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A B S T R A C T

Purpose: To investigate whether central corneal thickness (CCT) at the first postoperative day was predictive of
partial or complete graft detachment requiring re-bubbling.
Methods: We conducted a retrospective registry-based study including 943 DSAEK procedures. Included subjects
were divided into 2 subgroups depending on the postoperative need for re-bubbling. Using the electronic patient
record system at the Department of Ophthalmology, Aarhus University Hospital, we gathered information on
CCT measured using optical pachymetry on the first postoperative day, subject characteristics as well as the need
for postoperative re-bubbling. Prior to our data collection we hypothesized that increased CCT at the first
postoperative examination was predictive of later re-bubbling.
Results: Postoperative CCT in the re-bubble group was 854 µm (CI: 836–871, N = 107) which was significantly
higher than postoperative CCT of 787 µm (CI: 782; 793, N = 836) in the no-re-bubble group (P < 0.001).
Further, a Receiver Operating Characteristics (ROC)-curve was created. Our data revealed a sensitivity of 71.0%
and specificity of 63.3% for re-bubbling using a cut-off value of 810 µm.
Conclusion: CCT on the first postoperative day can to some extend predict the need for postoperative re-bubbling
and in this way identify eyes at risk of graft detachment requiring intervention.

1. Introduction

Descemet’s stripping endothelial keratoplasty was first described in
1998 by Melles et al. [1] and later refined to Descemet’s stripping au-
tomated endothelial keratoplasty (DSAEK) by Gorovoy et al. [2] The
technique has become an increasingly common procedure in managing
conditions in the Descemet membrane (DM) and the endothelium such
as corneal dystrophies [3]. Graft detachment is a well-known compli-
cation to DSAEK and probably the most common event [3] with re-
ported rates from 1.5 to 27.6% [4,5]. The condition can be managed
using a re-bubbling procedure that aims to relocate the graft into the
right position by re-insufflating air into the anterior chamber.

Graft dislocation is most commonly observed on the first post-
operative day but may occur later. As graft dislocation prolongs the
time for visual recovery and may be associated with increased donor
endothelial cell loss, it may be considered to perform a re-bubbling
procedure in grafts that are not yet dislocated but are considered prone
to dislocation. Previously, a variety of risk factors for graft detachment
have been identified including donor diabetes, increased donor corneal

thickness prior to lamellar dissection, and intraoperative complications
[6]. The aim of our study was therefore to investigate whether central
corneal thickness (CCT) at the first postoperative day could predict a
subsequent requirement for re-bubbling. It should be emphasized that
we did not intend to investigate if postoperative CCT was an individual
risk factor but rather if this could be used as a predictive parameter in
an everyday clinical setting.

2. Methods

2.1. Hypothesis

Prior to our data collection, we hypothesized that the CCT on the
first postoperative day correlated with the requirement for re-bubbling
in the following period. We speculated if microscopic lakes of interface
fluid forming between the cornea and the transplanted graft during the
procedure could be the explanation for such a correlation. This hy-
pothesis was based on the observation that some cases with no clinical
signs of detachment at slit-lamp examination after DSAEAK seemed to
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contain microscopic lakes of fluid depicted on AS-OCT.

2.2. Patients and data collection

We used the electronic patient record system at the Department of
Ophthalmology at Aarhus University Hospital to collect data on pa-
tients treated with DSAEK. From the patient record system, we were
able to extract data on 1029 DSAEK procedures performed in the period
from April 2014 to December 2018. All data collection was done by one
non-blinded investigator. Information on pre- and postoperative CCT
and the need for re-bubbling was gathered manually by assessment of
patient records. Preoperative CCT measurements made more than
1 year before the DSAEK procedure were not included in our analysis.
Information on age and sex for both recipients and donors as well as
endothelial cell density (ECD) of the grafts was generated by the elec-
tronic patient record system. The ECD was measured in the Cornea
Bank at Aarhus University Hospital prior to the DSAEK procedures. If
information was missing or in case of questionable information the
patient records were further investigated to ensure the correct data
were collected.

All patients were examined on the first postoperative day and
around one week and one year after surgery. When needed from clinical
judgement patients were also examined at days 2 and 3. In addition to
slit-lamp examination, postoperative CCT was measured with manual
optical pachymetry by a trained physician using the slit-lamp-mounted
attachment device, Optical Pachometer, Haag-Streit, Switzerland [7].
This is considered to be a less accurate technique for CCT measurement
than optical coherence tomography scans of the anterior segment of the
eye (AS-OCT) but it is fast and convenient in an everyday clinical set-
ting. At Aarhus University Hospital, centrally detached grafts are gen-
erally considered eligible for re-bubbling. Grafts with marginal partial
detachment of the periphery are usually examined in the following days
in order to determine whether re-bubbling are needed. Few cases
might, however, have been selected from clinical judgement.

