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Introduction: Identifying fever can influence management of the emergency department (ED) patient,
including diagnostic testing, treatment, and disposition. We set out to determine how well oral and
tympanic membrane (TM) temperatures compared with rectal measurements.

Methods: A convenience sample of consecutively adult ED patients had oral, TM, and rectal
temperatures performed within several minutes of each other. Descriptive statistics, Bland—Altman
agreement matrices with 95% confidence interval (Cl), and measures of test performance, including
sensitivity, specificity, predictive values, and interval likelihood ratios were performed.

Results: A total of 457 patients were enrolled with an average age of 64 years (standard deviation: 19
years). Mean temperatures were: oral (98.3°F), TM (99.6°F), and rectal (99.4°F). The mean difference
in rectal and oral temperatures was 1.1°F, although there was considerable lack of agreement between
oral and rectal temperatures, with the oral temperature as much as 2.91°F lower or 0.74°F higher than
the rectal measurement (95% CIl). Although the difference in mean temperature between right TM and
rectal temperature was only 0.22°F, the right TM was lower than rectal by up to 1.61°F or greater by up
to 2.05°F (95% CIl). Test performance varied as the positive predictive value of the oral temperature
was 97% and for tympanic temperature was 55% (relative to a rectal temperature of 100.4°F or higher).
Comparative findings differed even at temperatures considered in the normal range; among patients
with an oral temperature of 98.0 to 98.9, 38% (25/65) were found to have a rectal temperature of 100.4
or higher, while among patients with a TM of 98.0 to 98.9, only 7% (10/134) were found to have a rectal
temperature of 100.4 or higher.

Conclusion: The oral and tympanic temperature readings are not equivalent to rectal thermometry
readings. Oral thermometry frequently underestimates the temperature relative to rectal readings, and
TM values can either under- or overestimate the rectal temperature. The clinician needs to be aware of
the varying relationship between oral, TM, and rectal temperatures when interpreting readings. [West J
Emerg Med. 2011;12(4):505-511.]

INTRODUCTION including diagnostic testing, treatment, and disposition. In the
Determining the body temperature can influence ED, the first and sometimes only measured temperature occurs
management of the emergency department (ED) patient, during the triage process. There are several common modes of

Volume XII, No. 4 : November 2011 505 Western Journal of Emergency Medicine



Oral and Tympanic Membrane

Barnett et al

temperature measurement in the ED setting: axillary, oral,
tympanic, and rectal. Although rectal temperature
measurements are generally accepted as the most practical
estimation of core temperature,' > the need for privacy and
patient discomfort/embarrassment limit its use as a first-line
measurement. Axillary readings do not adequately approximate
core readings and are not recommended for general screening.?

Even though EDs commonly rely on oral or tympanic
measures to screen for fever, the standard for thermometry in
the ED remains in question.* Several studies have evaluated
oral and tympanic thermometry to assess body temperature;
however, no one study has compared oral, rectal, and tympanic
thermometry in the adult ED. Little evidence supports the use
of oral or tympanic as substitutes for rectal measurement in
adult emergency patients.>>® Studies have typically found oral
readings to be lower than rectal readings, while tympanic
membrane (TM) readings have been found to be higher, lower,
or the same as rectal values.”” Less attention has been given to
determining how well oral or tympanic thermometry performs
in predicting fever by rectal measurement in the ED setting. We
set out to determine how well oral and tympanic temperatures
agree with rectal measurements in an adult ED population, and
we calculated interval likelihood ratios for a range of
temperature values to assess the utility of these measurements
as surrogate indicators for rectal fever.

METHODS

A convenience sample of consecutive patients was
enrolled over a 4-month period in the ED of Long Island Jewish
Medical Center. After patients were triaged by the nurse, the
investigator determined patient eligibility. All patients 18 years
or older presenting to the ED with triage categories 1, 2, or 3
were eligible for the study. Patients were triaged on the basis of
a 4-tier approach:'® category 1 (most severe emergency)
included cardiac arrest, severe chest pain, and massive blood
loss; category 2 (strong potential for emergency) included acute
abdominal pain, chest pain, or dyspnea; category 3 (potential
emergency) included abdominal pain or acute back pain.
Category 4, which was classified as nonemergent and included
patients with minor or chronic issues, was not included in our
study. Patients with an altered mental status, extirpated rectum,
and those who had received chemotherapy within the previous
3 weeks were also excluded.

