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Abstract Background and purpose: The relevance of skin preparation 

by abrasion preceded or not by alcohol cleansing for digital 
ECG (dECGs) variables was prospectively evaluated. 
Methods: In 22 healthy male subjects (40.2±9.7 years) dECGs 
were recorded continuously over 5 minute periods at 5 different 
time points at 3 separate 24-hour visits, employing 2 electrode 
types and no skin preparation, abrasion and alcohol cleansing 
before abrasion. Smoothed means dECG data covering 5 
minutes used for statistical analysis on leads V2-3 and V5. 
Results: Significant of skin preparation with reductions for 
skin-impedance and noise (p<0.0001 – p=0.35) for all leads, 
and with no further effect by alcohol cleansing (p>0.46). PR-
intervals were significantly prolonged by skin preparation 
(p=0.0003 – p=0.0165) in leads V2-3 at 120 and 1 440 minutes; 
with additional impact of alcohol at 1 440 minutes (p=0.0005). 
Subject comfort was markedly higher with one of the electrode 
types (p<0.0001). 
Conclusion: Skin preparation by abrasion should be employed 
prior to dECG recordings to improve signal properties. 
Cleansing with alcohol is generally not warranted. Skin 
irritation is dependant on choice of electrode. 
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INTRODUCTION  
 
 
Electrocardiogram (ECG) is the only readily available method assessing the heart’s 
electrical function. This is mainly consequence of ECG being non-invasive, easy to 
record and applicable for disease diagnostics, monitoring of disease states and as a 
bio-marker in scientific studies. ECG also has the virtue of being inexpensive. In any 
of its applications, ECG evaluations to a large extent rest on the appropriateness of the 
recorded signals; the recordings need to be acquired according to standardised 
methods and to reflect the cardiac electric signals, as opposed to other simultaneous 
electric activities in the body and environment. Thus, ECG recordings demand 
diligent attention to positioning of lead electrodes, skin preparation as well as to 
controlling for signal artefacts and noise for a correct and safe interpretation (1-3). 
 
The skin is the source for most of the noise and artefacts associated with ECG 
recordings, and the dead cornified cells of the stratum corneum is the major insulating 
component in the ion – electron fluxes occurring between the lead electrodes and the 
body. The two deeper layers of the skin, the germinative and granular strata, will 
through level of blood flow and sweat formation, in an inverse manner impact on the 
electric impedance (1, 3-5). Consequently, actions taken to reduce dermal impedance 
will improve ECG signals. Furthermore, attention to the physiological and emotional 
state of the subject will – through effect on dermal blood flow, sweating and 
sebaceous gland activity – affect the signal properties. The most effective measure to 
reduce skin impedance is to establish a conductive connection between the surface 
and the deeper layers of the skin (3, 4, 6). Slight abrasion with a fine sandpaper is the 
most effective method. Abrasion will also reduce the potential differences that are 
present between the body and the electrode-cable. These two effects explain the 
favourable impact on ECG quality by skin abrasion. Quality can be further enhanced 
by a stabilisation period between electrode or electrode gel application and ECG 
recording (3, 4). Other factors that have impact on the ECG signal are: any source of 
electric potentials outside the heart like muscle tremor, electric cables, and electric 
devices in the surrounding environment (3, 7). 
 
Most of the previously published papers have obtained their results from paper 
tracings, and in many cases not made their signal acquisitions with use of clinical 12-
lead ECG recordings. Thus, the aim of this study was to exploratory deductive – using 
12-lead digital ECG (dECG) data and techniques to minimise variability – the impact 
from the choice of two different electrode types and of three different skin preparation 
methods on the variability of dECG signals over time, and the relation to skin 
impedance. 
 
