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1. INTRODUCTION

SORIN CRM company has developed a wireless communication system using the MICS frequency
band. That wireless system will speed up the implantation phase, the appointments at hospital and will
allow the patient at home to be monitored remotely. The system has two products:

- an ICD with DF4 connector.

- anexternal product (either a Home Monitor or a programmer).
Because of the RF function, the ICD has to comply with different RF standards and in particular with
SAR.

2. ABREVIATIONS

SAR: Specific Absorption Rate.

ICD: Implantable Cardioverter Defibrillator.

EMR: ElectroMagnetic Radiation.

MICS : Medical Implant Communication Service.

IEEE : Institute of Electrical and Electronics Engineers.
ICNIRP : International Committee for Non-lonising Radiation Protection.
ANSI : American National Standards Institute.

FDTD: Finite Difference Time Domain.

FIT : Finite Integration Technique.

CST: Computer Simulation Technology.

CST MWS : CST MicroWave Studio.

PEC : Perfect Electrical Conductor.

CW: Continuous Wave.

GPU : Graphics Processing Unit.
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3. SAR DEFINITION

SAR is the time derivative of the incremental energy (dW) absorbed by (dissipated in) an incremental
mass (dm) contained in a volume element (dV) of a given density (p), as illustrated in :
d

SAR = _[dﬂj _ i(dﬂ)
dt\ dm dt pdVv
also illustrated as (for a typically averaged over a pre-defined mass) :
2 2
sAR=- _9E _J°
p 2p po

SAR is expressed in units of watts per kilogram (W/kg).

P = Power loss density.

E = Electrical Field module.

J = Current density.

o = Electrical conductivity of the medium.
p = Density of the medium.

4. REFERENCE STANDARDS

e The ICNIRP sets guidelines for limiting exposure to EMR. These guidelines are generally accepted
around the world ; however, some countries such as the USA and Canada have more conservative SAR
limits. There is also a distinction between “occupational workers” and “non-occupational workers”.

e The IEEE 1528 regulates measurement methods for practical assessment of compliance. Moreover, a
simulation standard IEEE 1528.X is in development with the following subjects to be addressed :

— 1528.1 : requirements for hexahedral time domain codes (end 2007).

— 1528.2 : application to cars with passenger/bystander (~ 2008).

— 1528.3 : application to mobile phones near head (~ 2008).

— 1528.4 : requirements for tetrahedral frequency domain codes.

e The ENV50166 (for Europe) gives the SAR limits.

e The IEEE ANSI C95.1 and C95.3 (for the USA) gives the SAR limits. There is a distinction between
“controlled environment” and “uncontrolled environment”.
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S. SAR LIMITS

5.1. GENERAL : ICNIRP LEVELS

SAR Limits | Occupatio'nal'W_orkers Non-occUpa_t'ional workers
Whole Body 0.4 W/kg 0.08 W/kg
Localised Exposure: 10 Wikg 2 Wikg
*Head and Trunk
*Hands and Feet 20 Wikg 4 Wikg

*SAR measured in a 10g cube of tissue

Table 1 : SAR levels for ICNIRP

5.2. EUROPE REGION

For Europe, the ICD should comply to the ENV50166 maximum SAR levels (for 10g cube tissue) :
- for Whole body :  Max_SAR = 0.08W/kg
- for Spatial peak : Max_SAR =2W/kg

5.3. USA REGION

For the USA, the ICD should comply to the IEEE ANSI C95.1 maximum SAR levels (for 1g cube
tissue) :

- for Whole body : Max_SAR = 0.08W/kg

- for Spatial peak : Max_SAR = 1.6W/kg
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6.

METHODS FOR SAR CALCULATION

Some simulation methods are compliant for SAR compliancy verifications. In particular, the IEEE
1528.1 specifies the following :

This standard is based in part on the extensive validation of FDTD as applied to SAFE calculation that has
been reported in the literature and in previous standards. In order for this basis to be valid, the meaning of
FDTD in thizs standard mmust descnbe the FDTD implementation historically used in thiz extensive
validation. Therefore, for application of this standard, the implementation of FDTD in the spatial region
where the SAR iz being calculated shall melude the following charactenstics:

a)

b)

The electrnic field components are spatially located on the edges of a Cartesian coordinate system
structured mesh composed of rectangular parallelepipeds.

