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SUMMARY 

We used the laser Doppler technique to quantify retinal 
circulatory abnormalities in three patients with branch 
retinal artery occlusion and in two patients with branch 

retinal vein occlusion, each of whom had shown delayed 
filling on fluorescein angiography. Blood flow in occluded 

arteries was 40-50% lower than in non-occluded arteries 

of the same branching order. In the patients with branch 

retinal vein occlusion blood flow in arteries supplying the 

affected regions was 80-90% lower than in arteries 

supplying the unaffected regions. One vein occlusion 
patient was measured serially over 18 months. Blood flow 
increased from 4 to 12 IlVmin in the artery supplying the 
affected region in this patient. The results demonstrate 
that retinal circulatory abnormalities can be evaluated 
quantitatively during the course of retinal vascular occlu
sive disease, and suggest that the efficacy of therapy can 
be monitored using our techniques. 

Aside from diabetic retinopathy, branch retinal vessel 
occlusion is the most common retinal vascular problem. 
The natural history of both branch retinal vein occlusion 
and branch retinal artery occlusion and the effects of dif
ferent treatment modalities on the evolution of these dis
orders have been clinically well documented.l-4 
Fluorescein angiography has been used to investigate the 
retinal circulatory changes that accompany the disease 
process. Initial studies aimed at quantifying these retinal 
circulatory changes were reported by Hills and David et 
al.6 Fluorescein angiography, however, provides only a 
semi-quantitative measure of the circulatory impairment 
during the disease process. The purpose of our study was 
to quantify retinal circulatory abnormalities in patients 
with branch retinal vessel occlusions using the laser Dop
pler technique and to compare the results with fluorescein 
angiography. 
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PATIENTS AN D METHODS 

Three patients with branch retinal artery occlusion and 
two patients with branch retinal vein occlusion were sub
jects for the study. One of the vein occlusion patients 
(patient 1) was studied serially over a period of 18 months. 
Each patient received a complete eye examination con
sisting of best corrected visual acuity, intraocular pressure, 
indirect ophthalmoscopy, slit lamp biomicroscopy and 
fundus colour photography. Monochromatic (575 nm) 
fundus photographs were taken of the eye chosen for 
study. 

The procedures performed in the study followed the 
tenets of the Helsinki Declaration, and were approved by 
the Schepens Eye Research Institute Human Studies Com
mittee. Written informed consent was obtained from each 
patient. 

Patient I was a 67-year-old woman who had been diag
nosed with a branch retinal vein o('clusion in her right eye 
3 months prior to initial laser Doppler testing. The patient 
had no retinal symptoms, complaining only of a dry eye 
condition. On the day of initial laser Doppler testing, best 
corrected visual acuity was 20/30 in the right eye and 
20/25 in the left eye, intraocular pressure was 14 mmHg 
in the right eye and 16 mmHg in the left, and the anterior 
segments of both eyes were normal. Indirect ophthal
moscopy of the right eye showed flame-shaped retinal 
haemorrhages along the inferotemporal retinal vein. Fol
low-up laser Doppler measurements were obtained 4, 8, 
12 and 18 months after initial testing. Fluorescein angio
grams of the right eye were obtained 4 and 18 months after 
initial testing. Clinically, during this period visual acuity 
and intraocular pressure remained stable. There was a 
decrease in the number and extent of retinal haemor
rhages, and the appearance of well-developed collaterals. 

Patient 2 was a 69-year-old man who had noticed a sud
den onset of blurring in the left eye 2 weeks prior to laser 
Doppler testing. One week later, a local ophthalmologist 
obtained a fluorescein angiogram and diagnosed a branch 
retinal vein occlusion. The patient was referred for further 
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evaluation. On the day of laser Doppler testing, best cor
rected visual acuity was 20/40 in the right eye and 20/50 in 
the left. Intraocular pressure was I S  mmHg in the right 
eye and 20 mmHg in the left. Indirect ophthalmoscopy of 
the left eye showed scattered, flame-shaped haemorrhages 
along the superotemporal vein. 

Patient 3 was a 63-year-old woman who had noticed a 
sudden onset of blurring in the right eye. The next day, a 
local ophthalmologist examined her and diagnosed a 
branch retinal artery occlusion in the right eye and referred 
her for further evaluation including a fluorescein angio
gram. The next day, at the time of laser Doppler testing, 
best corrected visual acuity was 20/50 in the right eye and 
20/30 in the left. Intraocular pressure was 10 mmHg in the 
right eye and 15 mmHg in the left. Indirect ophthal
moscopy of the right eye showed an embolus along the 
superotemporal arcade and an oval-shaped area of retinal 
whitening that corresponded to the territory of the 
obstructed arteriole. 

