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Summary 

A pilot study has been carried out to investigate the clinical use of an infrared diode 

laser in the treatment of a number of retinal vascular conditions. A hand-held device 

was employed initially and subsequently a further prototype was developed for use in 

conjunction with a standard slit lamp microscope. 

Thirty-three eyes in thirty patients were treated for conditions such as prolifera­

tive diabetic retinopathy, exudative retinopathy and branch and central retinal vein 

thrombosis. Regression of neovascularisation was observed in 13 of 16 eyes (81 % ) 
with proliferative diabetic retinopathy and in six of eight eyes (75%) with branch 

retinal vein occlusion. Four eyes were successfully treated for established or incipient 

rubeosis iridis following central vein thrombosis. Focal photocoagulation applied to 
five eyes for diabetic exudative maculopathy resulted in partial resorption of the 

exudates. These results are presented together with information on the ease of use of 

the laser and its reliability. The implications of the development of this instrument in 

the context of its place in ophthalmic therapy are discussed. 

Therapeutic retinal photocoagulation has 
been practised for over thirty years. The 
xenon arc photocoagulator developed by 
Meyer-Schwickerath provided a source of 
broad band optical radiation which was effec­
tive in producing full-thickness chorioretinal 
lesions!. The advent of the ruby laser in 19602 
aroused interest amongst ophthalmologists 
and this rapidly resulted in the investigation of 
its potential in the treatment of ocular condi­
tions. Early work on animals by Zaret in 19613 
was followed within two years by therapeutic 
regimens in humans4. Although the ruby laser 

(emitting at 694.3nm) was relatively effective 
in producing chorioretinal adhesions in 
detachment surgery, results were disappoint­
ing in treating retinal vascular conditions5•6. In 
the mid-sixties the failure of the ruby laser was 
attributed to an inappropriate wavelength and 
the resultant lack of absorption of laser energy 
in retinal vessels. Recent work has empha­
sised the role of the retinal pigment epi­
thelium in the treatment of retinal vascular 
diseases33.34. The pigment epithelium is a 
tissue with broad band absorption characteris­
tics and the major site of energy degradation 
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in retinal photocoagulation. The inade­
quacies of the ruby laser are now thought to be 
due to the pulse duration rather than wave­
length as the short pulse duration of early 
instruments produced a high risk of choroidal 
haemorrhage. 

L'Esperance investigated the clinical poten­
tial of the argon laser (488-515.5nm) in 19657, 
and it became commercially available in 1971. 
Numerous studies have demonstrated its 
efficacy in the treatment of common retinal 
conditions, for example proliferative diabetic 
retinopathy8, forms of diabetic maculopathy9 
and the complications of retinal vein throm­
bosislO• In addition a number of trials have 
indicated early beneficial effects in the treat­
ment of subretinal neovascular membranes, 
although longer term observations have 
demonstrated recurrence of membranes and 
visual deteriorationll.13. 

In the mid-seventies a new red light emit­
ting laser, the krypton laser (647nm) was 
introduced and found to be as effective as 
argon in the treatment of retinal conditions14. 
It also had advantages when compared with 
argon blue in that its longer wavelength 
resulted in virtually no absorption by macular 
xanthophyll pigment15,16. Further, the lower 
photon energy at longer wavelengths in the 
visible reduced the potential for inducing 
photochemical damage17• More recently, the 
continuous wave dye lasers have provided the 
facility to tune the wavelength of emission 
thus, in theory, allowing the possibility of 
selectively photocoagulating particular retinal 
structures. Current studies demonstrate that 
the thermal damage resulting from dye laser 
exposure is widespread throughout the outer 
retina and have failed to support the concept 
of selectivity of targets. Recent comparisons 
of the treatment of neovascular membranes 
with several dye laser wave lengths have not 
demonstrated any difference in clinical 
efficacy18,19 

Continuous wave argon, krypton and dye 
lasers, while broadly similar in terms of both 
the damage they induce to the retina, and the 
therapeutic efficacy also have several inherent 
disadvantages. Laser energy is generated 
within a relatively bulky gas-filled tube; elec­
trical energy consumption is high, and the 
efficiency of electrical-optical conversion is 

low. Many systems require a three-phase 
power supply, and forced cooling facilities 
dependent on circulating air or water. Heat 
dissipating factors tend to increase the size of 
the equipment and these together with their 
special electrical requirements mean that in 
most situations rooms need to be adapted for 
the permanent installation of laser apparatus. 
Additionally, maintenance costs are high with 
the average tube life being 2-3 years, and the 
cost of replacement about 20% of the total 
cost of the laser. 

Advances in semi-conductor technology 
have allowed the development of infrared 
diode lasers (79�950nm) measuring a few 
millimetres in size. These are used in compact 
disc players and have important applications 
in the fields of optical printing and communi­
cations. The recent availability of laser diodes 
with an output power of 1-2 W has stimulated 
interest in their potential applications in 
ophthalmic surgery. As early as 1984 Pratesi 
postulated some of the possible uses of diode 
lasers in medicine. Such lasers had the the­
oretical advantages of being extremely com­
pact, highly efficient and relatively in­
expensive20. 