The magetic field components are spatially located on the edges of a Cartesian coordinate system
structured mesh composed of rectangular parallelepipeds which is offset from the electrnic field
mesh by % mesh cell in each direction.

The solution method iz a finite-difference approximation to the Maxwell curl equations using
central differences which are (at least globally) second order accurate and would therefore mclude
non-uniforn meshes (MMonk and Suli [B104]).

The solution method solves for both electric and magnetic fields by a fully explicit leapfrog time-
stepping process.

(Gauss’s laws are implicitly enforced, the fields are divergence-free, and charge is conserved.

The time-stepping algonthm is non-dissipative in that there is no spunous decay of energy due to
non-physical artifacts of the algonthm and artificial dissipation is not required for stability.

Other methods and/or extensions of FDTD not mcluded in the above defimition may be applied. Howewver,
these shall provide at least the same accuracy as if the FDTD method defined above were apphed. The
Finite Integration Techmique (FIT) in time domain can be regarded as an extension of FDTD mn this

context.

= The FIT in time domain is IEEE 1528 compliant.

In SORIN CRM, we use the CST MWS software tool for simulation (CST 2012 SP6, 29 Sept. 2012);

we use in particular the FIT in time domain for SAR calculation.
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7. CST MWS SAR CALCULATION METHOD

CST company participates in standards committee for IEEE 1528 and has already been approved by the
FCC to comply with hexahedral time domain standard drafts.

For SAR calculation, CST MWS uses the following method :
- Adiscretization is done for calculating the mass averaged SAR (typically 1g or 10g); it uses :
o for each point, a cube with a defined mass is found.
o0 the power loss density is integrated over that cube.
o the integral power loss is divided by the cube’s mass.

- Then, to calculate the whole-body SAR, the total power loss is divided by the lossy structure
total mass. The method used is the IEEE C95.3 one.

8. COMPUTATIONAL RESOURCES

The calculation machine is a Windows 7 64 bits, 2xCPU Intel Xeon X5570 @2.93GHz, 48Go RAM
using two Nvidia Tesla C1060 hardware accelerator (GPU). Simulation time is about :

- Electromagnetic part : 2 hours.

- SAR calculation post-process : 30 minutes for Europe case, 5 minutes for USA case.

9. GENERAL COMMON SIMULATION CONDITIONS

In that document, 4 different ICD have been simulated. Each ICD has its own CAD description but here
are defined the general common elements used for simulation. It has to be noted that all CAD models of
ICDs have been imported to CST MWS in order to fit, the best as possible, to the exact representation of
the RF antenna function.

9.1. LEAD CONFIGURATION
We had the choice for using either “nothing” or “leads” or “lead-caps”.
- The case “nothing” is not relevant since it will never be the case in a real implantation.

- The case “leads” could be interesting but suffers from the following elements :
0 leads locations are different from one implantation to another.
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0 leads 3D modelisation is complexfull and requires many more computational resources
due to a bigger simulation volume as well as a finer mesh.
- The case “lead-caps” seems the more adequate :
0 They are used sometimes for real implantation.
0 They are easy to model and to simulate.

= Therefore, we have completed all SAR simulations with lead-caps.

9.2. TISSUE PROPERTIES

The ICD is put inside MUSCLE tissue (at the corresponding frequency). The muscle choice is judged to
be a worst case scenario since an alternate placement in fat would lead to lower SAR values due to the
much lower conductivity and dielectric constant of fat.

Therefore, muscle tissue properties were taken from SPEAG company which has delivered some
MSL450 fluid.

= Simulations are performed with the following characteristics of muscle at 403MHz :

Material Relative dielectric | Electrical conductivity Density
constant , er (S/m) (kg / m3)
Muscle 57.44 0.93 1000

Table 2 : Muscle properties

The muscle density has been chosen relative to the FCC OET Bulletin 65, supplement C.
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9.3. SIMULATION VOLUME

The ICD is placed inside a parallelepiped, filled with muscle tissue. The parallelepiped size is : 200mm
x 200mm x 120mm (XY Z).
The ICD is then placed near the middle of the parallelepiped.

