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In Vivo Laser Confocal Microscopy after
Non-Descemet’s Stripping Automated
Endothelial Keratoplasty

Akira Kobayashi, MD, PhD, Hideaki Yokogawa, MD, Kazuhisa Sugiyama, MD, PhD

Objective: To investigate in vivo corneal changes in patients with bullous keratopathy who underwent
non-Descemet’s stripping automated endothelial keratoplasty (nDSAEK) with the use of laser confocal
microscopy.

Design: Single-center, prospective clinical study.

Participants: Ten eyes (10 patients; 3 men and 7 women; mean age, 73.5+6.6 years [mean=standard
deviation]) with bullous keratopathy were evaluated in this study.

Testing: In vivo laser confocal microscopy was performed before and 1, 3, and 6 months after NDSAEK.

Main Outcome Measures: Selected confocal images of corneal layers were evaluated qualitatively and
quantitatively for degree of haze and density of deposits.

Results: Before surgery, the following were observed in all patients: corneal epithelial edema, subepithelial
haze, keratocytes in a honeycomb pattern, and tiny needle-shaped materials in the stroma. After nDSAEK,
subepithelial haze, donor-recipient interface haze, and interface particles were observed in all measurable cases;
postoperative haze, interface particles, and needle-shaped materials decreased statistically significantly
(P<0.05) over the course of follow-up. In addition, hyperreflective giant interface particles were observed after
nDSAEK in all patients.

Conclusions: In vivo laser confocal microscopy can identify subclinical corneal abnormalities after nDSAEK
such as subepithelial haze, host-recipient interface haze, host stromal needle-shaped materials, and host-
recipient interface particles with characteristic giant particles. Further studies with this technology in a large
number of patients and long-term follow-up are needed to understand fully the long-term corneal stromal
changes after nDSAEK.

Financial Disclosure(s): The author(s) have no proprietary or commercial interest in any materials discussed
in this article. Ophthalmology 2009;116:1306-1313 © 2009 by the American Academy of Ophthalmology.

O

Over the past several years, new surgical techniques have In vivo white-light confocal microscopy has been used
been reported for treatment of bullous keratopathy that  for real-time, noninvasive in vivo observation of normal and
replace only the dysfunctional posterior portion of the cor- pathologic corneal microstructures at the cellular level.!0~'2

nea through a scleral pocket incision.!~ Most notably, these ~ Recently, a new-generation in vivo laser confocal micros-
techniques completely eliminate surface corneal incisions or ~ copy device (Heidelberg Retina Tomograph 2 Rostock Cor-

sutures, maintain much of the cornea’s structural integrity, nea Module; Heidelberg Engineering GmbH, Dossenheim,
and induce minimal refractive change, suggesting distinct Germany) has become available.'*~!> This device provides
advantages over standard penetrating keratoplasty. Re- high-definition histologic-like images of corneal micro-
cently, preparation of donor tissue in endothelial kerato- structures in vivo with an axial resolution of nearly 4 um

plasty has been made easier with use of an automated  (see Heidelberg Retina Tomograph 2 [Rostock Cornea
microkeratome, and the addition of this component to the =~ Module] Operating Instructions of Software version 1.1),
surgical procedure has been popularized as Descemet’s  much better than that obtained with a conventional white-
stripping automated endothelial keratoplasty (DSAEK).*¢  light confocal microscope (for instance, 10 wm in axial
Recently, the authors’ and other investigators®® eliminated ~ optical resolution with ConfoScan 2 [Nidek Technologies,
Descemet’s stripping for non—Fuchs’-type bullous keratopa- Vigonza, Italy]; see ConfoScan 2 operator’s manual). The
thies and called the modified procedure non-Descemet’s authors recently published an initial report of in vivo laser
stripping automated endothelial keratoplasty (nDSAEK).”  confocal microscopic findings before and after DSAEK.'®
Both nDSAEK and DSAEK have proved quite effective for ~ This article reports for the first time in vivo laser confocal
endothelial dysfunction without guttata, with rapid visual  microscopic characteristics of the cornea with bullous kera-

recovery and minimal induced astigmatism.” topathy before and after nDSAEK.
1306 © 2009 by the American Academy of Ophthalmology ISSN 0161-6420/09/$-see front matter
Published by Elsevier Inc. doi:10.1016/j.0phtha.2009.01.053
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Kobayashi et al + Laser Confocal Microscopy after nDSAEK

