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Abstract
Aims—To determine whether an increase
in vascular resistance in the central retinal
and ophthalmic arterial circulations
contributes to the development of central
retinal vein occlusion (CRVO), or haemo-
dynamic alterations in central retinal and
ophthalmic arteries occur secondary to the
vein occlusion as increased intravascular
pressure is transferred through the capil-
lary bed to the arterial side and the eVect of
panretinal photocoagulation treatment on
these circulations in ischaemic cases.
Methods—The ophthalmic and central
retinal arteries of the aVected and non-
aVected eyes of 20 patients with non-
ischaemic CRVO, 13 patients with
ischaemic CRVO, and 22 control subjects
were investigated by colour Doppler im-
aging. Panretinal photocoagulation (PRP)
treatment was applied to the eyes with
ischaemic CRVO. Maximum and mini-
mum blood flow velocities, and resistivity
indexes were calculated in the aVected and
healthy eyes of patients and in the control
eyes.
Results—Average blood flow velocity in the
central retinal and ophthalmic arteries of
patients with non-ischaemic CRVO did not
diVer from their fellow eyes, but a signifi-
cantly lower average blood flow velocity
was found in the ophthalmic and central
retinal arteries of the patients with ischae-
mic CRVO compared with their fellow
eyes. Patients with ischaemic CRVO had
significantly lower blood flow velocities in
their ophthalmic and central retinal arter-
ies than non-ischaemic cases that were fur-
ther reduced following PRP treatment.
Conclusion—This study suggests that im-
paired arterial blood flow observed in
patients with CRVO may be partly related
to secondary changes in the retrobulbar
arterial circulation as a result of enhanced
arterial resistance following CRVO. These
data also demonstrate that PRP treatment
decreases retinal and ophthalmic blood
flow velocities in patients with ischaemic
CRVO.
(Br J Ophthalmol 1999;83:50–53)

Central retinal vein occlusion (CRVO) is a
common retinal vascular disorder and may
lead to the development of a blind and painful
eye.1 The pathogenesis of the disease has not

been completely understood and there has
been much debate about the involvement of
the arterial and venous circulations in the
disorder.2–4 Histologically, the primary cause of
CRVO is thrombosis of the central retinal vein
at the level of or posterior to the lamina
cribrosa sclerae.5 Two forms of the disease are
recognised: “non-ischaemic,” “partial,” or “hy-
perpermeable” form, and severe, “ischaemic,”
“total,” or “haemorrhagic” form. The latter has
a worse prognosis, with poor visual recovery
and more frequent complications—for exam-
ple, rubeosis iridis and neovascular
glaucoma.6–10 Management of ischaemic
CRVO is aimed at the prediction of complica-
tions and preventive treatment by means of
destructive panretinal photocoagulation.11 12

However, the pathogenesis of CRVO is not
fully understood. Some researchers believe that
retinal arterial disease plays a role in the devel-
opment of CRVO, but suYcient information is
not available about arterial blood flow in eyes
with CRVO.13–15

This study was designed to examine the
blood flow velocities of the central retinal and
ophthalmic arteries of the aVected and non-
aVected fellow eyes in patients with either
ischaemic and non-ischaemic CRVO and to
determine the eVect of panretinal photocoagu-
lation treatment on these values. For this
purpose, we used colour Doppler imaging to
study ophthalmic and central retinal arteries.
Panretinal photocoagulation was applied to
ischaemic patients and blood flow analyses
repeated after treatment. The results were
compared with healthy fellow eyes and normal
subjects. One of the main aims of the study was
to determine whether an increase in vascular
resistance in the retrobulbar arterial circulation
contributes to the development of CRVO or
haemodynamic alterations in central retinal
ophthalmic artery occur secondary to the vein
occlusion which transfers increased intravascu-
lar pressure through the capillary bed to the
arterial side. Colour Doppler imaging is a non-
invasive, reproducible, and easily applied tech-
nique that is shown to be useful in evaluating
haemodynamic changes in several orbital and
retinal vascular diseases.16–19

