts needed a longer period to obtain BSCVA
scores similar to thinner grafts, while thick grafts never achieved the BSCVA of standard and PK grafts. All DSAEK
eyes with lamella of thickness <180 pm, and only 50% of those with medium-thick lamella, had reached a BSCVA of

Conclusions: Lamella of thickness <180 um after DSAEK ensured a better and quicker visual recovery than thicker

Keywords: Endothelial keratoplasty; DSAEK; Lamellar thickness;
Endothelial cell density loss

Abbreviations: DSAEK: Descemet Stripping Automated
Endothelial Keratoplasty; PBK: Pseudophakic Bullous Keratoplasty;
PK: Penetrating Keratoplasty; BSCVA: Best Spectacle Corrected Visual
Acuity

Introduction

Penetrating keratoplasty (PK) has been a gold standard of treatment
for many corneal diseases for over a century. Many surgeons have posed
a logical question; why should an entire cornea be transplanted, when
in many corneal diseases only one corneal layer is affected and needs
replacement? Even in 1950, Barraquer et al. [1] had proposed lamellar
transplantation of the posterior cornea for endothelial diseases, but
due to the technical difficulties it took time for this type of surgery to
be widely accepted. Melles et al. [2-6] subsequently reported a novel
surgical technique for posterior lamellar keratoplasty showing that the
edematous cornea can be cleared if provided with a new functioning
endothelial cell layer via a posterior corneal graft. The procedure was
named “Descemet’s Stripping with Endothelial Keratoplasty” or DSEK
by Price et al. in USA. The lamellar cut was initially performed by
manual lamellar dissection, but Gorovoy et al. [7] started performing
lamellar cuts using a single pass of the microkeratome, naming the
procedure DSAEK (Descemet’s Stripping Automated Endothelial
Keratoplasty). Today, almost 50% of corneal transplants in the USA
and approximately 20% of those in Europe are lamellar surgeries
- mostly DSAEK. Melles et al. [8-11] have investigated a further
refinement of lamellar transplantation and initiated transplantation of
the Descemet’s membrane alone — “Descemet’s membrane endothelial
transplantation’, or DMEK. The advantage of this procedure is
significantly better visual acuity as compared with DSAEK; however the
technique is technically more difficult and theoretically leads to higher
endothelial cell density loss due to manipulation of the thin donor

graft. Keeping in mind that DSAEK is surgically much safer and easier
than DMEK, and that the thinner endothelial grafts bring quicker and
better visual recovery, a so-called “ultra-thin DSAEK” with lamellar
grafts of 50-80 pum thickness made by double pass microkeratome was
proposed as an optimal method [12]. This technique combines the
advantages of DSAEK, where easier manipulation of the endothelial
graft consequently decreases endothelial cell loss, and DMEK, where
thin cut grafts bring better vision.

The goal of this study was to determine whether the endothelial
graft thickness obtained by classic DSAEK, using a single pass
microkeratome, affects visual acuity, visual recovery rate, graft survival
rate and endothelial cell density loss. Therefore, we prospectively
studied patients with PBK operated on by DSAEK and having different
thicknesses of donor corneal lamella on the first postoperative day. The
major outcomes were then compared over a follow-up period of 18
months.

