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Key Concepts

1. Submacular surgery was introduced in the early
1990s as innovative treatment for subfoveal neovas-
cularization. The submacular surgery trial demon-
strated no benefit for eyes with subfoveal
neovascularization related to AMD and only mod-
est benefit for selected eyes with hemorrhagic sub-
foveal CNV in AMD. Today this technique is used
very rarely.

2. Submacular surgery is effective for large hemato-
mas of recent onset with dramatic results in a minor-
ity. Recurrent hematomas are the most frequent
complication.

3. Macular translocation was developed to support the
fovea with healthier pigment epithelium and thus
restore or maintain vision. Results today are very
good, indeed superior to PDT in a prospective ran-
domized trial. The introduction of anti-VEGF ther-
apy restricts surgical intervention to a second-line
treatment for eyes not responding to therapy.

4. Retinal pigment epithelial transplantation has been
supplanted by anti-VEGF injections, but may in the
future find renewed interest because of stem cell
therapies and viral or nonviral transfection of reti-
nal cells to enhance survival. Thus, the expertise
gained in the initial experience could be transferred
to future applications.

I. Submacular Surgery
A. History

1. Traumaand PVR

For many years subretinal surgery has been performed in
eyes with retinal detachments related to proliferative vitreo-
retinopathy (PVR) and severe trauma [1, 2]. Several tech-
niques have been developed to achieve relaxation of the
retina and prevent complications like subretinal silicone oil
or perfluorocarbon displacement, enlargement of the reti-
notomy into the retinal center, as well as choroidal hemor-
rhage. Routine vitrectomy instruments were used at this
time, which made subretinal strand removal quite adventur-
ous, and enlargement of the retinotomy was often created
due to mechanical manipulations. Large retinectomies were
feared and only more frequently used in the late 1980s when
Zivonovic actually showed that the retina could be purpose-
fully cut to remove subretinal tissue and relax the retina [3].
With the introduction of liquid perfluorocarbons in 1986 to
facilitate treatment of retinal detachments arising from giant
retinal tears, these manipulations became easier to execute in
PVR and other surgeries [4].

2. Choroidal Neovascular Membranes
in AMD
Removal of a choroidal neovascular membrane (CNV)
together with extensive hemorrhage in AMD patients was
first described in 1988 by Machemer and Steinhost [5],
who considered this as a last attempt in hopeless cases. The
removal of the subretinal membrane occurring in eyes with
inflammatory disease, like presumed ocular histoplasmo-
sis syndrome, was successfully performed by Thomas and
Kaplan in 1991 [6]. Visual results were encouraging, and
recurrences rare compared to other treatment modalities at
that time. For several years subretinal techniques have been
refined and special instrumentation designed allowing a
much less traumatic and safer access to the subretinal space.
Thus, submacular membrane removal in AMD patients
evolved in an attempt to offer patients with subfoveal CNV
an alternative treatment to observation or laser photocoagu-
lation. In spite of this, visual results were generally disap-
pointing when this surgery was performed in AMD patients.

B. Instrumentation for Submacular
Surgery

As already mentioned special instruments are mandatory to
perform subretinal surgery in the least traumatic way. The
most important is a set of 70-90° angled instruments designed
by Matthew Thomas in 1991 [7] which have a longer tip to
firmly grasp a subfoveal membrane from an extrafoveal loca-
tion. The microsurgical set consists of a vertical and horizon-
tal forceps as well as a vertical and horizontal scissors and
spatulas of different lengths. A tapered fluid needle with a
long silicone end tip reaching under the retina to aspirate
fluid actively or passively is helpful as well as a silicone tip
forceps for gentle manipulation of the retina if it needs to be
grasped.

C. Indications for Submacular Surgery

Current indications for subretinal surgery are large subretinal
hematomas in AMD (below) and subretinal strands due to
trauma and PVR, although most are managed by large reti-
nectomies to allow direct access, better view, and more com-
plete removal of this pathologic tissue [see chapter V.B.6.
Retinectomy in recalcitrant retinal detachments]. Although
small extrafoveal membranes are easy to remove and might
do very well as far as visual acuity and recurrences are con-
cerned, anti-VEGF injections, laser therapy, and PDT are the
first treatments of choice for neovascularization of different
origins, and surgery is considered as a last resort. Currently,
subretinal surgery is a technique that augments the arma-
mentarium of vitreous surgery allowing access and manipu-
lations in the subretinal space to remove scar tissue, many
types of CNV, and/or large hemorrhages. Whether subreti-
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nal surgery for juxtafoveal membranes or juxtapapillary
membranes is more successful than anti-VEGF treatment
has never been compared. Still, there are small case series
showing good results with subretinal membranectomy if the
membrane itself has not yet grown under the fovea. However,
due to the disappointing visual results of membrane excision
in eyes with submacular involvement, anti-VEGF treatments
are now preferentially administered in these patients [8].
On the other hand, knowledge about this technique might
prove to become very useful for future treatment options in
retinal degenerative disease amenable to subfoveal trans-
plantation of retinal cells either as suspensions or sheets or
retinal implants. Moreover, during the performance of this
procedure for submacular CNV, there were important obser-
vations made regarding the frequency of an attached vitreous
to the macula in these elderly patients. This led to studies
that demonstrate a probable role for the vitreous in the patho-
physiology of exudative AMD [see chapter III.G. Vitreous in
age-related macular degeneration].

D. Technique of Submacular Surgery

Submacular surgery starts with a standard pars plana vitrec-
tomy. Sclerotomy locations are chosen to enable easy access
to the submacular pathology by the more dexterous hand of
the surgeon. Small incision, trocar-guided systems can be used
for vitreous removal, but in order to introduce the angled sub-
retinal instruments for submacular manipulation, at least one
self-retaining cannula needs to be removed and the incision
enlarged. After core vitrectomy, the posterior vitreous cortex
is lifted and removed if a posterior vitreous detachment is not
present. Although AMD patients are elderly patients and thus
one would expect that the posterior vitreous cortex is already
detached, in more than 80 % of cases with neovascular AMD,
the posterior vitreous is still attached [9]. Complete removal of
the posterior vitreous cortex is mandatory in these cases.

