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While investigating the effect of the environmental temperature on
the cardiac output of man, it was observed that the values obtained
on a subject who, several hours previous to the experiment, had
received an injection of typhoid vaccine, were much higher than the
values which had previously been obtained in repeated determina-
tions on the same individual. This unexpected increase in cardiac
output was attributed to the effect of the reaction to the foreign pro-
tein injected and it was thought worth while to extend the observation
on a number of other individuals. The problem seemed of interest
because it enabled one to determine the reaction of the heart to slight
degrees of malaise and fever. Since the nature of this reaction to
foreign protein, as observed after the injection of typhoid vaccine, is
in many respects similar to the reaction following certain infectious
processes, the results should also throw light on the cardiac changes
which might be expected to accompany these conditions. Exact
data of the clinical variations of the cardiac output are extremely rare
because of the great inaccuracies and difficulties which attend such
determinations, and hence any additional data bearing on this
problem are highly desirable.

METHODS

The present determinations of the cardiac output were carried out
by the use of acetylene (1) in the method previously described (2).
By the use of this gas an extremely high degree of accuracy is easily
obtainable and the results quoted should not be in error beyond

4 5 per cent.
25



CARDIAC OUTPUTOF MAN

All of the subjects used in the present investigation were young,
healthy medical students, who were sufficiently well acquainted with
the general procedure to avoid the vitiating effects of any excitement
or other psychic disturbance. In all, except two, of the cases studied
data were available for the values of the various functions studied
before the injection. The control determinations on any one indi-
vidual were always made at the same time of the day as were the
determinations after the injections in order to avoid any diurnal varia-
tions of the cardiac output. After at least one-half hour's rest in a
steamer chair, the various determinations were performed, with the
precautions described in previous studies (3, 4).

The subjects for the present study were selected from those who
had shown a rather severe reaction to a previous injection of the ty-
phoid vaccine. Except in the case of subjects 6 and 7, the results
refer to the effects of the second of a total of three weekly injections,
in which one billion typhoid bacilli were injected in the usual manner
into the triceps muscle of the arm. The results on subject 6 were
obtained after the first of the three injections (500 million bacilli) and
those on subject 7 were obtained after the third injection.

In calculating the cardiac output during fever, it is necessary to take
into account the diminution in solubility of the foreign gas used, as a
result of the increased temperature of the blood. As previously noted
(1) the temperature of this blood is not exactly known but has been
estimated for the normal condition as 37.5°C. The temperature co-
efficient for the solubility of acetylene in blood is about 12 cc. per liter
per degree centigrade (5). Hence, by subtracting this value from 740,
the solubility of acetylene in blood at 37.5° (6), for every degree centi-
grade rise in body temperature, one obtains a value which is to be sub-
stituted in the equation used in calculating the heart output during
pyrexia (1).

RESULTS

The results of this study are given in table 1.
The most complete series of results are those quoted on Subject 1.

In this case determinations were made at intervals during the first
24 hours after the injection. This subject had a particularly violent
reaction to the vaccine. Two hours after the injection (table 1 and
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TABLE 1
The efect of the injection of typhoid vaccine on the cardiac output, pulse rate, blood pressutre,

temperature (oral), and oxygen consutmption

4,~~~~~~~~~~~~~2
3

Condition 'c L , X

CO P4 ~~~~~~~~~~ &4~~~ 0 a Uc

OF. cc. per Cc. per liters per
minute liter minute

24 hours before injection 74 105/75 97.6 240 63 3.81
2 hours after injection; sore 86 109/80 98.7 281 60 4.68

arm; vague soreness of joints;
not perceptibly ill

7 hours after injection; general 102 118/83 100.7 322 50 6.44
malaise

12 hours after injection; ex- 120 124/70 103.8 363 75 4.84
tremely ill; practically pros-
trate

19 hours after injection; feeling 100 108/65 101.1 330 65 5.09
weak and generally ill but
much improved over time of
preceding determination

5 days after injection 70 103/72 97.5 238 63 3.78

24 hours before injection 78 108/70 97.3 284 63 4.51
3 hours after injection; no sub- 80 112/71 97.7 280 55 5.09