9.4. BOUNDARY CONDITIONS

The “Electrical Field” boundary conditions have been used for simulations. It is verified, on simulation
results, that all emitted energy is kept within the simulation volume and far apart from the volume walls.
“Electrical field” boundary conditions have the advantage to speed-up simulations.

9.5. METAL PROPERTIES

The ICD metal parts were all modelled as PEC (infinite electrical conductivity). Indeed, this is a worst
case scenario since a PEC does not lower SAR whereas a real metal does.

In CST MWS, the option “Simplify model” has been chosen with the two selected options :
- for General : “simulate surf. impedance as PEC”.
- for Wires:  “simulate lossy metal as PEC”.

as illustrated below :

r~Mesh density control oK |
Lines per wavelength:
30 = Ll
I 3' Simplify Model _XJ
Lower mesh limit: Cancel ;
[ — —= I
lipdate | Salver: ransient solve
% Mesh line ratio limit: Cancel |
an— Spedals. .. | Mesh: I Hexahedral
Help |
" smallest mesh step: implify Model,
I__— rGeneral
2.0
Help |

™ Simulate lossy dielectrics as lossfree
—FV : L :::
¥ Automatic mesh generation c:""----—S-EMEte it

Wires

~Mesh summary
Min. mesh step: M [ Zero wire radius
I 0.112351 I 334 I~ Apply thin wire model to solid wires
g : T 5 ::>
Man, mesh step: My: i Simulate lossy metal as PEC
| 3.87863 | 371
Meshcells: Nz:
| 12,197,790 | 100

Figure 1 : PEC configuration
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9.6. EXCITATION PORT
The excitation port used for simulations is a discrete port.

However, because of the hexahedral mesh method used by the FIT time domain, it is impossible (for a
reasonable mesh density) to place the discrete port at the RF module location since many mesh cells are
in “stair case mode” i.e. are pieces of metal, which create some local unwanted short-circuits (see below
in blue color) :

2 0.308 ( Index=hS )

Figure 2 : Stair case cells

= Therefore, the discrete port is placed at the RF feedthrough / RF flex border :

Figure 3 : Discrete excitation port

FF00929B - DHF Page 12/26
This document contains information which Sorin Group deems CONFIDENTIAL and PROPRIETARY;
therefore it shall not to be used, duplicated, or disclosed in whole or in part without the prior written consent of Sorin Group.


http://iProd.sorin.com/findocsite/finddoc.asp?name=FF00929&Folder=Procedures

ELECTRONIC RELEASE CERTIFIED COMPLIANT TO THE ORIGINAL SIGNED AND APPROVED DOCUMEN

ocument Name / Nome documento / Nom du document

AT THE HEART OF MEDICAL TECHNOLOGY

9.7. INPUT POWER

The RF module is the same for all the four defined ICD models defined. Its matching network in the
MICS band has been designed and validated for the whole four models. Therefore, maximum power is
transferred to the load (RF flex + RF feedthrough and antenna) when conjugate complex impedance is
achieved.

- On many representative RF modules, the maximum MICS output power (with a
matched load) is never greater than 0.315mW peak value (-5dBm / 50Q).

- Also, the protocol used from data exchange mechanisms allows the ICD to transmit not full time
but during a period of time.

= However, to take the worst case conditions, we have run SAR simulations with the following
conditions :
- input power of 0.315mW peak value, with a discrete port placed at the RF flex / RF
feedthrough border (whereas it is the maximum power at the RF module location).
- transmission full-time i.e. in CW mode.

9.8. CHOICE OF FREQUENCY

The ICD has been simulated at the middle of the MICS band i.e. at 403.5MHz.
Indeed, the MICS band has less than 1% bandwidth and so no difference in SAR results is expected
between the 10 channels.

