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Current Management of ~etinal 
Detachment: Progress or Chaos? 

Diathermy is the method of choice on moderately thin or 
thinned sclera. Cryoapplications are used over full thickness 
sclera, when the sclera is extremely thin or edematous, or 
when the area to be treated cannot be dried adequately. 
Photocoagulation is employed to treat posteriorly located ret
inal breaks when the retina . is not detached. It is generally 
safer and more effective to release the subretinal fluid when 
performing a scleral buckling operation. Injection of saline or 
air into the vitreous cavity is useful to reduce the size of an 
excessive buckle or to overcome fixed retinal folds. Air injec
tion is useful to flatten out a stubborn upper retinal detach
ment or to evert a large inverted superior retinal flap. Two 
types of scleral buckling are recommended: (1) segmental 
buckle with absorbable gelatin implant under scleral flaps 
and (2) scleral buckling with circling element using nonabsorb
able implants made of molded silicone rubber. In the latter 
case, the sclera is generally undermined, but the implants may 
be episcleral if the sclera is thin. · 

In the past 20 years, the management of 
retinal detachment has undergone pro
found changes, resulting in unparalleled 
progress. Before 1948, the rate of surgical 
reattachment at the Massachusetts Eye 
and Ear Infirmary was about 45%; compar
able cases today have a reattachment rate 
of over 90%. Over 20 years ago, about 20% 
of the cases were rejected as inoperable; 
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similar cases now have a reattachment 
rate of at least 40%. The total duration of 
bed rest before and after operations, with 
both eyes covered and the head kept im
mobile, was 21-28 days; today a majority 
of my patients are kept in bed' no more 
than 1 day. The average hospital stay has 
dropped from about 4 weeks to 5-7 days in 
the Retina Service of the Massachusetts 
Eye and Ear Infirmary. 

Two main factors are responsible for 
this progress. First, the routine use of a~ 
indirect stereoscopic headband ophthalmo
scope and scleral depressor permits de
tailed scanning of the whole fundus from 
disc to pars plana ciliaris. This method has 
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FIG 1. Transistorized diathermy apparatus, oper
ated by rechargeable batteries. The output level 
of the radio frequency current is normally set be
tween 0.3 and 0.5 when applications are made on 
thin sclera. The diathermy handle contains a radio 
switch. 

considerably improved detection of retinal 
breaks and other pathology affecting man
agement. The second most important ele
ment has been the introduction of scleral 
bucklings. Noncircling procedures were in
troduced by Strampelli (1933), 1 Jess 
(1937),2 and Custodis (1951) 3

; circling pro
cedures were devised by Schepens and as
sociates (1957). 4 These techniques brought 
about virtual elimination of bed rest and 
considerable increase in the percentage of 
reattachment. 

Today, the retina surgeon is confronted 
with ever increasing choices in surgical 
modalities; his problem is what technique 
to select for a specific case. Oddly enough, 
most of the new modalities are not aimed 
at reattaching the retina in cases incurable 
by available methods. Most incurable 
cases must await further developments in 
the management of giant retinal breaks, in 
vitreous surgery, and in the injection of 
viscid and absorbable vitreous substitutes. 

Discussion of methods to treat cases that 
can be repaired by existing procedures are 
often heated. The contention is that the 
newer techniques are less traumatic and 
lead to fewer short- and long-term compli
cations. Problems arise because many such 
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contentions are made without sufficient 
supporting evidence. If I were a neophyte 
today, I wo~ld be overwhelmed by the 
number of conflicting opinions. Is this real 
progress or chaos? 

In giving a summary of my opinions on 
current management of retinal detachment, 
I review three choices in surgical tech
niques: (1) choice of method to produce 
a chorioretinal reaction; (2) choice of 
method for approximating retina with 
choroid; and (3) choice of method of scle
ral buckling. 

Producing a Chorioretinal Reaction 

Each of the three modalities, diathermy, 
cryoapplication, and photocoagulation, has 
indications and contraindications. Because 
none of these modalities has been opti
mized, the present recommendations are 
subject to revision. 

Diathermy 

This technique has been excessively de
cried in recent years. The main reason 
seems to be that a 20-year-old method of 
applying diathermy is being compared to 
a modern method of cryosurgery. Both 
techniques have been improved consider
ably during the past 35 years. My discus
sion is confined to up-to-date techniques 
with each method. 

A diathermy machine should utilize a 
frequency assigned to medical usage by in
ternational convention, with positive (crys
tal) control of the frequency (13.56 MHz or 
harmonics). The most useful model is tran
sistorized, the radio frequency current 
being produced by a solid state amplifier, 
powered by rechargeable batteries (Fig 1). 
The transistorized machine offers two ad
vantages. First, its performance is less 
dependent upon the degree of scleral dry
ness than is that of the ordinary crystal
controlled diathermy machine. The tran
sistorized machine delivers the same 
power to the sclera whether it is moder-
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FIG 2. View of the tips of the two electrodes most 
frequently used for diathermy application. Below, 
a blunt conical electrode, coated with green in
sulation, is used to apply diathermy in ordinary 
cases. Above, a pointed conical electrode, coated 
with black insulation, is used to apply diathermy 
on edematous sclera or in certain cases of reopera
tion. 

ately wet or dry. Second, the output of 
radio frequency current remains constant 
in a transistorized machine but decreases 
with tube age in an ordinary machine. 

Indiscriminate diathermy treatment may 
cause extensive scleral necrosis. With mod
ern apparatus and improved techniques, 
such damage has been considerably de
creased. 5-

7 At this stage of optimization, 
however diathermy treatment should be 
reserved for application on thin sclera, 
that is, sclera which is naturally thin, ie, 
of slate gray color, or sclera which has been 
thinned by appropriate scleral undermin
ing. If the sclera is of uneven or unknown 
thickness, ie, white color, each application 
should be done under ophthalmoscopic 
control, preferably with a cryoiristrument. 
With cryosurgery, monitoring is also neces-

••••• 

FIG 3. Sciera! flaps have been undermined. Sp~rse 
applications of diathermy are made starting with the 
row nearest the disc (B). If applications are started 
near the limbus (A) and if the globe is inadvertently 
perforated, it will be difficult to apply the posterior 
rows of diathermy. 

sary, but scleral damage is considerably 
less. 