2 jective reactions
21 hours after injection; head- 88 103/70 98.5 300 60 5.00

ache and slight malaise
I week after injection 76 100/60 97.7 288 65 4.43

Before injection 74 116/74 97.8 295 60 4.92
3 23 hours after injection; malaise 90 158/84 99.8 318 60 5.30

and headache
1 week after injection 80 142/82 97.8 308 62 4.97

I 18 hours after injection; slight 90 106/69| 98.8 239 52 4.60
4 feeling of malaise

1 week after injection 68 101/64 97.1 230 56 4.11

I 21 hours after injection; head- 84 98/68 99.1 282 60 4.70
5 ache and general malaise

6 days after injection 62 110/73 97.1 264 65 4.06

Befbre injection 70 103/65 97.5 245 62 3.95
6 18 hours after injection; very 80 117/70 98.0 274 66 4.156 l slight malaise

1 week after injection 62 105/65 97.6 236 60 3.93
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TABLE 1-Concluded

0 0 ...
0 odV
e1 Condition l uw . @

0 ~~~ ~~0
P~ Q

OF cc. per cc. per liters per
minute liter minute

Before injection 60 105/70 98.0 220 63 3.49
7 20 hours after injection; very 82 108/65 98.3 225 62 3.63

slight malaise
1 week after injection 62 104/68 98.0 220 58 3.80

* Before injection 70 105/70 97.6 240 60 4.00
J 3 hours after injection; slight 80 117/82 280 58 4.838 q malaise

I1 week after injection 70 105/70 97.5 238 60 3.97

fig. 1) marked changes from the resting values of the normal were
already obtained. At this time there was a vague sense of soreness
in the joints but no severe subjettive symptoms. Nevertheless, there
was a mild pyrexia, an increase of 20 per cent in the oxygen consump-
tion, and a corresponding increase in the cardiac output. The heart
may be considered at this time as merely responding to the increased
metabolism, with but slight diminution in the oxygen utilization of
the blood.

At the time of the second determination, the subject was feeling
quite ill and all the functions studied were greatly elevated. The
third determination on this subject was made at the height of his
illness, 12 hours after the injection. The subject was practically
prostrate. Although the pulse, blood pressure, body temperature,
and oxygen consumption were now at their maxima, the cardiac
output was greatly diminished over its previous value, when the sub-
ject was less ill. This change was brought about by a great increase
in the oxygen utilization of the blood. This also occurred in the case
of the other subjects studied. Thus in the case of the second experi-
ment on subject 2, the cardiac output is slightly greater than that of
the third experiment although the malaise, pulse, fever, and oxygen
consumption were greater in the latter experiment. It thus appears
that the change in malaise and pyrexia and the increase in cardiac
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output do not occur together. Instead, the greatest increase in
cardiac output occurred soon after the injection when the pyrexia and
malaise were at a minimum. About 15 to 24 hours after the injection
when the subjective feelings were severe, the cardiac output showed
lesser changes than it had previously. Wemust thus conclude that

lo 20 ro
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TIME IN HOURtS
:FIG. 1. GRAPHCREPRESENTATIONOF THE CHANGESIN PULSE RATE, TEMPERA-

TURE (ORAL), OXYGENCONSUMPTIONAND CARDIAC OUTPUTDURINGTHE 24
HOURSFOLLOWINGTHE INJECTION OF 1 CC. OF TYPHOID VACCINE

The axis of abscissae represents the time of the day in hours. At the point
indicated by the arrow (11:00 a.m.), the injection was made. The horizontal
portions of the curves represent the normal values of the various functions studied
as found previous to the injection. The cardiac output is expressed in terms of
liters per minute, the oxygen consumption in cc. per minute, and the temperature
in degrees Fahrenheit. The subject's malaise followed the temperature, pulse
rate, and oxygen-consumption curves, being at its maximum at midnight, 13
hours after the injection. The malaise then subsided but increased again during
the following morning and continued throughout the following day and night with
a fever of over 1000.

the injection of foreign protein causes at first an increase of the car-
diac output which then partly subsides during the later stages of the
reaction when the subjective feelings are at their maximum.

These results as obtained on subject 1 duning the first 24 hours
following the injection, are graphically represented in figure 1.