 
 
METHOD 
 
 
This prospective open interventional exploratory study on randomly selected subjects 
was, in accordance with the Declaration of Helsinki, conducted at AstraZeneca, R&D 
Mölndal, Sweden during March to June in 2006.  
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A random study sample of 22 healthy males, without previous or ongoing 
cardiopulmonary disease and not on drug treatment, and with a normal ECG were to 
be included. All subjects received oral as well written information. All subjects gave 
their written consent to participation. 
Ethics approval to the study was given by the regional Ethics Committee in 
Gothenburg the 20 February 2006 (Dnr: 071-06). 
Sandpaper, grain 400, was used for skin abrasion. Where specified by the protocol, 
skin abrasion was to be preceded by skin cleansing with 70% fat-free alcohol. 
Two different electrodes were to be used. For the limb and precordial leads V1, V3-6 
3M™ Red Dot™ Repositionable 2660 and for lead V2 3M™ Red Dot™ Foam 2237. 
The former electrode type is marketed as low impedance, low skin irritation and 
suitable for long time recordings. The latter type is by the producer branded as a 
standard electrode. Subjects were not informed on the alleged properties of the 
electrode types.  
 
Skin impedance was to be measured prior to each dECG recording period in leads V2 
and V3 using a Prep-Check Electrode Impedance Meter, Model EIM 105-10Hz 
(General Devices Inc, Ridgefield, NJ). This device has an upper measurement level of 
200 KΩ; an error is displayed for impedances above this and a variability of +/- 0.3 
KΩ. 
 
dECGs were to be acquired as continuous 12-lead rest recordings of 2.5 µV * 500 Hz 
unfiltered and uncompressed signals, using Schiller Cardiovit CS-200 (Schiller AG, 
Baar; Switzwerland) ECG machines. Precordial lead placements were to be according 
to AHAs recommendations (7, 8). Limb lead electrode positions were identified 
according to Mason-Likar model (9). However, the RL electrode was positioned on 
the right anterior iliac spine, analogous to the LL electrode (3). 
 
All dECG recordings were obtained with the subjects in the supine position in a quiet 
environment with all other electronic equipment turned off. 
 
Subjects were to participate at three visits, separated by five to seven days, for skin 
preparations and ECG recordings as detailed in tables 1 and 2, respectively. At the 
end of each visit, i.e. 24 hours after electrode application, each subject were to be 
questioned for itching from the electrodes on a five step scale of no itching, mild, 
moderate, severe, and very severe itching. 
 

Table 1 
Skin preparations at the different visits. 
Visit 1 2 3 
Trim with surgical trimmer (if necessary) X X X 
70% fat-free alcohol   X 
2 crosswise abrasion strokes with 
sandpaper  X X 
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Table 2 
dECG recording periods for visits 1-3. 

Study 
days 

Time 

hour:min 
dECG 

continuous1 
Impedance 

measurements2 Other 

 Start Stop    

1     WC 

 -00:00    Apply electrodes3 

 00:00 00:05 5 min X Rest in bed4 

 00:15 00:20 5 min X Rest in bed4 

 00:30 00:35 5 min X Rest in bed4 

 02: 00 02:05 5 min X Rest in bed4 

2 24:00 24:05 5 min X Rest in bed4 
1 The subject must be in same supine (max. 30 degrees flexion in the hip) body position at each time point for all visits and feet 

not in contact with footboard. 
2 Impedance measurements in lead V2-3. 
3 Skin must be prepared according to visit. 
4 Subjects must be rested in bed for at least 10 minutes prior to each dECG time point. 
 
dECG analysis, evaluation and numerical ECG variables data output was to be 
performed within EClysis© (ECG Analysis, AstraZeneca proprietary tool), a 
validated and accepted tool for fully annotated analysis of dECGs. The system allows 
the user to operate on averages of recording periods or on isolated beat within 
recording periods. Source data outside dECGs were to be collected within standard 
office software. Noise levels were calculated as ranked mean values from 21 running 
20 ms periods with 10 ms overlap, and with rank value 14 taken as the limit for noise. 
 
For the defined time periods all recorded data (table 2) were to be processed. Analysis 
was to be for leads V2, V3 and V5 – operating on the averages of contiguous 10-sec 
recording periods – by removal of noise, artefacts and waveforms of deviating 
conduction, and adjustment of fiducial points that the analyst would not consider 
appropriately positioned by the software system EClysis© 2.4. Upon completion of 
the processes, numerical values of the 10-sec averaged recording periods were to be 
exported for all subjects, visits and protocol defined time points. 
 