Brancato and Pratesi21 and Puliafit022 work­
ing independently successfully produced 
chorioretinal lesions in rabbit retinas with 
diode lasers. The former used a transpupillary 
route while the latter used an intraocular fibre 
optic. We published the first histopathological 
report of retinal photocoagulation by a diode 
laser in human eyes23. Microscopic analysis of 
the lesions demonstrated them to be similar to 
those produced by conventional clinical 
photocoagulators and in particular to those 
induced by krypton lasers. The physical para­
meters of the exposures such as power levels, 
exposure durations and spot sizes were also 
similar. 

Encouraged by these promising early 
results, we have undertaken a limited clinical 
trial. Subsequent to ethical committee 
approval, a pilot study was initiated in order 
to investigate the therapeutic efficacy of the 
diode laser in the treatment of a number of 
common retinal vascular conditions. The 
further aims of the study were to collate infor­
mation on a number of other important 
aspects of therapy, such as to monitor any 
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Fig. 1. Hand-held version of diode laser, utilising a 
direct ophthalmoscope. 

ocular side effects; the subjective impressions 
of the patients treated with particular regard 
to discomfort during photocoagulation; to 
examine the ergonomic and physical aspects 
of the use of such a laser in a busy clinic; and to 
assess its reliability in repetitive and extensive 
use. This paper describes our early clinical 
experiences using the diode laser for retinal 
vascular problems in 30 patients. 

Materials and Methods 

Instruments 
Throughout this study a Spectra Physics 
SDL2430 laser diode was used, with a spectral 
emission at 8lOnm and with a maximum out­
put power of 800mW. The laser diode was 
driven by a Spectra Diode Labs SDL800M 
laser diode driver with pulse duration and 
amplitude controlled by an external pulse 
generator. Power and energy levels at the eye 
were calibrated with a UDTS390 photometer 
and referenced to an EG and G radiometer 
581. The laser operates in a continuous mode 
but is a power on demand system. 

Two forms of delivery system were 
employed, a hand-held version utilising a 
direct ophthalmoscope and a model which 
was attached to the tonometer stand of a stan­
dard Haag-Streit 900 slit lamp microscope 
(Figs 1 and 2). In the hand-held type the diver­
ging beam produced by the diode was first 
collimated and then combined with a helium­
neon beam to provide an aiming system. 
Illumination and viewing of the retina was 
facilitated by a modified direct ophthalmo­
scope with a conventional quartz halogen 
source. The laser spot size was 200 microns 

and exposure durations of 0.25 and 0. 5 
seconds were selected. 

In the slit lamp version an aiming beam was 
provided by a red-emitting (690nm) low 
power (300 microwflttS) laser diode. Viewing 
of the retina was accomplished with the optics 
and illumination source of the slit lamp micro-

Fig.2 Top: Version of diode laser which is attachable 
to a standard slit lamp microscope, shown with instru­
ment console and foot switch. Bottom: Diode laser 
shown mounted on Haag-Streit slit lamp microscope. 
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scope in conjunction with a fundus contact 
lens. In order to establish compatibility with 
the diode delivery system, three lenses were 
used in this study. These were the Goldmann 
three mirror; the Mainster lens; or the 
Rodenstock panfundoscope lens. Laser spot 
size was constant at 300 microns, but as with 
all lasers the absolute spot size at the retina 
varied slightly with each lens. The power 
levels used for treatment varied with the clini­
cal condition and with fundus pigmentation 
but routinely fell between 450 and 650 m W. 
Exposure durations were either 0.25 or 0.50 
seconds. 

The wavelength of emission and dielectric 
coatings on the optics within the laser delivery 
head of each instrument obviated the need for 
a mechanical safety shutter mechanism during 
exposures, this allowed an unimpeded retinal 
view throughout all treatment sessions. The 
power source in each laser was from a stan­
dard single phase 13 amp mains supply. 
Ancillary cooling facilities were not necessary 
for either instrument since collateral heat pro­
duction was extremely low. When not in use, 
either instrument could be easily stored in a 
carrying case measuring 46cm x 33cm x 15cm 
and was light enough to be easily trans­
portable. 

Clinical Methods 
All clinical work was carried out in either the 
Department of Ophthalmology at St Thomas' 
Hospital or the Retinal Diagnostic Depart­
ment at Moorfields Eye Hospital. 

Patients with a number of retinal vascular 
conditions for which laser photocoagulation is 
an accepted mode of therapy were treated in 
this study. These conditions were, prolifera­
tive diabetic retinopathy; exudative diabetic 
maculopathy; and retinal vein occlusion com­
plicated by neovascularisation at the retina, 
the optic disc or established or threatened in 
the iris. 

The aim of treatment of proliferative reti­
nopathy in either diabetes or vein occlusions 
was closure or regression of any areas of neo­
vascularisation. In those patients with estab­
lished rubeosis iridis secondary to central 
retinal vein occlusion, photocoagulation 
attempted to cause regression of the rubeosis 
and forestall the onset of rubeotic glaucoma. 

