

  diagnostics-13-03591




diagnostics-13-03591







Diagnostics 2023, 13(23), 3591; doi:10.3390/diagnostics13233591




Article



Inferior Vena Caval Measures Do Not Correlate with Carotid Artery Corrected Flow Time Change Measured Using a Wireless Doppler Patch in Healthy Volunteers



Jon-Emile S. Kenny 1,2,*, Ross Prager 3, Philippe Rola 4, Garett McCulloch 2, Sarah Atwi 2, Chelsea E. Munding 2, Joseph K. Eibl 1,2,5 and Korbin Haycock 6





1



Health Sciences North Research Institute, Sudbury, ON P3E 2H3, Canada






2



Flosonics Medical, Toronto, ON P3E 2H2, Canada






3



Division of Critical Care Medicine, Western University, London, ON N6A 3K7, Canada






4



Intensive Care Unit, Santa Cabrini Hospital, Montreal, QC H1T 1P7, Canada






5



Northern Ontario School of Medicine, Sudbury, ON P3E 2C6, Canada






6



Department of Emergency Medicine, Riverside University Health System Medical Center, Moreno Valley, CA 92555, USA









*



Correspondence: jon-emile@heart-lung.org







Citation: Kenny, J.-E.S.; Prager, R.; Rola, P.; McCulloch, G.; Atwi, S.; Munding, C.E.; Eibl, J.K.; Haycock, K. Inferior Vena Caval Measures Do Not Correlate with Carotid Artery Corrected Flow Time Change Measured Using a Wireless Doppler Patch in Healthy Volunteers. Diagnostics 2023, 13, 3591. https://doi.org/10.3390/diagnostics13233591



Academic Editor: Riemer H.J.A. Slart



Received: 3 November 2023 / Revised: 27 November 2023 / Accepted: 29 November 2023 / Published: 3 December 2023



Abstract

:

(1) Background: The inspiratory collapse of the inferior vena cava (IVC), a non-invasive surrogate for right atrial pressure, is often used to predict whether a patient will augment stroke volume (SV) in response to a preload challenge. There is a correlation between changing stroke volume (SV∆) and corrected flow time of the common carotid artery (ccFT∆). (2) Objective: We studied the relationship between IVC collapsibility and ccFT∆ in healthy volunteers during preload challenges. (3) Methods: A prospective, observational, pilot study in euvolemic, healthy volunteers with no cardiovascular history was undertaken in a local physiology lab. Using a tilt-table, we studied two degrees of preload augmentation from (a) supine to 30-degrees head-down and (b) fully-upright to 30-degrees head down. In the supine position, % of IVC collapse with respiration, sphericity index and portal vein pulsatility was calculated. The common carotid artery Doppler pulse was continuously captured using a wireless, wearable ultrasound system. (4) Results: Fourteen subjects were included. IVC % collapse with respiration ranged between 10% and 84% across all subjects. Preload responsiveness was defined as an increase in ccFT∆ of at least 7 milliseconds. A total of 79% (supine baseline) and 100% (head-up baseline) of subjects were preload-responsive. No supine venous measures (including IVC % collapse) were significantly related to ccFT∆. (5) Conclusions: From head-up baseline, 100% of healthy subjects were ‘preload-responsive’ as per the ccFT∆. Based on the 42% and 25% IVC collapse thresholds in the supine position, only 50% and 71% would have been labeled ‘preload-responsive’.
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1. Introduction


Detecting preload (or fluid) responsiveness is of emerging interest, especially in the intensive care unit (ICU). The basis of preload responsiveness is using the change in volume or flow—that is, stroke volume or cardiac output—from the heart to determine if intravenous (IV) fluids are effective, rather than other commonly used clinical measures (e.g., blood pressure, urine output) [1,2,3]. Decades of research has demonstrated that traditional bedside measures are notoriously poor at determining cardiac output change [4,5]. For example, when there is a clinically significant increase in cardiac output, less than 50% of patients experience an increase in mean arterial pressure [6,7]; in other words, the sensitivity of blood pressure is particularly poor for gauging the effect of IV fluids in sepsis.



