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ABSTRACT
The purpose of this descriptive study was to examine the
relationship between intracardiac core temperatures and rectal
temperatures in critically ill patients.

A physical measurement sheet

was designed to aid in the collection of pertinent information.

A

chart review was utilized to collect the necessary data.
Twenty subjects participated in the study.

A total of 256

intracardiac core temperatures and rectal temperatures were utilized
in the data analysis.

Descriptive statistics were used to analyze

the data.
The major finding of the study was that intracardiac core
temperatures and rectal temperatures differ significantly; rectal
temperatures are generally higher than intracardiac core temperatures.
Different extraneous variables caused the mean degree difference
between intracardiac core temperatures and rectal temperatures to vary.
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CHAPTER 1
INTRODUCTION
According to Hathaway (1978), the Swan-Ganz catheter is a useful
tool not only in the management of critically ill patients, but also in
the prevention and diagnosis of critical situations occurring in these
patients.

The Swan-Ganz catheter has the capacity for determining blood

or core temperatures.

A temperature sensing device known as a thermistor

is situated in the distal tip of the Swan-Ganz catheter and can measure
blood temperatures in the pulmonary artery.

According to Guyton (1976,

p. 955), "when speaking of the body temperature, one usually means the
temperature in the interior, and not the temperature of the skin or
tissues immediately underlying the skin".

The core temperature is

accurately regulated, and usually does not deviate from the mean by more
than 1°F. or 0.6°C.

On the other hand, the surface temperature is

affected by the temperature of the surroundings and rises and falls
accordingly.

Thus, when discussing body temperature regulation, core

temperature is the referent (Guyton, 1976, Selkurt, 1975).
The method of taking intracardiac core temperatures appears to
be the most accurate and reliable method of determining body temperature.
Perhaps, intracardiac core temperatures should then be used in critically
ill patients with multiple problems whenever possible.

1
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Statement of the Problem
Problems may arise if nurses in critical care areas are applying
the standards governing rectal temperatures to intracardiac core temper
atures.

The question this study was designed to answer was: Are rectal

temperatures and intracardiac core temperatures the same in critically
ill patients?
Statement of the Purpose
The purpose of this study was to describe the relationship
between rectal temperatures and intracardiac core temperatures in
critically ill patients.

Once this relationship has been accurately

described, it may assist nurses working in critical care areas with
patient assessment and nursing interventions to improve patient care.
Significance of the Problem
Temperature measurement is significant to nursing since nurses
measure, record and evaluate patient body temperature.

Nurses decide

what type of temperature to take, i.e., rectal temperatures or intra
cardiac core temperatures, when patients have a Swan-Ganz catheter.
Thus, the method which is most helpful to nurses in detecting body
temperature changes should be determined.
In critically ill patients, detection of temperature increases
is vital.

"Fever, which means a body temperature above normal, may be

caused by abnormalities in the brain itself or by toxic substances that
affect the temperature regulating centers" (Guyton, 1976, p. 965).
Critically ill patients in the intensive care setting are very
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susceptible to infection.

Many patients have just undergone some type

of surgery or have been resuscitated in the field or hospital, requiring
emergency measures that most often have not been performed under sterile
or clean conditions.

Other patients by their disease process alone,

i.e., leukemia, pneumonia, renal failure, are open targets for an
infectious process.
Nurses must be aware of the patient's temperature status in
their daily care of patients.

With temperature increases, blood, urine,

and sputum cultures are usually ordered and the patient may be started
on broad spectrum antibiotics until the results of the cultures return.
The patient may also be given an antipyretic and should be observed
more closely until his temperature returns to normal.
The physiological effects of fever on the human body are numer
ous and need to be continually assessed.

It is well known that with

fever, body metabolism is elevated above normal (Feurst, Wolff, &
Weitzel, 1974; Guyton, 1976; Davis-Sharts, 1978).

Requirements of

oxygen and nutrients are increased when the metabolic rate is elevated.
The heart increases its rate of contractions to meet these requirements.
If the patient's cardiac status is already decompensated due to myo
cardial infarction, congestive heart failure, or open heart surgery, an
increase in heart rate may have a deleterious effect.

Increases in

heart rate not only lead to an increase in myocardial oxygen consumption,
but may also contribute to or lead to cardiac failure as the heart is
working harder to meet its needs as well as those of the body.

4

Elevated metabolic activity is also accompanied by a build up of
waste products for cellular metabolism, specifically carbon dioxide and
water (Davis-Sharts, 1978).

The respiratory center is stimulated when

there is an increased carbon dioxide level causing the rate and depth of
respirations to increase.

Excess carbon dioxide as well as water are

removed from the body in this manner.
If temperature elevation is prolonged, water loss through the
respiratory tract may contribute to or lead to dehydration, especially
if the patient is on fluid restrictions.

Dehydration in critically ill

patients only enhances fluid and electrolyte imbalances if they already
exist (Davis-Sharts, 1978).
Nursing has always played a significant role in returning
patients to optimal health.

Although temperature measurement appears to

be a simple procedure, the early detection of temperature elevation is
an important aspect of daily nursing care.

If nurses are applying the

same standards of treatment for fever when using intracardiac .core
temperatures instead of rectal temperatures, it is imperative that the
correlation between these two temperatures be methodically described.
Conceptual Framework
The framework for this study is conceptual in nature and can be
seen in Figure 1. The construct level is body temperature in critically
ill patients.

Body temperature is an important measure that must be

considered when doing a total nursing assessment of the critically ill
patient.

The potential for hyperthermia or hypothermia is a major

concern of nurses caring for the patient and must be continually

Construct

Body Temperature in Critically 111 Patients

Concepts

Intracardiac Core
Temperatures

Operational
Level

Swan-Ganz Thermo-_
dilution Catheter"

Figure 1

Rectal
Temperatures

Glass Rectal
Thermometer

Conceptual Framework Depicting Relationship Between
Intracardiac Core Temperature and Rectal Temperature
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assessed.

Both of these abnormalities have their distinct character

istics, i.e., signs and symptoms, significance to ongoing pathophysiology
and specific treatment measures that need to be carried out.

Accurate

temperature detection is one way in which hyperthermia or hypothermia
can be assessed.
The conceptual level of the framework deals with the concepts
intracardiac core temperatures and rectal temperatures.

These two types

of temperature measurement are used to assess temperature abnormalities
in critically ill patients.
Intracardiac core temperatures and rectal temperatures are
linked by a dashed line in the framework as the relationship between
these two concepts has not been established.
relationship is postulated.

However, a positive

Although not supported in the literature,

it may be that current nursing practices are such that nurses are
applying the same standards governing rectal temperatures to intra
cardiac core temperatures.

If this is the current practice, it is

imperative that the correlation between these two types of temperature
measurement be determined.
At the operational level, the method used to measure intracardiac
core temperatures was the Swan-Ganz thermodilution catheter.

The method

used to measure rectal temperatures was the glass rectal thermometer.
The data from these two types of temperature measurements were then
compared to establish the relationship between intracardiac core
temperatures and rectal temperatures.
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Definition of Terms
Critically 111 Patients
Those patients whose condition represents a life threatening
situation and who require specialized medical"and nursing care in the
intensive care unit.
Intracardiac Core Temperatures
Blood temperatures in the pulmonary artery, measured by a
thermistor in the Swan-Ganz thermodilution catheter.
Rectal Temperature
That temperature measured within the rectal cavity with a
glass rectal thermometer.

Summary
Assessment and measurement of body temperature in critically
ill patients are important roles of nursing.

Increases or decreases

in body temperature generally have a detrimental effect on the
physiological functions of critically ill patients.

Nurses must be

able to determine what is normal or abnormal in regards to body temper
ature when applying different types of temperature measuring methods.
Only then can appropriate treatment and nursing responsibilities be
implemented.

Chapter 2
SELECTED REVIEW OF LITERATURE
Introduction
A variety of literature exists on body temperature and the
different anatomical sites and methods used to measure body temperature
at these sites. This review of the literature includes studies conducted
to determine what the normal body temperature was for the site being
measured.

In the majority of studies, the data were then used to

compare the temperature differences between various sites, i.e., rectal
temperature as compared to tympanic, blood, esophageal and sublingual
temperature.

A number of studies gave explanations as to why one

anatomical site was preferred over another when measuring body tempera
ture.
Historical Overview of Temperature Measuring Methods
In 1954, Cranston, Gerbundy, and Snell conducted experiments
comparing oral, rectal, and esophageal temperatures in 40 subjects.
Their findings were that sublingual temperatures were 0.35^0.01° Centi
grade lower than rectal temperatures.

They also determined at that

time that esophageal temperatures were higher than sublingual tempera
tures, but esophageal temperatures were still 0.24 - 0.02°C. lower than
rectal temperatures.