Materials and methods
Thirty three patients with CRVO of 3 months’
duration or less were enrolled into the study
group. Fifteen of the patients with CRVO were
female and 18 were male. The average age of
the patients was 64.6 (SD 2.1) years. All
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patients had a unilateral involvement. Twenty
of them had systemic hypertension (14 in the
non-ischaemic group and six in the ischaemic
group) and two had diabetes mellitus (both of
them in the non-ischaemic group). Three (two
in the non-ischaemic group and one in the
ischaemic group) of the patients had open
angle type glaucoma that was controlled by
medical therapy at the time of colour Doppler
imaging. All the patients included in this study
had characteristic fundus findings of CRVO.
All had dilated and tortuous retinal veins, reti-
nal haemorrhages, optic disc oedema, and
macular oedema. Of the 33 patients 20 had
non-ischaemic and 13 had ischaemic type
CRVO. The average ages of non-ischaemic and
ischaemic patients were 64.8 (1.9) and 64.4
(2.0) respectively. Patients were defined as
having a non-ischaemic CRVO if they had
fewer than 10 cotton wool spots in a 45° pho-
tograph of the posterior pole, less than 10 optic
disc areas of retinal capillary non-perfusion on
fluorescein angiography, and no neovasculari-
sation of the iris. Patients were defined as hav-
ing an ischaemic CRVO if they had greater
than 10 cotton wool spots in a 45° photograph
of the posterior pole, 10 or more optic disc
areas of retinal capillary non-perfusion on
fluorescein angiography, and/or neovasculari-
sation of the iris. Panretinal argon laser photo-
coagulation at green wavelength was applied to
all patients who had an ischaemic type CRVO,
using a spot size of 500 µm with 250–700 mW
energy, and 0.1 second duration in varying
numbers of 1500–1800 spots as needed.

Twenty two healthy volunteers who had
undergone colour Doppler imaging were cho-
sen for the control group. Healthy volunteers

had no clinical evidence of retinal or systemic
vascular disease. Twelve of the volunteers were
male. The average age of the volunteers was
64.1 (1.8) years.

A Hitachi 515 Euba ultrasonic colour pulse
Doppler unit with a 7.5 MHz linear phase
transducer (Tokyo, Japan) was used to examine
the retrobulbar circulation in all subjects as
described by Lieb et al.20 Informed consent was
obtained from each patient and volunteer. Peak
systolic (PSV) (cm/s), and end diastolic blood
flow velocities (EDV) were measured from the
time velocity waveforms of the central retinal
(CRA), and ophthalmic arteries (OA) during
the spectral analysis by averaging the readings
from three waveforms. Maximum working
range (within the 95% of confidence limit) of
our machine for a 7.5 Mz probe is given
between the range of 1 cm/s and 118 cm/s.21

Resistivity indexes (RI) were calculated ac-
cording to the formula:

Resistivity index = PSV−EDV
PSV

All measurements were performed by the
same operator. Low pulse repeat frequency was
used to detect slow blood flow. Flow towards,
and away from the transducer was depicted as
red and blue respectively. During the eye
examination, the operator attempted to align
the ultrasound beam parallel to the vessel
under observation and its blood flow.

Multiple comparisons were performed for
each blood vessel. Firstly, the involved eye of
each patient with CRVO was compared with
the patient’s fellow healthy eye using Wilcoxon
matched pair signed rank test. In addition, the
involved and healthy eyes of patients with
CRVO were compared with the eyes of healthy
volunteers using the Mann–Whitney U test.
Involved and healthy eyes of patients with
ischaemic CRVO were compared with involved
and healthy eyes of non-ischaemic patients
using Mann–Whitney U test. Finally, values
obtained in the pretreatment stage of the
involved eyes of ischaemic patients were
compared with values obtained 1 month after
panretinal photocoagulation treatment using
paired Wilcoxon matched pair signed rank test.
Statistical significance was accepted as p<0.05.

Results
The blood flow velocities, and resistivity
indexes obtained from aVected and unaVected
eyes of patients with CRVO, and healthy
volunteers for the central retinal and ophthal-
mic arteries are shown in Tables 1 and 2. All
the obtained values were within 95% of the
confidence limit of the colour Doppler unit.

Comparison of the eyes with ischaemic
CRVO with healthy fellow eyes, eyes with non-
ischaemic CRVO, and controls showed signifi-
cantly lower velocities in the central retinal and
ophthalmic arteries in eyes with ischaemic
CRVO. A significantly higher average resistivity
indexes was found in the central retinal and
ophthalmic arteries of patients with ischaemic
CRVO compared with their fellow eyes, eyes
with non-ischaemic CRVO, and healthy
volunteers. In the non-ischaemic cases, arterial

Table 1 Results of velocimetry measurements and resistivity indexes* (mean (SD))

