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Abstract
Background: Accurate prediction of fluid responsiveness in mechanically ventilated ICU patients remains challenging, particularly under protective low tidal volume ventilation, where static and dynamic indices often fail. This study aimed to evaluate the efficacy and correlation of carotid (ΔVpeak-CCA) and LVOT (ΔVpeak-LVOT) peak velocity variations versus electrical cardiometry-derived SVV during tidal volume challenge (TVC) for predicting fluid responsiveness. Patients and Methods: Thirty prospective observational study included 50 mechanically ventilated ICU patients at Benha University Hospitals. TVC entailed increasing tidal volume from 6 to 8 mL/kg ideal body weight for 2 minutes. ΔVpeak-CCA, ΔVpeak-LVOT, and SVV were measured via Doppler ultrasound and cardiometry at baseline (T1) and post-challenge (T2). Responders had SVV increase >2.5%. Results: About 44% were responders. TVC significantly increased all indices (SVV: 11.0±2.8% to 13.3±3.3%, p<0.001; ΔVpeak-CCA: 9.8±2.8% to 12.1±3.8%, p<0.001). Post-TVC AUCs were 0.84 (CCA) and 0.77 (LVOT); maneuver deltas yielded superior AUCs of 0.93 (ΔΔVpeak-CCA, cutoff ≥3.12%, sensitivity 91%, specificity 100%) and 0.89 (ΔΔVpeak-LVOT). SVV correlations with cardiometry were excellent (CCA r=0.97; LVOT r=0.88, both p<0.001), with minimal CCA bias (0.03). Conclusion: TVC unmasked fluid responsiveness effectively; ΔΔVpeak-CCA via carotid Doppler outperformed LVOT, offering a non-invasive, accurate bedside tool.
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Introduction:
Mechanical ventilation is a lifesaving intervention commonly employed in the management of critically ill patients, offering vital respiratory support and oxygenation [1].
However, it is well understood that the process of mechanical ventilation can significantly impact the cardiovascular system, and maintaining hemodynamic stability in these patients is of paramount importance. Hemodynamic monitoring is essential for assessing the cardiovascular performance and guiding therapeutic interventions in the critically ill [2].
Fluid resuscitation is the cornerstone of fluid management wherever in ICU or in perioperative period. Excessive volume expansion increases the risk of pulmonary edema, impairs the cardiac ventricular function, and even causes renal dysfunction. However, hypovolemia could also lead to oxygen deliver disorder in critical organs which poses a great threat to life [3].
In a patient with acute hemodynamic instability, a fluid challenge will cause an increase in stroke volume, according to the Frank-Starling curve. This increase in stroke volume has a salutary effect because it improves tissue perfusion. In contrast, higher hydrostatic pressures in the vascular system predispose the patient to edema, organic dysfunction, and increased risk of in-hospital mortality [4, 5].
Fluid therapy should not be initiated empirically, and care should be taken to avoid potential deleterious effects from both fluid overload and hypovolemia. Traditional static indices like central venous pressure and pulmonary artery occlusion pressure have proven unreliable as predictors of fluid responsiveness. Instead, dynamic indices based on the respirophasic variation of right ventricular preload are currently considered more accurate [6].
Dynamic parameters like calibrated stroke volume variation (SVV) and pulse pressure variation (PPV), derived from pulse contour analysis, exhibit strong predictive performance in cardiac surgery and intensive care settings [7]. However, these parameters have limitations, including cost, the need for calibration, and the necessity of invasive vascular access, which can lead to potential complications such as bloodstream infections. Additionally, the utility of PPV and SVV is restricted in certain clinical scenarios, such as patients with irregular heart rhythms and those on low tidal volume ventilation, which can yield both false positives and false negatives [8].
The peak velocity variation within the carotid artery (ΔV peak CCA) and left ventricular outflow tract (ΔV peak LVOT) is derived from the pulsed wave Doppler waveform and may predict fluid responsiveness. Transthoracic echocardiography enables the assessment of peak velocity variation at the left ventricular outflow tract (LVOT), denoted as ΔV peak lvot, which, like SVV , aids in predicting preload responsiveness [9].