According to Guyton (1976, p. 955), "the average
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normal temperature is generally considered to be 98.6°F (37°C) when
measured orally and approximately 1°F. or 0.6°C. higher when measured
rectally".
Cranston, Gerbundy, and Snell (1954) concluded that the rectal
temperature was generally highest due to one of two factors.

Rectal

temperature could be high because of local heat production in the rectum
or surrounding tissues, or the arterial blood supplying the rectum had
previously been in contact with structures at a higher temperature.
Cranston et al., (1954) also concluded that rectal temperatures
were a poor measure to follow when trying to evaluate temperature
elsewhere in the body.

They found that experimental changes in total

body heat were represented more accurately and more promptly by sublingual temperatures than by rectal temperatures.
In 1951, Eichna et al., conducted a study which compared intra
cardiac and intravascular temperatures with rectal temperatures in
24 subjects.

Their findings were important as they found that pulmonary

artery temperatures were almost the same as femoral artery temperatures
and less than rectal temperatures by an average of 0.25°C. (Eichna,
et al., 1951).
Eichna et al., findings are supported by investigations carried
out by others.

Hoel (1978) found rectal temperature to be 0.3° - 0.9°C

(average 0.6°C) higher than the main pulmonary artery blood temperature.
Kawakami (1972) found that the pulmonary artery blood temperature was
normally 37.22 - 0.11°C. in 11 subjects.

From these studies it can be
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postulated that pulmonary artery blood temperatures correlate more
closely with sublingual temperatures than with rectal temperatures if
one were to compare the normal values for these various sites.
Eichna et al., (1951) concluded that the difference between
rectal and right heart temperatures were so small in the afebrile
patient that for practical purposes the two temperatures could be
considered the same.

Their findings in febrile patients were different.

. . furthermore, in five febrile patients with rectal temperatures
ranging from 38.2°C. to 40°C the differences between right heart and
rectal temperatures were 0.2°, 0.4°, 0.6°, 0.7°, and 0.8°C." (Eichna
et al., 1951, p. 357). The rectal temperature was always higher than
the right heart temperature and the difference was greater with the
higher temperatures.

Eichna et al., (1951) reasoned it was plausible

that there was a difference in temperature between these two sites
because rectal temperature gives the temperature from one organ, whereas
the cardiac temperature is influenced by thermal contributions from all
organs.
M. Benzinger (1969) conducted a study comparing rectal,
esophageal and tympanic temperatures in patients undergoing anesthesia
and surgery.

M. Benzinger observed that if temperature measurements

were to be comparable and consistent, one standard procedure, i.e.,
rectal temperatures, sublingual temperatures, or esophageal temperatures
would have to be applied to the patient from the time of their surgery
up to and including the day that the patient left the hospital.
M.Benzinger (1969) recommended that tympanic thermometry be used as the

standard procedure.

The rationale was that the anatomy of the tympanic

site would allow for tympanic measurements to accurately reproduce the
temperature patterns in the central nervous system. Studies conducted
by T. Benzinger (1969) and Molnar et al. (1974), substantiated
M. Benzinger's rationale for using tympanic temperature measurements.
The authors also found tympanic measurements to be a reliable index of
total body temperature.
M. Benzinger (1969) also ascertained that esophageal temperatures
served as a reliable index as long as the esophageal probe was in the
proper position.

If the esophageal probe became dislodged, it was

practically impossible to place the probe back in the exact preceding
position.

This led to large fluctuations in esophageal temperature

measurements.
A study done by Roberts (1980) supports M. Benzinger's view.
"Esophageal temperature is most representative of true body temperature.
But, esophageal probes often require special and fragile care, and it
may not always be practical to insert an esophageal probe" (Roberts,
1980, p. 54).

This information was also supported by an investigation

conducted by Lees et al. (.1978).
M. Benzinger (1969) was not satisfied with the results of rectal
temperature measurements in her study.

She determined that the rectal

area has no thermal significance of its own.

She also stated that the

rectal area is far removed from the circulation as well as the central
nervous system and therefore it cannot accurately reflect total body
temperature.

M. Benzinger observed that when rectal temperature
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measurements were not the same as esophageal or tympanic measurements,
rectal measurements were inaccurate, not the others. This statement is
supported by T. Benzinger (1961) who found that rectal temperature did
not correlate positively with internal cranial temperatures.

In

experiments that involved exercise, or oral ingestion of ice, or placing
arms or legs in cold or warm water, T. Benzinger (1961) found that the
rectal temperature did not mimic internal cranial temperatures
consistently.
M. Benzinger observed that the discrepancies found in her re
search put serious doubts upon the value of using rectal temperature
measurements in the operating room.

"The essential critierion of any

useful measurement whatever its limits of error, is its consistency
within those limits.

Rectal temperature on which virtually all clinical

knowledge for almost one hundred years had depended is inconsistent"
(M. Benzinger, 1969, p. 1209).

From her study, M. Benzinger determined

that rectal temperature coincides with central temperature at times but
rectal temperature was usually higher than central temperatures.

Due

to these differences, M. Benzinger observed that it was impossible to
redefine normality when changing from rectal measurements to tympanic
measurements.
In conclusion, M. Benzinger (1969) stated that rectal tempera
ture measurements do not allow for the early identification of departure
from characteristic patterns, because rectal temperature does not
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exhibit typical patterns comparatively.

Due to this discrepancy, rectal

temperature measurements would be a poor indicator of oncoming fulminant
hyperthermia.
Azar (1981) differs in his opinion regarding rectal temperature
measurements in surgery.

Based on research, it is his impression that

rectal temperature monitoring is the best indicator of whole body
rewarming during cardiopulmonary bypass in comparison to esophageal or
nasopharyngeal temperature monitoring.

Azar (1981) based his opinion on

the following: "highly perfused tissues such as the heart and brain,
constitute only nine percent of the body mass but receive 75 percent of
the cardiac output" (Azar, 1981, p. 189).

Esophageal and nasopharyngeal

temperatures are representative of the temperature in the heart and
brain.

These temperatures equilibrate rapidly with the temperature of

the perfusate used during cardiopulmonary bypass but they represent only
a small part of the total body mass (Azar, 1981).

Azar (1981) believes

that although rectal temperature lingers behind esophageal temperature,
rectal temperature is a better representation of total body mass, and
supports the use of rectal temperature measurements during cardiopul
monary bypass to indicate whole body rewarming.
Lees et al., (1978) did a study in which skin temperature strips
were compared to esophageal temperatures and rectal temperatures in six
male patients undergoing whole body hyperthermia as a treatment for
metastatic cancer.

These investigators concluded that forehead skin

temperatures correlated with esophageal temperatures in a consistent
manner, but the correlation between skin temperatures and rectal
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temperatures was not precise.

The investigators observed that although

rectal temperatures are most often followed during surgery, they do not
reflect core temperature and that rectal temperature is of little
physiological importance (Lees et al., 1978).

The rationale these

authors used was a reiteration of what M. Benzinger (1969) wrote in
regard to the rectum having no thermal significance, i.e., no thermal
receptors of its own and that the rectum is so far removed from the
central nervous system that rectal temperature measurements are inac
curate when compared to core temperatures.
Molnar and Read (1974) did a study comparing rectal temperatures
to tympanic, esophageal, stomach and blood temperatures in 20 subjects
undergoing open heart surgery.

Their primary goal was to explain the

special characteristics of rectal temperature, i.e., the slow respon
siveness of rectal temperature to temperature change and its high level
in the resting individual.

They determined that the primary reason was

that the flow of blood into the rectum was probably 50 percent less than
other sites. The rectum's vascular insulation impeded the loss of heat
created in the rectum and the inflow of heat from the circulation when
rectal temperature was less than blood temperature (Molnar and Read,
1974).
Molnar and Read (1974) reported that a steady rectal temperature
is due to equal heat input and heat output.

These authors observed that

the higher temperature in the rectum was most likely due to a decreased
rate of heat loss from the rectal area.

The reason this occurs is

partially due to circulatory convection when rectal temperature exceeds
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blood temperature. With a steady heat input by local generation, the
temperature in the rectum will climb if the flow of blood decreases and
falls if the flow of blood increases.

Therefore, if the flow of blood

through the stomach is more than the rectum, it is theoretically
plausible that rectal temperature will be greater than stomach tempera
ture as there will be less chance of temperature exchange in the rectal
area.
The importance of Molnar and Read's study is that these authors
do not recommend total abandonment of rectal temperature monitoring
during surgery.

"Rectal temperature, by virtue of its special character

istics, can add a reference point, when measured along with blood
temperature, oral temperature or tympanic temperature" (Molnar and Read,
1974, p. 335).