The retinotomy site is chosen to be as far away from
the foveola as possible, yet still allows the surgeon to reach
the membrane with the 90° angled subretinal instruments.
The retinotomy is best done by using a 130° angled pick to
perforate the neurosensory retina. Endodiathermy can be
used to facilitate perforation and will additionally improve
visibility of a small retinotomy during later manipulations.
Subretinal bleeding should be avoided as much as possible.
If this occurs, intraocular pressure can be raised temporarily
or a small liquid perfluorocarbon bubble can be placed over
the posterior retina to stop or avoid bleeding.

Of paramount importance is that subretinal manipulations
should be done with slow movements in a rather soft eye to avoid
incarceration of tissue. —Professor Susanne Binder, 2013

A controlled retinal detachment is created to allow a work-
ing space for subretinal manipulation. With a bent cannula that
is introduced through the retinotomy, balanced salt solution is

slowly injected into the subretinal space. A bullous configura-
tion of the retinal detachment should be avoided because it
reduces visibility of the subsequent subretinal maneuvers. The
cannula is also used to gently loosen connective tissue around
the membrane and to test for adhesions. If some hemorrhage
becomes visible under the membrane, gentle pressure can be
applied on the membrane with the cannula for some time to
achieve hemostasis. If an extrafoveal retinal angiomatous pro-
liferation is present with a vascular connection to the sensory
retina, it must be treated with careful diathermy and then cut
with horizontal subretinal scissors. The membrane must be
completely separated from the retina to avoid tearing and hole
formation during removal, and its edges should be freed to
avoid unnecessary removal of adjacent RPE. Then, subretinal
forceps are introduced, and an edge of the membrane is grasped
and slowly removed in a rather horizontal or oblique direction
but never in a vertical direction. Again, if bleeding occurs
while the tissue is extracted, pressure increases, and perfluoro-
carbon will help to stop it. Since larger diffuse bleedings can
occur after the tissue is removed from the eye and the sclerot-
omy is open, it is wiser to hold the membrane in the vitreous
cavity or let it fall back on the retina for some time until bleed-
ing has ceased. Then the membrane can be grasped again and
safely removed from the eye, while the posterior retina is cov-
ered with perfluorocarbon liquid. As there is much elasticity of
tissue, quite large membranes can be removed via a small reti-
notomy, if it is performed slowly. However if larger fibrotic
choroidal neovascular membranes and organized blood com-
plexes should be removed with the cutter, the size of the reti-
notomy needs to be adapted and sealed either with diathermy
before removal or with laser after removal when the retina is
reattached. Again the vitreous is cleaned from blood and tissue
particles to reduce postoperative inflammation. The peripheral
retina is indented to look for possible tear formation or tissue
incarceration that can easily occur close to the sclerotomy site
during tissue removal. The perfluorocarbon liquid is removed,
and the surgery is completed with fluid gas exchange. If a large
fibrohemorrhagic complex had to be removed via a large reti-
nectomy, a silicone oil tamponade is preferable.

In elderly patients with some cataract, vitrectomy is usu-
ally preceded by phacoemulsification of the lens in combina-
tion with a posterior chamber lens implant.

1. Complications of Submacular Surgery
As with all types of vitreous surgery, there is a small chance
of endophthalmitis, retinal detachment, and retinal tear for-
mation in about 2-5 % of cases. In phakic eyes, cataracts will
develop in more than 80 % of patients over 50 years of age.
Related to the submacular surgery and retinotomy is insuffi-
cient closure of the retinotomy or a higher incidence of hem-
orrhage postoperatively which might clear within 1-3 weeks.
While small retinotomies usually close even if not treated
with laser coagulation, large retinotomies require careful
laser treatment and a sufficient internal tamponade to
permanently close [10]. The most common complication
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during membrane removal in AMD is recurrent choroidal
neovascularization that occurs in up to 32 % of cases [7].

E. Functional Results of Submacular
Surgery

In younger patients with inflammatory neovascularization,

the CNV is usually a classic type, i.e., well circumscribed

(focal) and located anterior to the RPE, while in elderly

patients with AMD, these membranes can be either classic,

as described for younger patients, or occult, i.e., diffuse

(non-focal) and located posterior to the RPE. Don Gass

described classic membranes as type 2 membranes and the

occult membranes as type 1 in his report about the rationale
of subfoveal membrane excision [11]. In large studies of
membrane excision in AMD patients, visual acuity improve-

ment was reported between 0 and 33 % of patients [12—-14].

This was much lower than the primary results in young

patients with inflammatory disease, who attained postopera-

tive visual acuity of 20/40 in 30—40 % [6]. The reason for
this difference can be explained by two facts:

* Type one, occult, membranes located under the retinal
pigment epithelium have worse outcomes because the
overlying pigment epithelium is removed simultaneously
during membrane excision leaving a larger defect of the
RPE in comparison to type two classic membranes located
anterior to the pigment epithelium where the membrane
can be removed with much lesser mechanical damage to
the RPE.

* In diffuse disease like AMD, the pigment epithelial defect
created at surgery tends to enlarge over time, while in
focal disease and young patients, the defect remains either
stable or become smaller due to cell migration from its
edges and a healthier Bruch’s membrane/choriocapillaris
complex than in elderly patients [15-17].

In a retrospective meta-analysis evaluating 26 different
studies and a total of 647 cases of subretinal membrane exci-
sion in AMD patients, it was shown that improvement was
achieved in about 33 %, but there was also deterioration in
27 %. Additionally, recurrence of CNV occurred in 25 %
(0-55 %), which added to further visual loss in initially suc-
cessful cases [18]. In a prospective multicenter study compar-
ing submacular surgery with laser photocoagulation, the two
treatment options were found to be equivalent. After 2 years,
65 % of laser-treated cases versus 50 % of surgically treated
eyes had a visual acuity that was better than or no more than
one line worse than baseline [19]. While in the early years of
submacular surgery for AMD, small, classic membranes
were removed surgically, but with the introduction of photo-
dynamic therapy for small classic CNV this became the stan-
dard of care (later replaced by intravitreal anti-VEGF
injections). Surgery was only performed for large occult
hemorrhagic membranes with the worst prognosis [20].

