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A comparative trial of xenon arc and argon laser
photocoagulation in the treatment of proliferative
diabetic retinopathy
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SUMMARY We present the results of a randomised study comparing xenon arc and argon laser
photocoagulation in the treatment of proliferative diabetic retinopathy. Our results show that when
used in the way described below there is no significant difference between the effect of the 2
treatments on optic disc neovascularisation and visual acuity. We also compare the results of
peripheral retinal ablation with those of panphotocoagulation in the argon and xenon groups. The
results suggest that in some patients peripheral treatment may be sufficient to cause regression of
disc neovascularisation.

Retinal photocoagulation was introduced by Meyer-
Schwickerath but was used initially with little effect
on diabetic retinopathy.' The first functioning laser
was introduced by Maiman2 and used to treat the eye
by Zanet et al. 3I4 and Koester et al. I Initially the ruby
laser was used to treat retinal lesions, but this was
superseded by the argon laser6 and used by Zweng to
treat diabetic retinopathy.7 Panphotocoagulation was
first described by Aiello' using the ruby laser.
There have been 4 previous studies comparing the

effects of argon laser and xenon arc photocoagula-
tion. Fankhauser et al.9 used long-duration argon
treatment (0-25-1 5 s) and found little difference
between argon and xenon. McLean'" compared the
side effects of the 2 treatments and found a higher
incidence of field loss with xenon, but did not
comment on the relative effectiveness of the 2
treatments.
The Diabetic Retinopathy Research Group in

America" 12 conducted a multicentre controlled trial
on 1727 patients, randomly allocating one eye to the
treatment group and one eye as control. The patient
was then randomly allocated to an argon or xenon
treatment group. The study showed a greater
incidence of field loss and visual acuity loss with
xenon. In the later report they showed a greater
treatment effect with xenon at 2 and 3 years.
However, they were unable to apply the standard
statistical methods because of multiple response
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variables in several subgroups, making exact p values
impossible to obtain. But the results did suggest that
there was an early increased reduction of visual acuity
with xenon in comparison with argon and the control
group (in the first 6 weeks), and at a later stage loss of
visual acuity was higher in the untreated group, with
fewer patients having visual acuities of less than 5/200
in the xenon than the argon groups. Crick et al.'3
compared the effects of the 2 treatments on visual
function in a total of 26 eyes and also the patients'
preference. Xenon arc had a greater adverse effect on
the peripheral field, and small reductions in visual
acuity were more common with xenon. However, the
effect on central fields, colour vision, and macular
threshold was essentially the same. The difference in
the effect of treatment on the prognosis of prolifer-
ative retinopathy and the extent of the side effects is
presumably related to the extent of retinal damage
caused by the 2 treatments.
Wallow and Davis'4 compared the post-mortem

appearance of argon and xenon burns, and
demonstrated that much deeper burns were caused
by xenon arc. Two-thirds thinning of the retina was
seen with all xenon bums, whereas this was seen only
in argon treatment of longer duration (0-5 s). Other
studies of interest include a 3-year study of peripheral
retinal ablation with argon,'5 which showed a signifi-
cantly better response for visual acuity in treated
eyes. In 1977 a multicentre randomised controlled
trial on the effect of xenon arc photocoagulation'6
showed a greater deterioration in the untreated eye at
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1, 2, and 3 years after treatment when patients had
disc neovascularisation, but there was no significant
difference if only peripheral new vessels were present.
There was a greater response in the treated than
untreated eyes. Oosterhuis " reported the results of a
carefully designed trial of the effects of focal retinal
treatment with the xenon arc photocoagulator which
showed a decrease in proliferation in treated eyes.
This study is interesting because it included a period
of study to assess the change of the retinopathy before
treatment was begun.
A recently published study'8 9 compared the effect

of xenon arc and argon laser in the treatment of disc
neovascularisation in 21 patients and found no
difference in the effect on disc vessels and visual
acuity, but there was greater functional loss after
xenon treatment.