In order to compare the values of the cardiac output and other
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functions studied during the subject's'reaction to the typhoid vac-
cine with the normal values of these functions, it was necessary to
obtain data on days before the injection or after recovery. It may
be objected that such comparisons are not permissible since the heart
output is usually considered as varying widely from day to day. This
objection, however, is invalid, for the concept of a variable cardiac
output under normal conditions is based upon erroneous data. Un-
published results' by the author have shown that if proper precautions
be taken to avoid such factors as psychic disturbances, temperature
variations, food, etc., constant results may be obtained from day to
day. Hence the results obtained during the malaise following the
injection of the vaccine may be compared to those obtained when the
subject was normal, despite the fact that the two sets of data were
obtained on different days. This is further demonstrated by the
close agreement between the results obtained on the day before the
injection and those obtained some days later (table 1). Except in
the case of subjects 1 and 2, the data were obtained in the morningon
the subject's arrival at the laboratory in the basal condition. When
basal determinations were impossible as in the case of the deternina-
tions on subjects 1 and 2, the control experiments were made at the
same hour of the day and under the same conditions as the experi-
ments after the injection. Such determinations were always made
some hours after the ingestion of a very light meal, under which
conditions as has been demonstrated (10), the value of the cardiac out-
put is essentially that of the basal condition.

DISCUSSION

Inspection of table 1 and figure 1 shows the marked increases in
the pulse rate which follow the injection of typhoid vaccine This
increase in pulse rate was found to follow the subjective feelings of
malaise and the pyrexia. Since the cardiac output, as stated above,
did not follow the malaise and pyrexia except during the early period

'Further evidence for this is furnished by the demonstration (11) of the possi-
bility of predicting the cardiac output of normal individuals in the truly basal
condition. As has been previously demonstrated (11) one can judge, from a
single determination of the cardiac output, the degree of its abnormality.
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of the reaction, it is evident that there is a marked variation in the
output per beat of the heart. During the early period of the reaction,
there was, in general, a marked increase in the output per beat but at
the height of the malaise, this increase was diminished.

In general the blood pressure, after the injection of typhoid vaccine,
shows only a moderate degree of variation from the normal. There
was, except in subject 5, a rise in the systolic pressure and usually a
slight rise in the diastolic pressure, although the latter was at times
diminished.

The degree of pyrexia followed closely the subjective symptoms.
The increase in oxygen consumption, in turn, was proportional to the
degree of pyrexia, as noted by Du Bois and his collaborators (7, 8).

The observed changes in cardiac output can be explained as result-
ing either from a direct stimulation of the heart or as a secondary
effect of the increased metabolism. The relatively slight changes in
the arterio-venous oxygen differences would support the view that
the second of these factors is responsible for the cardiac changes.
Hence, the increased cardiac outputs following the injection of typhoid
vaccine are to be considered as an attempt on the part of the organism
to maintain a constant internal environment, in so far as the oxygen
utilization of the tissues is concerned. At the height of the malaise,
the relative decrease in the cardiac output may be related, in part at
least, to the decrease in the volume of blood flowing through the
periphery (9). This decrease in the size of the peripheral vascular
bed, would result in a great increase in the blood pressure were the
latter not avoided by a diminution in the cardiac output.

Bjerlow and Liljestrand (12) found, in four cases of experimentally
induced recurrent fever, an increase in the cardiac output proportional
to the increased oxygen consumption encountered during the fever.
This is in accord with the present findings during the early stages of
fever. These authors failed to note, however, the failure of the cardiac
output to follow the changes in oxygen consumption during the later
stages of fever, as shown in the present work. Due to the protracted
nature of the fevers encountered clinically, this latter state of affairs
is probably of greater practical significance than the changes occurring
during the very early stages of fever.
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SUMMARY

A study was made of the cardiac output, pulse rate, blood pressure,
temperature, and oxygen consumption of 8 individuals after the intra-
muscular injection of typhoid vaccine. The cardiac output was found
to be greatly elevated soon after the injection but did not follow the
malaise and pyrexia throughout the course of the reaction. At the
height of the malaise the cardiac output, although still elevated above
the normal, was nevertheless less than it was during the preceding
period. The pulse rate and oxygen consumption varied uniformly
with the degree of malaise and the pyrexia. The physiological im-
plications of these results are discussed.
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