
Deep lamellar endothelial keratoplasty (DLEK) and 
Descemet’s stripping endothelial keratoplasty (DSEK) 
were recently introduced, and have partly replaced full-
thickness penetrating keratoplasty (PKP) during the early 
stage of bullous keratopathy [1]. The advantages of DLEK 
and DSEK over PKP include an intact anterior chamber 
during surgery, minimal post-surgical astigmatism, and 
more rapid visual rehabilitation [1-3]. 

However, the reduction of serious endothelial damage 

during donor delivery through the incision to the anterior 
chamber remains challenging because of the excessive 
amount of tissue manipulation of the donor lenticule dur-
ing delivery. Furthermore, the current conventional inser-
tion method of a “taco-shaped” folded donor lenticule 
through a small wound using a forceps [4,5] may cause 
unintended mechanical injury and resultant endothelial 
damage [6]. To minimize endothelial damage of the donor 
lenticule during delivery, various methods have been intro-
duced, namely, folding of the donor lenticule with glides 
and cartridges [7-9], and intracameral tissue placement by 
pulling with either peripheral traction sutures or with a 
cross-chamber forceps [9-13]. Moreover, some advanced 
insertion devices have been introduced and tend to cause 
less traumatic tissue delivery, simultaneous maintenance 
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Purpose: To investigate effects of a new push-through insertion method for donor lenticules using an injector 
system on endothelial viability ex vivo and in a clinical case series of endothelial keratoplasty.

Methods: An ex vivo delivery model was used with porcine corneoscleral rims. We compared the endothelial 
viability in a new push-through insertion method using the Visian Implantable Collamer Lens (ICL) injector ver-
sus that of standard forceps-assisted insertion for lenticule delivery. Twenty porcine corneal lenticules were 
divided into four groups by insertion method and wound size. Vital dye staining was performed and devitalized 
areas were semi-quantitatively assessed by digital imaging. In the clinical case series, Descemet’s stripping 
endothelial keratoplasty (DSEK) using the push-through method was performed in seven patients and endo-
thelial outcome was determined six months postoperatively.

Results: Mean devitalized areas for the push-through method were significantly lower than for forceps-assisted 
insertion through 3.2 mm incision (23.99 ± 2.17% vs. 50.48 ± 5.07%, p = 0.009) in the ex vivo model. Average 
endothelial cell counts of donor tissues of patients who underwent DSEK were 26.4% lower six months post-
operatively. 

Conclusions: Push-through delivery of donor lenticules using the Visian ICL injector system appears to be less 
harmful to endothelial cells than conventional forceps-assisted delivery.
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of anterior chamber volume, and smaller incisions than are 
currently used [14,15]. However, most of these devices have 
not been approved by the US Food and Drug Administra-
tion (FDA). 

One of the approaches involves pull-through delivery us-
ing a 23-gauge needle cystitome and a Visian Implantable 
Collamer Lens (ICL; STAAR Surgical, Monrovia, CA, 
USA) cartridge [8]. In this previous study, it was suggested 
that this method causes less endothelial cell damage than 
forceps insertion, because it allows the donor lenticule to 
be rolled into a compact shape while it travels through the 
cartridge, which avoids the compressive forces associated 
with folding. The main drawback of this procedure is that 
the needle can damage the edge of the donor lenticule and 
surrounding tissues when the needle is used to pull the 
donor lenticule across the anterior chamber. We adopted 
the use of an ICL cartridge to remove forceps-induced 
compression damage, as was done in this previous report, 
but we modified the insertion technique and used a sponge 
plunger to avoid needle-associated damage. 

Therefore, we introduce a new push-through insertion 
method using the Visian ICL injector system for donor len-
ticule delivery. The method is easily performed, requires 
only a small incision, and does not require a needle. One of 
the main advantages of the push-through insertion method 
avoids full compression of the graft by obviating the use of 
a forceps. We also addressed the effect on endothelium of 
the push-through technique using the Visian ICL injector 
system for graft delivery. We discovered ex vivo that the 
push-through insertion method produced less endothelial 
damage than forceps-assisted delivery. A clinical case se-
ries also showed clinically acceptable endothelial cell loss 
six months after DSEK. 

