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Aqueous flare and cells in eyes with retinal vein
occlusion correlation with retinal fluorescein
angiographic findings

N X Nguyen, M Kuchle

Abstract
The laser flare cell meter (LFCM) was used to
evaluate alterations of the blood-aqueous
barrier in eyes with retinal vein occlusion
(RVO). In 42 eyes of 42 patients with RVO (30
branch vein occlusions, 12 central vein occlu-
sions) aqueous flare and aqueous cells were
determined and retinal fluorescein angio-
graphy was performed. Flare and cell values
were compared with 59 normal age and sex-
matched control eyes and correlated with
fluorescein angiographic findings. Both
aqueous flare (12.321 (SD 6-717) photon
counts/ms) and aqueous cells (mean 3*37 cells/
0075X10'Il) were significantly increased in
eyes with RVO in comparison with the normal
control group (flare 4l288 (SD 1-1I44) photon
counts/ms, cells 0-54 cells/0.075xlO1/l,
p<00001 and p<0005). Flare values in eyes
with central RVO (19.517 (SD 7.762) photon
counts/ms) were significantly higher than in
eyeswithbranchRVO(9.443(SD3.307)photon
counts/ms, p<00001). Significant correlations
were found between flare values and area of
RVO (r=0-70, p<0-0001) and between flare
values and area of retinal non-perfusion
(r=0-76, p<00001). There were also
significant correlations between flare values
and number of cotton wool spots (r=0.54,
p<00002) and between cell counts and degree
of cystoid macular oedema (r=046, p<0006).
Our findings show that aqueous protein con-
centration, as indicated by flare, and aqueous
cells are increased in RVO and that, changes of
aqueous flare correlate with fluorescein angio-
graphic findings that reflect the severity of
RVO. Measurements with LFCM may be
useful non-invasively to quantify changes of
the ocular barrier functions in RVO.
(BrJ Ophthalmol 1993; 77: 280-283)
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The laser flare cell meter (LFCM) was developed
to quantify aqueous flare and aqueous cells by
analysing anterior chamber laser beam scatter in
vivo. ' Clinical studies with this instrument have
so far mainly focused on diseases and changes of
the anterior segment such as intraocular inflam-
mations,2 3 postoperative changes,4 diabetic
retinopathy,56 and pseudoexfoliation.7 Lately
there have been reports that aqueous flare is also
increased in alterations of the posterior segment
such as retinal vein occlusion (RVO),8' retinal
detachment,'0 and choroidal malignant mela-
noma. 'It was the aim of this study to determine
whether flare and cell values are related to
clinical and fluorescein angiographic findings in
RVO.

Methods and patients
Aqueous flare and aqueous cell were measured
with the LFCM (FC-1000, Kowa Co, Ltd,
Tokyo, Japan). The apparatus and techniques
have been described previously. 2 The sensi-
tivity and reproducibility of the method have
been confirmed by a number ofgroups in a series
of studies.' 12-16
For this study, flare values were indicated as

photon counts per millisecond (photon counts/
ms). A total of 69 eyes of 69 patients with RVO
were examined. Twenty seven patients were
excluded because they had already undergone
argon laser treatment. Thus, 42 patients (30
branch retinal vein occlusion (BVRO), 12 central
retinal vein occlusion (CRVO)) were included in
this study within 2 months of onset of their
symptoms (22 men, 20 women, mean age 58-3
(SD 12-6) years, age range 25-84 years).
Measurements with the LFCM and fluorescein
angiography were performed within 1 week. As a
control group, 59 randomly selected age and sex-
matched normal eyes of 59 subjects (31 men, 28
women, mean age 58-6 (SD 11-6) years, age
range 25-84 years) were examined.

In both groups, exclusion criteria were
presence of diabetes, pseudoexfoliation, and
previous ocular surgery. Also excluded were
patients with iris neovascularisation visible at
slit-lamp examination. All patients with RVO
included in this study had at least one fluorescein
angiogram available for review. All of the
fluorescein angiograms were reviewed by the
authors. In each angiogram, the area of venous
outflow obstruction and the area of retinal non-
perfusion were estimated in disc areas. In addi-
tion, the number of cotton wool spots were
counted and degree of retinal haemorrhages and
cystoid macular oedema (CMO) were deter-
mined semiquantitatively (grade 0-3).

Flare values and cell counts were measured
30 minutes after pupillary dilatation with 0-5%
tropicamide and 5% phenylephrine hydro-
chloride by a total of three examiners. From each
eye five measurements were taken and averaged,
and care was taken to exclude all measurements
spoiled by artefacts. The data were processed
using personal computers and statistically
analysed with the non-parametric Mann-
Whitney test and regression analysis.

