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Abstract
Background To investigate factors that may affect graft dislocation after uneventful Descemet stripping endothelial kera-
toplasty (DSAEK), with a special focus on different donor cornea storage conditions.
Methods All DSAEK surgeries performed during 6 years in our hospital were retrospectively investigated. Patients with
previous intraocular surgeries other than cataract extraction were excluded. Donor data (age, gender, death-to-preservation
time, cornea storage conditions, graft storage time, and estimated thickness of the graft) and patient information (age, gender,
and indication for surgery) were noted.
Results A total of 26 dislocations (6.6%) out of 394 DSAEK surgeries were found. The dislocation rate was considerably
reduced between 2011 and 2016, due to more experienced surgeons. There was a significantly higher dislocation rate with
the use of donor corneas stored in cold storage solution (12.7%) compared with organ culture solution (2.5%) (P < 0.001).
During the study period, donor corneas stored in cold storage solution and organ culture solution were applied in 158 (40%)
and 236 (60%) cases, respectively. There were no differences in recipient age and gender between patients who received
corneas from the two storage systems, indicating a random distribution of grafts. In a multivariate analysis, only operation
year (reduced rate over the years) and cold storage solution were statistically significantly associated with graft dislocation.
Conclusion This study suggests that the type of storage solution may have a decisive role in graft dislocation in DSAEK
surgery.

Introduction

Endothelial keratoplasty (EK) has replaced penetrating
keratoplasty (PK) for many corneal diseases such as Fuchs
endothelial dystrophy, bullous keratopathy, and failed PK
[1–4]. Descemet stripping endothelial keratoplasty
(DSAEK) is one of the most performed EKs, where the
Descemet membrane in most cases is removed and the
donor tissue is prepared with an automated microkeratome.
Compared with PK, EK is less invasive, induces minimal
astigmatism, and results in improved and faster visual out-
comes and reduced rejection rates [5, 6].

The most frequent complication after DSAEK surgery is
dislocation of the graft, which is more frequent in the hands
of inexperienced surgeons [7]. Much attention has been
given to optimizing the surgical technique to prevent this
occurrence. In a previous study [8], we showed that by
letting the anterior chamber to be fully filled with air at the
end of surgery for at least 1.5 h, the dislocation rate was
low, and it was irrelevant whether patients were left in a
supine position or not. Other strategies have been proposed,
such as scraping the peripheral donor bed, venting incisions,
sweeping motions on the host surface, and suturing side
port incisions [9–12].

In the present study, we wanted to explore if factors
other than surgical techniques could influence the dis-
location rate after DSAEK. Factors such as age and gen-
der of both the donor and the recipient, recipient
diagnosis, as well as other qualities of the donor cornea,
like death-to-preservation (DTP) time, estimated thick-
ness of the graft, and different storage conditions for the
donor cornea were considered prior to transplantation.
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These parameters have mainly been investigated in asso-
ciation with endothelial cell (EC) loss over time rather
than in relation to dislocation rate [13, 14].

Only a few studies have compared results after corneal
transplantation using donor corneas stored in different cul-
ture solutions. The procedure involved in these studies has
been PK, and the clinical outcome has shown relatively
similar outcomes [15–18]. However, a recent study showed
a higher dislocation rate of the graft in Descemet membrane
endothelial keratoplasty (DMEK) using corneas stored
under cold (4 °C) short-term conditions compared with
long-term organ culture conditions [19].

Access to donor corneas for transplantation has varied
over the years in our hospital. In the absence of corneas
from our eye bank (using organ culture storage solution),
we have applied corneas from the San Diego Eye Bank in
the U.S. (using short-term cold storage solution). As we
have considered the two storage systems comparable, the
donor corneas from the different storage solutions have
been used irrespective of the recipient’s eye disease. In the
past few years, increasingly number of corneas has been
obtained from our local eye bank, and the need for U.S.
corneas has therefore decreased.

The aim of this study was to investigate, which factor
mentioned above can affect graft dislocation after DSAEK,
with a special focus on the two different donor cornea
storage conditions.