 
Data processing and statistical methods 
 
Prior to any other operations, the datasets were to be inspected for appropriateness 
and consistency. 
dECG data were to be processed as smoothed means of the values exported from the 
dECG software system, with a smoothing time frame of 5 minutes. This would, 
nominally, result in one smooth mean value based on 30 10-sec contiguous recording 
periods. ECG variables, and defining fiducial points, to be selected were PR, QRS, 
QT heart rate adjusted by the Fridericia method (QTcF) (10) and RR intervals. A 
specific noise variable was to be part of the analysis set of dECG data. 
 
Descreptive statistics was to be given as central tendencies and distribution. 
Differences of proportions were estimated with Pearson’s Chi-squared method or, 
where applicable, Fishers exact test. For estimates of quantitative data over time, 
linear mixed models were used with subject as random factor, visit (i.e. skin 
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preparation) as fixed factor; time point within visit as fixed and repeated factor; and 
baseline values as co-variates. Compound symmetry was used as correlation structure. 
If not stated otherwise, two-sided 95% confidence intervals were to be used. P-values 
< 0.05 were to be considered as statistically significant. 
Statistical package SPSS (SPSS Inc) 14.0 was used. 
 
 
 
RESULTS 
 
 
All of the 22 enrolled male subjects were included and completed all three visits of 
the study. All subjects fulfilled the inclusion criteria and no subject the exclusion 
criteria. The presence of a normal ECG at rest was verified for all subjects by a 
cardiologist. Demographics for the 22 subjects are given in table 3. 
 
Table 3 
Demographics. 

 
Age 

(year) 
Height 
(cm) 

Weight 
(Kg) 

BMI 
(Kg/sqM) 

Body surface 
area (sqM) 

Mean 40.2 181.7 80.0 24.2 2.02 
SD 9.7 7.4 9.3 2.4 0.14 
Median 39.5 180.0 78.0 24.3 1.98 
Minimum 26.0 168.0 67.0 19.4 1.82 
Maximum 59.0 198.0 102.0 30.0 2.32 

 
Mean time between visits was 13±10.6 days (median 9 days, range 2 – 56), being < 4 
days for 4/44 instances. Subjects’ responses at 24 hours to the question of itching 
from the electrodes did not differ between the three skin preparations. Mild to 
moderate itching was reported by seven of 21 subjects when no skin preparation had 
been applied, by nine of 20 subjects upon abrasion, and by eight of 21 subjects after 
alcohol + abrasion was used. Of the in total 24 reports on itching, there were 13 
spontaneous that confined it to the lead V2 electrode. In the group of no skin 
preparation 7.4% of those subjected to hair trimming reported some degree of itch at 
the 24 hour follow up, vs. 35.3% presence of itch among those who not underwent 
hair trimming (p<0.0001, Fisher’s exact test). 
 
Data from in total 8 597 10-sec dECGs, were available for analysis. A loss of 150 
dECGs is explained by: lack of baseline (time-point 0:00) recordings for one subject 
of visit one, and three subjects who failed to appear at the 24 hour recording period of 
visit one, two and three, respectively, and one subject missing time point 15 minutes 
of visit 3. dECGs from one subject (S04) were excluded from analysis of dECG 
intervals due to very frequent monofocal ventricular premature contractions (VPCs); 
accounting for a loss of 405 dECGs. During the analysis the ECGs one subject was re-
evaluated as potentially showing long QT/QTc intervals. The subject was referred to 
an electrophysiology expert.  
The RR-intervals as time points of 5 minute smoothed mean values by skin 
preparation type are given in table 4.  Within the study samples there were no 
statistically significant differences in RR values between skin preparation visits. 
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Table 4 
RR interval by skin preparation (ms). 

