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CLINICAL INVESTIGATION

Iris pigment epithelial cell translocation
in exudative age-related macular degeneration

A pilot study in patients

Abstract Background: This pro-
spective, non-controlled pilot study
investigates the practicability of IPE
translocation and functional outcome
in ARMD patients. Removal of sub-
macular choroidal neovascularization
(CNV) in age-related macular degen-
eration (ARMD) is usually associated
with RPE damage and poor visua
prognosis. Homologous RPE trans-
plantsfail to preserve macular func-
tion, possibly due to immune rejec-
tion. Instead of homologous RPE, we
suggest translocating autologousiiris
pigment epithelium (IPE), building
on earlier evidence from animal and
in vitro investigations that I1PE can
substitute RPE functionsin the ex-
perimental animal. Immunological
cell rgjection is avoided.

Methods. Four eyes with well-
defined and eight eyes withill-
defined subfoveal CNV were submit-
ted to operation and followed up for
aminimum of 6 months. |PE cells
were harvested from a peripheral iri-
dectomy. A vitrectomy was per-
formed. Submacular membranes
were removed, and isolated | PE cells
were injected into the subretinal

Introduction

In agerelated macular degeneration (ARMD), mal-
function of the RPE, and the Bruch’s membrane—chorio-
capillariscomplex is followed by degeneration of macu-
lar photoreceptors, leading to loss of central visual acui-
ty. Inits exudative form ARMD is accelerated by choroi-

space. Examinations included
ETDRS visual acuity, fluorescein an-
giography, and SL O microperimetry.
Results: All patients underwent suc-
cessful surgical removal of CNV and
subretinal |PE injection. Compared
to preoperative visual acuity
(20/400-20/100) no significant
change was observed after 6 months
(20/320-16/80). A change of more
than two ETDRS chart lines was de-
fined as significant. One eye with
preoperative ill-defined CNV devel-
oped arecurrence, leading to reduced
visual acuity. In all patients, postop-
erative fluorescence angiography re-
vealed early hyperfluorescence
(window defect) in the surgically
denuded area. Central fixation was
demonstrated in 50% of eyes.
Conclusions: Preliminary data sug-
gests that | PE tranglocation in sub-
macular surgery for ARMD can pre-
serve but not improve preoperative
visual acuity over 6 months. Func-
tional results are promising compared
to submacular membrane extraction
alone and RPE transplantation. Con-
tinued research on improvement of

I PE translocation seems justified.

dal neovascularization into the subretinal space. Surgical

removal of subfoveal neovascular membranes invariably

damages the RPE. Since photoreceptor function depends
on an intact RPE cell layer, transplantation of RPE cells
into the subretinal space has been suggested. While het-
erologous RPE cell transplantation was successful in
monkeys, rabbits [7, 22] [12] and rats [18-20, 35], ho-
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mologous fetal RPE transplantation in man failed after
1-3 months, presenting as cystoid macular edema 1, 2].
It was assumed that the transplants were immunological-
ly rejected [1, 2, 11]. Prophylactic immunosuppression,
however, ishardly tolerated in old age.

We investigated autologous IPE translocation as an
alternative to homologous RPE transplantation to avoid
immunological rejection and because the IPE is easily
accessible by iridectomy. Several investigations suggest
that IPE can take on RPE functions. The ability of IPE to
phagocytose rod outer segments is 70% that of to RPE
[29]. IPE can form tight junctions in vivo and in vitro
[8-10, 30] and expresses molecules involved in retinol
metabolism [3]. |PE cells that were transplanted into the
subretinal space of RCS rats reduced the rate of degener-
ation of photoreceptor cells [28, 34]. The reduced rate of
degeneration after transplantation of IPE cells into the
subretinal space was significant when compared to
sham-injected eyes (according to the technique of Silver-
man and Hughes [36]) after 90 days [28]. We therefore
studied whether autologous IPE translocation is useful
in conjunction with submacular membrane extraction in
12 patients with exudative ARMD.

Patients and methods
Patients

We performed IPE translocation in 12 patients with exudative
ARMD (age 6084, mean 73.1+7.51 years) with subfoveal CNV
after informed consent. The subfoveal neovascular membranes
were not amenable to laser photocoagulation according to the
Macular Photocoagulation Study Group (MPS) [23-26]. Inclusion
required angiographic evidence of subfoveal choroidal neovascu-
larization, with ill-defined subfoveal complex or well-defined
CNV larger than 2 MPS disc areas. The size of the CNV and the
postoperative RPE defect was estimated using the MPS “disc area
template” [23].