Patients and Methods

The study was approved by the Ethical Committee of Kanazawa
University Graduate School of Medical Science and followed the
tenets of the Declaration of Helsinki. Table 1 summarizes the
demographic data of the 10 patients (3 men, 7 women; mean age,
73.5+6.6 years [mean=*standard deviation (SD)]) with bullous
keratopathy who enrolled in this study; simultancous cataract
surgery was performed for 6 cases. Nine patients had undergone
previous argon laser iridotomy for angle-closure glaucoma attack
(Fig 1A); in the remaining patient, bullous keratopathy developed
after endotheliitis. All nDSAEK surgeries were performed using
general anesthesia from July 2007 through January 2008 by a
single surgeon (AK) at the Department of Ophthalmology,
Kanazawa University Graduate School of Medical Science. All
patients read and signed an informed consent document before
enrollment.

Surgical Procedure

All nDSAEK procedures were performed as previously described.” In
brief, donor tissue was dissected with a microkeratome (ALTK Cbmy;

Moria Japan KX, Tokyo, Japan) equipped with a 300-um head. After
microkeratome dissection, donor tissue was transferred to a punching
system and cut with an 8.0-mm diameter punch (Barron donor cornea
punch; Katena Products, Inc, Denville, NJ). For patients with cataract
and endothelial failure (cases 2-7), phacoemulsification and intraoc-
ular lens insertion were performed through a temporal clear corneal
incision just before the nDSAEK procedure. Neither scoring of the
Descemet’s membrane in a circular pattern nor Descemet’s mem-
brane stripping were performed for any patient (making all procedures
nDSAEK). Then, inferior iridectomy at the 6-o’clock position was
created using a 25-gauge vitreous cutter (MIDLAB, San Leandro,
CA). For cases 1 to 7 and 10, donor endothelial lamella was inserted
into the anterior chamber with pull-through technique using double
glides: the IOL implantation sheet glide (model GLDEIO; Alcon
Laboratories, Inc, Fort Worth, TX) and Busin glide (catalog no.
19098; Moria, Antony, France; Kobayashi double glide technique,”!”
as shown in Video 1, available at http://aaojournal.org). For cases &
and 9, donor endothelial lamella was inserted into the anterior cham-
ber with the pull-through technique using a Monarch B cartridge
(Alcon Laboratories, Inc), as shown in Video 2 (available at http://
aaojournal.org). After securing the wound with interrupted 10-0 nylon
suture, air was injected to attach the donor lamella to the posterior

Figure 1. Representative slit-lamp biomicroscopic photograph and in vivo laser confocal images obtained for case 8 before non-Descemet’s stripping automated
endothelial keratoplasty (nDSAEK). A, Slit-lamp preprocedure photograph of the right comea showing bullous keratopathy after argon laser iridotomy. B, Before
surgery, basal epithelial cells were swollen and disorganized because of bullous change. C, Subepithelial stromal haze (grade 3) was observed. D, Keratocytes in

a honeycomb pattern with numerous tiny needle-shaped materials in the stroma were observed. Bar = 100 pm (original magnification, X300).

14

1307



Ophthalmology Volume 116, Number 7, July 2009

Table 1. Demographic Data and Clinical Outcomes of the

Case No. Gender Age {(yrs) Eve Surgery Clinical Diagnosis Complications

i F 66 Left nDSAEK BK after ALl Iris prolapse during donor insertion
2 M 71 Right nDSAEK+PEA+]OL BK after ALI None

3 F 83 Left nDSAEK+PEA+IOL BK after ALI Donor dislocation requiring rebubbling
4 F 74 Left nDSAEK+PEA+IOL BK after ALI Subclinical rejection (POD26)

5 F 67 Right nDSAEK+PEA+IOL BK after ALI None

6 F 76 Right nDSAEK+PEA+IOL BK after ALI None

7 M 76 Right nDSAEK+PEA+IOL BK after ALI None

8 F 63 Right nDSAEK+PEA +10L BK after ALI None

9 M 78 Left nDSAEK Endotheliitis None
10 F 8t Left nDSAEK BK after ALI None

ALl = argon laser iridotomy; BK = bullous keratopathy; D = diopters; F = female; IOL = intraocular lens implantation; M = male; nDSAEK =

*Unmeasurable because of severe bullous keratopathy.

stromal surface. Corneal massage was performed in all cases to
eliminate residual fluid at the recipient-donor interface. No
corneal fenestrations were made to drain interface fluid. No
recipient peripheral stromal scraping was performed to improve
donor recipient adhesion. The anterior chamber was left full of
air and the patient was instructed to lie on his or her back for 6
to 8 hours.