The correct intensity of diathermy ap
plication in each case is determined by 
trial and error. Optimal application is 3-4 
sec with a blunt conical electrode (Fig 2) 
gently pressed against the sclera.5 Poste
rior applications require greater intensity 
than do anterior ones. It is advisable to 
start with the most posterior rows (Fig 3). 
If diathermy applications are begun an
teriorly and an inadvertent perforation 
causes escape of subretinal fluid, it be
comes difficult to apply effective diathermy 
posterior to the leak. It is less of a problem 
to make subsequent applications anterior 
to the leak. 

The intensity of the application is judged 
by scleral appearance and funduscopic 
aspect. Diathermy on dry sclera should 
cause a uniform gray mark a little larger 
than the area of contact with the electrode. 
When the retina is attached, the fundus 
reaction appears different according to in
tensity (Fig 4). (1) Weak reaction is evi
denced by a small black mark with indefi-
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nite borders, located in the choroid or 
pigment epithelium; the overlying retina 
is intact or shows a slight gray haze. (2) 
With moderate reaction, the black mark 
in the pigment epithelium or choroid is 
hidden by a grayish white reaction in the 
retina about 1/3 of one disc diameter. (3) 
Strong reaction forms an opaque and 
"sheet-white" retinal mark ½-1 disc diam
eter. (4) With excessive reaction, a ret
inal hole in the center of the treated area 
shows charred choroid surrounded by a 
doughnut-shaped area of sheet-white ret
ina. Excessive reaction may also cause a 
hole in the choroid, showing the white 
color of bare sclera. One gas bubble or 
more may be present near the hole, with 
choroidal or retinal bleeding. Excessive 
diathermy applications are generally ac
companied by an audible popping noise 
caused by tissue explosion. 

If the retina is detached, it may not be 
affected by diathermy, and the intensity 
of fundus reaction is evidenced solely by 
rather subtle choroidal marks (Fig 5). ( 1) 
Weak reaction causes a dark choroidal 
mark dimmed by the detached retina. (2) 
Moderate reaction causes a dark choroidal 
mark surrounded by a pale grayish halo 
of choroidal ischemia. (3) Strong reaction 
induces a larger halo which is paler near 
the central black spot. (4) In excessive re
action the choroid is destroyed and the 
central dark spot is replaced by a white 
spot, exposing bare sclera as described 
previously. 

A very adequate chorioretinal adhesion 
is obtained by making sparse diathermy 
applications. In severe cases of retinal 
detachment, the intensity of applications 
should be increased, not their number. 
Applications made with a blunt conical 
electrode produce a scleral mark about 1 
mm in diameter. The untreated space be
tween the edges of adjacent marks should 
be about 2 mm. Diathermy applications 
are generally made in rows parallel to 
the equator and each row is staggered in 

FIG 6. Fundus photograph of a scleral buckling 
(above) showing the leopard skin appearance of 
properly spaced diathermy applications. Below, un
treated fundus. 

relation to the next (Fig 3). Despite their 
sparsity, these applications seem to cause 
a strong chorioretinal adhesion, and their 
sparsity decreases scleral, choroidal, and 
retinal damage. 

There is no doubt that· this technique 
of diathermy application is the best avail
able for obtaining an adequate chorioret
inal reaction whenever the sclera is nat
urally thin or surgically thinned. The 
method causes minimal scleral damage and 
results in less destruction of choroid and 
retina than do photocoagulations or cryo
applications used for the same purpose. 
After the healing of properly spaced dia
thermy applications, the appearance of 
the fundus should resemble a leopard skin: 
large areas of untreated fundus (with in
tact choroidal circulation) showing between 
the pigmented scars (Fig 6). Sparse dia
thermy applications not only ensure ade
quate chorioretinal adhesion, they also 
increase chances of reattachment in case 
of reoperation. There are three main rea
sons for this: (1) in the zone treated, there 
are large areas of normal looking fundus 
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F10 4. Different aspects ot' fundus reaction over attached retina, according to diathermy intensity. (a) Weak 
application causing a faint and irregular dark spot in choroid. (bl Moderate reaction causing a gray haze in 
the retina through which the central black spot is still visible. (c), Strong reaction with central "sheet-white" 
spot surrounded by a gray haze. (d) Excessive reaction with a central hole in the retina, through which 
charred choroid is visible (sometimes a spark makes a hole in the choroid also, and the white sclera is visible 
instead of the charred choroid). The central hole is surrounded by a large sheet-white reaction with an an
nulus of gray haze around its periphery. 
FIG 5. Different aspects of fundus reaction over detached retina, varying with diathermy intensity. (a) Weak 
application is generally invisible since it consists of a small dark spot in choroid. (b) Moderate reaction causes 
a pale grayish halo around the dark spot in the choroid. (c) Strong reaction induces a larger halo which is 
paler near the central dark spot. (d) In excessive reaction, the choroid is destroyed and a white spot exposing 
bare sclera is visible at the center. 

I .' 



26 ANNALS OF OPHTHALMOLOGY-January 1971 

Fie 7. Carbon dioxide cryosurgical unit developed 
by P. Amoils at the Retina Foundation. Note small 
size of cryoprobe. 

which make it easier to detect retinal 
breaks; (2) the hazards of scleral damage 
are reduced to a minimum; and (3) a large 
number of intact choroidal and retinal cells 
can participate in the production of a new 
chorioretinal adhesion. 

Cryosurgery 

The choice of a cryosurgical machine is 
less critical than is that of a diathermy ap
paratus. In my opinion, cooling by expand
ing carbon dioxide gas is the preferred 
methpd for retina surgery (Fig 7). This type 
of unit was developed at the Retina Foun
dation and the Retina Service in Boston. 

As experience with cryosurgery increases, 
its specific indications are gradually emerg
ing. At this point, I see no convincing evi
dence that it should be routinely substi
tuted for modern diathermy. Before such a 
change is made, there should be definite 
proof that cryosurgery is, in all respects, 
less injurious to the eye and more effective. 