An ophthalmologic examination was performed pre- and post-
operatively at several time points up to 6 months. The determina-
tion of best corrected visual acuity was based on the Early Treat-
ment Diabetic Retinopathy Study (ETDRS) chart. Slit-lamp exam-
ination, color fundus photography and fluorescein angiography
were performed prior to surgery and repeatedly during follow-up.

Macular microperimetry was performed using the Rodenstock
scanning laser ophthalmoscope (SLO; Rodenstock, Germany)
with refined Aachen software [40]. Asvisual stimuli, small single-
fixation cross signs (10x10 to 30x30 pixels) were used. Each fixa-
tion test involved an adaptation of the retinal image to the present-
ed fixation cross with a retina landmark. Test stimuli were pre-
sented for 200 ms. An infrared laser (720 nm) was used to image
the fundus on a video monitor. Background illumination was pro-
duced by a 633-nm-helium neon laser. The microperimetrically
determined fixation site was transferred to the fundus photographs
and angiograms to relate it to the estimated fovea and the surgical
scar.

Methods

Two peripheral iridectomies were performed in the affected eye.
Preparation of |PE cells followed a modification of the technique

of Hu and co-workers [14, 15]: The small pieces of iris were un-
folded in a drop of balanced salt solution (BSS) with the pigment-
ed side facing upwards. The IPE cell layer was removed by gently
scraping off a continuous sheet. The sheet was washed carefully in
BSS solution to minimize contamination with cells of the iris stro-
ma. The double cell layer was then cut into smaller pieces and sus-
pended in 100 Yl of BSS with 20% serum from the same patient.
The suspension was transferred to an Eppendorf vial. Gentle shak-
ing of the vial allowed dissociation of IPE into single IPE cells,
several small cell clusters and some cell sheets. According to Hu
and co-workers [15], our in vitro experiments showed that after
mechanical isolation single cells and especially small cell clusters
were able to form well-proliferating colonies.

Prior to surgery, we verified the viability and purity of isolated
IPE cells. In vitro experiments had been performed with speci-
mens of iridectomies to evaluate the cell number. A mean of
36000 cells (+17,920) were gained from each iridectomy. Viability
testing was performed in a modification of the technique of Hu
and co-workers [15] using the dye fluorescein diacetate [31]. Via-
bility of 75.45% (+11.34%) was measured. The purity of the IPE
cell suspension was tested by phase-contrast microscopy. More
than 95% of al isolated cells were pigmented. Cell cultures made
of isolated cell suspensions that were incubated with DMEM me-
dium supplemented with 20% FCS at 37°C with 5% CO, showed
that only pigmented cells and no fibrocytes had grown. This result
was confirmed by immunocytochemistry with anticytokeratin anti-
bodies (Sigma, monoclonal anti pancytokeratin, C 2931). The iso-
lated pigmented cells showed positive fluorescence.

Pars plana vitrectomy with posterior vitreous separation was
performed. A pointed, 20-ul-glass micropipette (Sigma), connect-
ed to a 2.0-ml syringe filled with BSS by a flexible tube, was used
to penetrate the neurosensory retina about 3—3.5 mm tempora to
the fovea and dlightly superior to the horizontal raphe. The retina
was perforated and detached by the jet stream of the pipette to
form aretina bleb. Through the same retinotomy, the CNV was
mobilized and extracted by means of horizontally opening sub-
macular microforceps (Dutch Ophthalmic Research CenterNether-
lands). To seal the now somewhat enlarged retinotomy, a small
bubble of liquid perfluorocarbon (perfluorodecalin) was placed
over the retinotomy. The remaining subretinal fluid was thereby
trapped and the wall of the retinal bleb tightened. The IPE cell
suspension was aspirated into the micropipette. The cells were in-
jected into the subretinal space through the peak of the retinal bleb
with a small amount of reflux. Typically, a darkish-brown cloud
became visible under the retina. Finaly, the PFCL was removed
and an air fluid—gas exchange was performed. Patients were pos-
tured supine on the day of surgery and prone for the next day.

