
Diabetologia (1984) 26: 109-115 Diabetologia 
�9 Spfinger-Verlag 1984 

Photocoagulation for proliferative diabetic retinopathy: 
a randomised controlled clinical trial using the xenon-arc 

Bri t ish  M u l t i c e n t r e  S t u d y  G r o u p  

Participating centres and ophthalmologists: M. Odland, Bergen, Norway; R. K. Blach, A. M. Hamilton, E K. Leaver, and C. Townsend, 
Hammersmith/Moorfields, London; H. Cheng, Kent & Sussex Hospital Tunbridge Wells; E. W. G. Davies, King's College Hospital, London; 
J. Richardson, Newcastle Eye Infirmary; T. ffytche and J. Shilling St. Thomas's Hospital London. 
Statisticians: P. Armitage and E. Hoinville. 
Medical Advisors: H. Keen and E. M. Kohner. 
Report prepared by: E. M. Kohner, P. K. Leaver and E. Hoinville 

Summary. The final results of a randomised controlled study 
of  xenon-arc photocoagulation for proliferative retinopathy 
are reported, after all patients have been followed for at least 
5 years and some for up to 7 years. One hundred and seven 
patients with two similarly affected eyes had one treated 
(chosen by a random procedure), while the other eye re- 
mained untreated and served as a control. Of the 107 patients, 
77 completed the 5 year follow up, 13 died and 17 stopped at- 
tending for various reasons. Of the recorded coexistent medi- 
cal abnormalities, only renal complications affected survival, 
none influenced visual outcome. Visual outcome was signifi- 
cantly better in the treated than in the control eyes at each 
yearly interval (0.001 < p  < 0.05). The greatest difference was 
seen in those with disc vessels at entry. In this group, control 
eyes deteriorated by a mean of four lines on the Snellen chart, 

treated eyes by one line only. Six patients became legally blind 
in both eyes, four were blind in the treated eye only, but 
28 control eyes were blind when treated eyes retained vision 
(p < 0.001). Treated eyes which became blind had less treat- 
ment than those that retained vision. Of the 42 treated eyes 
with peripheral new vessels only at entry, 12 developed disc 
new vessels. These 12 had fewer bums than the 30 which did 
not develop disc new vessels. It is concluded that in prolifera- 
tive retinopathy, treatment by photocoagulation is better than 
no treatment at all. Adequate treatment is required to main- 
tain vision. 

Key words: Diabetic retinopathy, proliferative retinopathy, 
xenon-arc photocoagulation, randomised controlled clinical 
trial. 

S ince  the  i n t r o d u c t i o n  o f  p h o t o c o a g u l a t i o n  fo r  the  
t r e a t m e n t  o f  d i a b e t i c  r e t i n o p a t h y  b y  M e y e r - S c h w i c k e -  
ra th  [1], t h ree  r a n d o m i s e d  c o n t r o l l e d  c l in ica l  t r ia ls  have  
s h o w n  its e f fec t iveness  in  the  t r e a t m e n t  o f  p ro l i f e r a t i ve  
les ions ,  p a r t i c u l a r l y  t h o s e  w h i c h  ar ise  f r o m  the  op t i c  
d i sc  [2-5]. 

The  p r e s e n t  c o m m u n i c a t i o n  is the  f ina l  r e p o r t  o f  
one  o f  these  s tud ies  [3], w h e n  all  pa t i en t s  have  b e e n  fol-  
l o w e d  for  at  leas t  5 years .  

Patients and methods 

Patients 

Patients with proliferative retinopathy in both eyes were considered 
for the study. The retinopathy had to be of similar severity in both 
eyes, i. e. within two grades using the Hammersmith Hospital grading 
system [6]. This system is based on grading retinal lesions of major im- 
portance (microaneurysms and haemorrhages, hard exudates, new 
vessels and fibrous retinitis proliferans) by comparison with standard 
photographs. There are four standard photographs for each lesion 
spanning the full range of severity A-D. This allows six steps of sever- 

