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Summary 
Restoration of retinal continuity by a patching technique is proposed as a new means of treating 
selected rhegmatogenous retinal detachments where established techniques frequently fail. The 
patch consists of a substrate and adhesive applied to the inner surface of the retina surrounding 
the retinal break. Bovine eye cup experiments have been performed to explore the effectiveness 

of a range of adhesives, and cyanoacrylates and Tisseel have been found to be effective. Studies 

of these adhesives on confluent cultures of bovine retinal pigment epithelial cells and glia 

revealed temporary cyanoacrylate toxicity and stimulation of proliferation by Tisseel. Sub
strate biocompatability was investigated by observing the growth of cells on various substrates 
in tissue culture; biological substrates such as lens capsule supported cell growth whereas 

synthetic membranes only did so if pretreated with fibronectin. 

Attachment of the sensory retina to the 
underlying retinal pigment epithelium (RPE) 
is maintained by a combination of anatomical 
and physiological mechanisms.l Retinal 
detachment occurs when these mechanisms 
are overwhelmed by traditional forces 
exerted from within the vitreous cavity, by 
the development of full-thickness retinal 
breaks, or by a combination of both. Surgical 
principles of management of retinal detach
ment include 

(i) relief of vitreoretinal traction (using 
scleral buckling and/or vitrectomy 
techniques) , 

(ii) closure of retinal breaks (using scleral 
buckling and/or internal break tam
ponade with air, gas or silicone oil) 

(iii) sealing retinal breaks (using cryothermy 
or laser photocoagulation to create a 
thermodestructive lesion which heals to 
form a chorioretinal scar) 

Retinal reattachment occurs even if subret
inal fluid is not drained during surgery by vir
tue of two physiological mechanisms; 

(a) passive diffusion along an osmotic gra
dient induced by high choroidal oncotic 
pressure, 

(b) active evacuation of fluid from the sub
retinal space by a fluid pump in the 
RPE.! 

It is proposed that similar physiological 
mechanisms will reattach the sensory retina if 
retinal continuity is restored using a patch 
applied directly to retinal breaks after vitrec
tomy (Fig. 1). Closure of retinal breaks by 
patching will therefore obviate the need for 
break tamponade, break sealing and, to a 
certain extent, relief of traction and patching 
also offers several other theoretical advan
tages. After patching the retina will maintain 
its ability to slide over the RPE so avoiding 
the formation of secondary tears which are 
sometimes produced at the edge of chorioret
inal adhesions if tangential vitreo 
retinal traction recurs postoperatively. Sec
ondly, by restoring retinal continuity, patch
ing will prevent the intravitreal migration of 
proliferating RPE cells which have been im-
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plicated in the pathogenesis of proliferative 
vitreoretinopathy (PVR). 2 

Management of retinal breaks by patching 
should also prevent the complication� of 
break sealing. Cryothermy is associated with 
uveitis3 and release of viable RPE cells into 
the vitreous cavity. 4 Cryothermy also causes 
breakdown of the blood-retina barrier by 
mechanical disruption and by stimulating a 
local inflammatory reaction, which promotes 
accumulation of serum proteins (including 
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Fig. 1. Diagram to illustrate retinal reattachment 
after restoration of retinal continuity with a patch. 
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Fig. 2. Diagram to illustrate how a patch might 
act as a scaffold for cellular repair. 

Table I Characteristics 0/ an ideal adhesive and 
substrate for retinal patching 

Ideal Adhesive Ideal Substrate 

Good adhesion to retina Non tOXIC 
Good adhesion to substrate Non inflammatory 
Non toxic Supports cell growth 
Non inflammatory Easy to prepare and 

Easy to deliver 
Suitable setting time 
Sterilisable 
Malleable once set 
Easy to visualise 

store 

Easy to deliver 
Easy to manipulate 
Sterilisable 
Easy to visualise 

fibronectin and platelet-derived growth fac
tor) in the vitreous cavity. 5 These compounds 
have been shown to be chemoattractants for 
RPE cells 6 and to stimulate proliferation of 
dermal fibroblasts in vitro. 7 Patching retinal 
breaks will therefore not only promote reti
nal reattachment but may also reduce the 
incidence of PVR. 

Retinal breaks do not heal naturally, prob
ably because cells, such as glia, that could 
potentially take part in a repair process, need 
a scaffold on which to migrate and prolifer
ate. It is proposed that a patch would provide 
such a scaffold and that, even if the patch was 
not permanent, the cellular response would 
maintain retinal continuity. Retinal Muller 
cells migrate through the internal limiting 
lamina in response to a number of stimuli8 
and contribute significantly to the cellular 
component of epiretinal membranes.9 One 
problem envisaged is that this response may 
not remain limited to the region of the patch 
(Fig. 2). 