Patient 4 was a 61-year-old woman who had com
plained of cloudy vision in the right eye I week prior to 
laser Doppler testing. Indirect ophthalmoscopy revealed a 
superior branch retinal artery occlusion of the right eye. A 
fluorescein angiogram was obtained. On the day of laser 
Doppler testing, best corrected visual acuity was 20/30 in 
the right eye and 20/20 in the left, intraocular pressure was 
23 mmHg in the right eye and 2S mmHg in the left eye. 
Indirect ophthalmoscopy of the right eye showed white
ning of the upper half of the retina and an embolus was 
seen just above the base of the superior retinal artery. 

Patient 5 was a 63-year-old man who experienced tran
sient sudden losses of vision in the left eye 5 weeks prior to 
laser Doppler testing. He was referred by a local ophthal
mologist for further evaluation. On the day of laser Dop
pler testing, best corrected visual acuity was 20/20 in both 
eyes, intraocular pressure was 22 mmHg in the right eye 
and 21 mmHg in the left eye. Indirect ophthalmoscopy of 
both eyes was unremarkable. However, a fluorescein 
angiogram of the left eye suggested a diagnosis of a 
superior temporal arterial occlusion. 

The methodology of our application of the laser Dop
pler technique to measurement of centerline blood veloc
ity in retinal arteries has been described previously.H Our 
projection micrometry technique for measurement of 
arterial diameters using monochromatic photographs has 
also been previously described.9 

Blood flow rate in an individual retinal artery was cal
culated as Flow = V x Area/2, where V is the time average 
of the centreline blood velocity during the cardiac cycle, 
and Area is the cross-sectional area of the retinal artery at 
the laser Doppler measurement site.1o The area was calcu
lated from the arterial diameter assuming a circular 
cross-section. 

In the two patients with branch retinal vein occlusion 
laser Doppler measurements were obtained from the 
artery supplying the affected region of the retina as well as 
from a comparable artery supplying an unaffected region 
of the retina in the same eye. In patient 3 measurements 
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were made at three arterial sites in the vicinity of the 
obstructed arteriole and at a fourth site in an artery supply
ing an unaffected region of the retina in the same eye. In 
the other two patients with branch retinal artery occlusion 
measurements were obtained from the affected artery and 
from an unaffected artery in the same eye. 

RESULTS 

Fig. I shows a pair of arteriovenous phase fluorescein 
angiograms of the right eye of patient 1, obtained 4 
months and I S  months after initial laser Doppler testing. 
Also shown is the blood flow rate measured using the laser 
Doppler technique in the inferotemporal retinal artery 
supplying the region of the retina affected by the infero
temporal venous occlusion, and the flow rate in the 
superotemporal artery supplying the unaffected region. 
The angiogram taken at 4 months shows delayed filling of 
the occluded vein in the inferotemporal quadrant. Multiple 
capillary dilatations are present in the macula. The angio
gram taken at I S  months shows improvement in the filling 
of the inferotemporal vein as well as the appearance of 
well-developed vascular collaterals inferotemporal to the 
optic disc. There was a threefold increase in the blood flow 
rate in the inferotemporal artery during the 14 month 
period between the angiograms. The blood flow rate in the 
superotemporal artery remained stable. 

Fig. 2 shows the centerline blood speeds and blood 
flow rates measured serially in the inferotemporal retinal 
artery of patient I. Initially and 4 months later, the blood 
speed measured during the diastolic phase of the cardiac 
cycle was essentially zero. At these visits, the blood speed 
measured during the systolic phase of the cardiac cycle 
was 2-3 cm/s. With the development of the collateral 
vessels seen in the angiogram at I S  months, the blood 
speed measured during diastole increased to 2 cmls, and 
the blood speed measured during systole increased to 
5-6 cm/s. As also shown in Fig. 2, the corresponding 
blood flow rate increased from 4 to 12 Ill/min during the 
I S-month follow-up period. 

Fig. 3 is an arteriovenous phase fluorescein angiogram 
of the left eye of patient 2. Delayed filling of the occluded 
vein in the superotemporal quadrant is seen. Centerline 
blood speed in the superotemporal artery supplying the 
affected region of the retina ranged from 0.4 cmls during 
diastole to I .S cm/s during systole. In contrast, blood 
speed in the inferotemporal artery supplying the 
unaffected region of the retina ranged from 3.S cm/s 
during diastole to 12.5 cm/s during systole. The corre
sponding blood flow rates are shown in the figure. 