Patients and methods

Sixty-three patients attending the St Thomas's
Hospital Diabetic Retinopathy Clinic who had optic
disc neovascularisation were selected for participa-
tion in the trial. No exclusion was made on the
grounds of type or degree of diabetic control, though
patients were included only if the following criteria in
the examined eye were met with: (1) no previous
photocoagulation; (2) no retinal detachment and not
more than a minor degree of retinitis proliferans; (3)
absence of rubeosis or glaucoma; (4) media clear
enough to allow adequate photocoagulation. In 17
patients both eyes were entered into the trial and each
eye was randomly allocated to a treatment group.
At the beginning of the study eyes were randomly

allocated to an argon laser or xenon arc treatment
group. At a later stage we decided to investigate the
effect of incomplete retinal photocoagulation, as it
seemed likely that some patients might benefit from
peripheral treatment only. Therefore patients were
then allocated to an argon laser group or xenon arc
group and further allocated to a total or peripheral
treatment group. 'Peripheral' treatment was the area
treated by the contact lens mirror (peripheral zone in
diagram). 'Total' treatment was the usual panretinal
photocoagulation (intermediate and peripheral zone,
Fig. 1).

RETINAL TREATMENT AREAS
There were therefore 6 groups in all: the original
argon laser and xenon arc groups and subsequently
the 4 subgroups: argon total, argon peripheral, xenon
total, and xenon peripheral. Argon laser treatment
was administered via a 3-mirror contact lens after
topical application of a local anaesthetic. Xenon arc
treatment was administered after a retrobulbar
injection of 2% lignocaine. Some patients receiving

argon laser treatment required a retrobulbar injection
of lignocaine if the treatment became painful. Argon
laser treatment was delivered by a Coherent
Radiation System 800 argon laser with 0( 1-0-2 second
duration and a 500 ,um burn size. Xenon treatment
was delivered by the O'Malley Log 2 xenon arc
photocoagulator with up to 1 -0 second burn duration
and 4.50 cone size (the end point of treatment was
taken as the first sign of retinal whitening). Xenon
treatment was usually given in 2 sessions. Argon
treatment was given in 2 to 4 sessions.
The results of treatment are based on recordings

before beginning therapy. and the follow-up period is
dated from the completion of treatment (in the 'total'
treatment area groups no further therapy was given in
the follow-up period). The results of treatment were
recorded on a proforma. which included details of
corrected visual acuitv and a grading of the retina and
disc new vessels according to the Hammersmith
method.20
The response to treatment was determined bv

observing the visual acuity and grading of new vessels
on the disc over a period of 2 years after treatment.
To compare the treatment it was then necessary to
assess how the trends in visual acuity (on a scale of 1 to
9: 6/5 to <6/60) and disc grading (on a scale of I to 5)
differed over time. In the analysis each subject was
allowed to have his own pattern of response over time
and then the average difference between the treat-
ment groups was assessed. This was done after taking
into account factors which might influence response,

PERIPHERAL ZONE
Fig. I Photocoagulation treatment areas.
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Table I A verage duration ofdiabetes before treatment
according to age ofonset ofdiabetes

Age ofonset No. Mean duration of Range
(years) diabetes before (vears)

treatment (vears)

1-20 21 22 7-38
21-40 18 18 1-35
41-60±+ 2 f6 1-22

Table 2 Length offollow-up in all treatmentsubgroups

Range (months) Average follow-up
(months)

Xenon 2-40 22
Xenon peripherv 1-22 9
Xenon total 1-40 17
Argon 1-47 20
Argon peripherv 2-32 12
Argon total 1-36 14

Table 3 Number ofeves in each treatmentgroup at the
beginning and end ofstudv (after 2 vears offollow-up)

Baseline End ofstudv
VA NVD VA NVD

Xenon 19 19 7 10
Xenon peripheral 9 9 2 3
Xenon total 12 12 6 6
Argon 16 16 8 7
Argon peripheral 13 13 3 3
Argontotal 11 11 4 4
Total 80 80 30 33

VA= visual acuitv. NVD= new vessels on disc.

