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Clinical outcomes in imported 
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surgeon-loaded DMEKs in Asian 
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Purpose: To perform a direct, prospective, comparative analysis of the 
complications associated with imported preloaded grafts versus surgeon-
loaded grafts in Descemet membrane endothelial keratoplasty (DMEK) in Asian 
eyes.

Methods: A total of 20 consecutive preloaded DMEKs were matched by 
donor age with 40 surgeon-loaded DMEKs for the indications of Fuchs’ 
endothelial cell dystrophy (FECD) and pseudophakic bullous keratopathy 
(PBK). All cases of preloaded and surgeon-loaded DMEKs were by a single 
surgeon in the Singapore National Eye Centre and utilized endothelium-in pull-
through cartridges (CORONET DMEK Endoglide; Network Medical Products, 
United Kingdom). Imported preloaded grafts were prepared 72 to 96 h before 
surgery. The main outcome measures were intra-operative complications 
such as graft tears, extrusion, and high vitreous pressure. Secondary outcome 
measures were endothelial cell loss and early post-operative complications 
such as ocular hypertension, graft detachment, and rebubbling, up to 6 months 
post-operatively.

Results: Preloaded DMEKs had significantly shorter intra-operative times 
(26.2 min vs. 39.5 min; p < 0.001) than surgeon-loaded DMEKs but were 
associated with increased intra-operative risk of conversion to standard 
injector-DMEK (15% vs. 0%; p = 0.033). However, there was no increase in 
overall intra-operative complications (40% vs. 22.5%; p = 0.156), early post-
operative complications (35% vs. 30%; p = 0.772), and rebubbling rate (5% vs. 
5%; p > 0.999). Visual outcomes and endothelial cell loss were not significantly 
different in both groups.

Conclusion: In our Asian study cohort of pull-through DMEKs, endothelium-in 
preloaded DMEKs were significantly faster than surgeon-loaded DMEKs and had 
comparable clinical outcomes.
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Introduction

Corneal endothelial cells are crucial for maintaining corneal 
transparency but are terminally differentiated and non-regenerative 
(1, 2). Endothelial dysfunction is the most common indication for 
corneal transplantation (3). One such technique is Descemet 
membrane endothelial keratoplasty (DMEK), where the prepared 
graft consists only of the Descemet membrane and the endothelium 
(4). Compared to its predecessor technique of Descemet stripping 
automated endothelial keratoplasty (DSAEK), the graft is thinner, and 
the clinical outcomes are more favorable (5, 6), justifying its 
increasingly high adoption rate amongst cornea surgeons for cornea 
endothelium replacement (7). As with other keratoplasty techniques, 
DMEKs are dependent on donor tissue supply, which is limited in a 
small country such as Singapore. Imported preloaded DMEK grafts 
have emerged as a viable method of increasing the supply of 
donor tissue.

In initial earlier DMEKs, donor corneas were prepared intra-
operatively, which was time-consuming and required surgical 
dexterity with a steep learning curve. The concept of a preloaded 
DMEK was introduced to reduce intra-operative time, costs, and 
stress with graft preparation (8). This pre-operative preparation 
involves stripping, trephining, and folding into a defined orientation 
before loading into a cartridge device for storage and delivery into the 
recipient anterior chamber (AC) (9). The use of such cartridges with 
the graft endothelium tri-folded inwards (“endothelium-in”) has been 
coupled with “pull-through” techniques (Figure 1), where the donor 
graft is manually grasped and orientated into place, as compared to 
conventional techniques of graft injection into the AC (“injector-
DMEK”) (10–12).

Some studies have reported reduced early complications, such as 
rebubbling for preloaded DMEKs versus intra-operatively surgeon-
loaded DMEKs (13, 14), while others have reported increased 
rebubbling rates (15). There currently are few direct comparative 
studies highlighting intra-operative complications and difficulties 
with preloaded DMEKs. Additionally, there is a lack of literature on 
the outcomes of preloaded DMEKs following international 
transportation. Hence, we present here a prospective study of our first 
20 imported and preloaded endothelium-in DMEKs, compared with 
surgeon-loaded pull-through-DMEKs in Asian eyes—with a focus on 
intra-operative complications, early post-operative complications, 
visual outcomes, and endothelial cell loss (ECL) within the first 
6 months post-operatively.