Materials and Methods 

Effect of push-through delivery on endothelium in an 
ex vivo porcine cornea model

1) Preparation of donor lenticules and a recipient model
Twenty porcine eyeballs were prepared in an artificial 

chamber (Katena Products, Denville, NJ, USA) to pro-
duce donor lenticules. A 750 µm thick, 8.5 mm diameter 
anterior lamellar was trephined using a Barron recipient 
vacuum trephine (Katena Products), removed after manual 
dissection using a beaver blade (BD Ophthalmic Systems, 
Waltham, MA, USA). The thickness of the donor lenticules 
was aimed to be about 100 to 120 µm. Each corneal donor 
button was then placed endothelial side up on a Tef lon 
corneal cutting block and punched out with an 8.0 mm 
diameter Barron donor vacuum punch (Katena Products). 
An ex vivo delivery model was prepared as previously 
described [16]. A 3.2 or 4.0 mm limbal incision was then 
made using a keratome. The 20 porcine donor lenticules 

were divided into four groups based on insertion method 
and wound size. Each group included five donor lenticule-
delivered eyes. In the control group, donor lenticules were 
simply trephined without delivery. The injector group len-
ticules were delivered using the Visian ICL injector system 
through a 3.2 mm limbal incision. The forceps-assisted 
group (3.2 mm incision) lenticules were folded with a 
Kelman-Mcpherson corneal forceps (Rumex International, 
St. Petersburg, FL, USA) and transferred through a 3.2 
mm limbal incision. The forceps-assisted group (4.0 mm 
incision) lenticules were folded with a Kelman-McPherson 
corneal forceps and carried through a 4.0 mm limbal inci-
sion.

Group 1: control group (no delivery)
Group 2:  ICL injector system-assisted delivery through  

 a 3.2 mm limbal incision
Group 3:  forceps-assisted delivery through a 3.2 mm  

 limbal incision
Group 4:  forceps-assisted delivery through a 4.0 mm  

 limbal incision

2) Loading and delivery of donor lenticules
In groups 3 and 4, lenticules were folded using a 

Kelman-Mcpherson corneal forceps into a taco shape, as 
previously described [16]. In group 2, endothelial-side up 
lenticules were carefully placed in a balanced salt solution 
(BSS)-filled cartridge in the shape of a half-rolled taco, 
endothelial side inside. After mounting the cartridge into 
the injector, lenticules were pushed forward using a sponge 
plunger and advanced through the cartridge into the ante-
rior chamber. During the advance, we gently pushed the 
lenticules in order not to fold them. During all of the above 
steps, no ophthalmic viscosurgical device (OVD) was used 
in any group.

3) Endothelial staining for cell viability
Trypan blue 0.25% (MP Biomedicals, Solon, OH, USA) 

was added drop-wise to cover the endothelium. After 120 
seconds, the stain was removed and the donor lenticule 
was briefly rinsed twice in BSS, drained to remove excess 
saline, and placed on a glass slide endothelial surface up. 
The endothelial layer was then covered with alizarin red 
S 0.2% (GFS Chemicals, Columbus, OH, USA) for 90 sec-
onds, the staining reagent was then removed, and samples 
were rinsed twice with BSS.

4) Photographing and quantitative analysis
Lenticules were placed in a clear dish containing BSS 

and digital photographs were taken at the same magnify-
ing power (×16). Computer digitized planimetry in Pho-
toshop ver. 9.0 (Adobe Systems, San Jose, CA, USA) was 
used to semi-quantitatively assess devitalized areas of 
endothelium as previously described [17]. Briefly, we ini-
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tially counted the number of pixels that composed stained 
damaged areas, and divided this number by the number of 
pixels that composed the entire endothelial area. Results 
were expressed as percent endothelial damage (Fig. 1). 

Desemets stripping automated endothelial keratoplasty 

Surgery was performed in seven eyes of seven patients 
by one surgeon (ESC) using the push-through technique 
and the Visian ICL injector system. Informed consent was 
obtained from all patients in accordance with institutional 
review board/ethics committee and followed the tenets of 
the Declaration of Helsinki.

1) Surgical technique
Donor lenticules, mean diameter 7.5 mm and average 

thickness 166 mm, were prepared. Anterior lamellar tissue 
was removed using an automated microkeratome system 
(Moria ALTK System, Antony, France) in an artificial 
chamber (Bausch and Lomb, St. Louis, MO, USA). En-
dothelial lamellar buttons were then punched out using a 
Barron donor vacuum punch (Katena Products).  

