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Summary

Constant blood temperature in the pulmonary artery is assumed when the
thermal dilution method is used for cardiac output determination. In some cases,
however, slow temperature fluctuations (2-6 cycles per min.) occur in arterial and
venous blood and interfere in the measurement. Those thermal fluctuations were
investigated in the pulmonary artery and venae cavae of dogs. The temperature
variations were found to be correlated with blood pressure waves: an increase of
blood pressure was accompanied by an increase in the blood temperature in the
pulmonary artery and a decrease in the blood temperature in the venae cavae.
Therefore, measurement of the temperature of the pulmonary artery relative to that
of the venae cavae does not rule out those fluctuations, and will not improve the
thermal dilution method.
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Introduction

The thermal dilution method for cardiac output determination relies,
among other conditions, upon a constant blood temperature basis at the
location of the measurement. Many studies (1, 2, 4-6, 10, 13), however,
showed variations in blood temperature which are related to respiration
and pulse waves. The influence of these variations on the thermal dilution
results is practically eliminated by taking the average temperature as the
baseline fo the thermal dilution curve. In certain cases, however, Wessel
(13) found that in addition to these variations there exist also much slower
temperature fluctuations in venous and arterial blood of 2-6 cycles per
minute. These variations are much greater than those related to the
respiratory and pulse wave, and they appear simultaneously with blood
pressure waves. Because of their high amplitude and long period, these
changes cannot be averaged so easily as the faster ones. They are, how-
ever, not a common phenomenon (in Wessel's experiment they were found
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in only 5 dogs out of 58) and hence even if we assume them to occur also in
humans with similar brobability, the thermal dilution method may still
work well with the majority of patients. For some patients, however, these
variations may cause a faulty assessment of the cardiac output. Also for
such cases the applicability of the thermal dilution method could still be
secured, would these variations occur equally and simultaneously in the
pulmonary artery and the vena cava. For the determination of the cardiac
output it would then suffice to measure the relative temperature between
the two vessels. In order to investigate this possibility we studied the
temperature variations in the pulmonary artery and the vena cava as well
as the differences between the temperatures in both vessels. The results
showed the fluctuations in the two vessels to be neither constant, nor
equal and not in phase.

Methods

The experiments were performed on 5 mongrel dogs, males and females, of
various weights. The animals were anesthetized with pentobarbital (30 mg/kg) and
heparin was administered to avoid clots forming on the detectors which were
inserted into their vessels. For the measurement of the blood pressure a catheter
was inserted into the femoral artery. The catheter was connected to a transducer
(Statham model P23Db) and a recorder (HP system 7700 with model 350-3000
Carrier preamplifier). In some of the experiments the amplifier gain was increased

the chest. The reference junction of the thermocouple was dipped into a water bath
of constant temperature. We measured the relative temperatures between the
various vessels as well as the absolute temperatures in each vessel, In one case, the
measurement was done without opening the chest and the catheter in the vena cava
was inserted through the femoral vein. This eatheter held two thermocouple junc-
tions: one in the inferior vena cava (IVC) and the other in the superior vena cava
(SVC). In this case the blood temperature in the pulmonary artery (PA) was
measured by a thermistor, which was inserted into the pulmonary artery by a Swan-
Ganz catheter.

Since the temperature variations are of the order of 0.1°C, which corresponds to
voltage variations of only 4 uV between the junctions of a copper-constantan
thermocouple, we used a specially built amplifier of amplification factor 10¢. The
amplified signal was filtered by a low-pass filter, in order to cancel the 50-Hz noise.
The response time of the whole temperature measurement system was about 1 sec.
because of the heat capacity and thermal characteristics of the electrical insulation °
of the thermocouple, and the high frequency filtration. Therefore, only information
about temperature variations which were slower than 1 sec. could be obtained.

Results

The temperature fluctuations were found to be a function of the dura-
tion of the experiment. Generally, at the beginning of the experiment the
temperatures were almost constant and their variations did not exceed
0.02°C. At that stage of the experiment the blood pressure (BP) was stable.
As the experiment proceeded, 3 of the dogs had developed fluctuations in
BP which were accompanied by blood temperature changes. Figure 1
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Fig. 1. Fluctuations of blood pressure and blood temperature for an open-chest dog.
a) The blood temperature at the superior vena cava. b) The blood temperature at the
pulmonary artery. c¢) The temperature difference between them.

shows such variations for one of the dogs with open chest. Figurel A
shows the temperature in the SVC (relative to the external reference point)
and the arterial BP as a function of time. Both the temperature and BP
show fast fluctuations superimposed on slow fluctuations. The rate of the
faster fluctuations coincides with the respiratory rate. The slow tempera-
ture changes have a magnitude of about 0.07°C, and a period of about
30 seconds. The BP fluctuations have the same period and the appearance
of Meyer waves (3, 13).