In the past decade, pulsed-wave (PW) Doppler ultrasound of the common carotid artery (CCA) has emerged as a non-invasive hemodynamic monitoring tool of interest. The CCA's superficial location, unobstructed sonographic windows, and easy accessibility during surgery or at the bedside make it an attractive option [10].
Similar to echocardiography, assessing peak velocity variation within the CCA (ΔVpeakCCA) may serve as a suitable alternative for guiding perioperative fluid therapy. Recent initiatives exploring continuous carotid Doppler index measurement using adhesive ultrasound patches may further facilitate patient monitoring in low-acuity settings [11].
Cardiometry is an established and precise method for measuring stroke volume variation, serves as a cornerstone in the realm of hemodynamic assessment. This non-invasive technique has gained prominence in critical care and intensive care settings for its ability to offer accurate and real-time insights into a patient's fluid responsiveness. Cardiometry relies on advanced mathematical algorithms and continuous monitoring, allowing healthcare providers to make informed decisions regarding fluid management, which is of paramount importance in critically ill patients. Its reliability and precision have positioned Cardiometry as the gold standard for assessing stroke volume variation [12].
Therefore, this study aimed evaluate the efficacy and correlation between ΔV peak CCA and ΔV peak LVOT against calibrated stroke volume variation (SVV) derived from cardiometry.
Patients and methods:
Study design and population
This prospective observational study conducted on total of 50 mechanically ventilated patients admitted to the Intensive Care Unit (ICU) at the Critical Care Department of Benha University Hospitals between November 2023 and November 2024.
The study protocol was approved by the Research Ethics Committee of the Faculty of Medicine, Benha University. The study objectives and procedures were fully explained to the first-degree relatives of all participants, and informed written consent was obtained prior to inclusion. Patient confidentiality and data privacy were strictly maintained throughout the research.
Eligibility criteria
Inclusion criteria were patients aged > 18 years and undergoing controlled mechanical ventilation. Exclusion criteria were patients with known cardiac arrhythmias or significant cardiac disease, patients with end-stage renal disease requiring hemodialysis, patients with intra-abdominal hypertension, patients with significant carotid artery stenosis (> 55%), patients with impaired left or right ventricular function, and patients with significant valvular disease (moderate or severe valvular insufficiency or stenosis).
Grouping:
Based on the physiological response to the TVC, the population was categorized into two groups for analysis: Responder Group: Patients whose Stroke Volume Variation (SVV) measured by electrical cardiometry increased by > 2.5% during the challenge. Non-Responder Group: Patients whose SVV increase was ≤ 2.5% during the challenge.
Methods:
Clinical and procedural assessment
All participants underwent a comprehensive baseline evaluation upon enrollment. This included a detailed history documenting age, gender, Body Mass Index (BMI), and cardiovascular risk factors or comorbidities such as hypertension and diabetes mellitus. Clinical monitoring involved continuous recording of Heart Rate (HR), Mean Arterial Pressure (MAP), and renal function assessment via creatinine levels.
Ventilator settings and instrumentation
Mechanical ventilation was managed using the Hamilton G5/S1 ventilator (Hamilton Medical AG, Bonaduz, Switzerland). Patients were maintained on Volume-Controlled Ventilation (VCV) mode with standard settings prior to the protocol, including a Respiratory Rate of 12 breaths per minute and Positive End-Expiratory Pressure (PEEP) of 5 cmH₂O.
Procedural interventions: The tidal volume challenge (TVC)
To identify preload responsiveness without the risks associated with fluid boluses, a functional hemodynamic test was performed following a strict step-by-step sequence. In Step A (Baseline, T1), ventilator settings used a Tidal Volume (TV) of 6 mL/kg of Ideal Body Weight, with a minimum stabilization period of 2 minutes to ensure hemodynamic stability, followed by simultaneous recording of HR, MAP, electrical cardiometry (SVV and SV), and ultrasound Doppler indices (CCA and LVOT). In Step B (The Challenge, T2), Tidal Volume was transiently increased to 8 mL/kg, with measurements delayed for 2 minutes to allow heart-lung interactions to reach a hemodynamic plateau; a second set of data (HR, MAP, SVV, SV, CCA, and LVOT indices) was then recorded. For recovery, the ventilator was immediately returned to the original protective lung settings (6 mL/kg) following data acquisition.
