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Abstract

A 33-year-old man was referred to our hospital with chief complaints of fever, dizziness, and headache. Although he had
recurring fever and dizziness for 7months, neurological examination, magnetic resonance imaging, computed tomography,
electrocardiograms, and blood tests were normal. He was diagnosed with functional hyperthermia, cervical vertigo, and
tension headache and was treated with oral medication and physical therapy. After treatment, the dizziness and headache
resolved; however, the fever and anxiety did not. During follow-up, he noticed differing results from different electronic
thermometers. The physician decided to use an accurate analog thermometer, a gallium thermometer, in combination
with the other thermometers. The results differed significantly among the thermometers, and the electronic thermometer
readings were found to be inappropriately high. The physician made a diagnosis of pseudo-fever, and the patient recognized
that the gallium thermometer’s results were the most accurate reflection of his physical condition, resolving his anxiety.
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Introduction

In Japan, axillary body temperature measurement is gener-
ally used in clinical practice and can be an index of core
body temperature when recorded correctly: (1) close the
axilla completely, (2) take the temperature reading at least
10min after the axillary temperature gradient reaches ther-
mal equilibrium, and (3) take the measurement at the correct
site.! Extremely accurate mercury thermometers, which are
based on the principle of mercury expansion, have long been
used. However, the Minamata Convention on Mercury and
the Act on Preventing Environmental Pollution of Mercury
prohibited the manufacture, import, and export of mercury
thermometers after 1 January 2021;? currently, clinical tem-
perature monitoring is generally performed with predictive
electronic thermometers.> When used in the axilla, the latter
have large errors, and the results are reportedly significantly
higher than actual temperatures of electronic thermometers’
actual mode or of the mercury thermometers; the mean dif-
ference was approximately 0.1°C, whereas the frequency
distribution of the difference showed that 26.3% of the dif-
ferences was =0.3°C.* Gallium thermometers have replaced

mercury thermometers as analog thermometers and have
been available in Japan since January 2021. Galinstan
(Ga-In-Sn alloy; 68.5% gallium, 21.5% indium, and 10%
stannum), which is used as a substitute for mercury, has
lower toxicity and a higher boiling point than mercury, mak-
ing it safer than mercury. Gallium thermometers are more
accurate than other body temperature measurement devices.’

Anxiety about fever has been observed worldwide as
fever phobia, caused by patients’ easy access to thermome-
ters outside the medical institution.® Other popularized
healthcare devices such as blood pressure and oxygen
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Figure |. Mean body temperature of the patient using each
thermometer (n=497). Between 16 October 2021 and 5
February 2022, temperatures at home or at work with a gallium
thermometer and two electronic thermometers measured at
approximately the same timing were recorded 497 times by the
patients themselves. Statistically significant differences: p<0.0l,
repeated-measures ANOVA and p < 0.0, paired t-test with
Bonferroni’s correction. Predictive electronic thermometer A,
MC-68I; Predictive electronic thermometer B, C232; Gallium
thermometer, IX-101L.

saturation monitoring devices, weighing scales, and portable
electrocardiographs can cause anxiety in patients when used
without caution.” Furthermore, patients with a history of
anxiety are about twice as likely to have a medical visit that
is considered inappropriate.® Therefore, physicians should
appropriately manage patient concerns related to various
popularized healthcare devices.’

We report the case of a patient whose fever did not sub-
side despite the resolution of symptoms and who reported
anxiety due to the inconsistency in the results of multiple
predictive electric thermometers, which led to the combined
use of a gallium thermometer showing no fever, thus resolv-
ing the patient’s anxiety.

