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Introduction
Fluid responsiveness was cornered as being of preemi-
nent importance to optimize hemodynamics during cir-
culatory shock [1]. This is facilitated in clinical routine 
by continuous cardiac output (CCO) monitoring. Yet, a 
theoretical risk exists of misclassification of fluid respon-
siveness if one uses the CCO value measured at the end 
of a fluid challenge (FC) without recalibrating the device. 
We hence evaluated the bias existing between calibrated 
cardiac output (CO) measured at FC’s end and the 
value of CCO measured immediately before that same 
re-calibration.

Materials and methods
We report an ancillary of an observational single-center 
study performed in a tertiary ICU in Lyon, France. The 
study was approved by an ethics comity (Comité Scien-
tifique et Ethique des Hospices Civils de Lyon, reference 
23–5040). We enrolled consecutive patients with circu-
latory shock receiving norepinephrine and calibrated 
CCO monitoring (PiCCO®, Pulsion Medical, Germany), 

and who received a 500-ml FC of crystalloids in less than 
15 min.

The primary outcome was the bias between the recali-
brated CO (method 1) and the CCO value measured 
immediately at FC’s end and prior to the device recali-
bration (method 2). Secondary outcomes evaluated the 
trending and diagnostic performance of method 2 to 
identify fluid responsiveness.

The calibration was performed by mean of transpul-
monary thermodilution (TPTD, 3 × injections of 15-ml 
cold saline). The device was calibrated twice, immediately 
before (T1) and immediately at FC’s end (T2, recalibra-
tion) to obtain calibrated CO  (COTPTD). CCO by pulse 
contour analysis was collected twice (continuous record-
ing of the 12-s moving average of beat-to-beat CCO 
refreshed and sampled at 1  Hz): immediately after T1 
(mean value over a 60-s stable hemodynamic period) and 
immediately before T2 (mean value over the last 60  s). 
We computed the respective relative changes in CCO 
(∆%CCO) and  COTPTD (∆%COTPTD) between T1 and 
T2. Fluid responsiveness was adjudicated if ∆%COTPTD 
increased > 15%.

Data were reported by their median [interquartile 
range], mean ± standard deviation, or count (percentage). 
Bias was evaluated using a Bland–Altman representa-
tion. Ability of ∆%CCO to track changes in ∆%COTPTD 
was assessed using 4-quadrant and radial plots. The diag-
nostic performance of ∆%CCO to identify fluid respon-
siveness was assessed using the area under the receiver 
operating curve (AUROC). 95% confidence intervals 
(95%c.i.) were computed using bootstrapping (n = 1000).
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Results
Between April 4th, 2023 and June 16th, 2023, we enrolled 
15 patients within a delay of 1 [0.5–1] day after ICU 
admission (Supplemental Table  1 for the population 
characteristics). The elapsed time between T1 and T2 
was 18 [14–20] min, and FCs were administered over 7 
[7–8] min.

The bias between methods at T2 was − 0.29 ± 0.70 
L.min−1 (constant bias, limits of agreements ± 1.4 
L.min−1). The CCO method had a percentage error 
of 25% (95%c.i.: 14%–36%) against  COTPTD (Fig.  1A). 

∆%CCO demonstrated intermediate trending ability 
to detect changes in ∆%COTPTD (Fig.  1B), with a con-
cordance rate of 79% (95%c.i.: 49%–94%). The radial plot 
showed an angular bias between methods of − 3° ± 35° 
(Fig. 1C).

Fluid responsiveness was identified in 7/15 of FCs 
using  COTPTD. ∆%CCO was significantly higher in fluid 
responders compared to non-responders (Fig.  1D), 
although ∆%CCO was < 15% in 2 fluid-responsive cases. 
∆%CCO had an AUROC of 0.83 (95%c.i.: 0.60–1.00, 
P = 0.04) to identify fluid responsiveness. At the threshold 
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Fig. 1 The figure shows the bias between CCO and  COTPTD measured at the end of a fluid challenge (panel A), the concordance 
between the relative change in CCO (∆%CCO) and  COTPTD (∆%COTPTD) during the fluid challenge (panel B), the radial plot quantifying the bias 
in relative change (panel C) and the difference in relative change in CCO during the fluid challenge in patients identified as being fluid 
responders or non‑responders (classified using a ∆%COTPTD threshold > 15%, panel D). Panel A is a Bland and Altman plot showing a constant 
bias (mean bias − 0.29 ± 0.70 L  min−1, limits of agreements ± 1.4 L  min−1). Panel B is a concordance plot, with concordant measurements situated 
in the north‑eastern and south‑western quadrants. Panel C is a radial plot showing the angular bias between ∆%CCO and ∆%COTPTD, identified 
by the broad line, and the radial limits of agreement (dashed lines). The angular bias (− 3° ± 35°) was statistically different from 0° (P = 0.39), 
with radial limits of agreements of ± 71°. CCO: continuous cardiac output;  COTPTD: calibrated cardiac output by transpulmonary thermodilution; 
∆%CCO: relative change in CCO between T1 and T2 (before the second calibration); ∆%COTPTD: relative change in  COTPTD between T1 et T2
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of 15%, ∆%CCO had a sensitivity of 0.70 (95%c.i.: 0.38–
1.00) and a specificity > 0.99 (95%c.i.: 0.99–1.00) to identify 
fluid responsiveness.

Discussion and conclusion
In this single-center observational study, we identified 
that 1/ CCO measured immediately before CO recali-
bration after a FC demonstrated a small negative bias; 
2/ ∆%CCO demonstrated intermediate trending capac-
ity with potentially large bias between methods; and 3/ 
∆%CCO had acceptable classifying performance to iden-
tify fluid responsiveness, with a risk of false negative 
results.

Our findings suggest that, while performing a FC 
monitored by calibrated CCO, cautious interpretation 
of the FC’s results should be made, due to potential bias 
impacting its relative change from baseline. The phar-
macokinetics of a FC show that the infusion of 500 ml of 
crystalloid at 20 °C may not only improve venous return 
and potentially CO, but could also alter arterial or venous 
compliance and resistance [2]. These modifications will 
eventually modify the arterial root signal of CCO, and 
lead to misclassification [3].

FC’s hemodynamic effect dissipation occurring 
between the end of the FC and the end of recalibra-
tion (∽5 min) may not be retained, as the bias between 
method was negative (i.e. CCO was lower than  COTPTD), 
and no cases showed a ∆%CCO > 15% in non-respond-
ers [4]. Finally,  COTPTD measured by triplicate injection 
demonstrates a precision of ∽7% and least significant 
change (LSC) of ∽10%, which implies potentially inaccu-
rate adjudication of fluid responsiveness using this tech-
nique [5].

To conclude, using CCO to evaluate fluid responsive-
ness in patients receiving a FC has the advantage of being 
efficient, but goes with the risk of misclassification and 
misleading clinical conclusions.
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