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[Abstract] Objective To characterize the long-term influence of
donor central graft thickness (CGT) and graft size on corneal
endothelial cell density (ECD) after Descemet’s stripping
automated endothelial keratoplasty (DSAEK).

Methods An observational case seties study was conducted. One
hundred and forty-four eyes of 134 patients who underwent
DSAEK at the Peking University Third Hospital between January
2013 and December 2017 with at least 24-month follow-up were
enrolled. Preoperative donor ECD was evaluated by eye bank
specular microscopy, and postoperative ECD was determined by 7z
vivo confocal microscopy at 1, 3, 6, 12, and 24 months after surgery.
Corneal endothelial cell loss was calculated according to the
pre-and postoperative ECDs. Donor CGT was measured by
antetior segment optical coherence tomography. According to the
3-month postoperative donor CGT, patients were divided into the
thinner graft group (45 eyes with donor CGT < 100 um), the
medium thick graft group (66 eyes with donor CGT = 100~< 150
um), and the thicker graft group (33 eyes with donor CGT = 150
um). According to donor trephination size, the patients were
divided into the smaller graft group (31 eyes with donor
trephination size = 7~< 8 mm) and the larger graft group (113
eyes with donor trephination size = 8~< 9 mm). The postoperative
donor CGT and endothelial cell loss at the different observation
time points were compared, and the relationnships between the
24-month postoperative ECD and the preoperative donor ECD,
the donor CGT, and the donor graft size were analyzed.

Results The donor CGTs were 129.0 (90.8, 160.8), 115.5 (93.0,
146.0), 115.5 (89.0, 151.0), 112.5 (94.3, 146.8), and 114.0 (89.0,
144.5) um at 1, 3, 6, 12 and 24 months after surgery, respectively,
showing a statistically significant difference (H = 37.369, P <
0.001). There was a significant difference in postoperative donor
CGT between 1-month and 3-month (P < 0.001) patients.
Spearman’s correlation analysis showed that the 24-month
postoperative ECD was positively correlated with the preoperative
donor ECD (r: = 0.783, P < 0.001), which was not associated with
donor graft size and donor CGT (r; = 0.141, P = 0.093; r; = -0.044,
P = 0.600), respectively. There was no significant difference in the
rate of endothelial cell loss among the three different donor CGT
groups and between the two different donor size groups at any
postoperative observation time point (all, P > 0.05).

Conclusions Postoperative ECD was correlated with the
preoperative ECD of the donor graft. The lower long-term rate of
endothelial cell loss after DSAEK was associated with the thinner

and larger diameter of the donor graft.
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Descemet’s stripping automated keratoplasty (DSAEK), as one of
the most common methods for the treatment of corneal
endothelial

keratoplasty because of its advantages of less rejection, shorter

diseases, has replaced traditional penetrating
learning curve, less risk of surgery, and rapid recovery of
postoperative vision, and has facilitated the extensive development
of corneal endothelial transplantation worldwidel. Some studies
found that a thin donor corneal endothelial graft led to better
postoperative visual recovery and a low rate of endothelial cell
loss23. Therefore, based on traditional DSAEK, thin graft surgical
protocols, such as ultra-thin DSAEK#* have been developed.
However, its use is still controversial. Numetrous studies have
reported that the thickness of the donor graft was not correlated
with postoperative vision and corneal endothelial density (ECD)>7,
and some studies reported that thin donor graft increased the loss
of corneal endothelial cells®. The anatomical characteristics of eyes
in Chinese patients differ from those in Western countries. A
previous study reported that donor grafts in Western countries
were usually larger, with a diameter of = 8.5 mm for DSAEK?, but
the grafts in China were smaller, with a diameter of < 8.0 mm.
However, the effect of donor graft thickness and size on
postoperative ECD has not been reported in Chinese patients. This
study therefore aimed to characterize the influence of donor graft
thickness and size on the 24-month postoperative ECDs in China,
to provide a possible basis for performing small graft DSAEKS.