Freezing of the vitreous brings about 
syneresis of the gel. Heating of the vitreous 
(as by diathermy) causes shrinkage of its 
collagen fibrils. The importance of these 
changes in clinical use is still unknown. 
Cryoapplications necessarily destroy larger 
areas of retina and choroid than does opti-

mally applied diathermy. In the choroid, 
they destroy small vessels but leave large 
vessels patent, much like surface dia
thermy of moderate intensity. A difference 
is that intense diathermy closes large cho
roidal vessels more readily than do re
peated cryoapplications. As a result, poorly 
controlled diathermy may lead to ischemia 
of the anterior segment more easily than 
cryoapplications. The undisputed advan
tage of cryoapplication is that it causes 
minimal damage to the sclera. The edema 
and softening that it produces in this tissue 
clear within a few weeks. Diathermy, even 
when applied with the best available 
machine, causes small areas of scleral ne
crosis which weaken this membrane. Ex
perimentally, however, it has been shown 
that scleral damage caused by diathermy 
can be almost eliminated. 7 

Another consideration relates to the 
strength of the chorioretinal scar produced 
by diathermy and by cryoapplications. 
Based on the study of histologic sections, 
three degrees of chorioretinal adhesion 
have been recognized. The weakest ad
hesion is that produced by proliferation 
of the pigment epithelium and retina, with
out involvement of choroid, Bruch's mem
brane being intact. When Bruch's mem
brane is damaged, proliferation of choroidal 
cells strengthens the adhesion. If the sclera 
is perforated, the strongest adhesion is pro
duced by an intraocular scar involving the 
participation of episcleral tissue. The latter 
type of scar appears strongest histologi
cally, a fact confirmed by clinical obser
vation. There is some direct experimental 
evidence about the strength of the chorio
retinal adhesion produced by various tech
niques. 8•1i Unfortunatel,v, in most of the 
experiments made for this purpose, the 
chorioretinal adhesion produced by a 
modern method of cryoapplication was 
compared to a method of diathermy that 
was condemned almost 20 years ago. This 
weakens somewhat the validity of conclu
sions based on such work. Clinical evi-
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dence has indicated two things. First, in 
the early period following application, the 
cryoadhesion is poorer than that obtained 
by diathermy; and second, the final scar 
produced by cold seems to form a weaker 
chorioretinal bond per unit of treated area 
than does optimally applied diathermy. 

Because they create weaker adhesion, 
cryoapplications should be contiguous, 
much in the fashion that surface diathermy 
was used years ago. To make sure that 
cryoapplications are contiguous, constant 
and rather careful ophthalmoscopic con
trol is necessary during the applications 
because there may be little or no immedi
ate visible change on the sclera or in the 
fundus. Refreezing of the same area, as 
well as freezing of an extensive contiguous 
area, may lead to choroidal hemorrhage. 
Contiguous cryoapplications create ex
tensive chorioretinal damage, which is 
never seen with a modern technique of 
diathermy application. If an eye needs a 
reoperation in the same location, the exist
ence of contiguous cryoapplications is a 
disadvantage for two main reasons. First, 
if retinal breaks are present in a previously 
treated area, they may be extremely dif
ficult to detect in atrophic retina examined 
on the pale and speckled background of 
atrophic choroid; and second, there are 
no intact pigment cells to participate in 
the chorioretinal adhesion produced by 
the reoperation. This presumably tends 
to weaken the chorioretinal scar. Conse
quently, I avoid using cryoapplications in 
the primary operation of an unfavorable 
case which may require reoperation. 

There are a number of clinical situations 
where cryoapplication is the method of 
choice. 

1. It is preferable to diathermy when 
the sclera is thick (white), including most 
cases where it has not been undermined. 
If the sclera is thick and the eye very 
soft, the use of cryoapplications is even 
more strongly advised. 

2. Cryoapplication is preferred for pro-

I 
Cold prob& 

FIG 8. Sketch indicating that treatment is possible 
from limbus to equator with a cryoprobe, without 
conjunctiva! dissection. 

phylactic treatment of lesions anterior to 
the equator. This can generally be done 
under topical anesthesia and without con
junctiva! incision (Fig 8). In this type of 
case, cryosurgery is generally preferred to 
photocoagulation, particularly if the 
pupil dilates to less than 6 mm or if the 
media are somewhat hazy. 

3. It is indicated for the treatment of an 
eye whose sclera is in poor condition, as 
when it is extremely thin from a staphy
loma or has been damaged considerably 
by excessive diathermy applied on full 
thickness sclera. In the latter case the 
sclera is edematous, friable, and often ne
crotic in places. 

4. When the area to be treated cannot 
be dried sufficiently for adequate dia
thermy applications, a cryoinstrument 
should be used. This may follow premature 
and inadvertent release of subretinal fluid 
in which case the field to be treated may 
be wet and the eye very soft-two circum
stances in which cryoapplications are in
dicated. 

Cryosurgery is frequently advocated as 
a time saver for the surgeon. This should 
never be a consideration. The only perti
nent question is the patient's safety. Also, 
because adequate cryosurgery requires ex-
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Fm 9. Mira's x9non arc photocoagulator. Above, 
overall view of the unit which is light and easily mov
able. The picture shows the unit equipped with an 
indirect ophthalmoscope, but it can also be operated 
with a direct ophthalmoscope attachment. Below, 
control panel with nine positions of power level
green 1-2-3, red 1-2-3, and super-red 1-2-3. Applica
tion timing can be automatic for 0.1, 0.2, 0.3, or 0.5 
sec or manual with automatic cut off at 2.5 sec. There 
is an application counter and also a timer measuring 
the time of each manually controlled application. 

treme care and constant ophthalmoscopic 
monitoring, little or no time is saved. 

Photo coagulation 

For retinal detachment work, a xenon 
arc photocoagulator is preferable to a ruby 
laser instrument for two main reasons. 
First, the red light of the ruby laser is 
poorly absorbed by red structures such as 
blood vessels; as a result, it is irregularly 
absorbed by the human fundus, depending 
on fundus color at the locus of application. 
Second, the duration of the ruby laser 
flash is necessarily as short as 0.5 msec, 
which is below the optimal duration for a 
photocoagulation of clinical size. The 
Zeiss xenon arc instrument is sturdy and 
reliable, but it is cumbersome and lacks 
versatility as well as some desirable safety 
controls such as application timer and 
counter. It also lacks intensities high 
enough to obtain easily fundus reactions 
no larger than 2°. To my knowledge, there 
is only one photocoagulator which is light, 
versatile, safe, powerful, and adaptable 
for direct or indirect ophthalmoscopy 
(Fig 9). 