Two investigators [a medical student (V.F.) and a senior
emergency medicine (EM) resident (P.N.)] were trained in the
proper use of the instruments and obtained all measurements
in the study. Within 30 minutes of being placed in a treatment
room, the patient’s temperature was measured via oral, rectal,
and tympanic routes by 1 of the investigators. All
measurements were obtained within 5 minutes of each other.
Oral temperature measurements were obtained utilizing the
electronic oral probe of the IVAC Temp Plus II, model 2080A
(IVAC Corporation, San Diego, California). The probe was
placed in the posterior lingual pocket until the thermometer

auditory signal was sounded."' The adequacy of this
measurement was documented based on predetermined
criteria of patient cooperation and operator technique. Oral
temperatures were taken at least 30 minutes after mastication,
drinking hot or cold liquids, or smoking so as not to alter the
measurement.'"'> Tympanic temperature measurements were
obtained with the First Temp Genius 11, model 3000A
infrared tympanic thermometer (Kendall Company,
Mansfield, Massachusetts) set in the rectal mode and
performed according to the manufacturer’s instructions. The
ear-based measurements were taken after inspecting for
cerumen in both auditory canals. The rectal temperature
measurements were obtained by first lubricating the rectal
probe of the IVAC Temp Plus II, model 2080A (IVAC
Corporation) with room temperature gel, then inserting it into
the rectum 2 to 4 cm and removing it after the instrument
signaled completion. Any abnormally high or low
temperature readings (less than 96°F or greater than 100.4°F)
obtained via this method was reported to the senior resident
and/or attending physician on duty. All study instruments
were factory calibrated and used only for study purposes.
Calibration of the oral and rectal thermometer was confirmed
by water bath at 98°F and 105.8°F at the start and completion
of the study. Tympanic thermometer calibration was verified
by the vendor’s electronic calibration unit at the midpoint and
end of the study.

The Institutional Review Board at Long Island Jewish
Medical Center approved this study and waived the need for
written informed consent. Verbal consent was provided by all
study patients.

Statistical Methods

The statistical analysis was carried out in 4 parts. The first
was to determine degree of agreement between rectal
temperature and each of the oral, left and right TM, and
maximum TM readings. For these analyses, the method of
Bland and Altman'® was used. The difference between 2
measurements was plotted as a function of the mean of the 2
measurements, and limits of agreement (which are equivalent to
95% confidence intervals for an individual difference between
the 2 measurements; the limits are not a confidence interval for
the mean difference) were computed, allowing the reader to
decide whether the upper and lower limits of agreement are
consistent with the reader’s concept of equivalence.

The second set of analyses used rectal temperature as a
reference gold standard for core body temperature. Fever was
defined as a rectal temperature of at least 100.4°F.>'*!> These
analyses used a cut point of 100.4°F for oral and right TM to
determine the sensitivity, specificity, predictive values, and
likelihood ratios for that cutoff point. Left TM, which yielded
results nearly identical to right TM, was excluded from these
and subsequent analyses.

In the third analysis, receiver operating characteristic
(ROC) curves were constructed for oral and right TM in order
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Table 1. Temperature values.

Mean Standard
Method n temperature (F)  deviation Range
Oral 455 98.28 1.32 90.40-102.40
Right TM 455 99.58 1.37 95.50-104.60
Left TM 455 99.63 1.38 95.50-105.40
Mean TM 455 99.60 1.34 95.35-105.00
Max TM 455 99.86 1.33 95.50-105.40
Rectal 455 99.36 1.28 95.70-104.10

TM, tympanic membrane.

to determine an optimal cut point for prediction of rectal
fever.'® The optimality criterion that was used for deriving a
cutoff point was done algorithmically by computing the
Euclidian distance from the point (0, 1) to the various points on
the empirical ROC curve and choosing the point that
minimized the distance.