ity grading for each lesion. A lesion can be absent, grade 0; 1 which is 
better than standard A, 2 which is equal to or worse than standard A, 
but better than standard B etc, 5 being the worst possible for that le- 
sion. It did not matter whether the new vessels arose fiom the disc or 
the retinal periphery. The visual acuity in the two eyes had to be with- 
in two lines on the Snellen chart and the vision in the worse eye had to 
be 6/60 or better. Patients as described above were eligible irrespec- 
tive of age or duration of diabetes if they fulfilled the following crite- 
ria: (1) There was no, or not more than a wisp of, fibrous retinitis pro- 
liferans present (< grade 1 of the Hammersmith Hospital grading 
system [6]). (2) There was no concomitant eye disease which interfered 
with the photography, assessment or prognosis of the retinopathy. 
Thus, patients who had had any previous photocoagulation or eye 
surgery were excluded, as were patients receiving systemic or local 
therapy for any eye condition. Patients with congenital lesions and 
amblyopia were also excluded, as were those who had significant as- 
symmetry or refraction (over 2 dioptres). (3) The patient's general 
health was such that he/she was expected to be followed for 5 years. 
(4) The patients gave their informed consent for only one eye to be 
treated and the other to be followed as an untreated control. 

There were 107 patients from six participating centres (Hammer- 
smith/Moorfields Hospitals, King's College Hospital and St Thomas' 
Hospital, London; Kent and Sussex Hospital; Newcastle Eye Infir- 
mary and Bergen Hospital, Norway) who fulfilled the entry criteria 
and were included in the study. Clinical variables at entry are shown 
in Tables 1-4. 
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Table 1. Age of onset and duration of diabetes at entry into study 

Known duration of Age at diagnosis of diabetes Total 
diabetes (years) (years) 

0-29 30-59 )60  

0- 5 1 19 3 23 
6-10 0 6 1 7 

11-15 11 4 0 15 
16-20 22 3 0 25 
Over 20 29 3 0 32 

Total 63 35 4 102 

Data were missing in five patients 

Procedure 

After ascertaining the patient's suitability for the trial and obtaining 
his/her consent for the study, the disc and macular fields of both eyes 
were photographed. The eye to be treated was determined by a ran- 
dom assignment, prepared at the coordinating centre, and indicated 
in a sealed envelope, marked with the patient's serial number and 
opened after the patient's entry into the trial. 

Treatment 

Treatment was started as soon as possible after randomisation under 
local (retrobulbar) or general anaesthesia, using the xenon-arc photo- 
coagulator (Zeiss, Oberkochen, FRG or O'Malley, Palo Alto, Califor- 
nia, USA). The number of burns given was not specified, but advice 
was given to treat all peripheral new vessels focally, destroying the 
vessels as far as possible with a rim ofphotocoagulation extending ap- 
proximately one-quarter of the disc diameter beyond the edge of the 
lesions. Disc new vessels could be treated directly if they came off the 
disc in the nasal, superior or inferior quadrants. In addition to focal 
treatment, pattern bombing or scatter treatment could be given to pat- 
ients with peripheral new vessels in addition to focal treatment, but 
was not mandatory. Scatter treatment was advised for new vessels 
arising from the disc, but the number of burns was not specified. 
Burns were not to be given within 1 disc diameter from the centre of 
the fovea. The individual burns were of 3 ~ size with a 1-s exposure in 
the periphery and 1 ~ in the perimacular area, the power varying be- 
tween setting II and VIII; the aim being to achieve the slightest visible 
whitening of the retina. 

The initial treatment could be given in one or more sessions during 
the first 3 months. Treated eyes could be retreated at any time if fur- 
ther new vessels developed or the vessels present initially became 
worse. The control eye remained untreated until after 1977, when the 
British Multicentre Study report became available and significant 
benefit from treatment in disc new vessels was observed [3]. Thereaf- 
ter, the control eye could be treated if it had disc new vessels worse 
than Hammersmith Hospital grade I [7]. There were only two such 
eyes and these patients were excluded from further analysis. A further 
28 were considered already untreatable. 

Yearly eye examination, photographic grading and relevant medi- 
cal details were obtained as near as possible to the anniversary of en- 
try into the study and a computer used for their analysis. 