In Vivo Laser Confocal Microscopy with the
Heidelberg Retina Tomograph 2 Rostock
Cornea Module

Before enrollment, written informed consent was obtained from
all subjects after explaining the nature and possible conse-
quences of this study, such as superficial punctate keratopathy.
In vivo laser confocal microscopy was performed before and 1,
3, and 6 months after nDSAEK for each patient. However,
preoperative confocal data were not available for cases 7 and 9.
The microscopy technique was as follows: after applying a
targe drop of contact gel (Comfort Gel ophthalmic ointment;
Bausch & Lomb/Storz, Heidelberg, Germany) on the front
surface of the microscope lens and ensuring no air bubbles had
formed, a Tomo-cap (Heidelberg Engineering GmbH) was
mounted on the holder to cover the microscope lens. The central
cornea was examined layer by layer. The HRT2 RCM uses a
60X water-immersion objective lens (Olympus Europa GmbH,
Hamburg, Germany) and a 670-nm diode laser as the light
source; the observation area was 400X400 pwm. Two examina-
tions per eye were performed.

Corneal subepithelial haze and donor-recipient interface
haze observed before and after nDSAEK were graded from 0 to
3 based on the severity of the haze: grade 0, no haze; grade 1,
mild haze; grade 2, moderate haze; grade 3, severe haze.’
Statistical analysis was performed using the trend test based on
Mantel-Haenszel methods. However, because of the unavail-
ability of preoperative data for cases 7 and 9, subepithelial haze
grading scores and stromal needle-shaped body densities for
these cases were not included in statistical analysis. Donor—
recipient interface particle densities and deep stromal needle-
shaped bodies were measured using software built into the
HRT2 RCM (Heidelberg eye explorer version 1.4.1.0 cornea
section cell count; Heidelberg Engineering GmbH); this soft-
ware calculates densities of manually defined objects in confo-
cal images. Also, statistical analysis was performed using the
trend test based on Mantel-Haenszel methods. Probability val-
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ues less than 0.05 were considered to be significant. To ensure
consistency, images were analyzed retrospectively by a single
investigator (AK) who was masked to clinical features.

Results

Clinical Qutcomes

All 10 patients (100%) reached better than 20/32 best-corrected visual
acuity within 6 months after nDSAEK (Fig 2A). Four patients
(40.0%) reached better-than 20/20 visual acuity, and 1 patient (10.0%)
reached 20/16 visual acuity within 6 months. Within 1 year, 7 patients
(70.0%) reached more than 20/20 visual acuity, and 2 patients
(20.0%) reached 20/16 visual acuity. Mean induced astigmatism=SD
in measurable cases at 6 months after surgery was 0.67£0.45 diopters
(D; range, 0.25-1.5 D). Postoperative endothelial cell counts after 6
months ranged from 1589 to 3095 cellsymm® (mean+SD,
2229.4+501.0 cells/mm?), a 26.5% reduction compared with
donor counts (mean*SD, 3034.5+356.9 cells/mm?).