Results
Both flare values and cell counts of 42 eyes with
RVO (flare 12-321 (SD 6-717) photon counts/
ms, cell 3 37, range 0-19-0 cells/0J075x106/l)
were significantly higher than in normal control
eyes (flare 4-288 (SD 1-144) photon counts/ms,
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cell 0-54, range 0-3-6 cells/0-075x106/1,
p<0-0001 and p<0 005).

Flare values in eyes wth CRVO were 19-517
(SD 7-762) photon counts/ms, and in eyes with
BRVO were 9-443 (SD 3-307) photon counts/
ms. Statistically significant differences in flare
were found between eyes with CRVO and
normal control eyes (p<0-0001), and between
eyes with BRVO and normal eyes (p<0-0001).
Flare values were significantly higher in eyes
with CRVO than in BRVO (p<0-0001) (Table
1).

Cell counts in all groups showed considerable
variation. In eyes with CRVO, cell counts were
3-87 cells/0-075 x 106/1 (range 0-15-6). The group
of eyes with BRVO had cell counts of 3-16 cells/
0-075 x 106/1 (range 0-19-0). Statistically signifi-
cant cell count differences were found between
CRVO eyes and normal eyes (p<0-005),
and between BRVO eyes and normal eyes
(p<0-005). No significant differences were
found between eyes with CRVO and eyes with
BRVO (p>0-5) (Table 2).

Regression analysis showed correlation
between flare and the area of RVO (r=0-70,
p<0-0001) (Fig 1) and between flare and the area
of retinal non-perfusion (r=0-76, p<0-0001)
(Fig 2). Flare values also showed some correlation
to number of cotton wool spots (r=0-54,
p<0-0002). No significant correlations were
observed between flare and extent of retinal
haemorrhages, and between flare and degree of
CMO (p>0-5) (Table 3). There appeared to be
some correlation between cell counts in eyes with

Table I Flare values in nonnal eyes and eyes with retinal
vein occlusion and significance ofdifference between groups
(Mann-Whitney test)

Flare values
Number (photon countslms) Normal CRVO
ofeyes Mean (SD) (p Value) (p Value)

Normnal 59 4-288 (1-144)
All RVO 42 12-321 (6-717) <0 0001
BRVO 30 9-443 (3 307) <0 0001 <0 0001
CRVO 12 19-517(7 762) <0 0001

RVO=retinal vein occlusion, CRVO=central retinal vein
occlusion, BRVO=branch retinal vein occlusion.

Table 2 Cell counts in normal eyes and eyes with retinal vein
occlusion and significance ofdifference between groups
(Mann-Whitney test)

Cell count
Number (cells/O0075x1061/) Normal CRVO
ofeyes Mean (range) (p Value) (p Value)

Normal 59 0-54 (0-3-6)
All RVO 42 3-37 (0-19-0) <0 005
BRVO 30 3-16(0-19-0) <0-005 >0-5
CRVO 12 3-87(0-15-6) <0-005

RVO=retinal vein occlusion, CRVO=central retinal vein
occlusion, BRVO=branch retinal vein occlusion.

Table 3 Correlations betweenflare and cell values and retinalfluorescein angiographic
parameters in eyes with retinal vein occlusion (linear regression analysis)

Flare values Cell counts

r pValue r pValue

AreaofRVO 0 70 <0 0001 -0 11 e0 5
Area of retinal non-perfusion 0-76 <0 0001 0 04 >0-5
Number of cotton wool spots 0-54 <0 0002 0-24 >0 1
D)egree ol retnal haemorrhages -0 004 >0-5 0.19 >0 2
Degree ofCMO -0-002 >0-5 0-46 <0-006

r=correlation coefficient.
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Figure 1 Linear regression betweenflare values and area of
retinal vein occlusion (RVO) (y=5-216+0341*x, r=0-70,
p<O-OOO1).
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Figure 2 Linear regression betweenflare values and area of
retinal non-perfusion (y=8.524+0548*x, r=O- 76,
p<O-OOO1).

RVO and degree of CMO (r=0-46, p<0-006)
whereas no such correlation was seen between
cell counts and any of the rest of the above
mentioned angiographic parameters (Table 3).

