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COFFEE ISH: DIGITAL PITCHS:
ADVANCES IN DIGITAL DIAGNOSIS
AND THERAPEUTICS

ESTIMATING CARDIAC OUTPUT FROM ARTERIAL BLOOD
PRESSURE WITHOUT PRESSURE WAVEFORMS

Camilo Madrid-Mufioz!, Diego Alvarez-Montoya!, Ricardo Fernandez-Ruiz!,
Jaime Gallo-Villegas'?, Dagnovar Aristizabal-Ocampo!. 'SICOR Clinical and
Research Center, Medellin, Colombia,’School of Medicine, University of Antio-
quia, Medellin, Colombia

Background and Objective: Noninvasive estimations of cardiac Output (CO)
using pulse wave analysis have been studied for over a century, yielding contrast-
ing results. Our research group has developed a novel method for the noninvasive
estimation of CO based on brachial blood pressure (BP) measurements and total
arterial compliance (Ct), eliminating the need for arterial pulse wave analysis.
This study compares all reported methods for estimating CO without pulse wave
contours using the same dataset to assess their accuracy.

Methods: A cross-sectional study was conducted involving 447 adult patients
who underwent ambulatory transthoracic Doppler echocardiograms. Stroke vol-
ume (SV) was calculated as the product of the cross-sectional area of the aortic
annulus and the average velocity of the left ventricular outflow tract. Simultane-
ously, oscillometric BP measurements were obtained, and CO was derived from
Ct utilizing anthropometric variables, BP, and heart rates (HR). Calibration was
conducted with 75% of the data using the formula: CO=KO0+K1xestimator. The
remaining 25% of the data was used for validation, with Bland-Altman analysis
and the intraclass correlation coefficient (ICC). Calibration involved the follow-
ing CO estimators: i) mean arterial pressure; ii) HR; iii) pulse pressure (PP); iv)
PPxHR; v) Warner time-correction; vi) Liljestrand-Zander; vii) Wesseling-Lange-
wouters; and viii) the new Ct-based method.

Results: Of the participants, 51.2% were men, with an average age of 51.0+15.0
years, weight of 75.0+14.0 kg, and height of 166.0+9.5 cm. The CO by echocar-
diography had an average of 4.9+1.0 L/min, with a range of 2.0 to 8.5 L/min.
Among the compared methods, the new Ct-based method showed the smallest
mean difference and error, as well as the largest ICC. The Bland-Altman analysis
shows a normal distribution for the new Ct-based method, with agreement limits
between -1.56 to 1.48 L/min (Figure).

Conclusions: The new Ct-based method developed surpasses other published
methods and exhibits practical accuracy suitable for ambulatory use, such as he-
modynamic monitoring of pathophysiological or therapeutic outcomes.
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Method Mean Error Intraclass

difference correlation

(L/min) coefficient
New compliance-based 0.04+0.78 15.6% 0.70

method

Heart rate -0.06+0.93 18.7% 0.41
Liljestrand-Zander -0.09+1.01 20.2% 0.30
Wesseling-Langewouters -0.18+0.99 19.9% 0.30
Pulse pressure x heart rate -0.10+1.03 20.7% 0.23
Warner time correction -0.15+1.06 21.3% 0.16
Mean arterial pressure -0.14+1.09 21.8% 0.07
Pulse pressure -0.15+1.10 22.1% 0.02
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Figure. Accuracy of cardiac output estimated with different
methods vs. Doppler echocardiography (mean difference, error and
intraclass correlation coefficient), and Bland-Altman plot for
cardiac output estimated by new compliance-based method vs.
Doppler echocardiography.
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Objective: Accurate blood pressure (BP) measurement is crucial for the diagno-
sis, risk assessment, treatment decision-making, and monitoring of cardiovascular
diseases. Unfortunately, the gold-standard, cuff-based BP measurement suffer
from inaccuracies and discomfort. As a result, continuous, cuff-less, and non-in-
vasive BP assessment methods are merging as promising alternatives. This study
is the first to comprehensively assess impedance cardiography (ICG) for Machine
Learning enabled BP measurement.

Methods: We analysed ICG data from 71 young and healthy adults. Nine differ-
ent Machine Learning algorithms were evaluated for their BP estimation perfor-
mance. Accuracy measures comprised mean difference, standard deviation, Lim-
its of Agreement, mean absolute error, and root mean squared error. Additionally,
the B-Score was calculated to evaluate the “true”, relative performance of the
best-performing model.

Results: The Multi-Linear Regression model showed the highest performance
(mean difference = -0.01, r = 0.82) for systolic BP. The Support Vector Regressor
model achieved the best results (mean difference = 0.15, r=0.51) for diastolic BP.
Both models exhibited positive B-Scores, indicative of their predictive capability.
All tested models’ estimations correlated with both systolic and diastolic refer-
ence BP (r>0.72/r>0.34, p<0.001).

Conclusion: The study highlights the potential of ICG based Machine Learning
algorithms for accurately estimating arterial BP. Such algorithms can provide ac-
curate and continuous BP data. This offers the possibility of enhancing patient
care, timely diagnostics, and treatment decision-making. Our approach is espe-
cially promising for post-surgical and intensive care environments.

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.