No photocoagulations should be at
tempted if the pupil is not at least 6 mm 
and the transparent media are not clear 
enough to make fundus details easily visi
ble by direct ophthalmoscopy. Photo
coagulation is the method of choice in the 
following inst~nces. 

1. Photocoagulation should be employed 
in treatment of lesions in areas where the 
retina is flat, at the equator or further 
posteriorly. It is ideally suited to treat ret
inal breaks, without clinically visible ret
inal detachment, which are located 
around the posterior pole. 

2. Closure of abnormal or bleeding ret
inal blood vessels is best effected by 
photocoagulation; however, treatment of a 
blood vessel which bleeds because it was 
involved in a retinal tear often requires a 
scleral buckling in addition to photoco-
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agulation. Traction on the blood vessel 
must be released by a buckling procedure 
to prevent recurrent bleeding. 

3. At the end of an operation, when in
sufficient chorioretinal reaction is observed 
in posteriorly located areas without retinal 
elevation, photocoagulation should be 
used. 

4. Postoperatively, if an area that has 
been buckled shows little or no reaction 
and the retina is still attached, photocoagu
lation of the buckle may prevent a recur
rence of the retinal detachment. 

Conclusions 
Diathermy, cryoapplication, and photo

coagulation have specific indications. Dia
thermy should be used on sclera which is 
naturally thin or thinned by undermining. 
It is the procedure of choice in scleral 
bucklings, particularly in unfavorable 
cases when reoperation may be necessary. 

Cryoapplication is indicated in three sit
uations: treatment of all cases when the 
sclera is of normal or unknown thickness, 
such as prophylactic treatment of lesions 
located anterior to the equator; treatment 
of areas where the sclera is either exces
sively thin or abnormally edematous and 
necrotic; and treatment of sclera of any 
thickness which is either too wet or too 
soft to be treated adequately by dia
thermy. 

Xenon arc photocoagulation is recom
mended for the following situations: pro
phylactic treatment of areas where the ret
ina is flat, at or posterior to the globe's 
equator; closure of abnormal or bleeding 
retinal blood vessels; at the end of opera
tion to supplement treatment in posteriorly 
located areas where the retina is flat; and 
postoperative treatment of an area which 
was buckled and has remained attached 
but does not show adequate chorioretinal 
reaction. 

Instruments found most adequate for 
delivery of the three modalities are: a 

high frequency, transistorized, crystal
controlled, and battery-operated dia
thermy unit*, a carbon dioxide cryounitt; 
and a lightweight xenon arc photocoagu
lator* equipped with both direct and in
direct systems of fundus observation. 

Approximating Retina with Choroid 

Once the choroid has been irritated over 
the area of the retinal bteaks, it is im
portant to obtain approximation between 
pigment epithelium and retina as· soon as 
possible so that a chorioretinal scar can de
velop. Four techniques have been vying 
for popularity: (1) perforation and posi
tioning, (2) perforation and buckling, (3) 
buckling without perforation, and (4) vit
reous injection. 

Perforation and Positioning 
After preoperative bed rest and posi

tioning with both eyes covered for several 
days, the choroid is irritated in the area of 
the retinal breaks, and subretinal fluid is 
released by perforation. Postoperatively, 
both eyes are covered and the patient is 
again positioned carefully to favor retinal 
reattachment. Strict bed rest is enforced 
for 7-20 days until residual subretinal fluid 
has absorbed and a chorioretinal scar of 

) some strength has developed. 
This method, called retinopexy, was long 

considered with favor, and before 1948 it 
was used universally. Nowadays it is rec
ommended only in favorable cases when 
loss of subretinal fluid is so minimal that 
no buckle can be obtained easily. In such 
favorable situations the untreated eye may 
remain uncovered and strict bed rest need 
not be enforced for more than 3 or 4 days. 

Perforation and Buckling 
With this technique a large amount of 

• Medical Instrument Research Associates, 150 · 
Causeway St., Boston, MA 02114. 

t Keeler Optical Products, Inc., 5536 Baltimore 
Ave., Philadelphia, PA 19143. 



------------------------------------------ -

30 ANNALS OF OPHTHALMOLOGY-January 1971 

FIG 10. Cross-section of an eye showing a scleral 
buckling with silicone implant and circling silicone 
band in place. The buckling permanently releases 
equatorial vitreous traction. 

subretinal fluid is desirable at operation 
because, after treatment of the areas over
lying the retinal breaks and perforation 
with release of subretinal fluid, the ocular 
pressure is brought back to normal by a 
scleral buckling. Consequently, preopera
tive bed rest is unnecessary in most cases. 
The ocular coats are indented over the 
treated areas, bringing all retinal breaks 
and zones of degeneration in complete ap
position with the detached retina. Efforts 
are made to release any residual subretinal 
fluid. At the end of the operation, the ret
inal breaks should be tightly closed and 
the retina should be completely reattached 
(Fig 10). 

If the quantity of subretinal fluid re
leased is greater than that needed for ob
taining the most effective buckling, the 
ocular pressure may be brought back to 
normal by an injection in the vitreous 
cavity. If the fluid released in insufficient 
to obtain a buckling of adequate size, the 
sutures and circling element are tightened 
a little more than usual, and the elasticity 
of the implants is counted on to increase 

the buckling effect postoperatively. In 
this case, the implants act like continuous 
tonography and decrease the ocular pres
sure while, at the same time, their elastic
ity "picks up the slack," making the 
buckle gradually higher. 

This method is no doubt the safest from ., 
the standpoint of retinal. reattachment. 
First, it brings the retina into place on the 
operating table, permitting the chorioret
inal adhesive process to start immediately. 
Second, the buckling effect counteracts 
traction on the retina by vitreous bands 
and preretinal membranes, helping to pre
vent later recurrences. Third, this method 
eliminates preoperative bed rest and re
duces postoperative bed rest to a mini
mum, thereby decreasing the risk of sys
temic circulatory complications often in
duced by forced rest. It also shortens 
hospitalization and speeds up the patient's 
return to a productive life. When indi
cated, the above technique is superior to 
any other devised so far. 