Eye examination included the best corrected visual acuity ob- 
tained on the Snellen chart (taken when possible by an optician un- 
aware of which eye was treated). The Snellen chart was a standard 
back-illuminated model and no further effort of standardisation be- 
tween clinics was performed. However, in each centre, the same chart 
was used throughout the study and the treated and control eyes were 
treated similarly. Full clinical examination of the eye was performed, 
including slit lamp biomicroscopy and indirect and direct ophthal- 
moscopy. Photographs (non-stereoscopic) of the disc and macular 
fields were taken. Fluorescein angiography did not form part of the 

study. For photographic grading, the Hammersmith Hospital grading 
system was used [6, 7]. 

Statistical methods 

For statistical analysis, the paired t-test, McNemar's test [8] and Chi- 
square test were used. A paired t-test was used to compare treated and 
control eyes for mean visual acuity and the change of vision at each 
yearly interval for treated and control eyes. To allow statistical analy- 
sis, the visual acuity was converted to a numerical grade: 6/6 = 1, 
6/9 = 2, etc., as described previously [3]. It was also used to compare 
the photographic grading between the treated and control eyes. 
McNemar's test was used to compare the numbers of eyes that im- 
proved, remained the same, or deteriorated. For this analysis, im- 
provement or deterioration were defined as a change of two lines or 
more in visual acuity on the Snellen chart. McNemar's test was also 
used to compare blind and seeing eyes. Blindness was defined as a 
visual acuity of 6/60 or worse at two successive yearly assessments. 
This visual acuity was chosen, as 6/60 vision in the better eye allows 
legal blind registration in the UK. The Chi-square test was used to 
compare the clinical characteristics of patients dying or surviving and 
those retaining vision or becoming blind. It was also used to compare 
the number of assessable eyes at each yearly interval. 

For the visual acuity analysis, patients were first considered as a 
group. They were then subdivided into those with new vessels on the 
disc in both eyes and peripheral vessels only in both eyes and those 
asymmetrical for origin of new vessels. Because of the small number 
of asymmetrical eyes, these were not analysed separately. 

Results 

There  were 107 pat ients  f rom the six centres who en- 
te red  the study. Of  these, 77 comple ted  five years of  fol- 
low-up.  Of  the remainder ,  13 were k n o w n  to have died  
( four  f rom renal  failure,  four  f rom co rona ry  hear t  dis- 
ease, three fo l lowing a stroke, one  of  cancer  a n d  one  of  
u n k n o w n  cause). A n o t h e r  17 fai led to comple te  the five- 
year  fol low up,  two because  they ha d  the cont ro l  eye 
t reated,  three were too ill to come to hospi tal ,  four  were 
b l i n d  a n d  the j o u r n e y  was too long,  five ha d  m o v e d  
house  a n d  three because  the oph tha lmolog i s t  had  

m o v e d  hospitals .  

Medical conditions of  the patients studied 

Age at d iagnosis  a n d  d u r a t i o n  of  d iabetes  in  102 of  the 
107 pa t ients  are s h o w n  in  Table  1 a n d  their  c l inical  de- 
tails in  Table  2. Sixty-three pa t ients  were d i agnosed  as 
d iabe t ic  before  the age of  30 years a n d  they were all in- 
s u l i n - d e p e n d e n t .  Two-thirds  of  the pat ients  had  had  
the i r  disease for > 15 years. Wi th  increas ing  age o f  on-  
set, the du ra t i on  of  d iabetes  before  prol i ferat ive reti- 
n o p a t h y  deve loped  b e c a m e  shorter. There  were more  
ma le  t h a n  female  pat ients .  At  least  20 pat ients  were 
n o n - i n s u l i n - d e p e n d e n t .  