1 Patients and Methods

1.1 Participants

This study was a retrospective case series enrolling 144 eyes of 134
patients who underwent DSAEK surgery for corneal endothelial
decompensation between January 2013 and December 2017 at the
Ophthalmic Research Center Affiliated with Peking University
Third Hospital. The mean age was 52.2 £ 20.2 years (range: 4—88
years) with 65 males (73 eyes) and 69 females (71 eyes). There wete
74 right eyes and 70 left eyes in the study. All patients completed a
24-month follow-up with complete data, and with a mean
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preoperative intraocular pressure of 15.4 £ 5.3 mmHg (1 mmHg =
0.133 kPa). The causes of corneal endothelial decompensated ion
balance included 14 cases of Fuchs corneal endothelial dystrophy,
11 cases of other types of corneal endothelial dystrophy, 54 cases
after cataract extraction, 19 cases after anti-glaucoma surgery, seven
cases after vitrectomy, 20 cases after corneal transplantation, six
cases of eye trauma, and 13 cases from other causes. The patients
were divided into three groups according to the 3-month
postoperative donor central graft thickness (CGT), because it was
stable at 3 months after surgery. The thinner graft group was CGT
< 100 pm, n = 45; the medium-thick graft group was CGT =
100~< 150 pm, n = 66; the thicker graft group was CGT = 150
um, n = 33. According to the donor trephination size, the patients
were divided into a smaller graft group (31 eyes with donor graft
size 2 7-< 8 mm) and a larger graft group (113 eyes with donor
graft size 2 8—< 9 mm). This research followed the tenets of the
Declaration of Helsinki and was approved by the Institutions
Ethics Committee of Peking University Third Hospital (approval
number: IRB00006761-2008025). All patients signed informed

consents before surgery.

1.2 Methods

1.2.1 Donor ECD examinations The donor corneal grafts were
preserved at 4°C in K-Sol medium (Cilco, Huntington, WV, USA),
and an Eye Bank specular microscope (HAI EB-3000XYZ; HAI
Laboratories, Lexington, MA, USA) was used to photograph
images of the central donor endothelium. The clear image of the
endothelial layer was selected and the donor ECD was evaluated by
device intrinsic software. Apices of 50~100 cells from the

endothelial images for each cornea were counted and analyzed.

1.2.2 ECD examinations by in vivo confocal microscopy In
vivo corneal laser scanning confocal microscopy (HRT3/RCM;
Heidelberg Engineering, Dossenheim, Germany) was used to
measure the ECD at 1, 3, 6, 12, and 24 months after surgery.
Before examinations, a drop of topical anesthetic (4 g/L
Oxybuprocaine hydrochloride; Santen Pharmaceutical, Osaka,
Japan) was instilled in the lower conjunctival fornix. After applying
a drop of gel on the front surface of the microscope lens, a
disposable sterile cap was mounted on the holder to cover the
microscope lens. The height of the lens was adjusted so that the
cap was slightly in contact with the central section of the cornea,
and each layer of the cornea was examined. The number of
endothelial cells was counted manually, and the postoperative ECD
was determined as the number of cells/mm? using the proprietary
software within the corneal confocal microscope. The rate of
endothelial cell loss was calculated according to the postoperative
ECD at different time points and the corresponding preoperative
donor ECD. The rate of endothelial cell loss = (the preoperative
donor ECD - the postoperative ECD) / the preoperative donor
ECD.

1.2.3 Pachymetry of central corneal thickness and CGT The
preoperative recipient central corneal thickness (CCT) and
postoperative CCT were measured using anterior-segment optical
coherence tomography (AS-OCT; Visante, Carl Zeiss Meditec,
Dublin, CA, USA). The same operator adjusted the software
system to position the vertex at the center of the AS-OCT image.
More than three horizontal scans were performed, and the scan

with the best quality was selected for measurement. The
high-resolution corneal modules were used for measurements. The
thickness was measured using software of the Visante AS-OCT
system. The preoperative recipient CCT and postoperative CCT
were measured with the caliper position at zero and recorded as the
distance from the surface epithelium to the endothelium. The CGT
was the distance between the high light reflective plane (i.e. the

graft—host interface) and the endothelium.