Ultrasound and cardiometry evaluation
Images for Carotid Doppler Ultrasound (CCA) were obtained using a high-end ultrasound system (Epiq 7, Philips Medical Systems) with a broadband linear array transducer (12-4 MHz). The technique involved identifying the left Common Carotid Artery (CCA) in the short axis, followed by long-axis visualization approximately 2 cm proximal to the bifurcation; pulsed-wave Doppler signals were acquired with a 0.5 mm sample volume parallel to the vessel wall and an insonation angle < 60°. The respiratory variation (ΔVpeak-CCA) was calculated within a single respiratory cycle using the formula: (Vmax – Vmin) / average velocity, and Stroke Volume Variation derived from the carotid artery (SVV-CCA) was measured. For Left Ventricular Outflow Tract (LVOT) Doppler, a phased-array probe visualized the LVOT via the apical 5-chamber view, with respiratory variation in peak velocity (ΔVpeak-LVOT) calculated using the same formula synchronized with the respiratory cycle; Stroke Volume Variation derived from the LVOT (SVV-LVOT) was also measured. The percentage change ("Maneuver Delta") for peak velocity parameters caused by the Tidal Volume Challenge was calculated using the formula: (Value at T2 – Value at T1) / Value at T1. Non-invasive Stroke Volume Variation (SVV) was measured continuously using electrical cardiometry, serving as the "Gold Standard" for categorizing patients.
Outcome measurement
The primary and secondary outcomes assessed included diagnostic accuracy via evaluation of the Area Under the Curve (AUC) for CCA and LVOT variations at both T1 and T2 to predict fluid responsiveness; maneuver efficiency through assessment of the "Maneuver Delta" (the percentage change between T1 and T2) for both CCA and LVOT indices; and correlation analysis between Doppler-derived indices (including SVV-CCA and SVV-LVOT) and the gold standard cardiometry SVV.
Statistical analysis
Data was analyzed using SPSS version 26 (IBM Inc., Chicago, IL, USA). Continuous variables were reported as mean ± SD (normal) or median (IQR) (non-normal), compared via t-test or Mann-Whitney U. Categorical data used frequencies/percentages and chi-square tests. Correlations employed Pearson’s r with Fisher’s z-transformation for pooling. Bland-Altman plots assessed agreement (bias ± 1.96 SD) between Doppler methods (CCA, LVOT) and electrical cardiometry reference. ROC Analysis generated Receiver Operating Characteristic (ROC) curves to determine diagnostic accuracy, with optimal cutoff values calculated using the Youden Index (Sensitivity + Specificity – 1). A P-value < 0.05 was considered statistically significant.
Results:
A total of 50 patients were included in the analysis. The mean age was 54.3 ± 13.1 years (range: 26.3–84.2), with a predominance of male patients (68%). The mean body mass index was 27.9 ± 3.9 kg/m². Diabetes mellitus was present in 32% of patients, while 62% had a history of hypertension. Based on the predefined criteria, 22 patients (44%) were classified as fluid responders and 28 (56%) as non-responders.
Comparison between baseline (T1, 6 mL/kg tidal volume) and post–tidal volume challenge (T2, 8 mL/kg) demonstrated no statistically significant changes in heart rate or mean arterial pressure. In contrast, all dynamic preload indices showed significant increases following the tidal volume challenge. SVV measured by electrical cardiometry increased significantly from 11.00 ± 2.77% to 13.32 ± 3.28% (p < 0.001). Similarly, ΔVpeak and SVV measured at both the LVOT and common carotid artery increased significantly at T2 compared with T1 (all p ≤ 0.012), indicating a clear physiological response to the maneuver. Table 1
At baseline, no statistically significant differences were observed between responders and non-responders regarding heart rate, mean arterial pressure, or any dynamic indices derived from carotid or LVOT Doppler measurements. These findings suggest that baseline measurements at low tidal volume were insufficient to discriminate fluid responsiveness. Following the tidal volume challenge, responders demonstrated significantly higher values of SVV-EC, ΔVpeak-CCA, ΔVpeak-LVOT, SVV-CCA, and SVV-LVOT compared with non-responders (all p ≤ 0.009). No significant differences were observed in heart rate or mean arterial pressure. These results indicate that the tidal volume challenge unmasked significant differences in dynamic preload indices between responders and non-responders. Table 2