Materials and methods

Study design and participants

We conducted a prospective study of 60 DMEK surgeries that 
utilized the endothelium-in pull-through technique, completed by a 
single experienced cornea specialist (MA) at a tertiary ophthalmology 
center—Singapore National Eye Centre from August 2020 to June 
2024. Twenty of these cases were imported preloaded DMEKs, each 
then matched with two cases of surgeon-loaded DMEKs based on 
donor age within 3 years. Basic demographic data, clinical outcomes, 
surgical operation times, best corrected visual acuity (BCVA), 
endothelial cell density (ECD), and DMEK graft donor details were 
compiled from electronic health records. Our study was conducted as 
part of the Singapore Corneal Transplant Registry, which monitors 

FIGURE 1

Intra-operative procedure for endothelium-in pull-through-DMEK using a graft-loaded cartridge. (A) Insertion of the cartridge into the anterior 
chamber through a clear cornea incision. (B) Grasping and pulling-through of graft with forceps. (C) Natural unfolding of the graft with endothelium-
down. (D) Injection of gas to tamponade the donor graft to the recipient cornea.
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clinical data and outcomes of corneal transplants in Singapore (16), 
with the approval of the local institutional review board (CIRB Ref 
2011/577/A), and in accordance with the Declaration of Helsinki. 
Written informed consent was obtained from all subjects. Sample size 
calculation was based on a previous study by Romano et al., reporting 
rebubbling rates of 48% in preloaded and 15% in surgeon-loaded 
DMEKs (15). A total sample size of 60 would be required to detect 
differences in rebubbling rates between preloaded and surgeon-loaded 
cases at a significance level of 0.05 and a power of 80%.

Graft preparation

For surgeon-loaded cases, the donor cornea was prepared by the 
surgeon (MA) intra-operatively using the SCUBA technique (17), 
followed by trephination according to the required size. The graft was 
then tri-folded after staining and pulled into the Endoglide cartridge 
(CORONET DMEK Endoglide; Network Medical Products, 
United Kingdom). Preloaded grafts were imported internationally as 
preloaded Endoglide cartridges (Preloaded DMEK Endoglide; 
Eversight, United States). The technique employed by the eye bank for 
loading the donor DMEK graft into the device has been previously 
described (18, 19). The graft processing-to-DMEK durations for all 
preloaded DMEKs were between 72 and 96 h.

Surgical procedure

DMEK surgical techniques were generally as previously described 
(11, 20, 21). A clear cornea incision was made with two side ports. An 
AC maintainer was placed. Peripheral iridotomy was performed. 
Recipient descemetorhexis was performed using a reverse Sinskey 
hook. The Endoglide cartridge was inserted into the AC, and the graft 
was manually grasped using 27G curved Endoglide forceps from a 
paracentesis at the opposite side of the cornea and pulled through into 
the AC. Once the graft was fully unfolded and in place at the center of 
the host cornea, 20% sulfur hexafluoride gas was injected to achieve 
80% fill to tamponade the graft. All wounds were closed with a single 
10/0 nylon suture.

Follow-up and post-operative 
management

As previously described (21), all patients remained in face-up 
posture for at least 2 h post-operation and had intraocular pressure 
(IOP) routinely assessed and managed with topical or medical 
treatment before discharge. All patients received standard post-
operative topical antibiotics (levofloxacin 0.5%; Santen, Japan) and 
topical corticosteroids (prednisolone acetate; Allergan, 
United  States) following a standard tapering dose regime as 
previously described (22). Patients generally had follow-up visits at 
1 day, 1 month, 3 months, and 6 months post-operatively. At 
follow-up visits, they were examined by slit-lamp biomicroscopy, 
and BCVA was measured using the Snellen visual acuity chart in the 
logarithm of minimum angle of resolution (logMAR) units for 
analysis (23). Central corneal ECD was measured via non-contact 
specular microscopy (CellChek 20; Konan Medical Corp, Japan or 

CEM-530; Nidek, Japan) by certified ophthalmic technicians as 
previously described (24). ECD values were obtained from the 
built-in automatic endothelial cell segmentation software using the 
center method to measure cell area.

