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Data in experimental animals have indicated
that an increase in coronary blood flow occurs sub-
sequent to the administration of nitrates into the
coronary vessels (1), but injection of substances
into the coronary vessels may have quite a differ-
ent effect than have systemic administrations of
the same agents in either animals or man. Hemo-
dynamic studies of the adjustment to sublingual
nitroglycerin administration in man have shown
decreased cardiac output (2) and left ventricular
work (2, 3). Coronary blood flow increased in
normal subjects (3), but not in subjects with
angina pectoris (2). It has been deduced from
these observations that the mechanism of nitrites
in relieving angina pectoris may be through re-
duction in cardiac work rather than any specific
effect on the coronary circulation itself (2). The
literature has been ably reviewed recently (2, 3)
and will not be reviewed again here.

Since the period of action of nitroglycerin is
transient (4) and since the nitrous oxide method
requires a rather prolonged plateau of effect in
order to permit its accurate use, a longer-acting
agent, erythrol tetranitrate, was studied.

MATERIAL AND METHODS

The present investigation was done on 15 subjects; 5
of these were normal individuals as far as the cardio-
vascular system was concerned. Four subjects (group
A) had arterial hypertension, but since they did not
have angina pectoris they are hereinafter called "con-
trols." Four subjects were hospitalized because of an-
gina pectoris; Subject 1316 had previously been hos-
pitalized for "pericardial poudrage" and Subject 1299 had
had I"a8 therapy as a therapeutic measure for angina pec-
toris, but the other two had had no treatment other than
the usual medical treatment for this disease. All sub-

* This study supported in part by grants from the Na-
tional Heart Institute, the Wisconsin Alumni Research
Foundation, and the Wisconsin Heart Association.

jects were studied in the fasting state without premedi-
cation, and a concerted effort was made by reassurance
to achieve a basal state.

In order to facilitate the procedure, two cardiac cathe-
ters were used in most subjects. These were introduced
through the same vein, or two adjacent veins in the
same small surgical field, and manipulated so that the
first catheter lay in the pulmonary artery and the second
in the coronary sinus. A needle tip was placed percu-
taneously in the femoral artery. Cardiac output was
done by the Fick principle in all cases except one in
which, due to an anomaly of the course of the superior
vena cava, the catheter could not be manipulated into
the pulmonary artery. In this subject (1299) cardiac
output was done by the Hamilton indicator dilution
method utilizing the Gilford densitometer and indocya-
nine green. In one of the control subj ects who de-
veloped venous spasm (1312), catheterization of the
coronary sinus was unsuccessful, so the second catheter
was withdrawn and cardiac output alone was determined.
In Subject 1274 with angina pectoris, the data on cardiac
output are incomplete. Coronary blood flow was deter-
mined by the nitrous oxide saturation method with a
partition coefficient of 1. Pressures were recorded
through Statham strain gages on a Waters photographic
recorder. Expired air was collected in a Tissot spirom-
eter and analyzed for oxygen and carbon dioxide by the
method of Scholander. Blood gas analyses were done
by the Van Slyke-Neill method and nitrous oxide analy-
ses were done by the method of Orcutt and Waters (5).
All blood gas analyses for oxygen and carbon dioxide are
done in duplicate, and oxygen determinations are re-
quired to check within 0.2 vol.

In 9 subjects, subsequent to the administration of 7.5
to 15 mg erythrol tetranitrate under the tongue, blood
pressure, pulse and respiration were observed and re-
vealed no major untoward changes; these subjects are
grouped together for purposes of statistical analysis.
In 3 subjects, 1 of whom had no known cardiovascular
disease and 2 with known angina pectoris, a marked
hypotensive reaction occurred, accompanied by a slow
heart rate, marked systemic symptoms of discomfort and
a "shock-like" state; these subjects are considered sepa-
rately from the rest, since it is believed that their reac-
tion was sufficiently different clinically from the other
group that it would be unwise to include all the data
in the same calculations.
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RESULTS

The results are summarized in Table I for the
nine control subjects without adverse reaction;
figures for those with angina pectoris, those with
the "shock-like" state, and the one normal who
had only determination of cardiac output are in-
cluded at the bottom of the table for further dis-
cussion. Data as presented in the results will re-

fer to the nine control subjects unless otherwise
stated.

Cardiac rate increased by 15.9 per cent (p <
0.02), whereas the mean pressure decreased in
the systemic arteries (- 13.3 per cent, p < 0.01),
pulmonary artery (- 31.3 per cent, p < 0.001)
and coronary sinus (- 52.2 per cent, p < 0.01).
Coronary sinus pressure ordinarily follows right
atrial pressure so closely that it may be taken as

a reflection of central venous pressure. The min-
ute volume of respiration and the respiratory rate
did not change and there were no significant dif-
ferences in oxygen consumption, carbon dioxide
excretion or respiratory quotient. The hemo-
globin decreased very slightly, but consistently,
so that the change was statistically significant.
The hematocrit decreased similarly, but less con-

sistently and was not significant. pH in the ar-

terial and coronary sinus blood did not alter. The
arterial oxygen content did not change signifi-
cantly, but the mixed venous oxygen content de-
creased (- 8.5 per cent, p < 0.01) and the arterio-
venous oxygen difference increased (+ 23.7 per

cent, p < 0.01). The arterial carbon dioxide con-

tent decreased (- 2.5 per cent, p < 0.05), but
the widening of the venous-arterial carbon dioxide
difference was sufficiently variable that the in-
crease (+ 17.9 per cent) was not statistically sig-
nificant (p < 0.1). Coronary sinus oxygen con-

tent and arterial coronary sinus oxygen differ-
ence did not change significantly.