Skin preparation None Abrasion Alcohol + abrasion 

 Time point Mean SD Mean SD Mean SD 
Baseline 941.6 122.3 1007.9 142.4 987.1 133.8 
15 min 981.1 117.1 1025.6 141.2 1026.0 133.3 
30 min 1016.5 116.8 1039.9 125.7 1046.5 140.2 
120 min 990.4 162.4 1029.3 141.5 1008.2 158.6 
1440 min 990.2 142.5 996.4 141.5 997.0 159.2 
Total 984.3 135.5 1020.1 139.4 1013.1 146.9 

 
Exclusions of noisy beats and artefacts differed between the three preparation 
methods as presented in table 5. Divided by visit: 463/29 129 beats were excluded 
when no skin preparation was applied, 247/28 033 when abrasion was used, and 
193/28 021 when alcohol was combined with abrasion. A Pearson Chi-squared test 
gives a p-value < 0.00001 for the difference between no skin preparation and 
abrasion, and p=0.011 for the addition of alcohol to abrasion. Table 6 on beat 
exclusion by subject and visit reveals that subject 01 had clearly more beats excluded 
than the other subjects, particularly at the visit of no skin preparation where this 
subject contributes with 264/463 (57.0%) beats. 
 

Table 5 
Beat exclusion by visit and preparation (%). 

Skin preparation Excluded 
% 

Remaining 
% 

Total 
% 

None1 1.6 98.4 100 
Abrasion1 0.9 99.1 100 
Alcohol + abrasion1 0.7 99.3 100 
Total 1.1 98.9 100 
1 Hair-trimming administrated as judged by the investigator 

Hair-trimming on the visit with no skin preparation (visit 1) and repeat hair-trimming 
on ensuing visits in association with the two preparation types, is given in table 7. 
Only subjects with hair-trimming on the visit of no skin preparation (visit 1) needed 
hair-trimming at the visits of preparation. 
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Table 6 
Excluded beats by skin preparation type and subject. 

Skin preparation 

Subject None Abrasion 
Alcohol + 
abrasion Total 

1 264 67 1 332 
2 1 1 5 7 
3 0 8 11 19 
5 2 0 0 2 
6 42 19 43 104 
7 19 4 8 31 
8 21 21 0 42 
9 16 31 30 77 
10 29 5 18 52 
11 3 22 9 34 
12 0 12 3 15 
13 23 8 13 44 
14 8 11 10 29 
15 0 0 2 2 
16 0 0 4 4 
17 2 3 4 9 
18 3 9 3 15 
19 4 2 3 9 
20 25 24 19 68 
21 3 0 2 5 
22 0 0 5 5 
Total 465 247 193 905 

 
 
Table 7 
Hair-trimming by subject and skin preparation. 

Skin preparation 

Subject None Abrasion 
Alcohol+ 
abrasion Total 

3 yes no no 1 
4 yes yes yes 3 
5 yes yes yes 3 
6 yes yes yes 3 
7 yes yes no 2 
8 yes yes no 2 
9 yes no no 1 
10 yes yes no 2 
12 yes yes yes 3 
14 yes yes yes 3 
16 yes no no 1 
17 yes yes yes 3 
18 yes no yes 2 
19 yes no yes 2 
21 yes yes no 2 
Total 15 10 8 33 
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Figure 1 
Impedance over time by skin preparation method and lead. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Impedance values for leads V2-3 and skin preparation type vs. 5 minute recording time 
points are given in figure 1 and table 8. The effect of abrasion is clearly visible (p < 
0.0001 for all time points). The addition of preceding the abrasion with alcohol results 
in increases in impedances at all time points. The difference was not significant (p > 
0.5 at all time points). Impedance between the two electrode types did not differ 
within preparation types (p > 0.06). 
Hair trimming at the visit of no skin preparation did not impact significantly on 
impedance values (mean 50.7 KΩ without trimming vs. 54.6 KΩ with trimming; p = 
0.391). There was no significant impact over time from shaving on skin impedance 
over time (p = 0.6 – 0.8). 
 

Table 8 
Impedance values at the different skin preparation (KΩ). 

Skin 
preparation None Abrasion 

Alcohol + 
abrasion 

 V2 V3 V2 V3 V2 V3 
Baseline 88.7 79.7 2.5 2.7 5.6 5.0 
15 min 63.4 60.7 2.4 2.4 4.4 4.1 
30 min 61.0 55.6 2.4 2.3 3.6 3.9 
120 min 39.8 39.5 2.1 2.2 3.3 3.4 
1440 min 21.3 22.5 2.0 2.0 2.8 2.6 
Total 54.5 51.7 2.3 2.3 4.0 3.8 

  

No prep lead V2
No prep lead V3
Abrasion lead V2
Abrasion lead V3
Alcohol+abrasion lead V2
Alcohol+abrasion lead V3

Preparation and lead

Impedance over time by preparation method and lead
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5 min period
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Noise levels (data from S04 not included) are presented in figure 2 and table 9. Noise 
was higher in lead V2 and when no skin preparation had been conducted as compared to 
leads V3,5 and when skin preparation had been performed, respectively.  