Postoperative follow-up examination at 6 weeks, 3 months and
6 months included ETDRS visual acuity, slit-lamp biomicroscopy,
tonometry, fundoscopy, SLO microperimetry and fluorescein angi-

ography.

Results

Four of the 12 patients had a well-defined choroidal neo-
vascularization (initial visual acuity 20/100—20/400) the
others had an ill-defined neovascular complex (initial vi-
sual acuity 20/100-20/400), which was associated with a
pigment epithelial detachment in four cases. Three of the
12 patients (nos. 1, 3, 7) had a history of radiation thera-
py in the treated eye.

The mean duration of visual loss prior to surgery was
6.6 months (4.7 months). Visual acuity ranged from
20/100 to 20/400 preoperatively and from 16/80 to
20/320 postoperatively (Table 1). Significant change in
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Table 1 Individual patient data (CNV ill ill-defined choroidal neovascularization, CNV well well-defined choroidal neovascularization,

PED Pigment epithelial detachment)

Patient Age Duration of Diagnosis Visual acuity, Visual acuity, Visual acuity, Fixation,
(years) visual loss pre-operative, post-operative, best ETDRS postoperative
(months) ETDRS 6 months ETDRS
1 80 12 PED 20/63 20/80 20/80 Extrafoveal
2 72 12 CNVill 20/80 20/250 20/250 Foveal
3 72 6 CNV well 20/100 20/160 20/160 Extrafoveal
4 65 1 CNVill 20/100 20/160 20/160 Fovea
5 60 2 PED 20/125 20/160 20/100 Foveal
6 66 4 PED 20/250 20/200 20/200 Fovesal
7 84 12 CNVill 20/250 20/250 20/250 Extrafoveal
8 73 10 CNV well 20/320 20/320 20/320 Fovesal
9 78 2 CNV well 20/400 20/320 20/320 Extrafoveal
10 77 1 CNV well 20/400 20/250 20/250 Extrafoveal
11 83 5 PED 20/400 20/400 20/400 Fovesal
12 68 12 CNVill 20/400 20/320 20/200 Extrafoveal

visual acuity was defined as a change of at least two ET-
DRS lines. According to this classification, 11 eyes re-
mained unchanged and one eye worsened. Eight of 12
patients reported a reduction in scotoma size and
“brighter” vision. Central fixation (SLO microperimetry)
was registered preoperatively in eight patients and main-
tained in six patients throughout the follow-up time of 6
months. Fixation was near pigmented deposits that did
not exist preoperatively. There was no preferred location
for extrafoveal fixation (six patients), which was docu-
mented at the superior, inferior, nasal or temporal margin
of the surgical scar.

Metamorphopsia, when present, subsided in al but
one patient, who developed recurrent neovascul arization.

Bleeding from retinal vessels during membrane ex-
traction occurred when the choroidal membrane was
very adherent to the retina (patients 1, 2, 10, 11, 12).
Three of those five patients reported a decrease in visual
acuity over a period of more than 12 months duration
(patients 1, 2, 12). When there was no bleeding, asin 7
cases, only one patient (no. 7) had a decrease in visual
acuity over a period of more than 12 months duration.

Injection of IPE cell suspension was successful in ev-
ery eye. Sometimes, however, when the retinal bleb was
overfilled with fluid, a small amount of cells was washed
back into the vitreous cavity. These cells were removed
via a flute needle. Postoperatively, translocated |PE was
often difficult to identify. In some cases dispersed pig-
mentation or pigment patches could be observed at the
posterior pole, and sometimes additional pigmentation
was found under the inferior temporal vascular arcade. It
remained unchanged throughout the follow-up.

The typical fluorescein angiographic finding after
membrane extraction was a hyperfluorescent area with-
out leakage corresponding to the surgical RPE defect.
The size of vascularized PED (pigment epithelial detach-
ment) and well-defined CNV (as demonstrated by fluo-

rescein angiography) corresponded to the postoperative
RPE defect. Preoperatively, the mean size of CNV was
3.125+0.75 MPS disc areas for well-defined CNV and
4.4+2.68 MPS disc areas for PED. Postoperatively, the
mean RPE defect was 3.25+0.87 MPS disc areas for
well-defined CNV and 4.5+2.65 MPS disc areas for
PED. The mean pre- to postoperative difference was
0.25+0.29 MPS disc areas in well-defined CNV and
0.1+0.22 MPS disc areas in PED. However, in ill-
defined CNV the area of postoperative RPE defect was
greater by 1.67+0.29 MPS disc areas than the preopera-
tive size of the CNV.

