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2.4 Aortofemoral Plethysmographic Volume Wave Velocity  
Obtained During the Routine 12 Channel ECG Corresponds  
in its Determinants to Tonometrically Derived Carotid-Femoral 
Pulse Wave Velocity

Falko Skrabal*, Thomas Weber, Katharina Skrabal

Institute of Cardiovascular and Metabolic Medicine, Graz, Austria

ABSTRACT

Background: The lack of acceptance in clinical routine represents a major obstacle for carotid-femoral pulse wave velocity 
(cfPWV) measurements. We thought to include PWV measurements into the 12-channel ECG, which is performed routinely.
Methods: Using the conventional electrode position for the 12 channel ECG, arterial impedance plethysmographic signals were 
obtained from the four extremities at 40 kHz [1]. It was confirmed that the obtained pulse synchronous volume waves originate 
at the level of the elbow and the knee. In analogy to cfPWV measurements, the volume wave velocity at the aorta and femoral 
arteries (VWVtorso) was calculated from the time differences of the plethysmographic signals between arms and legs.
Results: Transit times of R-wave to volume wave at the leg were longer but closely related to tonometrically derived transit 
times (199 ± 26 vs 134 ± 24 m/sec, n = 115, r = 0.93, p < 0.001). VWVtorso in 115 participants was higher than tonometrically 
determined cfPWV, (13.2 ± 5.81 vs 8.8 ± 2.98, ± SD, p < 0.001), since muscular arteries are included in VWVtorso. VWVtorso 
was measured in 825 healthy participants and patients with cardiovascular diseases (aged 16 to 97 years) (Figure 1). In stepwise 
multiple regression analysis, VWVtorso was found to be related positively to known cardiovascular risk factors such as age, 
blood pressure, HbA1C and LDL-cholesterol (p < 0.001 for all) and also negatively to appendicular muscle mass [2]. VWVtorso 
corresponds in its physiological determinants closely to those of cfPWV.
Conclusion: These background arterial impedance plethysmographic measurements yielding VWVtorso, made without time 
delay during routine 12 channel ECG, show promise for large scale, routine clinical assessment of large artery function.

Age vs Volume Wave Velocity

Vo
lu

m
e 

W
av

e 
Ve

lo
ci

ty
 to

rs
o 

(m
/s

ec
)

n = 825
r = 0.75
p < 0.001

40

30

20

10

0
3010 50

y = 8,63+-0,12*X+2,667E-3*X^2

Age (Years)
70 90

Figure 1

*Corresponding author. Email: falko.skrabal@medunigraz.at

https://doi.org/10.2991/artres.k.191203.003
https://www.atlantis-press.com/journals/artres
https://doi.org/10.2991/artres.k.191224.009
https://www.atlantis-press.com/journals/artres
mailto:falko.skrabal%40medunigraz.at?subject=


S12 F. Skrabal et al. / Artery Research 25(S1) S11–S12

REFERENCES
[1] Skrabal F, Pichler GP, Gratze G, Holler A. Adding “hemodynamic and fluid leads” to the ECG. Part I: The electrical estima-

tion of BNP, chronic heart failure (CHF) and extracellular fluid (ECF) accumulation. Med Eng Phys 2014;36:896–904.
[2] Skrabal F, Pichler GP, Penatzer M, Steinbichl J, Hanserl AK, Leis A, et al. The CombynTM ECG: Adding haemodynamic and 

fluid leads for the ECG. Part II: Prediction of total body water (TBW), extracellular fluid (ECF), ECF overload, fat mass 
(FM) and “dry” appendicular muscle mass (AppMM). Med Eng Phys 2017;44:44–52.

© 2019 Association for Research into Arterial Structure and Physiology. Publishing services by Atlantis Press International B.V. 
This is an open access article distributed under the CC BY-NC 4.0 license (http://creativecommons.org/licenses/by-nc/4.0/).

https://www.ncbi.nlm.nih.gov/pubmed/24793409
https://www.ncbi.nlm.nih.gov/pubmed/24793409
https://www.ncbi.nlm.nih.gov/pubmed/28373014
https://www.ncbi.nlm.nih.gov/pubmed/28373014
https://www.ncbi.nlm.nih.gov/pubmed/28373014
http://creativecommons.org/licenses/by-nc/4.0/