Methods

Study group

DSAEK surgery has been a well-established surgical pro-
cedure at Oslo University Hospital (OUH) since 2011. In
the present study, we investigated the rate of graft dis-
location from January 2011 to November 2016. In this
period, we performed a total of 456 DSAEK surgeries.
Fifty-seven of these cases were excluded from the study due
to complicated preoperative anatomical conditions, which
may increase the risk of graft dislocation, such as previous
filtering surgery or presence of an anterior chamber
intraocular lens [20–22]. In addition, four eyes with dis-
location were excluded due to problems during preparation
or implantation of the graft, as these problems were con-
sidered as explaining the reason for the dislocation. Of these
four, three grafts were curled up on the Busin injector, and it
was uncertain whether the grafts were lying with the
endothelium side down in the anterior chamber, and in one
patient, the graft was accidentally thinner because of lack of
pressure on the artificial chamber during preparation. One
patient rubbed the eye heavily postoperatively, which could
have caused the dislocation, and was also excluded. Of the

five patients in whom the dislocation had a reasonable
explanation, two donor corneas were stored in cold storage
solution and three in organ culture solution. Graft disloca-
tion was defined as a dislocation requiring re-bubbling.
Hence, a total of 394 eyes were included. From a corneal
transplant registry in our department, we extracted several
parameters related to the corneal graft and the patients’ pre-
and postoperative findings. The registry is approved by the
hospital’s Data Protection Officer and the Regional Com-
mittee for Medical and Health Research Ethics. All patients
who undergo keratoplasties are registered after written
consent.

Donor cornea storage conditions

Donor corneas from San Diego Eye Bank were preserved in
Optisol-GS (Bausch & Lomb Inc., Irvine, CA) at 4 °C (cold
storage solution), and donor corneas from our eye bank
were stored in organ culture storage solution at 32 °C,
containing Minimum Essential M Medium (Invitrogen,
Carlsbad, CA) supplemented with Hepes, amphotericin-B,
and fetal calf serum. The graft storage time (mean ± stan-
dard deviation) was 9.4 ± 1.3 days (range 6–13) in the
corneas stored in a cold storage solution, and 19.2 ±
6.7 days (range 4–34 days) in the corneas stored in an organ
culture storage solution.

Surgical procedure

The DSAEK procedure was performed as previously
described [8] with modifications, and is briefly
described here:

Donor preparation

The donor cornea was positioned on an artificial chamber
and prepared by the surgeon in the operating theatre, using
the automated lamellar keratoplasty system (ALTK; Moria
SA, Antony, France). Central corneal thickness (CCT) was
measured on the donor lenticule with ultrasound pachy-
metry (Sonogage, Cleveland, OH). If CCT exceeded 500
µm, a 350 µm head was applied, while a 300 µm head was
used if CCT was below 500 µm. The epithelium was
removed before the microkeratome dissection. The donor
lamella was placed on a Barron punch (Barron Precision
Instruments, Grand Blanc, MI) with the endothelium side
up, and an 8.5 mm cut was made. The donor lenticule was
covered with a storage solution while the host cornea was
prepared. Graft thickness was calculated as the total CCT of
the donor cornea minus the applied microkeratome of 350
or 300 µm and the stipulated epithelium thickness of 70 µm.
As the size of the cap removed may vary despite the same
size of the microkeratome knife, the thickness of the donor
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lenticule should be considered as an estimate of the graft
thickness and will be referred accordingly.