The aims of photocoagulation for exudative 
diabetic maculopathy were closure of intra­
retinal microvascular abnormalities and the 
resolution of macular hard exudates. 

Therapy was carried out on a separate day 
from that of the pretreatment assessment and 
if possible all treatment was completed at one 
sitting. The pattern of laser treatment admin­
istered varied according to the condition. 

Eyes with diabetic retinopathy and papill­
ary neovascularisation had panretinal 
therapy24 while peripheral new vessels were 
given either sector or panretinal photo­
coagulation depending on the extent of the 
lesions and area of ischaemia25• Exudative 
maculopathy had focal treatment to regions of 
microvascular abnormalities26• In those eyes 
with branch retinal vein occlusion, sector 
ablation was administered to the area of isch­
aemic retina indicated by fluorescein 
angiography27. Central retinal vein occlusions 
were twated with panretinal photocoagula­
tion, with typically 500 burns applied to each 
quadrant28• In all conditions the immediate 
aim of photocoagulation was to produce a 
mild blanching of the retina with each burn. 

During treatment careful note was made of 
any subjective sensations remarked on by the 
patient and the operator recorded his own 
observations. Patient review was at two 
weeks, six weeks and 12 weeks following 
treatment and at three monthly intervals 
thereafter. 

Results 
Over a period of six months, diode laser 
photocoagulation was performed on a total of 
33 eyes in 30 patients. Detailed analysis of the 
results by each disease category will be the 
subject of subsequent reports when larger 
patient populations became available. How­
ever, in this account initial statistics will be 
presented for each group following a general 
consideration of the ergonomic aspects of 
diode laser treatment. 

Use of Instrumentation 
The hand-held, direct ophthalmoscope ver­
sion was used for the first six patients treated 
(all with retinal vein occlusions) while the slit 
lamp model was employed for all subsequent 
cases. Both forms could be quickly and easily 
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set up for use in the clinic and no difference 
was found in the type of lesions produced with 
either instrument. 

The greater magnification and smaller field 
of view made treatment with the hand-held 
device a lengthier procedure, and poor target 
fixation made macular photocoagulation diffi­
cult. In contrast the slit lamp instrument 
allowed more accurate aiming, the patient 
being stabilised through the contact lens and 
the head rest of the microscope. The greater 
field of view and the better retinal illumina­
tion were also perceived advantages by the 
operator. Patient comments indicated a 
strong preference for the direct ophthalmo­
scope modality mainly because no contact 
lens was required and that they could assume 
a more relaxed posture. 

In each instrument the red aiming beams 
were usually clearly visible, but where there 
was extravascular blood in either the vitreous 
or the retina, the retinal image of the aiming 
beam tended to fade in sharpness and bright­
ness. The absence of an occluding safety shut­
ter allowed an uninterrupted retinal view 
during photocoagulation, and therefore it was 
possible to visualise the full process of 
development of a retinal burn. This uninter­
rupted view also speeded treatment as the 
operator never lost orientation or location 
during procedures as sometimes occurs in 
response to eye movements during shutter 
closure using conventional systems. 

An additional feature of the shutterless 
system was that retinal treatment was a much 
quieter procedure than with conventional 
lasers, the only sound being that of the faint 
click of the foot switch during each exposure. 
As only the aiming beam was visible there 
were no bright flashes during photocoagula­
tion, although at higher power levels a faint 
transient orange fluorescence of the retinal 
pigment epithelium was visible. Several 
patients who had been treated previously with 
an argon laser stated that these features made 
diode laser photocoagulation a less stressful 
experience. 

Reliability of the instruments was high. The 
slit lamp version has performed over 100,000 
exposures, to date, without malfunction. 

The Laser Burns 
In a sequence of initial exposures the power 
level was set to produce a grey-white 
chorioretinal lesion, corresponding to a mild 
burn (typically 450-650 mW). The immediate 
post exposure appearance of the lesion was 
similar to that seen in relation to krypton laser 
irradiation: that is a slightly less distinct burn 
than that typical of argon irradiation. 

The degree of retinal pigmentation influ­
enced the power level at which a clinical 
threshold lesion could be obtained. 
Generally, highly pigmented fundi required 
lower power settings for photocoagulation 
(450-550mW) than lightly pigmented fundi 
(500-750mW). All lesions were made with a 
constant exposure duration of 0.25 seconds. 
Within one week of treatment the burns had 
become pigmented scars essentially identical 
to those produced by other forms of laser 
irradiation. No complications were seen such 
as choroidal haemorrhages, or tears in the 
retinal pigment epithelium. The presence of 
media opacities required an increase in power 
to produce a burn, but it is noteworthy that 
the laser radiation at 810nm was observed to 
be able to penetrate a thin film of preretinal 
haemorrhage (approximately 150 microns in 
thickness) in sufficient concentration that a 
burn ensued at the retinal pigment 
epithelium. 

Clinical Results 
(A) Proliferative Diabetic Retinopathy 
Sixteen eyes were treated in 14 patients who 
had either optic disc or retinal neovascularisa­
tion. Ten patients were male and four female. 
The mean age was 52 years (range 26-69) and 
the mean period of follow-up was four months 
(range three months to six months). During 
panretinal photocoagulation, the number of 
burns that were applied typically ranged from 
2,500 to 3,500. 

