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This clinical evidence guide references key studies that discuss
the impact of cardiac output’/hemodynamic monitoring.

Bitker L, Noirot I, Chauvelot L, et al.

Bias, trending ability and diagnostic performance of a non-calibrated multi-beat
analysis continuous cardiac output monitor to identify fluid responsiveness in

critically ill patients.

Crit Care Resusc. 2024;26(2):108-115. doi:10.1016/j.ccrj.2024.04.003

About the study

Observational, single-center, prospective
study at a tertiary academic medical
intensive care unit (MICU) that evaluated
accuracy of non-calibrated multi-beat
analysis continuous cardiac output (CCO-MBA)
against calibrated pulse-contour continuous
cardiac output (CCO-PCA) in 29 adult
patients receiving norepinephrine, in whom
a passive leg raise and/or fluid challenge
was indicated.

Kee A, Kirchhoff B, Grigsby J, et al.

Key results

® CCO-MBA has the potential to detect changes in CCO during
hemodynamic studies evaluating preload dependence, and is
capable to predict fluid responsiveness during PLR, at an optimal
threshold >14%.

® CCO-MBA showed a non-constant bias and percentage error >30%
against calibrated CCO-PCA, but an adequate ability to track
changes in CCO-PCA and to predict fluid responsiveness.

Prospective evaluation of a multibeat analysis cardiac index estimation in patients

with cardiogenic shock.

J Cardiothorac Vasc Anesth. 2023;37(8):1377-1381. doi:10.1053/j.jvca.2023.04.003

About the study

Prospective, observational study in a
cardiac intensive care unit, involving 22
subjects diagnosed with heart failure

and cardiogenic shock who had both a
pulmonary artery catheter (PAC) and an
arterial line in place. Participants provided
101 paired cardiac index (Cl) measurements
obtained via multi-beat analysis (CI-MBA)
and thermodilution (CI-TD).
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Key results

® The correlation coefficient between CI-MBA and CI-TD was 0.78
across patients.

® The mean difference between CI-MBA and CI-TD (bias + SD) was
0.20+.47 L/min/m?, and the limits of agreement were 0.72 to
1.11L/min/m?. The percentage error was 40%; the concordance
rate was 94%.

® CI-MBA provides reasonable correlation and clinically acceptable
trending ability in patients in whom pulmonary artery catheter
placement carries a high risk or is unobtainable.
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Khanna AK, Nosow L, Sands L, et al.

Agreement between cardiac output estimation by multi-beat analysis of arterial
blood pressure waveforms and continuous thermodilution in post cardiac surgery

intensive care unit patients.

J Clin Monit Comput. 2023;37(2):559-565. doi:10.1007/s10877-022-00924-z

About the study

Prospective study of 79 adult patients in
intensive care following elective cardiac
surgery who received a radial arterial
catheter and a pulmonary artery catheter
per clinical indications — including 26
patients with arrhythmia. The study
assessed the agreement of cardiac
output (CO) estimation between
continuous pulmonary artery catheter
guided thermodilution (CO-CTD) and
Multi-beat Analysis (CO-MBA).

Le Gall A, Vallée F, Joachim J, et al.

Key results

® The mean of differences between CO-CTD and CO-MBA was
0.04 = 1.04 L/min with an error of 38.2%; in the arrhythmia
subgroup, the mean of differences between CO-CTD and CO-MBA
was 0.14 £ 0.90 L/min with an error of 35.4%:; in the low CO
subgroup, the mean of differences was 0.26 + 0.89 L/min with an
error of 40.4%.

® In post cardiac surgery ICU patients, the Argos™ monitor met the
Peyton and Chong criteria for clinical acceptance for minimally
invasive CO monitoring. This criterion acknowledges that the
clinical use of minimally invasive devices is to provide continuous
CO monitoring where a PAC is not indicated.

Estimation of cardiac output variations induced by hemodynamic interventions
using multi-beat analysis of arterial waveform: a comparative off-line study with
transesophageal Doppler method during non-cardiac surgery.

J Clin Monit Comput. 2022;36(2):501-510. doi:10.1007/s10877-021-00679-z

About the study

An offline retrospective analysis of 58
neurosurgical or abdominal surgery
patients that had continuous arterial
pressure (AP) and cardiac output (CO)
monitoring. The study cohort included
23 patients (40%) who received at least
one fluid challenge and 46 (81%) who
received at least one bolus of
vasopressors. CO was calculated using
transesophageal Doppler (TED)
waveform (CO-TED) or via application of
the MBA algorithm onto the AP
waveform (CO-MBA) — before and after
hemodynamic challenges.
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Key results

® Before treatment with fluid challenge or vasopressors, the
agreement between CO-TED and CO-MBA was poor with a
70% error.

