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Abstract

e AIM: To evaluate the complications and outcomes of
descemet stripping automated endothelial keratoplasty
(DSAEK) combined with artisan aphakia intraocular lens
(IOL) implantation in severely damaged eyes without
capsular support.

e METHODS: DSAEK combined with artisan iris claw IOL
implantation was performed on 29 eyes. All eyes were of
abnormal structure due to complications from prior intraocular
surgeries and ocular trauma. Ocular complications
observed included graft dislocations, high intraocular
pressure (IOP), IOL dislocations, macular edema and
hyphema. Best corrected visual acuity (BCVA), IOP and
mean central endothelial cell density (ECD) were recorded.
e RESULTS: Thirteen eyes had a history of ocular trauma,
10 eyes had an anterior chamber IOL, 16 eyes had prior
vitrectomy. The iris was abnormal in 22 cases. Graft
dislocation occurred in 5 (17.2%) of 29 eyes. IOL dislocation
occurred in 2 eyes (6.9%). High IOP was found in 9 eyes
and was controlled with treatment. The preoperative mean
BCVA was 20/286. The 6mo postoperative mean BCVA was
20/42. The average center ECD was 1965.3 cells/mm? at
6mo, and the rate of the donor cell loss was 34.7%.

o CONCLUSION: DSAEK combined with artisan aphakia
IOL implantation is an alternative option for resolving
endothelial and lens disorders in aphakic eyes without
capsular support. However, it should be performed
cautiously for eyes with severe iris defects.
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INTRODUCTION

escemet-stripping automated endothelial keratoplasty
D (DSAEK) has become the primary surgical treatment
for endothelial dysfunction. And increasingly articles have focused
on combining DSAEK with other surgeries. Intraocular lens
(IOL) surgery is the most commonly combined procedure with
DSAEK. As the cornea and crystalline lens are both classified
as belonging to the anterior segment, the surgeries can be
performed through the same incision, which reduces iatrogenic
astigmatism. For eyes with intact posterior capsules, a typical
surgical method used is “in-the-bag” IOL implantation™. A
suture-fixated IOL is an effective method, which is often used
in eyes without capsular support™, but it has its disadvantages,
including being a challenging technique, having a long surgery
duration, and requiring excessive manipulation. Possible
complications of the suture-fixated IOL include suture break,
cystoid macular edema and exposure of the haptic suture!*).
Many studies have reported favorable outcomes of the iris-
claw IOL since it was first implanted in 1986. The iris-claw
IOL can be implanted to correct myopia in phakic patients
and it has been used for aphakia”'”. The artisan aphakia IOL
(Ophthec BV, Groningen, the Netherlands), one of the latest
versions of the iris-fixated IOL, is a single-piece IOL. There
is one haptic on both sides of the optic. The haptics have fine
fissures to capture a fold of midperipheral iris stroma. The
manipulation is simpler, the surgical time is shorter, the impact
is lessened on the corneal endothelial cells and long-term
observation shows a good outcome'"'™"?.
Because of perforating ocular trauma and cataract surgery
failure, many patients in China have endothelial dysfunction
and lenses that have no capsular support. DSAEK and artisan
aphakia IOL implantation was performed for these patients
in the Peking University Third Hospital. This study evaluates
complications and outcomes of DSAEK combined with
artisan aphakia IOL implantation and resolving of the related
complications.
SUBJECTS AND METHODS
We retrospectively reviewed 29 consecutive eyes with bullous
keratopathy (BK) and absence of posterior capsule support.
Surgeries that combined DSAEK with IOL were performed at
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Peking University Eye Center from June 2008 to December
2011. Abnormal anterior segment structure and a complicated
intraocular surgical history were the common characteristics
among the 29 eyes. All DSAEK procedures were performed
by Professor Hong. The lens surgeries were performed by
Professor Hao.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
Peking University Third Hospital’s Institutional Review Board
and with the Helsinki Declaration and its later amendments or
comparable ethical standars. Informed consent was obtained
from all individual participants included in the study.