O f  the coexis tent  med ica l  condi t ions ,  n e u r o p a t h y  
was  the commones t ,  ra ised b l ood  pressure  was next,  fol- 
l owed  by  raised b l o o d  u rea  (Table 3). However ,  n o n e  of  
the 39 with e levated u rea  ha d  levels > 11.5 mmol /1 .  Pro- 
t e i n u r i a  was also c o m m o n ,  bu t  card iac  changes  a n d  
c l aud ica t ion  were u n c o m m o n .  N o n e  of  these condi -  
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Table 2, Details of patients with new vessels 

111 

Sex Age at diagnosis Age at entry Duration of diabetes Treatment 
of diabetes to study at entry to study 

M / F  (years) (years) (years) Number on diet_+ oral Number on Number 
hypoglycaemic agent insulin not known 

64/43 26.5+1.8 (1-65) 42.4+1.3 (19-70) 16.4+1.1 (0-51) 20 83 4 

Results expressed as mean_+ SEM with range in parentheses 

Table 3. Medical condition at entry into the study in 107 diabetic patients 

Elevated systolic Elevated diastolic Elevated Proteinuria Peripheral ECG change Intermittent 
blood pressure blood pressure blood urea neuropathy or angina claudication 

Present 39 28 39 18 67 4 3 
Absent 65 76 57 85 38 101 102 
Unknown 3 3 11 4 2 2 2 

Upper limits of normal: systolic blood pressure: 159 mmHg; diastolic blood pressure: 89 mmHg; blood urea: 6.5 mmol/1 

Table 4. Difference in deterioration between treated and control eyes 

Year of No. of Mean difference 
follow-up Patients in deterioration 

between treated 
and untreated eyes a 

All patients 1 107 0.52__+_ 0.26 < 0.05 
2 99 0.96 + 0.28 < 0.001 
3 99 1.79 + 0.33 < 0.001 
4 88 1.73 + 0.37 < 0.001 
5 76 1.96 + 0.44 < 0.001 
6 37 1.89 _+ 0.57 < 0.01 
7 15 2.67 + 1.11 < 0.05 

Patients I 55 1.04 + 0.42 < 0.02 
with disc 2 52 1.64+0.38 <0.001 
new vessels 3 52 2.78 + 0.45 < 0.001 
at entry 4 46 2.61 + 0.52 < 0.001 

5 39 2.97 + 0.63 < 0.001 
6 19 2.47 _+ 0.85 < 0.01 
7 9 3.33 + 1.57 NS 

Patients 1 42 0.07 + 0.31 NS 
with only 2 38 0.45 + 0.44 NS 
peripheral 3 38 0.87 + 0.49 NS 
newvessels 4 34 0.34+0.53 NS 
at entry 5 30 1.10+0.61 NS 

6 17 1.29 _+ 0.79 NS 
7 6 1.67 _+ 1.52 NS 

Results expressed as mean + SEM. a(VAul-VAu0) - (VAta-VAt0) where 
VA = visual acuity, u and t untreated and treated eyes at initial (0) and 
1 year (1) 

tions influenced visual outcome. Those with persistent 
or intermittent proteinuria had significantly higher mor- 
tality than those without proteinuria (p < 0.05). None of 
the other medical conditions significantly influenced 
survival. 

Visual outcome 

Visual acuity changes. While the treated and control 
eyes had similar vision at the beginning of the study, af- 
ter one year the deterioration was significantly greater 

in the control than in the treated eyes, the difference be- 
ing half a line in visual acuity (p <0.05, Fig. 1 and 
Table 4). This increased to a maximum of 2�89 lines in the 
15 patients followed for 7 years (p < 0.05), but had al- 
most reached two lines at 4 and 5 years (p < 0.001). 

When patients with new vessels arising from the op- 
tic disc were considered separately from those who had 
only peripheral new vessels, there was a highly signifi- 
cant difference in favour of treatment in the former 
group at each yearly interval, reaching almost three 
lines at 5 years (p < 0.001, Fig.2, Table4). In contrast, 
patients with peripheral vessels only showed no signifi- 
cant difference at any time, although even in that group 
the untreated eyes deteriorated more than the treated 
eyes (Fig. 2, Table 4). 

Table 5 compares those eyes that improved by two 
lines or more, or remained within two lines of their orig- 
inal vision, or deteriorated by two lines or more in the 
treated and control groups. This indicates that between 
the second and sixth year, fewer treated than control 
eyes deteriorated, while more treated eyes retained their 
vision or improved (0.05 < p  < 0.001). 