Partial or total closure of the new vessels 
was observed in 13 of 16 (81 %) eyes within 
eight weeks of treatment. During the period 
of follow-up, the visual acuity on a standard 
Snellen chart was maintained to within one 
line of the pretreatment level in 15 out of 16 
eyes. In the other eye, vitreous haemorrhage 
from disc new vessels occurred three months 
following treatment, which reduced the visual 
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acuity from 6/9 to counting fingers. The haem­
orrhage resolved with visual recovery to its 
former level within one month. Further 
photocoagulation was performed and the 
patient is currently under review. In none of 
the patients were treatment-related anterior 
segment complications observed, such as cor­
neal or lenticular changes. 

Four patients, in common with several from 
the other groups occasionally reported symp­
toms of discomfort during treatment. Com­
ments were encountered most often at higher 
power levels, or where photocoagulation was 
applied to areas of lightly pigmented retina. In 
no instance was it found necessary to discon­
tinue therapy due to unacceptable levels of 
discomfort, but in one case retrobulbar anaes­
thesia was administered when further treat­
ment was carried out. This patient had 
previously required argon laser therapy to the 
other eye, also under retrobulbar anaesthesia. 
Other patients who had undergone argon 
therapy to the fellow eye favoured diode 
treatment. In particular, patients commented 
upon the absence of both noise and the 
intense and repetitive flashes of light. 

Case Report 1 
A 67 year old insulin dependent diabetic male pre­
sented with optic disc and retinal 
neovascularisation in the left eye (Figure 3). Diode 
laser panretinal photocoagulation was performed, 
a total of 3,677 burns being applied with an 

exposure duration of 0.25 seconds, a laser spot size 
of 300 microns and power of 550--700 mW. No 
problems were encountered during treatment apart 
from the patient experiencing mild discomfort at 
higher power levels of exposure. 

On review at two weeks the laser lesions showed 
the typical appearance of pigmented scarring and 
the disc new vessels showed signs of regression (Fig 
4). At six weeks fluorescein angiography showed an 
absence of leakage from the previously patent new 
vessels (Fig 5). Subsequent examination has shown 
no recurrence of the treated lesions. 

(B) Exudative Diabetic Maculopathy 
Five eyes in four patients were treated in this 
group, three males and one female with a 
mean age of 65 (range 63-66). The mean 
period of review was 18 weeks (range 14 
weeks to eight months). 

Focal photocoagulation was administered 
to microvascular abnormalities (MV A) within 
the areas of hard exudate. The MV A were 
principally micro aneurysms but in one case 
was a macroaneurysm. No immediate altera­
tion in the appearance of the treated vascular 
lesions was seen, the infrared laser energy 
being transmitted through the vascular lesions 
and being absorbed by the underlying retinal 
pigment epithelium and choroid. 

Within eight weeks there was a reduction in 
the observed number of vascular lesions in the 
treated areas of each eye and there was evi­
dence of the hard exudates beginning to 
resorb. The period of follow up in this group is 

Fig. 3 Case 1. Left: Fundus photograph showing papillary neovascularisation in the left eye of an insulin­
dependent diabetic. Right: Pre-treatment fluorescein angiogram of same eye demonstrating leakage from the disc 
new vessels. 
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Fig. 4. Case 1. Two weeks following pan retinal 
photocoagulation, the laser burns demonstrate a typical 
appearance of pigmented scarring. 

too short to allow any firm conclusions to be 
drawn, but the resolution of the lesions 
appear to be continuing and in four cases the 
Snellen visual acuity has improved by one or 
two lines. No side effects were noted in any 
case. 

Case Report 2 
A 65 year old non insulin dependent diabetic pre­
sented with a circinate area of hard exudates 
supero-temporal to the right macula. Central to the 
ring of exudate was a retinal macro aneurysm (Fig 
6). Visual acuity was 6/9. 21 burns were applied to 

Fig. 6. Case 2. Fundus photograph of a patient with 
non-insulin dependent diabetes, which shows a right 
exudative circinate maculopathy surrounding an haem­
orrhagic microvascular abnormality. 

Fig. 5. Case 1. Six weeks following treatment, fluor­
escein angiography shows an absence of leakage at the 
optic disc, confirming regression of the new vessels. 

the region of the macroaneurysm. Power was 
500 mW, spot size was 200 microns and the 
exposure duration was 0.5 seconds. No adverse 
symptoms were reported by the patient. Eight 
weeks later there was visible laser scarring deep to 
the MV A, which was still visible and some signs of 
resolution of the exudates. Twenty weeks following 
treatment, the central lesion had disappeared and 
the area of exudate had resorbed considerably (Fig 
7). His visual acuity remained unchanged, but there 
was evidence of pre-existing macular degenerative 
changes. 

(C) Retinal Vein Occlusion 
Twelve patients were treated for either 

Fig. 7. Case 2. Four months following focal photo­
coagulation the central lesions have resolved and there 
is considerable resorption of surrounding exudates. 



