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Abstract
Purpose To compare the biomechanical properties of the unilateral operated corneas in patients who had undergone Descemet
membrane endothelial keratoplasty (DMEK) for pseudophakic bullous keratopathy (PBK) with those of the contralateral normal
corneas.
Methods This was a retrospective cohort study conducted at university hospitals (Department of Ophthalmology, RabinMedical
Center, Petach Tikva, Israel, and S. Fyodorov Eye Microsurgery State Institution, Moscow, Russia). Forty eyes of 20 patients
who underwent DMEK for unilateral PBK 3.5 to 36 months ago and with normal fellow eyes were included in the study. An
ocular response analyzer was used to measure the corneal biomechanical properties in the operated and normal fellow eyes. The
main outcome measures were corneal hysteresis (CH) and corneal resistance factor (CRF).
Results The mean CH (8.4 ± 1.5 mmHg vs. 8.2 ± 1.5 mmHg, P = 0.707) and the mean CRF (8.7 ± 1.6 mmHg vs. 8.3 ± 1.6 mmHg,
P = 0.419) values did not show any statistically significant difference between the operated and the normal fellow eyes.
Conclusions In our study, the corneas that underwent DMEK for PBK showed normal values for biomechanical parameters.
These findings support the previous studies that have reported near complete visual, functional, and ultra-structural rehabilitation
of the corneas following DMEK.
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Introduction

Descemet’s membrane endothelial keratoplasty (DMEK) is a
surgery in which the dysfunctional endothelial cell layer and
the Descemet’s membrane (DM) are replaced by a healthy
layer of donor DM and endothelial cell layer without an addi-
tional stromal tissue attached to the DM as performed in
Descemet’s stripping automated endothelial keratoplasty
(DSAEK). This one-to-one diseased tissue replacement [1]
was previously shown to provide a near complete visual

[2–6], anatomical [3], and ultra-structural rehabilitation [4,
5], with an almost clinically indistinguishable transplanted
cornea with normal cornea. DMEK provides a quick visual
rehabilitation [6, 7] with low risk of endothelial rejection as
compared with other methods of transplantation [8, 9].
Corneal biomechanics: The cornea has an elastic and viscous
nature (Bviscoelasticity^). Elasticity comprises the ability of a
substance to reversibly deform upon the application of stress
to the substance, while viscosity comprises the ability of the
substance to change irreversibly in response to the application
of stress to the substance. Aviscoelastic substance, such as the
human cornea, exhibits loss of some amount of energy that is
applied to it. The loss of this energy is termed Bhysteresis,^
which is a mechanical property of the substance. In the human
cornea, this mechanical property is affected by various factors:
corneal rigidity, hydration status, intraocular pressure, corneal
thickness, and collagen arrangement.

The ability of the cornea to absorb the deformation energy
has been shown to be reduced following DSAEK [10], in
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Fuchs’ endothelial dystrophy, after refractive surgery [11, 12],
in keratoconic corneas [13], and in glaucoma patients [14].

Because DMEK nearly restores the vision, visual functions
and anatomical and ultra-structural properties of the operated
cornea, the hypothesis of this study was that a cornea follow-
ing DMEKwill not differ in biomechanical properties from its
fellow healthy cornea.

The aim of this study was to investigate the changes in
other corneal parameters such as the corneal biomechanics,
following DMEK.

Materials and methods

The study followed the tenets of the 2013 Declaration of
Helsinki, and approval from the local ethics committee of
Rabin Medical Center and S. Fyodorov Eye Microsurgery
State Institution was obtained. We retrospectively reviewed
the medical records of all patients who had undergone
DMEK at the Rabin Medical Center and S. Fyodorov Eye
Microsurgery state institution between June 2015 and
March 2019.We identified and included 40 eyes of 20 patients
who had undergone DMEK for the treatment of PBK and had
transparent operated cornea and a normal fellow eyes. Fellow
eyes that were noted to have guttae, glaucoma, edema, scars,
history of refractive surgery, or any other abnormalities were
excluded from the study. All patients included were
pseudophakic in their DMEK eye, and all but one (patient 9)
were pseudophakic in their fellow eye. In these patients, we
noted and compared the results of biomechanical examination
between the post-DMEK eye and the healthy fellow eye.

Examination method

An ocular response analyzer (ORA, Reichert Technologies,
Buffalo, NY, USA) was used to measure CH, CRF, IOPg,
and IOPcc in different follow-up occasions, and the data of
the last follow-up examination of each case was analyzed in
this study. For each eye, four readings of a waveformwith two
distinct peaks were obtained and the average for each param-
eter was recorded. An ORA device can measure these param-
eters in vivo by determining the force required to applanate the
cornea from its original shape (P1) and subtracting the force
required to applanate the cornea after it had already been de-
formed in the previous step (P2). This subtraction generates
the BCH^ parameter. The device uses an air jet to deform the
cornea and uses infrared detectors to identify the specific
applanation points while measuring the air-jet pressure at
these points. Corneal resistance factor (CRF) is another pa-
rameter that is generated by adding a constant k to the eq. P1
− P2 (P1 − kP2). This factor is empirically assessed after de-
termining the effect of central corneal thickness (CCT) on CH;
therefore, it further represents the relationship between CCT

and the viscoelastic properties of the cornea. In contrast, CH is
less related to specific CCT; instead, it is more closely related
to the intraocular pressure (IOP) of a given eye [15, 16]. An
ORA also yields other factors such as the Goldmann-
correlated intraocular pressure (IOPg), the corneal-
compensated IOP (IOPcc), and CCT [17, 18]. The results of
the CCT were recorded using a Pentacam® topographer
(OCULUS Optikgeräte GmbH, Wetzlar, Germany), and the
corrected distance visual acuity of both eyes as well as the
endothelial cell count of the operated eye were measured for
all patients.