The examples they gave are as follows: 1) a falling oral

or tympanic temperature in relation to rectal temperature could fore
warn hypothermia, and 2) a climbing oral or tympanic temperature in
relation to rectal temperature could indicate the onset of hyperthermia
(Molnar and Reed, 1974).

In conclusion, the high level and slow re

sponsiveness of rectal temperature can be of some benefit and should not
be simply disregarded.
Mendel and Raghaven (1965) conducted an investigation in which
they compared the thermal response to temperature changes in the rumen
of sheep. Their main objective was to determine how accurately rectal
temperature represents that of thermoregulatory tissues because it has
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been proposed that rectal temperature does not reflect the thermoregu
latory temperature on an unconditional basis or in its rate of change
(Mendel and Raghaven, 1965).
Parallel changes were noted in intravascular temperature and
rectal temperature because when iced or heated water was placed in the
rumen there was a prompt fall or rise in temperature.

The importance

of the study is that it took approximately two hours for the intra
vascular temperature to return to its precooling or prewarming state of
40°C. In contrast, it took approximately six to eight hours for rectal
temperature to return to its precooling or prewarming state of 40°C.
(Mendal and Raghaven, 1965).

In all experiments, intravascular temper

ature required less time to return to normal values than did rectal
temperature.
Mendel and Raghaven (1965) concluded that rectal temperature is
a measure of deep body temperature only when the heat content of the
body is unvarying.

If the subject is introduced to stress such as

heating or cooling, there will not be a constant or close correlation
between rectal temperature and intravascular temperature.
The validity of the rectal temperature
as a measure of other deep body tempera
tures is dependent, therefore, upon
the rate of change of heat content of
the body and is probably of limited
value in experiments where the heat
content of the body is rapidly chang
ing (Mendel and Raghaven., 1965, p. 39).
Various studies have been conducted using thermistor catheters
to determine the effects of respiration and circulation on intracardiac

blood temperatures in animals and man (Afonso, et al., 1962; Wessel
et al., 1966; and Kawakami, 1972).

All investigators concluded that the

temperature in the pulmonary artery did fluctuate with respiration and
temperature fluctuations increased or decreased with different venti
latory patterns.

Wessel et al., (1966) also noted that pulsatile

variations were evident especially in the great veins, both ventricles,
the pulmonary artery and large systemic arteries.

The temperature

variations were so minimal, 0.01°C in one study with normal respiration
and 0.05° - 0.2° C. in another study with hyperventilation, that it
would seem as though these studies have little significance to the
clinical situation.

However, from the above data one can infer that

thermistor catheters such as the Swan-Ganz catheter are very sensitive
to temperature change. This type of temperature measuring device could
enable physicians and nurses to give the most refined care and treatment
to critically ill patients.
After reviewing the literature, one may question why rectal
temperatures are still in existence.

T. Benzinger (1961) explained the

reason well when he answered why rectal temperatures are useful to the
physician, yet of no help to the physiologist.
The normal regulation of temperature
operates over a very narrow range, mea
sured in hundredths of a degree Centi
grade. The pathologic aberrations of
temperature are one order of magnitude
larger—they are measured in tenths of
a degree, and therefore, in clinical
diagnosis even rectal temperatures are
of considered value (T. Benzinger,
1961, p. 698).

Therefore, for the clinician who deals with large deviations from normal,
rectal temperatures are helpful.

For the physiologist who is primarily

concerned with minute deviations from normal, rectal temperatures are
inaccurate (T. Benzinger, 1969).
One other aspect that needs to be explored is that although
thermistor cathers are sensitive accurate measuring devices, they may
have limited value in the clinical situation. The following should help
explain the limited value.
Bennett and Beeson (1950) described the reaction in man to the
injection of bacterial pyrogens.

For the first 45-90 minutes following

injection there is minimal evidence of any disturbance other than malaise.
At the end of this time, body temperature begins to climb quickly.
Numerous physiological responses are manifest at this time; the skin is
cool and may be cyanotic because of cutaneous vasoconstriction; there
may be an increase in systemic blood pressure; respiratory rate de
creases; piloerection and pupillary dilation occurs; and frequently
there is a period of chilliness followed by shivering which may last
10 to 20 minutes.

Subjects generally complain of headache, back and leg

pain, tiredness and nausea.

The fever reaches its peak during the

second or third hour and then starts to fall.

As the temperature begins

to decrease, there is cutaneous and pupillary vasodilatation, marked
sweating and a decrease in systemic arterial pressure (Bennett and
Beeson, 1950).
The fever peak Bennett and Beeson (1950) described is also
known as a temperature spike in the clinical area.

Usually temperature

spikes over 38°C. (sublingual) and 38.5°C. (rectal) require that blood
cultures be drawn and urine and sputum be sent for culture and sensi
tivity.

At that time the patient may be started on prophylactic anti

biotics especially if there is reason to suspect that the patient may
be infected.
Although the signs and symptoms of fever may seem obvious, they
may be missed in the critically ill patient who is comatose, intubated,
or requiring other specialized nursing care.

The increase or decrease

in blood pressure may be attributed to intravenous vasodilators or
vasoconstrictors that may be being infused.

Pupillary changes may be

attributed to pain medications and changes in ventilatory patterns may
be attributed to ventilator rate changes if the patient is intubated.
Because body temperature is usually measured every four hours, it is
conceivable that temperature spikes may be missed when using the SwanGanz catheter as a temperature monitoring device, unless temperatures
are being continuously monitored.

The Swan-Ganz thermistor and the area

in which the thermistor is situated, the pulmonary artery, are very
sensitive to temperature changes.

If the patient were to spike a

temperature at 1 p.m. and was not due to have his temperature taken
until 4 p.m., the fever peak stage may be missed.

With the slow respon

siveness of rectal tissue to temperature change, it is entirely possible
that the temperature will still be evident at the next temperature check,
if rectal temperatures were being monitored.
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Summary
In conclusion, one can see that various techniques and sites
can be utilized to detect temperature abnormalities in the critically
ill patient.

From the review of the literature it is apparent that some

controversy still exists as to which is the best site and method to use
when measuring temperature.

CHAPTER 3
METHODOLOGY
The methodology used to study the relationship between rectal
temperatures and intracardiac core temperatures is presented.

A des

cription of the sample and the type of agency where the study was
conducted is also reviewed.

The data collection instrument and data

collection methods are discussed as well as the data analysis plan and
the plan for protection of subjects rights.
Research Design
A descriptive study was designed to describe the relationship
between rectal temperatures and intracardiac core temperatures.

The

relationship was described by recording specific patient physiological
data using a Swan-Ganz thermodilution catheter and a glass rectal
thermometer.
Setting
The study was conducted in the intensive care units of a
university hospital in a large southwestern city.

The subjects for the

study were hospitalized in either a medical-coronary intensive care unit
or a cardiothoracic intensive care unit.

Written permission to use the

units was obtained from the Director of Nursing Research (Appendix A).
Verbal permission was obtained from the Head Nurse of these units.
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Sample
A convenience sample of 20 subjects was selected. Criteria for
subject selection were: 1) each patient required a Swan-Ganz catheter
as determined by his physician for diagnostic or specific monitoring
purposes, and 2) each patient was able to understand English.
Protection of Human Subjects
The rights of human subjects were protected according to
University policy.

Permission from the Human Subjects Committee of

the University of Arizona was obtained (Appendix B).
Patients who met the criteria for admission into the study were
asked if they would participate in a study concerned with body temper
ature measurement.

If they agreed, the study was explained to them and

they were asked to read and sign a written consent form (Appendix C).
Confidentiality of the data was maintained by assigning each
subject a code number upon entry into the study. When chart reviews
were completed, the names were destroyed and only code numbers were used.
Subjects were informed verbally and in writing that the information
obtained was kept confidential and their identity would remain anonymous
if any of the material was published.
Data Collection Instruments
Two data collection instruments were used.

These were: a

demographic data sheet and a physical measurement sheet.
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Demographic Data Sheet
The demographic data sheet was designed by the investigator
(Appendix D).

The demographic sheet consisted of:

pertinent past

medical history, age, sex, diagnosis, date of admission, date of SwanGanz insertion, and subject code number. These items were used to
describe the patient population more fully.
Physical Measurement Sheet
The physical measurement sheet was designed by the investigator
to collect information to aid in the description of the relationship
between rectal temperatures and intracardiac core temperatures
(Appendix E).

The categories on the physical measurement sheet are

discussed individually and the rationale for their inclusion on the
physical measurement sheet is given.
Time.