After creating a 3.2 mm corneal incision at the 12 o’clock 
position, Descemet’s membrane containing endothelial cell 
layers was stripped using a reverse Sinskey hook (Bausch 
and Lomb). The lenticules were loaded in the cartridge 
in the shape of a half-rolled taco, endothelial layer inside. 
The lenticule was not folded, but rolled in the cartridge. 
With the chamber maintained by an infusion cannula, the 
ICL cartridge was launched into the anterior chamber, and 
the donor lenticule was then gently pushed in the anterior 
chamber using the sponge plunger. After the lenticule had 
been transferred into the anterior chamber, the cartridge 
was retracted. By injecting air through the paracentesis, 
the graft was slowly unfolded and centered. All wounds 
were secured with 10-0 nylon (Alcon, Fort Worth, TX, 
USA). Two-thirds of the anterior chamber was filled with 

air tamponade to ensure adhesion of the donor onto the 
posterior stromal surface of the recipient cornea (Fig. 2). 
Postoperatively, patients received topical antibiotics four 
times daily for the first 10 days. This was followed by topi-
cal prednisolone acetate (1%) six times daily for one week 
and then four times daily for the next three weeks. At one 
month postoperatively, the dose of topical prednisolone 
acetate (1%) was gradually tapered over six months and 
finally discontinued.

2) Endothelial cell density measurements
Preoperative donor endothelial cell densities were mea-

sured by specular microscopy in an Eye Bank Association 
of America-certified eye bank (Lions Eye Bank of Oregon, 
Portland, OR, USA). Postoperative endothelial cell densi-
ties were determined by confocal microscopy (ConfoScan4; 
Nidek Technologies, Padova, Italy) at three and six months 
postoperatively. 

3) Statistical analysis
All data were analyzed using SPSS ver. 17.0 (SPSS Inc., 

Chicago, IL, USA). Analysis of variance was performed 
using the Kruskal-Wallis test and the Mann-Whitney U-
test to compare differences between the various surgical 
techniques in the ex vivo model. Statistical significance 
was accepted for p-values of <0.05. 

Results

Endothelial cell viability: ex vivo study

Fig. 3 presents average endothelial cell damage percent-
ages after the insertion of a donor lenticule for each of the 
four groups. Fig. 4 shows vital dye stained and digitally 
analyzed corneal images in Adobe Photoshop. Surpris-
ingly, the injector group displayed significantly less endo-
thelial damage than forceps-assisted (3.2 mm, p = 0.009). 
In addition, the injector group also tended to demonstrate 
less endothelial cell damage than forceps-assisted group 
(4.0 mm), but this was not significant (p = 0.117). Mean 
endothelial cell devitalized areas in each group were 12.18 
± 2.02% (control), 23.99 ± 2.17% (injector group), 50.48 ± 
5.07% (forceps-assisted group, 3.2 mm), and 31.44 ± 7.33% 
(forceps-assisted group, 4.0 mm), respectively (Fig. 3). 

Interventional clinical case series

All patients achieved a visual acuity improvement af-
ter DSEK (Fig. 5). Mean time to complete resolution of 
corneal edema was 22.0 ± 10.4 weeks. No postoperative 
graft dislocations or other complications, such as glaucoma 
or rejection, occurred during the first six postoperative 
months. Mean preoperative endothelial cell density (ECD) 
was 2,522 ± 334 cells/mm2. Mean postoperative ECD was 

Fig. 1. Computer digitized planimetry using Photoshop ver. 9.0 
was used to semi-quantitatively assess devitalized areas of endo-
thelium. To determine damaged endothelial area percentages, we 
used pixel counts. The red box in the picture displays the pixel 
count in devitalized areas (gray).
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2,046 ± 374 and 1,856 ± 416 cells/mm2 at three and six 
months postoperatively, respectively. Mean ECD was sig-

nificantly decreased at three months postoperatively (p = 
0.002), and stabilized at six months (Fig. 6). This decrease 
represented a 26.4% decline in donor endothelial cell count 
six months postoperatively, which seemed to be acceptable 
as compared with another report on the use of an injector 
during endothelial keratoplasty as considered in incision 
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Fig. 2. The push-through insertion method using the Visian Implantable Collamer Lens (ICL) injector. (A) The donor lenticule was placed 
on the balanced salt solution filled ICL cartridge, (B) and then carefully advanced through the cartridge using the sponge plunger. (C) The 
donor lenticule was rolled not folded. (D) The photograph shows a cartridge mounted in the injector. (E) Photograph showing the injector 
inserted into the anterior chamber. (F) Photograph showing the donor lenticule being pushed into the anterior chamber. (G) Photograph 
showing unrolling of the donor lenticule as the injector is retracted. (H,I) Centration of the donor lenticule was performed through a vent-
ing stab incision.
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Fig. 3. Average endothelial cell damage percentages after the 
insertion of a donor lenticule in the four study groups. Group 1, 
control group (no delivery); group 2, Implantable Collamer Lens 
injector system-assisted delivery through a 3.2 mm limbal inci-
sion; group 3, forcep-assisted delivery through a 3.2 mm limbal 
incision; group 4, forcep-assisted delivery through a 4.0 mm lim-
bal incision. Error bars: 95% confidence interval.