Concerning the diagnostic performance of snapshot dynamic indices for predicting fluid responsiveness. At T1 (6 mL/kg), ΔV peak CCA showed an AUC of 0.558 (95% CI: 0.394–0.722) with a cutoff >10.95% (sensitivity 81.82%, specificity 39.29%), while ΔV peak LVOT had an AUC of 0.506 (95% CI: 0.343–0.670) at ≥7.55% (sensitivity 77.27%, specificity 32.14%). At T2 (8 mL/kg), performance improved: ΔV peak CCA achieved an AUC of 0.836 (95% CI: 0.727–0.945) at ≥13.90% (sensitivity 63.64%, specificity 89.29%), and ΔV peak LVOT an AUC of 0.766 (95% CI: 0.627–0.905) at ≥12.10% (sensitivity 68.18%, specificity 82.14%). Cutoffs were derived from the Youden index (AUC: area under ROC curve; CI: confidence interval). Figure 1
Concerning the predictive accuracy of maneuver-induced changes in Doppler indices for fluid responsiveness. Delta ΔV peak CCA demonstrated an AUC of 0.930 (95% CI: 0.831–1.000) with an optimal cutoff ≥3.12%, yielding a sensitivity of 90.91% and a specificity of 100.00%. Delta ΔV peak LVOT showed an AUC of 0.887 (95% CI: 0.780–0.994) at a cutoff ≥2.95%, with sensitivity 86.36% and specificity 85.71%. Cutoffs were derived from the Youden index (AUC: area under the ROC curve; CI: confidence interval), with Delta ΔV peak CCA and Delta ΔV peak LVOT representing the change in respiratory variation in peak velocity at the common carotid artery and left ventricular outflow tract, respectively, between T1 and T2. Figure 2
Changes in SVV measured by electrical cardiometry showed a strong positive correlation with changes in ΔVpeak-CCA (r = 0.841, p < 0.001) and a moderate-to-strong correlation with ΔVpeak-LVOT (r = 0.629, p < 0.001), indicating close agreement between EC-derived and Doppler-derived dynamic indices. Figure 3
At both time points, SVV measured by electrical cardiometry demonstrated very strong correlations with SVV measured by carotid Doppler and LVOT echocardiography. Correlations were strongest at T2. Pooled analysis confirmed excellent agreement between methods, particularly between EC and CCA-derived SVV (r = 0.970, p < 0.001). Table 3
Bland–Altman analysis revealed minimal bias between CCA and EC measurements (bias 0.034), with narrow limits of agreement, indicating excellent agreement and negligible systematic error between the two methods. Table 4
Comparison between LVOT-derived and EC-derived SVV demonstrated a negative bias (−1.04), with wider limits of agreement compared with carotid measurements, indicating greater variability between these methods. Table 5
Discussion:
Mechanical ventilation profoundly affects hemodynamics in ICU patients, where fluid overload risks edema while hypovolemia impairs perfusion. Therefore, this study included 50 mechanically ventilated adults without arrhythmias or heart failure to assess carotid (ΔVpeak-CCA) and LVOT (ΔVpeak-LVOT) variations against cardiometry SVV during TVC, revealing TVC's potential to enhance predictive accuracy under protective ventilation.
Among the included 50 critically ill patients, approximately only half of them (44%) reported to be fluid responders according to our tidal volume challenge criteria.
Generally, these findings are consistent with the well-established "50% rule", extensively described in critical care literature, where approximately half of the hemodynamically unstable patients fail to increase their stroke volume in response to a fluid bolus [13].
In accordance with our results, Michard et al. [14] included 40 patients diagnosed with septic shock and mechanically ventilated. After receiving a standardized volume expansion, only 16 patients (40%) were fluid responders.
Similar to our study, Chaves et al. in their large systematic review and meta-analysis, pooling data from 69 studies with a total sample size of 3,185 fluid challenges in 2,711 adult patients under mechanical ventilation, reported that the prevalence of fluid responsiveness was 49.9% [15].
Critically, the high prevalence of non-responders (56%) in this cohort is clinically critical, as it underscores the clinical necessity of functional hemodynamic monitoring to guide fluid therapy, as in this cohort, blind fluid administration would likely have led to fluid overload without hemodynamic benefit.