® After hemodynamic challenge, the percentage of concordance (PC)
with 15% exclusion zone for A CO was 93% (Cly;5=90 to 97%).

® The authors concluded that compared with TED, the
Multi-beat Analysis (MBA) demonstrated good performance in
estimating CO variations during hemodynamic challenges, even
when vasopressors were used.
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Mukkamala R, Kohl BA, Mahajan A.

Comparison of accuracy of two uncalibrated pulse contour cardiac output monitors

in off-pump coronary artery bypass surgery patients using pulmonary artery
catheter-thermodilution as a reference.

BMC Anesthesiol. 2021;21(1):189. doi:10.1186/s12871-021-01415-5

About the study

A study cohort of 58 patients undergoing
off-pump artery bypass (CAB) surgery.

A secondary analysis of 572 triplets of
cardiac output (CO) measurements from
the two monitors — Argos™ and Vigileo-
FloTrac™ (third generation) — as well as
the pulmonary artery catheter (PAC)
thermodilution reference were available
before and after interventions (e.g.,
vasopressors, fluids, and inotropes).

Key results

® The root-mean-squared-errors (RMSE) (95% confidence intervals)

for CO values was: 1.16 (1.00-1.32 L/min in the Argos™ device
and 1.54 (1.33-1.77) L/min for the Vigileo- FloTrac™ device.

® The mean concordance rates for intervention-induced CO
changes were 87% (82-92%) for the Argos™ device and 72%
(65-78%) for the Vigileo-FloTrac™ device.

® In comparison with CO measured by the PAC, the Argos™
device proved to be more accurate than the Vigileo-FloTrac’
device in CO trending and absolute CO measurement in
patients undergoing off-pump CAB surgery.
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Saugel B, Heeschen J, Hapfelmeier A, Romagnoli S, Greiwe G.

Cardiac output estimation using multi-beat analysis of the radial arterial blood
pressure waveform: a method comparison study in patients having off-pump
coronary artery bypass surgery using intermittent pulmonary artery
thermodilution as the reference method.

J Clin Monit Comput. 2020;34(4):649-654. doi:10.1007/s10877-019-00375-z

About the study

Clinical method comparison study of
cardiac output (CO) measurement in 58
patients undergoing off-pump coronary
artery bypass surgery (OPCAB). The study
measured CO using intermittent pulmonary
artery thermodilution (PATD) as the
reference method, while simultaneously
recording the radial arterial blood pressure
waveform for off-line estimation of CO
based on Multi-beat Analysis (CO-MBA,
test method).
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Key results

In OPCAB patients studied, researchers found an 89%
concordance rate for CO changes between PATD-CO and
Multi-beat Analysis (CO-MBA) with the Argos™ monitor. MBA
showed reasonable agreement and trending ability compared
with PATD as the reference.
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Greiwe G, Peters V, Hapfelmeier A, Romagnoli S, Kubik M, Saugel B.

Cardiac output estimation by multi-beat analysis of the radial arterial blood
pressure waveform versus intermittent pulmonary artery thermodilution: a method
comparison study in patients treated in the intensive care unit after off-pump

coronary artery bypass surgery.

J Clin Monit Comput. 2020;34(4):643-648. doi:10.1007/s10877-019-00374-0

About the study

Observational clinical method
comparison study of 31 adult patients
treated in the intensive care unit after
off-pump coronary artery bypass surgery
(OPCAB). The study compared cardiac
output (CO) estimations by Multi-beat
Analysis (MBA), using the Argos™
monitor, against CO measured by
intermittent pulmonary artery
thermodilution (PATD).

Key results

® The mean of the differences between PATD-CO and MBA-CO
was 0.08 = 1.10 L/min (95% limits of agreement (-2.13 L/min to
+2.29 L/min).

® In post-OPCAB ICU adult patients, researchers found 88%
concordance between CO measurements by intermittent PATD
and CO-MBA.

® CO estimation by MBA of the radial arterial blood pressure
waveform shows reasonable agreement compared with CO
measured by intermittent PATD in adult patients treated in the
ICU after OPCAB.

