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Abstract
Purpose

To create a nomogram including the translational speed of the microkeratome blade, microkeratome
head size and precut tissue thickness to predict the postcut thickness for Descemet stripping automated
endothelial keratoplasty (DSAEK) to obtain the thinnest possible graft.

Methods

This prospective study incorporated 48 grafts for DSAEK from March 2017 to June 2020. Corneal tissue
for DSAEK was prepared by 3 experienced physicians using the Moria Evolution 3E (Moria Inc, Antony,
France) microkeratome with 400, 450 and 500 mm head sizes. Precut central corneal thickness was
measured with a DGH 550 handheld pachymeter (Pachette 2), taking an average of 3 readings. The
microkeratome head was selected according to precut tissue thickness. The target donor lamella
thickness ranged from 70 to 120 μm, and the selected microkeratome head size was 150μm less than the
donor cornea thickness. Two translational speeds were used for the microkeratome cuts. One month after
surgery, the central lenticular thickness was measured with a Visante® Optical Coherence Tomography
caliper (Carl Zeiss Meditec Inc, Germany). A descriptive analysis was performed.

Results

Forty-eight donor grafts were prepared. Mean graft thickness was 97.58 ± 29.84 μm (range 39-176 μm).
Of the 48 samples, central graft thickness was <120µm (81.3%) in 39, <100 µm (58.3%) in 28 and <80µm
(37.5%) in 18 at 1-month follow-up. There were no statically signi�cant differences between translational
speeds.

Conclusions

A nomogram with an automated microkeratome to obtain thin grafts for DSAEK provided good graft
thickness results without donor waste.

Introduction
Endothelial keratoplasty has become the standard of care for endothelial dysfunction due to rapid
recovery of visual acuity, minimal postoperative refractive error and a low rejection rate.[1] Although
Descemet membrane endothelial keratoplasty (DMEK) has gained popularity as it provides an
anatomical replacement of the Descemet membrane and endothelium, it is nonetheless a more
challenging surgical procedure that requires a steeper learning curve to master, making it less
reproducible and limiting its indication to suitable cases. On the other hand, Descemet stripping
automated endothelial keratoplasty (DSAEK) involves the replacement of dysfunctional endothelium with
a donor disk consisting of endothelium, Descemet membrane and a thin section of donor stroma. DSAEK,
together with DMEK, has become the gold standard for the management of Fuchs endothelial dystrophy,
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bullous keratopathy and penetrating keratoplasty graft failure. Due to the greater surgical complexity of
DMEK, DSAEK plays a vital role in more complicated eyes with aniridia or important iris defects,
glaucoma drainage devices, vitrectomy or anterior chamber intraocular lens.

Visual recovery with DSAEK, however, is usually slower and rejection rates higher when compared to
DMEK. This is typically attributed to the fact that DSAEK grafts have a variable degree of stroma
compared to DMEK. For this reason, in recent years the main objective in DSAEK graft preparation has
been to achieve the thinnest possible lenticule, giving rise to the concept of ultrathin DSAEK (UT-DSAEK).
[2]

The UT-DSAEK technique attempts to combine the bene�ts of DMEK and DSAEK: the rapid visual
recovery and low rejection rates of DMEK and the reproducibility of DSAEK. To date, ultra-thin lamellar
grafts have been considered to be those with a central graft thickness between 100 and 130 µm.[3]
Multiple techniques have been described to achieve this goal: simple nomograms,[4] double-pass
microkeratome cuts,[5, 6] stromal thinning by directing sterile air�ow,[7] use of polyvinyl alcohol or
cellulose sponges[8] or placing the tissue in hyperosmotic tissue medium[9] before tissue preparation,
combinations of femtosecond[10] and/or excimer laser[11] and varying arti�cial anterior chamber (AAC)
pressure.[12] Nevertheless, not all of these techniques reliably produce ultrathin tissue and may result in
tissue loss (button hole, decrease of endothelial cells), increase tissue preparation time and add
substantial �nancial costs.

The purpose of this study was to develop a nomogram for DSAEK using the Moria microkeratome
incorporating two translational speeds, blade holder size and corneal thickness to consistently achieve
ultrathin endothelial donor lamellae between 70 and 120 µm.

Material And Methods
In this prospective single-center case series, 48 patients scheduled to undergo DSAEK surgery were
enrolled from March 2017 to June 2020 in order to develop a nomogram based on the single-pass
rotational microkeratome (Moria Inc, Antony, France). All patients were recruited and managed in the
Cornea Department at Instituto de Oftalmología la Arruzafa (Córdoba, Spain). Written informed consent
was obtained from all the patients after the nature of the study was explained. The study adhered to the
tenets of the Declaration of Helsinki and was approved by the clinic’s institutional ethics committee.
Included in the study were subjects of either sex, age 18 years or older, with a diagnosis of Fuchs
endothelial dystrophy (FECD) or pseudophakic bullous keratopathy.