The final set of analyses involved stratifying temperatures
and determining both the prevalence of fever and calculation of
interval likelihood ratios (ILR) for varying cutoff points for
both oral and right TM.'7"°

RESULTS
Characteristics of Study Patients

A total of 457 patients were enrolled in the study. The
average age was 64 years (standard deviation: 19, range: 18-96
years) and 59% were female. Two patients were excluded due to
incomplete data collection, leaving 455 patients in the analysis.
The average ambient temperature of the ED was 71°F (standard
deviation: 0.9) and fell into a narrow range of 70 to 74°F during
the study period. There were 2 (0.4%), 47 (10.3%), and 399
(87.3%) patients in triage category 1, 2, and 3, respectively,
with a triage level not available for 9 (2.0%). Oral temperature
technique was considered adequate in 97.6% of patients.

Analysis of Agreement

Table 1 provides summary statistics for the sample of 455
subjects with rectal, oral, and TM temperature measurements.
The lowest mean temperatures were obtained via the oral route,
and the highest readings were found via the tympanic method.
The oral temperatures averaged 1.1°F lower than the rectal
temperatures (Table 1). There was, however, considerable lack
of agreement between oral and rectal temperatures with the oral
temperature as much as 2.91°F lower or 0.74°F higher than the
rectal measurement (95% confidence limits). Although the
differences in mean temperature between right TM and rectal
temperature was only 0.22°F, the computed 95% confidence
limits of agreement show that right TM might be lower than
rectal by up to 1.61°F or greater by up to 2.05°F. Using the
method of Bland and Altman,"’ Figures 1 and 2 demonstrate

the actual differences in rectal temperature for each patient by
oral or TM modality.

Detection of Fever

There was considerable variation in the frequency with
which fever (defined as greater than or equal to 100.4°F by any
modality) was identified with the 3 measurement locations.
Fever was identified in 85 cases (19%) with rectal thermometry,
29 cases (6%) using oral thermometry, and 114 cases (25%)
using right TM thermometry.

We used the study definition of fever (rectal temperature of
100.4°F or greater) to determine the sensitivities, specificities,
and positive and negative predictive values of oral and
tympanic thermometry. As Table 2 indicates, of the 85 patients
with fever (rectal temperature of 100.4°F or greater), only 33%
of them had oral temperatures greater than or equal to 100.4°F.
The positive predictive value was 97%, indicating that patients
with an oral temperature 100.4°F or higher almost always had a
rectal fever (rectal temperature of 100.4°F or greater). TM
measurements of 100.4°F or higher identified 74% of rectal
fevers. The positive predictive value was 55%, indicating that
only about half of patients with a tympanic temperature 100.4°F
or higher had a rectal fever.

ROC for Binary Cutpoints

ROC curves were used to determine an optimal cutoff
point that would dichotomize both oral temperature and right
TM temperature such that a binary prediction could be made.
The optimal cut point for oral readings corresponded to 98.9°F
(sensitivity = 84.7%, specificity = 83.5%, AUC = 0.912)
(Figure 3). In a similar way, for the right TM, ROC analysis
identified a temperature of 100.2°F as the optimal cutoff
(sensitivity = 80.0%, specificity = 80.8%, AUC = 0.878). For
an oral reading the posttest probability of rectal fever for a 15%
and 25% pretest probability was 47.6% and 63.1%, respectively
(Figure 3). Likewise, the posttest probability for right TM
would be 42.4% and 58.2%.

Rectal minus Oral
Temperature

95 97 99 101 103 105

Mean of Oral and Rectal Temperatures

Figure 1. Bland—Altman plot of oral and rectal temperatures. To
display the relationships between rectal (reference) and oral
temperatures, the difference between the rectal and oral
measurements (see vertical axis) was plotted as a function of the
mean of the 2 measurements (see horizontal axis).
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Table 2. Measures of test performance sensitivity, specificity, and predictive values.

Method* Sensitivity

Specificity

Positive predictive value Negative predictive value

Oral temperature > 100.4
Right TM > 100.4

32.94% (28/85)
74.12% (63/85)

99.73% (369/370)
86.22% (319/370)

96.55% (28/29)
55.26% (63/114)

86.62% (370/427)
93.55% (320/342)

* A rectal temperature of 100.4°F or greater defined fever for these analyses (n = 85). TM, tympanic membrane.

