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Extensive argon laser photocoagulation in the
treatment of proliferative diabetic retinopathy
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SUMMARY A group of 20 patients (28 eyes) with proliferative retinopathy who required extensive
argon laser photocoagulation to induce regression of new vessels is presented. The mean number of
burns applied to each eye was 7225, with a maximum of 11513. These were delivered in a mean of
nine sessions over a mean period of 22.9 months. Twenty-five eyes (89%) had a final visual acuity of
6/18 or better. The remaining three eyes (11%) had severely reduced vision attributable to
complications of proliferative diabetic retinopathy (traction retinal detachment involving the
macula in two eyes and ischaemic maculopathy and a persistent vitreous haemorrhage in the third).
Large amounts of confluent argon laser photocoagulation may be necessary for the elimination of
new vessels in some patients, and it is our view that laser photocoagulation should be continued
until regression of new vessels occurs. This is compatible with the retention of functional vision and
good visual acuity.

Proliferative diabetic retinopathy is characterised
by neovascularisation at the optic disc or in the
peripheral retina. Recurrent vitreous haemorrhage
and its sequelae and traction retinal detachment
cause visual loss. It is the commonest cause of
blindness between the ages of 30 and 65 years.'
Several controlled trials have proved the benefit of
photocoagulation in the treatment of proliferative
diabetic retinopathy.2 The largest of these was the
Diabetic Retinopathy Study (DRS), which showed
that a single session of photocoagulation reduced the
incidence of severe visual loss (defined as a visual
acuity of less than 5/200) in treated eyes.2 The
beneficial effect of photocoagulation is associated
with the regression of retinopathy risk factors (RRF),
particularly new vessels on the disc (NVD).' The
question whether additional treatment is beneficial
was not addressed by these trials, but it is widespread
clinical practice to apply further laser photocoagula-
tion until regression of new vessels occurs. How
many burns can be applied? We present a group of 20
patients (28 eyes) who were included in the study
because their disc new vessels required an excess of
5000 burns to induce regression, an end point which
had not been achieved with lesser numbers of burns.
Correspondence to Mr R V Pearson. FRCS.
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Patients and methods

The appointment records of patients attending the
Diabetic Clinic at Moorfields Eye Hospital were
analysed with the outpatient computer. The case
notes of those attending regularly for treatment over
the last year were examined. Patients who had
received more than 5000 argon laser burns to at least
one eye were identified. Patients who had further
photocoagulation pending, or who had received
xenon arc photocoagulation or direct treatment to
disc new vessels, were excluded from the study.
Information was extracted from the notes regarding
age, duration of diabetes, treatment of diabetes,
visual acuity, indication for photocoagulation,
presence of maculopathy and its treatment, clarity
of media, number of burns, number of treatment
sessions, duration of treatment (defined as the time
from the first to the last treatment session), and
complications of photocoagulation and proliferative
diabetic retinopathy.

Results

Twenty-eight eyes in 20 patients had received more
than 5000 burns. Fifteen eyes were in 10 male
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patients and 13 eyes in 10 female patients. Eight
patients (five male and three female) had received
more than 5000 bums in both eyes. The mean age of
the patients was 36-8 years, range 19 to 71 years. The
mean duration since diagnosis of diabetes in the
patients was 16-7 years, range 1 to 25 years. Twenty-
three eyes were in 17 patients on insulin and five eyes
were in three patients on oral hypoglycaemics. The
indication of photocoagulation was new vessels on
the disc (NVD) in all 28 eyes. Twenty eyes of 15
patients had new vessels both on the disc and
elsewhere, and 17 eyes of 14 patients had some
degree of vitreous haemorrhage at one or more
stages before or during treatment. In all cases treat-
ment was delivered by an argon laser through a
Goldmann 3-mirror or a Rodenstock panfunduscopic
contact lens. Spot size was 500 iim when using the
Goldmann and 200 Im when using the Rodenstock
contact lens with a duration of 0- 1 to 0-2 s. The power
level was adjusted to give slight blanching of the
retinal pigment epithelium. The end point of treat-
ment was complete regression of new vessels, or
complete regression of vessels with gliosis, or
residual fine, flat new vessels with fibrosis which
remained static for at least six months.
Data on the number of bums, number of sessions,

duration of treatment, and visual acuity is shown in
Table 1. The mean total number of bums for the 28
eyes was 7255, range 5136 to 11513. The mean
number of treatment sessions for each eye was nine,
range three to 16, and the mean duration of treat-
ment was 22-9 months, range five to 46 months. The
mean interval between sessions was 12-4 weeks. The
average of the mean bums per session was 854, range
395 to 1816. At completion of treatment 25 eyes of 20
patients (89% of eyes) had a visual acuity of 6/18 or
better, and 16 eyes of 15 patients (57% of eyes) had
6/9 or better. Only three eyes of three patients (11%
of eyes) had a final visual acuity of less than 6/18. The
visual acuities before and after treatment are repre-
sented on the scattergram in Fig. 1.
The complications of diabetic retinopathy and the

