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Effect of Nifedipine on Oxygen Delivery in
Patients with Angina Pectoris: Relation
Between Blood Viscosity and Hematocrit

Tadashi Kato, MD, PhD, Shunki Yoneda, MD, PhD, Toshio Kako, MD, PhD,

Masaaki Koketsu, MD, and Takao Fujinami, MD, PhD

The effect of nifedipine on blood viscosity and hematocrit was investigated. Blood was
sampled from eight patients with angina pectoris (mean age: 59 ± 8 yr) treated with
nifedipine (20-30 mg/day)for 5 months. Using a cone-plate type viscometer, blood viscos-

ity was determined at the shear rates of 37.5 and 375 sec’ at 37#{176}C.Hematocrit was also
measured at the same time. Since the ratio of hematocrit to blood viscosity at a shear rate

of 375 sec1 can be considered to reflect oxygen delivery, this ratio (oxygen delivery index)
was also calculated. Blood viscosity at a shear rate of 37.5 sec1 was significantly (P <.05)
decreased by nifedipine treatment, but hematocrit and the blood viscosity at a shear rate

of 375 sec’ were not changed. The oxygen delivery index, however, was significantly (P
<.01) increased after the administration of nifedipine. These results suggest that oxygen
delivery increased by the treatment with nifedipine and inhibited erythrocyte aggrega-

tion by decreasing blood viscosity at low shear rate.

C alcium antagonists are widely used in patients
with angina pectoris.1’2 Their effect may be due

to lowered peripheral arterial resistance, reduced
coronary artery spasm, and increased myocardial
blood flow. Blood flow is determined by the perfu-
sion pressure and the flow resistance. The latter is a
product of the vascular geometric factors such as di-
ameter and length, and blood viscosity.3-5 Compared

with vascular geometric factors, however, the role of
blood viscosity has received less attention in the the r-
apy of ischemic heart disease.

A low intercellular calcium content plays a key
role in the maintenance of the normal shape and de-
formability of the erythrocyte. However, increased
influx and cellular content of calcium converts
erythrocytes into echinocytes.6’7 Calcium antago-
nists exert their effect on the erythrocyte membrane
by inhibiting the slow inward transmembrane cal-
cium flux, which may prevent the accumulation of
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intercellular calcium. It has also been reported that
calcium antagonists can alter erythrocyte deforma-
bility.81#{176} Since one of the factors that determine
blood viscosity is erythrocyte deformability or flexi-
bility, calcium antagonists such as nifedipine may
decrease blood viscosity.3 A decreased blood viscos-
ity may result in increased oxygen delivery, because
oxygen delivery is based on the ratio of hematocrit to
blood viscosity.4’5

In a previous study,11 we had focused on the effect
of nifedipine treatment on the relationship between
blood viscosity, adenosine triphosphate (ATP), and
2,3-diphosphoglycerate (DPG) in patients with an-
gina pectoris. The study determined whether nifedi-
pine would improve oxygen delivery through a he-
morheologic effect.

PATIENTS AND METHODS

Patients

Eight outpatients with angina pectoris (6 men, 2

women) were studied. Informed consent was ob-
tained from each patient. The mean age of these pa-
tients was 59 ± 8 (mean ± SD) years (range: 45-70 yr).
In each case, a fasting blood sample was drawn and
blood viscosity and hematocrit were examined on
the morning of the day before and after 5 months of
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nifedipine (Adalat, Bayer Yakuhin, Ltd., Japan)
treatment. Ten milligrams of nifedipine were ad-
ministered two or three times a day for 5 months.
The dose of nifedipine was determined based upon
relief of symptoms and blood pressure response. A
dose leading to a decrease in systolic blood pressure
of 20% or less was selected for each individual pa-
tient. With the exception of other calcium antago-
nists and beta blockers, other concomitant drugs
were continued. However, the same dosages, includ-
ing that of nifedipine, were maintained for the dura-
tion of the study. We studied the effect of long-term
nifedipine therapy, because calcium antagonists are
usually prescribed on a chronic basis in most clinical
settings.

Oxygen Delivery Index

Blood was collected into a syringe containing 1.5 mg
sodium ethylenediaminetetra-acetate (EDTA-2Na)
per mL of blood, and the blood viscosity was mea-
sured using a cone-plate type viscometer (Biorheo-
lizer, Tokyo Keiki, Tokyo). Blood viscosity at 37#{176}C
was measured at the shear rates of 37.5 and 375 sec1,
because blood is a non-Newtonian fluid. Oxygen de-
livery index was calculated from Chien’s equation as
follows:4

Oxygen delivery index = Ht/375
where Ht denotes the hematocrit and s, tbe blood

viscosity at a shear rate of 375 sec’.