Patient preparation

All surgeries were performed under retrobulbar anaesthesia
and by two surgeons (LD and MS: 79% and 21% of the
cases, respectively). Between 2011 and 2014, all surgeries
were performed by one single surgeon (LD). From 2014,
both surgeons were involved. The endothelium was
removed with a Price Hook and a 90° spatula (both from
Moria). Then, a 2-mm temporal and a 4-mm nasal incision
were made, and an anterior chamber maintainer was placed
at the 12 o’clock incision. The DSAEK Busin forceps
(Moria) was advanced through the temporal incision across
the anterior chamber, and the transplant was grasped from
the Busin glide at the nasal wound. 10–0 Nylon sutures
were used to close all three incisions. No peripheral iri-
dectomy was performed. The intraocular pressure (IOP) was
measured at the end of surgery with rebound tonometry
(ICare, Revenio Group Corporation, Helsinki, Finland). The
anterior chamber was left almost fully filled with air, and
the IOP was aimed at ~20–30 mmHg. The patients were
placed in an upright position after surgery, as we followed
the procedure previously described [8]. One-and-a-half or
2 h after surgery, a slit-lamp examination was performed to
measure IOP and note the position of the graft. If IOP was
high, air was released from one of the incisions to accep-
table values. Before the patient was released, the pupil was
dilated (cyclopentolate and metaoxedrine), and it was
ensured that the air bubble was above the lower edge of the
pupillary margin to prevent pupillary blockage.

Postoperative follow-up

The patients were re-examined on Day 1, Day 7, and after
1 month. Later, patients were followed either by their local
ophthalmologist or at our hospital.

Statistical analyses

Statistical analysis was conducted with IBM SPSS version
25.0 (IBM Corp., Armonk, NY, USA). Independent sample
t-test and Pearson chi-square test were used to compare
different quantitative (age, DTP, estimated graft thickness,
storage time) and categorical variables (gender, diagnosis,
storage solution), respectively, between patients who had
graft dislocation or not. The risk of graft dislocation was
also analysed, applying logistic regression to control for
relevant variables. The results were presented as an Odds
Ratio (OR) ± 95% confidence interval (CI). In all analyses,
a significance level of 5% and two-sided significance testing
were applied.

Results

Patient data

The reason for surgery was Fuchs endothelial dystrophy in
315 cases (79.9%). Other causes were bullous keratopathy
(n= 30; 7.6%), re-grafts (previous DSAEK, n= 23; 5.8%,
failed PK, n= 15; 3.8%, and failed DMEK, n= 7; 1.8%) or
not specified (n= 4; 1.0%).

Dislocation rate

Of the 394 patients included in the study, 26 (6.6%) patients
developed graft dislocation requiring re-bubbling. The dis-
location rate was considerably reduced between 2011 and
2016 due to more experienced surgeons (Fig. 1). There was
a significantly higher dislocation rate in corneas stored in
cold storage solution (12.7%) compared with corneas stored
in organ culture storage solution (2.5%) (P < 0.001). Of the
26 patients with dislocated grafts, 25 were successfully re-
bubbled. Sixteen (62%) of the 26 patients with graft dis-
location were re-bubbled within the 1st week. The
remaining patients, except one, were re-bubbled within
2 weeks. The last patient was operated with a new DSAEK
transplant 34 days postoperatively. Although anatomically
attached, six patients had re-DSAEK due to failed grafts.
These surgeries were performed between 1 and 13 months
after the primary DSAEK procedure. Of the six patients that
were re-transplanted, four belonged to the cold storage
medium group and two cases to the culture medium group.

There was no statistically significant difference between
the rate of graft dislocation and recipient diagnosis, donor
age and gender, donor cornea DTP time, or estimated graft
thickness (Table 1). In a multivariate analysis, controlling
for storage solution, DTP time, different surgeons, and
operation year, only cold storage solution [P= 0.006, OR
3.855 (1.469–10.114)] and years of surgery [P= 0.001, OR

Fig. 1 Total number of Descemet stripping endothelial keratoplasty
(DSAEK) grafts that dislocated or not per year from January 2011
until November 2016. Total percent dislocation per year is shown
above bars
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0.606 (0.446–0.823)] were statistically significantly asso-
ciated with graft dislocation.

Donor storage time was not included in the multivariate
analysis, as this factor is basically different between the two
storage methods. Since there was a significantly higher dis-
location rate in the cold storage group, the storage time within
this group was analysed to explore if there was an association
between the length of the storage time and the risk of graft
dislocation. However, we found no statistically significant
differences in storage time for eyes with dislocated grafts
(mean ± standard deviation); 9.5 ± 1.4 days (range 7–12),
compared with eyes with no dislocation; 9.4 ± 1.3 days (range
6–13) in the cold storage group (P= 0.759). There was also
no association between storage time and dislocation in the
grafts stored in culture medium (P= 0.954).