II. Macular Translocation in AMD

The basic concept of macular translocation is to improve
vision in patients with subfoveal choroidal neovascularization
by relocating the macula away from the neovascular complex
so that it enables the macula to receive nourishment from a
healthier underlying RPE and choroid. For macular displace-
ment an iatrogenic retinal detachment is created either par-
tially or totally, and the retina is reattached by a tamponade.

A. History

The first who explored translocation of the retina experimen-
tally was Linsey in 1983 [21]. In 1985 Tiedemann published
their proposal for retinal translocation [22], and in 1993
Machemer and Steinhorst published their results in the first
human surgical cases suffering from AMD [23]. Over the
years the procedure has gone though multiple evolutionary
iterations with major developments by Eckardt et al., Toth
et al., and Tano et al. [24-26].

In 1996 translocation with partial retinotomy was
described mainly to reduce surgical complications like PVR
[27], and in 1998 de Juan invented a limited translocation
technique combined with scleral infolding for smaller sub-
macular membranes [28].

B. Surgical Technique

1. Limited Translocation

The original technique of limited translocation included pri-
marily a crescent-shaped partial scleral resection which was
subsequently followed by scleral infolding performed with
4—6 mattress sutures to reduce the complexity of the surgery
[28]. A modified technique was to achieve scleral shortening
by scleral outfolding with clips [29].

Essentially, the surgical procedure consists of four
major steps:
1. Pars plana vitrectomy with posterior vitreous cortex

removal
2. latrogenic retinal detachment
3. Scleral shortening
4. Partial fluid—air exchange

a. Scleral Infolding
In scleral infolding, rectus muscle traction sutures are placed
first and 5-6 mattress sutures preplaced through partial-
thickness sclera starting 2 mm behind the temporal rectus
muscle insertion and reaching upwards to the superior rectus
muscle. Then, a standard 3-port pars plana vitrectomy is
performed. By slowly injecting balanced saline solution into
the subretinal space via a 39 or 41 gauge needle, a retinal
detachment is created from the optic nerve to the ora serrata in
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the temporal 180° of the globe. Following this, the scleral mat-
tress sutures are secured to shorten the sclera, and the surgery
is completed with a partial fluid—air exchange. Postoperatively
the patient is positioned to attain a shift of the central retina
away from the choroidal neovascular membrane.

b. Outfolding Technique
In the outfolding technique a pars plana vitrectomy is per-
formed, and a retinal detachment is created. Then, titanium
clips are applied to the sclera 2—-2.5 mm wide and 10 mm long
between the temporal lateral muscle and the oblique superior
muscle. A fluid—air exchange and positioning are performed in
a similar way to the aforementioned infolding technique [30].

2. Full Macular Translocation
(MTS 360)

In this surgery phakic eyes undergo cataract surgery with
implantation of a posterior chamber intraocular lens at the
beginning of the procedure. After complete pars plana vit-
rectomy including posterior vitreous cortex removal and
peripheral vitreous shaving under scleral depression, the
retina is detached completely via a peripherally placed reti-
notomy and subretinal fluid injection. Then the retina is cut
circumferentially as anterior as possible, while posteriorly
placed perfluorocarbon liquid can help to stabilize the retina
during this procedure for a short while. The retina is then
reflected after the perfluorocarbon liquid is removed, and the
subretinal membranous complex, if present, is carefully
removed. Then the retina is gently translocated (mostly
upwards) to cover the fovea with healthier retina using per-
fluorocarbon liquid placed on the posterior pole. When
enough displacement is achieved (35-45°), the retina is com-
pletely reattached with additional perfluorocarbon liquid,
and endolaser is applied at the edges of the retina. The per-
fluorocarbon liquid is immediately replaced by a silicone oil
tamponade. To prevent visual distortion, extraocular muscle
surgery needs to be performed in these eyes either simultane-
ously [24] or a few weeks after translocation surgery [25].

C. Complications

A large study cohort of 153 cases undergoing limited macu-
lar translocation showed at least one complication in 35 % of
cases [31] including retinal tears, retinal detachments, macu-
lar holes, retinal folds affecting the fovea, neovascularization
at the injection site, and subretinal and choroidal hemor-
rhages. The main problem with this surgery, however, was
that the amount of translocation was small and insufficient
for larger choroidal neovascular membranes, the amount
of retinal shift was not predictable, and recurrences were
frequent [32]. For MT360, retinal detachment was among
the most common complications ranging from 7.8 % from
reports by Cynthia Toth and her group [33] to 42.8 % in a

comparative study between different techniques by Ohji and
coworkers [34]. Recurrent neovascularization was the sec-
ond most common complication ranging from 3.3 % after an
extremely long observation period of 90 months in a German
study [35] to 27.8 % with a 36-month observation time in
the comparative Japanese study [34]. Other complications
were cystoid macular edema, preretinal membrane forma-
tion, macular hole or tear, hypotony, and keratopathy [36].
As frequently observed with complex surgery, the highest
complication rates were reported with earlier cases than later
because the learning curve is long.

Because of the large rotation performed in MTS 360, bin-
ocular vision is often not recovered, and extraocular muscle
surgery is needed [37].