One eye was complicated by a recurrent membrane
(see report of case 4 below).

We did not observe macular edema or macular pucker
formation. All eyes were phakic and developed a myopic
shift in refraction (mean —3.4+.8 dptr) along with in-
creased lens opacification. Most patients mentioned that
they were dazzled by bright light, which is most likely
due to increased cataract formation and large irid-
ectomies.

Case reports
Case 1: patient 6

A 66-year-old woman presented with a PED and a neovascular
membrane (Fig. 18). In the previous 4 months, her visual acuity
had dropped to 20/250 and she was complaining of metamorphop-
siaiin the left eye. Fixation was foveal. Intraoperatively, |PE cells
were harvested from a superior iridectomy. The subfovea neovas-
cular complex was removed from under a retinal bleb through a
temporal paramacular retinotomy, and 0.1 ml of IPE cell suspen-
sion was injected, while the retinotomy site was blocked by 0.5 ml
perfluorodecalin. The procedure was concluded by a fluid—air ex-
change.

The visual acuity was 20/200 6 weeks later and remained sta-
ble throughout the follow-up of 6 months. Microperimetry showed
preserved fovea fixation (Fig. 1c). Pre-existing lens opacity pro-



Fig. 1 A Fundus photograph of a patient with angiographically
confirmed PED C who received translocated | PE cells after remo-
val of the CNV. B Some pigmentation can be seen at the surgically
denuded area. After 6 months there was no leakage angiographi-
cally (D) and microperimetry revealed foveal fixation (E)




Fig. 2 A Preoperative fundus photograph and C fluorescein angi-
ography of a patient with ill-defined CNV. B After surgery there
was an atrophic scar with some pigmentation at the macular re-
gion. D Angiography showed a dry RPE defect with a small reti-
nal hole after membrane extraction. E Fixation was foveal




Fig. 3 A A preoperative fundus photograph of a patient with a
PED. B Six weeks after IPE cell injection, a central pigment
clump, some pigment near the inferior temporal vessels and some
residual blood were visible within the RPE defect. C After
6 months this pigmentation remained unchanged whereas the
blood nearly disappeared. D There was no fluorescein leakage
after 6 months. E Fixation was foveal
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gressed. No metamorphopsia was noted. Angiography depicted a
hyperfluorescent RPE defect without leakage (Fig. 1d). Some ad-
ditional pigmentation could be discerned within the defective RPE
(Fig. 1b).

Case 2: patient 4

A 65-year-old woman presented with a subfoveal ill-defined neo-
vascular membrane of the left eye (Fig. 2a,c). The preoperative vi-
sual acuity was 20/100. One month before, she had been able to
read. The point of fixation was at the fovea. Intraoperatively, re-
moval of aretinal adherent membrane led to a small retina hole.
The isolated IPE cells were injected subretinally through the reti-
nal hole. Dark pigmented cell clusters were visible under the reti-
na (Fig. 2b). Postoperative visual acuity at 6 months was 20/160,
fixation was foveal (Fig. 2e), and angiography showed a dry RPE
defect (Fig. 2d).

Fig. 4 Six weeks after surgery was performed on this patient with
an ill-defined CNV (A), a membrane developed at the margin of
the surgical scar (C). B Fluorescein angiography confirmed a leak-
age. This recurrence was accompanied by a decrease in visua acu-

ity

Case 3: patient 11

An 83-year-old woman presented with a PED and a neovascular
membrane in the right eye (Fig. 3a). Her visua acuity had de-
creased in the previous 5 months to 20/400. Fixation was foveal.
The membrane was removed and associated bleeding was stopped
by increasing the intraocular pressure. Isolated | PE cells were suc-
cessfully injected through a second retinotomy.

Repeated postoperative angiography showed a dry RPE defect
(Fig. 3d) and no recurrence for 6 months. The patient had stable
foveal fixation near a pigment clump that had not existed preoper-
atively (Fig. 3e). There was some additional pigmentation near the
inferior temporal vessels (Fig. 3b). At 6 months visual acuity had
stabilized at the preoperative level (20/400).