Since the dislocation rate was especially high in 2011,
we also performed analyses excluding patients from that
year. We still found a statistically significant difference in
dislocation rate between the two groups (P= 0.031).

Corneal grafts

In the study period, a total of 158 (40%) donor corneas
originated from San Diego Eye Bank, stored in cold sto-
rage solution, and 236 (60%) donor corneas came from
our eye bank stored in organ culture storage solution.
However, the percentages from the two eye banks varied
from year to year (Fig. 2).

Discussion

Graft dislocation is the most frequent complication after
DSAEK and usually occurs within the first days after

surgery, although occurrence at a later time has been
reported [23]. Dislocation is an unfortunate incidence,
possibly affecting the clinical outcome as studies have
shown an increased risk of EC loss [24] and graft failure
[25]. Dislocation can lead to more surgical interventions,
additional outpatient consultations, and extended con-
valescence for the patient. Hence, much effort is paid to
preventing this complication with different surgical strate-
gies as previously described [9–12].

The mechanisms of graft adhesion in DSAEK are poorly
understood. The graft is initially pushed to the host cornea
by filling up the anterior chamber with air, and surface
tension may facilitate the initial attachment. A “fibrillar
interaction” between the host and donor stroma has been
suggested [12]. Once the endothelial pump starts to func-
tion, the adhesion is further facilitated. Sometimes, if the
decompensation of the host cornea is pronounced, the
patient can experience improved vision as soon as the day
after surgery, indicating that the EC pump probably begins
working quickly. However, a study has shown graft adhe-
sion in the presence of primary graft failure, indicating
mechanisms other than the endothelial pump function being
important for the adhesion of the graft [25].

The present study indicates that there is a difference in
dislocation rate after DSAEK between the two different sto-
rage conditions used. There are mainly two well-documented
storage systems for corneas worldwide. In the U.S., cold
storage at 2–8 °C is most prevalent, a method introduced in
1974 [26]. Although the Food and Drug Administration has
approved cold storage for a maximum of 14 days, most sur-
geons prefer a significantly shorter storage time, and storage
up to 8 days has shown to preserved EC density as compared
with shorter storage time [27]. The method using organ cul-
ture storage solution was introduced in Europe in 1978 and
allows 4–5 weeks of storage [28–30].

Table 1 Distribution of donor and recipient data in Descemet stripping
endothelial keratoplasty (DSAEK) with respect to graft dislocation

Non-dislocated
grafts (n= 368)

Dislocated
grafts (n= 26)

P-value

Donor

Age (years)a 64 ± 14 64 ± 9 0.996*

Gender (Male)b 58 50 0.452**

DTP (h)a 14.2 ± 6.7 11.6 ± 6.4 0.056*

Estimated graft thickness (µm)a 191 ± 75 187 ± 41 0.812*

Recipient

Age (years)a 72 ± 10 75 ± 9 0.155*

Gender (Male)b 44 46 0.875**

Diagnosis (FED)b 79.9 80.8 0.437**

FED Fuchs endothelial dystrophy, DTP death to preservation

*Student’s t-test

**Pearsons chi-square
aMean ± standard deviation
bPercent

Fig. 2 Number of donor corneas for Descemet stripping endothelial
keratoplasty (DSAEK) stored in cold storage solution and organ cul-
ture storage solution per year from January 2011 until November
2016. Number of dislocated grafts is shown above bars
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Corneas stored in organ culture solution over 2 weeks are
likely to be less immunogenic because of a decrease in
antigen presenting cells, compared with cold storage [31].
This could theoretically lower the rejection rate of corneas
stored in organ culture storage solution, but could obviously
not explain the observations in the present study. One may
speculate, however, that other unknown alterations to the
media over time may influence the donor corneas and affect
graft adhesion. Another speculation could be that the ECs
function better in organ culture storage solution and start to
work more rapidly than in corneas stored in cold storage
solution, all of which may facilitate graft adhesion.