 
Figure 2 
Noise over time by skin preparation and lead 

 Table 9 
 Estimated changes in noise for lead and skin preparation by time point (μV)   

Lead V2 V3 V5 
 Noise p-value 95% CI Noise p-value 95% CI Noise p-value 95% CI 

None       
Baseline 0.00   0.00   0.00   
15 min -0.89 0.0272 -1.68– -0.10 -0.64 0.0585 -1.30– 0.02 -0.52 0.1437 -1.21– 0.18 
30 min -1.11 0.0062 -1.90– -0.32 -0.69 0.0395 -1.35– -0.03 -0.53 0.1320 -1.22– 0.16 
120 min -1.07 0.0084 -1.86– -0.27 -0.66 0.0484 -1.32– 0.00 -0.33 0.3479 -1.02– 0.36 
1440 min -2.57 < 0.0001 -3.37– -1.77 -1.34 < 0.0001 -2.01– -0.68 -1.10 0.0022 -1.80– -0.40 
Abrasion          
Baseline -2.86 < 0.0001 -3.65– -2.08 -1.61 < 0.0001 -2.26– -0.96 -1.25 0.0004 -1.93– -0.57 
15 min -2.11 < 0.0001 -2.89– -1.33 -1.21 0.0003 -1.87– -0.56 -0.94 0.0074 -1.62– -0.25 
30 min -1.84 < 0.0001 -2.62– -1.06 -1.15 0.0006 -1.81– -0.50 -1.03 0.0034 -1.71– -0.34 
120 min -1.55 < 0.0001 -2.33– -0.77 -0.77 0.0207 -1.42– -0.12 -0.80 0.0229 -1.48– -0.11 
1440 min -0.39 0.3450 -1.19– 0.42 -0.42 0.2186 -1.09– 0.25 -0.35 0.3228 -1.06– 0.35 
Alcohol + 
abrasion          

Baseline -2.99 < 0.0001 -3.77– -2.20 -1.76 < 0.0001 -2.41– -1.11 -1.45 < 0.0001 -2.13– -0.76 
15 min -2.35 < 0.0001 -3.14– -1.57 -1.44 < 0.0001 -2.09– -0.78 -1.15 0.0011 -1.83– -0.47 
30 min -2.21 < 0.0001 -2.99– -1.42 -1.36 < 0.0001 -2.01– -0.71 -1.25 0.0004 -1.93– -0.56 
120 min -2.18 < 0.0001 -2.96– -1.40 -1.33 < 0.0001 -1.98– -0.68 -1.32 0.0002 -2.00– -0.63 
1440 min -0.50 0.2258 -1.3– 0.31 -0.54 0.1163 -1.21– 0.13 -0.58 0.1063 -1.28– 0.12 

Time point

Baseline 15 minutes 30 minutes 120 minutes 1440 minutes

N
oi

se
 (µ

V
)

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
None V2
None V3
None V5
Abrasion V2
Abrasion V3
Abrasion V5
Alcohol + abrasion V2
Alcohol + abrasion V3
Alcohol + abrasion V5
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Table 10 
Noise by lead and time point and skin preparation (μV). 