Statistical analysis

All data collected in the study were analyzed using Microsoft
Excel 2007 software (Microsoft Corp., Redmond, WA, USA).
Snellen visual acuity values were converted to logarithm of
the minimum angle of resolution (logMAR) scale for quanti-
tative analysis.

All outcome measures were tested for normal distribution.
Normality of distribution of all quantitative variables was
evaluated using the Shapiro–Wilk test. Two-tailed paired
Student’s t test was used for the comparison of quantitative
measures as recommended for the statistical analysis with the
contralateral eye as the control [19]. Based on the previous
studies [20, 21] and assuming a power of 80% and an alpha of
0.05, we estimated that a sample size of 10 pairs of eyes would
enable us to find a 15% difference in CH values between the
operated eyes and fellow normal eyes. The Pearson coefficient
was used for the correlation of continuous variables.

Results

The results of the comparison between the groups are described
in Table 1. The study subjects included eleven females and nine
males, aged 65–90 years. Themean follow-up periodwas 18.7 ±
10.1months, (range, 3.5–36.2months). Visual acuity was similar
between the operated and fellow eyes (0.44 ± 0.48, 0.34 ± 0.36
logMAR, P = 0.47). The mean CH did not differ between the
operated and normal eyes (8.4 ± 1.5 mmHg vs. 8.2 ± 1.5 mmHg,
P = 0.707). The mean CRF values also showed no significant
difference between the operated and normal eyes (8.7 ±
1.6 mmHg vs. 8.3 ± 1.6 mmHg, P = 0.419).

The mean IOPcc (18.1 ± 4.2 mmHg vs. 17.5 ± 5.4 mmHg,
P = 0.667) and the mean IOPg (15.8 ± 4.1 mmHg vs. 15.3 ±
4.5 mmHg, P = 0.671) values were also similar between the
operated and normal eyes.

The mean CCTwas smaller in the operated eyes than in the
fellow normal eyes (522 ± 30 μm vs. 562 ± 46 μm, P =
0.003). However, the CCT value did not show any correlation
with the CH or CRF values (r = − 0.171, P = 0.306 and r = −
0.195, P = 0.242, respectively).

Graefes Arch Clin Exp Ophthalmol



Discussion

In this retrospective study, we found no significant difference
in biomechanical properties between the operated cornea and
the fellow normal eye, which suggested that the operated cor-
nea had regained its normal biomechanical properties. It is
worth mentioning here that the normal values for biomechan-
ical parameters of healthy corneas vary among different stud-
ies, and the values in this study represented low-normal levels.

DMEK is gaining popularity among surgeonsworldwide [22]
because of the unprecedented visual outcomes, quick visual re-
habilitation, low risk of endothelial rejection, and the ability to
use one donor cornea for more than one recipient [23].

Within a few weeks after DMEK, the operated cornea is
hardly clinically distinguishable from a normal cornea.
Typically, the sole indication that the patient underwent cor-
neal transplantation is the vague circumferential edge of the
graft.

In contrast to DSAEK inwhich an additional donor stromal
tissue is transplanted along with the DM and the endothelium,
in DMEK surgery, the replacement of the diseased tissue is
performed in a one-to-one fashion; the diseased recipient DM
and endothelium are replaced by the healthy donor DM-

endothelium complex. This basic difference in these surgical
methods raised the question—does DMEK alters the biome-
chanical properties of the operated cornea as in the cornea that
underwent DSAEK? It is important to understand the physi-
ology of a transplanted cornea following DMEK, because it
will provide clinically important information that would help
in the accurate evaluation of the IOP of the operated cornea or
in planning a refractive surgery on the operated cornea [10,
12–14].

The strength of this study was that the paired comparison
was performed with the corresponding values of the fellow
normal eye of the same participant rather than with those of
the healthy corneas of another control group or those in the
normative database. However, this analysis design led to a
rather small sample size, which was a limitation of the study.
To perform the paired comparison, we included only patients
with unilateral PBK and an apparently healthy fellow eye. We
did not exclude pseudophakic fellow eyes since cataract ex-
traction had not been reported as causing changes in corneal
biomechanical properties [21, 24] .