Clinical outcomes

The main clinical outcomes monitored are intra-operative and 
early post-operative complications up to 6 months post-
operatively. Intra-operative complications recorded were as 
previously defined: (21) donor graft tears, folded graft edges 
requiring manual unfolding with marginal dissector, excessive 
bleeding, de-centered graft, incorrect graft orientation (upside-
down, “endothelium-up”), high vitreous pressure, unstable AC, 
graft extrusion from pull-through cartridge, and conversion to a 
standard injector technique DMEK. Post-operative complications 
recorded were: cystoid macular edema, early immune-mediated 
rejection signs, partial detachments (lack of adherence in <30% of 
the graft surface area) (22), need for rebubbling, corneal edema or 
haze, and new-onset glaucoma or ocular hypertension.

Statistical analyses

SPSS 26.0 (IBM Corp, United  States) and GraphPad Prism 
software (Prism; GraphPad, United States) were used for all statistical 
analyses in this study. Descriptive statistics included mean ± standard 
deviation for continuous variables, whereas categorical variables 
included frequency distribution and percentages in parentheses. All 
between-group comparisons of continuous parameters were 
performed using independent t-tests (paired for applicable 
comparisons). All between-group comparisons of categorical 
parameters were performed using Fisher’s exact or chi-square tests. 
Linear regression was used for scatter plot estimation and 
multivariable analysis. Multivariable analysis models were built using 
potential confounding independent variables that were found to 
be significantly different from the univariable analysis. Upper and 
lower 95% confidence intervals (CIs) were used for graphs and means. 
Tests were two-sided, with statistical significance set at p < 0.05. 
Logistic regression analysis was reported as odds ratio (OR). 
Statistical significance was indicated with a single asterisk for p < 0.05, 
double asterisks for p < 0.01, and triple asterisks for p < 0.001. ECL 
was defined as the percentage loss of ECD compared to the 
pre-operative donor ECD. At a 0.05 significance level with group 
sample sizes of 20 and 40, there is 80% statistical power to detect 
differences between the groups greater or equal to 0.767 of the 
standard deviation.

Results

We analyzed 60 eyes from 60 patients who underwent pull-
through DMEK at a mean age of 69.1 (Table 1), with 70% (n = 42) 
male patients and 30% (n = 18) female patients. The mean donor age 
was 64.4. Twenty eyes underwent preloaded endothelium-in DMEK 
and were each case-matched with two cases of surgeon-loaded 
DMEKs (20 preloaded vs. 40 surgeon-loaded). Overall, 27% (n = 16) 
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of eyes had Fuchs’ endothelial cell dystrophy (FECD) and 73% 
(n = 44) had pseudophakic bullous keratopathy (PBK).

Intra-operative findings

Table 2 summarizes the main clinical outcomes for both techniques. 
Overall, preloaded DMEKs were significantly shorter in duration than 
surgeon-loaded DMEKs (26.2 min vs. 39.5 min; p < 0.001). Preloaded 
DMEK was associated with an increased conversion rate to the standard 
DMEK technique of injector-DMEK (15% vs. 0%; p = 0.033). However, 
there were no significant differences in the overall rate of intra-operative 
complications (40% vs. 22.5%; p = 0.156). From the start of the operation, 
10% (n = 2) of the preloaded grafts were incorrectly oriented in the 
cartridge (endothelium-out instead of endothelium-in), while none of 
the surgeon-loaded cartridges were incorrectly oriented. Similarly, 10% 
(n = 2) of the preloaded grafts instantly extruded when inserted into the 
AC, resulting in a conversion to injector-DMEK.

Early post-operative complications

Overall, there were no significant differences in early post-
operative complication rates in preloaded versus surgeon-loaded 