Surgical Technique The surgery was performed under
retrobulbar anesthesia. The host corneal epithelium was
marked with a 7.5-8.5 mm trephine stained with gentian violet
dye. A 5.5-mm superotemporal corneoscleral tunnel incision
was made. Two vertical paracentral paracenteses (at the 10
and 2 o’clock positions) were performed. The edematous
corneal epithelium and subepithelium fibrous membrane
were removed. The anterior chamber (AC) was filled with
viscoelastic (Healon GV, Alcon Surgical, Inc., Ft. Worth,
Texas, America). AC-IOL was extracted. The synechia was
separated. The fibrous membrane was removed when it was
found over the iris and angle of the AC. Anterior vitrectomy
was performed. AC was filled again with viscoelastic to
support the AC and tamponade the vitreous. Artisan aphakia
IOL was inserted into the AC upside-down. With the aid of
lens fixation forceps, the IOL was slipped through the pupil
area and placed behind the iris plane. The body of the lens was
clamped by the forceps to maintain position and centered over
the pupil. Through paracentesis, a modified blunt enclavation
needle was introduced. By applying gentle pressure over the
slotted center of the lens haptic, the iris was entrapped. The
iris was folded to ensure lasting lens stability and to prevent
it from moving into the vitreous. IOL was then fixated behind
the iris plane. The viscoelastic was irrigated out of the AC
by balanced salt solution. Then DSAEK was performed. The
basic procedures were similar as to what was reported
by Terry et al''”’. All the grafts were inserted by Busin glide
(Moria USA, Doylestown, Pennsylvania, USA).

Main Outcome Measures Best corrected visual acuity
(BCVA) and intraocular pressure (IOP) were noted and
compared with that the preoperative data. A slit lamp (Suzhou
66 Vision Tech Co., Ltd, China) and anterior segment optical
coherence tomography (Carl Zeiss Meditec, Inc., Dublin
California, USA) were utilized to observe the grafts and IOL.
The refraction and astigmatism were observed with a Pentacam
(Pentacam 70700: Oculus, Wetzlar, Germany). The endothelial
cell density (ECD) was counted by laser confocal scanning
microscopy (HRT III Heidelberg Engineering, Heidelberg,
Germany).
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Figure 1 The rate of preoperative ocular situations and past
history Ten eyes (34.5%) had AC-IOL. Nineteen eyes (65.5%) were
aphakic, including 8 eyes (27.6%), which had AC-IOL extraction.
Only 7 eyes (24.1%) had normal irises. The irises of the other 22
eyes (75.9%) were abnormal (51.7% had an iris defect and 24.1%
had synechia). Five eyes (17.2%) had glaucoma. Two eyes had
trabeculectomy and anti-glaucoma valve insertion. Thirteen eyes
(44.8%) had ocular trauma and 6 eyes (20.7%) had an intraocular
foreign body. Seven eyes (24.1%) had posterior vitrectomy. Two eyes

had retinal detachment and had surgical treatment.

RESULTS

Availability of Data and Materials The datasets analyzed
during the current study are available from the corresponding
author on reasonable request.

Patient Demographics Twenty-nine eyes of 29 patients
underwent DSAEK combined with artisan aphakia IOL
implantation. The average age at the time of surgery was 60y
(range, 15-88). Of the 29 patients, 26 were male and 3 were
female. The ratio of left eye to right eye was 13:16. Common
characteristics were abnormal eye structure and complicated
ocular surgery history. Thirteen cases had prior ocular trauma,
10 cases had AC-IOL, and 16 cases had prior vitrectomy. The
iris was abnormal in 22 cases. Preoperative ocular trauma and
surgical history is shown in Figure 1.

Visual Acuity Preoperative mean BCVA in this study was
20/286 (range from 20/6060 to 20/120). For all 29 eyes, BCVA
improved significantly. During the 6mo period, visual acuity
was obtained for all eyes. The mean BCVA improved to 20/42
(range from 20/1000 to 20/20). BCVA was 20/20 in 5 cases
and varied from 20/20 to 20/32 in 14 cases. The BCVA of 4
eyes was lower than 20/200.

Endothelial Cell Density The mean preoperative donor ECD
was 3010302 cells/mm’ (range from 2876 to 3520 cells/mm’).
At the 6mo postoperative interval, the mean ECD had
diminished to 1965.3+282 cells/mm” (range from 1279 to
2537 cells/mm®). The donor endothelial cell loss was 34.7%
compared with 3010/mm’ preoperative ECD.

Difficult Intraoperative Graft Attachment A significant
complication of DSAEK was difficulty in attaching the
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intraoperative graft. Even with the aid of cohesive viscoelastic,
the air bubble in 3 cases did not stay in the AC and migrated
into the vitreous cavity during surgery. The graft could not
attach to the posterior cornea lamellar. After the air bubble
in the posterior chamber was ejected, a large amount of
viscoelastic had to be injected into the AC to directly support
the graft. In these 3 cases, only viscoelastic was used to fully
support the graft during the surgery.