In Vivo Laser Confocal Microscopy

There was no apparent examination variability between 2 exami-
nations on the same eye. The following were observed consistently
before surgery: corneal epithelial edema (Fig 1B), subepithelial
haze (Fig 1C), and keratocytes forming a honeycomb pattern (Fig
1D). Highly reflective tiny needle-shaped materials also were
observed in the middle to deep corneal stroma in all measurable
cases (cases 1-4, 6, and 8), suggesting pathologic changes result-
ing from bullous keratopathy (Fig 1D). Preoperative data were not
available for cases 7 and 9. At 1, 3, and 6 months after nDSAEK,
the following were observed for all patients: normal epithelium
(Fig 2A-B), subbasal nerves (Fig 2C), subepithelial haze (Fig 2D),
and normal keratocyte nuclei in the mid stroma (Fig 2E). The
donor cornea was characterized as having normal, nonactivated
keratocytes (Fig 2G). However, host corneal stroma was easily
distinguishable by HRT2 RCM based on the presence of nu-
merous highly reflective tiny needlelike materials (Fig 2E).
Donor endothelium was observed by HRT2 RCM in all cases
(Fig 2H). No apparent inflammatory cells, including polymor-
phonuclear leukocytes or Langerhans cells, were observed in or
around the donor-recipient interface, as well as in host or donor
corneal stroma.

Numerous highly reflective particles were observed consistently at
the level of the donor-recipient interface (Fig 2F). Most of the
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10 Patients with Bullous Keratopathy Enrolled in This Study

Laser Confocal Microscopy after nDSAEK

Donor Insertion
Technique

Initial Best-Corrected Visual Acuity
(Manifest Refraction)

Best-Corrected Visual Acuity
(Manifest Refraction) 6 Months after

Endothelial Cell Density (/mm?) before
Surgery/6 Months after Surgery (Cell

Surgery Loss Rate %)

Pull-through (Busin glide) ~ 20/40 (—3.5 D cylinder—0.5Dx40)

Pull-through (double glide) 20/63 (6.0 D)
Pull-through (double glide)  20/40 (0.5 D cylinder—1.75 DX88)
20/32 (=35 D)

Pull-t louble glide

h (d Hand movements {*unmeasurable)
Pull-through (double glide

(

(

20/63 (—12.0 D cylinder—2.0 Dx90)

20/25 (0.5 D cylinder —1.75 Dx115)

20/63 (+2.5 D cylinder —2.0 DX79)
Hand movements {(*unmeasurable)

20/400 (+1.5~1.5X55)

)
)
Pull- through (double glide)
through )
)
Pull-through (double glide)
Pull-through (cartridge)

Pull- thwugh (cartridge)

Pull-through (double glide)

20/20 (—
20/25 (cylinder —1.0 DX90)

20/32 (—1.0 D cylinder—1.5 Dx90)
20/20 (—0.5 D cylinder 1.0 DX55)
20/32 (-
20/25 (-
20/20 (—0.75 D cylinder—0.25 DX90)
20/16 (—0.5 D cylinder—1.5 DX50)
20/20 (—1.5 D cylinder—1.0 DX70)
20/25 (2.5 D cylinder—2.25 DX45)

325 D) 3455/1966 (42.2)
3072/2898 (5.7)

2582/1964 (23.9)
3273/2433 (25.7)
2889/1701 (41.1)
2823/1589 (43.7)
3016/2570 (14.8)
2849/2066 (27.5)
3720/3095 (16.8)
2666/2008 (24.7)

2.5 D cylinder—0.5 DXx90)
3.5 D cylinder— 1.0 DX10)

non-Descemet's stripping automated endothelial keratoplasty; PEA = phacoemulsification and aspiration.

particles were smaller than 10 pm; however, highly reflective giant
particles of more than 20 wm were observed sporadically in all cases
(Fig 3A-D). These giant particles were irregularly shaped and some-
times accompanied artifactlike reflections. The observed mean
densities=SD of interface particles for all 10 patiems at 1, 3, and 6
months after surger y were 232.8+76.2 pzmicles/mm (range, 102.0-
308.5 pamcles/mm ), 189.2+60.1 pamcles/mm (range, 94.7-245.0
paltxcles/mm ), and 152.8+41.2 particles/mm” (range, 106.0-230.0
particles/mm®), respectively. There was a highly statistically signifi-
cant association between time and decrease of interface particle den-
sity (P = 0.002; Fig 4).

For subepithelial stromal haze, the observed scores (mean
scores*+SD) before surgery and at 1, 3, and 6 months after surgery
were 2.8:+0.5, 2.0£0.5, 1.8%0.5, and 1.4*0.5, respectively, a
significant linear association between time and decrease of haze
(P<<0.001; Fig 5). For donor-recipient interface haze, the observed
scores (mean scores=SD) at 1, 3, and 6 months after surgery were
2.0x0, 1.4%0.5, and 1.0£0, respectively, again, a statistically
significant association between time and decrease of haze
(P<<0.001; Fig 6). Collectively, both subepithelial and interface
haze decreased over the follow-up; however, haze persisted at 6
months after surgery.