Buckling without Perforation 

Gonin first noted, and many retina sur
geons have confirmed in the past 40 years, 
that treatment of the area of the retinal 
breaks without release of subretinal fluid 
occasionally leads to complete postopera
tive reattachment of the retina. In such 
cases, preoperative bed rest is often advis
able and postoperative bed rest and posi
tioning are indispensable, unless the retinal 
breaks are already in contact with the 
treated area at the end of the operation. 
The retinal breaks are not always in con
tact with the treated choroid in the first 
few postoperative days and yet reattach
ment may occur later as a result of two 
concurrent factors. First, postoperative 
positioning may cause some flattening of 
the retina and, second, the treated choroid 
produces a viscid, sticky subretinal exudate 
which gradually organizes and is able to 
involve a flatly detached retina in the scar-
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ring process, thereby closing the retinal 
breaks. 

fu recent years, this remarkable poten
tial of the eye has been enhanced by su
turing an elastic episcleral implant over 
the treated area. As explained above, elas
ticity of the implant acts as constant tonog
raphy. Softening of the globe causes the 
implant to make a greater indentation, 
hastening contact between treated choroid 
and detached retina. Even with this tech
nique, however, only favorable cases have 
a good chance of success. fu my·experience, 
eyes in which marked fixed folds, multiple 
retinal breaks, or massive preretinal retrac
tion exist preoperatively or develop post
operatively cannot be operated on by this 
method with a reasonable chance of suc
cess. 

fu spite of its attractiveness in favorable 
cases, this procedure has severe drawbacks. 

1. At the end of the operation there is 
definite uncertainty as to the outcome. fu 
some cases the subretinal fluid is so viscid 
that absorption takes months or even as 
long as 2 years. In other instances, un
diagnosed and inconspicuous preretinal 
organization simply prevents spontaneous 
approximation of the area of the retinal 
breaks with choroid. Finally, reattachment 
may be delayed almost indefinitely in cases 
where the choroid seems to have lost much 
of its normal power of fluid absorption. 

2. These uncertainties lead to more pro
longed bed rest than anticipated with a re
sulting considerable delay in the time re
quired for complete recovery. 

3. There is frequent need for supplemen
tal treatment such as photocoagulation, or 
even extensive reoperation. One noted ret
ina surgeon told me that he used addi
tional surgery with this method· in 50% of 
his cases. 

fu my opinion, buckling without perfora
tion is not sufficiently promising and carries 
too high a risk of reoperation to be recom
mended, except in a few selected cases. 

One obvious case is when a scleral buckling 
is indicated but little or no subretinal fluid 
is present. Another instance is in eyes in 
which choroidal bleeding is likely, as in 
patients with Ehlers-Danlos syndrome and 
in some highly myopic eyes. The only ad
vantage with this technique is that the 
globe does not have to be perforated for 
the release of subretinal fluid. fu ~Y opin
ion the rate of complications from correCtly 
performed perforations is less than 1 % .in 
cases where a buckling without perforation 
would ha\ · ·easonable chance of succ~ss. 

Vitreous Injections 

Instead of buckling the outer coats of the 
globe to push the treated choroid against 
the retina, it is possible to move the redna 
toward the treated choroid by injectiµg 
transparent material in the vitreous cavity 
after release of subretinal fluid. 

Replacement of subretinal fluid by ma
terial injected into the vitreous is used 
less often now than it was a few years ago 
for the following reasons. It is not always 
more effective than simple release of sub
retinal fluid; intravitreous injections entail 
additional risks of vitreous hemorrhage, 
intraocular infection, and proliferation of 
episcleral tissue into the vitreous cavity 
through the perforation site; and, as it 
does not have the advantages of a scleral 
buckling, it does not eliminate the need 
for postoperative bed rest and positioning 
of the patient's head. Simple vitreous in
jection has been advantageously replaced 
by scleral buckling procedures which are 
considerably more effective and less dan
gerous. fu a number of special cases, how
ever, there is a definite place for the com
bination of vitreous injection with scleral 
buckling. 

The injected material may be quickly 
absorbable, such as air or saline solution, 
or nonabsorbable, such as silicone oil. Sa
line is employed most frequently. It is 
generally used for restoring normal pres-



32 ANNALS OF OPHTHALMOLOGY-January 1971 

A B 
FIG 11. (A) Sciera! buckling of excessive height causing meridional folds over the buckle. (B) After the height 
of the buckle is decreased with a saline injection, the meridional folds are reduced in size and number. 

FIG 12. Cross-section of a retinal detachment which 
does not settle in spite of an adequate scleral buck
ling. After release of additional subretinal fluid (C), 
saline is injected in the vitreous cavity. The injection 
increases the pressure in (A) and this tends to force 
the edges of the retinal break (B) to come in apposi
tion with the buckle, because pressure in the sub
retinal cavity is kept lower by continuous evacuation 
of subretinal fluid in C. 

sure to an eye which is too soft after re
lease of subretinal fluid and scleral buck
ling of adequate size; it is also useful for 
decreasing an excessively high buckle (Fig 
11). Perhaps the greatest usefulness of 
saline injection is in cases where fixed ret
inal folds prevent the retina from coming 
in contact with the choroid, even after a 
sizable buckle (Fig 12). 

In a number of cases, injection of air may 
be more effective than saline. Air is injec
ted under a certain pressure. Five cubic 
centimeters of air are easily reduced to a 
volume of 2.5 cu cm in the vitreous cavity 
where, for a few hours, the air tends to 
expand. The low specific gravity of air 
may be used to mobilize a fixed retina or 
an inverted retinal flap located in the up
per half of the fundus (Fig 13). If no air is 
injected in the latter type of case, post
operative positioning with the head flat or 
even in Trendelenburg position is neces
sary. After air injection, the patient should 
rest in prone position or sit up, resting his 
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FIG 13. Croes-section of an eye which showed an in
verted retinal flap in the upper portion of the fundus. 
Injection of a large air bubble tends to push the ret
inal flap against the choroid. 

forehead on an overbed table (Fig 14). A 
large air bubble disappears from the vitre
ous cavity within 5-8 days. When marked 
fixed folds are present, or if the retinal 
breaks are large or multiple, air may es
cape through open breaks into the sub
retinal cavity, making the case worse. Air 
is particularly useful when the retinal 
breaks are small, and a stubborn retinal 
detachment cannot be reattached during 
operation even with a sizable scleral buck
ling and saline injection. The drawback of 
air is that it makes ophthalmoscopic ex
amination difficult during the rest of the 
operation and for several days postopera
tively, even after multiple bubbles have 
coalesced. · 