D. Functional Results

Functional assessment after limited macular translocation
showed that after 6 months 48 % of patients gained two or
more lines of visual acuity, and at 1 year 40 % gained two or
more lines of visual acuity, while 31 % lost two or more lines
[31, 32]. For MTS 360 the percentage of patients with
improvement in distance visual acuity ranges between 43
and 66 % [24, 38], and gains of more than three lines range
from 13 to 36 %. In contrast, the number of patients who
were losing three or more lines after surgery is described
between 6.6 and 56.2 % [24, 25]. Even more interesting,
however, are the results in reading vision that have been
reported to be larger than distance vision in two studies [39].
When compared with PDT in a prospective randomized trial,
it was shown that macular translocation produced better
visual results over 2-year observation [40].

lll. RPE Transplantation

A. Rationale

The transplantation of RPE seemed to be a logical approach
in restoring vision in patients with AMD. The disappointing
visual results after membrane excision alone were explained
by the mechanical removal of the RPE together with the
membrane as well as the primary dysfunction of the RPE in
these cases. Consequently, restoring RPE became an objec-
tive. Retinal rotation techniques (see above) have actually
provided us with the proof of principle that this kind of auto-
transplantation can in fact restore useful vision and that
reading visual acuity can be regained from an extrafoveal
location. Thus, reconstituting central RPE structure and
function via transplantation became a priority.

Following the path of successful experimental neuronal
transplantation [41, 42], transplantation of retinal cells has
been performed in animal and human eyes during the last
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two decades. Despite evidence that transplantation was

somewhat effective in animal models, efficacy in humans has

been confounded by various difficulties. Indeed, successful

transplantation requires the following:

* A viable source of cells

* A technique for safe delivery

e Survival of the transplanted cells within the host

* No transdifferentiation of the grafted cells from their nor-
mal RPE phenotype (i.e., ideally restoration of the retinal
pigment epithelium monolayer)

* A restoration of normal retinal architecture

* A permanent stabilization or improvement in vision

B. History

Options for patients with exudative AMD and subfoveal cho-
roidal neovascularization were subretinal membrane excision
only, laser treatment, or observation. With the introduction of
photodynamic therapy for classic choroidal neovasculariza-
tion and limited lesion sizes, submacular surgery was only
indicated for large or mainly occult lesions complicated by
bleeding. With the introduction of anti-VEGF therapy as the
first line of treatment in exudative AMD, retinal cell therapy
came almost to a halt. It is only with several years of experi-
ence with anti-VEGF treatment that we have learned that this
treatment delays but does not prevent further visual loss
because of retinal atrophy. Consequently, there is and will
continue to be a resurgence of interest in cell transplantation.

1. Transplantation of Ocular Tissues

The first experiments detailing the behavior of transplanted
neural tissue were performed in 1946 by Tansley, who trans-
planted embryonic eyes into rat brains [43]. Although the use
of the anterior chamber as a tissue culture chamber to observe
the behavior and growth of various transplanted tissues had
already been reported previously, the first transplantation of
fetal retina into the anterior chamber of maternal eyes in rats
was performed in 1959 by Royo and Quay [44]. No further
experiments were reported for more than 20 years.

2. Retinal Pigment Epithelial
Transplantation
The concept of retinal pigment epithelial (RPE) transplanta-
tion evolved from the successful culturing of RPE from
donor eyes by Flood et al. in 1980 [45]. In 1984 and 1985,
cultured human retinal cells were transplanted in the eyes of
monkeys, first by open sky techniques and later with closed
eye methods by Gouras and others [46—48]. Finally, the ther-
apeutic potential of RPE transplantation was demonstrated
in the Royal College of Surgeons (RCS) rat model when
radiolabeled RPE suspension grafts delivered through a bleb
detachment were fully capable of phagocytosing host outer
segments [49, 50]. The retinal atrophy that occurred in the
RCS rat within 2 months after birth as a result of the inher-

ited phagocytosis defect of the photoreceptor outer segment
was therefore prevented [51-53].

The RPE is known to produce a variety of cytokines both
in vivo and in vitro [54]. In addition to the expected rescue
effects observed over areas with transplanted RPE cells, fine
cellular processes extending from the transplanted RPE over
long distances were observed with electron microscopy. This
suggested that trophic factors secreted from the graft may be
involved in rescue of the overlying retina as well [49]. It is
well known that experimental debridement of Bruch’s mem-
brane in normal pigmented rabbits will lead to atrophy of the
underlying choriocapillaris and the overlying neural retina
[55, 56]. Interestingly, intravitreal administration of basic
fibroblast growth factors (bFGF) in RCS rats also led to a
transient effect of photoreceptor rescue, which therefore may
support such a trophic factor interaction [57, 58].

3. RPETransplantation in Human Eyes

RPE transplantation in humans was first performed by
Peyman et al. in 1991 in two cases of terminal AMD [59].
Photoreceptor transplantation was attempted in human eyes
in patients with retinitis pigmentosa by two groups: del Cerro
and Das [60, 61]. Kaplan and his group treated two patients
who were NLP preoperatively with outer retinal sheet trans-
plants derived from adult cadaver eyes with no complica-
tions; however, no visual improvement was reported [62]. In
1994 Algvere and Gouras transplanted small patches as well
as cell suspensions of previously cultured human fetal RPE
into the foveal area after membrane excision [63]. Because
of disappointing visual results, immune reaction to the
homologous cells was considered as the main culprit in all
the aforementioned experiments.

An interesting strategy to eliminate rejection has been the
use of autografts of iris pigment epithelium (IPE) to replace
defective RPE [64, 65]. Iris pigment epithelium cells have
been used by groups in Japan and Germany [66, 67]. This
concept is intriguing due to the ease by which the IPE can be
harvested. The surgery can be performed in a one-step proce-
dure or in two steps where iridectomy is performed in com-
bination with cataract surgery and the IPE thereafter
expanded in cell culture or transfected. Several investigators
have shown the ability of IPE to phagocytose outer segments
in vitro [68, 69]. However, when compared to the RPE, the
IPE has been demonstrated to digest outer segments much
more slowly and thus not as well as RPE [70]. It was thus
reasonable to search for a safe way to harvest autologous
RPE cells to transplant them subfoveally in eyes with subfo-
veal neovascularization related to AMD [71].

