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Figure 3 The haematocrit corrected blood viscosities in
patients examined within 1 month of the onset ofvenous
obstruction are shown at presentation and after 1 year of
follow up (mean, 2SD and 2SE are shown).

blood viscosity, haematocrit, corrected blood
viscosity, and relative blood viscosity were all
lower at 1 year after occlusion than at the onset
(all, p<005, Figs 3 and 4). Haematocrit cor-
rected blood viscosity was also lower at 1 year
than 6 months (p<005).

Discussion

BLOOD VISCOSITY
In this study, both haematocrit corrected and
relative blood viscosity were higher in patients
with CRVO than in the age-matched control
population, but no significant elevation was

detected in erythrocyte aggregation or fibri-
nogen. The raised relative blood viscosity
suggests that cellular factors - that is, cellular
deformability, caused the increase in viscosity.
In explanation, firstly, haematocrit corrected
blood viscosity was calculated to remove the
contribution of haematocrit on blood viscosity
and, secondly, relative blood viscosity was
calculated to negate the influence of plasma
viscosity. Relative blood viscosity, therefore,
provides an indirect measure of the viscosity
resulting from cellular factors in the blood such
as deformability and aggregation. As there was
no difference in red cell aggregation between
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Figure 4 The relative blood viscosities in patients
examined within 1 month of the onset ofvenous occlusion
are shown at presentation and after 1 year offollow up
(mean, 2SD and 2SE are shown).

the two groups, blood cell deformability was
likely to be the main cause of the increased
viscosity in these patients.

Higher viscosity was found at the time of
onset of the occlusion than 1 year after the
onset. The occlusion of the central retinal vein
may, therefore, occur at a time of raised vis-
cosity for some, as yet undetermined, reason.
Alternatively, general medical advice given to
the patient at presentation - for example, on
reducing blood pressure or lipid levels, may
have resulted in a reduction in viscosity.

Significantly higher whole blood viscosities
in the ischaemic form of retinal vein occlusion
(in studies including branch retinal vein occlu-
sion) than in the non-ischaemic variant have
been described previously.16 19 Indeed, stagna-
tion of blood flow in the microcirculation
secondary to the elevated viscosity has been
used as an explanation for the capillary non-
perfusion seen on fluorescein angiography. In
this study, however, viscosity was not related to
the development of retinal ischaemia or iris
neovascularisation. Indeed, a relatively lower
plasma viscosity was found in the patients with
ischaemic features.

HAEMOSTASIS
The production of a blood clot first involves
aggregation of platelets upon a site of damaged
vascular endothelium, followed by the
stabilisation and extension of this aggregate by
fibrin, which is converted from the soluble
protein fibrinogen via the intrinsic and extrin-
sic cascade reactions ofvarious clotting factors.
This thrombotic mechanism is balanced by
factors which prevent formation of the clot -
for example, antithrombin III, protein C,
protein S, and by the fibrinolytic system which
converts plasminogen to plasmin which in turn
acts to lyse fibrin and fibrinogen. The fibri-
nolytic system involves the interaction of
factors such as tissue plasminogen activator
(increasing fibrinolysis) and plasminogen acti-
vator inhibitor (reducing fibrinolysis). In some
circumstances an imbalance of these systems
helps to cause thrombosis.
The role of increased coagulation activity

and reduced fibrinolysis in CRVO is as yet
unknown. In this study, although significant
differences were found, care must be taken in
the interpretation as confidence limits on the
results were wide in many cases. Histological
studies suggest that thrombus formation
occurs in the retinal vein, therefore haemo-
static systems may be important.29 30 However,
most of the cases that have been reported
histologically have had rubeotic glaucoma and
the few that have been examined in the acute
stage of the disorder without rubeosis have all
presented atypically. In this study, an increase
in the antithrombin III level in patients with
CRVO was observed, in contradiction to the
deficiency of this factor in a previous study19
where perhaps antithrombin III levels were
reduced because of the inclusion of patients
with branch vein occlusion. It has been sug-
gested that an increase in antithrombin III may
sometimes occur, possibly as a compensatory
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reaction to increased coagulation factors
because both low and high antithrombin III
levels are associated with ischaemic heart
disease.31 Increased von Willebrand factor in
the patients with CRVO also indicated a rela-
tive tendency to thrombus formation and
increased plasminogen activator inhibitor may
have led to a relative reduction in fibrinolysis in
these patients.

In this study 12-5% of the patients with
CRVO had activated protein C resistance
compared with 5% of the controls. This new
measure is much commoner than other in-
herited thrombotic tendencies and may, there-
fore, be an important cause of vasculopathies
such as CRVO. In contrast with the other
haemostatic factors, which only demonstrated
relative differences between groups of patients,
activated protein C resistance was abnormal
in a significant proportion of patients and
might be worth routine clinical investigation.
However, no particular pattern of clinical pre-
sentation of these patients was discernible that
might help identify the patients with this
problem.
Those patients who subsequently developed

iris neovascularisation had lower levels of
antithrombin III than patients who did not
develop this complication, signifying an
increased tendency to the formation of
thrombus. A reduction in fibrinolytic activity
was also evident from lower levels of tissue
plasminogen activator (in the presence of
unchanged plasminogen activator inhibitor),
indicating a relative inability to lyse thrombus.
Defective fibrinolysis has been associated
before with new vessel formation.32 The
patients with rubeosis iridis also had lower
levels of coagulation factor VII and a trend to
lower factor IX, changes which may partly
balance the prothrombotic effects of low
antithrombin III and tissue plasminogen acti-
vator. Although the patients classified as
ischaemic had lower protein S (an anticoagu-
lant non-enzymatic cofactor for protein C) no
difference was detected in those patients who
went on to develop rubeosis.

PATHOGENETIC MECHANISM FOR CRVO
The results suggest that increased viscosity
produces a risk of CRVO and that abnormali-
ties of haemostasis (by increasing the chance of
thrombus formation) are particularly associ-
ated with the development of iris neovas-
cularisation. Whether these findings are
primarily responsible for the condition or
merely associated, because conditions such as
systemic hypertension and hyperlipidaemia are
common in CRVO, remains unclear. Ring et al
have previously suggested that a 'rheological
obstruction' may occur in patients with retinal
vein occlusion.16 The results imply that vis-
cosity produces stasis of blood in the vein and
explain why reduction of blood viscosity
(isovolaemic heamodilution33 or troxerutin34)
in the treatment of CRVO leads in some
patients to a recovery of vision. It may be that
thrombus does not occur in all patients, thus
explaining why anticoagulation has been

unsuccessful in treating CRVO.35 Stasis of
blood flow in some 'at risk' individuals may
result in the development of thrombosis within
the vein, further reducing blood flow. The
thrombus may persist in patients with a defi-
cient fibrinolytic system, chronically reducing
their retinal blood flow and thereby resulting in
the development ofneovascular complications.
Indeed such a severe reduction in venous
blood flow has been detected by colour
Doppler imaging in patients with a risk of iris
neovascularisation.36 37 The risk of this com-
plication has been reduced by the use of
streptokinase to break down thrombus38 but
unfortunately this agent has also produced
vitreous haemorrhage in some patients and has
had little overall effect upon visual recovery.

In summary, our results suggest that raised
blood viscosity (from reduced cell deform-
ability) is present in patients with CRVO and
that, in particular, those patients who develop
neovascular complications have abnormalities
of haemostasis. A significant proportion of the
patients had activated protein C resistance,
therefore it may be clinically appropriate to
investigate patients with CRVO for this.
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