At baseline indices of low tidal volume (6mL/kg), our analysis demonstrated that the diagnostic accuracy of both CCA (AUC 0.558) and LVOT (AUC 0.506) was poor, and differentiation between responders and non-responders was very difficult.
This aligns with previous studies establishing that low tidal volumes tend to generate inadequate fluctuations in the intrathoracic pressure, insufficient to cause significant alterations in the venous return. Consequently, the preload tidal volume challenge provided by the ventilator at low tidal volumes (such as 6 mL/kg) is typically too small to be able to unmask the patient's position on the Frank-Starling curve (whether its steep or flat), thus rendering the standard dynamic indices useless in low tidal volume clinical scenarios [16].
In agreement with our findings, a prospective study by Myatra et al. [17] assessed fluid 20 patients with tidal volume challenge, transiently increasing tidal volume from 6 to 8 mL/kg for 1 minute while monitoring both pulse pressure variation (PPV) and SSV. The study found that at baseline (6mL/kg), PPV and SVV had poor diagnostic performance (AUC 0.69 and AUC 0.56, respectively), and were not able to distinguish reliably between responders and non-responders.
In accordance with our results, another study by De Backer et al. [18] showed that PPV was a reliable predictor of fluid responsiveness, provided that the tidal volume was at least 8 ml/kg predicted body weight, as the tidal volume might be insufficient to produce a significant change in the intrathoracic pressure.
Another primary study by Jung et al. [19] included mechanically ventilated ICU patients at tidal volumes 6 and 10 mL/kg. At these two tidal volumes, the authors analyzed the predictive ability of PPV and reported that at low tidal volume (6mL/kg), PPV accuracy was only modest (AUC 0.714) and significantly worse than at 10 mL/kg.
On the other hand, increasing the tidal volume to 8 mL/kg (T2) improved the predictive accuracy significantly; however, calculating the change between the variations (Maneuver Delta) provided the best predictive results; Delta ΔVpeak-CCA of AUC 0.930 and Delta ΔVpeak-LVOT of AUC 0.887.
This confirms that the TVC acts as a reversible 'functional stress test,' temporarily amplifying heart-lung interactions to reveal preload dependence. Importantly, this maneuver caused no hemodynamic instability, as evidenced by the lack of significant changes in heart rate or MAP between T1 and T2, making it a safer alternative to fluid loading for diagnosis [20].
Similar to our results, Messina et al. reported that neither PPV nor SSV recorded at baseline with controlled tidal volume of 6 mL/kg were successful in prediction of fluid response in prone elective neurosurgical patients. In contrast, the change in SSV after increasing the tidal volume significantly predicted fluid response (AUC 0.96) [21].
In accordance, Myatra et al. [17] reported that the diagnostic accuracy of SVV at 8 mL/kg was far superior to at 6 mL/kg (AUC 0.56 vs AUC 0.92). Furthermore, the change in SVV from 6 to 8 mL/kg showed higher accuracy than single measurement of SVV at 8 mL/kg (AUC 0.97).
Notably, in our study, CCA doppler performed slightly better than LVOT (AUC 0.930 vs 0.887). Moreover, peak velocity variation in the CCA had a stronger correlation with Electrical Cardiometry (r=0.841) than LVOT did (r=0.629).
The agreement between measurement modalities was further validated using Bland-Altman analysis. An excellent agreement between CCA doppler and EC, with a negligible bias of 0.034 and narrow limits of agreement. Interestingly, the agreement between LVOT echocardiography and EC was less favorable (bias -1.04). This discrepancy may stem from the operator-dependent nature of apical echocardiography versus the relative stability of carotid and bioimpedance signals.
In agreement with our results, Van Houte et al. [22] also reported that measurements obtained with CCA were more accurate, feasible and quicker than those obtained at LVOT. The authors found a strong correlation between and reference SVV (ρ=0.88), whereas the correlation for was poor (ρ=0.38).
In the previous study, the authors attributed the poor performance of LVOT to complex flow directions and doppler angle issues ("alignment angles"), contrasting it with the laminar flow and fixed angle feasibility of the carotid [22].
Following the same trend, a systematic review of 17 different studies including a total of 956 patients identified the change in carotid peak velocity with respiratory as the most well-supported measure for prediction of fluid responsiveness with AUCs ranging from 0.81 to 0.91 [23].