Table 4 'Peripheral' treatment patients given additional
treatment

Peripheral treatment No. ofeves
group

Xenon 4
Argon 5

Table 5 Visual acuity (- =deterioration;
+ =improvement)

Treatment Initial Time interval (months)
No. ofeves

0-3 3-6 6-12 12-24

Xenon 19 -1-1 -0(2 -04 -0-8
Xenon peripheral 9 +0-3 -05 -0-6 +03
Xenon total 12 -0(4 -0-9 -0(7 -1-2
Argon 16 +0 1 -0 1 -04 -0-2
Argon peripheral 13 -0-2 0-0 +0±4 +0-2
Argon total I1 -0(8 +0 5 -0-8 -0-3

Table 6 Optic disc neovascularisation based on a grading
system 1J52o(_ = deterioration, + = improvement)

Treatment Initial Time interval (months)
No. ofeves

0-3 3-6 6-12 12-24

Xenon 19 +1-2 +1 0 +1-5 +±-5
Xenonperipheral 9 +1 1 +1-2 +1-4 +1-6
Xenontotal 12 +09 +1 0 +1-6 +1-6
Argon 16 +±-9 +±-8 +±-6 +1-0
Argon peripheral 13 +1-0 +0 4 +1-5 +2-0
Argon total I11 +0-8 +1-7 +1-7 +1*1

for example, age, sex, and duration of diabetes. The
analysis was performed with the statistical program
GLIM2' with the facilities of the London University
Computer Centre.
The 63 patients involved in the study ranged in age

from 21 to 74 years (mean 47 5 years), and the
duration of diabetes (from diagnosis to date of first
treatment) varied from less than a year to 38 years
(mean 14-2 years). The average duration of diabetes
before treatment in the juvenile diabetic group
(under 41 years) was 20 years and in the group aged
over 40 was 6 years (see Table 1). There were 37 male
(58-7%) and 26 female patients (41-3%).
The maximum follow-up time in the xenon arc

groups was 40 months and in the argon laser groups
was 47 months (see Table 2 for range and average
follow up time in each treatment group). The number
of eyes assessed in each subgroup at the beginning
and end of the study is given in Table 3.

Results

INADEQUATE TREATMENT RESPONSE
It was decided when following up patients that if a
complete regression of disc neovascularisation was
not achieved from peripheral treatment then further
treatment of the same type would be given in the
intermediate zone, and observation was continued to
determine the effect of this delay in completing
panretinal photocoagulation (Table 4). Patients who
received further treatment of a different type were
withdrawn from the study.

Table 5 shows the average change in visual acuity
(lines on the Snellen chart) when compared with the
pretreatment value in the 6 subgroups at various time
intervals. There is no clear pattern, but since the
number of individuals observed at each time interval
was variable the picture may be misleading. This also
applies to the results shown in Table 6 (disc neo-
vascularisation based on Hammersmith grading
code). Therefore regression analysis was performed
allowing for this problem while estimating the
average trend in each group by the GLIM statistical
program.
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Fig. 2 A comparison ofargon laser and xenon arc

photocoagulation; average change of visual acuity over 2
vears.

The regression analysis used assumes that the
response variables for visual acuity and optic disc
neovascularisation were normally distributed.
Obviously with integer codes this cannot be the case.
Nonetheless the variation about the trends fitted in
the analysis was found to be sufficiently close to
normal for present purposes.

REGRESSION ANALYSIS:
ARGON LASER VERSUS XENON ARC
All results are based on the comparison of the
treatment groups followed up for 2 years. The period
of follow-up dates from the last day of the treatment
course; no further treatment was given during this
period.

VISUAL ACUITY
On comparison of argon laser and xenon arc pan-

retinal photocoagulation no significant difference in
the effect on visual acuity was noted. Fig. 2 shows the
average trend in visual acuity over 2 years for each
treatment type, estimated from the regression model
that would be expected from a hypothetical '6/6' eye

(NB: it is the nonparellelism between the 2 treatments
and the difference thus shown which are important
rather than the absolute visual acuities). All 4 graphs
in this section are plotted by a similar method.

NEW VESSELS ON THE DISC

Xenon arc treatment produced an average improve-
ment of 1-5 grades at 24 months; the response to

Fig. 3 Comparison ofargon laser and xenon arc
photocoagulation; average change ofdisc neovascularisation
over 2 vears.

argon was an improvement of one grade at 24
months. However, this difference did not reach
statistical significance. Fig. 3 gives the estimated
average response to treatment over time for a hypo-
thetical eye with an initial new vessel grading of 2.