DMEKs (35% vs. 30%; p = 0.772). Post-operative partial detachment 
of the graft was not significantly different between preloaded versus 
surgeon-loaded DMEKs (10% vs. 7.5%; p > 0.999). Of the five cases of 
partial detachment, only one preloaded DMEK case (5%) required 
rebubbling, while two surgeon-loaded cases (5%) required rebubbling. 
There were no significant differences in rebubbling rates between 
preloaded and surgeon-loaded DMEKs (5% vs. 5%; p > 0.999). 
Overall, all cases of partial detachment either self-resolved or were 
treated by rebubbling without any further complications. All 10 cases 
of post-operative ocular hypertension were steroid-responsive IOP 
elevations that were resolved with topical glaucoma drugs, with none 
resulting in glaucomatous damage. Only one case in this study 
ultimately had graft failure at 6 months due to intraocular lens-
induced pigment dispersion, inflammation, and endothelial cell loss, 
belonging to the surgeon-loaded group. Multivariable logistic 
regression was employed to investigate variables that increased the 
risk of intra- or post-operative complications (Table 3). Preloaded 
DMEK, having PBK and lower donor ECD, had increased ORs, but 
overall, no variables were found to be  statistically significant. 
Preloaded DMEK had an OR of 2.69 for intra-operative complications 
(p = 0.156) and 1.75 for early post-operative complications (p = 0.371) 
compared to surgeon-loaded DMEK. Preloaded DMEK was not 
associated with increased rates of any complications after adjusting for 
confounders (OR = 2.04; p = 0.371).

TABLE 1 Descriptive characteristics of the patients undergoing preloaded and surgeon-loaded DMEKs.

Characteristics All eyes n = 60 DMEK graft preparation P

Preloaded Surgeon-loaded

n = 20 n = 40

Age at DMEK 69.1 ± 11.0 66.1 ± 12.9 70.6 ± 9.7 0.137

Ethnicity

  Chinese 49 (81.7%) 17 (85.0%) 38 (95.0%)

0.071
  Indian 2 (3.3%) 2 (10.0%) 0

  Malay 1 (1.7%) 1 (5.0%) 0

  Others 2 (3.3%) 0 2 (5.0%)

Gender

  Male 42 (70.0%) 14 (70.0%) 28 (70.0%)
1.00

  Female 18 (30.0%) 6 (30.0%) 12 (30.0%)

Glaucoma*

  Primary open angle 7 (11.7%) 2 (10.0%) 5 (12.5%) 1.00

  Primary closed angle 7 (11.7%) 4 (20.0%) 3 (7.5%) 0.208

  Secondary glaucoma 4 (6.7%) 1 (5.0%) 3 (7.5%) 1.00

  Not glaucomatous 42 (70.0%) 13 (65.0%) 29 (72.5%) 0.550

Indication for DMEK

  FECD 16 (26.7%) 8 (40.0%) 8 (20.0%)
0.099

  PBK† 44 (73.3%) 12 (60.0%) 32 (80.0%)

Donor graft characteristics

  Donor age 64.4 ± 7.1 64.2 ± 7.6 64.6 ± 7.0 0.860

  Donor ECD† (cells/mm2) 2800 ± 223 2766 ± 174 2818 ± 246 0.404

  Donor graft diameter† (mm) 7.82 ± 0.25 7.80 ± 0.25 7.83 ± 0.25 0.666

FECD: Fuchs’ endothelial cell dystrophy, PBK: pseudophakic bullous keratopathy, ECD: endothelial cell density. 
*Only one patient had a trabeculectomy, for primary open angle glaucoma, belonging to the preloaded group. 
†Iridocorneal endothelial syndrome and previous graft failures requiring regrafts listed as PBK indication.
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TABLE 2 Comparison of intra-operative complications, early post-operative complications, final graft outcomes, endothelial cell density, and visual 
outcomes between preloaded and surgeon-loaded DMEKs.