All the patients underwent a complete preoperative ophthalmic examination including evaluation of
uncorrected and corrected distance visual acuity, manifest refraction, slit lamp biomicroscopy, Goldmann
applanation tonometry, funduscopy, optical coherence tomography and B-scan ultrasonography when
required.
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The donor corneas were supplied by the Barcelona Tissue Bank, Spain. Baseline donor endothelial cell
densities were measured by bank technicians using specular microscopy. A graft thickness < 100 µm was
targeted. Graft thickness was measured at the 1-month ophthalmological examination using the
Visante® optical coherence tomography caliper (Carl Zeiss Meditec Inc, Germany) (Fig. 1).

Surgical technique
In the operating room, the donor cornea was removed from the culture medium and mounted on the AAC
of the automated lamellar therapeutic keratoplasty (ALTK) system (Moria, SA, Antony, France). The AAC
was linked to a phacoemulsi�cation unit with a Venturi pump with the hydrostatic pressure set at 30
mmHg, using a balanced salt solution bottle hung at a �xed height above the work area maintaining
constant internal pressure.

Before starting the dissection, the central corneal thickness was measured with a DGH 550 handheld
ultrasonic pachymeter (Pachette 2). Serial pachymetry measurements were taken to have a consistent
estimate. The cornea was prepared by removing the epithelium using eye spears moistened with
balanced salt solution. Based on the nomogram, the surgeons chose the microkeratome cutting head
according to the pachymetry measurements with a gap of 400, 450 or 500 µm, aiming for a graft
thickness between 80 and 100 µm. For donor corneal thicknesses between 510 and 559 µm, the 400-µm
blade holder was used, for thickness between 560 and 609 µm, the 450-µm blade holder and for
thicknesses between 610 and 660 µm the 500-µm blade holder. Either speed 1 or 2 was used randomly in
the microkeratome blade following the indications below. The cutting head was attached to the hand
piece with the MORIA Evolution 3E microkeratome (MORIA, Antony, France) using an automated linear
system. The pressure was increased to 110 cm H2O and checked with a 65-mmHg Barraquer tonometer.
The donor cornea was cut with a single pass and irrigated with balanced salt solution during the entire
process.

After microkeratome cutting, the AAC pressure was reduced to 30 mmHg to minimize the period of high
pressure on the cornea. Eight sterile ink marks were placed at equidistant points on the graft bed edge to
facilitate lenticule trephination by the surgeon. The anterior stromal cap was set over the graft and the
AAC was �lled with air to prevent cornea collapse. Once the free cap was created, the anterior and
posterior lamellae were placed together over the punch system with the endothelial layer facing up. The
donor disks were punched between 6.50 mm and 8.50 mm in all cases, depending on the recipient
corneal diameter. Surgery was completed as per the standard technique used at the clinic.[13]

Results
The study enrolled 48 eyes of 47 patients. The mean precut donor tissue thickness was 620 ± 0.73 µm
(range 658 to 510 µm). One month postoperatively, the mean donor graft thickness was 97.58 ± 29.84 µm
(range 39 to 176 µm).
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In 20 corneas, speed 1 was used, attaining a mean precut donor tissue thickness and a mean donor graft
thickness of 609.81 ± 44.95 µm and 93.57 ± 31.20 µm, respectively. In the remaining 28 corneas, in which
speed 2 was used, the mean precut donor tissue thickness and mean donor graft thickness was 582.13 ± 
44.89 µm and 102.83 ± 34.93 µm, respectively Comparison of the means of both speeds with Student’s t
test showed a non-signi�cant difference of 9.26 µm.

Three microkeratome heads were selected using the nomogram previously described according to the
pachymetry values. For the 400, 450 and 500 µm blade heads, similar graft thicknesses of 103.50 ± 33.46
µm, 97.48 ± 29.47 µm and 92.31 ± 28.37 µm, respectively, were obtained (Table 1).

Table 1
Nomogram for ultrathin grafts for DSAEK using an automated microkeratome.

Corneal thickness
(µm)

Blade head size
(µm)

Eyes
(n)

Precut tissue thickness
(µm)

Graft thickness (µm)

Mean Standard
deviation

Mean Standard
deviation

510–559 (512.6-
562.5)

400 12 539.58 11.54 103.50 33.46

560–610 (562.6-
612.5)

450 23 591.61 13.28 97.48 29.47

610–660 (612.6-
662.5)

500 13 645.31 17.80 92.31 28.37

 

Finally the chi-square test was carried out to evaluate whether there was a difference between the
observed and expected (actual cut at one month vs. estimated cut). As the statistical value was higher
than the critical value, the test of independence was rejected and an association was therefore
considered to exist between the observed and the expected values at 95%.

