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Abstract Objective: Comparisons
of urinary bladder, oesophageal, rec-
tal, axillary, and inguinal tempera-
tures versus pulmonary artery tem-
perature. Design: Prospective cohort
study. Setting: Intensive Care Unit of
a University-Hospital. Patients: For-
ty-two intensive care patients requir-
ing a pulmonary artery catheter
(PAC). Intervention: Patients requir-
ing PAC and without oesophageal,
urinary bladder, and/or rectal disease
or recent surgery were included in
the study. Temperature was simulta-
neously monitored with PAC, uri-
nary, oesophageal, and rectal elec-
tronic thermometers and with axil-
lary and inguinal gallium-in-glass
thermometers. Comparisons used 
a Bland and Altman method. 
Measurements and main results: The
pulmonary arterial temperature
ranged from 33.7 °C to 40.2 °C. Uri-
nary bladder temperature was as-
sessed in the last 22 patients. A total
of 529 temperature measurement
comparisons were carried out (252

comparisons of esophageal, rectal,
inguinal, axillary, and pulmonary 
artery temperature measurements in
the first 20 patients, and 277 com-
parisons with overall methods in the
last patients). Nine to 18 temperature
measurement comparisons were 
carried out per patient (median=13).
The mean differences between 
pulmonary artery temperatures 
and those of the different methods
studied were: oesophageal
(0.11±0.30 °C), rectal (−0.07±0.40 °C),
axillary (0.27±0.45 °C), inguinal
(0.17±0.48 °C), urinary bladder 
(−0.21±0.20 °C). Conclusion: In
critically ill patients, urinary bladder
and oesophageal electronic ther-
mometers are more reliable than the
electronic rectal thermometer which
is better than inguinal and axillary
gallium-in-glass thermometers to
measure core temperature.
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Introduction

In critically ill patients, temperature measurement is a
routine care task and can lead to important decisions re-
garding investigations and treatments. Because the tem-
perature of blood perfusing the hypothalamus is not
currently measurable, many methods have been devel-
oped to measure temperature [1]. Historically, the rectal
route was preferred to measure a patient’s core temper-
ature. However, rectal temperature significantly lags

behind other core sites such as the oesophageal site, es-
pecially during acute temperature alterations [2, 3].
This method also poses the potential risk of rectal per-
foration and could be uncomfortable for the patient.
Axillary and inguinal temperature measurements using
classical mercury or gallium-in-glass thermometers
have replaced rectal temperature measurement because
they are easy to use. However, these methods do not
correlate well with core temperature and do not allow
continuous monitoring in intensive care units [3, 4].
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Therefore, electronic thermometers have been devel-
oped to continuously monitor temperature in esophage-
al, rectal, urinary bladder, and oral sites [3, 5, 6, 7].
Furthermore, these methods allow a quick and easy
measurement of core temperature. Core temperature
can also be assessed using tympanic thermometers.
However, this method is not available in every inten-
sive care unit as it is time-consuming and requires
trained operators [5, 8, 9]. Moreover, it has been shown
that tympanic thermometry is not reliable in critically
ill patients [10]. As many methods are available to
measure core temperature in critically ill patients, we
decided to compare temperature measurement using an
electronic probe in rectal, esophageal, and urinary blad-
der sites and temperature measurement in inguinal and
axillary sites versus pulmonary artery core temperature.
The latter is considered as the “gold standard” for the
measurement of core body temperature [3, 5, 6, 7, 10].

Materials and methods

This prospective study was approved by the local Ethics Commit-
tee and oral informed consent was obtained by the patient or
his/her closest relative.

Patients

From October 1998 to May 2001, patients >18 years requiring a
pulmonary artery catheter (PAC) monitoring were included in the
study. Non-inclusion criteria were: patients <18 years, patients
who did not give their informed consent, patients with a recent
history of rectal, oesophageal or urinary bladder surgery, and pa-
tients with oesophageal and/or rectal varicose with potential risks
of haemorrhage.

Temperature measurements

In each patient, PAC (OptiQ SvO2/CCO, Abbott critical care sys-
tems, Abbott Laboratories, North Chicago, Ill., USA) was inserted
using a central venous catheterization. The correct position of the
catheter tip was checked by chest radiography and the catheter
was connected to the cardiac monitor (Qvue Continuous cardiac
output computer, Abbott critical care systems) that allows the
measurement of the temperature of blood in the pulmonary artery.
Oesophageal and rectal temperatures were measured with elec-
tronic probes (YSI, Siemens, Sweden) that were connected to the
monitor. The tip of the probe was inserted up to 20 cm into the oe-
sophagus and into the rectum as normal procedure. However, the
correct position was not checked by radiography to avoid exces-
sive X-ray. The urinary bladder temperature was measured with a
thermistor Foley catheter (Mon.a.therm Foley Temp, Mallinck-
rodt, Saint Louis, Mo., USA) that was connected to the monitor.
Axillary and inguinal temperatures were measured with manual
Gallium thermometers (Magnien SA, Saint Brice sous Forêt,
France). Every 2 h they were placed in the inguinal and axillary
sites by an aid-nurse and a nurse. After 2–3 min, they were re-
moved and the temperatures were collected separately by a nurse
and an aid-nurse to allow a blinded data collection. Urinary blad-
der temperature was not measured in the first 20 patients because
the thermistor Foley catheter was not yet available.