Characteristics All eyes n = 60 DMEK graft preparation P

Preloaded Surgeon-loaded

n = 20 n = 40

Intra-operative time† (min) 34.8 ± 14.6 26.2 ± 8.8 39.5 ± 15.1 <0.001**

Intra-operative complications

  Any complication 17 (36.3%) 8 (40.0%) 9 (22.5%) 0.156

  Donor graft tear 3 (5.0%) 1 (5.0%) 2 (5.0%) 1.00

  Folded graft edge 5 (8.3%) 2 (10.0%) 3 (7.5%) 1.00

  Bleeding 2 (3.3%) 0 2 (5.0%) 0.548

  De-centered graft 1 (1.7%) 0 1 (2.5%) 1.00

  Upside-down graft 2 (3.3%) 2 (10.0%) 0 0.107

  High vitreous pressure 3 (5.0%) 2 (10.0%) 1 (2.5%) 0.255

  Graft extrusion from cartridge 2 (3.3%) 2 (10.0%) 0 0.107

  Converted to injector-DMEK 3 (5.0%) 3 (15.0%) 0 0.033*

Early post-operative complications

  Any complication 19 (31.7%) 7 (35.0%) 12 (30.0%) 0.772

  Cystoid macula oedema 1 (1.7%) 1 (5.0%) 0 0.333

  Early rejection signs 2 (3.3%) 0 2 (5.0%) 0.548

  Partial graft detachment 5 (8.3%) 2 (10.0%) 3 (7.5%) 1.00

  Rebubbling required 3 (5.0%) 1 (5.0%) 2 (5.0%) 1.00

  Corneal haze/oedema 5 (8.3%) 2 (10.0%) 3 (7.5%) 1.00

  Ocular hypertension 10 (16.7%) 3 (15.0%) 7 (17.5%) 1.00

Final graft outcome

  Clear, functional & surviving 59 (98.3%) 20 (100%) 39 (97.5%)
1.00

  Graft failure 1 (1.7%) 0 1 (2.5%)

Endothelial cell density

  Donor ECD (cells/mm2) 2,797 ± 221 2,766 ± 174 2,812 ± 242 0.450

  1 M post-DMEK ECD‡ 1778 ± 652 1,641 ± 733 1941 ± 528 0.269

  3 M post-DMEK ECD§ 1770 ± 555 1862 ± 458 1715 ± 612 0.519

  6 M post-DMEK ECD¶ 1,659 ± 499 1,535 ± 553 1715 ± 475 0.329

Visual acuity (logMAR)

  Pre-DMEK BCVA 1.08 ± 0.73 1.05 ± 0.76 1.09 ± 0.72 0.843

  1 M post-DMEK BCVA 0.51 ± 0.42 0.57 ± 0.49 0.48 ± 0.39 0.443

  3 M post-DMEK BCVA# 0.48 ± 0.48 0.48 ± 0.49 0.48 ± 0.48 1.00

  6 M post-DMEK BCVA# 0.57 ± 0.62 0.66 ± 0.74 0.53 ± 0.55 0.455

  % BCVA improvement†† 58.4 ± 44.5 60.3 ± 44.4 57.4 ± 45.1 0.816

  BCVA at 6/12 or better†† 35 (58.3%) 12 (60.0%) 23 (57.5%) 1.00

logMAR: logarithm of minimum angle of resolution, ECD: endothelial cell density, ECL: endothelial cell loss, BCVA: best corrected visual acuity. 
*Bolded P-values with asterisks indicate statistical significance. 
†Number of patients with intra-operative time data: 20 preloaded, 36 surgeon-loaded, total 56.‡ Number of patients with 1-month post-DMEK ECD data: 13 preloaded, 11 surgeon-loaded, 
total 24. § Number of patients with 3-month post-DMEK ECD data: 10 preloaded, 17 surgeon-loaded, total 27. ¶ Number of patients with 6-month post-DMEK ECD data: 11 preloaded, 24 
surgeon-loaded, total 35. # Number of patients with 3-month and 6-month post-DMEK BCVA data: 19 preloaded, 39 surgeon-loaded, total 59. †† Best BCVA score within 6-months post-
DMEK used for % improvement and achievement of 6/12 BCVA.
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Post-operative endothelial cell density and 
loss

We detected no difference in ECD (Figure 2) between preloaded 
and surgeon-loaded DMEKs at 1 month (1641 vs. 1941 cells/mm2; 
p = 0.269), 3 months (1862 vs. 1715 cells/mm2; p = 0.519), and 

6 months post-operatively (1535 vs. 1715 cells/mm2; p = 0.329). ECL, 
as a percentage of the pre-operative donor ECD, was not found to 
be  significantly different between preloaded and surgeon-loaded 
DMEKs at 1 month (40.4% vs. 29.1%; p = 0.251), 3 months (33.7% vs. 
39.7%; p = 0.402), and 6 months post-operatively (44.2% vs. 38.5%; 
p = 0.392).

TABLE 3 Multivariable logistic regression of any intra-operative and early post-operative complications.