Patients were excluded from the study if CCT measurement on the
first postoperative day was not available (n = 56), if the central part of
the graft already was detached and a need re-bubbling was present on
the first postoperative day (n = 26), if the follow-up period was shorter
than 14 days (n = 2), or if the review of the patient records provided
insufficient data on the need for later re-bubbling (n = 2). Using this
approach, we finally included 943 DSAEK procedures in our study.

The study was conducted as a quality-control study and is, as such,
exempt from ethical committee approval according to the Danish
Health care law.

2.3. Eye banking at Aarhus University Hospital

The donor tissue obtained by the trained staff in The Danish Cornea
Bank at Aarhus University Hospital is collected within 48 h after death
has occurred by performing enucleation. Donors are selected using
criteria described in the European Eye Bank Association Minimum
Medical Standards. When tissue arrive at The Danish Cornea Bank the
tissue is assessed by trained staff using biomicroscopy. An ECD count is
performed after tissue preparation with excision of corneascleral len-
ticules with a diameter of 16 mm. The donor tissue is then stored at
30 °C in 50 to 65 mL minimum essential medium that is supplemented
with piperacillin, amikacin and fetal bovine serum. Donor corneas are
considered suitable for transplantation if the ECD exceeds 2,000 cells/
mm2. Prior to pre-cutting the tissue in the cornea bank the tissue is
stored between 24 and 48 h in medium containing 8% Dextran 500 [8].
The donor tissue is then pre-cut using an automated microkeratome
preparing grafts with an average thickness of 111 µm as determined in a
previous study [9]. All DSAEK procedures were performed by one of
two experienced surgeons.

2.4. Statistical analysis

The included eyes were divided into two groups 1) a re-bubble
group consisting of eyes that needed re-bubbling due to detachment
later than the first postoperative day and 2) a no-re-bubble group that
consisted of the remaining eyes that did not had need for re-bubbling
later in the postoperative period. Subject characteristics were compared
using χ2-test for proportions of sex, preoperative diagnoses and prior
corneal grafting while mean values were calculated for continuous
variables such as age, pre- and postoperative CCT and ECD and com-
pared by conducting a z-test. Results were noted as mean values (95%-
confidence intervals (CI)). In order to evaluate the diagnostic accuracy
of the CCT measured on the first postoperative day for identifying pa-
tients with a later need for re-bubbling, we generated a Receiver op-
erating characteristic (ROC)-curve. The statistical analysis of the study
was performed using Microsoft Office Excel 2016 for windows.

3. Results

3.1. Subject characteristics

Information on age, sex and preoperative diagnoses for both re-
cipients and donors as well as ECD was available for all 107 patients in
the re-bubble group and for all the 836 patients in the no-re-bubble
group. Information on preoperative CCT was available for 101 patients
in the re-bubble group and 783 in the no-re-bubble group. Mean re-
cipient age (P = 0.01), mean donor age (P = 0.05), mean donor ECD
(P = 0.008), mean preoperative CCT (P = 0.006), mean postoperative
CCT (P < 0.001), and mean pre- to postoperative CCT change
(P < 0.001) were statistically different between the re-bubble and the
no-re-bubble groups. Data on subject characteristics are available in
Table 1. Preoperative diagnoses were not statistically different between
the groups (P = 0.34). Data on the preoperative diagnoses is available
in Table 2.

3.2. Subject distribution and diagnostic value of CCT

Data on the postoperative CCT for both the re-bubble and the no-re-
bubble group is depicted in Fig. 1. The figure revealed a right-shifted
curve made from the postoperative CCT values for the re-bubble group
with a peak at a CCT of 0.85 mm in contrast with the no-re-bubble
group with peak at a CCT of 0.80 mm. Opposing this no obvious pattern
was seen for the preoperative CCT values. Data on the preoperative CCT
for both the re-bubble and the no-re-bubble group is depicted in Fig. 2.

The ROC curve revealed that the highest sensitivity and specificity
were found at a cutoff-value of CCT>0.81 mm where a sensitivity of
71% and a specificity of 63% were found (χ2-test, P < 0.001). The
ROC-curve is shown in Fig. 3. The patient distribution at a cutoff-value

Table 1
Subject characteristics.