Ophthalmic artery Central retinal artery

PSV† EDV† RI‡ PSV† EDV† RI‡

Ischaemic (n=13)
Eye with

CRVO 28.7 (9.8) 5.9 (2.5) 79.4 (11.2) 6.9 (1.8) 1.9 (0.9) 73.2 (10.8)
Fellow eye 34.7 (9.6) 7.9 (2.8) 64.8 (10.4) 8.1 (2.3) 2.6 (1.2) 60.5 (11.0)
Following PRP 24.3 (8.7) 5.0 (2.6) 82.4 (13.6) 6.3 (1.7) 1.4 (0.8) 76.9 (13.4)

Non-ischaemic (n=20)
Eye with

CRVO 34.6 (8.6) 8.0 (2.5) 65.2 (10.9) 8.2 (2.2) 2.5 (1.3) 60.6 (11.3)
Fellow eye 34.5 (9.1) 7.9 (2.7) 64.9 (11.1) 8.3 (2.3) 2.6 (1.2) 60.8 (11.2)

Controls (n=22) 38.6 (10.1) 9.2 (3.5) 58.4 (9.5) 9.4 (3.1) 4.1 (1.9) 54.7 (9.7)

*All values are within the 95% of confidence limits; †cm/s; ‡percentage; PSV = peak systolic
velocity; EDV = end diastolic velocity; RI = resistivity index; CRVO = central retinal vein oclusion;
PRP = panretinal photocoagulation.

Table 2 Results of statistical analyses for velocimetry measurements and resistivity indexes

Ophthalmic artery Central retinal artery

PSV EDV RI PSV EDV RI

Is CRVO—fel† p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Is CRVO—after PRP† p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Is CRVO—non-is CRVO‡ p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Non-is CRVO—fel† p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05
Non-is CRVO—controls‡ p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Is CRVO—controls‡ p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Fel Is CRVO—controls‡ p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Fel Non-is CRVO—controls‡ p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Fel Is CRVO—fel non-is CRVO‡ p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

CRVO = central retinal vein occlusion; PRP = panretinal photocoagulation; Fel = fellow eyes; Is
= ischaemic; non-is = non-ischaemic; †= statistical analyses were performed by using Wilcoxon
matched pair signed rank test; ‡= statistical analyses were performed by using Mann–Whitney U
test.
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blood flow velocities and resistivity indexes did
not diVer significantly from their healthy fellow
eyes. However, significantly lower PSV, EDV,
and higher resistivity indexes were found in the
central retinal, and ophthalmic arterial circula-
tions of the patients with non-ischaemic CRVO
compared with healthy controls.

Comparison of the unaVected eyes of
patients with ischaemic and non-ischaemic
CRVO with each other did not give any signifi-
cant diVerence either for flow velocities or
resistive indexes.

Significantly lower PSV and EDV, and
higher resistive indexes were present in the
central retinal and ophthalmic arteries of the
healthy fellow eyes of the patients with CRVO
than the controls (p<0.05 for all values).

Arterial blood flow velocities in the eyes of
patients with ischaemic CRVO were found to
be significantly lower, and resistivity indexes
higher following PRP treatment compared
with their pretreatment values.

Discussion
Our data demonstrated a reduction of blood
flow velocities in the central retinal and
ophthalmic arteries in patients with CRVO
which was more marked in the ischaemic cases
compared with non-ischaemic patients.
Haemodynamic abnormalities in the retrobul-
bar arterial circulation of patients with CRVO
was reported previously.22 In patients with
CRVO, substantial arterial blood flow distur-
bances, such as the reduction of the retinal
artery peak systolic flow and absence of diasto-
lic flow were also reported by diVerent
researchers.23 However, in both studies the
authors did not compare the measurement
obtained from ischaemic patients with non-
ischaemic cases. Baxter and Williamson per-
formed further studies on the blood flow
velocities in ophthalmic and retinal arteries of
patients with CRVO and found that reduction
of the blood flow velocities in these arteries did
not correlate with the ischemia.24 25 Based on
their data, they suggested that a generalised
increase in vascular resistance in the retrobul-
bar arterial circulation may predate and
contribute to the development of CRVO.24 25

However, it is also possible that haemodynamic
alterations in central retinal artery and oph-
thalmic artery may occur secondary to the vein
occlusion as a result of increased intravascular
pressure transferred through the capillary bed
to the arterial side.3 Our findings suggest this
latter mechanism may also play a role in the
retrobulbar circulation abnormalities observed
in CRVO. We found lower PSV and EDV, and
higher RI values in the central retinal and oph-
thalmic arteries of patients with ischaemic
CRVO compared with non-ischaemic CRVO
patients. Furthermore, patients with non-
ischaemic type CRVO had lower PSV and
EDV, and higher RI values in their central reti-
nal and ophthalmic arteries of both aVected
and healthy fellow eyes compared with con-
trols. Blood flow characteristics in the central
retinal and ophthalmic arteries of the aVected
eyes of non-ischaemic patients did not diVer
significantly from their healthy fellow eyes.

