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Section 2: Resistance Preparations and Measurements C3C"

The direct measurement of defibrillation voltage posed technical issues and safety C3G"

concerns. We designed and built a custom measurement circuit (Supplemental Figure 1) that C3H"

enabled us to obtain differential voltage measurements as well as common-mode voltage (i.e. C3O"

average voltage with respect to earth ground) measurements. The circuit also attenuated the high C3R"

voltages at the patient to a more reasonable level that is safe for measurement with standard C3U"

electronic test equipment. The differential and common-mode amplifier circuits were calibrated C4V"

using a reference voltage of 10 ± 0.004 VDC from a BK 1786B programmable DC power supply C4!"

(B&K Precision Corp. Yorba Linda, CA) and the Rigol DM3058 5.5 digit meter (Rigol USA, C43"

Oakwood Village, OH). C44"
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Supplemental Figure 1. Custom circuit created to measure voltages. C4R"
 C4U"
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The first data collection phase of this project was resistance measurement of volunteers CCV"

and cadavers. The purpose was to determine the highest resistance we would see using specific CC!"

skin preparation techniques (Supplemental Table 1).  CC3"

The voltage data collected in this study were acquired using oscilloscope voltage CC4"

measurements from adhesive electrodes. The accuracy of voltages acquired using this technique CCC"

is partially dependent on the skin contact resistance in relation to the input resistance of the CCG"

measurement circuit. A high contact resistance will result in measurement error, causing CCH"

underestimation of the measured voltage. The input resistance of the measurement circuit, CCO"

forming a voltage divider with the skin contact resistance, causes this effect. A voltage divider is CCR"

characterized by the following equation:  CCU"
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Supplemental Equation 1: Where R1 = skin contact resistance and R2 = measurement circuit CGV"

input resistance. Vin is the voltage at the skin surface and Vout is the measured voltage. CG!"

If the skin resistance is high relative to the input resistance of the measurement circuit CG3"

(on the order of 2 MOhms, differential), the voltage measured would be inaccurate for surface CG4"

voltages lower than the skin breakdown voltage. (The resistances measured during this phase of CGC"

the investigation reflect the low-voltage skin resistances and do not accurately reflect the high-CGG"

voltage provider resistance in the setting of defibrillation.) Resistances found in the setting of CGH"

high voltage from hand-to-hand exposure were taken from the International Electrotechnical CGO"

Commission (IEC) Technical Document.[24] Five percent and 50% population resistance CGR"

thresholds were used for commensurate voltages measured in our study to calculate the RRD. CGU"

This provides a reasonable measure, accounting for voltage breakdown and reflecting variances CHV"

in rescuer population for a given voltage exposure.  CH!"
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Supplemental Table 1. Resistance Measurement Methodology CH4"
 Condition Description 

1 No prep, –dry These cadavers were prepared by blotting any moisture 
from their torsos. Measurement electrodes were placed on 
the chest, 30 cm apart. Open lesions, lacerations, and 
defects were avoided between the two measurement 
electrodes. 

2 Abraded skin These cadavers were prepared by blotting any moisture 
from their torsos. They were then scrubbed using a plastic 
abrasive pad four times in the same direction using 
moderate pressure to remove epidermal debris. 
Measurement electrodes were placed directly on these 
abraded areas. 

3 Wet, sterile water These cadavers were prepared by blotting any moisture 
from their torsos. Then sterile water was applied using 
paper towels, enough to saturate the skin between the 
measurement electrode sites. Measurement electrodes 
were placed on the wet skin. 

4 Wet, sweat 
(0.09%) 

These cadavers were prepared by blotting any moisture 
from their torsos. The saline solution was prepared by 
mixing normal saline with sterile water using a ratio of 
1:9. This preparation was applied using paper towels, 
enough to saturate the skin between the measurement 
electrode sites. Measurement electrodes were placed on 
the wet skin.  

5 Wet, normal saline 
(0.9%) 

These cadavers were prepared by blotting any moisture 
from their torsos. Normal saline was applied using paper 
towels, enough to saturate the skin between the 
measurement electrode sites. Measurement electrodes 
were placed on the wet skin.  

6 Ultrasound gel Aquasonic® ultrasound gel, labeled NOT FOR 
DEFIBRILLATION, was applied across the chest at a 
thickness of 2 to 3 mm to mimic the situation of bedside 
echocardiography. The gel formed a contiguous band 
between measurement electrodes, which were placed over 
the gel. They were held in place using very gentle 
pressure. 

7 Needle probes To determine whether the skin reflected a significant 
resistance barrier, needle probes were used on our 
cadavers. This was not reproduced with live volunteers 
due the potential injury from internal current passed by 
resistance meters. Measurements were obtained using 18-
gauge needles at a depth of 1 cm.  
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