Case 4: patient 2

One patient showed some bleeding and leakage angiographically
after removal of the angiographically confirmed ill-defined CNV.
Her visual acuity had decreased in the previous 12 months. Six
weeks after surgery, a membrane developed at the margin of the
surgica scar (Fig. 4a-c). This was either a recurrent membrane or
a persistence; intraoperatively the membrane had been so adherent
to the retina that it probably was not removed completely. Visual
acuity decreased from 20/80 to 20/250.
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Visual Acuity after
IPE Transplantation
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Fig. 5 In this scattergram preoperative visual acuity is shown ver-
sus postoperative visual acuity in logMAR units (minimal angle of
resolution) A difference of two lines in visual acuity was defined
as significant. According to this classification visual acuity re-
mained unchanged in nine patients and decreased in one case

Fig. 6 Two iridectomies were performed to isolate iris pigment
epithelial cells

Discussion

This is the first study on IPE cell translocation in pa-
tients with ARMD. The injection of whole |PE patches,
as reported previously in five patients with ARMD,
showed no rejection of the patch [27].

Our study shows that it is surgically feasible to trans-
locate IPE cells beneath the fovea in conjunction with
subfoveal CNV removal and to preserve low-level pre-
operative visual acuity over 6 months.

Visual acuity

Preoperative visual acuity, at a level lower than reading
vision, was preserved over a follow-up of 6 months, ex-
cept for one patient with recurrence. This finding sug-
gests that translocated IPE is functional to some extent,
since from the natural course of eyes with subfoveal vas-
cularized PED we expect a decrease in visual acuity of
13%-22% within 4-8 months [37], and in ill-defined
CNV we expect a moderate to severe loss of vision in
63% of eyes after 9 months [4]. Besides phagocytosis of
photoreceptor outer segments [33, 39] IPE cells synthe-
size growth factors supporting photoreceptor and chorio-
capillaris[17]. Such atrophic effect has also been report-
ed for RPE cells. Consequently, fixation within an area
of defective RPE without cell translocation/transplanta-
tion is more likely in patients with small surgical lesions
or after re-epithelialization, as has been observed in
monkeys [41]. Repopulation of the postoperative RPE
defect, however, may be expected in myopia or POHS
more than in ARMD because of senescent RPE cells
and compromised adhesion to the Bruch’s membrane—
choriocapillaris complex [6]. In 6 of 12 patients with |PE
translocation, we noted foveal fixation throughout the
follow-up. Fovea fixation is an exceptional finding after
conventional submacular membrane extraction, even
when the size of the choroidal membrane is small, proba-
bly due to RPE loss[16, 21, 32].

The mean size of the postoperative RPE defect in pa-
tients with extrafoveal fixation was 3.4+0.7 MPS disc ar-
eas, in patients with preserved fovea fixation it was
4.3+1.0 MPS disc areas. Therefore, it is unlikely that any
trophic effect from RPE cells at the margin of the defect,
instead of translocated IPE, is responsible for preserva-
tion of foveal fixation.

Three of six patients with retained foveal fixation pre-
sented with PED, suggesting preoperative and postopera-
tive persistent interaction between photoreceptors and
RPE. Fovea fixation was not preserved in patients who
underwent radiation therapy (nos. 1, 3, 7). Consequently
good preservation of both photoreceptors and RPE cells
may explain in part continued postoperative foveal fixa-
tion.

Four of six patients with retained fovea fixation
(nos. 2, 4-6) had preoperative visual acuity better than
20/250 and postoperative visual acuity better than 20/200.
Good initial visual acuity seems to be beneficial for pres-
ervation of foveal fixation and good postoperative visual
acuity. Three of seven patients with visual acuity better
than 20/250 had an extrafoveal fixation after surgery.
They al had a history of radiation therapy (nos. 1, 3, 7).
The functional capacity of foveal photoreceptor cells is
probably reduced after radiation therapy, and an extrafo-
ved fixation site at the margin of the RPE defect is pre-
ferred. The mean size of the RPE defect after radiation
therapy, at 3.7+0.29 MPS disc areas, was not much great-
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er than in patients with visual acuity better than 20/250
and foved fixation (3.3+0.87 MPS disc areas).

We cannot explain how visual acuity in patients with
extrafoveal fixation can be better than in patients with
foveal fixation. We speculate that factors in addition to
visual acuity influence foveal fixation in eyes with low
vision.