 None Abrasion Alcohol + abrasion

Lead  Time point Mean SD Mean SD Mean SD 
V2 Baseline 6.8 4.2 4.1 1.3 4.0 1.3 
  15 min 6.0 3.0 4.0 1.3 3.7 1.1 
  30 min 5.7 2.6 4.0 1.6 3.6 1.1 
  120 min 5.8 4.4 4.3 1.8 3.7 1.2 
  1440 min 4.4 1.2 4.0 1.2 3.9 1.1 
  Total 5.8 3.4 4.1 1.5 3.8 1.2 
V3 Baseline 5.4 3.7 3.9 1.2 3.7 1.4 
  15 min 4.8 2.2 3.7 1.1 3.4 1.2 
  30 min 4.8 2.7 3.7 1.3 3.5 1.1 
  120 min 4.8 2.2 4.1 1.7 3.5 1.2 
  1440 min 4.2 1.2 3.8 1.1 3.7 1.1 
  Total 4.8 2.5 3.8 1.3 3.6 1.2 
V5 Baseline 5.2 3.3 4.0 1.3 3.8 1.4 
  15 min 4.7 2.4 3.8 1.2 3.6 1.3 
  30 min 4.7 2.8 3.7 1.2 3.5 1.2 
  120 min 4.9 3.0 4.2 1.8 3.6 1.2 
  1440 min 4.2 1.3 3.9 1.4 3.7 1.1 
  Total 4.7 2.7 3.9 1.4 3.7 1.2 

 
Noise level was, when combining for lead electrode as well as skin preparation type, 
on the overall higher in lead V2 and reduced by abrasion as seen in figure 2 and table 
10. The addition of alcohol abrasion did not on the overall reduce noise, but rather 
served to elevate it. From figure 2 it can also be seen that where no skin preparation 
was applied, outliers and extreme values were more common. A repeated 
measurement model estimating lead effect of skin preparation vs. no skin preparation 
(table 9) reveals a significant decrement of noise by skin preparation, with no further 
effect of adding alcohol. Noise levels shrunk over time in the no skin preparation 
group making the differences to skin preparation smaller. 
 
In a within lead, baseline adjusted, time point aligned comparison of the impact of no 
skin preparation vs. abrasion or alcohol + abrasion no significant effect was observed 
on QRS- and QTcF-intervals. As can be seen in table 11, significant differences were 
observed for PR-intervals at 120 minutes and 1 440 minutes. The addition of alcohol 
was without additional effect on any of the three ECG intervals above. 
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Table 11 
Delta delta PR (ms). 

Lead V2 V3 V5 
  
  ∆∆1PR p-value 95% CI ∆∆1PR p-value 95% CI ∆∆1PR p-value 95% CI 
Abrasion       
Baseline 0.2 0.8888 -2.0 – 2.4 0.1 0.9336 -2.3 –2.5 0.2 0.8791 -2.2 – 2.6 
15 min -0.6 0.5878 -2.8 – 1.6 -0.4 0.7452 -2.8 – 2.0 -0.2 0.8807 -2.6 – 2.2 
30 min -0.8 0.4889 -3.0 – 1.4 -1.2 0.3147 -3.6 – 1.2 -0.7 0.5714 -3.1 – 1.7 
120 min -2.7 0.0165 -4.9 – -0.5 -2.0 0.1028 -4.4 – 0.4 -0.8 0.5223 -3.2 – 1.6 
1440 min -3.1 0.0074 -5.4 – -0.8 -3.2 0.0106 -5.7 – -0.8 -1.9 0.1403 -4.3 – 0.6 
Alcohol + 
abrasion          

Baseline 0.2 0.8932 -2.1 – 2.4 0.1 0.9301 -2.3 – 2.5 0.2 0.8622 -2.1 – 2.5 
15 min -0.6 0.6080 -2.8 – 1.6 -0.4 0.7449 -2.8 – 2.0 -0.6 0.6026 -3.0 – 1.7 
30 min -1.4 0.2055 -3.6 – 0.8 -1.5 0.2339 -3.8 – 0.9 -1.4 0.2271 -3.8 – 0.9 
120 min -4.1 0.0003 -6.3 – -1.9 -3.9 0.0014 -6.3 – -1.5 -4.2 0.0005 -6.6 – -1.9 
1440 min -3.5 0.0024 -5.8 – -1.3 -2.7 0.0321 -5.2 – -0.2 -4.0 0.0011 -6.4 – -1.6 

1 ∆∆ Baseline adjusted and time aligned difference 
 
 
 
DISCUSSION  
 
 
The critical roles of skin impedance and noise level are well recognised for 
acquisition of high quality paper ECG tracings, as cardiac electric signals when 
obtained from the skin surface have amplitudes and frequencies that are similar, or 
smaller, than other non-cardiac signals reaching the skin surface (5). This study shows 
the significance of the two factors for digital ECGs and signal averaged complexes. 
 