Fig. 4 is an arteriovenous phase fluorescein angiogram 
of the right eye of patient 3. There is an obstructive plaque 
just past the first bifurcation in the superotemporal artery 
and delayed filling of the arterioles and venules in the 
more temporal region of the superotemporal network. 
Laser Doppler measurements were obtained from the 
superotemporal artery before the bifurcation, in the branch 
with the obstruction, and in the branch without the 
obstruction. A fourth measurement was obtained from the 
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Fig. 1. Arteriovenous phasefluoresceill angiograms of the right eye of patient I. 4 months (left) and J 811lonths (right) after initial laser 
Doppler testing. The blood flow rates (�I/mill) in the superotemporal and inferotemporal arteries (Ire shoH'n. 

unaffected inferotemporal artery. The blood flow rates 
measured at these sites are shown in the figure. The blood 
flow in the superotemporal artery is markedly lower than 
in the inferotemporal artery, and the blood flow in the 
occluded branch of the superotemporal artery is much 
lower than in the unaffected branch. 

Fig. 5 is an arteriovenous phase fluorescein angiogram 
of the right eye of patient 4. There is delayed filling of the 
veins in the superotemporal quadrant. Laser Doppler 
measurements were obtained from the superotemporal 
and inferotemporal retinal arteries. The blood flow was 
markedly lower in the superotemporal artery. 

Fig. 6 is an arteriovenous phase fluorescein angiogram 
of the left eye of patient 5, who had been diagnosed with a 
superotemporal arterial occlusion. The angiogram shows 
delayed filling of the veins in the superotemporal quad
rant. The laser Doppler blood flow rate measured in the 
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superotemporal artery is only one-half of that measured in 
the unaffected inferotemporal artery. 

DISCUSSION 

The results show that the laser Doppler technique can be 
used to quantify the local retinal blood flow abnormalities 
that are present in patients with branch retinal vessel 
occlusion. In each patient studied, fluorescein angiog
raphy provided a semi-quantitative indication of the cir
culatory impairment in terms of the finding of delayed 
fill ing of the veins draining the affected regions of the ret
ina. The laser Doppler results showed that blood flow in 
the affected arteries of the patients with branch retinal 
artery occlusion was 40-50% lower than in unaffected 
arteries of the same branching order. In the patients with 
branch retinal vein occlusion, blood flow in arteries 
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Fig. 2. The centreline blood speeds (left) and the blood floH' rates (right) measured initially and 4, 8, 12 and 18 months later in the 
inferotemporal retinal artery of patient 1. The lo;ver set {)fpoints on the left shows the blood speeds measured during the diastolic phase 
of the cardiac cycle; the upper set shows the speeds measured during the systolic phase. 
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Fig. 3. Arteriovenous phase fluorescein angiogram of the left 
eye of patient 2. The blood flow rates (Ill/min) in the supero
temporal and inferotemporal arteries are shown. 

Fig. 5. Arteriovenous phase fluorescein angiogram of the right 
eye of patient 4. The blood flow rates (Ill/min) in the supero
temporal and inferotemporal arteries are shown. 

supplying the affected regions was 80-90% lower than in 
arteries supplying the unaffected regions. 

The laser Doppler results on patient I, who was 
measured serially over a period of 18 months, provided 
insight into the haemodynamic abnormalities associated 
with branch retinal vein occlusion. As shown in Fig. 2, the 
arterial blood speed measured during the diastolic phase 
of the cardiac cycle was essentially zero both at the time of 
the initial measurement and 4 months later. The cessation 
of flow during diastole is an indication that the retinal 
arterial diastolic blood pressure was not great enough to 
overcome the backpressure in the arteriovenous vascular 
segment created by the vein occlusion. In this circum-
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Fig. 4. Arteriovenous phasefluorescein angiogram of the right 
eye of patient 3. The blood flow rates (Ill/min) in the supertem
poral artery before the bifurcation, in the branch with the 
obstruction, in the branch without the obstruction, and in the 
inferotemporal artery are shown. 

Fig. 6. Arteriovenous phase .fluorescein angiogram of the left 
eye of patient 5. The blood flow rates (Ill/min) in the supero
temporal and inferotemporal arteries are shown. 

stance, blood flow occurred only during the systolic phase 
of the cardiac cycle. 

The continuous improvement in arterial blood flow in 
patient I measured 8, 12 and 18 months after initial testing 
is most probably associated with the development of col
lateral vessels, which act to bypass the venous occlusion 
site. The time frame for the improvement in blood flow is 
consistent with the observation of Pieris and Hill, II who 
studied the development and natural history of collateral 
vessels in patients with branch retinal vein occlusion. The 
improvement in blood flow related to the development of 
collateral vessels has also been documented by Miharal2,1.l 
who used videofluorescein angiography and image analy-
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sis to compare fluorescein circulation times measured in 
patients with relatively fresh branch retinal vein occlu
sions with the circulation times measured in patients with 
long-standing branch retinal vein occlusions. 

In summary, our results demonstrate that retinal cir
culatory abnormalities can be evaluated quantitatively 
during the course of retinal vascular occlusive disease, and 
suggest that the efficacy of therapy can be monitored using 
our techniques. 
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