DIODE LASER IN THE TREATMENT OF RETINAL VASCULAR DISEASE 523 

Fig. 8. Case 3. Left: Pre-treatment fluorescein angiogram of a left inferotemporal branch retinal vein occlusion 
with retinal neovascularisation, which demonstrates several areas of leakage from the neovascular complexes. 
Right: Fundus photograph in the same patient, immediately following laser sector ablation. Areas of neo­
vascularisation are indicated by arrows. 

branch retinal vein occlusion and optic disc or 
retinal neovascularisation (eight eyes) ; or 
central retinal vein occlusion with either 
established or threatened rubeosis iridis and 
in one case also with optic disc new vessels 
(four eyes) . Eleven patients were female and 
one was a male. The mean age was 67 years 
(range 53-81) and the mean follow up period 
was six months (range four months to ten 
months) . 

Six out of eight (75%) patients with papill­
ary or retinal new vessels secondary to branch 
vein occlusion had closure of the vessels 
within eight weeks of treatment. Two out of 
four patients with central retinal vein throm­
bosis had partial regression of the vessels and 
in one there was complete regression of both 
the iris and optic disc new vessels. One patient 
with severe retinal ischaemia following a 
central retinal vein occlusion has not devel­
oped rubeosis three months following treat­
ment. None of the patients has developed 
rubeotic glaucoma. 

Case Report 3 
An 81 year old hypertensive lady presented with a 
left infero-temporal branch retinal vein occlusion. 
There were several tufts of forward retinal neo­
vascularisation surrounded by areas of intra-gel 
haemorrhage (Fig 8). 

Two-hundred and thirty-five burns were applied 
to the area of ischaemic retina. Power was 500-

650 mW, spot size 200 microns and exposure dura­
tion 0.5 seconds. Apart from a slight 'pricking' 
sensation the patient reported no adverse symp­
toms and no other side effects were observed. Eight 
weeks later, the new vessels had regressed, closure 
being confirmed on angiography (Fig 9). No recur­
rence of the vessels has been observed sub­
sequently. 

Discussion 
In the present paper, the maximum follow up 
time was nine months and clearly this is too 
short a period from which to draw firm con-

Fig. 9. Case 3. Following laser therapy, closure of the 
retinal new vessels is confirmed by fluorescein 
angiography. 
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Table I Diabetic neovascular regression induced by 
diode laser in comparison with argon and krypton 
photocoagulation 

Laser modality 
('n' refers to number of 

eyes in each group 

Diode (n = 16 ) 
Argont (n = 64 ) 
Kryptont (n = 59 ) 

Complete or partial 
regression of disc or 
retinal new vessels' 

13 (81 %) 
52 (8 1%) 
53 (9 1.5 %) 

* Observations made four weeks following argon and 
krypton therapy and six weeks following diode 
photocoagulation. 
t From: Blankenship GW: Red krypton and blue­
green argon panretinal photocoagulation for prolifera­
tive diabetic retinopathy: a laboratory and clinical 
comparison. Trans Am Ophthl/lmol Soc 1986, 84: 967-
1003. 

clusions concerning the therapeutic efficacy of 
the diode laser in relation to retinal vascular 
diseases in general. 

The beneficial effects of photocoagulation 
in treating the complication of branch retinal 
vein occlusion have been firmly established29 
and have also been demonstrated in relation 
to red laser light from krypton lasers 30. The 
studies have all demonstrated that regression 
usually begins within a few weeks following 
laser treatment and that there is a low inci­
dence of recurrence. Given the temporal basis 
of this therapeutic effect and that our average 
follow up time was seven months we can draw 
significant conclusions from our eight patients 
suffering from this condition. The diode laser 
emission was in the infrared and the clinical 
effects appear exactly comparable to those 
previously observed with the krypton laser. 

Although the number of patients who had 
been treated for central vein retinal occlusion 
was small, the observed resolution of rubeosis 
following treatment and the absence of onset 
of thrombotic glaucoma in any eye were 
encouraging results. 

In contrast, early analysis of results 
obtained from the treatment of eyes with pro­
liferative diabetic retinopathy is more diffi­
cult. The underlying metabolic abnormality is 
complex and may continue to exert an effect 
on the retina despite apparently successful 
laser photocoagulation. A longer period of 
review of this group is therefore necessary in 
order to allow firm conclusions to be drawn 

regarding the efficacy of diode laser photo­
coagulation for this condition. Historical com­
parison with previous trials using argon and 
krypton lasers demonstrate similar rates of 
regression at comparable periods following 
treatment (Table I). 

In the assessment of each of the three 
groups of patients there was little observed 
change in visual acuity following treatment 
and this is comparable to visual results follow­
ing treatment with other wavelengths 
(Table II). 

Currently, the preferred technique for the 
laser treatment of diabetic exudative mac­
ulopathy is to irradiate focally micro­
aneurysms with argon laser radiation. The 
underlying concept in such treatment is that 
closure of these discrete sources of leakage 
result in eventual resorption of exudates. 
There are few clinical studies of krypton radi­
ation for such treatment because of the poor 
absorption of red laser light in retinal blood 
vessels. 