Subjects and Methods

This study included a total of 40 eyes divided into two groups:
patients that underwent endothelial keratoplasty - DSAEK (n=20) and
patients that underwent penetrating keratoplasty (n=20) at The Eye
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Hospital “Svjetlost”. Preoperative indication for all patients was bullous
keratopathy after cataract surgery - pseudophakic bullous keratopathy
(PBK). There was no statistically significant difference in age, sex, or
preoperative best spectacle corrected visual acuity (BSCVA) between
groups. Only patients without any concomitant ocular diseases were
included in the study; however in two eyes pupilar ectopia was present
at the 12 o’clock position. 20 PBK eyes that underwent DSAEK were
prospectively followed-up over an 18 month period, and compared with
the results of 20 PBK eyes that had previously undergone penetrating
keratoplasty (PK) in the same setting by the same surgeon. Cutting
of the donor grafts for DSAEK was performed via a single pass of a
microkeratome (Moria 2, Moria S.A., France) by the operating surgeon.
Prior to the microkeratome cut, the thickness of the donor cornea was
measured, and either a 300 or 350 pm head was used depending on the
central corneal thickness of the donor graft. For values up to 600 pm,
the 300 um head was used, and for thicker donor corneas a 350 um
head was used. Donor corneal tissues were obtained from certificated
eye banks in Europe, and stored in organ-culture prior to lamellar cut.
They were carefully selected, under central corneal density criteria,
for possessing greater than 2500 cells/mm? DSAEK patients (n=20)
were then divided into three subgroups according to the postoperative
thickness of the lamellar graft on Day One postoperative: the standard
thickness lamella group was < 180 pum (n=10), the medium-thick
group was 180-250 pum (n=8), and finally lamella >250 pm were
classified as the thick group (n=2). The thickness of a lamellar graft
was measured only after surgery, and performed manually by the same
person at the visual axis of each graft. Non-contact optical coherence
tomography customized for the anterior segment (Zeiss Visante™ AS-
OCT, Germany) was used to measure the thickness of donor grafts on
the first day, and then one, two, three, six, nine, twelve, and eighteen
months postoperatively. Best corrected visual acuity according to the
standard Snellen chart, postoperative refractive error by subjective and
objective refraction, and topography, were also measured. Influence
of the postoperative thickness of the lamellar graft on visual recovery
was evaluated, and the data were statistically analyzed by Student t-test.
P<0.005 was considered statistically significant. DSAEK outcomes
were additionally compared to PK results regarding graft survival
rate, postoperative astigmatism and visual acuity. The mean follow-
up period was 18 months (range 15-19 months) for DSAEK, and 24
months (range 16-28 months) for PK group. Data were compared
regarding visual outcome, endothelial cell count, complications, and
survival rate.

Results

The median postoperative graft thickness of eyes that underwent
DSAEK was 194.54 + 47.61 pm. The DSAEK group was divided into
three subgroups according to the postoperative thickness of grafted
lamella: 1) the standard lamella group was < 180 um, with an average
thickness of 152 + 19.23 um, 2) the medium-thick group was 180-250
um, with an average thickness of 215 + 23.80 pm and 3) thick lamellas
were defined as > 250 with an average thickness of 260 + 14.00 pm.

DSAEK grafts of standard thickness (<180 um) showed significantly
better postoperative BSCV A both in terms of eventual maximum value
and in recovery rate as compared to medium-thick and thick grafts
(P<0.05). Only eyes with grafts < 180 pm achieved BSCVA better or
equal to PK eyes 18 months after surgery. Medium-thick grafts required
longer rehabilitation times (up to six months) to obtain BSCVA values
similar to standard grafts, while thick grafts never reached the BSCVA
of standard DSAEK and PK grafts (Figure 1). All DSAEK eyes of
standard thickness had BSCVA > 0.5 at six months after surgery. In
contrast, only 50% of the medium-thick and none of the thick DSAEK

grafts reached a BCVA > 0.5 by six months after surgery; with very
modest improvements in visual acuity up to 18 months. Anterior
segment OCT pictures representative of each DSAEK group are shown
in Figures 2, 3 and 4. Eyes with lamella of < 180 um at Day One post-
op had even thinner lamella at one month after surgery (Figure 2),
while medium-thick and thick lamella slowly became thinner and had
attained similar thickness as standard grafts at three and six months
after surgery, respectively (Figure 3 and 4). The slit lamp appearances
of standard and medium-thick lamella in a patient eye at Day One
postoperative and at three months after surgery are shown in Figure
5a and 5b. The difference in corneal transparency is visible at Day One
postoperative but not at three months after surgery, by which time
the BSCVA values between these grafts had become very similar. The
overall mean spherical equivalent in DSAEK eyes showed a hyperopic
shift of +1.5 D + 1.0 D, while in PK eyes it was -2.75 + 2.0 Dpt. Thicker
donor buttons and meniscus shaped donor buttons produced more
hyperopic shift. Refractive astigmatism was significantly lower in the
DSAEK group (1 £ 0.75 D) compared to the PK group (3.4 + 1.5 D),
(P<0.05) (Figure 6).