The time category aided in placing the information

obtained from the patient's graphic sheet, intake and output record,
medication sheet(s), and non reoccurring medication sheet in chrono
logical order.
Intracardiac Core Temperature and Rectal Temperature.
clusion of these categories is self-explanatory.

The in

The focus of this

study was to examine the relationship between these two items.

A

standardized procedure was developed for the nurses taking these two
types of temperature measurements (Appendix F).
Heart Rate Mean and Blood Pressure Mean.

These categories were

included to assist the investigator in developing a hemodynamic picture
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of the subject to determine whether the patient was stable or unstable.
The stability of the patient determined how often these parameters would
be taken.

Generally, vital signs were taken every one to two hours.

All intensive care patients had their heart rate and rhythm
continuously mechanically monitored.

A majority of the patients also

had arterial lines connected to pressure transducers for continuous
blood pressure monitoring. Those patients who did not have arterial
lines had their blood pressures taken manually with a standard blood
pressure cuff and mercury manometer.

The average heart rate and blood

pressure was obtained from the vital signs recorded between temperature
measurements.
Intravenous Fluids.

The next three categories eliciting the

types of intravenous fluids aided in determining patient stability.

The

fact that the patient was unstable as evidenced by blood pressure
regulation through the use of vasopressor agents or vasodilating agents
or had remarkable increases or decreases in heart rate was taken into
account.
The types and rate of intravenous fluids infusing through the
patient's central line or proximal port were considered to be important
information to ascertain for two reasons.

First, fluid flowing through

these two lines will mix with intracardiac blood flow.

While not sup

ported in the literature, the temperature of these solutions could
affect intracardiac core temperatures if there had not been time for
adequate dilution between intracardiac blood flow and intravenous fluids.
Secondly, the type of fluid infusing through these lines also needed to
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be considered.

Vasopressor agents and afterload reducing agents were

frequently infused through these lines.

Vasopressors act by stimulating

contractions of the muscular tissue of capillaries and arteries (Miller,
1972).

Afterload reducing agents act by dilating the blood vessels

(Miller, 1972).

These chemical agents then may affect heat transfer

mechanisms within the human body by causing vasoconstriction or vaso
dilation of the periphery.

The category dealing with pressor agents

infusing through peripheral lines again attempts to elicit the same
information.
Antipyretics and Antibiotics.

These two categories recorded

whether the patient had received antibiotics or antipyretics for a
rising temperature.

If the patient's temperature was elevated, he may

have received an antipyretic and also may have been started on prophyl
actic antibiotics.

Often patients were started on prophylactic anti

biotics before an actual temperature spike' occured if surgery or other
invasive procedures had been performed.

Prophylactic antibiotics may

be adequate to prevent or control temperature elevations in the
critically ill patient.

These categories were included because of

Eichna's study (1951). He found very little temperature difference
between rectal temperatures and intracardiac core temperatures in the
afebrile patient.

However, larger temperature differences between these

two sites were noted in the febrile patient.

Therefore, it was important

to ascertain whether the patient was receiving antipyretics or antibiotics.

Data Collection Protocol
A chart review was utilized to collect the majority of the
necessary data.

Specific portions of the chart that were used were:

1) the graphic sheet, 2) intake and output record, 3) medication sheet(s)
and 4) patient admission record.
Chart review data were collected by the investigator and an
assistant after the patient had been discharged from the medical-coronary
care unit or the cardiothoracic intensive care unit.

Temperature

determination and recording were generally done every four hours by
the nurse caring for the patient.

Other vital signs such as blood

pressure and heart rate were also recorded every four hours and
more often.

A mean blood pressure and heart rate were recorded on the

physical measurement sheet at the time temperature measurements were
taken.

The number of recordings of each type of temperature measure

ment and mean value of vital signs depended on how long the Swan-Ganz
catheter was left in place.

Data were collected up to 96 hours post

Swan-Ganz insertion.
Method of Data Analysis
Descriptive statistics were used to analyze the data. The mean
and standard deviation were obtain for the following variables:

age,

intracardiac core temperatures, rectal temperatures and the degree
difference between intracardiac core temperatures and rectal temperatures
The mean degree difference and standard deviation between intracardiac
core temperatures and rectal temperatures were also obtained when
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selected yariables were present. Whether or not intracardiac core
temperatures or rectal temperatures were higher when the selected variable
was present was also examined.
Inferential statistics were also employed.

First, a t-test was

performed between the intracardiac core temperatures and rectal temper
atures to ascertain if a significant difference existed between the two
different types of temperatures.

Chi square tests were also done to

ascertain the statistical significance between certain variables when
the intracardiac core temperature and the rectal temperature was
categorized as being greater than or equal to 38.5°C or less than 38.5°C.
The selected variables were:
1.

presence or absence of pressor agents infusing into
the central line.

2.

presence of absence of pressor agents infusing into
the peripheral line.

3.

presence or absence of intravenous fluids infusing
into the central line.

4.

intravenous fluids infusing into the proximal port
of the Swan-Ganz catheter.

5.

stability of patient.

6.

presence or absence of antibiotics.

7.

presence or absence of antipyretics.
Limitations of the Study

1.

The data were measured and recorded in the patient chart

by several nurses caring for the patient at various times.

Since the
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measuring and recording of the data were not observed or supervised,
the investigator could not control for any errors in these procedures.
2.

A large amount of the data were transcribed from the

chart onto the physical measurement sheet.

No interrater reliability

was obtained to estimate any human error that may have occurred when
transcribing the data.
Summary
Both descriptive and inferential statistics were used to describe
the relationship between intracardiac core temperatures and rectal
temperatures.

A convenience sample of 20 subjects in a large southwestern

hospital were utilized.
were discussed.

The data collection instruments and protocol

Means and standard deviations were obtained for

selected variables.

A t-t.est and chi square tests were also done to

describe the significance of selected data collected.

CHAPTER 4
PRESENTATION AND ANALYSIS OF THE DATA
Results of analyses of the data are presented in this chapter.
First, the characteristics of the sample are described.

Secondly, the

analysis of the data from the chart review is then presented.
Characteristics of the Sample
A convenience sample of 20 subjects participated in the study.
Sixteen subjects (80 percent) were males and four subjects (20 percent)
were females.

The ages of the subjects ranged from 20 to 69 years.

The mean age of the population was 49.6 years (standard deviation 16.0).
Three subjects (15 percent) were admitted under the cardiology service.
Four subjects (20 percent) were admitted under the medicine service.
Thirteen subjects (65 percent) were admitted under the cardiothoracic
surgical service.

The diagnosis of the subjects varied. Three subjects

(15 percent) had an aortic valve replacement.
cent) had a mitral valve replacement.

One subject (five percent) had

both an aortic and mitral valve replacement.
had coronary artery bypass surgery.

One subject (five per

Nine subjects (45 percent)

Three subjects (15 percent) had a

myocardial infarction. Two subjects (10 percent) were status post code.
One subject (five percent) had pneumonia.
Stability of subjects was also assessed. Two subjects (10 per
cent) were stable.

Eighteen subjects (90 percent) were considered
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unstable.

Stability was determined by whether the patient was receiving

some type of intravenous pressor agent (dopamine, dobutamine, nitro
glycerine, nipride) or if fluctuations in systolic or diastolic blood
pressure recordings (greater than 40 mmHg) were present.

Table 1

presents the characteristics of the sample.
Presentation of the Chart Data
The first part of this presentation includes the frequency
distribution of intracardiac core and rectal temperature measurements.
A frequency distribution of the degree difference between intracardiac
core and rectal temperature measurements is also given.

Also included

is the mean degree difference between intracardiac core and rectal
temperatures and the temperature measurement which was highest when
other variables were present.

The second part of the data analysis

includes results of the t-test and the chi square tests.
Temperature Measurements
The frequency distribution of intracardiac core temperature
measurements and rectal temperature measurements can be seen in Table 2.
The mean intracardiac core temperature for 256 intracardiac core temp
eratures was 37.55°C. (S.D. 0.62°C.). The mean rectal temperature for
256 rectal temperature measurements was 37.99°C. (S.D. 1.43°C.). The
mean degree difference between 256 intracardiac core and rectal
temperature measurements was 0.43°C. (S.D. 1.13°C.).

Rectal temperature

was higher than intracardiac core temperature 90 percent of the time
(231 times).