Discussion
Since Melles introduced the �rst successful approach to posterior lamellar keratoplasty in 1998,
endothelial keratoplasty has rapidly gained surgical preference over penetrating keratoplasty. The �rst
report of precut DSAEK tissue was published in 2008 by Chen et al.,[14] who achieved a mean graft
thickness of 169 ± 36 µm. Since then, numerous techniques have been described to achieve reliable and
reproducible graft lenticule thickness, targeting visual acuities comparable to DMEK. Aside from single-
and double-pass nomograms, the most recent techniques to thin the cornea before the microkeratome
pass include swelling the stroma for 60 seconds with a balanced salt solution[15] or drying with polyvinyl
alcohol or cellulose sponges,[9, 12] increasing the AAC pressure[12] or directing sterile air�ow over the
exposed stroma.[7]
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While DMEK has been used for ideal cases with high visual acuity potential because it offers faster
recovery and a lower rejection rate,[16] DSAEK is now generally reserved for eyes with ocular
comorbidities. In this study, most of the patients undergoing surgery presented associated conditions
such as glaucoma, ocular perforating and penetrating injuries, or retinal detachment or corneal scarring,
in which the aim of surgery was to relieve the pain of bullous keratopathy, not to achieve good visual
acuity due to stromal �brosis. The focus of this study was therefore not best corrected visual acuity.

In this study, a nomogram for DSAEK was created using a single-pass technique in which the targeted
graft thickness 1-month after surgery below 120 µm was achieved in 81.25% of the cases (39 eyes).
Twenty eight eyes (58.33%) had a central graft thickness less than 100 µm, and 18 eyes (37.50%) had a
central graft thickness below 80 µm. Considering that the swelling process resolves in 3 to 6 months, if
these grafts had been measured at the 6-month follow-up most graft thicknesses would have been
included in the UT-DSAEK category. Romano et al.[9] published a case series of 10 corneas in which a
decrease was seen in the graft thickness from the time it was cut until 3 months of up to 38%. These
changes have also been reported in other studies in which graft thinning occurred up to 3 months,[9, 17] 6
months[18, 19] and even 1 year[20] after DSAEK. We preferred to measure donor graft thickness at the 1-
month follow-up as most of the patients did not live in the proximity of the clinic and could not return for
an appointment at 6 months. Only 9 of the 48 lamellae were thicker than 120 µm, indicating the
reproducibility of the procedure. Most authors describe variability in graft thickness, and the standard
deviation ≥ 33 µm reported here is very similar to that of other studies.[20–22]

In contrast to the assertion of Cheung et al.,[23] that deep microkeratome cuts produce more variability in
cut depth than shallow cuts, we achieved thinner graft thicknesses using microkeratome heads with a
thicker blade (Table 1). We believe this variability may be associated with the preservation medium used
for the donor cornea. Fresh corneas and corneas stored at 4ºC do not undergo the swelling process as do
cultured corneas and may vary substantially in thickness measured at the time of surgery. Among the
different corneal preservation media, there is some variability depending on preservation time. In a recent
study involving seventeen pairs of donor corneas, two preservation media, Optisol-GS and Cornea Cold,
were compared, showing a mean thickness at day 7 of 644 mm in the Cornea Cold group and 591 mm in
the Optisol GS group. This gap was reduced after 21 days of storage, when the mean thickness was 714
mm in the Cornea Cold group and 708 mm in the Optisol GS group.[24] Thus, although the same
nomogram could be used, small adjustments to hydration status or tissue consistency should be applied
to avoid perforation.

The Moria microkeratome has been used and studied in different articles reporting lenticule thicknesses
of 63 ± 29 µm at 5 months,[4] 69.9 ± 20.8 µm at 3 months[9] and 89.4 ± 26.2 µm at 6 months.[25]
However, most of these studies used the double-pass microkeratome technique,[8, 25, 26] which involves
signi�cant risk for perforation, endothelial cell loss and stromal surface irregularity. Other studies have
used a single 350 µm blade head in 10 corneas,[9] a combination of femtosecond[10] or a manual
rotation system.[10, 26] In our study, we assessed the variable of microkeratome cutting speed,
con�rming that there was no variation with respect to the fast or slow speed. This does not occur with
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other microkeratomes such as the automated Amadeus II, which uses a head advancement speed of 3.0,
2.0 and 1.5 mm/sec and achieves statistically signi�cant results with mean graft thicknesses one month
postoperatively of 99.33 ± 16.97 µm.[13]

The limitations of this study are the relatively small sample size and the short follow-up period. The short
follow-up was unavoidable as many of the patients were not local to the clinic and could not return for an
appointment at 3–6 months. For this reason, we did not extend the follow up period as this would have
resulted in a signi�cant dropout rate. The major limitation of microkeratome dissection may be its poor
accuracy in determining the �nal thickness of the dissected tissue, especially when preparing grafts for
UT-DSAEK. This nomogram succeeded in 81.25% of the cases in achieving a graft thickness below 120
µm, taking into consideration that had the measurement been performed at 3 months, the number of
cases below 120 µm would have been higher. This nomogram can be further re�ned by including
additional variables (i.e., storage medium, AAC pressure, drying or swelling process).

In conclusion, using an automated microkeratome with a customized single-pass nomogram allows
ultrathin grafts with reduced variability in thickness to be obtained. Only a single pass is required,
reducing the risk of donor graft damage or waste. No complications were encountered during �ap
preparation with this technique.
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Figures

Figure 1

Example of an ultrathin donor lamella measured with Visante’s caliper