The cardiac index decreased insignificantly in
nine controls (- 16.2 per cent, p < 0.1), but the
cardiac index of the total group of 14 observations
decreased significantly (- 20.3 per cent, p <
0.01). Because of the increase in cardiac rate, ac-

companied by the decrease in cardiac output,
stroke index in the controls was significantly re-

duced (-26.1 per cent, p < 0.01). Neither the
total peripheral resistance nor the total pulmo-
nary resistance changed significantly. The left

ventricular work index decreased (- 27.9 per
cent, p < 0.02) and the left ventricular stroke
work index was reduced even further (- 35.1
per cent, p < 0.01). Similarly, right ventricular
work index decreased (- 50.0 per cent, p <
0.001).

The coronary blood flow in the controls re-
mained unchanged as did the left ventricular oxy-
gen consumption, carbon dioxide liberation and
respiratory quotient. Coronary vascular resist-
ance, on the other hand, decreased significantly
(- 15.2 per cent, p < 0.01) and the index of
efficiency, calculated as the amount of work done
by the left ventricle per unit of oxygen consumed
by each 100 g of left ventricle, decreased (- 25.5
per cent, p <0.02). Coronary blood flow divided
by heart rate decreased slightly (- 10.5 per cent)
but not significantly (p < 0.1).

The coronary blood flow of the subjects who
had marked hypotension decreased considerably
(- 50 per cent) but the small number (three)
justify no statistical evaluation. In spite of the
adverse effects on these subjects (pallor, dia-
phoresis, confusion, nausea, cutaneous paresthe-
sias), anginal pain was not experienced. In this
regard the marked reduction in left ventricular
work should be noted (- 62.5 per cent). Symp-
tomatic improvement with increased blood pres-
sure occurred very quickly on administration of
100 per cent oxygen by mask, and there were no
sequellae. In the two subjects with angina pec-
toris in whom severe hypotension did not occur,
coronary blood flow did not change significantly.
In one of these subjects, through error, the final
reading on the Tissot spirometer was not re-
corded, hence cardiac output can not be calculated.
If one presumes, however, in this subject that
oxygen consumption did not change, since it did
not in the other subjects, cardiac output decreased
in both subjects with angina and the hemodynamic
effects of the drug are the same as in the "con-
trols."

DISCUSSION

The usual effectiveness of nitrates in the treat-
ment of angina pectoris remains unquestioned in
the mind of the clinician and the subject with an-
gina pectoris. However, the mechanism of their
action may require re-evaluation, since the studies
of nitroglycerin reported previously (2, 3) and
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those currently reported for erythrol tetranitrate
indicate that an increase in coronary blood flow
is unlikely to be the explanation for this beneficial
effect. It was concluded recently that nitro-
glycerin might be effective in treatment of angina
pectoris because it reduced the cardiac work to a
level which could be adequately supported by the
unaltered coronary blood flow (2).

The mechanism of reduction of cardiac output
seems to be related to the decrease in the central
venous filling pressure, apparently due to pooling
of blood within the venous system. Associated
with this reduction in the central venous filling
pressure, the cardiac stroke volume falls off mark-
edly. Even though a compensatory increase oc-
curs in cardiac rate, the cardiac output is not
maintained, and in the over-all group reported
here cardiac output and work decreased. It is
noted that in those subjects who did not develop
a compensatory tachycardia there was a marked,
untoward fall in blood pressure with a "shock-
like" state. Furthermore, in these "shocked"
subjects withdrawal of relatively small volumes of
blood was associated with a further decrease in
arterial pressure.

It should be noted that, in the present study as
in previous studies of nitrate administration in ex-
perimental animals (6, 7), myocardial oxygen
consumption did not change. The previous re-
port of an increase in myocardial oxygen con-
sumption subsequent to nitroglycerin adminis-
tration was found in "normal" (2) but not in ab-
normal human subjects (3). The reason for
this discrepancy remains obscure.

It is of considerable interest that, although cal-
culated peripheral resistance did not change, the
resistance to coronary blood flow decreased in
most of the subjects, including the two with an-
gina pectoris, unless there was an excessive hypo-
tensive response. Since coronary flow was main-
tained with a lower perfusion pressure, there must
have been an increase in cross section area of the
coronary vessels. This is compatible with previ-
ous measurement of coronary flow in intact ani-
mals (4), angiographic demonstration in animals
of an increase in size of the coronary arteries sub-
sequent to the administration of nitrates into the
coronary arteries (8), and the direct demonstra-
tion in vitro of dilatation of rings of coronary ar-

teries when nitrates are introduced into the sus-
pending solution (9). The latter two of these
reports (8, 9), however, are to some extent less
significant in that the response of the coronary
vessels was not determined in relation to the rest
of the vessels of the body. It seems, therefore,
from the present study that the integral parts of
the mechanism of action of erythrol tetranitrate
in angina pectoris are reduction in cardiac work
and decreased coronary vascular resistance, per-
mitting sufficient coronary blood flow to sustain
the reduced cardiac work load.

CONCLUSIONS

1. The systemic and coronary hemodynamic ef-
fects of erythrol tetranitrate have been investi-
gated in 15 subjects.

2. Cardiac output was reduced, as was blood
pressure in the systemic and pulmonary arteries
and the coronary sinus.

3. Coronary blood flow was unchanged but
coronary vascular resistance was reduced.

4. Myocardial oxygen consumption was un-
changed and cardiac efficiency was lowered.

5. The hypothesis that the effectiveness of ni-
trites is due to the reduction in cardiac work into
a range commensurate with an attainable coronary
blood flow is supported by these findings.
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