When it comes to EK, few studies are published compar-
ing the clinical outcome in patients receiving donor corneas
stored in these two storage systems. One study showed a
higher dislocation rate using donor corneas stored in cold
storage solution compared with organ culture storage solution
in DMEK surgery [19]. The authors speculated that the
slightly longer storage time for the corneas in cold storage
solution (mean 9.4 days) than what is usual in the U.S. might
explain this difference. This prolonged storage time was also
the case in the present study, with an exact similar mean
storage time of 9.4 days. However, this anticipation was not
confirmed in our study, as we found no relationship between
storage time and graft dislocation in patients who received
grafts preserved in cold storage solution. Studies comparing
these media, both prepared in the same local eye bank, would
give us further answers to this question.

Another hypothesis regarding the difference in graft dis-
location between the two storage conditions could be that
donor corneas stored in cold storage solution in this study are
shipped and not retrieved from our local eye bank. Other
studies have shown that shipment corneas for transplantation
have a negative outcome on corneal graft survival [32] and
speculate that shaking, pressure change, and rapid acceleration
and deceleration may play a role in this respect. However,
other smaller studies comparing local and shipped corneas
have not shown these differences [33, 34]. Even so, one may
speculate that the combination of both prolonged storage time
and transport itself could at least partly explain the difference
seen in the dislocation rate between the two groups.

Two surgeons performed the surgeries in this study.
Surgeon LD performed 310 surgeries from 2011 to 2016
and MS performed 84 surgeries from 2014 to 2016.
Although MS was the least-experienced surgeon, she
already knew the DSAEK technique when she started in
2014 and had no more dislocations than the more experi-
enced surgeon. We found no association between different
surgeons and rate of dislocation in the statistical analysis.

The mean dislocation rate in previous studies is reported
to be around 14% (range 0–82%) [35]. The influence on
dislocation rate using different storage media is, of course,

more important when the overall dislocation rate is higher,
as during a learning curve period. Still, our results suggest
that even though the dislocation rate was low in both sto-
rage groups in the last few years, a significant difference
was found in favour of organ culture storage solution.

In the present study, we found no relationship between
dislocation rate and donor age- or gender, DTP, estimated
graft thickness, or recipient age or gender. Only a few
studies have investigated different preoperative conditions
regarding donor and recipient cornea and rate of dislocation
after DSAEK. One study reported no correlation between
preoperative conditions (recipient diagnosis, corneal thick-
ness, visual acuity, history of glaucoma) and dislocation rate
[36]. In contrast to our findings, the same group experienced
a significantly higher dislocation rate in older patients.

A limitation to the present study is its retrospective
design. However, whether patients received donor corneas
stored in cold or organ culture storage solution was random.
Patients were scheduled for surgery regularly every week,
independent of available grafts, as we ordered donor cor-
neas from the U.S. in cases of shortages in donor corneas
from our eye bank. This is also confirmed by the similar
gender and age distribution in patients receiving donor
corneas from the two storage media. Another limitation is
that over the years, the surgeons have been more experi-
enced and skilled, resulting in a lower dislocation rate.
Since we have achieved an increasing number of donor
corneas from our local eye bank over the years, this could
have an impact on the results.

In conclusion, this study implies that, in the DSAEK sur-
gery, donor corneas stored in organ culture storage solution
may be preferable in avoiding graft dislocation. However,
large prospective, randomized studies, where corneas stored
under these two storage conditions originating from the same
local eye bank, are required to give further answers. It would
also be of interest to investigate the biomechanical and
immunological properties of the different storage solutions to
explain possible differences in graft adhesion.

Summary

What was known before

● Dislocation rate in DSAEK varies from study to study.

What this study adds

● We show that the dislocation rate in DSAEK using
corneas stored in cold storage medium is higher than in
corneas stored in organ culture medium.

Lower risk of graft dislocation applying organ cultured corneas compared with cold short-term cultured. . . 715
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