Intracardiac core temperature was higher than rectal

Table 1 Characteristics of the Sample
SUBJECT
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20

SEX
Female
Hale
Male
Female
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Male
Male
Male
Male
' Male

AGE IN YEARS
68
63
69
65
44
58
66
46
34
66
53
63
48
56
42
68
53
25
36
20

SERVICE
Cardiology
Cardiothoracic Surgery
Cardiology
Cardiology
Cardiothoracic Surgery
Cardiothoracic Surgery
Cardiothoracic Surgery
Medicine
Cardiothoracic Surgery
Medicine
Cardiothoracic Surgery
Cardiothoracic Surgery
Cardiothoracic Surgery
Cardiothoracic Surgery
Cardiothoracic Surgery
Cardiothoracic Surgery
Cardiothoracic Surgery
Medicine
Cardiothoracic Surqery
Cardiothoracic Surgery

DIAGNOSIS
Myocardial Infarction
Coronary Artery Bypass Graft
Myocardial Infarction
Myocardial Infarction
Aortic & Mitral Valve Repl.
Aortic Valve Replacement
Coronary Artery Bypass Graft
Status Post Code
Aortic Valve Replacement
Status Post Code
Aortic Valve Replacement
Coronary Artery Bypass Graft
Coronary Artery Bypass Graft
Coronary Artery Bypass Graft
Mitral Valve Replacement
Coronary Artery Bypass Graft
Coronary Artery Bypass Graft
Pneumonia
Coronary Artery Bypass Graft
Aortic Valve Replacement

STABLE
No
No
No
No
No
No
No
No
Yes
No
No
No
No
Yes
No
No
No
No
No
No

Table 2 Frequency Distribution of Intracardiac Core Temperatures and Rectal Temperatures
Frequency Distribution of Intracardiac
Core Temperatures N = 256
Temperature Frequency Tempgrature Frequency
°C.
34.60
35.10
35.60
36.00
36.20
36.30
36.40
36.50
36.60
36.70
36.80
36.90
37.00
37.10
37.20
37.30
37.40
37.50

1
1
2
2
3
1
1
4
1
2
5
1
15
2
16
12
51
13

37.60
37.70
37.80
37.90
38.00
38.10
38.20
38.30
38.40
38.50
38.60
38.70
38.80
38.90
39.20
39.40

14
12
30
9
23
4
9
2
5
1
7
1
4
1
2
1

T0TAL=256

Frequency Distribution of Rectal
Temperatures N = 256
Tempgrature Frequency
35.00
35.20
35.40
35.60
35.80
36.40
36.60
31.80
37.00
37.20
37.30
37.40
37.50
37.60
37.70
37.80
37.90
38.00

1
1
1
1
2
2
2
4
10
5
3
16
5
29
3
38
4
32

Tempgrature Frequency
38.10
38.20
38.30
38.40
38.50
38.60
38.70
38.80
39.00
39.20
39.30
39.40
40.00
43.80

3
29
6
12
11
14
2
9
5
1
1
2
1
1

T0TAL=256

CO
ro
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temperature only five percent of the time (12 times).

Intracardiac

core temperatures and rectal temperatures were the same five percent of
the time (13 times). The frequency distribution for the degree
difference between intracardiac core and rectal temperatures can be
seen in Table 3.
Mean Degree Difference Between Intracardiac
Core and Rectal Temperatures When Other
Variables Were Present
If subjects had intravenous solutions infusing into a central
line, then mean degree difference between rectal and intracardiac core
temperature was 0.33°C. (S.D. 0.25°C.).

Rectal temperatures were higher

89 percent of the time and intracardiac core temperatures were higher
five percent of the time.

Rectal and intracardiac core temperatures

were the same six percent of the time.

If subjects did not have

intravenous solutions infusing into the central line, the mean degree
difference between rectal and intracardiac core temperatures was
0.43°C. (S.D. 0.13°C.).

Rectal temperatures were higher 100 percent

of the time.
If subjects had intravenous solutions infusing into the
proximal port of the Swan-Ganz catheter, the mean degree difference
between rectal and intracardiac core temperatures was 0.38°C
(S.D. 0.23°C.). Rectal temperatures were higher 90 percent of the
time and intracardiac core temperatures were higher six percent of the
time.

Rectal and intracardiac core temperatures were the same four

percent of the time.

If subjects did not have intravenous solutions

infusing into the proximal port of the Swan-Ganz catheter, the mean

Table 3

Frequency Distribution of Degree Difference Between
Intracardiac Core Temperatures and Rectal Temperatures

DEGREE DIFFERENCE

FREQUENCY

DEGREE DIFFERENCE

0°C.

13

0.7°C.

3

0.1°C.

17

0.8°C.

5

0.2°C.

55

1.0°C.

4

0.3°C.

23

1.2°C.

1

0.4°C.

68

1.3°C.

1

0.5°C.

25

1.4°C.

2

0.6°C

38

1.7°C.

1

FREQUENCY
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degree difference between rectal and intracardiac core temperature was
0.39°C. (S.D. 0.25°C.).

Rectal temperatures were higher 90 percent of

the time and intracardiac core temperatures were higher two percent of
the time.

Rectal and intracardiac core temperatures were the same

eight percent of the time.
If subjects had pressor agents infusing into the central line,
the mean degree difference between rectal and core temperatures was
0.39°C. (S.D. 0.25°C.).

Rectal temperatures were higher 89 percent of

t.'ie time and intracardiac core temperatures were higher six percent of
the time.

Rectal and intracardiac core temperatures were the same

five percent of the time. If subjects did not have pressor agents
infusing into the central line, the mean degree difference between
rectal and intracardiac core temperatures was 0.37°C. (S.D. 0.23°C.).
Rectal temperatures were higher 92 percent of the time and intra
cardiac core temperatures were higher three percent of the time.
Rectal and intracardiac core temperatures were the same five percent of
the time.
If subjects had pressor agents infusing into a perepheral line,
the mean degree difference between rectal and intracardiac core temp
eratures was 0.47°C. (S.D. 0.34°C.).

Rectal temperatures were higher

88 percent of the time and intracardiac core temperatures were higher
seven percent of the time.

Rectal and intracardiac core temperatures

were the same five percent of the time.

If subjects did not have

pressor agents infusing into a perepheral line, the mean degree dif
ference between rectal and intracardiac core temperatures was 0.35°C.

(S.D. 0.18°C.).

Rectal temperatures were higher 91 percent of the time

and intracardiac core temperatures were higher four percent of the time.
Rectal and intracardiac core temperatures were the same five percent of
the time.
If subjects were stable, the mean degree difference between
rectal and intracardiac core temperatures was 0.32°C. (S.D. 0.17°C.).
Rectal temperatures were higher 90 percent of the time and intracardiac
core temperatures were higher two percent of the time.

Rectal and

intracardiac core temperatures were the same eight percent of the time.
If subjects were unstable, the mean degree difference between rectal
and intracardiac core temperatures was 40.0°C. (S.D. 0.25°C.).

Rectal

temperatures were higher 90 percent of the time and intracardiac core
temperatures were higher five percent of the time.

Rectal and intra

cardiac core temperatures were the same five percent of the time.
If subjects were on antibiotics, the mean degree difference
between rectal and intracardiac core temperatures was 0.38°C.
(S.D. 0.25°C.).

Rectal temperatures were higher 90 percent of the

time and intracardiac core temperatures were higher five percent of the
time.

Rectal and intracardiac core temperatures were the same five

percent of the time. If subjects were not on antibiotics, the mean
degree difference between rectal and intracardiac core temperatures
was 0.40°C. (S.D. 0.17°C.).

Rectal temperatures were the same 96 per

cent of the time and intracardiac core temperatures were higher four
percent of the time.
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If subjects were on antipyretics, the mean degree difference
between rectal and intracardiac core temperatures was 0.38°C.
(S.D. 0.20°C.).

Rectal temperatures were higher 88 percent of the time

and intracardiac core temperatures were higher six percent of the time.
Rectal and intracardiac core temperatures were the same six percent of
the time.

If subjects were not on antipyretics, the mean degree dif

ference between rectal and intracardiac core temperatures was 0.38°C.
(S.D. 0.25°C.).

Rectal temperatures were higher 90 percent of the

time and intracardiac core temperatures were higher five percent of the
time.

Rectal and intracardiac core temperatures were the same five

percent of the time. Table 4 presents an overview of the above data.
t-Test Results
A t-test was done to estimate whether the difference between
intracardiac core and rectal temperatures was statistically significant.
The results indicated that the difference between intracardiac core and
rectal temperatures was statistically significant at the 0.000 level
(see Table 5).
Chi Square Tests
Chi square tests were done to test for significant differences
between certain variables. The significance of rectal and intracardiac
core temperatures that were greater than or equal to 38.5°C. when
another variable was either present or not present was examined.

The

significance of rectal and intracardiac core temperatures that were
less than 38.5°C. when that same variable was either present or not

Table 4

Mean Degree Difference Between Intracardiac Core Temperatures and Rectal Temperatures
When Other Variables were Present.

Variables

X Degree
Differ
ence &
(S.D.)