Variables Any intra-operative 
complications

Any early post-operative 
complications

Any intra- or early post-
operative complications

Odds ratio 
(95% CIs)

P Odds ratio 
(95% CIs)

P Odds ratio 
(95% CIs)

P

Preloaded DMEK (vs. 

surgeon-loaded)
2.69 (0.692–11.2) 0.156 1.75 (0.511–6.04) 0.371 2.04 (0.633–7.02) 0.242

Male gender 0.374 (0.0703–1.81) 0.228 1.05 (0.244–4.73) 0.943 0.772 (0.192–3.08) 0.713

DMEK recipient age 0.984 (0.915–1.05) 0.644 0.99 (0.932–1.05) 0.743 0.989 (0.931–1.05) 0.728

Glaucoma 0.281 (0.0439–1.34) 0.136 0.873 (0.221–3.22) 0.841 0.44 (0.114–1.57) 0.215

DMEK indication of PBK 

(vs. FECD)
1.39 (0.220–9.76) 0.728 1.88 (0.347–11.6) 0.472 1.57 (0.311–8.41) 0.586

Donor ECD (per 100 

cells/mm2)
0.792 (0.532–1.10) 0.206 0.941 (0.679–1.26) 0.690 0.887 (0.657–1.16) 0.398

Donor graft diameter 

(per mm)
11.7 (0.709–333) 0.112 0.738 (0.071–8.26) 0.798 1.84 (0.186–19.5) 0.600

FECD: Fuchs’ endothelial cell dystrophy, PBK: pseudophakic bullous keratopathy, ECD: endothelial cell density.

FIGURE 2

Endothelial cell density post-DMEK. ECD represented from pre-DMEK (donor ECD) to 1 month, 3 months, and 6 months post-DMEK for preloaded 
(blue) and surgeon-loaded (red) DMEKs. ECL, as a percentage of the pre-operative donor ECD, is shown below as well. Vertical error bars represent the 
95% CIs. At all four timepoints, there were no significant differences in ECD (p = 0.450, 0.269, 0.519, 0.329, respectively) or ECL (p = 0.251, 0.402, 
0.392, respectively).
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Visual outcomes

Pre-operative BCVA was similar for preloaded and surgeon-
loaded groups (logMAR 1.05 vs. 1.09, p = 0.843). Visual acuity 
(Figure 3) was similar for both groups at 1 month (logMAR 0.57 vs. 
0.48, p = 0.443), 3 months (logMAR 0.48 vs. 0.48, p > 0.999), and 
6 months post-operatively (logMAR 0.66 vs. 0.53, p = 0.455). 
Improvements in BCVA were similar (60.3% vs. 57.4%; p = 0.816). 
60% (n = 12) of preloaded and 57.5% (n = 23) of surgeon-loaded 
DMEKs achieved BCVA of 6/12 or better (p > 0.999).

Discussion

In our direct comparative analysis of preloaded versus surgeon-
loaded DMEKs performed in Asian eyes, we  found that both 
techniques had similar clinical outcomes in terms of complications, 
visual outcomes, and ECL. There were no significant differences in 
overall rates of intra- or early post-operative complications in 
preloaded versus surgeon-loaded DMEKs in the univariable and 
multivariable analyses. These findings demonstrate that preloaded 
DMEK is overall safe and comparable in outcomes to surgeon-loaded 
DMEK, when the endothelium-in bimanual pull-through technique 
is utilized.

Current studies for endothelium-in pull-through-DMEK report 
reduced intra-operative endothelial cell losses (12, 25), with similar 
clinical outcomes to endothelium-out injector techniques (26–28). 

From the context of practicality, compared to injector-DMEK, where 
the donor graft freely floats in the AC and surgical dexterity is critical 
(29), pull-through techniques allow direct control of the donor graft, 
reducing surgical unpredictability (30). This is especially important in 
eyes with difficult visualization and shallow ACs (31), such as Asian 
eyes with smaller, deeper-set eyes, higher vitreous pressures, and thick 
brown irises (11, 28, 32). Furthermore, in the context of preloading, 
the endothelium-in storage and transportation of preloaded grafts 
have demonstrated slight improvements in cell viability versus 
preloaded endothelium-out grafts (33). That being said, 
endothelium-out grafts preloaded into injectors are more common 
and have been around for longer (34), and have also similarly shown 
comparable clinical outcomes to the traditional surgeon-prepared 
endothelium-out injector-DMEKs (35).