C. Surgical Techniques
1. Cell Suspensions (See Video V.A.1-1)

The technique we used was experimentally tested [72] and
then used in a pilot study in humans and in a subsequent trial
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comparing membrane excision with and without RPE trans-

plantation [73, 74]. The procedure is as follows:

e After pars plana vitrectomy and careful removal of the
posterior vitreous cortex, a bleb retinal detachment is cre-
ated nasally from the optic disc via a small retinotomy.

* With a special instrument the RPE is gently harvested and
aspirated in a tube and a microsyringe over an area of
approximately 4-5 disc diameters.

*  While these cells are counted and centrifuged by a surgical
assistant, the subfoveal choroidal neovascular membrane
is removed by the surgeon via a second retinotomy created
away from the fovea but close enough to the lesion to
grasp it with subretinal forceps (see above).

* A perfluorocarbon liquid bubble is used to cover the pos-
terior pole and prevent bleeding.

* Now the RPE cell suspension prepared by the assistant is
slowly injected into the subretinal space via a small can-
nula connected to a tuberculin syringe with the perfluoro-
carbon liquid still in place to avoid reflux of cells into the
vitreous.

» The retinotomies are sealed with endolaser photocoagulation.

* PFCL is aspirated after some minutes to allow cells to
settle and the vitreous cleaned from cellular debris.

* The retinal periphery is inspected carefully for retinal
tears or vitreous incarceration.

e A fluid—air exchange is performed.

* The sclerotomy wounds are closed.

Postoperatively, the patient is asked to maintain a supine
position for 1 h to further allow the cells to settle in the sub-
retinal space and is then turned into a prone position until the
next day. Complications with cell suspension transplantation
were rather low and mainly related to vitrectomy. In a pilot
study and in a trial, we reported about 8.7 % retinal detach-
ment, all treatable [73, 74]. No recurrence of CNV was
observed during the observation period of 17 months but
reached 5-8 % after 2 years.

While the suspension technique bears the advantages of
being technically easy and has complication rates close to
standard vitrectomy, it bears the disadvantage that the cells
are irregularly distributed on a defective or diseased Bruch’s
membrane which makes their survival difficult. This limita-
tion is being addressed by experiments that are underway to
create artificial basal lamina to provide better survival of
these cells by improving this cell culture milieu from its dis-
eased environment and by approaches using artificial lami-
nas rather than cell suspensions.

2. RPE/Bruch’s Membrane/Choroid
Patch
Another strategy using autologous material is the transplan-
tation of a full-thickness RPE—choroidal patch or sheet taken
from the periphery of the same eye to cover the foveal defect.
The first who performed full-thickness RPE patch transplan-
tation that was taken from adjacent areas of the CNV in nine
patients was Bill Awylard 1998 to 1999. Unfortunately these

flaps demonstrated sequestration after an observation period

of 1-2 years [75], although some remaining functions were

demonstrated by microperimetry [76]. As with retinal rota-
tion, bleeding and inflammation need to be kept to a mini-
mum to provide a basis for success with this surgery.

Over the following years full-thickness patch transplanta-
tion has gone some technical changes with large contributions
by Jan van Meurs and Drs. Pertile and Parolini [77-79]. As
with full retinal rotation surgery, phakic patients undergo cata-
ract surgery with lens implantation at the beginning of surgery.
The classic transplantation consists of the following steps:

* A complete 3-port pars plana vitrectomy including ante-
rior vitrectomy and removal of the posterior vitreous
cortex.

¢ A retinotomy temporal from the lesion is created, and the
fibromembranous complex is carefully removed under
perfluorocarbon liquid.

* An area for the patch is identified nasal to the optic disc or
inferior to the vascular arcade.

* Diathermy and/or laser is performed at the borders of the
transplant which was chosen as large as possible, but in
general 4 x5 mm.

* With horizontal scissors the full-thickness patch is cut
90 % with the overlying retina left as long as possible to
prevent damage to the RPE with instruments. If bleeding
occurs from the choroid during cutting, this must be man-
aged immediately with diathermy and transient intra-
ocular pressure rise; otherwise, all manipulations are
performed in a soft eye.

¢ Now some fluid is injected into the subretinal space to
allow easier access with the patch.

e After the patch is freed completely and the overlying ret-
ina removed, it is grasped carefully at the edge and slowly
transferred into the subfoveal space.

* Now the anterior vitreous is excised and the vitreous filled
with perfluorocarbon liquid anterior from the equator.

* Addition laser treatment is applied to the retinotomies.

e A direct perfluorocarbon liquid-silicone oil exchange is
performed, and the sclerotomy wounds are closed.

A variation mainly performed by Drs. Pertile and others is
the following:

* After vitrectomy, a 180° retinotomy is created in the tem-
poral periphery of the fundus, and the retina is detached
and flapped nasally.

* PFCL is used to hold the retina in place when the neovas-
cular complex and blood are removed.

* Bleeding vessels are treated with diathermy.

* The patch is prepared under perfluorocarbon liquid in a
similar way as with the classic technique and then gently
translocated over the foveal defect.

e A perfluorocarbon liquid “rock and roll” technique is
used to allow this. The subretinal perfluorocarbon liquid
is gently removed and the retina unrolled with new per-
fluorocarbon liquid.
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» Laser photocoagulation is applied at the edges of the
retinotomy.

e A direct perfluorocarbon liquid—silicone oil exchange is
performed.

This technique has the clear advantage that it minimizes
bleeding and provides better access to the neovascular lesion
which tends to be quite large to justify surgical intervention
and easier preparation of the patch. Whether a residual film
of perfluorocarbon liquid around the transplant might reduce
cell function has never been separately evaluated.