This slight superiority of CCA could be likely related to the technical challenges that are associated with LVOT measurements in critically ill patients. Certain clinical conditions, such as lung hyperinflation, surgical dressings, or difficult acoustic windows can compromise image quality and angle alignment, leading to distorted LVOT assessment. In contrast, the natural superficial anatomical location of the CCA facilitates consistent, high-quality signal acquisition [24].
While LVOT measurements are often considered to be the gold standard, previous reports have suggested that CCA can be a valid and robust tool for bedside assessment of fluid responsiveness as an alternative for LVOT [25].
Similar to our results, Effat et al. [26] in their cross-sectional study of 50 critically ill patients demonstrated that carotid blood flow changes after PLR and fluid challenge had very high AUCs (≈0.99) and showed good agreement with echocardiographic measures, concluding that carotid Doppler can be used to predict fluid responsiveness alongside more established techniques.
In accordance, Roy et al. [27] reported that carotid peak systolic velocity variation (CPSV) correlated moderately with LVOT VTI variability (r ≈ 0.54–0.66), and that it can be used in place of LVOT as a surrogate marker.
In alignment with our findings, Van Houte et al. [22], in their prosepctive observational study in mechanically ventilated ICU patients, measured ΔVpeak‑LVOT and ΔVpeak‑CCA) using pulsed‑wave Doppler and compared them to calibrated SVV from invasive arterial waveform device. The authors reported that both ΔVpeak‑CCA and ΔVpeak‑LVOT correlated positively with calibrated SSV, but the association was moderate. This could be related to their single-setting measurement of variation, instead of measuring change in variation like in our study.
These findings strongly advocate for implementing the Tidal Volume Challenge as a standard diagnostic protocol for mechanically ventilated patients receiving protective lung ventilation. Since baseline dynamic indices at low tidal volumes often fail to detect hypovolemia, relying on them risks missing true fluid responders. Instead of administering irreversible fluid boluses that may lead to harmful overload, clinicians should utilize this simple, one-minute maneuver. It acts as a safe, functional stress test that temporarily amplifies heart-lung interactions, allowing for accurate identification of patients requiring volume resuscitation without inducing hemodynamic instability [28].
Also, Carotid Doppler ultrasound should be adopted as a primary bedside tool for assessing fluid responsiveness, particularly when transthoracic echocardiography is technically difficult. Our study confirms that the carotid artery provides a stable, superficial window that correlates strongly with central hemodynamics. Unlike the left ventricular outflow tract, which is often obscured by lung hyperinflation or surgical dressings, carotid signals are easily obtainable. Therefore, for clinicians facing challenging acoustic windows, carotid flow variation offers a robust, non-invasive surrogate to guide precise fluid management decisions in the complex ICU environment [29].
This study was limited by its single-center design at Benha University Hospitals with a small sample size (N=50), restricting generalizability to broader ICU populations; exclusion of patients with spontaneous breathing efforts, cardiac arrhythmias, or right heart failure, preventing extrapolation to those groups; and operator dependence of ultrasound measurements like Carotid Doppler and LVOT, which require specialized training and consistent probe positioning for accuracy.
Conclusion
Standard dynamic indices measured during protective ventilation (6 mL/kg) are unreliable for predicting fluid responsiveness. However, the Tidal Volume Challenge significantly enhances diagnostic accuracy, effectively unmasking the patient's preload status. Notably, the dynamic change in Carotid Doppler flow (Delta ΔVpeak-CCA) emerged as a superior predictor compared to LVOT echocardiography. Given its high accuracy, safety, and ease of acquisition, Carotid Doppler-guided TVC represents a robust bedside strategy to optimize fluid management and prevent deleterious overload in critically ill patients.
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Table 1: Hemodynamic Impact of the Tidal Volume Challenge (T1 vs T2).
	Variable
	T1
	T2
	p-value