Based on the theoretical concepts discus
sed above it is possible to conjecture ideal 
characteristics for adhesives and substrates 
which could be used to make up a retinal 
patch (Table I). The preliminary in vitro 
studies undertaken to examine some of these 
aspects are reported in this paper. 

Materials and Methods 
The purposes of our investigations fall into 
three categories: 

(i) To examine the adhesive properties of 
several adhesives to bovine retina and 
to a variety substrates in vitro. 

(ii) To study the effects of "successful" 
adhesives on retinal cells in tissue cul
ture. 

(iii) To investigate the biocompatability of 
substrates in tissue culture. 

(1) Patch adhesives: 
The adhesives investigated include both 
synthetic and naturally occurring substances. 
Synthetic adhesives tested were Poly acrylic 
Acid (Dentsply) and Poly-F (Dentsply), as 
used in Dentistry, and Silastic Adhesive 
(Dow Corning) and Medical Adhesive 355 

(Dow Corning). A variety of cyanoacrylate 
adhesives were tested including A vacryl 
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(CRX Medical). Histoacryl (B Braun Mel
sungen AG) and other N-Butylcyanoacry
lates (CRX Medical) of varying viscosities. 
Naturally occurring glucs investigated were 
the cellular attachment factors fibronectin 
(Sigma). laminin (Collaborative Rcsearch). 
and Matrogel (Collaborative Research) 
which contains laminin. collagen type IV. 
heparan sulphate proteoglycan and entactin. 
Three preparations of fibrin were tested: the 
first was prepared by mixing chick plasma 
with chick embryo extract (Difco Labs.). 
another was reconstituted from freeze dried 
fibrin (Sigma) and thc third was Tisseel. (Im
muno Ltd.). which contains fibrinogen. Fac
tor X II L thrombin. calcium chloride and 
aprotonin (an anti-fibrinolytic agent) and 
which forms cross linked fibrin. 

(2) Patch substrates: 
The substrates investigated include synthetic 
and naturally occurring membranes. High 
viscosity silicone oil (60.000 cis) was spread 
on a glass slide and gently heated until the 
superficial layers had polymerised. forming a 
thin membrane .111 Polyethylene (Steridrape. 
3M) was also used. Bovine Descemets mem
brane was prepared according to Kenneyll 

and bovine anterior lens capsule used after 
removing anterior epithelial cells with EDT A 
and trypsin. Thin lamallae of bovine sclera 
and bovine cornea were prepared by 4 hours 
exposure to ultraviolet light to kill the fibrob
last and keratocyte cell population. 

(3) I:..�re Clip experilll('f1/s: 
Eye cups were prepared from freshly enuc
leated bovine eyes by removing the anterior 
segments and vitreous after making a 3600 
pre-equatorial incision. A small retinotomy 
(approximately 2mm by 2mm) was created 
using fine forceps and spring scissors. taking 
care not to damage the RPE. The substrate 
to be tested was trimmed so that it was large 
enough to cover the retinotomy and a small 
rim of retina around the defect. The adhesive 
to be assessed was drawn up in a tuberculin 
syringe and delivered via a 21 gauge needle. 
The substrate was placed so as to completely 
cover the retinotomy and the adhesive 
applied in minute drops to the edge of the 
substrate so that a complete seal to the retina 

was achieved (Fig 3a). Integrity of the patch 
was evaluated by raising a small localised 
retinal detachment under the patch by inject
ing balanced salt solution through a small 
peripheral retinotomy (Fig 3b). The adhesive 
quality of the adhesive was investigated by 
filling the eye cup containing the patch with 
minimal essential media (MEM) and placing 
the eye cup on a Luchman shaking platform 
set at Mark 4 for two hours. If the patch was 
still adherent to the retina after this period 
the adhesive was deemed a "success". 

