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Relation between extent of coronary artery disease
and blood viscosity

G D 0 LOWE, MAUREEN M DRUMMOND, A R LORIMER, I HUTTON, C D FORBES,
C R M PRENTICE, J C BARBENEL

Summary and conclusions

Blood viscosity (shear rate 100/s) and its major determin-
ants (packed cell volume, plasma fibrinogen concen-
tration, and plasma viscosity) were measured before
coronary angiography in 50 men aged 30-55 and related
to the extent of coronary artery disease. Twenty-six men
had extensive disease (stenosis of two or three major
coronary vessels), and 24 had either stenosis of one
vessel or no stenosis. The 26 men with extensive disease
had significantly higher mean blood viscosity than those
with mild or no disease and 25 healthy controls (p <0 001).
The increased viscosity was due partly to a higher packed
cell volume and partly to a higher fibrinogen concentra-
tion; plasma viscosity was not significantly increased.
These differences could not be explained by smoking
history.
These results suggest an association between increased

blood viscosity and extensive coronary artery disease in
men, which merits further investigation.

Introduction

Increased blood viscosity has been described in patients with
clinical manifestations of occlusive arterial disease (previous
myocardial infarction, angina, claudication) compared with
control subjects.'-3 The relation of viscosity to the extent of
coronary artery occlusion-the most important determinant of
mortality in ischaemic heart disease 4-is, however, not known.
We therefore studied blood viscosity and its major determinants
(packed cell volume, plasma fibrinogen concentration, and
plasma viscosity) in relation to the extent of coronary occlusion
in men undergoing coronary arteriography.
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Patients and methods

We studied 75 men aged 30-55 years after they had been admitted
to Glasgow Royal Infirmary. Fifty were studied before they underwent
selective coronary arteriography for assessment of chest pain: we
excluded those with a history of myocardial infarction in the previous
three months, those receiving treatment with diuretics (which cause
haemoconcentration) or clofibrate (which lowers fibrinogen con-
centration and viscosity5), and those with overt cardiac failure. The
extent of angiographic coronary occlusion was graded according to
the number of major vessels (right, left anterior descending, and left
circumflex coronary arteries) in which the lumen was occluded by
50% or more: patients were thus classified as having no disease or
disease of one, two, or three vessels. Twenty-five men admitted for
elective minor surgery served as controls: none had clinical evidence
of vascular disease and in all a resting electrocardiogram was nornal.
Cigarette smokers were defined as those who had regularly smoked
cigarettes within the previous three months.
Venous blood samples were taken from resting subjects between

11 am and 1 pm and anticoagulated with EDTA (1 mg/ml) for
measurement of blood viscosity at 37°C (rhombospheroid viscometer,6
shear rate 100/s); packed cell volume (Hawksley microhaematocrit,
13 000 g for five minutes); and plasma viscosity at 37°C (BS M3
capillary viscometer). Fibrinogen was determined by a thrombin-time
method7 in citrated plasma. The coefficient of variation for all these
variables as measured by us is under 2 %0. Differences in mean values
were analysed by Student's t test, and correlations by covariance
analysis.

Results

Twenty-six men had extensive coronary occlusion: 16 had stenosis
of two and 10 stenosis of three vessels. This group was compared with
the 24 men who had relatively normal coronary arteries (eight with no
stenosis and 16 with stenosis of a single vessel) and the 25 control
subjects who had no clinical vascular disease. Table I shows that the
three groups were comparable with regard to age and prevalence of
smoking; history of smoking, weekly consumption of tobacco, and
prevalence of inhaling were also comparable. The two groups of
patients undergoing arteriography did not differ significantly in
current use of beta-adrenergic blocking drugs or history of myocardial
infarction.

