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Abstract

Background: Extremely low frequency electromagnetic field (ELF-EMF) emitted by electronic devices is associated
with various biological effects on the human body. MEGAWARMER® patient temperature management system
(PTMS) is widely used for the patient temperature management in anesthesia and critical care. We investigated the
intensity of ELF-EMF according to the distance and target temperature of MEGAWARMER® PTMS to find the
distance allowing minimized exposure to ELF-EMF.

Methodology: This study was a prospective experimental study. Target temperature was set at 31°C, 36°C and 41°C.
After setting each target temperature, the intensity of ELF-EMF was measured 300 times during 10 min at interval
of 2 sec, at distances of 15, 30, and 45 cm from the MEGAWARMER® PTMS, respectively. Nine measurement groups
from 3 different target temperatures and 3 different distances resulted in 2700 data. Including background EMF
intensity with the MEGAWARMER® PTMS also turned off, total 3000 data in 10 groups were collected.

Results: At the distance of 15 cm from the MEGAWARMER® PTMS, mean values of ELF-EMF were 4.6721 milligauss
(mG), where 1 G is equivalent to 10™* Tesla (T) (or 1 mG = 0.1 uT) at 31°C, 4.2852 mG at 36°C, and 3.9935 mG at 41°C.
At the distance of 30 cm, mean values of ELF-EMF were 2.0948 mG at 31°C, 2.0790 mG at 36°C, and 2.0633 mG at
41°C. At the distances of 15 cm and 30 cm, the lower target temperature showed statistically significantly higher
mean values of ELF-EMF (p < 0.05). In all three target temperatures, longer distance made statistically significantly
lower mean value of ELF-EMF (p < 0.05).

Conclusions: The mean intensity of ELF-EMF from the MEGAWARMER® Patient Temperature Management at the
distance of 15 cm and 30 cm exceeded 2 mG recommended by Swedish Confederation of Professional Employees
guideline.
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1. Introduction

Using electronic devices increases environmental and
occupational exposure to extremely low frequency
electromagnetic field (ELF-EMF),* which is defined by
frequencies from 3 to 3000 Hz and produced by
electrical currents that have wavelengths of 50 or 60
Hz.2

Although the effects of ELF-EMF on human body are
not fully explained, several studies have reported the
relationship between ELF-EMF and a range of
biological effects on human body.* Focused on this link
between ELF-EMF and the diseases, many studies have
reported that ELF-EMF increases the risk of
development of cancer, including leukemia, brain tumor,
breast cancer, testicular cancer and cancer of the corpus
uteri.>® The International Agency for Research on
Cancer (IARC) classifies ELF-EMF as Group 2B, which
means possibly carcinogenic to humans.”

Moreover, the association between occupational
exposure to ELF-EMF and the risk of Alzheimer disease
has been suggested,®® and an increased risk of
amyotrophic lateral sclerosis has also been reported with
the jobs having relatively high levels of ELF-EMF
exposure.’® Chronic exposure to ELF-EMF by the power
plant workers, effects their sleep quality, and exposes
them to higher stress, depression and anxiety levels than
the unexposed group.***2 The guideline of the Swedish
Confederation of Professional Employees
(Tjanstemannens Centralorganisation, TCO)
recommends the intensity of ELF-EMF should be under
2 milligauss (mG), at a distance of 30 cm.3

In hospitals, especially in operating rooms and intensive
care units, there are numerous electronic medical
devices. Medical staff working there may have relatively
high risk of occupational exposure to ELF-EMF. Yet
only few studies have been conducted to measure ELF-
EMF in the operating rooms, intensive care units, and
for each electronic medical device.

MEGAWARMER® patient temperature management
system (PTMS) (MEGAWARMER®, Medwin Co., Ltd.,
Korea) is widely used for the temperature management
in anesthesia and critical care. Several technologies have
been in use to manage patients temperature, including
external water circulating blanket, gel-coated adhesive
pad and endovascular balloon catheter.* Among these
technologies, MEGAWARMER® PTMS uses surface
warming and surface cooling by using external water

circulating blanket. After filling water storage of the
device with water of room temperature, the device can
warm or cool the water to the target temperature using
magnetic pump operated by electricity. This water
circulates through the connected blanket which patients
can lie on or be covered, for providing surface warming
or surface cooling (Figure 1). This method is used
widely because of its benefits that this device can be
easily applied to patients and is not invasive.'> However,
exposure to ELF-EMF emitted by this device and its
effect on human body have not been reported despite its
wide-spread use. We investigated the intensity of ELF-
EMF according to the distance and the target
temperature of MEGAWARMER® PTMS to find the
distance allowing minimal exposure to ELF-EMF.

Figure 1: MEGAWARMER® PTMS with reusable
patient blanket (Medwin Co., Ltd., Korea).

