L.
@ The ROYAL COLLEGE o
OPHTHALMOLOGISTS

ARTICLE

www.nature.com/eye

W) Check for updates

Femtosecond laser-cut autologous anterior lens capsule
transplantation to treat refractory macular holes

Thibaud Garcin @ '2™, Philippe Gain'? and Gilles Thuret'*3

© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2022

BACKGROUND: To report the long-term outcomes of round autologous anterior lens capsules (ALCs) cut by a femtosecond laser
(FSL) and transplanted onto refractory macular holes (MHs) in a prospective interventional study.

METHODS: Three eyes of three patients were included for persistent MH after reattached rhegmatogenous retinal detachment
(RRD) (n = 2) or RRD recurrence by persistent MH (n = 1), in a university hospital. A 6 mm diameter ALC disc was carefully extracted
during FSL-assisted lens extraction, stained with 0.06% trypan blue, decellularised, transplanted using a catheter and unfolded over
the MH. Gas or silicone-oil tamponade was used. At 1 year, the main criterion was anatomic success, defined as complete MH
closure. Secondary criteria were changes in best corrected visual acuity (BCVA), ellipsoid zone (EZ) and external limiting membrane
(ELM) defects, complications.

RESULTS: Baseline data were: minimum and maximum diameters, respectively 887, 1079 and 1180 pm; 1260, 1213 and 1350 pm;
central posterior staphyloma in two highly myopic eyes; number of prior surgeries 2 + 1. At 1 year, the three MHs were closed with
stable transplanted ALCs. Distant BCVA improved respectively from 3.0, 0.8, 3.0 to 1.0, 0.2, 0.7 logMAR, i.e. all eyes achieved >0.3
logMAR improvement. All patients had decreased EZ and ELM defects, without reaching normal profile. No adverse event occurred.
CONCLUSIONS: FSL-cut ALC helps standardise this challenging surgery: it prevents from tears and facilitates manipulation, so that

the ALC disc is perfectly transparent and biocompatible, with a large MH overlap. One-year follow-up highlighted that this
technique helps safely close refractory MHs with satisfactory visual recovery.

Eye (2023) 37:1073-1079; https://doi.org/10.1038/s41433-022-02062-x

INTRODUCTION

There is no codified approach to treating refractory full-thickness
macular holes (MH). The options are: ab externo [1, 2], or ab
interno more recently, mostly using adjuvants. Four tissues can be
transplanted into or over the MH: autologous internal limiting
membrane flap [3, 4] (ILM), autologous lens capsular flap
transplant [5] (LCFT), autologous retinal transplant [6] (ART),
amniotic membrane [7, 8] (AM). The use of autologous platelet
concentrate (APC) [9] has also been proposed. More marginally, to
reduce the size of the absolute central scotoma, some authors
have proposed perifoveolar laser photocoagulation [10], tapping
the MH edges [11], arcuate retinotomy on the MH margin [12] and
macular detachment [13, 14]. Technique selection depends on the
anatomical status of the operated eye and on the surgeon’s
experience: only a recent review [15] suggests that the most
effective adjuvants are AM, LCFT and APC, providing better visual
recovery than free ILM flap. Refractory MH treatment remains a
complex procedure for multioperated patients and any potential
refinement merits consideration. We have recently reported [16]
the transplantation of a large disc of lyophilised AM (LAM) stained
with trypan blue (TB) to facilitate its placement over the MH as an
overlay [17].

For the same purpose, we report here the transplantation of a
femtosecond laser (FSL)-cut and blue-stained anterior lens
capsule disc.