In our study, preloaded DMEK resulted in significantly saved 
intra-operative time (26.2 min vs. 39.5 min; p < 0.001). This is one of 
the many factors that can translate to reduced costs for society, 
healthcare, and the patient. Böhm et al. demonstrated greater cost 
savings and incremental cost–utility ratio with preloaded DMEKs, 
generating slightly greater utility in terms of quality-adjusted life years 
values relative to surgeon-loaded DMEKs (36). There is also an 
important clinical benefit of mitigating intra-operative stress (37), 
minimizing the risk of tissue wastage, cancellation, and postponement 
of DMEK due to failure of intra-operative graft preparation (38–40). 
On the other hand, accurate pre-operative selection of graft size is a 
key requirement in preloaded DMEKs, as they cannot be trephined 
again intra-operatively. Endothelial cell losses during storage have 

FIGURE 3

Visual acuity post-DMEK. BCVA from pre-DMEK to 1 month, 3 months, and 6 months post-DMEK, for preloaded (blue) and surgeon-loaded (red) 
DMEKs. Vertical error bars represent the 95% CIs. There were no significant differences in BCVA at all four timepoints (p = 0.843, 0.443, 1.00, 0.455, 
respectively).
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been highlighted as another potential concern; however, studies have 
shown that storage for up to 48 h does not negatively affect graft 
attachment or endothelial cell survival compared to freshly prepared 
grafts (40–42). Nonetheless, it has been found that endothelial cell 
viability significantly declines 4 days after eye bank processing, 
suggesting that the processing-to-DMEK duration should not exceed 
96 h (43). Currently, ECD measurement of preloaded grafts is only 
possible through Straiko Modified Jones tubes (44), but not cartridges. 
Future developments in ECD assessment of the donor graft while in 
the preloaded cartridge would be beneficial for donor tissue quality 
assurance and patient outcomes, especially when graft tissues are 
internationally imported and have storage times longer than 48 h. 
Some other external factors should also be  considered in the 
international supply chain of cornea tissues: transnational legislation, 
eye bank pricing, and unexpected delays or disturbances to the supply 
chain. In Singapore, the local supply of donated cornea tissue is low, 
resulting in our dependence on internationally ordered and imported 
cornea tissue.

Another concern with preloaded DMEK is the early post-
operative complications of graft detachment and consequent 
rebubbling procedures (43, 45). In our study, post-operative graft 
detachment was 10% in the preloaded group versus 7.5% in the 
surgeon-loaded group; however, this difference was not statistically 
significant (p > 0.999). All cases of graft detachment in our study were 
resolved over time without further complications, with or without 
rebubbling. The rebubbling rate was 5% for both preloaded and 
surgeon-loaded groups. In their clinical and laboratory study, Romano 
et  al. demonstrated greater detachment and rebubbling rates in 
preloaded versus surgeon-loaded grafts, suggesting that preloaded 
grafts might be less stiff and adhesive due to time in storage, possibly 
increasing the risk of detachment (15). Conversely, Böhm et  al. 
demonstrated the opposite conclusion—lower rebubbling rate for 
preloaded DMEK in their study involving cornea fellows starting on 
the learning curve, suggesting that less experienced surgeons might 
face more complications in traditional DMEKs due to the additional 
component of intra-operative graft preparation (14). The use of 
preloaded DMEK might serve as a stepping stone for the training of 
newer cornea surgeons, as the task of intra-operative graft preparation 
is accomplished by the eye bank. These two studies demonstrate that 
the rebubbling rate in preloaded DMEKs is multi-factorial and is also 
likely to be center- and surgeon-dependent, especially given that it is 
a decision based on clinical criteria (46). Our study is similar to the 
works of Potts et al. and Cho et al., demonstrating that preloaded and 
surgeon-loaded DMEKs have no significant differences in rebubbling 
rate (35, 47). Rebubbling is an important variable in slowed visual 
recovery and increased endothelial cell losses post-DMEK (48), and 
we  have demonstrated comparable rebubbling rates and clinical 
outcomes for preloaded DMEK.

