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Abstract— Recently, electromagnetic interference (EMI) of an 
implanted pacemaker induced by a mobile radio terminal has 
been investigated.  However, there are few studies of specific 
absorption rate (SAR) around the pacemaker induced by the 
mobile radio terminal.  In this paper, the relation between 
position of pacemaker model embedded into the torso model, 
wireless radio terminal model and SAR has been investigated.  As 
a result of calculations, possibilities of increasing the SAR were 
observed in some cases. 
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I.  INTRODUCTION 

The implanted cardiac pacemaker is one of the medical 
devices for cardiac diseases such as irregular heartbeat, 
ventricular fibrillation, etc. and is implanted in the chest of 
patient (Fig. 1).  Recently, electromagnetic interference (EMI) 
of an implanted pacemaker with a mobile radio terminal has 
been investigated [1]-[3].  Based on these studies, national 
authorities have recommended that a mobile radio terminal 
should be kept 22 cm from the pacemaker in Japan [4]. 
Meanwhile, SAR distribution in the body especially around the 
pacemaker, when the mobile radio terminal closes to chest of 
the pacemaker holder, has to be considered (Fig. 2).  In this 
study, the SAR distributions around the pacemaker model 
embedded into a rectangular parallelepiped torso model due to 
a mobile radio terminal model were calculated. 

II. NUMERICAL MODEL

Figure 3 shows a planar inversed F antenna with metallic case, 
which simulates mobile radio terminal, and its calculated 
reflection coefficient at the feeding point.  The antenna 
operates at 2 GHz and the output power is 0.25 W.  Figure 4 
shows a pacemaker model implanted in a human torso model. 
This model is the same as the model in ref. [5].  Here, the 
pacemaker housing has a dimension of 40306 mm3, and 
the lead wire has a diameter of 2 mm, and a length of 240 mm. 
The connector between the pacemaker housing and the lead 
wire has a 2 mm gap.  Figure 5 shows the arrangements of the 
torso model and the mobile radio terminal model.  The torso is 
simulated as a rectangular parallelepiped whose electrical 
properties are the same as the human muscle [6].  The antenna 

is located in two cases, namely in z (Fig. 5(a)) and x (Fig. 
5(b)) directions.  Figure 6 shows scanning area of the feeding 
point.  In this paper, in order to find the worst case (position of 
the mobile radio terminal model and pacemaker model) under 
some assumptions, the mobile radio terminal model will be 
scanned in the scanning area.  Here, the coordinate origin in 
the scanning area is the gap between the pacemaker housing 
and the lead wire.  The scanning area is enlarged until the 
SAR values become sufficiently low at their periphery. 
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Figure 1.  Implanted cardiac pacemaker. 

Crowded trainMobile phone in a chest pocket

Figure 2.  Supposed situations. 

TABLE I 
PARAMETERS FOR FDTD CALCULATIONS 

Cell size [mm] x =2.0, y =1.0, z =2.0
Analytical space xy z [cell] 400400400 

Absorbing boundary condition PML (8 layers) 
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The SAR values are calculated when the feeding point met 
the grid point of the scanning area by following definition: 

2SAR E



    [W/kg]     (1) 

where  is the conductivity of the biological tissue [S/m],  is 
the density of the biological tissue [kg/m3], and E is the electric 
field (rms) [V/m].  In order to calculate the SAR values in each 
position, finite-difference time-domain (FDTD) method [7] 
was employed.  Table 1 shows parameters for FDTD 
calculations. 
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Figure 3.  Mobile radio terminal model.
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Figure 4.  Pacemaker model.
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Figure 5.  Arrangements of torso model and mobile radio terminal model. 

III. CALCULATED RESULTS

Figure 7 shows the calculated 10-g averaged SAR in the 
scanning area, when depth of the pacemaker model d =14 mm.
From Fig. 7(a), maximum 10-g averaged SAR appears on the 
origin of scanning area, in the antenna direction z.  On the 
other hand, in Fig. 7(b), the maximum 10-g averaged SAR is 
observed at x =10 mm, z =-30 mm.  This is a position that the 
lead wire of x-direction (longer part) overlapped almost center 
of the metallic case of mobile radio terminal model.  In 
addition, both maximum values of 10-g averaged SARs are 
same as 1.36 W/kg.   
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Figure 6.  Scanning area of the mobile radio terminal model. 
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(a)Antenna direction: z
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(b) Antenna direction: x

Figure 7.  Calculated 10-g averaged SARs.  The value of each crossing point 
corresponds the maximum 10-g averaged SAR in the calculated region, when 
the feeding point of the wireless radio terminal model was placed on this 
crossing point. 
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Table 2 shows comparison of the SAR values between 
with and without the pacemaker model, where the maximum 
10-g averaged SAR value was observed.  From the results, in 
the case of embedding the pacemaker model, the maximum 
value of 10-g averaged SAR is 30 % larger than that of 
without pacemaker model. 

Figure 8 shows the SAR distributions around pacemaker 
model in both antenna directions.  Here, SAR observation 
plane is x-z plane at the surface of the pacemaker housing (y 
=13 mm).  The positions of wireless radio terminal model and 
pacemaker model are the points where the maximum 10-g 
average SAR was observed in Figs. 7 (a) and (b).  From Fig. 8 
(a), in the case of antenna direction z, high SAR region is 
observed at border of pacemaker housing and the region, 
where is the metallic case of the mobile radio terminal model 
faced (around x = -30 mm, z = -70 mm).  Moreover, from Fig. 
8 (b), in the case of antenna direction x, high SAR region is 
also observed at border of pacemaker housing and around the 
lead wire.  They are because of the concentrate on electric 
field around the conductor. 

In addition, SAR distributions under various implanted 
depth “d” are presented in Fig. 9.  Here, the observation line is 
y-axis at x = -12 mm, z = -19 mm (center of pacemaker 
housing).  According to Fig. 9, standing waves are observed 
between the torso surface and pacemaker model in all cases. 

Figure 10 shows one of the examples of electric field 
distributions around the pacemaker model.  From the results, it 
is observed that the dominant components of standing waves 
are x and z.  The detail mechanism of the standing wave 
should be analysed as our further study. 

IV. CONCLUSIONS

According to the results, the SAR around the conductor, 
which is implanted in the human body, increased.  It is 
confirmed in [8] as well as our results.  In fact, 10-g averaged 
SAR has been limited in less than 2 W/kg by the guideline on 
human exposure to electromagnetic fields in Japan.  In addition, 
when the conductors were implanted into the human body, the 
guideline indicated that the possibility of the exposure below 
the guideline value might cause a local heating.  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 [9]. Therefore, the influences 
on SAR by the implanted conductors have to be investigated in 
detail [10]. 
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TABLE II 
CALCULATED SAR VALUES WITH AND WITHOUT PACEMAKER

MODEL 

Pacemaker model
with without

10-g averaged SAR [W/kg] 1.36 1.04 
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Figure 8.  Calculated SAR distributions. 
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Figure 10.  Calculated electric field distributions. 
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