MATERIALS AND METHODS
Study design
We conducted a monocentric prospective interventional consecutive case
series, in a university hospital (Saint-Etienne, France) with at least 12-months’
follow-up. All patients were informed of the nature and intent of the study,
and their written consent was collected. The study was approved by our
local Institutional Review Board (IORG0007394, IRBN172019/CHUSTE) and
conducted in accordance with the tenets of the Declaration of Helsinki.
Inclusion criteria were cataract and persistent MH after at least one prior
surgery involving extended ILM removal and intraocular tamponade.
Exclusion criteria were patients who had any ocular history of diabetic
retinopathy, vascular occlusion, retinal neovascularization, inflammatory
disease and trauma. We included three eyes of three patients, followed up
from December 2019 to June 2021. Two patients had persistent MH after
RRD reattachment: one with a peripheral tear, the other after MH-induced
RRD in a highly myopic (HM) eye. The third had RRD by persistent MH with
grade C proliferative vitreoretinopathy (PVR) located inferiorly in an HM
eye: in this patient’s previous surgery, we were unable to unfold a disc of
LAM due to poor visualisation [16].

'Corneal Graft Biology, Engineering and Imaging Laboratory, BiiGC, EA2521, Federative Institute of Research in Sciences and Health Engineering, Faculty of Medicine, Jean
Monnet University, Saint-Etienne, France. 2Ophthalmology Department, University Hospital, Saint-Etienne, France. 3Institut Universitaire de France, Boulevard Saint-Michel, Paris,

France. ®email: t.garcin@univ-st-etienne fr

Received: 13 October 2021 Revised: 28 March 2022 Accepted: 1 April 2022

Published online: 15 April 2022

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-022-02062-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-022-02062-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-022-02062-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-022-02062-x&domain=pdf
http://orcid.org/0000-0001-7676-4080
http://orcid.org/0000-0001-7676-4080
http://orcid.org/0000-0001-7676-4080
http://orcid.org/0000-0001-7676-4080
http://orcid.org/0000-0001-7676-4080
https://doi.org/10.1038/s41433-022-02062-x
mailto:t.garcin@univ-st-etienne.fr
www.nature.com/eye

T. Garcin et al.

1074

Fig. 1

Preparation of the anterior lens capsule (ALC) and insertion into the eye. A The anterior segment just after femtolaser procedure by

Z8 Ziemer (lens fragmentation, capsulotomy, clear corneal incisions). Air bubbles are released, with clear capsulotomy detached with anterior
cortex, stained by trypan blue. B The anterior capsule was removed carefully with rhexis forceps under viscodispersive solution (Viscoat,
Alcon). € The blue-stained capsule was prepared with decellularisation in sterile water, and gently scraped by a microsponge. D The prepared
ALC was carefully aspirated into a catheter (24-gauge) using BSS, then inserted through sclerotomy E under wide field BIOM into the vitreous
cavity at the fluid-air interface (F). A small volume of BSS was left in the macular area. Fluid-air exchange was then completed to accurately
position and fully unfold the ALC in the macular area: a silicone tip backflush cannula was used to centre the ALC over the MH and ensure it

adhered properly to the underlying inner retina, with only slight manipulation.

Pre-transplantation examination comprised: distant and near best-
corrected visual acuity (BCVA) measured with Snellen and Parinaud charts
respectively, metamorphopsia assessed by Amsler gird charts [18],
Goldmann applanation tonometry, fundus dilated exam, spectral-domain
OCT (Spectralis; Heidelberg Engineering, Heidelberg, Germany), and when
possible, fundus retinography and autofluorescence imaging (CR2-AF;
Canon, Tokyo, Japan). The MH was measured by one experienced observer
(T.G.) per the gold standard of the International Vitreomacular Traction
Study group [19]: MH size was defined anatomically by OCT-based
measurement of minimum hole width or inner opening diameter, using
the inbuilt OCT calliper tool (Heidelberg Eye Explorer; Heidelberg
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Engineering). The maximum or basal MH diameter was also measured at
the level of retinal pigment epithelium (RPE).