The potential usefulness of viscid solu
tions was proved by injection of high mo
lecular weight silicone oil which has 
brought about a few remarkable successes 
in otherwise desperate cases; 12

• 
13 however, 

it is now established that this material 
produces silicone retinopathy in a large 
proportion of human, rabbit, and monkey 
eyes. 14

-
18 Silicone oil disrupts the distri-

Fm 14. After air injection in the vitreous cavity, the 
air bubble may be maintained against the retinal 
flap by placing patient's head in a prone position and 
resting it on an overbed table. 

bution of retinal phospholipids and causes 
death of retinal elements, particularly gan
glion cells. This damage is experimentally 
proved by extinction of the electroretino
gram and by microscopic (Fig 15) and elec
tron m:croscopic sections. Clinically, such 
damage had long been suspected because, 
in a number of eyes where the retina be
came anatomically reattached after silicone 
oil injection, the visual function gradually 
deteriorated. 13

• 
17 At the present time, in

jection of silicone oil should not be used 
except in desperate cases. When used, 
it should be left in the vitreous cavity for 
the shortest possible time and be replaced 
by saline or air after 6-8 weeks. 

The search continues for a viscid mate-
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FIG 15. Microscopic sections of comparable areas of both eyes of a squirrel monkey. Right, normal retina; left, 
retina 4 weeks after silicone injection shows thinning of all layers, with disappearance of ganglion cells, and 
decrease in the number of bipolar cells and of the nuclei in the outer granular layer (courtesy of Dr. P. F. 
Lee). 

rial which is well tolerated in the vitreous 
cavity. Viscid absorbable materials, such 
as collagen gel or a high molecular weight 
solution of hyaluronic acid, are still ex
perimental. Other substances, such as low 
molecular weight hyaluronic acid, cere
brospinal fluid, or donor vitreous aspirate 
have been recommended. All are of low 
viscosity and no more effective than saline. 

Conclusions 

In order to approximate retina with cho
roid after treating the area of the retinal 
breaks, perforation and positioning are 
seldom used alone nowadays. Perforation 
and buckling are, on the whole, more ef
fective and safer than buckling without 
perforation. The latter technique is advised 
only when a buckling is indicated and little 
or no subretinal fluid is present or when 
there is great danger of choroidal bleeding 
following perforation for release of subre
tinal fluid. Vitreous injections are not fre
quently indicated except as an adjunct to 
a scleral buckling. Injection of saline or air 
is used either to return the ocular pres
sure to normal when the eye is excessively 
soft in spite of a buckling or to reduce the 
size of an excessively high buckle. An air 
injection may be useful to flatten a stub-

born upper retinal detachment or to un
roll a rolled upper retinal break. Injection 
of silicone oil is indicated only in desperate 
cases, and it should be replaced by saline 
or air after 6-8 weeks. 

Choosing a Sciera! Buckling Method 

Three problems are examined. (1) 
Should an implant be absorbable or non
absorbable? (2) Should it be episcleral or 
intrascleral? (3) Should a buckling be seg
mental or encircling? 

Absorbable or Nonabsorbable Implant? 

To be effective, an implant must be soft, 
without dead spaces such as air pockets, 
easy to sterilize, nontoxic, nonantigenic, 
easy to mold, elastic, and easy to fashion 
into the desired shape at the time of opera
tion. 

Absorbable Implants. Such implants are 
attractive because they are absorbed or 
integrated into the host's tissues, and very 
late infection or erosion cannot develop. 
Some of the absorbable implants, fascia 
lata or tendon of the plantaris gracilis mus
cle, are autogenous. These materials are 
of course nonantigenic; however, they 
must be obtained in a prior operation. 

Absorbable material from a human do-
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nor is generally sclera. The danger of anti
genicity is greater than that resulting from 
autogenous material. Since it is dehydrated 
before use, donor sclera is fairly hard and 
cannot be fashioned into a smooth implant. 
As a consequence, a scleral strip used to 
pack an intrascleral pocket has been seen 
to erode through the ocular coats and be
come subretinal. An indication for the use 
of donor sclera is the necessity to cover 
staphylomatous or damaged sclera, partic
ularly if another implant has to be placed 
over this area. Donor sclera strengthens 
the weak wall and helps prevent later ero
sion of the implant. 

Disadvantages of the absorbable im
plants described above are that they are 
able to support bacterial growth before 
they become vascularized; they cannot be 
molded to produce buckles of various 
shapes and sizes, like nonabsorbable sili
cone implants; and their buckling effect is 
more transient than that caused by non
absorbable implants. Late reoperations 
are often difficult because dissection must 
be done through newly formed tissue 
which has replaced the absorbable im
plant, and it is almost impossible to locate 
the choroidal plane without actually ex
posing choroid. 

The best absorbable material available 
is gelatin, supplied as ophthalmic Gelfilm 
(Upjohn). This material is obtained by 
partially hydrolyzing pigskin collagen. Its 
antigenicity is low; it is soft, can be cut 
readily, and is easy to sterilize. Three of 
the properties of gelatin are unique. (1) It 
impregnates easily with an antibiotic solu
tion, which decreases the chances of infec
tion. (2) Due to postoperative swelling of 
the gelatin, the buckle which it forms in
creases slowly during the first few post
operative days. This property helps to en
sure tight closure of retinal breaks anq 
flattening out of retinal folds. As it swells, 
gelatin softens and, therefore, it is less 
important to trim its sharp corners than is 

the case with silicone rubber. (3) Gelatin 
I 

is gradually broken down, liquefied, and 
replaced by a layer of granulation tis
sue. Absorption is completed within 3-6 
months, at which time the buckle disap
pears. Because gelatin softens when hy
drated and liquefies in the tissue, it must 
be implanted under scleral flaps. 

A gelatin implant is useful in all cases 
where a circling element is not needed. 
This includes favorable retinal detach
ments, particularly in patients who, be
cause of their young age, should be pro
tected from late complications sometimes 
caused by nonabsorbable implants or by 
an encircling element. Gelatin is also use
ful as an additional implant placed under a 
silicone implant, where increased height is 
needed iri the buckle because of an irre
ductible fixed retinal fold (Fig 16). 