Rebubble
(N = 107)
Mean (95% CI-
interval)

No-rebubble
(N = 836)
Mean (95% CI-
interval)

P

Mean recipient age (years) 74.3 (72.7; 75.9) 72.0 (71.4; 72.7) 0.01
Mean donor age (years) 71.0 (68.6; 73.5) 68.3 (67.4; 69.3) 0.05
Female recipient

prevalence
0.55 (0.42; 0.68) 0.55 (0.50; 0.60) 0.98

Female donor prevalence 0.42 (0.28; 0.56) 0.43 (0.38; 0.49) 0.79
Donor ECD (cells/mm2) 2347.5 (2300.7;

2394.3)
2409.3 (2391.4;
2427.1)

0.008

Post-OP-CCT (µm) 854 (836; 871) 787 (782; 793) <0.001
Pre-OP-CCT (µm) 620 (601;639) 646 (640;652) 0.006
Pre- to post-OP-CCT-

Change (µm)
238 (210;267) 143 (135;152) <0.001
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of CCT>0.81 mm is available in Table 3. 13 patients, i.e. 12% (Con-
fidence Interval (CI): 6–18%), in the re-bubble group and 106 patients,
i.e. 13% (CI: 10–15%), in the no-re-bubble group had undergone cor-
neal grafting prior to the current DSAEK procedure. However, the di-
agnostic value of the CCT cutoff-value persisted when excluding these
with a sensitivity of 72% and a specificity of 62% (χ2-test, P < 0.001).
In order to determine the importance of each of the preoperative di-
agnoses, we further divided the re-bubble group and the no-re-bubble
group according to the preoperative diagnoses; Primary endothelial
failure, secondary endothelial failure or regraft. The groups were not
statistically different from one another when it came to the incidence of
re-bubbling (χ2-test, P = 0.34). The diagnostic value of the

postoperative CCT using a cut-off value of 0.81 mm remained for the
PEF group with a sensitivity of 73% and a specificity of 61% as well as
for the SEF group with a sensitivity of 75% and a specificity of 71%. For
the regraft group the sensitivity and specificity were 60% and 70%
respectively using the same cut-off value.

4. Discussion

The purpose of our study was to investigate the relationship be-
tween CCT at the first postoperative day and the need for re-bubbling
later in the postoperative period. Our results have revealed that CCT to
some extend can be used to predict which eyes that are going to require
re-bubbling by examining the eyes on the first postoperative day. This is
in agreement with our hypothesis and is, thought to be due to micro-
scopic lakes of interface fluid forming between the recipient cornea and
the graft. This hypothesis was based on the observation of microscopic
lakes depicted on AS-OCT after DSAEK procedures in cases with no
clinical signs of detachment at slit-lamp examination. In this way, a
combination of CCT measurement and use of AS-OCT could possibly
further improve our ability to identify eyes with later need for re-
bubbling.

AS-OCT could also be used to measure CCT since this technique has
shown high accuracy in means of a lower degree of intra-observer
variability [10,11]. In contrast, the variability in optical pachymetry
measures is relatively high. Thus, the results of this study might be
improved by using AS-OCT instead of optical pachymetry since lower
accuracy tend to obscure results. It is well known that pachymetry
measurements with different methodologies are not directly compar-
able [12,13]. Thus, our results might not be directly interchangeable to
a setting using AS-OCT in means of CCT measurement. For the purpose
of CCT measurement, ultrasonic pachymetry could probably also

Table 2
Rebubbling performed for individual preoperative diagnoses. (χ2-test;
P = 0.34.)

Rebubble (N = 107) No-rebubble (N = 836)

Primary failure 84 (11.8%) 626 (88.2%)
Secondary failure 8 (7.2%) 103 (92.8%)
Regraft 15 (12.3%) 107 (87.7%)

Fig. 1. Distribution of study subjects according to CCT measurement on the 1st
postoperative day.

Fig. 2. Distribution of study subjects according to preoperative CCT measure-
ments.

Fig. 3. Receiver operating characteristic (ROC)-curve describing diagnostic
value of CCT.

Table 3
Subject distribution and diagnostic value. (χ2-test: P < 0.001, sensi-
tivity = 71%, specificity = 63%.)

Rebubble No-rebubble

CCT > 0.81 76 307
CCT ≤ 0.81 31 529
Total 107 836
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improve the accuracy of our results. However, the obvious advantage of
AS-OCT is the accompanying ability to assess the interface between the
host cornea and the graft. Furthermore, ultrasonic pachymetry requires
corneal contact which is not always convenient on the first post-
operative day. Due to the theoretical possibility of an angled mea-
surement using a handheld device as an ultrasonic pachymeter, AS-OCT
also seems to be the more advantageous choice. Data on ultrasonic
pachymetry and AS-OCT were unfortunately not available since only
optical pachymetry measurements routinely are done at our depart-
ment.