Prevalence of Rectal Fever by Multiple Temperature
Intervals

To obtain a better estimate of the relationship of a range of
oral or TM with rectal readings, temperature was stratified by
multiple intervals and the prevalence of fever calculated (Table
3). As noted, even patients with relatively low oral temperatures
occasionally had rectal temperatures considered febrile, and
patients with elevated TM readings did not always have
elevated rectal temperatures.

Interval Likelihood Ratios

The interval likelihood ratios for a number of oral or right
TM temperature ranges relative to the study definition of rectal
fever are shown in Tables 4 and 5. While both tables show the
likelihood ratio for a positive test increases steadily as the
observed temperature for that modality increases, the ratios are
higher for any given oral temperature range relative to tympanic
readings. For example, if a patient has an oral temperature
between 99.0 and 99.5°F, then the likelihood ratio is 2.34,
indicating that temperatures in this range are 2.34 times as
likely to come from patients with a rectal fever as without a
rectal fever; this is higher than the corresponding TM
likelihood ratio of 0.39. If the patient’s oral temperature is
between 100.5 and 101.0°F, then the ratio rises to 52.24; this is
considerably higher than the corresponding TM ratio of 1.74.

Another advantage of using likelihood ratios is the ability
to estimate the posttest probability of disease for a given test
result. Using the calculated interval likelihood ratio, the

4
2

0
Rectal minus Right TM
Temperature -2

-4

95 97 99 101 103 105

Mean of Right TM and Rectal

Figure 2. Bland—Altman plot of right tympanic membrane (TM) and
rectal temperatures. To display the relationship between the rectal
(reference) and the tympanic temperatures, the difference between
the rectal and tympanic measurements (see vertical axis) was
plotted as a function of the mean of the 2 measurements (see
horizontal axis).

posttest probability of the presence of a rectal fever was
determined for a pretest probability of both 15% and 25%
(Tables 4 and 5). We chose these numbers since they closely
bounded the overall 19% study prevalence of a rectal fever. For
an oral temperature less than 98°F, the probability of a rectal
temperature is very small at either pretest probability. However,
at oral readings that might not be considered very elevated,
there were relatively high chances of having a rectal fever. For
example, at oral temperatures ranging from 99.0 to 99.49°F, the
chances of a rectal fever at the lower pretest probability are
about 29% and at the higher pretest probability about 44%.
Oral temperatures of 100°F or greater are usually indicative of a
rectal temperature regardless of which pretest probability is
chosen.

As Table 5 indicates, posttest probabilities for having a
rectal fever were relatively low for tympanic measures less than
100.0°F. Even at a tympanic temperature range of 100.5 to
100.9°F, most patients would be categorized as afebrile. It was
only when the tympanic temperature was over 101.5°F that the
majority of patients would have a rectal fever for each of the
pretest probabilities.

DISCUSSION

This study helps to define the relationship between oral,
tympanic, and rectal temperature measures among adults
presenting to an ED. Similar to previous studies, the oral
temperatures averaged 1.1°F lower than the rectal
temperatures.”’* This average difference, however, does not
adequately represent the relationship between oral and rectal
readings. As indicated by the analysis of agreement, the oral

Best Estimate Cut-Point: 98.9, Area under Curve =0.912
Sensitivity = 84.7%, Specificity = 83.5%

1.0 |

Sensitivity 05{%

LN L i i o T T LA e e e |

0.0 0.4 02 03 04 0.5 06 0.7 08 09 1.0

Specificity

Figure 3. Receiver operating characteristic curve for oral
temperature relative to the study definition of rectal fever. The best
estimate cutpoint for oral readings was 98.9°F.
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Table 3. Proportion of patients found to have a rectal fever relative
to the oral or tympanic membrane (TM) readings.

Oral ™

Temperature (°F)* modality (%)* modality (%)*
>102.0 5/5 (100.0) 29/29 (100.0)
101.5 to <102.0 6/6 (100.0) 10/14 (71.4)
101.0 to <101.5 4/4 (100.0) 11/21 (52.4)
100.5 to <101.0 12/13 (92.3) 12/42 (28.6)
100.0 to <100.5 12/13 (92.3) 9/57 (15.8)
99.5 to <100.0 13/25 (52.0) 4/61 (6.6)
99.0 to <99.5 14/40 (35.0) 6/73 (8.2)
98.5 to <99.0 9/68 (13.2) 2/76 (2.6)
98.0 to <98.5 6/100 (6.0) 1/40 (2.5)
<98.0 4/181 (2.2) 1/42 (2.4)

* Fever defined as rectal temperature 100.4°F or higher.

