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SuMMARY Haemorrheological variables were studied in 43 patients after acute myocardial infarction.
Red cell deformability, by a filtration method, was significantly lower within 12 hours of infarction than
subsequently. This drop was greater in the presence of haemodynamic complications. Blood viscosity,
particularly when adjusted to a standard haematocrit, rose in the week after infarction, as did plasma
viscosity and plasma fibrinogen. Haematocrit, however, fell over this period. These changes could
increase myocardial ischaemia and lead to extension of the-area of infarction.

Myocardial infarction is an important cause of death
in Western communities.' Though there is still
disagreement on the pathogenesis of the vascular
occlusion, current interest lies in limiting the ulti-
mate size of the infarct by preventing extension
into the surrounding area of marginal ischaemia.
Changes in the physical flow properties of blood
may have an important influence on blood flow and
oxygen supply to ischaemic myocardium.2 The
purpose of this study was to examine the changes
in red cell deformability and other haemorrheologi-
cal variables after acute myocardial infarction.

Patients and methods

Forty-three patients with myocardial infarction (35
men, eight women; age range 33 to 76 years; mean
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age 58&6 years) admitted consecutively to the
intensive care unit were studied. Requirements for
a diagnosis of myocardial infarction were two or

more of the following: (a) typical history; (b) an

increase in the serum aspartate transaminase or

serum hydroxybutyrate dehydrogenase concentra-
tion to more than twice the upper limit of normal
within three days ofadmission; and (c) characteristic
evolutionary electrocardiographic abnormalities.

Samples of blood were drawn from an ante-
cubital vein using a 21 G needle without cuff
occlusion: 20ml was anticoagulated with solid
lithium heparin (12.5 units/ml) for rheological
studies and 5 ml with 0 5 ml of3-8 per cent trisodium
citrate solution for plasma fibrinogen estimation.
Collections were made one, three, five, and 10 days
after the presumed infarction indicated by the
history. Samples were not collected at weekends,

Table Haemorrheological variables after myocardial infarction (mean SEM)

Day O Day I Day 3 Day 5 Day 10

Blood viscosity 0 77/s (mPa/s) 26-7 ±2-1 29-6 ±1-5 31-7 ±1-4 29-6 ±1-4 28-6 ±1.0
Blood viscosity (C) 0 77/s (mPa/s) 26-3 ±1-5 30-1 ±1 0* 33 9 ±0 9* 33 9 +1-2* 32-8 ±10***
Blood viscosity 2 62/s (mPa/s) 15-3 ±1-1 16-8 ±0-6 16-6 ±0 7 16-6 ±0-6 16-3 ±0 7
Blood viscosity (C) 2-62/s (mPa/s) 14-5 ±0-7 16-7 ±0 4*** 17-3 ±0.4*** 18-0 ±0-6t 17-8 ±0 5*
Blood viscosity 91/s (mPa/s) 4-8 ±0-2 4-8 ±0 1 5 0 ±0 1 4-8 ±0-2 4-7 ±0 1
Blood viscosity (C) 91/s (mPa/s) 4-7 ±0 1 4-9 ±0 1 5-1 ±01* 5-1 ±0 1* 5-1 ±0 1*
Plasma viscosity (mPa/s) 1-41 ±0-03 1-45 ±0-02 1-52 ±0-02*** 1-54 ±0-02t 1-60 ±0-02t
Haematocrit (%) 45 0 ±1-1 44-0 ±0-9 43-1 ±0-7 41-7 ±0-6** 41-3 ±0 7**
Plasma fibrinogen (g/l) 4-3 ±0-3 4-6 ±0-2 6-3 ±0-2t 6-9 ±0 3t 6-3 ±0 3t
Deformability index 0-22 ±0 04 0 49 ±0 05t 0-55 ±0-03 0-56 ±0 03* 0-63 ±0-02*
n 17 33 39 38 36

(C) adjusted to a standard haematocrit (45%).
* p < 0-05. ** p < 0-02. p < 001. t p < 0 005. * p < 0-001 when compared with day 0.
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and some final samples were not collected because
of death or discharge from hospital. Seventeen
patients had an additional sample drawn within 12
hours of infarction (day 0).
Red cell deformability was assessed by a filtration

method previously described: in which a 5 per cent
suspension of red cells in autologous prefiltered
plasma was passed through individual 5 um
Nuclepore polycarbonate sieves (Nuclepore Cor-
poration, Pleasanton, California, USA). The
deformability index was defined as the fraction of
1 ml of this suspension filtered in 60 s.
Whole blood viscosity at shear rates of 0 77/s,

2 62/s, and 91/s together with plasma viscosity
were measured at 37 C using a Contraves low
shear 2 rheometer.4 The results were also adjusted
to a standard haematocrit of 45 per cent.4 Plasma
fibrinogen by a clot weight method,5 and micro-
haematocrit were also measured.

Student's t test (two-tailed) was used for statistical
analysis.