(.l) Tissue mlll/re slI/dies uI adhesives: 
Effects of "successful" adhesives were 
examined on confluent cultures of bovine 
RPE and bovine glia in tissue culture. RPE 
cells were established in primary culture 
using a modification of the technique 
described by ROSS.I� and glial cultures were 
obtained using a technique modified from 

a 

b 

Figs. 3a and b. 3a. R('/illlll pII/e" /lllId(' .liml/ 
/>odlle 11II/l'I"ior clI(lsll/e IIl1d A "lIcryl IIdlt('siF(, 
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Burke.I3 (For details of morphology and 
characterisation of bovine glia in culture see 
Savage et al. 14) Confluent cultures of 5th pas
sage RPE and 8th passage glia were used in 
these experiments. Histoacryl was drawn up 
in very fine polythene tubing attached to a 
syringe and a micrometer (Dixon) and 3uL 
drops of adhesive allowed to set directly onto 
the cell monolayer after the media had been 
discarded. Fresh media was added and the 
cells incubated for two weeks under standard 
tissue culture conditions. O.Sml of cross
linked fibrin was prepared by mixing the 
components of Tisseel and this was added to 
tissue culture flasks after changing the media. 
The flasks were examined and photographed 
daily using a phase contrast microscope 
(Nikon). 

(5) Biocompatability studies of substrates: 
Biocompatability of the substrates was 
investigated by attaching 8mm by 8mm sam
ples of the substrate to the bottom of 25cm 
tissue culture flasks using wax. Bovine retinal 
glia and RPE cells were passaged into the 
flasks in the usual manner and daily observa
tions made using phase contrast microscopy. 
In a further experiment luL of 0.1 % fib
ronectin (Sigma) was coated onto the synthe
tic substrates prior to passage of the cells in 
order to promote cell attachment. 

Results 
(1) Retinal adherence studies: 
The only adhesives that successfully adhered 
to bovine retina in vitro were the cyanoacry
lates and Tisseel. Attempts were made to 
apply the patch with the eye cup filled with 
MEM but this failed with both types of adhe
sive; the cyanoacrylates because they are less 
dense than water and Tisseel because it is sol
uble. 

(2) In vitro studies of adhesives: 
Tissue culture toxicity studies were per
formed using Histoacryl and Avacryl. Mor
phological changes were observed in both 
RPE and glial cells in the immediate vicinity 
of polymerised cyanoacrylates within a few 
hours of application. The cells retracted, 
became rounded and separated from the 
flask. At three days these changes were 

maximum, with a cell-free halo measuring up 
to 2.5mm surrounding the drop of 
polymerised adhesive (average diameter of 
glue 6mm) (Fig. 4a). After one week repopu
lation of this denuded area had started via 
migration and proliferation of peripheral 
undamaged cells. and by two weeks the cells 
had grown back to the edge of the adhesive 
(Fig. 4b). Preliminary studies with Tisseel 
suggest that this fibrin preparation stimulates 
the proliferation of bovine retinal glial cells. 

(3) Biocompatability studies of substrates: 
None of the synthetic substrates supported 
the growth of cells without pretreatment with 
fibronectin. Under these circumstances a vig
orous population of cells grew initially on the 
fibronectin treated area. but after a few days 
the colony of cells retracted, rolled up and 
finally lost its attachment to the substrate 
(Fig. Sa). On the other hand, biological sub
strates such as bovine anterior capsule sup
ported a vigorous growth of cells (Fig. 5b,c). 

Discussion 
Despite the wide range of treatment options 
certain retinal breaks remain difficult to close 
and seal. Internal break tamponade with 
silicone oil or gas demands prolonged 
uncomfortable posturing, especially for 
inferior breaks, and retinal breaks overlying 
colobomata pose an especially difficult but 
rare problem as the absence of RPE and 
choroid in the colobomatous area precludes 
conventional sealing using thermodestructive 
techniques. IS Furthermore. whilst certain 
macular breaks respond to gas tamponade 
with or without vitrectomy, 1

6 others require 
laser photocoagulation in the region of the 
break, so increasing the size of the eventual 
central scotoma. Finally. in combined rheg
matogenous and traction retinal detach
ments, relief of all vitreoretinal traction by 
vitrectomy and membrane dissection is not 
always possible without extensive retinotomy 
or retinectomy.'7 Using the surface tension 
effects of a silicone oil bubble it is sometimes 
possible to close certain retinal breaks and to 
limit the extent of detachment by eliminating 
the rhegmatogenous component. Retinal 
patching may be another means of producing 
such "rhegmatogenous confinement" in these 
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difficult cases, thus avoiding the complica
tions of silicone oiJl8-26 or potential stimula
tion of PVR by retinotomy or retinal 
thermodestruction. 