The main criterion at 1 year was anatomic success, defined as complete
MH closure [20]. Secondary criteria were: 1/Changes in BCVA defined as an
increase or a decrease of at least 0.3 logarithm of the minimal angle
resolution (logMAR) units (equivalent to a 15-letter change on the Early
Treatment of Diabetic Retinopathy Study chart); 2/Changes in ellipsoid
zone (EZ) and external limiting membrane (ELM) defects measured by OCT.
These were assessed using the inbuilt OCT calliper tool (Heidelberg Eye
Explorer, Heidelberg Engineering GmbH); 3/Potential surgical complica-
tions; 4/ALC disc status: bleaching, integration or disappearance. All

Eye (2023) 37:1073-1079
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Fig. 2 Patient 1: Baseline before retinal detachment, 1 month and 18 months after closure by transplanting an anterior lens capsule
(ALC) cut with a femtosecond laser. A Baseline optical coherence tomography (OCT) and infra-red imaging showing a very large (minimum
diameter 887um) residual macular hole (MH), with a double roll of lyophilised amniotic membrane (LAM, Visio Amtrix, TBF, France) adhering to
the edge of the MH, 6 months (M) after LAM transplantation. Then, an MH-induced rhegmatogenous retinal detachment occurred at M10.
Preoperative distant visual acuity (VA) was 20/20000 (3.0 logarithm of the minimal angle resolution (logMAR)) on this highly myopic eye. B At
M1 on comparative B-scan OCT (green dashed line), the ALC transplant was visible as an epiretinal thin dashed hyperreflective line with a
slightly sharp interpapillomacular edge. A type 1B closure occurred. The fundus image shows the reflection of the silicone interface, but not
the transparent ALC. C At M18, the ALC disc remained visible and no dislocation occurred on comparative B-scan OCT (green dashed line).
Intraretinal microcystic spaces were also visible (theses appeared at M6 and remained stable thereafter) with a fairly satisfactory foveal profile.
Distant VA improved to 20/200 (1.0 logMAR). The fundus image remained stable. The silicone-oil was not removed, given the subject’s

complicated surgical history.

as an inverted ILM flap [22], but would be larger, easier to position,
and more stable. Like a biological bandage, it could act as a
scaffold to promote healing, with centripetal migration of cells,
stimulation of macrophage-like cells facilitating MH closure, and a
closure mechanism more physiological than that of the subretinal
position [23]; but if complete closure proved impossible, it could
also act as a patch and prevent MH-induced RRD. We hoped to
obtain excellent functional results by analogy with those already
obtained for an ILM used as an epiretinal inverted flap versus
insertion into the MH [24]: epiretinal position resulted in
significantly better recovery of photoreceptor layers (fewer ELM
and EZ defects), and thus visual recovery; 2/The overlay better

SPRINGER NATURE

respects the organisation of all retinal layers, preventing induction
of foveal gliosis by interposition of exogenous tissue (AM) placed
in the subretinal space (i.e. inlay [17]), which must be integrated
between the MH edges; 3/It is safer not to manipulate or massage
the MH edges, so as not to worsen the RPE and neuroretina
injuries, particularly during disc insertion [25]; 4/The overlay could
prevent the parafoveal atrophy described after retraction of AM
used as an inlay [26]; 5/Even considering the time taken to fully
unfold the LAM as an overlay, operating time is shorter than with
inlay, thus reducing phototoxicity [27]; 6/If an adverse event
occurs, the LAM can be removed, so this new surgical technique is
reversible.

Eye (2023) 37:1073-1079
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Fig. 3 Patient 2: Baseline persistent macular hole, 1 month and 12 months after closure by transplanting an anterior lens capsule (ALC)
cut with a femtosecond laser. A Baseline optical coherence tomography (OCT) and infra-red imaging showing a very large macular hole, with
minimum diameter 1079 pm & maximum diameter 1213 pm. Preoperative distant visual acuity (VA) was 20/125 (0.8 logarithm of the minimal
angle resolution (logMAR)), metamorphopsia were present. B At month (M)1 on comparative B-scan OCT (green dashed line), the ALC
transplant was visible as an epiretinal hyperreflective line; type 1B complete closure with microcystic spaces occurred. The fundus image
showed a normal appearance. C At M12 on comparative B-scan OCT (green dashed line), the retinal layers had undergone further restoration,
which was correlated with distant VA improvement (20/32, 0.2 logMAR) and decreased metamorphopsia. The ALC transplant seemed slightly

bent. The fundus image remained stable and the ALC invisible.