Skin preparation had a highly significant (p < 0.0001) effect on beat removal during 
analysis, and though mainly confined to one subject, it is considered to be of 
importance from the clinical perspective and since skin preparation resulted in an 
overall reduction in the need for beat removal (table 7), i.e. less noisy recordings. 
 

The impact of skin preparation on skin impedance is clearly evidenced. Previous 
studies have indicated that skin impedance should be less than 5 KΩ (5). Some 
authors have found 3.5 KΩ to be desirable in order to ensure good ECG tracings (11). 
Abrasion with fine sandpaper resulted in impedance values < 3.5 KΩ at all time 
points, whereas the addition of alcohol resulted in that impedance levels < 3.5 KΩ 
were present at the 120 minute time point at first. This finding indicates a detrimental 
effect from the use of alcohol prior to abrasion. Where no skin preparation was 
conducted, skin impedance values at all time points failed to reach 3.5 KΩ. Studies 
has shown that mild rubbing with an alcohol swab do not eliminate artefacts and that 
there are a significant advantage of the sanding preparation as compared to alcohol  
preparation and lower impedance and interference-free ECG wave forms (12-15). 
Oster (1) recommends that oily skin surface should be cleaning with isopropyl alcohol 
or limited to situations which electrode adhesion is an issue (1). Olson et al. (15) also 
showed that it is important to use identical skin preparation techniques for all 
electrodes to avoid skin impedance imbalance that increase noise by reducing 
common mode rejection. 
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Medina et al. (16) used three different skin preparation; wiped the skin with alcohol, 
alcohol wipe and one stroke of one step skin prep and alcohol wipe and five strokes 
with ECG prep pads. Skin preparation by using the one step skin prep significantly 
decreased skin potentials. Farinha et al. (6) compared three methods to reduce skin 
impedance, using a low-frequency ultrasound causing the stratum corneum to become 
permeable (SonoPrep) compared to QuikPrep (self-prepping electrodes and an 
applicator device that spins the electrode to abrade the skin) and alcohol wipe 
followed by mechanical abrasion. The study showed automated and controlled skin 
preparation techniques led to more consistent skin preparation than manual technique. 
But only the group with SonoPrep did reach impedance lower than 3.5 KΩ and they 
used the backs as prepping site. 
 
Irrespective of skin preparation type, there was a reduction in impedance values over 
time. The finding is appreciated to be the effect of a warming effect and sweat 
accumulation under the lead electrodes, reducing impedance values by better skin 
conduction and allowing for the electrode contact gel to better penetrate in to the skin. 
Impedance values in the absence of skin preparation were ¼ of what others have 
reported as average skin impedance (1). No certain explanation for the difference can 
be given, as other authors do not specify where on the body impedance measurements 
were obtained (measurements from the arms have been common), various types 
electrodes have been used and age distribution can have varied. 
 
Where needed subjects underwent hair trimming with a surgical trimmer. This 
alternative for body hair removal was chosen as it has been suggested to be less skin 
irritating (5). As hair trimming was predominantly carried out at the first visit, the 
impact of trimming on impedance was assessed in this group. Trimming did not 
confer any negative effect on impedance values, and was associated with significantly 
less itching. It is speculated that the 1 mm long hairs remaining after the trimming 
affect the interaction between the skin and the adhesive of the electrode, leading to 
less skin irritation. 
 
The ideal skin preparation technique for the application of electrodes includes 
removing part of the stratum corneum to allow electrical signals to travel back to the 
electrode (16). The significant reduction in noise associated with skin preparation 
indicates advantages of abrasion irrespective of choice of electrode, and that directly 
after abrasion noise levels are lower than what is achieved after 24 hours continuous 
applied leads when no skin preparation took place. In some subjects the effect is 
pronounced, a finding assumed to reflect skin properties in these subjects. Noise 
induced by other factors, such as muscle activity or electric devices, seem a less likely 
explanation to the high noise levels in these subjects since the room where the 
recordings were acquired was well temperated, the environment was calm and quiet, 
and no external electric noise source was present at any of the recording periods. The 
choice of electrode also appears to have some impact on noise levels, though it can 
not be excluded that the levels are higher in lead V2 by default. The further small 
reduction in noise related to preceding the abrasion with alcohol, while present in the 
overall estimate, is not sustained over time. 
Skin abrasion techniques designed to reduce or eliminate artefacts by reducing skin 
resistance are numerous and vaguely defined. Their effectiveness varies and are 
discomfort for the subject. Studies has also shown (4, 17) that artefacts can be 
significally reduced by mild skin abrasion but also minimized artefacts from the skin 
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potential and that a light sandpaper abrasion are sufficient. Some authors has used a 
method of lightly scratching the skin with a needle, this resulted in lower impedance 
and ECG free from artefact than using alcohol or abrasion with sandpaper (18, 19). 
 