Results

The results for the whole group are contained in
the Table. Red cell deformability was lowest on
day 0, rising significantly by day 1, with small
increases thereafter (p < 0 001) (Fig. 1). The earliest
deformability index determined (day 0 or 1) was
lower in 11 patients with radiological alveolar or
interstitial pulmonary oedema on admission (0 22
0 07 SEM) than in patients without oedema
(0-47 0 05 SEM) (p < 0 01) (Fig. 2). Five patients
with cardiogenic shock (systolic blood pressure
< 100 mmHg, cool peripheries, oliguria) had lower
earliest deformability indices (0 11 -0 04 SEM)
than those without shock (0 44 0 05 SEM)
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with those without oedenma anid those with cardiogeniic
shock compared with those not shocked (meani + SEM).

p <

0 1 2 3 4 5
Days after infarction

Fig. 1 Chanige in red cell defornmability after
myocardial inifarction (!mean SEM). The day

o value is significantly differenlt from the values on all
other days.

(p <002). Three of those with shock died within
two weeks of infarction (indices 0, 0, 0 22).
Whole blood viscosity, when adjusted to a

standard haematocrit, increased significantly by the
third day at each of the three shear rates. The
greatest increase occurred at the lowest shear rate,
where there was a 29 per cent rise over the initial
reading. Plasma fibrinogen and plasma viscosity
also showed significant increases by the third day.
Haematocrit, however, decreased, being 10 per cent
lower on the fifth day. Whole blood viscosity
without correction for haematocrit did not change
at the highest shear rate and showed only insignifi-
cant rises at the other shear rates.

Patients sampled on day 0 did not appear to be
a select group because they did not differ sig-
nificantly from other patients in peak cardiac
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enzyme concentrations or in the haemorrheological
values measured on the subsequent days.

Discussion

Myocardial ischaemia has been associated with
abnormal blood rheology in a number of reports." 7
After myocardial infarction, whole blood viscosity,
plasma viscosity, and plasma fibrinogen have been
shown to be raised.8 In previous reports red cell
deformability has only been assessed by a visco-
metric method.9 We have chosen microfiltration
which we believe to be a better model of the
microcirculation. Further, we have used red cells re-
suspended in autologous plasma to include the
influence of plasma proteins and other plasma
factors on red cell deformability.

In this study we have confirmed previous obser-
vations on the changes in blood viscosity after
myocardial infarction. A significant increase in
whole blood viscosity at low shear rate was found
when adjusted to a standard haematocrit. The rise
in whole blood viscosity, however, at the low shear
rate when not adjusted for haematocrit did not
quite reach significance. The explanation appeared
to be the opposing influences of a rise in plasma
fibrinogen and a fall in haematocrit. A reduction in
haematocrit will lead to a reduction in blood
viscosity whereas a rise in plasma fibrinogen
concentration will increase red cell aggregation, and
thus increase blood viscosity measured at low shear
rates.4 Increased blood viscosity could well alter
blood flow and oxygen delivery to ischaemic
myocardium.2 It is now established that an area of
ischaemic tissue exists around a central area of
infarction.10 Maintenance of blood flow to this
region may be crucial in limiting the ultimate
infarct size. As blood flow in the coronary circula-
tion is predominantly diastolic, and thus over a
relatively small pressure difference, even a small
increase in blood viscosity at low shear rates could
further reduce flow.2 11
The most striking observation in this study is

the low red cell deformability, as indicated by the
reduced proportion of red cells able to pass a 5 pim
filter, during the first 12 hours after myocardial
infarction. This phenomenon was most pronounced
in the presence of haemodynamic complications,
particularly cardiogenic shock. Factors other than
red cell deformability that might impair filtrability
of red cells are unlikely to explain this finding.
Buffy coat removal and plasma filtration before re-
suspension of cells avoid filter plugging by leuco-
cytes. Use of a dilute red cell suspension minimises
red cell interaction and resulting rouleaux or
aggregates. Indeed, were the latter a major factor,

the increased aggregability by day 3, indicated by
the rise in whole blood viscosity at the lowest shear
rate after correction to a standard haematocrit,
would have further impaired filtrability. In fact
the filtration of red cells had retumed to almost
normal by the third day, supporting the concept
that filtration changes primarily reflect changes in
red cell deformability. In vivo, normal deformability
allows red cells, whose greater diameter usually
exceeds 7 Cm, to pass through segments of capillaries
as narrow as 3 I.Lm in diameter.'2 A reduction in
deformability could lead to impaired perfusion in
the microcirculation and this may be particularly
important in an area of myocardial ischaemia where
acidosis would further impair red cell deform-
ability.'2
The changes we have described are most likely

to be secondary and not related to the pathogenesis
of the infarct. They could well aggravate the
ischaemia in the myocardium, however, and lead to
extension of the area of infarct. Treatment designed
to prevent or reduce these effects may be an
approach to explore in the immediate management
of myocardial infarction.
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Myers Co Ltd. A JD is supported by Berk
Pharmaceuticals and the Pathology Research Fund
of St. George's Hospital.
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