Retinal glueing has been explored experi
mentally and clinically using a variety of 
adhesives and modes of applicationY-37 The 
aim of glueing is to achieve a strong and 
immediate adhesion between the retina and 
RPE (Fig. 6a, b). Cyanoacrylate retinopexy 
has been successfully used in selected 
patients, the majority of whom either had 
inferior breaks or where extensive retinec
tomy was required to produce preoperative 
retinal flattening.33 In the glueing technique 
the adhesive is applied directly onto the 

RPE, whereas in patching the materials are 
applied to the inner surface of the retina, 
leaving the RPE undisturbed. This will limit 
any toxic, inflammatory or stimulatory 
effects that the glue and substrate may have 
on the choroid and RPE. Plugging of retinal 
breaks as a variant of patching was employed 
by Peyman et a[38 but only as an adjunct to 
break sealing and internal tamponade. 

Only tentative conclusions can be drawn at 
this stage as to which adhesive and substrate 
may prove the most effective patching mate
rials. The cyanoacrylates are powerful adhe
sives and have been shown to persist for long 
periods in the posterior segment, but they 
have several disadvantages. They polymerise 

rig. 4a. Retracted, dying bovine retinal glial cells adjacent to a 3ftl drop of polymerised Histoacryl adhe

awe; 24 hours after application of the adhesive onto a confluent monolayer of cells. (Magnification x 75. 

II = Histoacryl. ) Fig. 4b. Two weeks after application of Histoacryl glial cells have repopulated the 

denuded area by migration and proliferation of peripheral healthy cells. (Magnification x J50. h = His

toaeryl. ) 
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very rapidly, which makes application and 
delivery difficult, although this can be mod
ified by adding Iophendylate (Lafeyette). 

Cyanoacrylates cannot be applied in an aque
ous environment as they are less dense than 
water; this means that they would have to be 

Fig. Sa. Bovine glial cells growing on portion of silicone membrane pretreated with fibronectin showing 
early loss of attachment to substrate. (Magnification x 75. sil = silicone) . Fig. 5b. Vigorous population of 
glial cells growing on bovine anterior lens capsule. (Magnification x 75) . Fig. 5b. Retinal glial cells 
growing on curled up anterior lens capsule 24 hours after passage of cells (Magnification x 150) 

A B 

/ADHESIVE 

RPE RPE 

Fig. 6a. Diagram to illustrate retinal break sealing using a retinal glueing technique. Fig. 6b. Diagram 
to show how glue retinoplexy can be used to secure the edge of a retinectomy. 
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applied after a fluid/gas exchange, which may 
limit the circumstances in which they could 
be used. During polymerisation cyanoacry
lates produce heat and release formal
dehydes and alkyl-cyanoacetate,39 which are 
probably responsible for the retinal toxicity 
demonstrated in an animal modeI.34 We have 
demonstrated that cyanoacrylates are toxic to 
RPE and retinal glia in vitro, although the 
observed repopulation suggests that the toxic 
effects are short lived. More recently -
developed cyanoacrylates (such as octyl
cyanoacrylate), are less toxic40 and can be 
prepared in a form that has a longer polmeri
sation time; they may prove more useful than 
Histoacryl. Tisseel appears to be non-toxic to 
retinal glia in tissue culture; indeed prolifera
tion is stimulated. However, doubts exist as 
to the adhesive qualities of fibrin in the post
erior segment.36 Further studies are planned 
to investigate whether modulation of Tisseel
induced cell proliferation and delaying fib
rinolysis (e.g. by varying the aprotonin con
tent) will enable this adhesive to be used in 
retinal patching. 

The synthetic substrates investigated, 
although easier to prepare, sterilise and 
handle than the naturally occurring mem
branes, do not support the growth of cells in 
vitro which may limit the permanence of a 
patch made with these materials. Pretreat
ment with fibronectin, by encouraging tem
porary cell growth, may aid incorporation of 
the patch into the retina so producing a per
manent repair. Alternative synthetic. sub
strates, such as hydrogels, will be explored in 
the future; they may be more readily mod
ulated in respect of cellular incorporation 
into the retina. In vivo experiments are plan
ned to investigate the practical and technical 
difficulties associated with retinal patching, 
and to investigate the inflammatory and cel
lular reactions to the patching materials. 

Conclusions 
Better understanding of the pathogenesis of 
rhegmatogenous retinal detachment and 
advancement in surgical techniques have 
resulted in improved rates of retinal reattach
ment, even in cases that were previously con
sidered inoperable. Retinal patching is prop
osed as an additional treatment modality that 

may have some part to play in the manage
ment of selected retinal detachments where 
established techniques currently fail. 

This study was supported by T. F. C. Frost Charitable 
Trust and the Help the Hospitals Charity. 
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