Fig. 4. Vital dye-stained corneal images and images analyzed us-
ing Adobe Photoshop. Group 1, control group (no delivery); group 
2, Implantable Collamer Lens injector system-assisted delivery 
through a 3.2 mm limbal incision; group 3, forcep-assisted deliv-
ery through a 3.2 mm limbal incision; group 4, forcep-assisted 
delivery through a 4.0 mm limbal incision.
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size [8]. Furthermore, this damage was less when com-
pared with that reported for forceps use during endothelial 
keratoplasty [4-6], and with that reported for PKP [18,19]. 

Discussion
This study shows that ex vivo push-through delivery pro-

duced less endothelial damage than forceps-assisted deliv-
ery, and our clinical cases suggest that the losses observed 
were clinically acceptable. These findings suggest that 
push-through delivery using an ICL injector represents an 
alternative to forceps-assisted delivery during endothelial 
keratoplasty. 

The delivery of a donor lenticule during endothelial ker-
atoplasty remains a difficult, demanding procedure. Since 
forceps-assisted folding and transfer was first introduced 
[4,5], a variety of methods have been devised to overcome 
compression damage by forceps [8,12,16,20-23]. Pulling the 
donor lenticule using forceps or needling at the opposite 
site across the anterior chamber seemed to do harm on the 
pulling margin. Pulling the lenticles may also damage the 
crystalline lens when the forceps or sutures pass across 
the lens. Most importantly, a lenticule could be contami-
nated or compressed when it would be passed through the 
incision. The recently devised catheter-based technologies 
mentioned above allow atraumatic tissue delivery [14,15]. 
However, most of these injectors have not been approved 
yet by the US FDA. However, the Visian ICL cartridge-
based injecting device has been approved for use in oph-
thalmic surgery by the US FDA, and provides an option 

for other applications like endothelial keratoplasty. Push-
through insertion using the Visian ICL injector could offer 
benefits similar to those provided by other injector-assisted 
delivery systems, including a smaller incision, less astig-
matism, faster visual recovery, better anterior chamber 
stability, less manipulation of the rolled-graft (as compared 
with the folded-graft), and better stabilization of the ante-
rior chamber due to the smaller incision used. 

Meanwhile, our ex vivo model showed higher endothelial 
loss than other injectors. The reason seemed to be that the 
smaller diameter of the cartridge in the ICL injector may 
compress the lenticles to some extent. In fact, opposite 
margins of the lenticule seemed to be partially overlapped 
inside the cartridge although the graft was rolled. 

In this study, we did not use OVDs during donor lenti-
cule insertion ex vivo, because the use of an OVD might 
have disturbed vital staining and lead to an underestimate 
of real damage to endothelium. This is why endothelial 
cell damage was greater for donor lenticules delivered by 
forceps or an injector than non-delivered controls. No use 
of OVDs might also have contributed to the greater endo-
thelial damage observed in the present study than in previ-
ous reports on other injectors [8,24,25]. Nevertheless, our 
data show that endothelium damage was less for injector-
assisted delivery than conventional forceps-assisted deliv-
ery, which provides scientific evidence that is useful for 
clinicians. 

In our interventional clinical series, the OVD was also 
minimally placed on the donor lenticule or cartridge. We 
were concerned that the OVD coating might disrupt adhe-
sion between the graft and the posterior stromal surface or 
that excessive manipulation to remove OVDs could lead to 
graft dislodgement. The fact that OVDs were hardly used 
could be why we did not experience any displacement of 
grafts nor any increase in intraocular pressure. Although 
the present study should be considered a preliminary study 
due to the small number of cases enrolled and the relative-
ly short-term follow-up, the clinically favorable outcomes 
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achieved suggest that the push-through insertion method is 
a good option for endothelial keratoplasty.

In summary, we have devised a new means of deliver-
ing a donor lenticule that utilizes push-through insertion 
and the Visian ICL injector system. This technique might 
avoid folding of the donor lenticule and can be done via a 
small incision. It is straightforward and has a short learn-
ing curve. In addition, this delivery was found to be less 
harmful to donor endothelium than forceps delivery. These 
findings suggest that the push-through insertion method 
is a promising delivery option during endothelial kerato-
plasty.    
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