A similar effect was observed in the IVC. In both venae cavae the
variations in blood temperature were in “antiphase” with those of the BP,
i.e., the increase in BP coincided with a decrease in blood temperature,
namely that the temperature of the blood which is returned to the heart
through the venae cavae is lowered when the systemic BP increases.
Figure 1 B shows the BP and the blood temperature in the pulmonary
artery as function of time. The magnitude of the temperature variations
here is less than half of those in the vena cava. Like in the vena cava, the
temperature and BP variations have the same period, but here they are “in
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phase”, ie, an increase in BP occurs simultaneously with an increase in
blood temperature. Comparison of the temperatures in the pulmonary
artery (fig. 1 B) and venae cavae (fig. 1 A) shows that temperature waves in
these two vessels are in antiphase. This can be further demonstrated by
measurement of the temperature difference between PA and SVC (fig.
1 C). To ensure that the above results are not due to ambient temperature
effects, caused by the opened-chest approach, a closed-chest experiment
was performed. In this experiment, junctions of thermocouple were
inserted by means of a catheter to IVC and SVC. The dog had BP waves
and temperature variations at respiratory rate. In addition, there appeared
fluctuations in BP and temperature which lasted about 3 seconds, at
intervals of 10-20 seconds. Figures 2 A and 2 B show the blood tempera-
ture in the IVC and the temperature in the SVC respectively, together with
the diastolic arterial BP as function of time. Both figures show tempera-
ture variations synchronous with BP waves, superimposed on uncorre-
lated variations. In the SVC the synchronized variations are smaller than
the unsynchronized ones: they can, however, be clearly distinguished at
the points at which there occurs a sudden rise in BP.

In this dog too, the variations in blood temperature in the venae cavae
are in “antiphase” with the BP variations. The magnitude of the tempera-
ture changes in the venae cavae is 0.03-0.08°C. The temperature at the PA
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Fig. 2. Fluctuations of blood pressure and blood temperature for a closed-chest dog.
a) The blood temperature at the inferior vena cava. b) The blood temperature at the
superior vena cava.
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was measured simultaneously, and its variations were less than 0.03°C,
and did not show any detectable correlation to BP changes.

The measurements on the third dog were performed with its chest
open. Like those of the second dog, the BP and the temperature fluctua-
tions were pulsatile, but their time intervals were shorter: 8-12 seconds.
The temperature change was 0.06-0.1°C at SVC and IVC, and about /s of it
at the PA. Here, too, the temperature changes at SVC and IVC were in the
same direction, and both were in opposite direction to the fluctuations at
the pulmonary artery. When blood temperature variations which are
related to respiration and heart pulses are dealt with, one has to exclude
the possibility of signal fluctuations due to mechanical movements of the
detectors which occurs by the movement of the vessels by respiration and
heart beats. The fluctuations investigated by us have no connection with
any physiological mechanical movement, and thus it is not reasonable to
relate them to some change of position of the detectors. In order to check it
experimentally, we have put in SVC and IVC a catheter beyond a window,
cut in the wall, and the other on the catheter wall. Because of the unsym-
metry of the positions of the two junctions, thermal fluctuations resulting
from possible mechanical movement of the detectors are expected to
appear. No meaningful fluctuations occurred, confirming the hypothesis
that the detected signals were a result of a change in blood temperature.

Discussion

3 types of fluctuations in BP were observed in this study: two wavelike
fluctuations, one at the respiratory rate and the other of a frequency of 2
per minute, and the third type were non-periodical pulsatile variations
which appeared at intervals of 10-20 seconds. The two first BP variations
are termed Traube-Hering waves (3, 11) and Meyer waves (3, 13), respec-
tively. Non periodical BP variations have been found in the capillaries of
human nailfold (9) and bat wing (14).

The control of BP is achieved by selective vasoconstriction in the skin
of internal organs. Since the various organs supply venous blood of
different temperatures, thermal fluctuations in the venous blood should
be expected to appear together with the BP variations. Some details of the
effect, however, require further explanation. In our experiment, the
increase of arterial pressure was accompanied by a decrease of the tem-
perature in venae cavae. If the BP increase would be due to constriction of
the arterioles in the external periphery, the venous return of blood from
the skin would have diminished, and that would have caused an increase
in the average temperature in the vena cava. Since we found that an
increase in BP is accompanied by a decrease in temperature, we must
assume, that, in our experiments, the increase of BP was caused by
constriction of arterioles in internal organs, whose temperature is rela-
tively high. Even the temperature decrease in the SVC can be explained
by a decrease of the blood flow to the brain. In spite of the autoregulation
of the blood supply to the brain, we can still expect variations in its blood
supply, at least in anesthetized animals (7, 8, 12). Comparison of the
temperature fluctuations in the pulmonary artery and the venae cavae
reveals another interesting phenomenon. The blood temperature in the
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pulmonary artery fluctuates less than in the vena cava in spite of the fact
that most of the blood arrivi g at the pulmonary artery went through the
vena cava. Moreover, the temperature variations in the vena cava and in

blood from the coronary arteries. When blood of low temperature enters
the heart from the vena cava, there is still a possibility that the tempera-
ture in the pulmonary artery will increase due to the blood supply from the
coronary arteries which has a higher temperature at that instant.

The results presented in this study show that the assumption that the
temperature of the blood in the large vessels is constant and can be used as
a reference for thermal dilution cardiac output measurement is not always
valid. A change of temperature of 0.1°C, which lasts for 8 seconds, corre-
sponds to an area of 0.8°C seconds, which is about 10 % of typical areas
under thermal dilution curves in dogs. When the injectate is at room
temperature the error is doubled. Those variations cannot be overcome by
compensating measurements of the temperature difference between the
pulmonary artery and vena cava. Since these fluctuations cannot be
averaged like those of higher rate, the thermal dilution method is some-
what inaccurate when applied to patients with Meyer waves in the blood
pressure.

Zusammenfassung

Bei Bestimmung des Herzminutenvolumens nach der Kalteverdiinnungsme-
thode wird eine konstante Bluttemperatur in der Pulmonalarterie unterstellt.
Jedoch treten in einigen Fillen langsame Temperaturfluktuationen (2-6 Zykl. pro

Temperatur in der V. cava begleitet. Die MeBprozedur 148t sich nicht dadurch
verbessern, daB die Temperatur in der Pulmonalarterie auf die der Hohlvenen
bezogen wird.
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