9.9. RF ANTENNA
The RF antenna is the same for the whole four models; it is a loop designed inside the header.
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9.10. SAR PARAMETERS

SAR parameters are defined in two dialog boxes illustrated below :

SAR Calculation

~Label
| SAR (F=0.4035) [1] {1a)

V¥ automatic labeling

~ Powerloss density
Monitor:

loss (F=0.4035) [1] |

Frequency: | 0.4035

— Awveraaging mass f Point SAR
(o) ) s

" Custom:

50

g

Calculate

3

SAR Special Settings ]

Reference power

@User defined:

[ 0.0001575 3 w (rms)

[ Define accepted power as reference

Specials... | ™ Use AR filter results if available
Wiew Results. .. | —Averaging method
h
{ESEED) d
Close |
Help |  Subwvolume
' Do not spedfy subvolume
£~ Use subvolume for statistics
" Calaulate SAR in subvolume only
xmin: fmin: Zmin:
| 83,2287 | -124.939 | 54,535
Xmax: Ymax: Zmax:
| 75.0614

| 116,771

IES.—LTS

adik

elp

Figure 4 : SAR configuration

Once they are configured, there is a post-process calculation which gives at the end the SAR results as

illustrated below :
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SAR Results "SAR (f=0.4035) [1] (1g) g

SAR Caleulation Results

| »

Power scaling [W] (rma):
Stimulated Power [W] (peak):
Stimulated Power [W] (rms):
Becepted Power [W] (rms):
Eyverage cell mass [g]:
Averaging method:

Averaging mass [g]:

Entire Volume:

Min (x,y,=) [mm]:

Max {(x,y,2) [mm]:

Volume [mm~3]:

Ebsorbed power (rma) [W]:
Tigssue wvolume [mm~3]:
Tissue mass [kgl:

Tissue power (rms) [W]:

Average power (rma) [W/mm=3]

Powerloss density monitor used: loss (£=0.4035) [1] at 0.4035 GH=

0.0001575 Stimulated
0.000315

0.0001575
1.28331e-005
0.000943773

IEEE C395.3

-B3_.2287, -124_%38%, -54_525
116_771, 75.0614, 65.475
4_Be+006

1.24106e-005

4_76038Be+006

4_76038

1.2253e-005

_57395e-012

Total SAR {(rms) [W/kgl:

Z
2

_57335e-006 |

Max. point SER (rm=) (W, kg]:

0.591729

(Maximim SAR (rms, lg) [W/kgl:

0_00126707 |

Maximum at (x v, =z) [mm]:

Z29_5216, 10.34, 1_40038

Byg_owvol min (x,y,=) [mm]:
Bvg_wvol max (x,y,=) [mm]:
Largesat walid cube [mm] -
Smallest wvalid cube [mm]:
Byrg Vol _Accuracy E%]:-

Calculation time [s]:

Z24_0204, 4_B38R1, -4_100Z21
35.0228, 15_B8412, &6.30216
16_9085
8. 959596

Find I~ Match case

Figure 5 : SAR results

e The Whole Body Average SAR requested by standards is the parameter : “Total SAR ™.

e The Spatial Peak SAR requested by standards is the parameter : “Maximum SAR ”.
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9.11. MESH DENSITY

Several simulations have been performed in regards to the mesh density in order to find a minimum
mesh configuration that gives stable main spot resonance and SAR results. Also, the configurations take
into account the simulation time.

Thus, the following mesh configurations have been analysed (on the CRT-D SonR model) :

Mesh Main Max Position of
Line/ | Lower line Mesh | resonance 1g Max SAR
mesh | rat SAR | [XY:Z]
A limi ratio | cells
ML limit
(MHz) | (W/kg) (mm)
[24.18 ; 10.65;
30 30 25 | 7.3M 385 | 0.0011 L 40]
30 30 30 | 88Mm 387 | 0.0012 | [2952;10.34
1.58]
20 | 30 | 35 |1em| 388 | 00013 | %) e

Table 3 : Mesh configurations

Because the differences between the four models are small in terms of structures, these mesh
configurations results are also valid for CRT-D, DR and VR models. As well, the behaviour of these
mesh configurations is also valid for 10g cube tissue (Europe case).

We can see in Table 3 that SAR results come stable from the values (Line / wavelength = 30; Lower
Mesh Limit = 30; Mesh Line Ratio Limit = 30).

= Therefore, in order to achieve fine results, the following mesh configuration has been chosen
for all the SAR results in the following chapters :

- Line /wavelength = 30.

- Lower Mesh Limit = 30.