Complications with patch transplants were higher than cell
suspension techniques, especially with the occurrence of pro-
liferative vitreo-retinopathy in up to 45 % [76—80]. As already
pointed out with MTS 360, complication rates were lower in
reports from those groups who performed the surgery for sev-
eral years in higher numbers [81-83]. Figures V.A.1-1, V.A.1-2,
V.A.1-3, V.A.1-4, V.A.1-5, V.A.1-6, V.A.1-7, V.A.1-8, V.A.1-
9, V.A.1-10, V.A.1-11, and V.A.1-12 show two cases of RPE—
choroid patch transplantation performed by Dr. Binder. Both
are last eye patients. Nr 1 (Case 2) turned out to be less suc-
cessful (Figures V.A.1-1, V.A.1-2, V.A.1-3, VA.1-4, VA.1-5,
V.A.1-6, and V.A.1-7), and Nr 2 (case 5) was indeed a perma-
nent success (Figures V.A.1-8, V.A.1-9, V.A.1-10, VA.1-11,
and V.A.1-12).

D. Functional Results

While functional results in the pilot study of 14 cases with
RPE suspensions were very promising since 57.5 % of cases
gained two or more lines after 17 months of observation
[73], later results were rather disappointing. When these
experiments were started, PDT was not available, and

20050303

Figure V.A.1-1 Case Nr 1. Full-thickness RPE/Bruch’s membrane
choroidal patch transplantation. Case 2. A 76-year-old male. VA on
admission=hand motions. History: Status post PDT Jan 2005. Massive
subretinal hemorrhage from CNV. Other eye: end-stage AMD,
VA =hand motions

patients with small foveal lesions were candidates for sur-
gery. In the subsequent trial, however, patients who qualified
for PDT were excluded from the surgery trial; thus, the
patients who underwent surgery had larger lesions and more
hemorrhage. In spite of that we saw a trend that was not sta-
tistically significant but suggested superiority in visual gain
when cell suspension injection was compared with mem-
brane removal alone. A significant difference, however, was
observed in clinical tests like multifocal ERG and micrope-
rimetry [74]. Similar experiences have been reported also
after iris pigment transplantation [67].

With patch transplantation significant improvement in
distance and reading vision can be reached in a certain per-
centage of cases, but unfortunately due to the high number of
complications, this advantage is lost (in a study). A mean
gain of one line was described by Van Meurs and his group
[83]. With the success of anti-VEGF therapy as first-line

Figure V.A.1-2 Area where patch has been removed in superior
quadrant
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Figure V.A.1-3 One month postoperatively. Well-centered transplant
patch that is perfused on fluorescein angiography. VA =0.05 (20/400)
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Figure V.A.1-4 One month
postoperatively. OCT of
transplant shows cystic changes,
intact retinal layers
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Figure V.A.1-5 Three months postoperatively. Central patch appears
smaller and folded. VA=0.03 (20/400). Silicone oil removal planned

treatment in exudative AMD today, this surgery is only
reserved as rescue therapy for isolated cases, but the experi-
ence that has been gained techniques that have been devel-
oped will be very useful for future therapies.

IV. Surgical Management of Submacular
Hematoma

A. History

Submacular hematoma may be caused by a number of differ-
ent conditions including exudative age-related macular
degeneration and other causes of choroidal neovascular
membrane, ruptured retinal macroaneurysm, complications
of scleral buckle surgery, trauma, sickle cell disease, and
retinal tears in primary rhegmatogenous retinal detachments.
Systemic anticoagulants or antithrombotics may increase the

20050803

Figure V.A.1-6 Two months postoperatively. Silicone was removed
uneventfully. Patch has lost pigmentation. VA=0.02 (20/800)

risk of submacular hemorrhage for exudative age-related
macular degeneration [84, 85], and long-term anticoagula-
tion or antiplatelet therapy may be associated with larger
subretinal hemorrhages [86]. A variant of choroidal neovas-
cular membrane, polypoidal choroidal vasculopathy, is also
at increased risk of submacular hemorrhage [87]. Polypoidal
choroidal vasculopathy is a common presentation of age-
related macular degeneration in Asian patients [88].

Glatt and Machemer observed that in a rabbit model sub-
retinal blood irreversibly damaged the outer retina within
24 h [89]. They hypothesized three mechanisms for this
damage: thick subretinal blood created a diffusion barrier
between the retinal pigment epithelium choroid and the pho-
toreceptors, contraction of the blood clot caused mechanical
damage, and/or iron toxicity. Fibrin was associated with tear-
ing of sheets of photoreceptor inner and outer segments by
7-14 days in a cat model [90] supporting the concept of early
therapeutic intervention.
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Figure V.A.1-7 OCT 12
months postoperatively. Loss
of intraretinal structure with
fibrosis

20050817
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Figure V.A.1-8 Case Nr 2: 71-year-old female. History. Massive hem-
orrhage after PDT. VA=LP+, other eye enucleated after trauma in
childhood. One month after surgery residual hemorrhage nasally from
transplant. Good centration of transplant but surrounding rim of atro-
phic area (black arrows)

The natural history of thick submacular hemorrhage in
exudative macular degeneration is especially poor when
compared to other etiologies without choroidal neovascular
membranes such as choroidal rupture [91-93], At 36 months
44 % of eyes with subfoveal blood had lost six or more lines
of vision, and size and height of the subretinal blood were
important factors [94]. Preexisting abnormalities of the pho-
toreceptor and retinal pigment epithelium in age-related
macular degeneration may lower the threshold to damage
from subretinal blood. The results of anti-VEGF monother-
apy for submacular hemorrhage due to AMD may be better
than the natural history, but good visual acuity is rarely
attained [95-97].