	Hemodynamics
	
	
	

	HR (bpm)
	93.72 ± 13.35
	94.86 ± 13.37
	0.052

	MAP (mmHg)
	69.86 ± 10.20
	71.98 ± 10.49
	0.088

	Reference Method
	
	
	

	SVV EC (%)
	11.00 ± 2.77
	13.32 ± 3.28
	< 0.001*

	LVOT
	
	
	

	ΔV peak LVOT
	8.91 ± 2.30
	11.14 ± 3.26
	< 0.001*

	SVV LVOT
	12.04 ± 3.74
	13.33 ± 3.43
	0.012*

	CCA
	
	
	

	ΔV peak CCA
	9.80 ± 2.80
	12.13 ± 3.81
	< 0.001*

	SVV_CCA
	10.97 ± 3.15
	13.45 ± 3.32
	< 0.001*


T1; baseline measurement at 6ml/kg tidal volume, T2; measurement after 8ml/kg controlled tidal volume challenge, HR; heart rate, MAP; mean arterial pressure, SVV_EC; stroke volume variation measured by electrical cardiometry, LVOT; left ventricular outflow tract, ΔVpeak_LVOT; respiratory variation in peak velocity at the LVOT, SVV_LVOT; stroke volume variation measured at the LVOT, CCA; common carotid artery, ΔVpeak_CCA; respiratory variation in peak velocity at the common carotid artery, SVV_CCA; stroke volume variation measured at the common carotid artery; *; statistically significant p≤0.05.