T For example, 35% of patients with an oral reading between 99.0
and 99.5°F turned out to have a rectal fever.

* For example, 8.2% of patients with a TM reading between 99.0
and 99.5°F turned out to have a rectal fever.

temperature can be as much as several degrees lower than the
rectal temperature, while only infrequently is the oral
temperature higher than the rectal reading. These differences
were noted even though uniform efforts to optimize technique
in assessing oral temperature were in place.

Since clinicians typically use cutoffs to categorize patients
as being febrile or afebrile, interval likelihood ratios were used
to assess the modalities. A rectal temperature of 100.4°F or
higher was used to define fever since this cutoff is commonly
used in clinical practice. It was only when oral temperatures
were below 98°F that rectal temperatures were consistently (but
not always) afebrile. When oral readings were in intervals

Table 4. Rectal temperature vs oral temperature.

ranging between 98 and 100°F, the prevalence of fever ranged
widely, suggesting that oral values in this range cannot be used
to exclude a fever. In contrast, the findings of oral temperatures
of 100°F or higher in this adult population usually indicated the
presence of a rectal fever.

In contrast to oral thermometry, the TM readings (an
imputed value when the device is set to the rectal mode)
averaged more similar to the rectal value, as reported in
previous studies.®*! While the intra-individual differences
between the TM and rectal temperatures were also relatively
large, in contrast to the oral readings, these differences were
more evenly distributed in both the upper and lower directions.
However, this did not indicate that rectal and TM readings were
equivalent. Instead, TM readings commonly both overestimate
and underestimate rectal temperatures. In contrast to oral
temperatures, TM values approximating 99 to 102°F provided
less certainty regarding the lack or presence of a rectal fever.

In this study we used interval likelihood ratios rather than a
simply binary cut point (such as a positive predictive value or
ROC), allowing comparisons of oral or tympanic readings to
rectal fever with greater precision.'”'” Based on the assumption
that rectal temperatures best reflect core values, the ILR
allowed calculation of posttest probabilities that any given oral
or TM temperature represented a fever. If these probabilities
offer enough certainty, the clinician may choose to act based on
these oral or TM readings. Still, as our analyses indicate, it is
only at relatively low or relatively high values that greater levels
of certainty are established.

For the clinician, the overall findings highlight the
challenges of extrapolating a rectal temperature for any given
oral or TM measure. Viewing either the oral or TM temperature
as being normal or abnormal based on a predefined temperature
cutoff can lead to misclassification. For example, relying on the
commonly accepted definition of a normal oral temperature

Rectal temperature

Febrile (100.4+)

Not febrile (<100.4)

Posttest probability of fever
if pretest probability is:

Oral temperature (°F) n =285  Proportion n =370 Proportion Likelihood ratio: positive 15% 25%
>102.0 5 0.059 0 0.0000

101.5 to <102.0 6 0.071 0 0.0000

101.0 to <101.5 4 0.047 0 0.0000

100.5 to <101.0 12 0.141 1 0.0030 52.24 (6.89-396) 90.21% 94.57%
100.0 to <100.5 12 0.141 1 0.0030 52.24 (6.89-396) 90.21% 94.57%
99.5 to <100.0 13 0.153 12 0.0320 4.72 (2.23-9.97) 45.42% 61.12%
99.0 to <99.5 14 0.165 26 0.0700 2.34 (1.28-4.29) 29.26% 43.86%
98.5 to <99.0 9 0.106 59 0.1590 0.66 (0.34—1.29) 10.49% 18.12%
98.0 to <98.5 0.071 94 0.2540 0.28 (0.13-0.61) 4.67% 8.48%
<98.0 4 0.047 177 0.4780 0.10 (0.04-0.26) 1.71% 3.17%
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Table 5. Rectal temperature vs right tympanic membrane (TM).