Time of measurements

In each patient, the temperature measurements were performed
within the first 48 h of pulmonary artery catheter insertion. Mea-
surements were collected by nurses and aid-nurses every 2 h for
24 h. Nurses and aid nurses first collected the values of inguinal
and axillary temperatures before collecting the values of oesopha-
geal, rectal, urinary bladder, and pulmonary artery temperatures
recorded on the screens of the monitor and cardiac output monitor.

Studied parameters

In each patient, age, gender, height, weight, and APACHE II score
were recorded [12]. The requirements of mechanical ventilation,
sedation, and inotropic and/or vasopressive drugs were also re-
corded. Finally, the patient’s outcome (death or discharge from the
unit) was recorded.

Statistical analysis

Results are expressed as the median value with 5th and 95th per-
centiles. To compare axillary, inguinal, oesophageal, rectal, and
urinary bladder temperature versus pulmonary artery core temper-
ature, a Bland and Altman method was used [13].

Results

During the study period, 909 patients were admitted in
the unit. Among these, 81 required a pulmonary artery
catheter. Twenty-eight patients were not included be-
cause of esophageal, rectal or urinary bladder disease or
recent surgery. Six patients were excluded because of a
moribund state and there was a protocol violation in five
other patients (lack of temperature measurements with
one of the studied methods). Therefore, 42 patients were
included in the study. Urinary bladder temperature was
assessed in the last 22 patients. Patients’ characteristics,

Table 1 Characteristics of patients (n = 42). Age, height, weight,
and APACHE II are expressed in median value with 25th and 75th
percentiles between parentheses. When appropriate, percentages
are in parentheses. (SIRS systemic inflammatory response syn-
drome, ARDS acute respiratory distress syndrome)

Sex ratio (M/F) 20/22 (48/52)
Age (years) 73 (52–75)
Weight (kg) 70 (60–85)
Height (cm) 166 (150–180)
APACHE II 15 (9–25)
Sedated and mechanically  39 (93%)

ventilated patients
Hemodynamically supported patients 30 (71%)

Underlying diseases
SIRS 20 (48%)
Sepsis 7 (17%)
ARDS 6 (14%)
Cardiogenic shock 4 (10%)
Miscellaneous 5 (12%)
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Discussion

The present study shows that, using a Bland and Altman
diagram, the mean differences with blood temperature of
pulmonary artery were 0.11±0.30 °C, −0.07±0.40 °C,
0.27±0.45 °C, 0.17±0.48 °C, and −0.21±0.20 °C for
oesophageal, rectal, axillary, inguinal, and urinary blad-
der temperatures, respectively.

The core temperature is routinely monitored in inten-
sive care units. The value of the core temperature influ-
ences decision-making regarding potential investigation
(for instance, blood culture) and treatment (for instance,
anti-infective therapy). Historically, rectal temperature
was first measured. However, it could be uncomfortable
and painful for the patient [14]. Inguinal and axillary
gallium glass thermometers, that are noninvasive, are
also used. However, they do not allow a continuous
monitoring of temperature. Therefore, electronic ther-
mometers allowing a continuous measurement have been
developed to permit a reliable measurement. The present
study included patients in whom a pulmonary artery
catheter was required. The severe state of these patients
was confirmed by a high APACHE II score and the fre-
quent association with respiratory and haemodynamic
failures. Moreover, measured temperatures ranged from
33.7 °C to 40.2 °C as in other studies [3, 5, 7].

Although the temperature of blood perfusing the hy-
pothalamus is the reference of core body temperature,
the pulmonary artery temperature is considered as the
gold standard in anesthesia and in the critical care unit
[1, 3, 4, 5, 6, 7] because it has been shown to be closest
to the temperature in the high internal jugular vein and
core body temperature [11]. Moreover, the statistical
analysis used a Bland and Altman method that has been
recommended since 1986 to compare methods measur-
ing the same clinical parameter [13].

The tympanic thermometer was not used in the pres-
ent study. First, tympanic measurement does not allow a
continuous monitoring of temperature and is less cost-
effective than inguinal and axillary methods with galli-
um-in-glass thermometers. Second, several studies have
demonstrated that tympanic measurements were not reli-
able compared to oesophageal and urinary bladder meth-
ods [3, 5, 7]. Third, Giuliano et al. [5] argued that tym-
panic measurement requires highly experienced nurses to
accurately measure the temperature of the tympanic
membrane. Electronic thermometers with disposable
probe-covers for oral temperature measurement allow a
rapid, easy, and accurate temperature measurement [5,
7]. However, as in the Unit, this method remains rarely
used in critically ill patients [5,16].