As expected, DSAEK grafts had greater ECD loss than PK grafts
within the first month after the procedure. However, 18 months after
surgery there was no significant difference in endothelial cell density
loss between the PK (39.9%) and DSAEK grafts (average: 40.1%) or
between DSAEK subgroups (37.9%, 38.7% and 43.7% for groups 1, 2
and 3, respectively) (Figure 7). Complications in the DSAEK group
included: one irregular cut — namely, a cut in which the difference
between central and peripheral lamellar thickness was greater than 200
pm and one IOP increase at 6 hours after surgery. The IOP increase was
resolved immediately by air bubble release. None of the DSAEK grafts
detached; the air bubble was left in the eye for the first two postoperative
days, apart from the patient with a postoperative IOP increase. The
most frequent postoperative complications in the PK group were high
astigmatism, followed by increased intraocular pressure (two patients)
and persistent epithelial defect (three patients).

Discussion

Endothelialkeratoplasty (EK) is the selective replacement of diseased
endothelium with a healthy donor endothelium. More and more
surgeons are performing EK because it is a safer surgery as compared to
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Figure 1: Best corrected visual acuity in eyes operated on due to pseudophakic
bullous keratopathy by either: 1. Descemet stripping automated endothelial
keratoplasty (DSAEK) - with different thicknesses of donor endothelial lamella
(<180 pm, 180-250 ym, >250 um,), or 2. Penetrating keratoplasty (PK).
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Figure 2: Standard lamella of DSAEK graft on: a) Day One postoperative; b) one
month after surgery.
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Figure 3: Medium-thick lamella of DSAEK graft on: a) Day One postoperative;
b) three months after surgery.
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Figure 4: Thick lamella of DSAEK graft at: a) Day One postoperative; b) six
months after surgery.

PK. The smaller incision made for DSAEK results in a normal tectonic
strength in the eye, with higher resistance to traumatic rupture for the
rest of the patient’s life. Moreover, DSAEK patients are more satisfied
with their UCVA compared to those who undergo PK, especially

regarding visual recovery rate [5,13-17]. Stable visual acuity does not
occur for at least six months to one year after a conventional PK, and
sometimes requires even longer. With DSAEK there is a faster recovery,
and most patients have usable vision within six weeks after operation;
some have excellent vision after just one week [13-17]. The experience
with DMEK grafts, where only the Descemet’s membrane is grafted,
shows that very thin grafts provide significantly better vision quickly
after surgery; and similar results are reported for so called “ultra-thin”
DSAEK [11,12]. Having this in mind, we have prospectively followed-
up patients with bullous keratopathy undergoing conventional DSAEK
in order to determine whether the postoperative thickness of donor
lamella influences the speed and degree of visual recovery. The factors
that can affect the thickness of a donor lamella include the thickness of
a donor cornea, donor corneal curvature, backpressure in the artificial
anterior chamber, and the translational speed of the microkeratome
[16]. Because of these influencing factors, we have always measured
the thickness of the donor cornea prior to cut, and selected the
microkeratome head accordingly, but other factors could not be fully
controlled. Patients were divided into 3 DSAEK subgroups according
to the Day 1 lamellar thickness measured by OCT at the visual axis.
As shown by our results, it seems that a donor lamella of <180 pm
ensures quicker visual recovery and better overall vision in the long run
as compared with thicker lamellas (of over 180 um). All DSAEK eyes
with a donor lamella of <180 pm had BSCVA > 0.5 at six months after
surgery, similar to other published results [17-20]. In a study published
by Neff et al. [19], the median postoperative thickness of all eyes was
131 pm, and the authors compared the visual acuity of thin lamellas
averaging 109 pm with thick lamellas averaging 162 um, concluding
that thinner lamellas bring statistically significant improvement in
BSCVA. Although this conclusion is similar to ours, these results are not
directly comparable since the median lamellar thicknesses are different
between two studies. In our study, only 50% of medium-thick DSAEK
grafts reached a BCVA of > 0.5 at 6 months after surgery, supporting
our hypothesis that thicker grafts can influence final visual acuity
outcomes after DSAEK. Finally, although the number of cases was
very small (n=2), we have shown that beyond a critical point of donor

o oA -
Figure 5a: Patient with a standard (left) and medium-thick (right) endothelial

lamella on the first postoperative day after DSAEK for pseudophakic bullous
keratopathy (visible difference in corneal transparency).