The impact of skin preparation on baseline adjusted PR-intervals at 120 respectively 
1 440 minutes, were the only instances where skin preparation significantly affected 
any of the three ECG intervals; PR, QRS and QTcF. As the differences in PR 
intervals, relative baseline, were small and well within physiologic variation, no 
clinical significance is appreciated to be inferred. Though consistency to apply the 
lead electrodes on precisely the same spot at each visit was considered to be very 
high, minute differences in these positions between visits can not be totally excluded, 
and as Ásgeirsson (20) has shown even very small shifts in chest lead electrode 
positions have impact on ECG intervals. Finally, given the number of tests within this 
study, type-1 errors cannot be excluded. A very guarded interpretation of the findings 
on PR-intervals are thus taken. The absence of skin preparation having an effect on 
the three ECG intervals is considered to be the consequence of data in the statistical 
analyses being means built from 5 minutes of continuous dECG recordings; a process 
used to reduce variability in ECG amplitudes invoked by noise, heart rate changes and 
effects induced by respiration. Thus, the effects of skin preparation – reduction of 
noise and impedance – are diminished when constructing smoothed means.  
 
 
Limitations  
 
The three major limitations of this study are the inherent variability of ECG 
recordings, the lack of randomisation, and the use of two different ECG electrodes. 
 
The variability of ECG recordings are considered to be adequately managed by the 
strict and consistent ECG recording model; by use of fixed anatomical landmarks for 
the identification of electrode placements; through having a lower limit on the number 
of complexes used in forming average ones; by use of smoothed means covering five 
minute recording periods and by using statistical models suitable for unbalanced data 
in longitudinal studies. 
 
The lack of randomisation clearly impacts on the strength of within time point 
comparisons. However, a strict randomisation with block-sizes of six subjects was 
omitted as it would have prolonged study duration considerably – if potential carry 
over effects were to be avoided – and probably increase the variability of the ECG 
recordings further. 
 
Employing two full sets of electrodes would have allowed for evaluations based on 
means of all chest-leads. It has to be understood that it would more than have doubled 
study duration and this was not deemed feasible. 
 
As has been alluded to above, the use of smoothed mean data in itself can be 
considered a limitation, as it diminish as the effect that skin preparation can have. 
Both noise, as well as impedance, would most likely show to have higher significance 
on ECG intervals should data from isolated 10-sec recordings have been used. 
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A reliability analysis on the operations carried out in the ECG analyses performed by 
one of the authors is not considered warranted in view of the size of the material and 
that the methods used in the analysis do not lend themselves to skewing of results. 
 
 
Conclusions and implications 
 
ECG amplitudes are very small, normally 0.1-3.0 mV, with a frequency range of 0.05-
100 Hz. Other signals of similar frequency and with larger amplitude reaches the skin 
surface and mixed with the ECG signals (5). The impact of skin-preparation on 
impedance and noise shown in this study, using digital ECGs and smoothed data 
values, is in alignment with what others have found previously using paper 
recordings, and supports the concept that skin impedances plays a critical role in ECG 
trace quality, in adults. Like in previous studies, the results here are that, abrasion 
with fine sandpaper is the most important method in skin preparation, while the 
addition of alcohol was of no further value and should be confined to the situations of 
clearly oily skin. 
 
The subjective reactions to the two types of electrodes would indicate that, at least for 
monitoring purposes low-irritating electrodes should be chosen. 
 
To further elucidate the relevance of skin preparation in the clinical situation, bin 
methods comparing ECG intervals and amplitudes at equal heart rates should be 
considered. 
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