Latham HE, Bengtson CD, Satterwhite L, et al.

Stroke volume guided resuscitation in severe sepsis and septic shock

improves outcomes.

J Crit Care. 2017;42:42-46. doi:10.1016/].jcrc.2017.06.028

About the study

A retrospective cohort study evaluated
consecutive patients admitted to an ICU with
the primary diagnosis of severe sepsis or
septic shock. The study evaluated whether
stroke volume (SV) guided fluid resuscitation

alters fluid balance and secondary outcomes.

Co-horts were based on fluid resuscitation
guided by changes in SV (100 patients) or
by usual care (UC) (91 patients).
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Key results

® |CU stay was 2.89 days shorter (p = 0.03) and duration of
vasopressors was 32.8 hours less (p = 0.001) in the SV group;
patients in the SV group required less mechanical ventilation
and were less likely to need acute hemodialysis than those in
the UC group.

® These findings indicate that SV-guided fluid resuscitation in
patients with severe sepsis and septic shock is associated with a
reduced fluid balance and improved secondary outcomes.
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Goeddel LA, Koffman L, Hernandez M, et al.

Occurrence of low cardiac index during normotensive periods in cardiac surgery: a
prospective cohort study using continuous noninvasive cardiac output monitoring.

Anesth Analg. 2025;140(1):77-86. doi:10.1213/ANE.0000000000007206

About the study

A prospective cohort study analyzed

101 patients undergoing isolated coronary
bypass surgery with cardiopulmonary
bypass. The study assessed the duration
of low cardiac index, including pre- and
post-bypass periods, and its occurrence
despite normal MAP. Continuous cardiac
index (Cl) monitoring was performed using
an FDA-approved noninvasive device.
Correlations between Cl and MAP were
evaluated using Pearson’s method, with
paired Wilcoxon tests comparing pre- and
post-bypass relationships.

Key results
® | ow Cl was common, even when blood pressure was normal.

® Cland MAP showed a modest correlation with significant
variability among patients. The correlation was higher before
than after cardiopulmonary bypass.

® Prolonged low Cl was associated with an increased risk of
postoperative acute kidney injury.

Coeckelenbergh S, Rinehart J, Desebbe O, et al.

Decision support guided fluid challenges and stroke volume response during
high-risk surgery: a post hoc analysis of a randomized controlled trial.

J Clin Monit Comput. Published online January 18, 2025. doi:10.1007/s10877-025-01261-7

About the study

A post hoc analysis of data from a
randomized controlled trial of 85 patients
undergoing high-risk abdominal surgery.
The study compared the rates of fluid
responsiveness and stroke volume increase
after Acumen Assisted Fluid Management
(AFM)-guided intervention in one group
versus clinician-initiated fluid challenges
in the control group. Fluid responsiveness
was defined as an increase in stroke
volume (SV) of 210%.
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Key results

® The median rate of fluid responsiveness was greater in the
AFM than in the control group (50 [44-71]% vs. 33 [20-40]%,
p<0.001).

® The median increase in SV after fluid challenge was also higher
in the AFM than in the control group (12 [9-16]% vs. 6 [3-10]%,
p<0.001).

® AFM-initiated fluid boluses resulted in desired increases in
SV more often, and with a greater absolute SV increase, than
clinician-initiated fluid challenges.
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This material should not be considered the exclusive source

of information, it does not replace or supersede information
contained in the device manual(s).

Please note that the intended use of a product may vary depending
on geographical approvals.

See the device manual(s) for detailed information regarding the
intended use, the implant procedure, indications, contraindications,
warnings, precautions, and potential adverse events.

For a MRl compatible device(s), consult the MRl information in the
device manual(s) before performing a MRI.
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If a device is eligible for elFU usage, instructions for use can be
found at Medtronic's website manuals.medtronic.com.

Manuals can be viewed using a current version of any major
internet browser. For best results, use Adobe Acrobat® Reader with
the browser.

Medtronic products placed on European markets bear the CE mark
and the UKCA mark (if applicable).

For any further information, contact your local Medtronic
representative and/or consult Medtronic's websites.

Argos™ cardiac output monitor is manufactured by Retia Medical Systems, Inc. and distributed by Medtronic.

Patient monitoring products should not be used as the sole basis for diagnosis or therapy and are intended only as an

adjunct in patient assessment.
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