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Abstract—Recently, electromagnetic interference (EMI) of
an implanted pacemaker with a mobile phone was largely
investigated. As for the pacemaker, the Japan National Au-
thorities have recommended to keep the mobile phone in safe
distance from the cardiac pacemaker. Meanwhile, evaluation of
the interaction between the electromagnetic (EM) wave and
human body was in progress. Therefore, the absorption of EM
energy to the human body especially around the pacemaker,
where the mobile phone was in a chest pocket of the pacemaker
holder, was thoroughly evaluated. We provided the calculation
of specific absorption rate (SAR) distributions around the
pacemaker model that implanted into a rectangular
parallelepiped torso model, when a mobile phone model is
placed in the vicinity. In addition, the SAR was also
experimentally performed to validate the such numerical
calculations. We confirmed that SAR distributions could be
estimated from the presence or absence of pacemaker model.
Moreover, the measurement results of the SAR distribution
suited to the calculation, thus its validation was achieved.

1. INTRODUCTION

Implanted cardiac pacemaker is one of the most significant
devices used for treatment of cardiac arrhythmia. The pace-
maker system monitors the pulses of the heartbeat through
an implanted electrodes and stimulates the heart by voltage
pulses if a slow arrhythmia is detected.

Recently, the electromagnetic interference (EMI) of the
pacemaker from mobile phone has widely been investigated
[1]-[3]- These investigations shown that the electromagnetic
waves caused interference to internal electronic circuits
through the connector between the pacemaker housing and
the lead wire of the electrode. Therefore, the connector
played a major role for the EMI due to the mobile phones. In
this case, a pacemaker acted as a receiving antenna with re-
spect to the EM waves from the mobile phone. In order to
avoid the EMI, national authorities have recommended to
keep the mobile phone in safe distance from the cardiac
pacemaker [4].

Incidentally, mobile phone may be close to an implanted
pacemaker when the patient gets on a crowded train, or acci-
dentally puts a mobile phone in own chest pocket. In this
case, besides the EMI of the pacemaker, the absorption of
electromagnetic (EM) energy in the human body especially
around the pacemaker must be considered, owing to the con-
tribution of EM waves to the heat effect.
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The specific absorption rate (SAR) is usually used for the
primary dosimetric parameter of the EM wave exposure for
standardization [5], expressed as:

oE?

where, o [S/m] is conductivity of tissue, r [kg/m’] is density
of tissue, and £ [V/m)] is electric field strength within tissue.

In this paper, SAR due to a PIFA (planar inverted F an-
tenna) mounted on a metallic case for third generation mo-
bile phone around a pacemaker implanted in a rectangular
torso model is simulated by the FDTD (finite difference time
domain) method. Then, the validity of the calculated results
is experimentally confirmed by the thermographic method.

II. NUMERICAL ANALYSIS

Figures 1 (a) and (b) show the PIFA mounted on the metallic
case and S, characteristics of the antenna in free-space, re-
spectively. Fig. 1 (b) indicates that the PIFA satisfactorily
resonates at 2 GHz. The solid line is the calculated result and
the dash line is the measured result. Good agreement
between measurement and calculation is achieved. Figure 2
shows a pacemaker model. The model referenced to [6]. The
pacemaker housing has a dimension of 40 X 30 X 6
mm?® with a lead wire has a diameter of 2 mm and its length
of 240 mm. The electrode is inserted into the heart to detect
a myocardial potential. Its dimension is 6 X 6 X 6
mm’.

Figure 3 shows our model for numerical calculation. The
pacemaker model is implanted in a rectangular torso
phantom and a PIFA mounted on a metallic case in the vicin-
ity of the torso. The PIFA is operated at 2 GHz and the out-
put power is set by 0.25 W. Here, the torso is simplified as a
rectangular parallelepiped, whose electrical properties are
the same as the human muscle [7]. The properties are as fol-
lows - relative permittivity & = 54.2, conductivity o = 1.5
S/m at 2 GHz, and density p = 1,040 kg/m’. The PIFA is kept
at a distance of 15 mm from the surface of the torso model.
The distance is decided by referring to [8]. Moreover, the
PIFA is located in z (Fig.4(a)) and x directions (Fig.4(b)) to
investigate the dependence of the metallic case direction.
Table. I lists the parameters for the FDTD calculations.
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TABLE I

PARAMETERS FOR FDTD CALCULATIONS.