Even though the formation of microscopic lakes of fluid forming in
the interface of the recipient cornea and the graft can be an explanation
for our results one must keep in mind that several other factors already
have been related to graft detachment [14–16] although DSAEK graft
thickness [9] or the duration of the organ culture period [8] has not
been found to influence the frequency of re-bubbling in our setting. In
this way our study does not provide any evidence that the postoperative
CCT is a risk factor for graft detachment. Instead it can probably be
thought of as a combined parameter that most likely is influenced by
already established risk factors.

The preoperative CCT in our analysis was found to be statistically
lower in the re-bubble group compared with the no-re-bubble group.
Taking a look at Table 2, patients with preoperative primary en-
dothelial failure seemed to need re-bubbling more often compared to
patients with preoperative secondary endothelial failure, even though
the difference was not statistically significant. Patients with secondary
endothelial failure tend to have more edematous corneas and hence
thicker corneas before surgery and this could probably be a part of the
explanation for a lower preoperative CCT in the re-bubble group
compared to the no-re-bubble group. However, the CCT measured on
the first postoperative day and the preoperative CCT can probably not
easily be compared since the cornea to some extend will be edematous
prior to the procedure while it will be substantially equally deswollen
postoperatively due to the deswelling effect of the pressure applied by
the air insufflated into the anterior chamber and relatively high IOP.
The CCT measured on the first postoperative day is possibly not affected
by the water content in the cornea before surgery. Hence, the difference
in preoperative CCT between our two study groups might not interfere
with our results of the predictive value of postoperative CCT with re-
gard to later re-bubbling.

Since the purpose of our study was to determine the sensitivity of
the postoperative CCT for the need of later re-bubbling, we used in-
clusion criteria as wide as possible. In a clinical setting it is often more
convenient to have a simple model to predict later events. Therefore, by
using wide inclusion criteria the predictive value of preoperative CCT in
our study should be applicable to all kinds of patients undergoing
DSAEK. The majority of cases excluded from our study was due to a
missing postoperative CCT that most likely just had been forgotten at
the clinical examination.

A major strength of our study is the relatively high number of in-
cluded eyes that benefit our statistical analysis. The results of our study
must, however, be interpret keeping in mind that this was conducted as
a retrospective study, which make it prone to confounding. This is also
revealed in the subject characteristics of our study where the mean
donor age and the donor ECD were statistically different between our
two study groups. Increasing age of recipients have earlier been asso-
ciated with graft dislocation [14]. The differences in donor ECD might,
however, not play an important role for graft detachment or the need
for re-bubbling since the endothelium of the graft most likely have not
regained any physiological function at the first postoperative ex-
amination. This is supported by Terry et al. who did not find an in-
creased risk of graft detachment with lower ECD [17]. Opposing this,
Shih et al. investigated the thickness of DSAEK lenticules and found an
increased thickness between the first postoperative day and the ex-
amination after 1 week for lenticules with later failure while successful
lenticules decreased in thickness in the same period [18]. This could

indicate that the endothelium is active early after the procedure and
hence could influence the rate of primary failure.

The increased ability to identify eyes at risk of graft detachment
may improve both visual recovery, graft survival and preserve post-
operative donor endothelial cell density. Terry et al. demonstrated how
surgical technique and incision size impacted the endothelial cell
density [19]. This somehow suggests that mechanical stress on the
graft, as in the case of dislocation, could result in reduced ECD.
Therefore, early detection of detachment and relocation of the graft
might have beneficial effects. This is also in agreement with recent
findings by Aldave et al. that found an association between graft dis-
location and late failure of the donor lenticules [6]. Actually, Aldave
et al. appeared to have found a dose–response effect with a higher
degree of late failure with a higher degree of graft dislocation [6]. This
suggest that a method for early detection of graft dislocation and
prompt re-bubbling before actual detachment could improve late graft
success. This said, one must remember that this study only addresses
short-term requirement of re-bubbling and does not directly investigate
graft detachment and long-term graft success.

5. Conclusion

In conclusion, CCT measured using manual optical pachymetry on
the first postoperative day can to some extend be used to identify eyes
at high risk of graft detachment and the need for re-bubbling. Using
CCT>0.81 mm as cut-off value gives the highest sensitivity and spe-
cificity in means of predicting the need for re-bubbling. Excluding
subjects with prior corneal grafting did not significantly alter this
finding.

Further studies are required to investigate whether this can be used
in early intervention against graft detachment and whether this will
improve clinical outcomes.
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