Given that the 20 preloaded cases here represent the surgeon’s first 
20 preloaded DMEK cases, there were some difficulties encountered 
worth highlighting for the benefit of other surgeons considering 
preloaded DMEKs. Within our preloaded group, 15% (n = 3) of the 
DMEKs had to be converted intra-operatively to the standard injector-
DMEK technique. We  found that pre-operative preparation for 
potential conversion to injector-DMEK was important. Specifically, 
the availability of surgical equipment and the preparedness of the 
surgical staff were factors that should be  considered when using 

preloaded grafts. In two of our three conversion cases, the main reason 
was the extrusion of the grafts from the device into the AC 
immediately upon cartridge insertion before the surgeon could grasp 
the grafts with forceps. This could be due to several reasons, namely, 
unstable AC-cartridge fluid dynamics, the type of solution loaded in 
the cartridge, or possibly the loading process of the graft into the 
cartridge at the eye bank. In our experience with surgeon-loaded pull-
through-DMEKs, we  did not previously encounter any form of 
uncontrolled graft extrusion from the cartridge. To the best of our 
knowledge, there has not been any literature citing this intra-operative 
complication from preloaded DMEK. We  also encountered two 
occasions (10%) where the graft was loaded upside-down in the 
cartridge pre-operatively. They were tri-folded with the endothelium 
inwards but were “endothelium-up” once inserted into the AC. The 
incorrect orientations were only observable once unfolded in the 
AC. Intra-operative maneuvers to flip the grafts were successful in 
both cases; however, this negated the benefit of bimanual control of 
the graft. Younger donor grafts, in general, tend to be tighter and 
smaller in conformation, possibly allowing for spontaneous rotations 
during storage, leading to upside-down grafts (49, 50). In both cases 
we encountered, the donor age was 55 and 61 years, below the mean 
preloaded donor age of 64 years. Overall, circumvention of incorrect 
graft orientation requires surgeon experience in recognizing 
misoriented grafts, surgical dexterity, and graft marking with an “F,” 
“S,” “I-II,” or any other asymmetric stamp (51–53). In this study, “S” 
stamps were ordered for the preloaded grafts and self-marked in the 
surgeon-loaded DMEK cases. Slit-beam light sources or anterior 
segment optical coherence tomography (AS-OCT) are other possible 
adjuncts for determining correct graft orientation intra-
operatively (54).

The study we present here on preloaded DMEK in Asian eyes 
seeks to contribute to the growing body of knowledge regarding 
preloaded DMEKs. A key strength of this study is the novelty of 
international transportation of preloaded endothelium-in DMEK 
grafts for a total travel time greater than 72 h. At the same time, 
we  report that our preloaded DMEKs had comparable clinical 
outcomes as surgeon-loaded cases; future randomized controlled 
trials might be required to investigate this conclusively. We could not 
do so in this study, given that this study represents our first 20 
preloaded cases, and randomizing would not have been 
logistically feasible.

Despite 58.3% (n = 35) of patients achieving visual acuity at 6/12 
or better (logMAR 0.3), the mean post-operative visual acuity appears 
to be poor at logMAR 0.57. This is likely because there are a few 
isolated cases with clear and functioning corneas but poor vision due 
to co-morbid uncontrolled glaucoma and/or other retinal 
pathologies. These few cases with visual acuity worse than 6/60 
(logMAR 1.0) might have contributed to the seemingly poor post-
operative visual acuity despite the majority of patients achieving 
acceptable, if not good, vision post-DMEK. While they might slightly 
confound visual outcomes, they were nonetheless not excluded as this 
better represents the typical clinical scenarios encountered in our 
clinical context.

We recognize that DMEK indications and outcomes could 
possibly differ from Asian to a global population and that our 
sample size might be  limited for generalized application. 
Nonetheless, in our experience, the preloaded endothelium-in 
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DMEK is a valuable technique and option for cornea surgeons to 
provide surgical predictability and shorter operation times. In 
conclusion, we  report and directly compared endothelium-in 
preloaded and surgeon-loaded DMEKs, demonstrating similar 
clinical outcomes with significantly increased intra-operative time 
savings. Given the challenges and costs of intra-operative graft 
preparation, preloading might be an exciting prospect for the future 
of DMEKs.
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