Table 2: Comparison of hemodynamic variables at baseline (T1 - 6 mL/kg) and after tidal volume challenge (T2 - 8 mL/kg).
	Variable (at T1)
	Non-Responder (N=28)
	Responder (N=22)
	p value

	At Baseline

	HR (bpm) 
	94.8 ± 13.3
	92.3 ± 13.6
	0.516

	MAP (mmHg) 
	70.3 ± 10.4
	69.3 ± 10.2
	0.743

	ΔV peak CCA 
	9.7 ± 3.4
	9.9 ± 1.7
	0.799

	ΔV peak LVOT 
	8.9 ± 2.6
	8.9 ± 1.9
	0.968

	SVV CCA 
	11.2 ± 3.6
	10.7 ± 2.5
	0.590

	SVV LVOT 
	12.8 ± 3.5
	11.1 ± 4.0
	0.125

	After tidal volume

	HR (bpm) 
	95.6 (13.5)
	93.9 (13.4)
	0.660

	MAP (mmHg) 
	72.1 (10.7)
	71.8 (10.5)
	0.903

	SVV EC (%) 
	11.9 (3.3)
	15.1 (2.2)
	< 0.001*

	ΔV peak CCA 
	10.2 (3.6)
	14.6 (2.4)
	< 0.001*

	ΔV peak LVOT 
	9.9 (3.1)
	12.7 (2.7)
	0.002*

	SVV CCA 
	12.0 (3.3)
	15.3 (2.3)
	< 0.001*

	SVV LVOT 
	12.2 (3.7)
	14.7 (2.4)
	0.009*


*; statistically significant p≤0.05. 


Table 3: Correlation between SVV measurements obtained by electrical cardiometry, carotid doppler, and LVOT echocardiography at T1, T2, and pooled analysis.
	Variable
	T1
	T2
	Pooled

	SVV-EC vs SVV-CCA
	0.957 (<0.001)
	0.980 (<0.001)
	0.970 (<0.001)

	SVV-EC vs SVV-LVOT
	0.796 (<0.001)
	0.928 (<0.001)
	0.880 (<0.001)

	SVV-CCA vs SVV-LVOT
	0.744 (<0.001)
	0.907 (<0.001)
	0.850 (<0.001)


Data is reported as correlation of coefficient (p-value) at each time point, T1; baseline measurement at 6ml/kg tidal volume, T2; measurement after 8ml/kg controlled tidal volume challenge, Pooled correlation coefficients were calculated using Fisher’s z-transformation and back-transformation, assuming equal sample size at T1 and T2. SVV-CC; stroke volume variation as measured by electrical cardiometry, SVV-CCA; stroke volume variation as measured by common carotid artery doppler, SVV-LVOT; stroke volume variation as measured by left-ventricular outflow tract echocardiography.


Table 4: Bland–Altman analysis of agreement between carotid doppler and electrical cardiometry for SVV measurement.
	Variables
	Estimate
	95% CI Lower
	95% CI Upper

	Bias (n = 50)
	0.0340
	-0.234
	0.302

	Lower limit of agreement
	-1.8176
	-2.280
	-1.356

	Upper limit of agreement
	1.8856
	1.424
	2.348


Data is reported as estimate and 95% confidence intervals; Bias; the mean difference between the two measurement methods, LoA; limits of agreement (mean difference 1.96 standard deviation of the differences), CI; confidence interval.


Table 5: Bland–Altman analysis of agreement between LVOT echocardiography and electrical cardiometry for SVV measurement.
	Variables
	Estimate
	95% CI Lower
	95% CI Upper

	Bias (n = 50)
	-1.04
	-1.69
	-0.394

	Lower limit of agreement
	-5.49
	-6.60
	-4.383

	Upper limit of agreement
	3.41
	2.30
	4.525


Data is reported as estimate and 95% confidence intervals; Bias; the mean difference between the two measurement methods, LoA; limits of agreement (mean difference 1.96 standard deviation of the differences), CI; confidence interval.
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Figure 1: Receiver Operating Characteristic Curves of Snapshot Predictors of Fluid Responsiveness at T1 and T2.
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Figure 2: Receiver Operating Characteristic Curves of Maneuver-Induced Changes in Doppler Indices.
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Figure 3: Correlation Between Changes in SVV and  (A) ΔVpeak Measured by Carotid Doppler as well as (B) ΔVpeak Measured by LVOT Doppler.
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