In the present study the use of an infrared 
system correlated with a protocol demanding 
focal irradiation of micro aneurysms may seem 
illogical as even less radiation at 810 nm will 
be absorbed within micro aneurysms than at 
krypton 647nm. In argon laser irradiation if 
the microaneurysm is large then significant 
amounts of energy will be focally deposited 
within the abnormal vessel and the resulting 
thermal gradients may produce an acute 
thrombosis. Clinically, this is frequently 
observed as the vascular lesion changes in 

Table I Visual acuity following photocoagulation for 
diabetic neovascularisation 

Laser modality 
('n' refers to number of 

eyes in each group 

Diode (n = 16 ) 
Argont (n = 21 ) 
Kryptont (n = 23 ) 

Post treatment Snellen 
acuity within one line of 

pre-treatment value' 

1 5  (93 %) 
13 (62 %) 
1 5  (66 %) 

* Observations made four weeks following argon and 
krypton therapy and six weeks following diode 
photocoagulation. 
t From: Blankenship GW: Rcd krypton and blue­
green argon panretinal photocoagulation for prolifera­
tive diabetic retinopathy: a laboratory and clinical 
comparison. Trans Am Ophthalmol Soc 1986, 84: 967-
1003 . 
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colour from red to greyish white. In diode 
treatment the transparency of the vascular 
lesion to this wavelength precluded the gener­
ation of significant thermal disturbance in the 
aneurysm and therefore acute spasms or 
thrombosis were not observed. However, at 
review, several weeks post treatment micro­
anurysms within the areas of focal treatment 
had resolved together with resorption of exu­
dates. Recent laboratory studies employing 
tissue culture techniques on both human reti­
nal pigment epithelial cells and retinal capil­
lary endothelial cells are beginning to 
demonstrate possible biochemical mediators 
which induce beneficial tissue responses 
secondary to photocoagulation31.32. Such 
factors may be relatively acute such as relating 
to opening of the blood retinal barrier or 
death of pigment epithelial cells33, or may be 
somewhat delayed and depend upon a body of 
pigment epithelial cells proliferating34. In the 
former case, newly proliferated capillary 
endothelial cells may result in retinal vessels 
with a lower permeability and therefore less 
leakage of plasma constituents, while in the 
latter the newly formed retinal pigment epi­
thelial cells may increase the removal of fluid 
from the retina. Proliferating retinal pigment 
epithelial cells have also been shown to be 
correlated with the presence of factors in the 
vitreous which are seen to inhibit retinal vas­
cular endothelial cell division in vitro and may 
play a role in the effect of pametinal abla­
tion34. From our observations and these 
laboratory studies it seems that much of the 
beneficial effect of photocoagulation in retinal 
vascular disease derives from processes 
dependent upon energy deposition in the reti­
nal pigment epithelium rather than in retinal 
vessels themselves. If this is the case then the 
match of emission wavelength of clinical 
lasers in relation to the haemoglobin absorp­
tion spectra is relatively unimportant. 

The possibility of using longer wavelengths 
of photocoagulation has several advantages. 
First, the transmission of the human cornea 
and lens is significantly higher in the red and 
infrared region of the spectrum than in the 
blue35. Transmission in these former spectral 
regions is not very age dependent in that the 
progressive accumulation of pigment in the 
lens nucleus which may result in yellowing of 

the lens is associated with only 7% transmis­
sion loss at 800nm whilst that at 488nm is 
20%36. As most photocoagulation therapy is 
conducted in the elderly and as transmission 
losses are common in diseased eyes, the use of 
longer wavelength light significantly reduced 
problems of attenuation of radiation by pre­
target absorption or scatter. This advantage is 
also apparent in those cases where haemor­
rhages or blood products are present in the 
vitreous. 

Although the relative absorption of radia­
tion at 800nm in the retinal pigment epi­
thelium is only about 40% of that of argon at 
488nm37, it is obviously sufficient to produce a 
clinical burn and induce the observed thera­
peutic effects. 

A further advantage of using infrared radia­
tion as a means of coagulation is the reduced 
risk of possible photochemical damage to the 
patient's retina due to intraocular scatter, the 
so-called "blue light hazard". 38 This also has 
implications for the ophthalmic laser surgeon 
as recent studies have shown that they also 
experience a "blue light hazard" and a resul­
tant colour vision defect from exposure to 
reflections of the aiming beam during argon 
laser therapy39. 

In this first report of the use of diode lasers 
in the treatment of retinal conditions, in addi­
tion to specific information being gained on its 
therapeutic efficacy, valuable data have been 
collected on the ergonomic aspects of these 
systems when in routine clinical use. 

The pilot study was constructed to investi­
gate the therapeutic potential of the diode 
laser and also to allow a measure of com­
parison with conventional lasers particularly 
regarding ease of utilisation and patient 
tolerance. 

Both versions of the laser were reliable, no 
malfunction being encountered during the 
period of study. Their portability and sim­
plicity of use conferred a flexibility of oper­
ation not allowed with current laser systems, 
which are restricted by reason of their size, 
power requirements and cooling facilities. 
These factors, together with the projected 
lower capital and maintenance costs of diode 
lasers will allow their use outside the major 
ophthalmic centres and also enable use in 
those third world countries which have, at 
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present, only a few ophthalmic lasers to serve 
whole populations. 