Another limitation of this study was that the ORA exami-
nation was performed only after the surgery. Therefore, the
data regarding the pre-operative biomechanical properties of

Table 1 Paired comparison of biomechanical properties between post-Descemet’s membrane endothelial keratoplasty eyes and normal fellow eyes

N Sex Age (y) OE Follow-up
(months)

ECD (cells/mm2)
in the OE

Snellen
CDVA

Central corneal
thickness (μm)

CRF
(mmHg)

CH
(mmHg)

IOPcc
(mmHg)

IOPg
(mmHg)

OE FE OE FE OE FE OE FE OE FE OE FE

1 F 81 LE 35.1 856 1/18 6/120 520 564 9.5 4.8 7.2 6 24.4 15.5 21.3 9.4

2 M 90 RE 11.5 1043 6/6.6 6/6.6 519 692 10.7 10 8 6 25.4 30.3 23.4 26.7

3 M 83 RE 6.9 1200 6/15 6/12 506 580 7.3 8.8 7.7 8.9 16.8 16.7 13 14.4

4 F 86 LE 36 1300 6/10 6/15 496 517 10.8 8.6 9.2 8.5 21.4 17.6 20.2 15

5 F 63 LE 9.5 1565 6/8.5 6/10 535 497 6.6 7.4 7.1 10.1 16.7 8.2 12.2 6.1

6 F 85 RE 29.3 983 6/9 6/12 482 491 8 8.8 6.6 7.4 22.5 22.2 18.3 18.9

7 F 73 RE 18.6 1277 6/10 6/7.5 599 590 6.7 8.4 8.4 8.7 12.5 16 8.9 13.4

8 F 80 RE 14.2 496 6/12 6/10 560 603 8.1 6.4 8.3 5.5 16.8 21.8 13.8 16.1

9 F 73 RE 9.2 1672 6/10 6/15 486 603 5.7 7.6 4.6 8.3 22.9 15.4 16.3 12.2

10 M 71 RE 3.5 NA 0.5/24 6/9 518 584 9.4 10.3 8.8 9.9 18.7 17.4 16.7 16.5

11 M 67 RE 12.1 631 6/9 6/9 541 557 7.9 5.1 9.0 5.8 11.7 16.9 9.5 10.8

12 F 69 LE 36.2 1234 6/6 6/6 503 533 10.6 10.5 9.2 9.1 13.7 16.1 13.8 15.7

13 M 80 LE 13.2 988 6/12 6/6 573 601 7.3 7.6 9.0 7.8 18.7 12 14.3 10.8

14 F 65 LE 30.1 NA 6/7.5 6/6 530 552 10.3 10.4 11.4 11.6 15.4 15.1 16.1 14.8

15 M 67 RE 22 978 6/9 6/12 509 563 8.5 8.0 7.7 7.9 14.5 18.4 12.4 17.8

16 M 67 LE 18.3 1034 6/12 6/7.5 512 534 11 10.5 7.2 7.9 23.6 26 21.7 20.7

17 M 68 LE 21 1154 6/6 6/6 492 523 9.8 8.9 10 9.3 19.1 22.9 17.4 19.5

18 F 85 RE 22.2 1388 6/12 6/9 521 567 8.9 7.6 10.4 8 12 8.2 10.8 13.7

19 F 65 RE 8.3 1783 6/12 6/10 524 537 9.7 9.2 8.5 8.7 19.7 19.3 19 15.7

20 M 71 LE 16.1 588 6/7.5 6/7.5 507 526 8.1 7.7 8.5 7.8 18.8 18 15.9 13.1

F female,Mmale, LE left eye, RE right eye,OE operated eye, FE fellow eye,CDVA corrected distance visual acuity, ECD endothelial cell density, CRF
corneal resistance factor,CH corneal hysteresis, IOPcc cornea-compensated intraocular pressure, IOPg goldmann-correlated intraocular pressure,NA not
available
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the decompensated corneas were not available. This presum-
ably would have shown the pathologic biomechanical proper-
ties of the edematous corneas such as, decreased CH, which
were described in a previous report [25].

A previous study had observed that in comparison to the
eyes underwent penetrating keratoplasty or deep anterior la-
mellar keratoplasty, the eyes following DSAEK showed lower
values for CH [10].While we did not directly compare the CH
values between the eyes following DSAEK or DMEK, we
could assume that if a difference existed, it could be the result
of the addition of the donor corneal stroma for DSAEK.

As described earlier, the CCT values were significantly
smaller in the operated eyes than that of the fellow eyes.
However, this parameter did not show any correlation with
the CH or CRF values. This is in contrast with a previous
report, which showed positive but weak correlations between
values of CCT and CH, and CCT and CRF [26]. In that study,
ultrasound was used to measure the CCT, while in our study,
we have used the Pentacam topographer for the evaluation of
the CCT since it gives a wider pachymetry map than ultra-
sound pachymetry. In conclusion, in our study, the biome-
chanical parameters of the post-DMEK corneas showed nor-
mal values. These findings support the previous studies that
shown a near complete visual, functional, and ultra-structural
rehabilitation of the corneas following DMEK [2–6]. The nor-
malization of corneal biomechanical parameters can serve as a
novel outcome measure in the follow-up of patients after
DMEK or other types of endothelial keratoplasties. To the best
of our knowledge, this is the first study that evaluated the
corneal biochemical parameters following DMEK. Further
large-scale, prospective studies are required to verify the ac-
curacy of these results.
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