TABLE I-Clinical data on patients studied

Extent of stenosis
Controls

None, or one Two or three
vessel vessels

No of patients 25 24 26
Mean age (±SD) (years) 46 1 ±5 9 45 6 ±5 5 48-2±5 3
No of smokers 15 14 16
No receiving beta-blockers 14 19
No with previous infarct 12 16
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Mean blood viscosity was significantly higher (p<0 001) in men
with stenosis of two or three vessels compared with both the angio-
graphic controls (no stenosis or stenosis of one vessel) and the
asymptomatic controls (table II; figure). This increase in viscosity
was associated with a higher mean packed cell volume (p<0 005) and
an increased mean fibrinogen concentration (p<0 02). Mean plasma
viscosity was also higher than that in the control groups, but the
difference was not significant (0 1 >p >0 05). Covariance analysis of
viscosity and its determinants, correcting for the effects of other
variables, showed that blood viscosity correlated with packed cell
volume (r=0-7, p<0001) and fibrinogen concentration (r=0 4,
p<0-01), and that plasma viscosity correlated with fibrinogen con-
centration (r=0 4, p<001). After adjusting for variation in packed
cell volume and fibrinogen concentration there was no correlation
between blood and plasma viscosities. Blood viscosity and its deter-
minants were not significantly different in men taking beta-blockers
compared with men who were not, nor in men with a history of
myocardial infarction compared with men with no such history.

TABLE iI-Blood viscosity data (expressed as means ± SD)

Extent of stenosis
Controls

None, or one Two or three
vessel vessels

Blood viscosity (mPa s) 6-72±0 37 6-65 ± 0 37 7-24±0 50
Packed cell volume () 447 ±2-2 44-4±2-4 47-2 ±2-9
Fibrinogen (gl) .. 2-70 ±0-55 2-73 ±0-66 3-19 ±0-66
Plasma viscosity (mPa s) 1-38±0-10 1-39±0-08 1-43±0-10

Conversion: SI to traditional units-Viscosity: 1 mPa s = lcP
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Blood viscosity and packed cell volume in patients studied. 0 =Controls.
*=Patients with no stenosis or stenosis of one vessel only. x =Patients
with stenosis of two or three vessels.
Conversion: SI to traditional units-Blood viscosity: 1 mPa s= 1 cP.

Discussion

These results suggest an association between increased blood
viscosity and extensive coronary artery occlusion in men. While
coronary artery disease progresses throughout life,8 it is people
with extensive coronary stenosis who tend to die from ischaemic
heart disease.4 89 Healthy middle-aged American men often
have one stenosed vessel,8 and we found no difference in viscosity
or its determinants when comparing men with arteriographic
evidence of disease of one vessel and men with no clinical
evidence of vascular disease. On the other hand, men with
stenosis of two or three vessels before the age of 56-that is,
those at risk of premature death-had increased blood viscosity.
This appeared to be due to the combination of increased packed
cell volume and increased fibrinogen concentrations, as found
in patients with claudication2 and angina.3 Plasma viscosity
tended to increase with the plasma fibrinogen concentration but
was not significantly higher in the group with extensive stenosis-
possibly owing to differences in other plasma proteins. The
association of packed cell volume and fibrinogen concentration
with extensive arterial disease may explain why, in prospective

studies, risk associations for vascular events include high con-
centrations of haemoglobin'011 and erythrocyte sedimentation
rate'" (which reflects plasma fibrinogen concentration).
The mechanisms by which packed cell volume and fibrinogen

concentration are raised in men with arterial disease are not
known. Cigarette smokers have a higher viscosity, packed cell
volume, and fibrinogen concentration than non-smokers,'2 but
in this study the increased viscosity in men with extensive
coronary disease could not be explained by differences in
smoking history. Whatever the mechanism by which it arises,
increased viscosity may play a part in the development of ischae-
mic heart disease. Fluid dynamic factors may be important in
localising atherosclerotic lesions,'3 and increased blood viscosity
may alter some ofthese in directions favouring mural thrombosis
or insudation of plasma components into the arterial wall. Rela-
tively small increases in packed cell volume and viscosity are
associated with relatively large decreases in blood flow in the
limbs'4 and brain,'5 and decreased blood flow may precipitate
ischaemia and thrombosis in stenosed arteries. 9 The combination
of vessel stenosis (which lowers shear rates and hence increases
blood viscosity locally), increased packed cell volume, and
increased plasma viscosity and aggregation of red cells owing to
high fibrinogen concentrations may also produce pronounced
adverse effects on blood flow in the microcirculation.16 The
association of viscous blood and stenosed arteries may therefore
have serious consequences, and studies of the effect of reducing
blood viscosity in managing coronary artery disease merit
consideration.

We thank Dr Monica Jordan of the Bioengineering Unit, University
of Strathclyde, for performing the covariance analysis.
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