An absorbable implant such as fascia 
lata has not proved particularly useful as 
a circling element. Since it stretches but 
is inelastic, the buckle which it causes de
creases after operation. At the time of re
operation the absorbable circling element 
is often found to be incorporated into the 
sclera, causing great irregularities in scleral 
thickness. Such irregularities make retreat
ment by diathermy or cryoapplication dif
ficult. If a circling element is needed in the 
reoperation, a new element must be used 
because the fascia lata is embedded in the 
host tissues. 

Nonabsorbable Implants. These im
plants serve to make permanent buckles. 
Years ago, polyethylene tubing was used 
but it has been abandoned and replaced by 
soft silicone rubber. Silicone sponge cannot 
be recommended because its surface is 
not sufficiently smooth and it contains in
numerable closed air cells whose walls 
are often ruptured during surgical manipu
lations, creating dead spaces which can 
harbor bacteria and perpetuate chronic in
fection. 

Silicone rubber does not harden even 
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FIG 16. Above left, fundus view of superior scleral buckling with circling element. The retinal break at 1 
o'clock causes a stubborn residual retinal detachment. Above right, an additional gelatin implant has been 
placed under the silicone implant. After release of the residual subretinal fluid, the retinal break appears 
closed. Below, cross-section through the retinal break, showing the relative positions of the circling band, the 
silicone implant, and the additional gelatin implant. 

after years of implantation in the orbit. It 
is translucent, colorless, easy to cut with 
scissors or knife, and will not support bac
terial growth. It must be sterilized by auto
claving or in dry heat not exceeding 200°C. 

One important property of silicone rub
ber is that, after intra- or episcleral im
plantation, it becomes encapsulated in con
nective tissue (Fig 17). In the early stages 
this new formed capsule is vascularized; 
later it becomes less vascular, translucent, 
and as tough as sclera itself. The only in
stances where the capsule is weak or ab
sent are after infection, in locations where 

the implant has sharp corners, or when it 
exerts· undue pressure on the wall of the 
eye. This collagenous capsule forms a 
cystoid cavity containing the silicone im
plant and a little clear fluid. The presence 
of this capsule facilitates reoperation in 
two ways. Firs~, its translucency makes 
identification of the implant easy; and sec
ond, removal of the implant during a re
operation is generally safe. If the initial 
procedure was correctly performed, necro
sis of the underlying sclera and exposure of 
the choroid are not encountered at reopera
tion. On the contrary, the new formed layer 
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Fm 17. Microscopic section of human enucleated eye showing the oval empty space, in the sclera, where the 
silicone implant was embedded. S, location of 0000 nonabsorbable sutures; TS, suq'cally thinned sclera 
which shows in darker color; N, new formed capsule which completely lines the cavity in which the silicone 
was located. This capsule appears almost structureless and is particularly thick over tF1e area of thinned 
sclera. (A. B. Retina Service No. 13574) 

of connective tissue reinforces the under
mined sclera. The translucency of the new 
formed membrane may lead to underesti
mation of its thickness, a fact to remember 
when the area must be retreated with dia
thermy or cryoapplications. If diathermy is 
used, it is advisable to dissect the mem
brane off the sclera before treatment or to 
use a sharp conical electrode (Fig 2) cap
able of perforating the membrane. This 
electrode must be pushed through the new 
formed membrane without perforating the 
globe. 

Silicone rubber implants can be pro
duced in any desired shape by molding or 
extrusion, which give them a very smooth 

surface. The three basic shapes now in use 
for scleral buckling p::ocedures are 
straight, curved, and additional (Fig 18). 

Nonabsorbable implants present several 
disadvantages. Occasionall:,,, a thin Tenon's 
capsule seems to heal poo:dy over the im
plant. Exposure of the fo:::-eign body may 
occur, sometimes followed by infection. 
When undue pressure is exerted on the im
plant by scleral sutures m the circling ele
ment, necrosis of the underlying tissues 
may develop, with gradaa~ displacement 
of the foreign body tow:1d the vitreous. 
(erosion). The implant n:a~ also serve as 
a focus for late infection. L should be noted 
that, except for late infedbn, absorbable 
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FIG 18. Forms of silicone implants most frequently 
used. (A) Circling band (No. 240) and boat (No. 260) 
which fits under the tantalum clip uniting the two 
ends of the band. (B) Straight grooved implant (No. 
219) fitting under the circling band; small implant 
(No. 22) which fits under No. 219 to increase the 
buckle in a limited area. (C) Various sizes and shapes 
of tires: No. 276 asymmetric tire for anteriorly lo
cated buckles; Nos. 277 and 279 are 7 and 9 mm wide, 
respectively; No. 281 is an extra large tire 12.5 mm 
wide. (D) Additional implant (No. 106) to produce a 
localized buckle posteriorly or anteriorly to a tire. 

implants may lead to the same complica
tions. A nonabsorbable implant should be 
used whenever a circling element is indi
cated (see below). 

Intrascleral or Episcleral Implant? 

Most of the absorbable implants (ex
cept for gelatin) and all of the nonabsorb
able implants can be either intrascleral 
or sutured on the sclera. 

Intrascleral Implants. The technique of 
burying an implant under scleral flaps 

dissected by undermining is helpful in 
several ways. (1) It creates a uniformly 
thin scleral bed through which the cho
roid can be treated evenly with a minimum 
amount of diathermy or cryoapplication. 
(2) Undermining reduces scleral rigidity 
and, as a result, the implant buckles the 
sclera more readily and more deeply in the 
undermined area. (3) Because of this qual
ity, it is possible to utilize effectively im
plants of unusual shape, thus producing 
a buckle that exactly fits the size and 
position of retinal breaks and fixed retinal 
folds. This arrangement produces smooth 
buckles that are relatively elevated, with 
fairly small implants. (4) The sutures on 
the scleral flaps covering the implant help 
to regulate the height of the buckling, 
and the flaps themselves help to protect 
against implant exposure. 

In my opinion, an implant should be in
trascleral in all cases where the sclera is 
thick enough to make scleral flaps safely. 