The absence of the need for a safety shutter 
is a novel feature of the diode laser. In current 
laser apparatus it is not possible to view the 
formation of retinal lesions during exposure. 
Recent reports of failure of the shutter during 
argon laser therapy resulting, in at least one 
instance, in retinal damage to the surgeon, 
highlight the disadvantages of the necessity 
for a safety system that relies on moving parts, 
with the potential for malfunction40• 

The hand-held version proved effective in 
producing retinal burns and in treating retinal 
vein occlusions, although comparatively few 
patients were treated. The relative dis­
advantages of limited field of view, reduced 
illumination and unsuitability for macular 
photocoagulation tends to mitigate against it 
gaining widespread acceptance and are 
similar to many of the criticisms of the 
ergonomics of the early ruby laser ophthalmo­
scopes. There are however certain situations 
where it could be of advantage. Patients who, 
for reasons of physical disability, cannot sit at 
a slit lamp microscope could be treated while 
lying on an examination couch. Those 
patients who would need a general anaesthe­
tic due to exceptional intolerance of laser 
treatment, or for reasons of extreme youth 
might also be suitable for this type of therapy. 

The advantages conferred by the slit lamp 
model in terms of retinal imaging and 
illumination and ease of targetting allow a 
greater versatility of use in a variety of condi­
tions, including macular photocoagulation, 
and in the presence of significant media 
opacities. 

The visibility of the red aiming beam was 
satisfactory apart from in the presence of 
intragel haemorrhage, when the retinal view 
itself tended to be compromised. 

In conclusion, we have found that an 
experimental diode laser system mounted on 
a conventional Haag Streit slit lamp was 
extremely easy to use and was very reliable. 
To date, the clinical results are compatible 
with those obtained from the use of con­
ventional laser systems. The efficacy and 
potential price of diode laser photocoagula­
tion should have profound implications for 
ophthalmic practice in the next decade. 

References 
I Meyer-Schwickerath G: Light coagulation (trans­

lated by S. M. Drance), St. Louis, 1960, The C. V. 
Mosby Co. 

2 Maiman TH: Stimulated optical radiation in ruby. 
Nature 1960, 187: 493-4. 

3 Zaret MM, Breinin GM, Schmidt H et al: Ocular 
lesions produced by an optical maser (laser) . 
Science 1961, 134: 1525-6. 

4 Campbell CJ, Rittler MC, Koestler CJ: The optical 
laser as a retinal photocoagulator: an evaluation. 
Trans Am Ophthalmol Otolaryngol 1963;67: 

5&-67. 
5 Aiello LM. Beetham WP, Balodimos MC et al: Ruby 

laser photocoagulation in treatment of prolifera· 
tion diabetic retinopathy: Preliminary report. In 
Goldberg MF, Fine SL (eds) : Symposium on The 
Treatment of Diabetic Retinopathy 1968. Wash· 
ington, DC, US Department of Health, Edu­
cation and Welfare, 437-65. 

6 Taylor E: Regression of optic disc neovascularisa­
tion after retinal photocoagulation. Br J 
Ophthalmol1970, 54: 535-9. 

7 L'Esperance, FA: An ophthalmic argon laser photo­
coagulation system, design, construction, and 
laboratory investigations. Trans Am Ophthalmol 
Soc. 1968, 66: 827-904. 

8 Diabetic Retinopathy Study Research Group: 
Photocoagulation treatment of proliferative dia­
betic retinopathy: the second report of diabetic 
retinopathy study findings. Ophthalmology 1978, 
85: 82-105. 

9 Hamilton AM: Management of diabetic retinopa­
thy. Trans Ophthalmol Soc UK 1979,97: 494-6. 

10 Campbell CJ and Wise GN: Photocoagulation 
therapy of branch retinal vein obstructions. Am J 
Opthalmol1973, 75: 2&-31. 

II Macular Photocoagulation Study Group: Argon 
laser photocoagulation for senile macular degen­
eration. Results of a randomised clinical trial. 
Arch Ophthalmol1982, 100: 912-18 .  

12 The Moorfields Macular Study Group: Treatment of 
senile disciform macular degeneration: A single­
blind randomised trial by argon laser photo­
coagulation. Br J Ophthalmol1982, 66: 745-53. 

13 Coscas G and Soubrane G: Photocoagulation des 
neovaisseaux sous-retiniens dans Ie degenerese­
cence maculaire senile par laser a argon. 
Resultats de I'etude randomisee de 60 cas. Bull 
Mem Soc Fr Ophthalmol1983, 94: 149-54. 

14 Blankenship GW: Red krypton and blue-green 
argon panretinal laser photocoagulation for pro­
liferative diabetic retinopathy: a laboratory and 
clinical comparison. Trans Am Ophthalmol Soc 
1986,84: 967-1003. 

15 Marshall J and Bird AC: A comparative histo­
pathological study of argon and krypton irradia­
tions of the human retina. Br J Ophthalmol1979, 
63: 657-68. 