Graft Dislocation The rate of graft dislocation in this study
was 17.2% (5/29 eyes). Four grafts and 1 graft dislocation were
detected on the 1* and the 7" postoperative day. All the graft
dislocation cases had air reinjected into the AC, but only two
of the grafts were successfully reattached by air re-injection
alone. One graft inverted, causing trauma to the donor tissue,
and the graft was ultimately exchanged.

Intraocular Lens Dislocation IOL dislocation occurred in 2
eyes (6.9%). The haptic at 6 o’clock detached from the iris on
the sixth postoperative day, and the haptic at 9 o’clock detached
from the iris on the 34" postoperative day. Repositioning of the
IOL was performed. The forceps clawed the body of the IOL.
And amount of iris tissue was entrapped into the slot of the
dislocated haptic. Each IOL was well positioned behind the iris.
High Intraocular Pressure Nine eyes had high IOP in the early
postoperative period. In 4 eyes this was due to use of viscoelastic.
After puncturing and releasing some of the viscoelastic, the IOP
returned to normal. Five eyes had preoperative glaucoma. The
IOP of 4 of these eyes (4/5) were treated and returned to normal.
One eye had transscleral cyclophotocoagulation treatment.
DISCUSSION

According to the DSAEK widely performed, other intraocular
procedures, such as phacoemucification or IOL exchange, were
combined with DSAEK. In previous reports, a suture-fixated
IOL was commonly applied for eyes without adequate capsular
support.

In this study, we retrospectively analyzed the complications
and outcomes of DSAEK combined with artisan aphakia IOL
implantation and resolving the related complications that occured.
Artisan aphakia IOL implantation was used to correct aphakia
in eyes without adequate capsular support. Dighiero
et al™ reported artisan aphakia IOL combined with penetrating
keratoplasty, but previously, only two reports referred to this
combination surgery. Karimian ez al'"” reported a combination
of surgical techniques during DSAEK and IOL exchange with
a posterior chamber iris-claw IOL enclavated. Lapenna et al''"
reported a case wherein IOL exchange was performed because
the artisan IOL broke after DSAEK.

Abnormal Structure of Eyes In this study, the common
characteristics among patients was the abnormal structure of
the eyes. The situation of the iris was superiorly important for
this combination surgery. This was crucial for fixation of the
artisan IOL and/or for AC stabilization. If the eye had only had
BK, the iris was usually intact and maintained normal tension.

If the patient experienced ocular trauma, unfavorable cataract
surgery, or other intraocular surgery, the intact iris and tension
was destroyed. The artisan-fixated IOL was unstable if there
was not enough iris, if the iris was atrophic, or if there was iris
synechiae. In these cases, the DSAEK complication rate was
increased, especially graft dislocation”".

Visual Acuity The mean BCVA was 20/42 postoperatively,
ranging from 20/1000 to 20/20. In previous reports, the mean
BCVA of simple DSAEK was 20/34, and the mean BCVA of
DSAEK combined with AC-IOL exchange was 20/40!"**",
The cornea of the eyes was transparent except one cornea had
a line keratoleukoma over the pupil. According to our analysis,
the reason the BCVA could not reach 20/20 was due to the
iris being abnormal in more than half eyes, which made the
shape of pupil irregular. This might affect the imaging quality
even if a pinhole is applied. Another reason BCVA could not
reach 20/20 was the function of the retina and optic nerve.
In this study, the preoperative existence of cases of retinal
detachment, glaucoma, intraocular trauma, damage to the
retina or optic nerve and high corneal astigmatism could have
impacted the BCVA negatively.

Endothelial Cell Density For DSAEK surgery, particular
attention is paid to ECD, especially the loss of the ECD. The
ECD loss rate is stated in many reports (13.1%-47%)"'**. In
this study, which discusses combination surgeries, the 6mo
postsurgical ECD loss rate was 34.7%. Graft manipulation
during insertion is the primary cause of endothelial cell loss™™.
Graft insertion from simple DSAEK was the last procedure
done on all eyes. Before insertion of the graft, the eye was in
its optimum state prior to treatment. High postoperative IOP
or treatment of complications, such as graft dislocation or IOL
dislocation increased the endothelial cell loss.

Graft Dislocation For DSAEK, more attention is focused on
the graft dislocation. The rate of graft dislocation in this study
was 17.2% (5/29 eyes), which is higher than previous reports.
The iris was abnormal in all eyes, and the area of iris defect
was more than 1/3. The air bubble can move within the eye.
Once the IOP of the posterior chamber is lower than the AC,
the air bubble will move to the posterior chamber and the graft
will dislocate.