P

Figure 5b: Patient with a standard (left) and medium-thick (right) endothelial
lamella at three months after DSAEK for pseudophakic bullous keratopathy
(there is no visible difference in corneal transparency).
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Figure 6: Mean refractive astigmatisms after DSAEK and penetrating kerato-
plasty (PK) for pseudophakic bullous keratopathy.
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Figure 7: Postoperative endothelial cell density loss in patients operated on due
to pseudophakic bullous keratopathy, either by DSAEK or PK.

lamella thickness (>250 um), BSCVA will not equalize with thinner
lamellar grafts or conventional PK over 18 postoperative months. The
difference in BSCVA between DSAEK subgroups after six months of
follow-up cannot be explained by the early postoperative thickness of
donor lamellas, since thicker lamellas slowly but consistently became
thinner. Namely, at 6 months the AS-OCT-measured thickness of
lamellar grafts at visual axis was not significantly different between
standard, medium-thick and thick grafts. Also, when looking at the
corneal transparency via slit-lamp, one could hardly see the difference
between standard, medium-thick, and thick lamellar grafts after six
months or a year; but the difference in BSCVA was still present. One
can presume that donor lamellar grafts which are thicker in the early
postoperative period will produce more interface problems compared
to thinner grafts, resulting in lower BSCVA in thicker grafts, even after
six months when they have regain their standard thickness. However,
before making any final conclusions, one must keep in mind that we
have observed only small number of grafts (especially thick ones), so
the data should be confirmed in a larger number of cases. Moreover,
there is a published study on 37 eyes in which the authors have found
no direct effect of lenticule thickness on 6-month postoperative visual
acuity, contrary to our study and with a similar average donor lamella
thickness of 175 pm [21].

Another important factor influencing the quality of vision
after transplantation is the degree of astigmatism, which is highly
unpredictable in PK and commonly 3 to 5 D of mean refractive

cylinder, while after DSAEK patients can typically expect up to 1.5 D
[7,17,20]. According to our results, the mean refractive cylinder after
DSAEK was 1D, as compared to PK where it was 3.4 D, which is similar
with other published data [17,20]. It is well known that DSAEK causes
a mild hyperopic shift in the mean spherical equivalent. This can be
explained by two characteristics of the donor graft: the central corneal
thickness and the thickness gradient from center to periphery. Thicker
donor buttons and meniscus shaped donor buttons tend to produce
greater hyperopic shift, while thinner donor buttons can produce
even myopic shift. In our group of patients, all DSAEK eyes showed
hyperopic shifts without any significant difference between eyes with
standard, medium-thick and thick lamellar grafts.

As previously mentioned, endothelial keratoplasty has several
advantages over PK. However, the major concern of many surgeons
has been greater endothelial cell density loss during EK, which has
been reported to be between 24% and 50% at six months to one year
after DSAEK; this is indeed higher than the early cell loss reported in
most PK series [20,21]. The early cell loss with DSAEK is not surprising,
because it entails more donor tissue manipulation than PK. However,
studies with longer follow-up have shown that after 3-4 years ECD
cell loss was similar in DSAEK and in PK [22]. In our study, we have
compared ECD loss between standard, medium-thick, and thick
DSAEK grafts and PK grafts. We have observed higher ECD loss at
one month after surgery in all DSAEK eyes, most probably due to more
tissue manipulation during surgery, but the ECD loss equalized during
a longer follow-up period of 18 months with the loss after PK. We have
seen no difference in ECD loss between standard, medium-thick, and
thick donor lamellas. Therefore, the observed difference of BSCVA
among DSAEK eyes with different thicknesses of donor lamella cannot
be attributed to the state of the endothelium in each subgroup.

According to our results on a relatively small number of eyes,
thinner lamellar endothelial grafts bring better vision, sooner after
surgery, as compared to thick lamellar grafts or PK. Our study also
confirmed that DSAEK was superior to PK in the endpoint measures
of corneal astigmatism and visual acuity recovery rate; and that it is
a safe procedure since only 2 complications occurred without any
consequences for the final visual outcome. The most frequent DSAEK
complication, lamellar detachment, did not occur, probably because
we kept the air-bubble in the anterior chamber longer than usual [23].
Finally, the endothelial cell density loss in all DSAEK eyes, regardless of
the early postoperative lamellar thickness, was equal to that in PK eyes
in a follow-up period longer than 12 months.
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