1.3 Statistical analysis

Statistical analyses were performed using SPSS statistical softwate
for Windows, version 21.0 (IBM, Armonk, NY, USA). Data wete
verified to be inconsistent with a normal distribution of continuous
variables using the Shapiro—Wilk test and expressed as the M (Q1,
03). The pre- and postoperative CCTs and the donor CGTs at
each postoperative time point were compared using the Kruskal—
Wallis H test, and the Wilcoxon test was used to compare the
paired data. Spearman’s rank correlation analysis was used to
evaluate the relationships between postoperative 24-month ECD
and preoperative donor ECD, CGT, or graft size. The Kruskal—
Wallis H test was performed to analyze the differences of ECD
and endothelial cell loss rate among various time points and Mann—
Whitney U test was used for post-hoc analysis. A two-tailed test

was selected, and P < 0.05 was considered statistically significant.

2 Results

2.1 Comparison of pre-and postoperative CCTs, and donor
CGTs after surgery

The preoperative CCT was 797.5 (722.5, 910.0) um, and 641.5
(590.5, 730.0) pm at postoperative 1-month group, 619.5 (577.0,
691.5) pm at postoperative 3-month group, 625.0 (572.5, 699.0) ym
at postoperative 6-month group, 627.0 (584.5, 692.5) pm at
postoperative 12-month group, and 623.0 (578.0, 692.0) pm at
postoperative 24-month group, showing a statistically significant
difference among different time points (H = 259.008, P < 0.001).
The CCT value was significantly lower at postoperative time points
than that at preoperation (all, P < 0.05). The donor CGT was 129.0
(90.8, 160.8) at postoperative 1-month group, 115.5 (93.0, 146.0) at
postoperative 3-month group, 115.5 (89.0, 151.0) at postoperative
6-month group, 112.5 (94.3, 146.8) at postoperative 12-month
group, and 114.0 (89.0, 144.5) at postoperative 24-month group,
showing a statistically significant difference among different time
points (H = 37.369, P < 0.001), and the difference between
between postoperative 1-month group and postoperative 3-month
group was significantly different (P < 0.001). There was no
significant difference in the donor CGTs between postoperative
3-month group and postoperative 6-month group, postoperative
3-month group and postoperative 12-month group, or
postoperative 3-month group and postoperative 24-month group
(all, P > 0.05).

2.2 The ECD and endothelial cell loss rate at different time
points after surgery

The preoperative ECD of the donor was 2,455.9 (2,250.0, 2,872.3)
cells/mm2. After surgery, there was a progtressive decreased in the
donor ECD over time and the endothelial cell loss rate was
increased gradually (Table 1).
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Table1 Comparison of ECD and endothelial cell loss rate at
different time points after surgery [M (01,05)].

Postoperative time ” Endothelial cell
(months) ECD (cells/mm?) loss rate (%o)

1 144 1931.5(1 487.5, 2 330.0) 23.0(13.0, 34.4)
3 144 1874.0(1 416.5, 2 245.8) 25.2(14.7, 36.5)
6 144 1803.0(1 385.3, 2 199.3) 28.7(19.6, 42.7)
12 144 1524.5(1 188.3, 2 104.0) 37.0(23.9, 47.1)
24 144 1375.0(1 033.5, 1 892.8) 45.9(31.3, 54.7)

Note: ECD: endothelial cell density

2.3 Correlation between postoperative 24-month ECD and
preoperative donor ECD, donor graft size, or donor CGT
Spearman’s correlation analysis showed that the postoperative
24-month ECD was positively correlated with preoperative donor
ECD (r; = 0.783, P < 0.001), and postoperative 24-month ECD
was not associated with donor graft size, or postoperative 3-month
donor CGT (. = 0.141, P = 0.093; . = -0.044, P = 0.600,
respectively) (Figure 1).
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Figure 1 Correlations between po;:z;érative 24-month ECD
and preoperative donor ECD, donor graft size, or CGT
(Spearman’s rank correlation analysis, #» = 144) A: The
postoperative 24-month ECD was positively correlated with
preoperative donor ECD (7, = 0.783, P < 0.001) B: There was no
a significant correlation between donor graft size and postoperative
24-month ECD (r; = 0.141, P =0.093) C: The postoperative
24-month ECD was not significant associated with postoperative
3-month donor CGT (r; = -0.044, P = 0.600). ECD: endothelial
cell density; CGT: central graft thickness