1D o — - 20051116

Figure V.A.1-9 Six months postop. VA=0.04 (20/400). Bridging
between healthy pigment epithelium and transplant visible (black arrows)

B. Surgery for Submacular Hematoma

1. History
In 1987 Hanscom and Diddie in California first reported the
evacuation of subretinal hemorrhage of 1 week’s duration
from two patients (one with AMD and one with ruptured
macroaneurysm) [98]. In 1988 de Juan and Machemer
reported improvement in visual acuity after pars plana vit-
rectomy and removal of the subretinal clots in three of four
patients with large submacular hemorrhage and
AMD. Subsequent reports followed [93, 99, 100]. The sur-
geon waited for the submacular hemorrhage to hemolyze
before performing pars plana vitrectomy. After pars plana
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Figure V.A.1-10 Six months
postoperatively. OCT shows
nice integration of patch as
well as a connection with

healthy RPE
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Figure V.A.1-11 Twenty-eight months postoperatively. Same clinical
situation. VA improved to 0.1 (20/200) Jaeger 7

vitrectomy, a retinotomy was made through which intraocu-
lar forceps were introduced to grasp the clot and extract it or
liquefied blood was lavaged. There was significant discus-
sion about the timing of the intervention. Intervention too
early could physically shear and damage the photoreceptors.
A delay in intervention could result in an irreversibly dam-
aged sensory retina.

2. Tissue Plasminogen Activator
Tissue plasminogen activator (tPA) is a serine protease found
on endothelial cells. It is an enzyme that catalyzes the con-
version of plasminogen to plasmin, the major enzyme
responsible for hemolysis [101]. It has advantages over other
thrombolytic agents such as streptokinase and urokinase
because its activity is enhanced in the presence of a fibrin
clot, and a complex of fibrin, tissue plasminogen activator,
and plasminogen is formed. These qualities make it fibrin
specific and clot selective [102]. tPA available for clinical

o A=
PRSPPI AT
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S

use is manufactured using recombinant biotechnology and
includes alteplase, reteplase, and tenecteplase. Alteplase is
FDA approved for treatment of myocardial infarction with
ST elevation, acute ischemic stroke, acute massive pulmo-
nary embolism, and central venous access devices. Reteplase
is FDA approved for acute myocardial infarction.
Tenecteplase is indicated for acute myocardial infarction.

The introduction of subretinal injection of tPA allowed
immediate surgical intervention of submacular hemorrhage.
A number of animal studies established the retina toxicity
profiles for intravitreal injection of tPA injected in the rabbit
[103, 104], and cat [105-107]. In the rabbit eye, toxicity was
not seen in doses up to 50 microgram/0.1 cc. Above
50 pg/0.1 cc, large necrotic retinal holes, bullous retinal
detachment, and marked retinal vessel attenuation were seen.
In the human, four patients developed exudative retinal
detachment followed by hyperpigmentation after intravitreal
injection of 100 pg of tPA [108]. The retinal toxicity of tPA
has been attributed to l-arginine in the vehicle which pre-
vents the self-degradation of tPA [106]. Hemolytic effects
have been seen clinically with doses as low as 6 pg (deliv-
ered in 0.1 cc volume) injected into the vitreous [109] and
6 pg/0.1 cc injected into the subretinal space [110]. Clinically
doses between 5 and 50 pg per 0.1 cc are used.

Early worries that tPA could not enter the subretinal space
because of its large size (molecular weight of over 70 kD)
were seemingly confirmed when labeled tPA injected into
the vitreous could not be detected in the subretinal space of
rabbits [111]. Yet intravitreally injected albumin at 69 kD
diffused through the retina within 1 h in rabbit eyes [112],
and subretinal clots were hemolyzed by intravitreal tPA
compared to saline injections in rabbits [113] and pigs [114].
These worries were quickly dispelled by its clinical effec-
tiveness. Kimura et al. found hemolyzed blood at time of
vitrectomy 12-36 h after intravitreal injection of tPA [109].
More recently this discrepancy between failure of tPA to
penetrate the rabbit retina and its clinical utility has been
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Figure V.A.1-12 Twenty-eight
months postoperatively. OCT
shows well-integrated patch and
development of foveal contour

attributed to species differences. A third-generation throm-
bolytic agent, a variation of native tPA produced by recombi-
nant DNA technology with multiple point mutations, was
shown to penetrate all layers of the pig eye after intravitreal
injection [115]. Subretinal injection of tPA in experimental
animal models enhanced the clearance of subretinal hemor-
rhage [104, 107], or facilitated surgical removal [116] and
protected the outer retina.

3. Surgery

The use of subretinal tPA allowed earlier surgical intervention
and the prospect of better visual outcome [110, 117-119].
Small gauge subretinal cannulas which had been developed
to infuse fluid underneath the retina for excision of subfoveal
choroidal neovascular membrane and macular transloca-
tion were adapted for injection of tPA (see Video V.A.1-2).
Preoperative intravitreal injection of tPA also seemed to
facilitate the removal of subretinal hemorrhage during pars
plana vitrectomy a day later [109]. Perfluorocarbon liquids
could be used to squeeze the liquefied blood into the vitreous
cavity [110, 120]. To date published reports of surgical inter-
ventions for submacular hemorrhage have been retrospec-
tive, studying relatively few patients with variable follow-up
and hemorrhage size. The SST Group B trial randomized
336 patients with relatively large hemorrhages (subfoveal
choroidal neovascular lesions greater than 3.5 disc areas and
composed of at least 50 % blood), but could not demonstrate
any benefit to submacular surgery [121]. However, tPA was
used in only 38 % of eyes, blood remained underneath the
fovea in 62 % of eyes with greater than 4 disc areas of blood,
and the duration of hemorrhage before intervention was not
reported.

At the 1996 Vail Vitrectomy Meeting Heriot presented his
success in displacing submacular hemorrhage from the fovea
with intravitreal tPA, intravitreal gas injection, and facedown

positioning [122]. Other reports followed [108, 123—125].
One hundred micrograms of tPA was injected through the
pars plana in a volume of 0.1 cc. A day later gas was injected
into the eye. The patient was positioned in a prone position
to localize the gas bubble to the macula to displace the hemo-
lyzed blood. This captured the imagination of retinal sur-
geons around the world. There was discussion about how
long to wait after tPA injection before gas should be injected.
Submacular hemorrhage could be displaced even without
tPA [126]. Surgeons soon adapted Heriot’s idea of displacing
submacular hemorrhage to the surgical management of this
problem [127]. Eighty-seven percent of eyes had no subfo-
veal blood after this technique with 2 line visual acuity
improvement in 59 % of eyes [128]. The risk of retinotomy-
related complications was avoided. Direct injection of tPA
into the subretinal space appeared to be more efficacious and
predictable than intravitreal tPA.

a. Technique

The author (LPC) uses the following technique:

* Tissue plasminogen activator at a concentration of
25 pg/0.1 cc is prepared in the pharmacy and delivered to
the operating room. The tPA is transferred to a 3 cc Luer-
Lock syringe on the surgical field.