As to be expected from autologous grafts, we did
not note macular edema or pigment clumping typical
for graft rejection in homologous fetal RPE transplants
[1, 2.

We did not find an increase in visual acuity following
IPE translocation, even though foveal fixation was re-
tained. Potential reasons for lack of improvement in cen-
tral vision are manifold: It is possible that |PE cell reat-
tachment is hampered by age-related changes in Bruch's
membrane [6] or by surgicaly induced defects. We are
currently investigating ways of improving IPE cell reat-
tachment, i.e. by co-implantation of basal membrane-like
material. Lack of visual improvement could be based on
pre-existing photoreceptor and choriocapillaris damage.
Compromised photoreceptor layer is known in at least
48% of eyes with subfovea CNV [13]. Mean preopera
tive duration of visual loss was 6.6 months. Three of the
six patients with extrafoveal fixation had a mean preop-
erative duration of visual loss of 10,3 months. The re-
maining three eyes had a history of radiation therapy.
Duration of visual loss, however, was difficult to deter-
mine as patients do not always immediately perceive the
functional deficit when vision is better in the fellow eye.
In patients with a long history of visual loss, choroidal
membranes strongly adhered to the sensory retina. Re-
moval of those membranes probably caused additional
damage to photoreceptors. Also, postvitrectomy cataract
formation may have contributed to compromised visual
recovery.

Morphology

Postoperative pigmented areas cannot be reliably as-
signed to IPE. Pigmented cell clumps can be observed
after submacular surgery without cell transplanta-
tion/translocation. The fact that similar dispersed pig-
mentation at the posterior pole and in the temporal infe-
rior retinal vascular arcade (sedimented in upright posi-
tion) were noted at the same time favors the possibility
that such pigmentations in fact represented translocated
IPE cells. In other eyes, no pigment could be identified
at all. Algvere reported a similar observation after RPE
transplantation [2]. Possibly some cells died, and single
cells were too small to be ophthalmoscopically recog-
nized. We suppose that part of the injected material did
not adhere under the macular area but became dis-
placed when the patient took an upright position after
surgery.

We could not observe growth of translocated |PE, ei-
ther because cell proliferation did not occur or because
proliferating cells lose their pigment and thereby escape
detection. Pigment cell autofluorescence is believed to
signal phagocytosis of photoreceptor outer segments [5].
We did not detect autofluorescence in areas of suspected
| PE-derived pigmentation. It is unclear whether autoflu-
orescence was not observed because phagocytosis by
IPE was absent or because of advanced preexisting reti-
nal degeneration. Perhaps cell seeding was too dispersed
for autofluorescence to be detected, or it requires longer
than 6 months to become apparent in cells that did not
phagocytose beforehand. Recurrence (1 of 12 eyes) was
significantly lower than we had expected from the mem-
brane extraction trials [38]. The low rate of recurrence
may reflect inhibition by IPE cells. Recurrence always
originates from the edge of the RPE defect. It is reported
in up to 46% of cases following CNV extraction [38] and
in 41% of cases following laser photocoagulation of
well-defined CNV [23] after follow-up of 1 year.

Surgical technique

We found that the technique of cell injection into a reti-
nal (macular) bleb using a glass capillary pipette was re-
liable and straightforward. Our technique of cell injec-
tion largely followed the example of Algvereet a. [1, 2].
Spilling of cells into the vitreous cavity was avoided by
clogging the retinotomy site with about 0.5 ml of perflu-
orodecalin. For the cell injection itself, we aimed for the
retinal bleb to be as tight as possible, thereby facilitating
penetration at its peak by the pointed tip of the micropi-
pette. Transparency of the glass pipette helped to moni-
tor movement of pigment cells. Any subretinal gas bub-
bles helped to seal the retinal perforation from under-
neath. Membrane extraction itself sometimes required
improvisation due to strong adherence of the CNV to the
retina and/or due to bleeding from retinal or choroidal
vessels. A complicated membrane extraction was more
likely when there was a long duration of visual decrease
pre-operatively. Compared to the macular rotation proce-
dures, IPE translocation is still considerably quicker and
the surgical risk much lower. The potential for preserva-
tion of vision by IPE translocation in ARMD is promis-
ing, and deserves further substantiation by improvement
of cell reattachment.
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