2. Methodology

This study was a prospective experimental study,
conducted in an empty operating room. All electronic
devices in this room were turned off during experiment
except MEGAWARMER® PTMS. The experiment
was conducted at night when other operating rooms
were also empty. The intensity of ELF-EMF was
measured by ELF-EMF meter (Triaxial Magnetic Field
Meter, TM-192D, Tenmars Electronics Co., Taiwan) at
the anterior surface of MEGAWARMER® PTMS that
showed the highest intensity of ELF-EMF than another
three surfaces showed. Target temperature was set at
31°C, 36°C and 41°C. After setting 31°C, the intensity
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of ELF-EMF was measured 300 times during 10
min at interval of 2 sec, at distance of 15 cm from
the anterior surface of the device. Measurement at
distances of 30 cm was followed, measuring 300
times during 10 min at interval of 2 sec. Then,

Table 1: The intensity of extremely low frequency
electromagnetic field (ELF-EMF) on various levels of
target temperature and distance

Distance Target Electromagnetic Field
Temperature (°C) Intensity (mG)

measurements at a distance of 45 cm were done, FEEHH

measuring 300 times during 10 min at interval of 2

sec. At 36°C and 41°C, same method was applied, 15 31 4.6721 +0.3370 *t
respectively; resulting in 2700 data and 9 .
measurement groups from 3 different target 36 4.2852+0.34337¢
temperatures and 3 different distances. Including 41 3.9935 + 0.3274 tt
background EMF intensity  with  the

MEGAWARMER® 30 31 2.0948 £+ 0.0258 81
PTMS also turned off, 3000 data in 10 groups were 36 2.0790 £ 0.0358 §[]
collected and analyzed. 41 2.0633 £ 0.0423 11
Statistical analysis: Sample size was 45 31 1.8681 + 0.0128
calculated using MedCalc 12.4.0 (Medcalc

software, Ostend, Belgium). A sample size of 250 36 1.8679 +£0.0132
data in each group was computed to detect a 41 1.8661 + 0.0148

difference with a type | error of 0.05 and a power
of 80%. Data were calculated for mean and
standard deviation for each combination and
compared using Kruskal-Wallis test. A p < 0.05
was considered to be statistically significant.

3. Results

The intensity of ELF-EMF at three different
distances and three different target temperatures is
summarized in Table 1. Background EMF intensity
with the MEGAWARMER® PTMS turned off
was 1.8198 + 0.0108 mG.

At the distances of 15 cm and 30 cm, the lower

Data presented as Mean * SD, in mG.

* represents statistically significant difference between group
31 and 36 °C at distance of 15 cm (p < 0.05)

1 represents statistically significant difference between group
31°and 41°C at distance of 15 cm (p < 0.05)

1 represents statistically significant difference between group
36°%and 41 °C at distance of 15 cm (p < 0.05)

§ represents statistically significant difference between group
319 and 36 °C at distance of 30 cm (p < 0.05)

9 represents statistically significant difference between group
31°and 41 “C at distance of 30 cm (p< 0.05)

[1 represents statistically significant difference between group
36°%and 41 °C at distance of 30 cm (p < 0.05)

target temperature showed statistically significant
higher mean values of ELF-EMF (p < 0.05). And the
mean intensity of ELF-EMF at the distance of 15 cm and
30 cm exceeded 2 mG recommended by TCO guideline.
At the distance of 45 cm, the lower target temperature
showed also higher mean values of ELF-EMF, but it was
not statistically significant (p = 0.0882). At the distance
of 45 cm, the mean intensity of ELF-EMF did not
exceed 2 mG recommended by TCO guideline. In all
three target temperatures, longer distance made
significantly lower mean value of ELF-EMF (p < 0.05).

4. Discussion

ELF-EMF is produced by numerous electronic devices;
therefore, the people can be exposed to various
intensities of ELF-EMF.12 Many epidemiologic and
biologic studies have reported various effects and the
hazards of ELF-EMF on human body.36 81216-17

In hospital, especially in operating rooms and intensive
care units, there are numerous electronic medical
devices in a small space, so risk of occupational
exposure of medical staffs to ELF-EMF may be
inevitable. In 19 empty operating rooms, the intensity of
ELF-EMF was measured to be 2.22 + 1.13 mG at a
distance of 30 cm from the monitoring screen, where the
anesthesiologists usually stand.® In day time when
surgical operations are usually performed, the intensity
of ELF-EMF more than 2 mG was measured at the usual
standing position of the anesthesiologists during 70% of
the working time.'® In the studies using convective air
warming system for hypothermia management and light
source device for vision during surgery, the intensity of
ELF-EMF at a distance of 30 cm from each device was
more than 2 mG.?%2! In one adult intensive care unit,
about 83% of patients were exposed to ELF-EMF above
2 mG emitted by surrounding electronic medical
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devices.?

In the present study, we investigated the intensity of
ELF-EMF according to the distance and target
temperature of MEGAWARMER® PTMS.
Temperature management is very important and crucial
in  anesthesia and  critical  care,”®?®  and
MEGAWARMER® PTMS has been successfully
employed to play a role in this area.

In this study, at a distance of 15 cm and 30 cm, the mean
intensity of ELF-EMF of all target temperatures
exceeded 2 mG recommended by TCO guideline, unlike
at a distance of 45 cm, where the mean intensity of ELF-
EMF of all target temperature did not exceed 2 mG.
Therefore, using MEGAWARMER® PTMS at a
distance of 30 cm can expose medical staff to ELF-EMF
more than 2mG.

From the results of this study, we cannot conclude that
exposure to ELF-EMF from the MEGAWARMER®
PTMS at a distance of 30 cm makes adverse effect on
medical staffs. Further studies related to exposure to
ELF-EMF and degree of adverse effects are needed.
However, this study indicates the safe distance allowing
minimized exposure to ELF-EMF.

5. Conclusion

The mean intensity of ELF-EMF from the
MEGAWARMER® Patient Temperature Management
at a distance of 15 cm and 30 cm exceeds 2 mG
recommended by Swedish  Confederation of
Professional Employees guideline. At a distance of 45
cm, the mean intensity of ELF-EMF does not exceed 2
mG. Based on this result, medical staff in operating
rooms and intensive care units can use the
MEGAWARMER® Patient Temperature Management
System in a distance allowing minimized exposure to
ELF-EMF.
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