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Fig.2 Whole blood viscosity results in patient groups and
controls at the highest shear rate measured. Mean, standard
deviation, and p value for difference from controls are
indicated.

Mean plasma viscosity was significantly higher
than in controls in the LTG group but notin the HTG
group. Again within the LTG group a statistically
significant difference was evident only in the FILTG
and LTGu. subgroups (Fig. 3). The packed cell
volume was significantly higher in both the LTG and
the HTG group than in the controls; in the LTG
group the higher level was confined to the FILTG and
LTGnix subgroups (Fig. 4).

As to the other parameters measured, including
plasma fibrinogen and a,-macroglobulin, no statistic-
ally significant differences between the groups were
detected (Table 4).

Discussion
This study shows that patients with LTG have a

significantly higher whole blood viscosity measured
over the whole range of physiological shear rates
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PLASMA VICOSITY
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Fig.3 Plasma viscosity results in patient groups and
controls. Mean, standard deviation, and p value for
difference from controls are indicated.

when compared with a control group matched for
age, sex, and several important clinical féatures that
influence blood viscosity. The increased viscosity was
associated partly with increased packed cell volume
and partly with increased plasma viscosity. It may be
questioned whether a group of cataract patients is a
suitable control group. The fact that the frequency of
general cardiovascular disease in the LTG group and
the cataract group is comparable is in favour of the
selection of the cataract group as control. One could
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Fig.4 Packed cell volume results in patient groups and
controls. Mean, standard deviation, and p value for
difference from controls are indicated.
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Table 4 Plasma viscosity and blood, serum, or plasma concentrations of the other variables measured. Values are
means + standard deviation :

Controls Total LTG FILTG. SSLTG SSLTS HTG

(n=50%) (n=83) (n=20) - (n=16) (n=8) (n=23)
Plasma viscosity (mPa.s) 1-38+0-10 1-43+0-12* 1-45+0-12* 1-43+0-07 1-42+0-08 1-41£0-09
Hacmoglobin (mmol/1) 8:7+0-79 9-0+0-80* 9-2+0-46* 8:9+1-04 8-8+0-81 9-4+0-74*
Hacmatocrit (%) 40-3+3-59 41-9+3-27* 42-8+2-20** 40-8+4-26 40-6+4-18 43-1+2.95*
Fibrinogen (g/1) 2:74+0-59 (n=17) 2-77+0-84 2-80+0-70 2-98+0-68 2:73%+0-60 2-89+0-86
a,-macroglobulin (g/1) 3-11+1-03 3-06+0-70 3-11+0-72 3-06+0-93 3-22+0-87 2-64+0-83
Total scrum Protcin (g/1) 67-7%5-7 70-2+4.9 70-2+4-1 71-7+3:9 69-3+4-5 70-3+4-9
Albumin (g/1) 39-3+2-7 41-1%5-1 41-8+3-4 41023 40-8+2:0 41-4+2.7
a,-globulin (g/1) 2-16+0-44 2-231+0-59 2:20+0-62 2-37+0-52 2-29+0-32 2-28+0-53
a,-globulin (g/1) 6-93+1-39 7-13+1-41 7-31%£1-36 7-62+1-09 7-11+£1-48 7-34+1-54
B-globulin (g/1) 7-65%+1-07 7-92+1-29 7-86+1-08 8-28+1-27 7-66%1-38 8-08+1-58
y-globulin (g/1) 11-7£4-0 11-:3+3-2 11-1£3-12 12-442.32 11-3+2-61 11-5+3-4
Thrombocytes (x 10°1) 233+46 250+60 259+65 241+37 237+80 281+82

tOnly 17 control valucs of fibrinogen were available.
*p<0-05 (vs. controls, Wilcoxon test).
**p<0-01 (vs. controls, Wilcoxon test).

argue that cataract is an eye disease that may in itself
be related to viscosity. Even if this were so the
outcome would be influenced only in a negative way.
One would then expect the differences between LTG
and a completely normal age matched group to be

even greater. We were unable to show a difference in

whole blood viscosity between LTG and HTG
patients. In fact the HTG patients in our study had
whole blood viscosity values similar to those of the
LTG subgroup with the highest blood viscosity
results. The high blood viscosity in the HTG group
was not associated with increased plasma viscosity,
and a high packed cell volume appeared to be the
dominant factor involved. This may be explained by
the large tobacco consumption in the HTG group as
compared with the other groups. Owing to this
difference in smoking habits in our series a valid
conclusion as to the original hypothesis, namely, that
blood viscosity in LTG patients will be higher than in
HTG patients, cannot be drawn.