- Mesh Line Ratio Limit = 30.

which gives the illustrated mesh :
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Figure 6 : Used mesh density (case CRT-D SonR model)

9.12. CONVERGENCE CRITERIA
The simulation is stopped when the energy in the whole parallelepiped is 40dB below initial energy.
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10. CRT-D SONR ICD SIMULATION

10.1. DEVICE AND SIMULATION VOLUME

g

L

Figure 7 : CRT-D SonR model and the simulation volume

10.2. SAR SIMULATION RESULTS

10.2.1. EUROPE : 10G CUBE TISSUE

The computed SAR levels are :

¢ Whole Body average SAR = 2.57 E-6 W/kg.

e Spatial peak SAR = 0.000402 W/kg.

with the maximum SAR level at : [24.54; 6.43; 2.07 Jmm.

10.2.2. USA : 1G CUBE TISSUE

The computed SAR levels are :

¢ Whole Body average SAR = 2.57 E-6 W/kg.

e Spatial peak SAR = 0.00126 W/Kg.

with the maximum SAR level at : [29.52; 10.34; 1.58 Jmm.
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Figure 8 : SAR distribution for 1g cube tissue for CRT-D SonR model

10.3. CONCLUSIONS

SAR simulation results for CRT-D SonR model are far below the limits specified in chapter 5.
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11. CRT-D ICD SIMULATION

11.1. DEVICE AND SIMULATION VOLUME

<

> L

Figure 9 : CRT-D model and the simulation volume

11.2. SAR SIMULATION RESULTS

11.2.1. EUROPE : 10G CUBE TISSUE

The computed SAR levels are :

¢ Whole Body average SAR = 2.18 E-6 W/kg.

e Spatial peak SAR = 0.00027 WI/kKg.

with the maximum SAR level at : [17.46; 9.91; 5.86]mm.

11.2.2. USA : 1G CUBE TISSUE

The computed SAR levels are :

¢ Whole Body average SAR = 2.18 E-6 W/kg.

e Spatial peak SAR = 0.00093 W/kKg.

with the maximum SAR level at :  [13.64; 15.89; -0.635]mm.
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Figure 10 : SAR distribution for 1g cube tissue for CRTD model

11.3. CONCLUSIONS

SAR simulation results for CRT-D model are far below the limits specified in chapter 5.
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12. DR ICD SIMULATION

12.1. DEVICE AND SIMULATION VOLUME

<

Figure 11 : DR model and the simulation volume

12.2. SAR SIMULATION RESULTS

12.2.1. EUROPE : 10G CUBE TISSUE

The computed SAR levels are :
e \Whole Body average SAR = 2.02 E-6 W/kg.

e Spatial peak SAR =

0.00025 W/kg.

with the maximum SAR level at :  [16.23; 10.59; 5.85]mm.

12.2.2. USA : 1G CUBE TISSUE

The computed SAR levels are :
e \Whole Body average SAR = 2.02 E-6 W/kg.

e Spatial peak SAR =

0.00094 W/kg.

with the maximum SAR level at : [-8.95; 7.26; 0.025]mm.
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Figure 12 : SAR distribution for 1g cube tissue for DR model

12.3.  CONCLUSIONS

SAR simulation results for DR model are far below the limits specified in chapter 5.
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13. VR ICD SIMULATION

13.1. DEVICE AND SIMULATION VOLUME

Figure 13 : VR model and the simulation volume

13.2. SAR SIMULATION RESULTS

13.2.1. EUROPE : 10G CUBE TISSUE

The computed SAR levels are :

¢ Whole Body average SAR = 3.18 E-6 W/kg.

e Spatial peak SAR = 0.00084 W/kKg.

with the maximum SAR level at : [-1.56; 5.79; 6.03 Jmm.

13.2.2. USA : 1G CUBE TISSUE

The computed SAR levels are :

¢ Whole Body average SAR = 3.18 E-6 W/kg.

e Spatial peak SAR = 0.0052 W/kg.

with the maximum SAR level at : [-5.25; 7.90; 1.77]mm.
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Figure 14 : SAR distribution for 1g cube tissue for VR model

13.3.  CONCLUSIONS

SAR simulation results for VR model are far below the limits specified in chapter 5.
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14. GLOBAL CONCLUSIONS

SAR simulation results for the four models of ICD comply with the limits specified in chapter 5.
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