Percent
of Time
Rectal
Temp.
Higher

Percent
of Time
Intra
cardiac
Core
Temp.
Hiqher

Intravenous
solutions in
central line

0.38°C.
(0.25)

89%

5%

6%

90%

6%

4%

Intravenous
solutions in 0.38°C
proximal port (0.23)
of Swan-Ganz
catheter

Percent
of Time
Tempera
tures
were the
same

Variables

X Degree
Differ
ence &
(S.D.)

No intraven
0.43°C
ous solu
tions in
(0.13)
central line
No intra
0.39°C.
venous
solutions in (0.25)
proximal port
of Swan-Ganz
catheter

Percent
of Time
Rectal
Temp.
Higher

Percent Percent
of Time of Time
Intra Tempera
cardiac tures
were the
Core
Temp. same
Hiqher

100%

90%

2%

8%

Pressors in
central line

0.39°C.
(0.25)

89%

6%

5%

No pressors
in central
line

0.37°C.
(0.23)

92%

3%

5%

Pressors in
peripheral
line

0.47°C.
(0.34)

90%

7%

5%

No pressors
in peri
pheral line

0.35°C.
(0.18)

91%

4%

5%

0.40°C.
(0.25)
0.40°C.
(0.17)

90%

5%

5%

96%

4%

0.38°C.
(0.25)

90%

5%

90%

2%

8%

Unstable

Receiving
Antibiotics

0.32°C.
(0.17)
0.38°C.
(0.25)

90%

5%

5%

Not Receiv
ing Anti
biotics

Receiving
Antipyretics

0.38°C.
(0.20)

88%

6%

6%

Not ReAntipyretics

Stable

5%

Table 5

Significance of Degree Difference Between Intracardiac
Core and Rectal Temperatures: t-Test.
(N=256)

VARIABLE
Intracardiac
Core
Temperature

MEAN

37.5555

STANDARD
DEVIATION

t VALUE

0.622
-5.34*

Rectal
Temperature

*p = 0.000

37.9945

1.436
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present was also described. The level of significance was set at the
0.05 level by the investigator.

The data are presented by the second

variable being studied.
Pressor Agents Infusing Into the Central Line
Rectal.

A chi square test was done to test for significant

temperature differences in subjects who had rectal temperatures greater
than or equal to 38.5°C. and rectal temperatures less than 38.5°C. and
either had pressor agents infusing or not infusing into the central
line.

The corrected chi square was 0.06, which was not significant at

the 0.05 level, indicating whether or not pressor agents were infusing
into the central line of subjects made no statistical difference in
rectal temperatures (see Table 6).
Intracardiac Core.

A chi square test was done to test for

significant temperature differences in subjects who had intracardiac
core temperatures greater than or equal to 38.5°C. and intracardiac
core temperatures less than 38.5°C. and either had pressor agents
infusing or not infusing into the central line.

The corrected chi

square was 0.04, which was not significant at the 0.05 level,
indicating that either the presence or absence of pressor agents
infusing into the central line made no statistical difference in
intracardiac core temperatures (see Table 6).
Pressor Agents Infusing Into the Peripheral Line
Rectal.

A chi square test was done to test for significant

temperature differences in subjects who had rectal temperatures greater
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Table 6

Comparison of Subjects with Pressor Agents Infusing into the
Central Line with Subjects without Pressor Agents Infusing
into the Central Line: Chi Squares
(N = 256)
Rectal Temperatures
Pressors

No Pressors

Temperatures >38.5 C.

32 (20%)

16 (17%)

Temperatures < 38.5°C.

132 (80%)

76 (83%)

Total

164(100%)

92(100%)

Corrected Chi Square: 0.06*
*p > 0.80

Intracardiac Core Temperatures
Pressors

No Pressors

Temperatures > 38.5°C.

10 ( 6%)

7 ( 8%)

Temperatures < 38.5°C

154 (94%)

85 (92%)

Total

164(100%)

92(100%)

Corrected Chi Square: 0.04*
*p > 0.83

than or equal to 38.5°C. and rectal temperatures less than 38.5°C. and
either had pressor agents infusing or not infusing into the peripheral
line.

The corrected chi square was 14.70, which was significant at

the 0.00 level, indicating a significant difference in rectal tempera
ture was noted when pressor agents were infusing into the peripheral
1ine (see Table 7).
Intracardiac Core.

A chi square test was done to test for

significant temperature differences in subjects who had intracardiac
core temperatures greater than or equal to 38.5°C. and intracardiac
core temperatures less than 38.5°C. and either had pressor agents infusing
or not infusing into the peripheral line.

The corrected chi square

was 2.17, which was not significant at the 0.05 level, indicating that
either the presence or absence of pressor agents infusing into the
peripheral line made no statistical difference in intracardiac core
temperatures (see Table 7).
Intravenous Fluids Infusing Into the Central Line
Rectal.

A chi square test was done to test for significant

temperature difference in subjects who had rectal temperatures greater
than or equal to 38.5°C. and rectal temperatures less than 38.5°C. and
either had intravenous fluids infusing or not infusing into the central
line.

The corrected chi square was 3.76, which was significant at the

0.05 level, indicating a significant difference in rectal temperature
existed when intravenous fluids were infusing into the central line
(see Table 8).

Table 7

Comparison of Subjects with Pressor Agents Infusing into
the Peripheral Line with Subjects without Pressor Agents
Infusing into the Peripheral Line: Chi Squares
(N = 256)

Rectal Temperatures
Pressors

No Pressors

Temperatures > 38.5 C.

25 (34%)

23 (13%)

Temperatures< 38.5°C.

48 (66%)

160 (87%)

Total

73(100%)

183(100%)

Corrected Chi Square: 14.70*
*p > 0.00

Intracardiac Core Temperatures
Pressors

No Pressors

Temperatures > 38.5 C.

8 (11%)

9 ( 5%)

Temperatures < 38.5°C.

65 (89%)

174 (95%)

Total

73(100%)

183(100%)

Corrected Chi Square: 2.17*
*p > 0.14
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Table 8 Comparison of Subjects with Intravenous Fluids Infusing
into the Central Line with Subjects without Intravenous
Fluids Infusing into the Central Line: Chi Squares
(N = 256)

Rectal Temperatures
Intravenous Fluids

No Intravenous Fluids

Temperatures > 38.5°C.

48 (20%)

Temperatures < 38.5°C.

188 (80%)

20 (20%)

Total

236(100%)

20(100%)

0

Corrected Chi Square: 3.76*
*p > 0.05

Intracardiac Core Temperatures
Intravenous Fluids

No Intravenous Fluids

Temperature > 38.5°C.

17 ( 7%)

Temperatures^ 38.5°C.

219 (93%)

20 (100%)

Total

236(100%)

20 (100%)

Corrected Chi Square: 0.59*
*p > 0.43

0

Intracardiac Core.

A chi square test was done to test for

significant temperature differences in subjects who had intracardiac
core temperatures greater than or equal to 38.5°C. and intracardiac
core temperatures less than 38.5°C. and either had intravenous fluids
infusing or not infusing into the central line.

The corrected chi

square was 0.59 which was not significant at the 0.05 level, indicating
that either the presence or absence of intravenous fluids infusing
into the central line made no statistical difference in intracardiac
core temperatures (see Table 8).
Intravenous Fluids Infusing Into the Proximal Port of
the Swan-Ganz Catheter
Rectal.

A chi square test was done to test for significant

temperature differences in subjects who had rectal temperatures greater
than or equal to 38.5°C. and rectal temperatures less than 38.5°C. and
either had intravenous fluids infusing or not infusing into the proximal
port of the Swan-Ganz catheter. The corrected chi square was 0.93,
which was not significant at the 0.05 level, indicating that either
the presence or absence of intravenous fluids infusing into the
proximal port of the Swan-Ganz catheter made no statistical difference
in rectal temperatures (see Table 9).
Intracardiac Core.

A chi square test was done to test for

significant temperature differences in subjects who had intracardiac
core temperatures greater than or equal to 38.5°C. and intracardiac
core temperatures less than 38.5°C. and either had intravenous fluids
infusing or not infusing into the proximal port of the Swan-Ganz
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Table 9 Comparison of Subjects with Intravenous Fluids Infusing
into the Proximal Port of the Swan-Ganz Catheter with
Subjects without Intravenous Fluids Infusing into the
Proximal Port of the Swan-Ganz Catheter: Chi Squares
(N = 256)

Rectal Temperatures
Intravenous Fluids

No Intravenous Fluids

Temperatures > 38.5°C

26 (17%)

22 (22%)

Temperatures < 38.5°C

131 (83%)

77 (78%)

Total

157(100%)

99(100%)

Corrected Chi Square: 0.93*
*p > 0.33

Intracardiac Core Temperatures
Intravenous Fluids

No Intravenous Fluids

Temperatures > 38.5°C

11 ( 7%)

6 ( 6%)

Temperatures < 38.5°C.