Rectal temperature

Febrile (100.4+)

Not febrile (<100.4)

Posttest probability of fever
if pretest probability is:

Right TM n=285 Proportion n =370 Proportion Likelihood ratio: positive 15% 25%

>102.0 29 0.341 0 0.000

101.5 to <102.0 10 0.118 4 0.011 10.88 (3.50-33.87) 65.76% 78.39%
101.0 to <101.5 11 0.129 10 0.027 4.79 (2.10-10.91) 45.80% 61.48%
100.5 to <101.0 12 0.141 30 0.081 1.74 (0.93-3.26) 23.50% 36.72%
100.0 to <100.5 9 0.106 48 0.130 0.82 (0.42—-1.60) 12.59% 21.39%
99.5 to <100.0 4 0.047 57 0.154 0.31 (0.11-0.82) 511% 9.24%
99.0 to <99.5 6 0.071 67 0.181 0.39 (0.17-0.87) 6.44% 11.50%
98.5 to <99.0 2 0.024 74 0.200 0.12 (0.03-0.47) 2.03% 3.77%
98.0 to <98.5 1 0.012 39 0.105 0.11 (0.02-0.80) 1.93% 3.59%
<98.0 1 0.012 41 0.111 0.11 (0.01-0.76) 1.84% 3.42%

value less than 100.4°F, clinicians will miss a substantial
number of rectally identified fevers. Further, a TM reading
approximating 100.4°F often does not represent a febrile rectal
temperature, and yet these same temperature cutoffs are often
used by clinicians to determine whether a fever is present. This
is problematic since any misinterpreted temperature reading
can potentially lead to diagnostic and management errors.
When any oral or TM reading does not provide enough
certainty for a given clinical scenario or the penalty for missing
a fever is too great, the study findings suggest rectal
thermometry should be measured.

LIMITATIONS

An important study limitation is the use of rectal
thermometry as the criterion standard for many of the statistical
analyses. A rectal temperature was used as the criterion
standard because invasive measurement of core temperature is
not practical in the ED and because clinical experience has
accepted rectal temperature as the best surrogate measure of
body temperature. Still, it is possible that the other modalities
may be equivalent or better measures of meaningful infection
or illness. For example, investigators have questioned whether
the rectal readings lag behind TM readings in assessing core
readings.”*?! However, there is a scarcity of evidence showing
that any one modality is best for diagnosing or managing
patients in clinical practice.

Another limitation inherent to assessing for fever
(regardless of the modality) is the difficulty in identifying
which temperature cutoff determines a clinically meaningful
fever. The mean oral temperature in healthy adults is 98.2°F, but
for 99% of the population normal values widely extend from
96.3 to 99.9°F." Factors such as gender may also impact the
temperature norms,'> and body temperature varies by time of
day, with the lowest values in the morning and highest values in

the late afternoon. Even the often cited gold standard rectal
temperature of 100.4°F to define fever is a relative and not
absolute cutoff.* This has been widely accepted but never
rigorously proven. Defining a cutoff is important because the
lower the threshold for identifying febrile patients, the less
likely a true fever is missed, but the more likely patients without
true fever are misclassified. Conversely, the higher the febrile
threshold, the more likely patients with a true fever will be
missed.

Other limitations are the devices and technique used to
assess temperature. None of the devices we used measure
temperature directly.® The oral and rectal electronic
thermometers present an estimated rather than actual reading.
TM devices detect thermal radiation from the ear canal, and
after the signal is converted into a reading, providing adjusted
values in core, oral, or rectal modes. We used a popular
tympanic thermometer at the time of the study, but different or
upgraded TM devices may yield different readings. The
formulas to convert TM readings to rectal readings may vary by
manufacturer, and findings might also differ when devices are
upgraded or replaced by newer models. Regardless, our data
indicates that detailed device performance should be provided
to allow the clinician to understand the strengths and limitations
for any given thermometer or setting.

Our TM readings turned out to be slightly higher than
rectal readings. While the calibration of our device was checked
twice in the study, it is possible it was reading higher (but still
within acceptable standards) than similar model instruments
produced by the same manufacturer. Previous studies indicated
that TM readings could be higher or lower than rectal readings,
although, on average, TM readings tended to be slightly
lower.>?* However, in support of our findings were the broadly
similar mean TM-rectal differences, sensitivities, specificities,
and predictive values to an adult inpatient population that
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included over 600 measurements.> In addition, while our
research assistants were trained and periodically observed to
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