This shows that most of the response occurs in the
first 3 months and is almost identical for both treat-
ments, so there is little to choose between them in the
speed of response. There is only a slight improvemcnt
over the subsequent 21 months.

This is a regression model based on a hypothetical
eye and therefore the fact that the graph does not
reach zero at 24 months does not necessarily mean
that complete regression of disc vessels was not
achieved in the majority of cases. In fact only 6
patients failed to respond completely (see Table 7).
This failure to respond was defined as the presence of

Table 7 Analvsis ofpatients with an inadequate response

Treatment Ser Age Duration of Initial Final Time
diabetes NVD NVD interval

(months)

Argon F 34 6 months 3 1 40
Argon M 52 7 months 2 1 34
Argon F 47 13 vears 2 2 12
Xenon F 52 14 vears 2 1 *31
Xenon M 56 18 months 3 1 40
Xenon F 46 2 vears 5 1 34

*This patient received argon treatment at this stage.
NVD = new vessels on disc.
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Fig. 4 Comparison of total and peripheral treatment areas;
average change in disc neovascularisation over 2 years.

disc vessels at least 12 months after the initial
treatment course.
The main similarities between these patients are

that their age of onset of diabetes falls in the range
30-50+ years, and they all had fairly marked disc
neovascularisation when treatment was started.

COMPARISON OF PERIPHERAL AND TOTAL GROUPS
Since no significant difference between the argon and
xenon treatments was noted, the different treatments
were combined to determine the difference, if any,
between the effect of treating the retinal periphery
only and a standard panphotocoagulation. The
pattern of response estimated from the regression
model is shown in Figs. 4 and 5. In neither case was
the difference significant, though there was a slight
suggestion that peripheral treatment produced better
visual acuity results. This result occurs partly because
there was a farily high incidence of withdrawal of
patients (13 out of 22) who were unsatisfactorily
responding to peripheral treatment. Therefore
towards the end of the 2-year period the peripheral
group consisted of a selected group of good
responders.
An analysis of the cases withdrawn from this part of

the study was performed. Of a total of 22 peripherally
treated patients 13 were given extra treatment or
withdrawn. These were compared with those
remaining in the study. There was no significant
difference in visual acuity, disc neovascularisation
grading, retinal grading, and mean age between the
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Fig. 5 Comparison of total and peripheral areas of
treatment; average change in visual acuity over 2 years.

groups. Of these patients 9 received further treatment
of the same type; 4 xenon group patients improved on
average by one disc grading during the period after
extra treatment. Five patients in the argon laser group
showed on average no changes in disc grading after
further treatment.

Discussion

The main conclusion from this trial is that, when they
are used with the technique described above, there is
little to choose between argon laser and xenon arc in
their effectiveness. Xenon arc treatment appears to
be slightly more effective, but the difference is not
statistically significant Fig. 3.
The results obtained when comparing the

peripheral and total treatment groups suggest that
there may be a case, in suitable patients, for initially
treating the peripheral area only, and only at a later
stage 'filling in' the central area if neovascularisation
occurs. However, on comparison of the group of
patients who responded well to peripheral treatment
with those who did not respond there was no way of
predicting the outcome of treatment from the initial
fundus examination or other patient characteristics.
Furthermore after further treatment to the inter-
mediate zone, i.e., to complete the panphotocoagu-
lation, the response has not been completely
satisfactory. Whether this means that delaying the
full panphotocoagulation is detrimental to the
outcome or whether these are patients who do not
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respond particularly well to treatment is not clear. It
does suggest that at present the safest course is
probably to pursue a technique of complete pan-
photocoagulation from the outset.

CONCLUSIONS
We have shown that there is no significant difference
between the 2 treatments in the effect on visual acuity
and disc neovascularisation and that treatment of the
peripheral retina only is inadequate in many cases of
proliferative retinopathy. Previous studies have
shown a higher incidence of visual field loss and
difficulty with night vision with xenon arc. 1013
Therefore it appears that these factors should be the
main deciding points when contemplating the choice
of photocoagulator in the treatment of proliferative
diabetic retinopathy.

We are grateful to Mrs Margaret Grice for her secretarial assistance.
Dr A. P. Plumb is an Iris Fund research fellow.
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