Discussion
The results of our study clearly indicate that
aqueous protein concentration, as determined by
aqueous flare, is increased in eyes with RVO.
This is in accordance with previous studies.
Zirm, who used anterior chamber tap and
biochemical analysis, found increased albumin
concentration in the aqueous of eyes with
CRVO.'7 18 Oshika8 as well as Miyake et aP
measured aqueous flare with the LFCM in eyes
with RVO and found significantly increased
values. Virdi et al'9 observed flare in the aqueous
humour in cynomolgus monkeys following
experimental RVO. Increased protein concen-
tration in the anterior chamber indicates an
impairment of the blood-ocular barriers.
Accordingly, studies using vitreous fluorophoto-
metry demonstrated significant changes of the
blood-retinal barrier permeability to fluorescein
in patients with CRVO,202' and these changes
correlated with retinal fluorescein angiographic
findings. Our results also showed correlations
between flare values and area of RVO, between
flare values and area of retinal non-perfusion,
and between flare values and the number of
cotton wool spots. Miyake et al9 used the LFCM
and fluorophometry of the aqueous humour and
vitreous in eyes with RVO and found signific-
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antly higher values of aqueous flare and aqueous
fluorescein than in normal control eyes.

Alterations of the blood-aqueous barrier
similar to the retinal changes may occur in the
anterior segment of the eyes with RVO. Using
iris fluorescein angiography, iridal neovasculari-
sation can sometimes be detected very early after
RVO before it is detectable on slit-lamp exami-
nation.22 Virdi et al19 found increased fluorescein
in the aqueous and iris vascular leakage on
fluorescein angiography in eyes with major
branch or CRVO without any evident iris abnor-
mality or rubeosis. Fluorescein leakage from iris
vessels was also found in monkeys with experi-
mental RVO before the development of iris
neovascularisation, and there was a correlation
between the retinal leakage and the development
of ocular neovascularisation.'9 Therefore, leak-
age of protein through altered iris vessels is a
likely cause of increased flare values in eyes with
RVO. The alterations of iris vessels in RVO are
believed to be caused by growth factors that are
released by the ischaemic retina into the intra-
ocular fluids to the iris.'923 Another possible
mechanism that could be responsible for
increased aqueous protein may be passive
diffusion of protein from the retina via vitreous
cavity and posterior chamber into the anterior
chamber, as there is no dense barrier that
prevents diffusion from the vitreous into the
aqueous.2"26 This possible mechanism may
correspond with the observations by Amuzi
et alP7 in eyes with diabetic retinopathy, who
found that aqueous flare is increased distinctly
after vitreous haemorrhage. However, Miyake
et al,9 who used anterior chamber and vitreous
fluorophotometry in eyes with RVO, observed
that fluorescein concentrations were only
increased in the anterior chamber and the
posterior vitreous, whereas values in the middle
vitreous were low or normal. Therefore they
concluded that increased aqueous flare in RVO
mainly reflects blood-aqueous barrier disrup-
tion.9
Although the mechanisms by which aqueous

flare is increased in eyes with RVO are not fully
understood, our results suggest that the LFCM
is a useful tool for quantification ofchanges in the
aqueous in eyes with RVO.
Our measurements also showed increased cell

counts in eyes with RVO. These 'cells' may
represent leucocytes or even melanin granules.
Interestingly, our finding of a correlation of cell
counts with degree of CMO might point to
pathogenetic mechanisms in the development of
CMO such as release of prostaglandins that lead
to increased vascular permeability and diapede-
sis of leucocytes. For clinical evaluation ofRVO
with the LFCM, flare values seem to be more
useful than cell counts as cell counts show high
variations both in normal eyes and in eyes with
RVO.
Measurements of the aqueous flare with the

LFCM can be useful to quantify the extent and
severity of the alterations of the blood-ocular
barriers in eyes with RVO, as we and others9
found a correlation between flare values and both
the area of RVO and the area of non-perfused
retina. However, as the correlation between flare
and area of retinal non-perfusion is stronger,

retinal non-perfusion might possibly be the
factor that affects the blood-aqueous barrier
more severely. But still, eyes with CRVO without
significant retinal non-perfusion may show high
flare values (Fig 2), thus indicating that RVO
without non-perfusion also alters the blood-
aqueous barrier. Aqueous flare may also be of
prognostic significance in the development of iris
neovascularisation, because the development of
iris neovascularisation in eyes with RVO corre-
lates with the extent of retinal non-perfusion20
and with the degree of retinal vascular leakage.'9
Further studies are needed to follow up aqueous
changes in eyes with RVO and to correlate these
changes with electrophysiological finding, visual
outcome, and the development of complications
such as iridal neovascularisations and neovascu-
lar glaucoma, and to assess the effects of argon
laser photocoagulation on aqueous flare and
aqueous cells.
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