The observed mean densities®=SD of highly reflective tiny
needle-shaped materials in the middle to deep corneal stroma
before surgery and at 1, 3, and 6 months after surgery were
100.9+51.9 materials/mm® (range, 55.1-200.1 m"ateualq/mm)
100.544.1 materials/mm?® (range, 48.4~170.5 mdteuals/mm ),
79.6+36.9 materials/mm? (range, 37.4-146.8 materials/mm?® ) and
59.4+16.7 materials/mm? (range, 29.3-139.0 materials/mm?), re-
spectively, a highly statistically significant association between
time and decrease of needle-shaped material density (P = 0.013;
Fig 7).

Discussion

Herein are reported prospective, qualitative, and quantitative
evaluations with in vivo laser confocal microscopy of 10
corneas with bullous keratopathies treated with nDSAEK. As
a result, characteristic in vivo cellular and corpeal stromal
changes were identified that occur in the first 6 months of
postoperative follow-up. These findings may contribute new
knowledge about the wound-healing process that takes place at
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the interface between recipient cornea with nonstripped De-
scemet’s membrane or endothelium and donor endothelial
graft.

Recently, the authors reported that numerous highly re-
flective particles of varying size (mostly less than 10 pum)
were observed consistently after DSAEK at the level of the
donor-recipient interface as observed by in vivo laser con-
focal microscopy.!® Similarly, in the current study, highly
reflective particles of varying size were observed consis-
tently at the level of the donor-recipient interface after
nDSAEK. As is the case with DSAEK, mean density of
particles after nDSAEK decreased over the postoperative
study period from 232.8 particles/mm? (after 1 month) to
152.8 particles/mm? (after 6 months), a statistically signif-
icant difference (P 0.002). Similar, highly reflective
particles commonly can be observed at the level of flap
interface after LASIK.!® Multiple origins have been pro-
posed for the particles observed after LASIK, including
metal particles from the microkeratome blade, meibomian
gland secretions, activated keratocytes, cellular debris, and
plastic.!*72! Although particle images appear to be sim-
ilar, the causes of particles observed in the DSAEK'® or
nDSAEXK interface may be different from those observed after
LASIK. One notable difference between donor-recipient in-
terface particles after nDSAEK and particles after DSAEK is
the presence of hyperreflective giant particles with a size of
more than 30 wm (Fig 3). The only histologic difference of the
cornea after nDSAEK compared with that after DSAEK is the
presence of Descemet’s membrane and compressed, possibly
necrotic, host endothelial cells. Therefore, the authors hypoth-
esize that the hyperreflective giant particles observed after
nDSAEK may be necrotic and aggregated host endothelial
cells.

As is the case with DSAEK,® subepithelial stromal haze
and donor—recipient interface haze persisted after nDSAEK
in this study, a finding that is not certain by conventional
slit-lamp biomicroscopy. In this study, subepithelial haze
decreased over the follow-up period with statistical signif-
icance (P<C0.001); mean subepithelial haze grading de-
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Figure 2. Representative slit-lamp biomicroscopic photograph and in vivo laser confocal images obtained after the procedure for case 8. A, Slit-lamp
photograph of the right cornea showing that the epithelial and stromal edema disappeared and the cornea became crystal clear. Spectacle-cortected visual
acuity improved from 20/63 to 20/16. B, In vivo laser confocal microscopy showed a normal basal epithelial cell layer with compact organized cells 6
months after surgery. C, At the level of Bowman’s layer, a subbasal nerve was observed. D, Subepithelial scromal haze (grade 1) with some highly granular
reflectivities persisted after the procedure. E, In the mid stroma, normal keratocyte nuclei with numerous tiny needle-shaped materials were observed. F,
At the level of the donor—recipient interface, highly reflective particles and persistence of mild haze {grade 1) were observed. G, In donor stroma, numerous
normal nonactivated keratocyte nuclei were observed. H, Donor endothelium also was observed. Bar = 100 pum (original magnification, X300).
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