2.4 Comparison of the preoperative ECD and endothelial cell
loss rate among different donor CGT groups

The donor CGT was 72.0 (62.0, 89.5) um in the thinner graft group,
118.5 (111.8, 135.3) um in the medium-thick graft group, and 171.0
(164.0, 209.0) pm in the thicker graft group. The preoperative
donor ECD of the three groups were 2 499.8 (2 251.1, 3 033.0), 2
458.5 (2 250.0, 3 013.0), and 2 424.0 (2 254.9, 2 713.9) cells /mm?,
and the difference of preoperative donor ECD was not statistically
significant among different donor CGT groups (H = 0.368, P =

0.832). There was no significant difference in endothelial cell loss
rate among different donor CGT groups at postoperative 1, 3, 6, 12
and 24 months (H = 1.630, 4.405, 0.233, 1.184, 0.079, all at P >
0.05) (Table 2).

Table 2 Comparison of endothelial cell loss rate among different donor
CGT groups at different time points after surgery [M (O, ), %]

Group ” Endothelial cell loss rate at different operative time

1 month 3 months 6 months 12 months 24 months
Thinner graft group 45 24.6(13.0,38.1) 28.1(15.9,41.7) 28.0(17.1,42.0) 34.3(19.6,47.4) 40.8(31.3,55.5)
Medium-thick  graft66

224(13.831.4) 21.3(12.331.1) 28.4(21.1,41.7) 36.8(25.0,44.3) 47.3(31.6,54.0)

group

Thicker graft group 33 4.1(12.440.3) 31.0(17.8,39.3) 30.2(16.0,43.9) 41.5(16.6,53.6) 49.1(30.1,54.8)
H 1.630 4.405 0.233 1.184 0.079
P 0.443 0.111 0.890 0.553 0.961

Note: (Kruskal-Wallis H test)

2.5 Comparison of preoperative donor ECD, postoperative
donor CGT, and endothelial cell loss rate between different
donor size groups

The diameter of the smaller graft group was 7.5 (7.5, 7.5) mm and
8.0 (8.0, 8.0) mm in the larger graft group. There was no significant
difference in preoperative donor ECD and the 3-month
postoperative donor CGT between the two groups (Z = -1.648 and
-0.002, all, P > 0.05) (Table 3). The difference in the rate of
endothelial cell loss was not significant between the two groups at

each observation time point after surgery (all, P > 0.05) (Table 4).

Table 3 Comparison of preoperative ECD and postoperative CGT between two
groups [M (01,05), %]

Groups n Preoperative donor  Postoperative 3-month
ECD (cells/mm?) donor  CGT (pm)

Smaller graft group 31 2329.5(2 252.3,3 033.0) 107.0(88.0,139.0)

Larger graft group 113 2490.0(2 250.0,2 765.6) 117.0(93.0,151.5)

4 -0.002 -1.648

P 0.998 0.099

Note: (Mann—Whitney U test) ECD: endothelial cell density; CGT: central graft thickness

Table 4 Comparison of endothelial cell loss rate between two groups at
different time points after surgery (M [01,05], %)

Endothelial cell loss rate at different operative time

Group n
1 month 3 months 6 months 12 months 24 months

Smaller graft group 31 19.7(11.529.6) 23.5(12.9,31.5) 30.920.943.7) 41.4(24.452.2) 49.0(36.3,57.2)
Larger graft group 113 23.9(13.4,35.4) 27.1(15.5,36.8) 28.0(18.8,41.3) 357(21.945.3)  45.4(30.0,54.2)

Z -1.091 -0.770 -0.911 -1.429 -1.726
P 0.275 0.441 0.362 0.153 0.084

Note: (Mann—Whitney U test)