16 Yannuzi LA and Shakin JL: Krypton red laser 
photocoagulation of the ocular fundus. Retina 
1982,2: 1-14. 

17 Ham WT, Muller HA, Sliney DH: Retinal sen-



DIODE LASER IN THE TREATMENT OF RETINAL VASCULAR DISEASE 527 

sitivity to short wavelength light. Nature 1976, 
260: 153-55. 

18 Haut J, Brezin A, Lemer Y, Monin CL: Is use of dye 
lasers justified, and the yellow radiation in par­
ticular? Ophthalmic Laser Therapy 1987,2: 219-
2 6. 

19 Brancato R, Menchini U, Pece A et al: Dye laser 
photocoagulation of macular sub retinal neo­
vascularisation in pathological myopia. A ran­
domised study of three wavelengths. Int 
Ophthalmol1988, 11: 235-8. 

20 Pratesi R: Diode lasers in photomedicine. J Quan­
tum Electr 1984, 20: 1433-9. 

21 Brancato R and Pratesi R: Applications of diode 
lasers in ophthalmology. Lasers Ophthalmol 
1987, 1: 119-29. 

22 Puliafto CA, Deutsch TF, Boll J, To K: Semiconduc­
tor laser endophotocoagulation of the retina. 
Arch Ophthalmol1987, 105: 424-7. 

23 McHugh JDA, Marshall J, Capon M et al: Trans­
pupillary photocoagulation in the eyes of rabbit 
and human using a diode laser. Lasers Light 
Ophthalmol1988, 2: 125-43. 

24 Hercules BL, Gayed II, Lucas SB, Peacock J: Peri­
pheral ablation in the treatment of proliferative 
diabetic retinopathy: a three-year interim report 
of a randomised, controlled study using the argon 
laser. Br J OphthalmoI1977, 61: 555- 63. 

25 Hamilton AM and Blach RK: The technique and 
indications for photocoagulation in diabetic reti­
nopathy. II. The treatment of diabetic retino­
pathy. Int Ophthalmol1979, 2: 85-97. 

26 Hamilton AM: Management of diabetic retino­
pathy. Trans Ophthalmol Soc UK 1979, 97: 494-6. 

27 Archer DB, Michaelopulos N: Treatment of neo­
vascularisation secondary to branch retinal vein 
obstruction. Int Ophthalmol1981, 3: 141-53. 

28 Margagai LE, Brown GC, Augsburger JJ, Donoso 
LA: Efficacy of pametinal photocoagulation in 
preventing neovascular glaucoma following isch­
aemic central retinal vein occlusion. Ophthal­
mology 1982, 89: 780-84. 

29 Campbell CJ and Wise GN: Photocoagulation 
therapy of branch retinal vein obstruction. Am J 
Ophthalmol1973, 75: 28-31. 

30 Roseman RL and Olk J: Krypton red laser photo­
coagulation for branch retinal vein occlusion. 
Ophthalmology 1987,94: 1120-25. 

31 Glaser BM, D'Amore PA, Michels RG, Patz A, 
Fenselau A: Demonstration of vasoproliferative 
activity from mammalian retina. J Cell Bioi 1980, 
84: 298-304. 

32 Wong HC, Boulton ME, Clark P, Bayly M, Marshall 
J: Retinal pigment epithelial cells produce 
mitogenic factors for retinal microvascular cells in 
culture: A preliminary report. Eye 1987,1: 754-6. 

33 Marshall J, Clover G, Rothery S: Some new findings 
on retinal irradiation by krypton and argon lasers. 
Docum Ophthal Proc Series (ed by R Birngruber 
and V-P Gabel) 1984. Dr W Junk Publishers, The 
Hague, 21.,..37. 

34 Glaser BM: Extracellular modulating factors and 
the control of intraocular neovascularisation: an 
overview. Arch Ophthalmol1988, 106: 603-7. 

35 Lerman S: An experimental and clinical evaluation 
of lens transparency and ageing. J Geront 1983, 
38: 293-301. 

36 Boettner EA and Wolter JR: Transmission of the 
ocular media. Invest Ophthalmol1962, 1: 776-83. 

37 Geeraets WJ and Berry BS: Ocular spectral charac­
teristics as related to hazards from lasers and 
other light sources. Am J Ophthalmol 1968, 66: 
15. 

38 Birch J and Hamilton AM. Xenon arc and argon 
laser photocoagulation in the treatment of dia­
betic disc neovascularisation. Part 2. Effect on 
colour vision. Trans Ophthalmol Soc UK 1981, 
101: 93-9. 

39 Gunduz K and Arden GB: Changes in colour con­
trast sensitivity associated with operating argon 
lasers. Br J Ophthalmol1989, 73: 241-6. 

40 Department of Health: Lasertek 40A and 41AK 
ophthalmic argon and argon/krypton lasers 
failure of filter and shutter mechanisms. DHSS 
health circular, HC (Hazard) (88 )  18, 1988. 


	Initial Clinical Experience Using a Diode Laser in the Treatment of Retinal Vascular Disease
	Summary
	Materials and Methods
	Results
	Discussion
	References