Analytical spacex X y X z [cell] 400 x 400 X 400

Ax, Az

2.0

Cell size [mm] P
v

1.0

Time step [ps]

2.7
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III. NUMERICAL RESULTS

Upon calculating SAR around the pacemaker model, the
PIFA is scanned in x-z plane. Figure 4 shows the scanning
area of feeding point of the PIFA mounted on the metallic
case. The SAR is calculated when a feeding point of the
PIFA is faced with each grid point in Fig. 4. In addition, the
SAR on each position converted into 10-g averaged SAR
(ref. [9]). Here, 10-g averaged SAR is defined in the value in
which local SAR is averaged by 10 g tissue.

Figure 5 depicts maximum values of 10-g averaged SAR
on each position in the scanning area. These maximum val-
ues of 10-g averaged SAR are observed at the torso surface
on each position. Fig. 5 (a) shows maximum value at x=z=0
mm. It is that the feeding point of the PIFA faced with the
gap of pacemaker model. According to Fig. 5 (b), the max-
imum value is observed at x= 10, z= -30 mm. It is that the
lead wire directed toward x axis faced with the center of the
metallic case of the PIFA. Comparing Figs. 5 (a) with (b),
both of maximum value is 1.36 W/kg. Hence, there is not de-
pendence of the PIFA directions. Fig. 6 shows SAR distribu-
tion in y-z plane (x=0). According to Fig. 6 (a), a standing
wave is observed between the torso surface and the pace-
maker model. It is because the SAR around implanted pace-
maker is higher compared with the model without pace-
maker.
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Fig. 5. 10-g averaged SAR in each position.

As earlier mentioned, when a conductor was implanted in
the human body, SAR around the conductor increased. It
was confirmed in [10] as well as our results. In fact, 10-g av-
eraged SAR have been limited in less than 2 W/kg by the
guideline on human exposure to EM fields in Japan. In addi-
tion, when the conductors were implanted into the human
body, the guideline indicated that the possibility of the ex-
posure below the guideline value might cause a local heat-
ing. Thus, the guideline value (i. e. 2 W/kg) was not applied
in this case. However, as increasing number of pacemaker
user, such a case must be applied to the guideline[11]. There-
fore, the influence on SAR by the implanted conductors have
to be investigated in detail [12].

IV. EXPERIMENTAL VALIDATIONS

The SAR is also experimentally evaluated to validate the
numerical calculations. Fig. 7 shows experimental set up for
thermographic method [13]. In the SAR measurement, sinus-

oidal wave of approximately 100 W is fed to the PIFA moun-
ted on the metallic case. Following the short time exposure,
the temperature rise is taken by thermographic camera. The
SAR at observation plane is defined by the following equa-
tion:

At
SAR=CTT [Wike] 2
where C [J/kgK] is specific heat of the phantom, AT [K] is
temperature rise, and 4z [s] is exposure time.

The observation plane is sagittal plane between the torso
surface and the pacemaker model. Fig. 8 shows measured
and calculated SAR distribution on the observation plane.
Both results are normalized by the maximum value of each
SAR. Figs. 8 (a) and (b) describe two local maximum values
in front of pacemaker model for both measured and calcu-
lated results, respectively. The maximum value is observed
at the torso surface whereas the local maximum value is no-
ticed in front of the pacemaker model.
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(b) SAR distribution without pacemaker model.

Fig. 6.  Dependency of SAR distributions on presence or absence of

the pacemaker model.
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Fig. 8. SAR distributions in front of pacemaker model.

V. CONCLUSIONS

10-g averaged SAR around the pacemaker model im-
planted into a torso phantom was calculated when the PIFA
mounted on the metallic case was placed in vicinity of the
torso. The difference of the SAR distribution was confirmed
upon the presence of the pacemaker model. This tendency
has also been validated by the measurement. As for further
investigations, the torso phantom will be replaced with a
realistic human model for calculations of the SAR.
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