* A 39or4l1 gauge subretinal cannula is connected to the 3 cc
syringe with a small length of intravenous tubing. This iso-
lates movement at the syringe from inadvertently displacing
the tip of the subretinal cannula at the time of tPA injection.
All air in the tubing and cannula is carefully removed.

e After pars plana vitrectomy, the subretinal cannula is
advanced to the surface of the retina until the choroid
focally whitens. The view of a 68 diopter macula pan-
oramic contact lens (Advanced Visual Instruments, Inc.,
New York, New York) provides both magnified detail as
well as an arcade to arcade view of the macula.
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Figure V.A.1-13 (a) Preoperative photograph of the left eye in a
77-year-old man with exudative age-related macular degeneration and
submacular hemorrhage lowering visual acuity to count fingers
(Courtesy of J. Sebag, MD; VMR Institute for Vitreous Macula Retina).

» The surgical assistant depresses the plunger on the syringe
to inject the tPA into the subretinal space. These injections
are made at the borders of the submacular hemorrhage
and not over the clot itself. Injections made directly over
the clot may result in failure at the retinotomy site from
clot contraction or proliferation stimulated by the clot.

e Multiple injections are usually necessary to bathe the
blood clot. The optic nerve limits the subretinal tPA from
migrating to the nasal side.

* The induced detachment of the retina should be limited to
the posterior pole just outside the temporal vascular
arcades. Induction of retinal detachment beyond the equa-
tor increases the risk of postoperative rhegmatogenous
retinal detachment.

» After subretinal tPA injection a small air bubble is injected
into the subretinal space. This augments the displacement
of the subfoveal blood to the periphery [129].

 In the recovery room, the patient is positioned supine for
1 h before positioning the head erect for 24 h.

Intraocular gas is not necessary to displace the blood or to
tamponade the small retinotomies made by the 39 or 41
gauge subretinal cannulas. Therefore, I do not put any gas
into the eye. Should gas be injected, then the head is conven-
tionally positioned face down. Stopa et al. concluded that the
head erect positioning is preferential to prone positioning
because this maximizes the force of gravity force parallel to
the subretinal space [130]. Foster and Chou demonstrated
that a partial gas bubble has no buoyant force at the top in a
vessel with gas in the upper portion and liquid in the lower
portion [131]. This also favors head erect positioning with-
out an intraocular gas bubble in the immediate postoperative
period. The retina is usually completely attached after 24 h.
This means that submacular hemorrhage is again locked into

(b) Preoperative fluorescein angiography of the same eye as in figure
(a) demonstrating profound blocked fluorescence by the submacular
hemorrhage (Courtesy of J. Sebag, MD; VMR Institute for Vitreous
Macula Retina)

place after 24 h, and further head erect positioning beyond
this time is not useful. The submacular hemorrhage is most
often displaced to just beyond the inferotemporal arcade and
is a function of the volume of tPA injected into the subretinal
space (Figures V.A.1-13 and V.A.1-14).

b. Complications

Complications include spontaneous rupture at the fovea with
release of subretinal hemorrhage through the fovea during
tPA injection, postoperative rhegmatogenous retinal detach-
ment, inadequate displacement of hemorrhage, and break-
through of submacular hemorrhage into the vitreous cavity.
The fovea is the thinnest point of the sensory retina and there-
fore prone to spontaneous rupture. Despite this occurrence,
the visual outcome remains good similar to successful macu-
lar hole repair. As mentioned, creation of retinal detachment
beyond the equator increases the risk of rhegmatogenous reti-
nal detachment. The subretinal blood can stimulate the devel-
opment of proliferative vitreo-retinopathy. Inadequate
displacement of hemorrhage may necessitate a repeat proce-
dure to displace the remaining hemorrhage. Recurrent sub-
macular hemorrhage is rarely seen after successful
displacement of submacular hemorrhage secondary to exuda-
tive age-related macular degeneration. A definitive choroidal
neovascular membrane is often not identifiable by fluorescein
angiography.

Massive submacular hemorrhages for which displace-
ment is ineffective are best managed with subretinal tPA and
360 retinotomy techniques. These techniques were described
in the seminal report by Machemer and Steinhorst describing
this approach in three eyes with severe and recent massive
submacular hemorrhage [23] [see section II. Macular trans-
location in AMD].
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Figure V.A.1-14 (a) Postoperative photograph of the same eye as in
Figure V.A.1-13 with successfully displaced submacular hemorrhage
by vitrectomy with submacular tPA injection and perfluoropropane vit-
reous substitute. Drusen is noted nasally and RPE changes are seen
inferotemporally. Visual acuity improved to 20/30 (0.67) [Courtesy of

Abbreviations

AMD Age-related macular degeneration
bFGF Basic fibroblast growth factor
CC Cubic centimeter

CNV Choroidal neovascularization
DNA Deoxyribonucleic acid

ERG Electroretinography

FDA Food and Drug Administration
IPE Iris pigment epithelium

kD Kilodalton

MTS 360 Full macular translocation
NLP No light perception

PDT Photodynamic therapy

PFCL Perfluorocarbon liquids

PVR Proliferative vitreo-retinopathy
RCS Royal College of Surgeons
RPE Retinal pigment epithelium
SST Submacular Surgery Trial

t-PA Tissue plasminogen activator

VEGF Vascular endothelial growth factor
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