Chen et al. pioneered LCFT on refractory MHs [5], using ALCs
obtained by manual continuous curvilinear capsulorhexis (CCC).
Variations were subsequently described using ALC or posterior
lens capsule (PLC) [28-30] extracted manually. Using the ALC
presents several advantages [5, 28] versus PLC: it is stiffer and
easier to manipulate, and larger flaps can be cut to fill or cover the
MH. The PLC may also be fibrotic and/or colonised by lens
epithelial cells, which are difficult to extract and may destabilise
the intraocular lens in complex eyes.

Contrary to CCC, only FSL (or the less-common selective laser
capsulotomy or thermal capsulotomy devices) can standardise
capsule extraction to cut an intact, large diameter ALC disc
without tearing. The large surface of the disc made it easier to
manipulate and to position over the MH, while avoiding potential
additional trauma to the central RPE and allowing a potential
slight postoperative off-centre shift with no consequences. The
FSL is an expensive device, not available in all centres. However, it
can be a very valuable option rather than CCC, to prepare an

Eye (2023) 37:1073-1079

optimised ALC transplant, ensuring best anatomic and functional
postoperative results.

Staining every disc with TB seems to be crucial for manipula-
tions, mainly because the ALC is fully transparent, unlike LAM [16].
TB is not toxic for the RPE [31], unlike the indocyanine green used
in other series [5, 28-30].

This technique is almost ‘no touch”: the ALC is inserted with a
catheter to prevent direct manipulation and tears, as it is slightly
more brittle than ILM or LAM. We used a viscodispersive substance
to stabilise the unfolded ALC, rather than additional direct contact
with a silicon tip or APC [28-30] which can sometimes leak into
the subretinal space and cause additional damage [32]. In their
series, Peng et al. [28, 30] justified APC as an adjuvant to reduce
toxicity associated with indocyanine green staining of the ALC. We
thus applied a viscodispersive substance to minimise the
possibility of ALC displacement after surgical repair, avoiding the
risks of APC (potential toxicity for photoreceptors, and
infectious risk).

SPRINGER NATURE
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Removal of a persistent ALC transplant was not envisaged as
the gain was uncertain [33]: no patient was not subjectively
dissatisfied and there was a theoretical risk of MH recurrence and
of functional or anatomic deterioration through subsequent
surgery on multioperated eyes.

The strengths of this study were: a prospective follow-up of at
least 1 year; homogeneous baseline prognosis; and the use of
standardised definitions, surgery and imaging. Its Limitations: this
was a monocentric, non-controlled, non-randomised case series.
Larger numbers with longer follow-up are needed.

A transplanted of FSL-cut ALC overlay can help safely close
refractory MHs in eyes with cataract requiring a combined
procedure, and provides satisfactory visual recovery after a
1-year follow-up. The FSL standardises ALC preparation by
delivering a large intact disc, and injection through a catheter
facilitates this challenging surgical procedure.

Summary table
What was known before

® Autologous anterior or posterior lens capsule extracted
manually (curvilinear capsulorhexis) helps close refractory
macular holes when transplanted in subretinal position.
Anterior lens capsule use is easier to extract and manipulate,
thus safer than posterior lens capsule use.

What this study adds

® (Cutting autologous anterior lens capsule by femtosecond laser
helps standardise a challenging surgery to close refractory
macular holes. Femtosecond laser prevents from anterior
capsule tears and facilitates handling to safely unfold the disc
with perfect transparency, biocompatibility, and large over-
lapping. Thanks to a femtosecond laser-cut autologous
anterior lens capsule disc transplanted in epiretinal position,
complete closure of refractory macular holes was achieved
with satisfactory visual recovery.

DATA AVAILABILITY
The datasets used and/or analysed during the current study are available from TG or
GT on reasonable request.
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