Statistics

All values were expressed as mean ± standard de-
viation (SD). Differences were analyzed with Stu-
dent’s paired t test. Difference were regarded as sig-
nificant when P < .05.

RESULTS

As shown in Table I, no significant differences were
seen in blood viscosity at a shear rate of 375 sec1 and

Figure. The oxygen delivery index, Ht/,,375H before and after treat-
ment with nifedipine for 5 months. 375H: blood viscosity at a shear
rate of 375 sec’.

in hematocrit after the administration of nifedipine.
However, blood viscosity at a shear rate of 37.5 sec4
decreased significantly (P < .05). Figure 1 shows the
change in the oxygen delivery index in individual
patients. The index was 10.37 ± 0.58 and 11.55 ± 0.76

%/mPa. s before and after the treatment with nifedi-
pine, respectively. The index increased significantly
(P < .01) after the treatment with nifedipine.

DISCUSSION

TABLE

Changes in
Treatm

Hematocrit and
ent with Nifedipi

Blood Viscosity After
ne for 5 Months

Before After

Ht (%) 41.9 ± 4.7 43.0 ± 4.8 ns
37375(mPa-s) 4.05 ± 0.57 3.75 ± 0.61 ns
,375(mPa-s) 7.60 ± 0.98 6.96 ± 1.04 P< .05

lit = Hematocrit; i = blood viscosity at a shear rate of 375 sec’; = blood
viscosity at a shear rate of 37.5 sec’.

Angina pectoris results from an imbalance between
the myocardial oxygen supply and demand. The im-
balance can be improved either by a reduction in
oxygen consumption or by an increase in oxygen
supply. An increase in oxygen delivery is dependent
on arterial oxygen content and coronary blood flow.
On the basis of Poiseuille’s law, blood flow is deter-
mined by the pressure gradient, the vascular geomet-
ric factors of blood vessels, and blood viscosity.3-5 A
powerful vascular effect of nifedipine has made it
the treatment of choice.1’2 In angina pectoris, how-
ever, normal compensation for the vascular geomet-
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nc factors may be blocked; coronary arteries may be
sclerotic or already maximally dilated. For these
reasons, blood viscosity plays an important role in
angina pectoris. Hyperviscosity of the blood has been
proposed as one of the major factors resulting in pe-
ripheral circulatory disturbances.’5

At a constant hematocrit, blood viscosity increases
at low shear rates (<50 sec-1) because of the forma-
tion of red blood cell aggregates. It decreases at high
shear rates (200 sec1 and above) due to deformabil-
ity of red blood cells.3-5 The main clinical use of high-
shear blood viscosity is in the assessment of blood
flow behavior in viva. Low-shear blood viscosity re-
flects the status or red-cell aggregation under low-
flow conditions. In a previous study,11 we found that
although blood viscosity at a shear rate of 37.5 sec’
decreased significantly after administration of nifedi-
pine, it was not significantly changed at a shear rate
of 375 sec’. This result was approximately the same
as what we found in the present study. These facts
suggested that the formation of red blood cell aggre-
gates is reduced with the treatment of nifedipine.
However, the erythrocyte deformability is not im-
proved. Decreased aggregation suggests a reduced-
yield shear stress.

DPG is a factor that causes the hemoglobin dissoci-
ation curve to shift. It remains unchanged after the
treatment with nifedipine in patients with angina
pectoris.” Thus, the oxygen affinity in red blood
cells may not be affected by the administration of
nifedipine. In the present study, the total rate of oxy-
gen supply to tissues was investigated. To accurately
measure oxygen delivery, cardiac output and arte-
rial oxygen content must also be measured accu-
rately. Although the oxygen delivery index used in
the present study is not exact, the index is a simple
method to roughly determine oxygen supply, and it
can show a tendency for changes in oxygen delivery.

Since the coronary artery has a high flow rate, the
blood viscosity at a high shear rate was used to deter-
mine the oxygen delivery index. Although the
change was not significant, at a high shear rate after
nifedipine treatment, blood viscosity decreased
slightly with a slight increase in hematocrit as shown
in Table I. An increase in oxygen delivery index re-
flects a combined effect of changes in blood viscosity
and hematocrit. It has been established that calcium
antagonists such as nifedipine inhibit the influx of
calcium ions into vascular smooth muscle and antag-
onize the vasospastic components of the arterial oc-
clusion.3”2 In the present study, nifedipine was also

found to ensure an increased oxygen delivery
through its effect on hemorheologic factors in pa-
tients with angina pectoris, although hemorheologic
effects of calcium antagonists remain controver-
sial.8-10’13’14 Since we did not study the effects of other
calcium antagonists, their hemorheologic effects are
the subject of a future study.

In conclusion, this study suggests that long-term
treatment with nifedipine improves oxygen delivery
and inhibits erythrocyte aggregation in patients with
angina pectoris.
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