Figure 3 illustrates the visual outcome of individual 
eyes with proliferative retinopathy at 5 years. In the 
treated group, only seven eyes with initial visual acuity 
of 6 /6-6 /12  deteriorated by more than two lines and 
only eight eyes reached the level of blindness (6/60 or 
worse vision), one of which was already blind at entry. 
In contrast, among the control eyes with similar initial 
vision, 28 deteriorated by more than two lines and 27 
out of 77 reached the level of blindness. 

The difference was even more marked when pat- 
ients with only disc new vessels were considered, where 
not a single control eye improved and only nine stayed 
within one line of their original vision. In twenty-one, 
vision, deteriorated to 6/60 or worse. Twenty-five treat- 
ed eyes improved or remained within one line of their 
initial vision and only six became blind, one being blind 
at entry (Fig. 4). 
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Blindness. Six patients became blind in both their treat- 
ed and control eyes, four only in the treated eye when 
the control eye could still see and 28 in the control eye 
only, when the treated eye retained vision (p <0.001). 
The difference was only significant when patients with 
disc new vessels were considered, although even in the 
peripheral new vessel group, more control eyes (five) 
than treated (one eye) became blind (Table6). The 
causes of blindness were complications of new vessels 
in every case; vitreous haemorrhage, fibrous retinitis 
proliferans, retinal detachment and thrombotic glauco- 
ma, either alone or in combination. 

Treatment effects 

Twenty-eight eyes had focal treatment only, 39 had scat- 
ter treatment alone, while 40 had both focal and scatter 

No. of Patients 107 107 g9 99 88 77 37 16 

p NS 0.05 0.001 0.001 0.001 0.001 0.01 0.05 

o = 

. ~  

6/24 

6/18 

6/12 

6/9 

6/6 
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u ~ e ,  �9 � 9 1 4 9  
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Fig. 1. M e a n  visual acuity of  all eyes with new vessels. O �9 con- 
trol eyes, 0---------0 treated eyes 

treatment. Forty-eight patients had all their treatment 
during the first month, 59 had one or more treatment 
sessions during subsequent years. As the number of 
burns to be given was not specified, in general, treat- 
ment given in the first 2 years was less than in later 
years, when experience with the instrument and reac- 
tion to treatment influenced the operator. The nine 
treated eyes with new vessels on the disc (one assymetri- 
cal eye, which went blind, had disc vessels in the treated 
eye) which became blind had fewer burns (mean 187) 
than the other 46 who retained vision (mean 316) 
(Table 7). Because of the size of the xenon-arc bums, 
316 applications (probably even 150-200) invariably 
meant scatter treatment (though the initial treatment 
may have been focal). There were 12 patients who start- 
ed with peripheral new vessels only and developed new 
vessels on the disc in their treated eye. These 12 had 
fewer burns (mean 117) before the development of the 
new vessels, compared with those who did not develop 
disc vessels (mean 189). Following the development of 
disc vessels, they had a further mean application of 211 
burns (range 33-941). They also had more scatter treat- 
ment and less focal treatment. 

Photographic grading 

At the initial examination, there was no significant dif- 
ference between treated and control eyes. Thereafter, at 
each yearly interval, there was a significant difference in 
at least some of the retinopathy features. Haemorrhages 
and microaneurysms were significantly less in the treat- 
ed than control eyes from 1 to 5 years (0.02 < p  < 0.001), 
while hard exudates were less in the macular field only 
after the third year. It is of importance that the disc new 
vessel grading was highly significantly lower in treated 
than control eyes, reaching 0 grading (absent) by 7 years 
(Fig. 5). This was not because the new vessels changed 