Similarly, Keyser et al reported a higher average
RI, and lower average PSV in the central
retinal, and ophthalmic arteries of the aVected
and unaVected healthy eyes of patients with
CRVO compared with healthy volunteers, but
they did not group their patients according to
ischaemia.22

Patients with ischaemic CRVO had signifi-
cantly lower PSV and EDV, and higher RI
values in the central retinal and ophthalmic
arteries of the aVected eyes than their healthy
fellow eyes, non-ischaemic eyes, and controls.
Our data on ophthalmic artery measurements
do not correlate with the previous works of
Baxter and Williamson, since they did not
report a velocity diVerence between the
ophthalmic arteries of the aVected eyes of
ischaemic CRVO patients compared with the
aVected eyes of non-ischaemic cases.25 There is
no reasonable explanation for this diVerence
since both studies had similar methods and
patient selection criteria. We propose that
abnormalities observed in the retrobulbar arte-
rial circulation of the ischaemic CRVO patients
compared with non-ischaemic cases may be
related to secondary changes in arterial blood
flow following CRVO owing to increased
vascular resistance. On the other hand, several
haemodynamic abnormalities were present in
the arterial circulation of the healthy and
aVected eyes of non-ischaemic patients with
CRVO suggesting that some haemodynamic
abnormalities in the retrobulbar arterial circu-
lation may cause and predate the clinical onset
of CRVO. It has been suggested that the result-
ing arterial insuYciency as a result of arterio-
sclerosis or atherosclerosis may contribute cir-
culatory stasis in central retinal vein.2 In
addition, the thickening and increased rigidity
of the central retinal artery wall as a result of
atherosclerosis and arteriosclerosis subse-
quently may impinge upon the lumen of the
central retinal vein in the area of the lamina
cribrosa, contributing to venous thrombus
formation.5 The available evidence suggests
that the site of venous occlusion in CRVO is
probably within or just posterior to the lamina
cribrosa.7 Thus, it seems likely that both of the
above mentioned mechanisms play a role in
causing the haemodynamic abnormalities seen
in the central retinal artery of the eyes with
CRVO. Haemodynamic abnormalities ob-
served in the retrobulbar arterial circulation,
central retinal artery, and ophthalmic artery of
the healthy fellow eyes of patients with CRVO
may predispose these clinically healthy eyes to
CRVO and may explain the risk of bilateral
disease in 6%–16%.7 26–28

We found that PRP treatment further
impaired retinal and ophthalmic circulation in
patients with ischaemic CRVO. Following PRP
treatment, lower PSV, EDV, and higher resis-
tive indexes were found in the central retinal
and ophthalmic arteries of the patients with
ischaemic CRVO than their pretreatment
values. In a recent study, peak systolic blood
flow velocities were found to be significantly
lower in central retinal veins of PRP treated
diabetic patients than preretinopathy group.29

A lower mean PSV in the central retinal
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arteries of the PRP treated patients compared
with patients with preretinopathy was reported
by the same authors, but the diVerence did not
reach a significant level. However, the authors
did not compare the blood velocities of their
patients in the pretreatment stage with post-
treatment values.29 In another study concern-
ing patients with proliferative diabetic retino-
pathy, following PRP treatment a significant
decrease in retinal volumetric blood flow rate
and an increase in the retinal vascular regula-
tory response to hyperoxia were found by using
bidirectional laser Doppler velocimetry and
monochromatic fundus photography
techniques.30 The results of our study suggests
that panretinal photocoagulation treatment has
the same eVect on central retinal and ophthal-
mic arterial circulation of ischaemic type
CRVO as in diabetic retinopathy.

In conclusion, impaired arterial blood flow
observed in patients with CRVO may partly be
related to secondary changes in the retrobulbar
arterial circulation due to enhanced arterial
resistance following CRVO. Panretinal photo-
coagulation treatment further impaired blood
flow in central retinal and ophthalmic arteries
of patients with ischaemic CRVO. Colour
Doppler imaging may be a useful technique for
assessing central retinal and ophthalmic arte-
rial circulation abnormalities observed in
CRVO and further studies using this technique
may be helpful for better understanding of the
pathogenesis of the disease.
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