Episcleral Implants. If no undermining 
is done and the sclera is of normal appear
ance, diathermy or cryoapplications must 
be monitored by ophthalmoscopy because 
scleral thickness is unknown. As mentioned 
earlier, it is preferable to use cryoappli
cations on white (thick) sclera which is 
not undermined. When the implant is 
episcleral, scleral indentation is obtained 
by placing sutures over the implant. For 
maximum effectiveness of these sutures, 
a long bite must be placed deep in the 
sclera and as far from the implant as prac
tical (Fig 19). With a deep scleral suture 
there is always danger of traumatizing a 
vortex vein or the choroid and causing 
hemorrhage, or even perforating the ret
ina. Scleral bites far removed from the 
implant require going very posteriorly 
where exposure is often poor, making ad
equate placement of the suture difficult 
and dangerous. Anteriorly, the sclera is 
often thin and the location of the anterior 
bite prevents the placement of a scleral 
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buckling near or at the ora serrata, which 
is sometimes required. 

Regardless of how placed, scleral su
tures always tend to cut through the sclera 
which becomes soft postoperatively; there
fore, a scleral buckling that depends solely 
on scleral sutures is often temporary. Many 
of these bucklings decrease or even disap
pear within 6 months. With an episcleral 
implant, the buckle obtained is wider, with 
gentler slopes, and of less total height than 
that obtained with undermining. Because 
of its width, an episcleral implant often 
tends to compress the exit sites of vortex 
veins. It also protrudes more in the orbit 
than does an implant under scleral flaps. 
Consequently, it is harder to cover it ade
quately with Tenon's capsule. Exposure of 
the implant, with its attendant danger of 
infection, is thus more frequent. 

In my experience, an episcleral implant 
is useful only when the sclera is too thin 
for safe undermining. In all cases where an 
episcleral implant is used, soft molded 
silicone rubber is preferable to silicone 
sponge, and a circling element should be 
employed to help maintain the implant in 
place. 

Segmental or Encircling Buckle? 

Segmental Buckle. The advantage of a 
segmental buckle is that it is a simple 
operation with little danger of erosion or 
referred pain. A segmental buckle depends 
solely on scleral sutures for permanency 
and, as a rule, it will not last longer than 
6 months. The absence of a circling ele
ment increases the possibility of implant 
exposure. 

Indications for a segmental buckle have 
been described in the section on absorb
able implants. In my experience, a gelatin 
implant is advisable in all segmental 
buckles. 

Encircling Buckle. A circling element has 
two main purposes. First, it reduces the 

· equatorial diameter of the globe, thereby 

FIG 19. Fixation of episcleral implant made of silicone 
sponge. Bites of scleral sutures must be placed far 
from the implant and inserted deeply into the sclera. 

decreasing traction exerted by membranes 
attached to the retina near the equator 
(Fig 10). Second, it makes the buckling per
manent. This is important in cases with 
fixed folds because a scleral buckling or 
any other retina operation is only a pal
liative aimed at obliterating the retinal 
breaks and releasing traction on degener
ated areas of the retina. It does not in any 
way slow down the fundamental process 
which causes retinal breaks and degenera
tion. On the contrary, operation often visi
bly stimulates vitreous traction and pre
retinal organization. The operative tech
nique should be designed to combat fur
ther damage from progressive vitreous de
generation and preretinal organization. 
This. ideal is accomplished by a perma
nent buckle obtained with a correctly 
used nonabsorbable circling element. 

Because the width generally necessary 
for a useful buckle varies between 5 and 
12 mm, it is unwise to use a circling ele
ment without placing another implant un
der it where the buckling must be wide. 
Any implant placed under a circling ele-
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FIG 20. Cross-section of an eye with an episcleral 
implant without scleral undermining and with a 
circling band. The scleral indentation tends to be 
most marked where least needed, that is, where the 
circling band does not overlie the grooved implant. 

ment should be grooved; otherwise, the 
circling element has a tendency to slide 
over its underlying implant, nullifying 
much of the buckling effect. 

A circling element may be used over 
an episcleral or intrascleral implant. Since 
the circling element maintains the implant 
in close contact with the sclera, less strain 
is placed on scleral sutures, which then 
show a decreased tendency to cut through. 
With a circling element it is also easier to 
cover the implant with Tenon's capsule, 
and the danger of implant migration or 
exposure is decreased. Without scleral 
undermining, the circling element is least 
effective in the area where it is most 
needed, namely, over the grooved implant 
(Fig 20). In this zone, pressure on the sclera 
by the circling band is spread over the to
tal area of the grooved implant, decreasing 
the scleral pressure per unit of surface. 
Conversely, where the circling band lies on 
bare sclera, it exerts the greatest pressure 
per unit of scleral surface. Consequently, 
the force overcoming scleral rigidity and 

causing the scleral su~f~ce to buckle is 
greatest where it is least needed, that is, 
where there is no grooved implant. Scleral 
sutures help increase and regulate the 
buckling effect in the area of the grooved 
implant. The assistance of those sutures 
is temporary and is not always sufficient 
to make the buckle highest where it is 
most needed. Thinning the sclera in the 
area of the grooved implant, which de
creases scleral rigidity, helps considerably 
in making a circling element function as it 
should. Scleral thinning and tightening of 
sutures placed in scleral flaps help the 
circling element in making a buckle which 
is wider and higher in the area of the 
grooved implant. 

In my experience, a scleral buckling 
with circling element works best with a 
nonabsorbable implant and with scleral 
undermining or with sclera so thin that 
undermining would not be safe. This type 
of operation is particularly indicated in 
cases with multiple or large retinal breaks, 
fixed retinal folds or massive preretinal re
traction, thin sclera, aphakia, hemorrhage 
in the vitreous, and in patients whose 
buckle must extend over at least 180° or 
whose other eye had a retinal detachment 
that could not be surgically reattached. 

Conclusions 

At the present time, I use two types of 
scleral bucklings. 

1. Segmental bucklings obtained by 
burying a gelatin implant under scleral 
flaps are performed in all cases which have 
a favorable prognosis. This type of buckle 
is impractical if it must extend 180° or 
more over the globe's circumference. 

2. Circling bucklings made with nonab
sorbable implants of soft silicone rubber 
are advisable in all cases of retinal detach
ment which are unfavorable, in eyes with 
thin sclera, and in cases which require the 
use of an implant extending over 180° of 
the globe's circumference. Scleral flaps 
should be cut whenever the sclera is thick 
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enough to do so safely. When the sclera is 
excessively thin, the silicone implant is 
placed on episclera and donor sclera may 
be used under the implant as scleral rein
forcement. 
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