degree of new vessel regression produced by photo-
coagulation are shown in Table 2. Ten eyes of six
patients had focal (exudative) maculopathy, either
before or during panretinal photocoagulation.
Fourteen eyes of 10 patients had cystoid maculo-
pathy. In five of these eyes (1R, 1L, 7R, 13L, and
18L) it was present before, and in the remaining nine
eyes (3R, 5R, 5L, 6L, 9R, 9L, 14R, 14L, and 17R) it
developed during panretinal photocoagulation. Nine
of the 28 eyes received macular laser treatment. Eyes
1R and 1L had ischaemic maculopathy. Eyes 9R and
9L were aphakic. Three eyes (2R, 3L, and 6L) had
rubeosis iridis, and this resolved after photocoagula-
tion. Eye 4R had a superotemporal traction retinal

Table 1 Data on treatment and visual acuity

Duration Visual acuity
Total Number Mean of Pre- Post-
number of of burns per treatment

Eye burns sessions session (months) Treatment

IR 7871 9 875 5 6/9 6/18
1L 6380 15 425 28 6/12 CF
2R 5332 9 592 34 6/6 6/9
3R 10327 10 1033 26 6/12 6/12
3L 9513 8 1189 15 6/9 PL
4R 7212 9 801 35 6/36 6/6
5R 5622 6 937 13 6/6 6/12
SL 7558 8 945 13 6/5 6/9
6L 7854 9 873 30 6/18 6/12
7R 7138 9 793 13 6/9 6/9
8R 5279 6 880 16 6/9 6/9
8L 5676 6 946 16 6/36 HM
9R 7835 15 522 32 6/6 6/9
9L 8897 16 556 32 6/9 6/12
lOR 11513 13 886 35 6/9 6/9
IlL 5450 3 1816 5 6/5 6/9
12L 6817 6 1136 21 6/5 6/6
13R 8997 8 1125 28 6/9 6/6
13L 7963 10 796 34 6/9 6/18
14R 8705 10 870 32 6/9 6/18
14L 5136 13 395 34 6/5 6/9
15L 7882 8 985 12 6/12 6/9
16L 5674 11 516 16 6/9 6/12
17R 5530 9 614 9 6/9 6/9
18L 5858 9 651 14 6/36 6/12
19R 6200 7 886 24 6/9 6/9
19L 8068 8 1008 24 6/9 6/9
20R 6941 8 868 46 6/5 6/9

detachment not involving the macula and had a final
visual acuity of 6/6. Of the three eyes with final visual
acuities less than 6/18, eyes 3L and 8L had a traction
retinal detachment involving the macula and eye 1L
had ischaemic maculopathy and a persistent vitreous
haemorrhage. Eyes 3R and 8L also had persistent
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Fig. 1 Scattergram showing visual acuities before and after
treatment.
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Table 2 Type ofretinopathy and response to treatment

Maculopathy DNV recession
Macular Vitreous

Eye Focal Cystoid treatment PNV haemorrhage Complete Gliosis Residual

IR + + + - + +
IL + + + - - +
2R - - - - + +
3RA + + +

3L - - - + + +
4R - - - + + +
5R + + + + +
5L + + - + - +
6L _ + - + + +
7R - + - + + +
8R + - + + +
8L + - - + + +
9R - + - + + +
9L - + - + + +
IOR - - - + + +
IlL - - - - - +
12L - - - + -

13R + - + - - +
13L + + + + + +
14R - + + + + +
14L + + + + - +
15L - - - - - +
16L - _ _ + + +
17R - + + + + +
18L + + + + + +
19R - - - - - +
19L - - - - - +
20R - - - + - +

PNV: peripheral new vessels. DNV: disc new vessels. Complete: complete regression of vessels. Gliosis: complete regression of vessels with
gliosis. Residual: residual fine, flat new vessels with fibrosis which remained static for at least six months.

vitreous haemorrhage. One eye had transient
shallowing of the anterior chamber without angle
closure following photocoagulation. There were no
inadvertently placed photocoagulation bums or their
associated complications.
Complete regression of disc new vessels was the

end result in 18 eyes of 13 patients (64% of eyes). In
seven eyes of seven patients (25% of eyes) the disc
new vessels regressed completely, but varying
degrees of gliosis of the optic disc remained. In three
eyes of three patients (11% of eyes) residual, fine, flat
new vessels with fibrosis, which remained static for at
least six months, were present on the surface of the
optic disc.