The air bubbles went into the vitreous cavity from the defected
area of iris in other eyes. Without the support from the air
bubbles, the graft could not reattach well. The air bubbles were
ejected from the vitreous cavity and a small amount of Healon
was injected between the graft and IOL. Due to its cohesive
character, the Healon ball remained in the AC. The needle of
the air syringe was inserted in the Healon and produced an
air bubble, which was used to successfully reattach one graft.
In the other eyes, the air bubble went into the vitreous cavity.
Ultimately, a significant amount of Healon was injected behind
the graft until the interface gap disappeared. Three days after
a successful repositioning surgery, the IOP was high. This was
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treated by gradually ejecting the Healon, and the IOP returned
to normal.

Except for one eye, all grafts reattached well. During
repositioning, special procedures were applied to aid the graft
attachment. The common method of graft repositioning is
reinjection of air, which is usually valid for most cases. For
abnormally structured eyes, however, especially for eyes
without an intact iris-lens diaphragm, the air cannot stabilize
in the AC. In a former published report, a method that used
viscoelastic as an aid in reattaching the dislocated graft in
abnormally structured eyes™. In this study, only 2 grafts
successfully reattached just through air reinjection. The air
bubbles moved into the vitreous cavity from the area of the
iris defect. As stated in our previous work, a small amount of
Healon was injected between the graft and IOL™”. The needle
of the air syringe was inserted in the Healon and produced an
air bubble to support the graft. The air bubble can be absorbed
by the Healon. One graft was reattached in this manner. In
the other eye, because the area of iris defect was larger, the
air bubble still moved into the vitreous cavity. A significant
amount of Healon was then injected behind the graft until
the interface gap disappeared. The most likely complication
from this procedure is high IOP due to viscoelastic”**”. An
AC puncture was performed to lower the IOP and release the
viscoelastic, which returned the IOP back to normal.
Intraocular Lens Dislocation Dislocation is the most common
complication of the iris claw IOL implant™*’. Lapenna et a/""
reported 1 case of DSAEK with artisan IOL implantation. The
IOL dislocated and was extracted because the iris claw had
broken. The IOL implantation is affixed with an iris claw. The
condition of the iris is crucial. In our study, artisan aphakia
IOLs dislocated in 2 cases. The patient’s iris was not in prime
condition due to long-term AC-IOL stimulation leading to
iris adhesion and atrophy. Prior to the IOL dislocating, the
patient had a graft dislocation and an air bubble was used to
reposition the graft. When the air bubble was injected into the
AC, the iris and IOL may have been pressed, resulting in one
of the claws releasing from the iris. Because the air bubble and
corneal edema impeded observation, the dislocation was not
discovered until the 6" postoperative day. Rauen et al"” have
reported on an air bubble leading to posterior IOL dislocation
at the point of graft repositioning. In the second dislocation,
one temporal claw of the IOL released on the 34" postoperative
day possibly due to postoperative trauma, iris atrophy, or
iridocoloboma. The postoperative puncture and release of the
viscoelastic could also have contributed to the IOL dislocation.
Ultimately, both IOLs were successfully repositioned. If the
claw of the dislocated artisan aphakia IOL remains intact, the
IOL can be repositioned by simply entrapping the iris through
the slotted center of the lens haptic”'™”.

High Intraocular Pressure It is also critical to monitor the
patient’s IOP. In this study, 9 eyes had high postoperative
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IOP. This rate is higher than the previous reports of DSAEK
or artisan IOL implantation™*". The higher rate of IOP was
caused by two reasons: first was the high rate of preoperative
glaucoma and AC-IOL (5/29)""; the second was the application
of viscoelastic, used either during the DSAEK procedure or to
treat the graft dislocation. The AC-IOL injured the endothelium
and the angle of the chamber, leading to angle adherence
and the fibrosis membrane formation covering the angle
(according to ultrasound biomicroscopy and the intraoperative
appearance), which caused secondary glaucoma. Inflammatory
mediators may have compressed the functional residual
angle due to surgical stimulation, breaking the balance and
heightening the IOP. The amount of viscoelastic used in eyes
that had difficulty in graft attachment excessively exceeded
what was used for the patients in the 2009 report, which may
be a contributor to the high IOP level. The viscoelastic was
punctured and released several times, and the IOP returned to
normal. We can conclude that the amount of viscoelastic used
critically impacts the IOP.

In conclusion, DSAEK combined with iris claw IOL implantation
is an alternative procedure for patients with endothelial
keratopathy who have severely damaged eyes and no posterior
capsular support. It should be performed cautiously on eyes
with severely defected irises.
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