146 (93%)

93 (94%)

Total

157(100%)

99(100%)

Corrected Chi Square: 0.001*
*p
0.96
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catheter.

The corrected chi square was 0.001, which was not significant

at the 0.05 level, indicating that either the presence or absence of
intravenous fluids infusing into the proximal port of the Swan-Ganz
catheter made no statistical difference in intracardiac core temperatures
(see Table 9).
Stability
Rectal.

A chi square test was done to test for significant

temperature differences in subjects who had rectal temperatures greater
than or equal to 38.5°C. and rectal temperatures less than 38.5°C.
and categorized as either stable or unstable. The corrected chi square
was 0.01, which was not significant at the 0.05 level, indicating
rectal temperatures were not significantly different in stable and
unstable patients (see Table 10).
Intracardiac Core.

A chi square test was done to test for

significant temperature differences in subjects who had intracardiac
core temperatures greater than or equal to 38.5°C. and intracardiac core
temperatures less than 38.5°C. and either were stable or unstable. The
corrected chi square was 2.05, which was not significant at the 0.05
level, indicating intracardiac core temperatures do not differ signi
ficantly in stable and unstable patients (see Table 10).
Antibiotics
Rectal.

A chi square test was done to test for significant

temperature differences in subjects who had rectal temperatures greater
than or equal to 38.5°C. and rectal temperatures less than 38.5°C. and
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Table 10

Comparison of Subjects who were Stable with Subjects
who were Unstable: Chi Squares
(N = 256)

Rectal Temperatures
Stable

Unstable

Temperatures

>38.5°C.

10 (20%)

38 (18%)

Temperatures

< 38.5°C

39 (80%)

169 (82%)

49(100%)

207(100%)

Total

Corrected Chi Square: 0.01*
*p > 0.89

Intracardiac Core Temperatures

Temperatures > 38.5°C.
Temperatures
Total

38.5°C.

Stable

Unstable

6 (12%)

11 ( 5%)

43 (88%)

196 (95%)

49(100%)

207(100%)

Corrected Chi Square: 2.05*
*p > 0.15
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either were receiving or not receiving antibiotics.

The corrected chi

square was 0.44, which was not significant at the 0.05 level indicating
that either the presence or absence of antibiotics made no statistical
difference in rectal temperatures (see Table 11).
Intracardiac Core.

A chi square test was done to test for

significant temperature differences in subjects who had intracardiac
core temperatures greater than or equal to 38.5°C. and intracardiac core
temperatures less than 38.5°C. and who either were receiving or not
receiving antibiotics.

The corrected chi square was 0.0005 which was not

significant at the 0.05 level, indicating that either the presence or
absence of antibiotics made no statistical difference in intracardiac
core temperatures (see Table 11).
Antipyretics
Rectal.

A chi square test was done to test for significant

temperature differences in subjects who had rectal temperatures greater
than or equal to 38.5°C. and rectal temperatures less than 38.5°C. and
either were receiving or not receiving antipyretics.

The corrected

chi square was 46.16, which was significant at the 0.05 level,
indicating a significant difference in rectal temperature existed when
antipyretics were administered (see Table 12).
Intracardiac Core.

A chi square test was done to test for

significant temperature differences in subjects who had intracardiac
core temperatures greater than or equal to 38.5°C. and intracardiac
core temperatures less than 38.5°C. and either were or were not
receiving antipyretics.

The corrected chi square was 34.28, which
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Table 11

Comparison of Subjects Receiving Antibiotics with
Subjects Not Receiving Antibiotics: Chi Squares
(N = 256)

Rectal Temperatures
Antibiotics

No Antibiotics

Temperatures > 38.5°C.

42 (18%)

6 (26%)

Temperatures < 38.5°C.

191 (82%)

17 (74%)

Total

233(100%)

23(100%)

Corrected Chi Square:

0,.44*
*p > 0,.50

Intracardiac Core Temperatures
Antibiotics

No Antibiotics

Temperatures > 38.5°C.

16 ( 7%)

1 ( 4%)

Temperatures <c 38.5°C.

217 (83%)

22 (96%)

Total

233(100%)

23(100%)

Corrected Chi Square: 0. 0005*
*p > 0.,98
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Table 12

Comparison of Subjects Receiving Antipyretics with
Subjects Not Receiving Antipyretics: Chi Squares
(N = 256)

Rectal Temperatures
Antipyretics

No Antipyretics

Temperatures > 38.5 C.

22 (61%)

26 (12%)

Temperatures < 38.5°C.

14 (39%)

194 (88%)

Total

36(100%)

220(100%)

Corrected Chi Square: 46.16*
*p >

0.00

Intracardiac Core Temperatures
Antipyretics

No Antipyretics

Temperatures > 38.5°C.

11 (31%)

6 ( 3%)

Temperatures < 38.5°C.

25 (69%)

214 (97%)

Total

36(100%)

220(100%)

Corrected Chi Square: 34.28*
*p >
0.00

52

was significant at the 0.05 level, indicating a significant difference
in intracardiac core temperature was noted when antipyretics were
administered (see Table 12).
Summary
Analysis of the data revealed rectal temperature measurements
were usually higher than intracardiac core temperature measurements.
The mean degree difference between rectal and intracardiac core temper
atures varied in the presence of specific variables.

It is interesting

to note that a statistical difference in rectal temperature measurements
was seen in the presence of two variables, pressor agents infusing into
the peripheral line and intravenous fluids infusing into the central
line.

The presence of antipyretics were found to cause a statistical

difference in both intracardiac core and rectal temperature measurements
as expected.

CHAPTER 5
DISCUSSION AND RECOMMENDATIONS
This chapter discusses the findings of the study.

Implications

for nursing and recommendations for future study are also presented.
Findings
Guyton (1976) stated that the mean rectal temperature was
37.6°C.

This study found that the mean rectal temperature using

hospitalized critically ill patients was 37.99°C (S.D. 0.43°C.).
Kawakami (1972) found that the main pulmonary artery temperature was
normally 37.22°C + 0.11°C. This study found that the mean intracardiac
core temperature using hospitalized critically ill patients was
37.55°C. (S.D. 0.62°C.).

Using hospitalized critically ill patients may

account for the differences found in this study.
Eichna (1951) stated that pulmonary artery temperatures were
less than rectal temperatures by an average of 0.25°C.

He said that

in afebrile patients the difference between right heart temperatures
and rectal temperatures was so small, the two types of temperature
measurements could be considered the same. Hoel (1978) found that
rectal temperatures were 0.3^ - 0.9°C. (mean 0.6°C.) higher than
pulmonary, artery temperatures. This study found that rectal tempera
tures were 0.43°C. (S.D. 1.31°C.) higher than intracardiac core
temperatures.

Also in the presence of extraneous variables the mean
53
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degree difference between rectal temperatures and intracardiac core
temperatures was not less than 0.32°C. or more, than 0.43°C. These
figures are well within the range described by Hoel (1978).
The present study obtained different mean degree differences
between intracardiac core temperatures and rectal temperatures than
reported in the literature.

The lack of literature support points to

the need for more descriptive studies. The findings of this study do
support the literature review in that rectal temperatures are higher
than intracardiac core temperatures.
Other findings of this study include the following. Subjects
who had pressor agents infusing into a peripheral line had rectal
temperatures significantly different when compared to rectal tempera
tures of subjects who did not have pressor agents infusing into the
peripheral line.

The reason for the finding may have been due to the

number of rectal temperature measurements recorded on those subjects
receiving pressor agents through a peripheral line was small. This
in turn could have affected the total outcome when compared to the
number of temperatures recorded on subjects not receiving pressor
agents through a peripheral line.

Another possible reason is that

pressor agents infusing through a peripheral line do affect heat trans
fer mechanisms of body surface areas, i.e., rectal mucosa.
Subjects who had intravenous fluids infusing into a central
line had rectal temperatures that were significantly different when
compared to rectal temperatures of subjects who did not have intra
venous fluids infusing through a central line.

A possible explanation

is that the number of rectal temperature measurements recorded on
subjects not receiving intravenous fluids through the central line was
also small.

Again, this in turn may have affected the total outcome

when compared to the number of temperatures recorded on subjects who
had intravenous fluids infusing into the central line.

Another possible

reason is the temperature of intravenous fluids infusing into the
central line may affect temperature of body surface areas, i.e.,
rectal mucosa.
If subjects were receiving antipyretics, a statistical dif
ference in rectal temperature and intracardiac core temperature was
noted when compared to subjects who were not receiving antipyretics.
When rectal or intracardiac core temperatures are greater than or equal
to 38.5°C., antipyretics are usually administered.