Discussion

We have presented a group of patients in whom a
large amount of argon laser photocoagulation over
an extended period was required in order to induce
regression of new vessels. The treatment protocol for
argon laser photocoagulation in the DRS specified a
single session of 800 to 1600 burns of 500 Ftm and 0-1 s
duration, or 500 to 1000 bums of 100 tim.6 This was
shown to result in a lower incidence of severe visual

Fig. 2 Diagram showing the necessityfor overlap of
circular burns to produce confluent treatment.
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Fig. 3 Fundus photography ofeye
8R (5279 burns) illustrating
confluent photocoagulation.

loss (less than 5/200) at two years than the untreated
control group. However, many treated eyes also lost
vision, and, although unproved, it seems logical to
apply further treatment in an effort to eliminate new
vessels. Singerman and Weaver used 2000 to 3000
burns delivered in three or four sessions in a group of
juvenile onset diabetics with proliferative retino-
pathy.7 They concluded that the use of more exten-
sive treatment reduced the risk of severe visual loss
further than that achieved by the DRS. Little8
allowed supplemental treatment in a group of 351
eyes with NVD. He applied a mean of 3181 bums in
several sessions with good results. Vine reviewed 23
eyes with persistent new vessels following 3000 burns
and found that regression occured in 12 of these eyes
after a mean of 7550 burns.9
Given that additional panretinal photocoagulation

is desirable, how should it be organised? It seems
reasonable to allow time between sessions for regres-
sion to occur. In a prospective study of 50 eyes
treated with a single session of 1200 argon laser burns
according to the DRS protocol Doft and Blakenship

found that eyes with no regression of retinopathy risk
factors at 3 weeks had only a 36% chance of showing
regression at 6 months."' They achieved some degree
of regression ofNVD in 86% of eyes at 3 weeks and in
82% at 6 months. This suggests that a decision
regarding further treatment can be made reasonably
soon after the initial session. In our group of patients
the mean interval between treatment sessions was
12*4 weeks, which is probably longer than necessary.
It is desirable to achieve regression of blood vessels as
soon as possible owing to the risk of vitreous
haemorrhage which can hamper further treatment.
However, this must be balanced against other
factors, including the tolerance of the patient and the
increased incidence of transient complications such
as exudative retinal detachment, choroidal detach-
ment, and angle closure when many burns are
applied in a single session." Of these complications
we experienced only one episode of marked shallow-
ing of the anterior chamber without angle closure.
The low occurrence of these complications in our
patients may be a reflection of our lack of monitoring
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in the immediate post-treatment period as well as an
indication of their practical significance. Transient
complications aside, Doft and Blakenship found no
major differences between a single session of 1200
burns and three sessions of 400 burns in the effect of
treatment on visual acuity, visual field scores, or
retinopathy risk factors."
The cases we have presented represent a small

minority of patients with proliferative diabetic
retinopathy. However, their existence questions why
some patients require such a disproportionate
number of bums for regression to be induced. In
Vine's study many patients had massive amounts of
capillary closure on fluorescein angiography, and
50% of his patients had persistent new vessels even
after an average of 7985 burns.9 Hercules et al.
observed that patients with the later stages of pro-
liferative retinopathy respond less well to panretinal
photocoagulation.4
The maximum number of contiguous but non-

overlapping 500 iim argon laser burns that may be
applied to a retina has been estimated as 5500.12 All
but four of the eyes in this study received in excess of
5500 and one (eye 10R) received more than twice this
figure. There are several reasons why this should be.
Firstly, the size of the histological lesion varies
according to the exposure and may be smaller for
lightly applied bums.'3 Secondly, the edge of a
previous bum as seen through the contact lens and
slit-lamp may not correspond to the limit of the area
of histological damage. Thirdly, a large proportion of
burns were applied overlapping previous burns. This
is not necessarily undesirable and indeed is essential
if a confluent area of treatment is to be achieved by
means of circular bums (Fig. 2). A typical example of
a retina which has received such extensive treatment
is shown in Fig. 3.
Other factors which could affect the number of

burns required to induce regression of new vessels
include the presence of opacities in the media, the
degree of choroidal pigmentation, variations in the
energy density at the retinal surface,'4'5 the
operators' accommodation, the astigmatism intro-
duced by the contact lens, and the depth of focus of
the system.'5
Argon laser photocoagulation is associated with

several adverse effects. These may be divided into
complications, such as angle closure, macular
oedema, and foveal bums, and inevitable side effects
such as loss of visual field and colour discrimination.'6
Transient complications have already been dis-
cussed. Macular oedema occurred in nine of our
patients following panretinal photocoagulation, but
its development was not related to the total number
of bums applied or to the mean number of burns per
session, and all patients in this group had post-

treatment visual acuities of 6/18 or better. It is
unlikely that the patients presented here will have
normal visual fields or colour vision, and this will
form the subject of a further study. However, it is
noteworthy that despite large amounts of photo-
coagulation they have retained functional vision with
excellent visual acuity, 25 eyes (89%) having 6/18 or
better.

We are grateful to Max Brown, of the department of Medical
Illustration, who prepared the photograph, and to the medical
records staff for invaluable assistance with the retrieval of notes.
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