3 Discussion

Previous studies reported that donor grafts might “swell” before
DSAEK and presumed that this phenomenon was mainly due to
removal of the corneal epithelium when the grafts were irrigated in
a balanced salt solution. After surgery, donor implants could have a
“deturgescence” effect and reduce the thickness of the donor
graftly, In the current study, the CCT and the donor CGT
decreased significantly at postoperative 1 and 3 months, then
gradually stabilized after three months. The reason might be
inflammation after surgery and the possibility that surgical injury of
graft endothelial cells subsided at 3 months after DSAEK. The
recovery of density and function of the endothelial cells might lead
to the thickness of the CCT and CGT being stable. Di Pascuale et
al.!! reported that donor graft thickness decreased after DSAEK,
from 243 um on the first day after surgery to 148 um at the last
follow-up, which suggested that donor grafts might have a
“deturgescence” after DASEK. In the present study, the donor
CGT decteased from 129.0 (90.8, 160.8) um at 1 month to 115.5
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(93.0, 146.0) um at 3 months. The change in the donor graft
thickness may therefore be important when preparing donor grafts
by eye banks and evaluating surgical efficacy. If the thickness of
the graft is more than 100 pm before surgery, it might become
thinner after surgery and might result in an ultrathin DSAEK.

Based on the above analysis, we found that the donor CGT was
stable at 3 months after DSAEK. We then analyzed possible
correlations between the 24-month postoperative ECD and the
preoperative donor ECD, donor graft size, and the 3-month
postoperative donor CGT. The results showed that the 24-month
postoperative ECD had a strong positive correlation with the
preoperative donor ECD, but had no significant correlation with
donor graft size and 3-month postoperative donor CGT. These
results were consistent with previous studies. Lass et al.1> reported
that the ECD at 3 years after DSAEK surgery was positively
correlated with the preoperative donor ECD, but had no significant
correlation with donor graft thickness. Lekhanont et al.!3 also
suggested that ECD at 5 years after DSAEK surgery was positively
correlated with preoperative donor ECD, but not with the donor
graft diameter.

In 2012, Busin et al.'* performed ultrathin DSAEK surgery with
a donor graft thickness of less than 100 um. Since then, many
studies have reported that ultrathin DSAEK has the advantages of
rapid vision recovery and small postoperative high order
astigmatism!5-16, However, the relationship between donor CGT
and visual acuity recovery after DSAEK remains controversiall7. In
the current study, the rate of endothelial cell loss in the thicker
graft group was higher than in the other two groups during 24
months of follow-up, except for postoperative 1-month, which was
lower than the thinner graft group. The high rate of endothelial cell
loss in the thinner graft group at postoperative 1-month might be
related to the relatively complicated surgical procedure and
difficulty in unfolding the lamella during surgery. The rate of
endothelial cell loss in the thinner graft group was lower than in the
other two groups between 6 and 24 months after surgery. Less
inflaimmation and rejection due to less corneal stroma of the thin
lamella in the thinner graft group might be the reason. The high
rate of endothelial cell loss in the thicker graft group between 3
and 24 months might be related to the relative amount of stress on
donor endothelial cells. When the lamella entered the anterior
chamber, the double squeezing effect on graft endothelium from
the corneal incision and the port of the Busin glide was more
severe in the thicker graft group. Moreover, the thicker lamella
might have more serious inflammation and rejection due to more
corneal stroma. However, there was no significant difference in the
rate of endothelial cell loss among the three groups at each
observation time point. Therefore, the rate of endothelial cell loss
might be lower in relatively thinner donor grafts in DSAEK
patients.

We also determined the differences in preoperative donor ECDs
and 3-month postoperative donor CGTs between the two
different-size graft groups, but found no statistical significance
between the two groups. The rate of endothelial cell loss in the
smaller graft group was lower than in the larger graft group 1-3
months after DSAEK, so more injury of donor endothelial cells
due to the squeezing effect of the corneal incision and the port of
the Busin glide in the large graft might be the reason. The rate of

endothelial cell loss in the large graft group was lower than in the
smaller graft group between 6 and 24 months. This might be
related to the larger graft containing more corneal endothelial cells
and some damaged endothelial cells gradually recovering their
function. However, there was no significant difference in the rate
of endothelial cell loss between the two groups at each observation
time point. Therefore, the rate of endothelial cell loss might be
lower in relatively large-size donor grafts in DSAEK.

In summary, the results of the current study showed that donor
CGT tended to be stable at 3 months in small graft DSAEK
patients, which was consistent with the eye characteristics of
Chinese patients. The 24-month postoperative ECD was positively
correlated with preoperative donor ECD, but not with the donor
CGT and graft size. The thinner and larger size of the donor graft,
and the lower rate of endothelial cell loss after DSAEK, was more
beneficial for long-term survival of the graft.
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