Previous studies were performed to assess a new
method and/or did not compare methods (tympanic and
oral methods) that are not routinely used in critically ill
patients [3, 5, 7]. Moreover, these studies involved small
numbers of investigators who were trained before the

Fig. 1 Bland and Altman diagrams. The mean of pulmonary ar-
tery temperature and the assessed method and the difference be-
tween pulmonary artery temperature and the assessed method are
expressed in abscissas and the Y-axis, respectively. Temperatures
are expressed in degrees Celcius. SD standard deviation

underlying diseases, and the use of sedation or vaso-
active drugs are shown in Table 1.

Five hundred and twenty-nine temperature measure-
ment comparisons were carried out (252 comparisons of
oesophageal, rectal, inguinal, axillary, and pulmonary ar-
tery temperature measurements in the first 20 patients
and 277 comparisons of oesophageal, rectal, inguinal,
axillary, urinary bladder, and pulmonary artery tempera-
ture measurements in the last 22 patients). The pulmona-
ry arterial temperature ranged from 33.7 °C to 40.2 °C.
Nine to 18 temperature measurement comparisons were
carried out per patient (median = 13). The mean differ-
ences with pulmonary artery temperature were: esopha-
geal (0.11±0.30 °C), rectal (−0.07±0.40 °C), axillary
(0.27±0.45 °C), inguinal (0.17±0.48 °C), and urinary
bladder (−0.21±0.20 °C). Bland and Altman diagrams
are shown in Fig. 1.
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study begun. In contrast, the present study assessed sev-
eral temperature measurement methods that are routinely
used in critically ill patients. Moreover, all nurse and
aid-nurse staff were involved. Temperature measure-
ments were carried out in the study as they were per-
formed daily in the Unit. Nevertheless, results obtained
with oesophageal, rectal, urinary bladder, and axillary
methods were similar to those reported in studies assess-
ing one of these methods. Biases ranged from 0.0±0.2 °C
to 0.0±0.3 °C, from −0.8±0.3 °C to 0.1±1.4 °C, from
0.1±0.7 °C to 0.7±0.6 °C, and from 0.1±0.5 °C to
0.1±0.5 °C for urinary bladder, rectal, axillary, and
oesophageal methods, respectively [3, 7, 17, 18, 19]. The
discordance between axillary and inguinal methods
could be explained by the initial (misplacement by
nurse) or secondary (patient’s movement) misplacement
of the gallium-in-glass thermometer. When the thermom-
eter was not placed directly over the femoral and/or axil-
lary artery, deviations in temperature measurement oc-
curred [3]. Therefore, we decided to not assess the re-
peatability of gallium-in-glass thermometers. Moreover,
the assessment of repeatability would need numerous,
nearly simultaneous, measurements that would not re-
flect actual daily clinical practice.

The reliability of the temperature measurement tech-
nique was not defined before the study. However, this
definition has never been established. In clinical prac-
tice, Giuliano [5] and Robinson [3] considered that a
method of temperature measurement was reliable when
the standard deviation ranged from 0.3 °C to 0.5 °C. Ac-
cording to these assumptions, oesophageal and, especial-
ly, urinary bladder methods were the most accurate.
However, other methods showed a standard deviation in-
ferior to 0.5 °C. Whatever the standard deviation consid-
ered, this means that for a measured temperature, the 
actual temperature has a 95% chance to be in the limits
of agreement (i.e., measured temperature ±2 SD, i.e.,

0.6 °C or 1°C). For instance, for a measured temperature
of 38 °C, the actual temperature has 95% chance to be
between 37.4 °C and 38.6 °C or between 37 °C and 39
°C. Therefore, it could be concluded that in the most
critically ill patients, the urinary bladder technique is
preferable because its accuracy is ±0.4 °C. Oesophageal
temperature could be an alternative when the urinary
bladder temperature cannot be used because the oesoph-
ageal probe is easily inserted in intubated and sedated
patients.

Nevertheless, the present study has some limitations.
First, it involved the most critically ill patients requiring
a pulmonary artery catheter and frequent mechanical
ventilation and sedation. The use of a urinary catheter
was required in this kind of patient. Electronic oesopha-
geal and rectal thermometers could be easily inserted.
However, rectal measurements could be affected by
stools, and the proper positioning of the oesophageal
probe could not be checked (ideally in the lowest quarter
of the oesophagus) [20]. In the same way, the use of
patched probes could perhaps decrease the bias and the
standard deviation observed in axillary and inguinal
sites. Second, the results cannot be extrapolated in pa-
tients breathing spontaneously. Although oxygen admin-
istration does not affect oral temperature measurements,
we observed a great discordance between PAC and
oesophageal temperature measurements in one patient
breathing spontaneously. This finding could be explained
by the cooling of a misplaced oesophageal probe by na-
sal oxygen administration. Therefore, in conscious and
spontaneously breathing patients, methods such as tym-
panic, oral, axillary, and inguinal remain available even
if their accuracy and reliability are inferior to urinary
bladder and oesophageal thermometers.
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