When rectal or

intracardiac core temperatures are less than 38.5°C., antipyretics
would not be administered.

Thus, as expected antipyretics lower

temperature, but the presence or absence of these drugs cannot be
expected to produce a significant difference in rectal and intracardiac
core temperatures.
Implications for Nursing
Nurses need to be aware that rectal temperature and intracardiac
core temperature measurements do not result in exactly the same temp
erature measurement.

Knowledge of the discrepancy is especially

important when the physician orders blood cultures for temperatures
greater than 38.5°C. rectally and nurses are utilizing intracardiac
core temperatures when assessing body temperature.

If the intracardiac
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core temperature registers 38°C. or greater, the nurse must compare the
intracardiac core temperature with a rectal temperature to decide on
the most appropriate nursing interventions.
Recommendations
The primary recommendations of this study are to conduct further
studies to describe the normal intracardiac core temperature and the
exact degree difference between intracardiac core temperature and rectal
temperature.
1.

The studies could be accomplished as follows:
Patients are normally hospitalized for cardiac catherization.

Generally this population is not critically ill.

At the time of

cardiac catherization a Swan-Ganz thermodilution catheter is inserted
to assess intracardiac pressures and cardiac outputs.

Intracardiac

core temperatures and rectal temperatures can be measured and recorded
also.
2.

Often patients in a critical care setting require a Swan-

Ganz catheter for specific diagnostic and treatment measures. Some
of these patients do not develop temperatures greater than or equal to
38.5°C. either rectally or intracardiac core.

Rectal and intracardiac

core temperatures can then be assessed and compared to describe the
exact degree difference between the two groups.
Summary
This chapter discusses the findings of the study. The most
important finding of the study was:

in critically ill patients, rectal

temperatures were found to be 0.43°C. (S.D. 1.31°C.) higher than
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intracardiac core temperatures.

Implications for nursing and recom

mendations for further study are discussed in regards to this finding.
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THE UNIVERSITY O F ARIZONA
HEALTH SCIENCES CENTER
T U C S O N , A R I Z O N A 85 7 2 4

UNIVERSITY HOSPITAL

June 16, 1982
Lynda Walker, R.N.
3232 N. Tucson, Apt. 210
Tucson, Arizona 85716
Dear Lynda:
It is a pleasure to approve your request to conduct your thesis
project at Arizona Health Sciences Center in the adult critical
care units. Ms. Jeanne Thrush will serve as your contact for
the study. Please negotiate the details of the data collection
protocol with her.
One problem we do have with your project is the taking of both
rectal and core temperatures. Core temperatures are not routinely
taken by staff. Thus, if you wish to have that data you will need
to collect it or have your research assistants do so. We do ask
that you not start data collection.for a short period of time. As
you know, several other nursing research studies are underway. We
appreciate your willingness to help in this way. Ms. Thrush will
negotiate with you when data collection needs to begin - the delay
will not be long.
We will look forward to learning the results of your research. If
you have any questions please contact me (626-6353).
Sincerely,

Ada Sue Hinshaw, R.N., Ph.D.
Associate Director of Nursing for Research
Nursing Department
University Hospital
Professor, Director of Research
College of Nursing
University of Arizona
ASH/pm
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T H E

UNIVERSITY

T U C S O N ,

A R I Z O N A

O F

ARIZONA

85 7 2 4

HUMAN SUBJECTS COMMITTEE

TELEPHONE. 626-472! OR 626 151!

ARIZONA HEALTH SCIENCES CENTER 230!

9 September 1982

Lynda E. Walker, R.N.
College of Nursing
Arizona Health Sciences Center
Dear Ms. Walker:
We are in receipt of your project, "Comparison of Intracardiac Core
Temperatures with Rectal Temperatures in Critically 111 Patients", which
was submitted to this Committee for review. The procedures to be used in
this project pose no more than minimal risk to the subjects involved.
Regulations issued by the U.S. Department of Health and Human Services
(45 CFR Part 46.110) authorize approval of this type project through the
expedited review procedure, as long as the subjects' anonymity is main
tained. Although full Committee review is not required, a brief summary
of the project is submitted for their information and comment, if any,
after administrative approval is granted. This project is approved effec
tive 9 September 1982.
Approval is granted with the understanding that no changes will be
made in either the procedures followed or in the consent form to be used
(copies of which we have on file) without the knowledge and approval of
the Human Subjects Committee and the Departmental Review Committee. Any
physical or psychological harm to any subject must also be reported to
each committee.
A university policy requires that all signed subject consent forms
be kept in a permanent file in an area designated for that purpose by the
Department Head or comparable authority. This will assure their accessi
bility in the event that university officials require the information and
the principal investigator is unavailable for some reason.
Sincerely yours,

Milan Novak, M.D., Ph.D.
Chairman
MN/jm
cc:

Ada Sue Hinshaw, R.N., Ph.D.
Departmental Review Committee
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Subject's Consent Form
I am requesting your voluntary participation in a study entitled,
"Comparison of Intracardiac Core Temperatures with Rectal Temperatures
in Critically 111 Patients."

The purpose of this study is to describe

the relationship between temperatures taken with the Swan-Ganz thermodilution catheter that your physician has decided you need and rectal
temperatures taken with a rectal thermometer.

The procedures above are

those normally done during your hospitalization in the intensive care
unit.

Information will be recorded at the time of your admission into

the study about you and includes your sex, age, diagnosis, and past
medical history.

There is no cost to you to participate in this study,

and you are free to ask and receive answers to questions at any time.
This may not seem to benefit you at this time, however, it may possibly
help future patients in the critical care setting.
To protect you and the confidentiality of the information
gathered, all forms will be coded to protect anonymity.

When the data

of the study are analyzed, the results will be submitted for publication
and anonymity will again be maintained.

You may withdraw from the study

at any time; you need not state your reason for doing so, and your
medical care will not be affected by this decision.
I have read the above "Subject's Consent Form".

The nature,

demands, risks, and benefits of the project have been explained to me.
I understand that I may ask questions and that I am free to withdraw
from the study at any time without incurring ill will (or affecting
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my medical care).

I also understand that this consent form will be

filed in an area designated by the Human Subjects Committee with access
restricted to the principal investigator or authorized representatives
of the particular department.

A copy of this consent form will be given

to me.

Subject's Signature

Date

Parent or Guardian
(if appropriate)

Date

I have carefully explained to the subject the nature of the
above study.

I hereby certify that to the best of my knowledge the

subject signing this consent form understands clearly the nature,
demands, benefits, and risks involved in participating in this study.
A medical problem or language or educational barrier has not precluded
a clear understanding of his/her involvement of this project.

Date
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Demographic Data Sheet
1.

Subject Code Number:

2.

Age:

3.

Sex:

4.

Date of Admission:

5.

Diagnosis:

6.

Past Medical History:

7.

Date of Swan-Ganz Insertion:
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PHYSICAL MEASUREMENT SHEET
Time

Rectal
Temp.

Intra
cardiac
Core
Temp

Heart
Rate
Mean

Blood
Pres
sure
Mean

I.V. Infusing in
Central Line
Type
Rate

I.V. Infusing in
Proximal Port
Type
Rate

Antipyretic
with in
creased
Temp.

Receiving
Anti
biotics
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Temperature Measurement Protocol
Rectal Temperature Measurement Protocol
1. The glass rectal thermometer should be shaken down to 36°C. or below.
2.

The glass rectal thermometer should be well lubricated to ensure
easy entry into the rectal cavity.

3.

The glass rectal thermometer should be inserted
into the rectal cavity.

4.

The glass rectal thermometer should be left in place 3 to 5 minutes.

5.

When recording the actual temperature measurement, the reading
should be taken to the nearest tenth of a degree Celcius.

6.

Rectal temperature measurements will be taken every four hours and

inches (3.8cm)

recorded on the graphic with the designation: R..
Intracardiac Core Temperature Measurement Protocol
1.

The Edwards cardiac output computer model 9520 will be used to
measure intracardiac core temperatures.

2.

The Swan-Ganz thermodilution catheter will be connected to the
Edwards cardiac output computer via the cable extension for the
Swan-Ganz thermodilution catheter.

3.

Intracardiac core temperatures will be taken before cardiac output
measurements are obtained.

4.

The instantaneous readout on the computer representing intra
cardiac core temperatures will be taken to the nearest tenth
of a degree Celcius.

5.

Intracardiac core temperature measurements will be taken simul
taneously with rectal temperature measurements. Intracardiac
core temperature measurements will be recorded on the graphic
with the designation: C.
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