No. with disc 55 55 52 52 46 40 19 5 
new vessels 

p NS 0.0~ 0.001 0.001 0.001 0.001 0.01 NS 

No. with peripheral 42 42 38 38 34 30 17 6 
new vessels 

P NS NS NS NS NS NS NS NS 

6/60 

6/36 

"5 6124 

6/18 
. -  

6112 

6/9 

6/6 

I I I I t I I- | 

I nitial 1 2 3 4 5 6 7 

Years 

Fig. 2. Mean  visual acuity o f  control eyes with disc 
new vessels ~ - - - - � 9  treated eyes with disc new ves- 
sels O- - - - - -Q ,  control eyes with peripheral  new ves- 
sels only �9 - - - 1 ,  treated eyes with peripheral  new 
vessels only Q - - Q  
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Table 5. McNemar's test comparing eyes that improved and deterio- 
rated in the treated and control groups 

Control eye Total p 

Improved/ Worse 
same 

After 1 Treated Improved 71 19 90 
year eye /same 

worse 12 5 17 

Total 83 24 107 NS 

After 2 Treated Improved 57 20 77 
years eye /same 

worse 8 14 22 

Total 65 34 99 < 0.05 

After 3 Treated Improved 47 34 81 
years eye /same 

worse 6 12 18 

Total 53 46 99 < 0.001 

After 4 Treated Improved 35 30 65 
years eye /same 

worse 10 13 23 

Total 45 43 88 < 0.01 

After 5 Treated Improved 29 28 57 
years eye /same 

worse 6 13 19 

Total 35 41 76 < 0.001 

After 6 Treated Improved 14 12 26 
years eye /same 

worse 3 8 11 

Total 17 20 37 < 0.05 

McNemar's test: Chi-square = [(b-c)-]]2 where b = number worse in 
b + c  

control eye and improved or same in treated eye and c = number im- 
proved or the same in the control eye and worse in the treated eye. 
p refers to the test for difference between treated and control eyes. Im- 
proved = improved by two lines or more on Snellen chart; worse = de- 
teriorated by two lines or more on Snellen chart; NS = not significant. 

to fibrous retinitis proliferans, but rather because they 
improved, since in the treated eyes, less fibrous tissue 
formed (Fig. 6). Indeed, the mean grading for fibrous 
tissue remained unchanged in the treated eyes while it 
deteriorated in the control eyes, so that it became signif- 
icantly worse at 3, 4, 5 and 7years (0.05 <p  <0.001). 
More control eyes became unassessable than treated 
ones; vitreous haemorrhage, thrombotic glaucoma and 
detachment being the principle causes. The difference 
in assessability was significant at 3, 4 and 5 years (p < 
0.05). 

Discussion 

The aim of this study was to establish the value of xe- 
non-arc photocoagulation in the treatment of diabetic 
retinopathy. In allowing a certain amount of freedom in 
the treatment technique, it was also aimed at finding the 
best possible treatment method. In both these aims, the 
trial was successful. 

The report re-emphasizes the result of three short- 
term [2-4] and one long-term randomised controlled 
clinical studies [5] in the treatment of proliferative dia- 
betic retinopathy. Of the previous studies, those of the 
"Diabetic Retinopathy Study Group" are the most im- 
portant, because of the highly significant results ob- 
tained in a study of more than 1700 patients [2, 5]. It is 
noteworthy that the cumulative rate of severe visual loss 
(similar to blindness in our study) in the control eyes of 
that study was 34% at 5 years, similar to that of the pres- 
ent study (34 out of 107 eyes). The 15% blindness in 
their treated eyes is also similar to that found in the 
United Kingdom. The results are slightly worse than 
those found by Asher et al [9], who analysed one group's 
result over a long period of time, though this was not a 
randomised controlled clinical study. Part of the reason 
for Asher et al's better results may be that the correct 
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Table 6. Blindness in eyes with new vessels 

New vessels No. of blind eyes p 

Both Treated Control 
eyes eyes eyes 

only only 

On disc 6 2 22 < 0.001 
Peripheral only 0 1 5 NS 
Asymmetrical 0 1 1 NS 

Total 6 4 28 < 0.001 

NS = not significant 

Table 7a. Effect of treatment on eyes with disc new vessels 

No. of eyes No. of burns 
mean (range) 

Blind 9 187 (68-336) 
Not blind 46 316 (25-860) 

Total 55 

Table 7b. Development of disc new vessels (absent at entry) 

Treated No. of burns Control 
eyes mean (range) eyes 

Disc vessels developed 12 117 (12-276) 21 
Disc vessels did not 30 189 (33-580) 21 
develop 