Case

A 33-year-old man was referred to our hospital with chief
complaints of fever, dizziness, and headache. Seven months
prior, he visited a primary care clinic for a fever of 38°C,
testing negative for C-reactive protein and coronavirus dis-
ease 2019 (COVID-19), and his symptoms spontaneously
remitted. One month later, he developed fever and dizziness
and visited a neurologist; however, no neurological prob-
lems or head magnetic resonance imaging abnormalities
were found. Subsequently, he repeatedly had a fever of
approximately 37°C; hence, he visited a general hospital

2 weeks previously. However, no abnormalities were found
in blood test results, electrocardiogram, and head computed
tomography; thus, the cause of his fever was unclear. On his
first visit with us, he had mild fever, dizziness, and headache;
his vital signs (outside of body temperature) were stable
(axillary body temperature, 37.0°C; blood pressure,
123/72 mmHg; pulse, 76 beats/min), and blood tests showed
no abnormalities (Supplemental Table S1). The patient was
diagnosed with functional hyperthermia, cervical vertigo,
and tension headache and treated with eperisone hydrochlo-
ride, keishikajutsubuto (Japanese Kampo medicine), and
physical therapy. After treatment, the dizziness and headache
stopped; however, the fever and anxiety did not resolve
completely.

When the physician instructed the patient to record his
body temperature at home and conducted a follow-up, the
patient reported different readings on predictive electronic
thermometers from different manufacturers (MC-681,
OMRON Healthcare Co., Ltd., Japan; C232, TERUMO Co.,
Ltd., Japan; Supplemental Figure S1). Considering the dif-
ferences between the prediction algorithms of these ther-
mometers, we decided to use an analog thermometer—a
gallium thermometer (IX-101L, OnSQUARE Co., Ltd.,
Japan) (Supplemental Figure S1)—in combination with the
other thermometers. The results showed a significant differ-
ence between the two predictive electronic thermometers
and the gallium thermometer (Figure 1). By comparing the
results of temperature measurements with the physical con-
dition, the patient recognized that the gallium thermometer
results were the most accurate reflection of his physical con-
dition, and his anxiety related to fever resolved. Nine months
after the introduction of the gallium thermometer, the patient
had no health problems, and he rarely used the gallium
thermometer.

Discussion

This case report includes two significant takeaways. First,
the use of sensitive thermometers should be considered in
patients with a fever of unknown origin. With the COVID-19
global pandemic, daily measurements of body temperature
have increased.” Considering the widespread use of predic-
tive electronic thermometers,’ we believe there are several
cases of predicted body temperature differing from actual
body temperature. To prevent infection spread, work and
social activities can be restricted when the patient has a fever.
Therefore, physicians can contribute to alleviating patient
anxiety and social burden using sensitive thermometers,
such as gallium thermometers, to obtain accurate body tem-
peratures. Considering the possibility that the predictive
electronic thermometers used by our patient may have dete-
riorated, we compared them with new thermometers of the
same model, finding that one of them had a large difference
in the results (Figure 2). Generally, the service life of predic-
tive electronic thermometers is approximately 5 years;
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Figure 2. Comparison of patient’s thermometers with new
thermometers of the same model. Approximately 3 months after
the gallium thermometers were introduced, axillary temperature
comparisons of each thermometer were performed for both

the left and right axilla at the hospital. Statistically significant
differences are observed in the comparison of thermometer A
(p < 0.05, Wilcoxon’s rank sum test with continuity correction;
n=8). No statistically significant difference was observed for
thermometer B (n=4). Predictive electronic thermometer A,
MC-681; Predictive electronic thermometer B, C232.

however, recognizing that the accuracy of the thermometer is
compromised is not easy for patients. Gallium thermometers
are inexpensive, accurate,’ and easy to use, even for elderly
people who are familiar with mercury thermometers, without
the need to consider electronic problems or battery failure.

Second, it is crucial that physicians properly manage
patient anxiety caused by medical device measurements,
such as body temperature. The patient visited our hospital
with fever as a chief complaint. Fever is a common symptom
in both rural'® and urban areas.* Since fever causes anxiety in
patients and in the parents of children,® it is a significant fac-
tor in increased physician visits. Anxiety caused by medical
information is not limited to information from popularized
devices such as body thermometers and blood pressure and
oxygen saturation monitoring devices; it further includes
information on the Internet.” Thus, with the development of
technology, physicians should be aware that information
from easy-to-use and popularized devices can trigger anxiety
in patients.’

Conclusion

In conclusion, for patients with fever of unknown origin, an
accurate thermometer, such as a gallium thermometer, may
be useful in clinical practice. Physicians should recognize
the inaccuracy of medical devices and listen to the patients’
concerns regarding the use of medical devices and appropri-
ately handle them.
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