These results are suggestive of increased whole

blood viscosity being a risk factor for glaucomatous
optic nerve damage in at least some patients with
LTG, notably those subclassified by us as belonging
to the focal ischaemic subgroup. It is interesting that
two subgroups of LTG could be identified by ophthal-
moscopy that show significant differences in blood
viscosity. Without a subclassification of LTG these
differences would have been overlooked. This
emphasises the necessity of subclassification in
research into the pathogenesis of LTG. There is
evidence that local disturbance of the microcircula-
tion at the disc is an important damaging factor in
FILTG. Fluorescein angiography in these patients
frequently shows inferotemporally localised, sharply
defined filling defects of the optic disc, while the

remainder of the disc appears well vascularised.”
From a theoretical point of view the role of high
blood viscosity, especially at low shear rates, in the
pathogenesis of glaucomatous optic nerve damage
would be obvious.

In normal circumstances the major factors in the
microcirculation are the autoregulation of the vascu-
lar diameter and the perfusion pressure, blood
viscosity playing a minor role. However, blood is a
fluid with non-newtonian behaviour, which implies
that blood viscosity varies with the force applied to it.
The rheological term ‘shear rate’ is often used in this
context, high shear rate being present when flow is
fast and the vessel diameter small, and low shear rate
present when flow is slow and the vessel has a large
diameter. The non-newtonian behaviour of blood is
due to the tendency of red cells to aggregate at low
shear rates when low shear forces are applied to
them, while these aggregates disperse when the shear
forces become higher. Furthermore, when shear
rates are high the red cells are deformed to become
optimally adapted to the flow conditions. Normally in
the capillaries high shear rates occur and blood
viscosity will be low, but, as flow is chronically
retarded, irrespective of the causative factor shear
rates will fall and blood viscosity will rise, resulting in
still further decreasing flow. Thus when vasomotor
reserve becomes exhausted, even slightly increased
viscosity may become a critical and limiting factor
governing flow.”

There is evidence that increased blood viscosity
plays arole in capillary non-perfusion associated with
retinal vein occlusion®* and diabetic retinopathy.?-2
The angiographic findings in FILTG patients suggest
localised capillary non-perfusion of the disc. The fact
that there is a predilection for the inferotemporal
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margin of the disc may be due to some anatomical
peculiarity of the vascularisation to that area.
According to the above theoretical considerations
patients with increased blood viscosity would be at
great risk of developing decompensation of the
microcirculation, viscosity not being the initiating but
an aggravating factor, setting into motion a vicious
circle of decreasing flow, which leads to higher
viscosity, which then further slows down flow, and so
on.

In the senile sclerotic LTG subgroup, in which no
increase of blood viscosity could be demonstrated,
senile atrophy probably owing to generalised
vascular disease was proposed earlier as a pathogenic
mechanism.”* The same goes for the SSLTG sub-
group.

Finally the LTG . subgroup, which is a collection
of patients that could not be classified into either the
FILTG or the SSLTG subgroup, has viscosity values
that lie in between those for FILTG and SSLTG,
possibly reflecting its heterogeneity.

Prospective studies are needed to establish more
clearly the role of high blood viscosity in the develop-
ment of glaucomatous optic nerve damage. If a
causative role of high blood viscosity can be demon-
strated, this finding would have therapeutic conse-
quences, since several drugs have been shown to be
effective in lowering blood viscosity.
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Haematology laboratories, St Lucas Hospital, and the Immuno-
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