Total 42 42 

NS O. 01 0, 001 0.001 0. 001 0. 02 NS 0. 002 
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Fig.5. Mean new vessel grading in the disc field in treated ( 0 - - - - - 0 )  
and control (O O) eyes. NS: not significant 
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Fig. 6. Mean grading of fibrous retinitis proliferens in the disc field 
for treated ( O - - - - - O )  and control (�9 �9 eyes. NS: not signifi- 
cant. 

treatment is most likely to be utilised reliably in a small 
group working together and devoted to the manage- 
ment of diabetic eye disease. 

In this study, only xenon treatment was used while 
Hercules et al used argon only [4]. The Diabetic Retin- 
opathy Study Group used both xenon and argon [2, 5, 
10]. The results with xenon were slightly, but not signifi- 
cantly, better in preventing blindness, but more xenon 

than argon-treated eyes lost a few lines of vision as a re- 
sult of treatment [2]. The reason may have been the pro- 
tocol designed by the Diabetic Retinopathy Study 
Group which specified that focal treatment should be 
given to lesions if they were responsible for macular 
�9 [10]. Such lesions would commonly be within 
one disc diameter of the fovea - an area avoided in the 
present study. 
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The second aim of the present study was to find a 
method of treatment which would be acceptable to all 
in clinical practice. The freedom allowed in the study 
prevented a randomised comparison of methods, but 
the results provide a strong indication for extensive 
treatment rather than a scattered one and for scatter 
plus focal treatment for peripheral new vessels. The 
study also showed (probably because xenon only was 
used) that direct treatment of vessels on the disc or feed- 
er vessel treatment is rarely indicated. Indeed the meth- 
od of treatment advised by the Diabetic Retinopathy 
Study Group study [10] is not now used, as clinical prac- 
tice clearly showed that more extensive treatment and 
not direct treatment of disc vessels is more advanta- 
geous [3]. The idea of scatter treatment alone as a useful 
method of management of proliferative diabetic retin- 
opathy originates from Aiello et al. [11]. 

The present study, like those previously published, 
emphasises the effectiveness of photocoagulation in 
patients with new vessels arising from the optic disc. 
When untreated, these have a poor prognosis, even in 
those with early lesions [12]. Caird et al. [13] reported 
that within 3 years of their first vitreous haemorrhage, 
one-third of patients were blind in both eyes. Vitreous 
haemorrhage is an early complication of disc new ves- 
sels, but occurs relatively late only in those with periph- 
eral new vessels. The latter only bleed when they grow 
forward off the surface of the retina. Nevertheless, flat 
new vessels should probably be treated, because it is 
easy to do so, and because as shown here, within 5 
years, 50% develop disc new vessels when untreated. 
Twenty-eight percent of  the treated eyes also developed 
disc new vessels; they tended to be the eyes which had 
received less treatment, and further treatment destroyed 
these vessels or caused regression. 

It is not surprising that in this study, medical condi- 
tions did not influence visual outcome. New vessels 
arise in response to a non-perfused retina; they are not 
the direct result of high blood pressure or poor metabol- 
ic control. It is likely that, early in diabetes, these factors 
are important, as they may lead to more rapid and wide- 
spread vascular occlusion, but this has not yet been 
proven. 

It is of interest that only 14% of the patients died 
during the follow-up period. The 5-year mortality in the 
study by Davis et al. [14] in those with proliferative 
retinopathy was 50%. However, the patients in that 
study were selected on ophthalmic criteria only, while 
here only those likely to survive 5 years were entered. 

Finally, the large majority of patients in this study 
had 6/12 or better vision at entry into the study and 
were not aware of any visual impairment. Yet one-third 
of all untreated eyes were blind with a visual acuity of 
6/60 or worse for two consecutive yearly assessments 

after 5 years of follow-up. This emphasises the need for 
screening of patients, especially those with young onset 
insulin-dependent diabetes, for proliferative retinopa- 
thy. Early lesions are easy to treat and, with adequate 
treatment, visual prognosis is predictably good. 
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