Though the clinical benefit of using preload responsiveness (i.e., changing stroke volume or cardiac output) to guide care is controversial [8], association studies [9] and one large randomized controlled trial [10] demonstrated that administering IV fluid only when a patient is both hypo-perfused (e.g., hypotensive, skin mottling, organ dysfunction) and preload-responsive improved outcome. This approach is generally tied to administering less IV fluid than usual care, which saves patients the downstream complications of excessive fluid volume such as mechanical ventilation and dialysis [11]. These results are in line with earlier data in patients with acute respiratory distress syndrome (i.e., ARDS), many of whom had septic sources [12,13]. Various ultrasonographic methods are used in the ICU to detect preload responsiveness, including respiratory variation in the inferior vena cava [14] and carotid Doppler ultrasound [15,16]. Nevertheless, little is known about the characteristics of these measures in the normal, healthy state.



In spontaneously breathing subjects (i.e., those breathing without controlled mechanical ventilation), the inspiratory collapse of the inferior vena cava was initially described as a non-invasive surrogate for right atrial pressure [17,18]. Indeed, this relationship is well-accepted when calculating right ventricular systolic pressure via echocardiography [19]. Yet, there is a poor relationship between right atrial pressure and the cardiac response to preload (i.e., ‘volume’ or ‘preload responsiveness’) [20], which may explain conflicting data for inspiratory IVC collapse as a surrogate for preload responsiveness [14].



Like the inspiratory collapse of the IVC, the corrected flow time of the common carotid artery (ccFT) has been studied as a surrogate to predict stroke volume change (SV∆) in the critically ill [21] and elective surgical populations [15,22]. The duration of systole (i.e., flow time in milliseconds) is determined largely by heart rate, afterload, contractility and SV [23]. Applying a mathematical correction for heart rate (e.g., Wodey equation [23]) yields the corrected flow time which better approximates SV and especially its change. To investigate whether ccFT measured using the wearable ultrasound is a surrogate for SV∆—and, therefore, for preload responsiveness—we have shown in healthy volunteers that there is a strong, linear relationship between changing ccFT (ccFT∆) and SV∆ using non-invasive pulse contour analysis, bioreactance and aortic Doppler velocity as gold standards [23,24,25,26]. Furthermore, in these studies comprising roughly 90 preload augmentations in approximately 50 healthy subjects, SV∆ of at least +10% (i.e., preload responsiveness) was ubiquitous and the optimal ccFT∆ threshold for detecting +10% SV∆ was above +2 ccFT∆. We have recently shown that a 10% SV∆ measured using ascending aortic Doppler correlates with an absolute +7 ms ccFT∆, identical to the +7 ms value ascertained by Barjaktarevic and colleagues using a hand-held Doppler of the carotid artery in patients with undifferentiated shock [21]. Lastly, in elective coronary artery bypass grafted patients, preliminary data from the wearable Doppler echo these findings [27].



In addition to IVC collapse and ccFT, additional ultrasound measures are used to guide resuscitation in the intensive care unit. For instance, the venous excess ultrasound score (VExUS) was recently described [28], which comprises measurement of IVC size and venous Doppler morphology of the portal, hepatic and intra-renal veins [29]. In pathological states such as volume overload, the VExUS score is related to acute kidney injury [30] and was recently shown to be associated with right atrial pressure [31]. Though high VExUS is helpful in identifying an abnormal relationship between venous return and cardiac function, its ability to predict the hemodynamic state of healthy volunteers is limited.



To our knowledge, no study has related inspiratory IVC collapse or components of the VExUS score to ccFT∆ during preload augmentation in healthy volunteers. In this pilot investigation, we evaluated three hypotheses. First, we expected that, in this cohort of healthy volunteers, preload augmentation via the Trendelenburg position would increase ccFT by a clinically significant degree (i.e., ≥7 ms or +2% ccFT∆) in the vast majority of subjects. In other words, the fraction of ‘preload-responsive’ subjects would be congruent with earlier findings in healthy volunteers [23,24,26,32]. Second, we predicted that preload responsiveness would be accompanied by a collapsing IVC (i.e., >25%), based on the previous literature [33]. Finally, we explored whether other venous measures, such as the end-expiratory IVC diameter, sphericity index [34] and portal vein pulsatility [28], correlated with ccFT∆ during preload augmentation.




2. Materials and Methods


2.1. Clinical Setting


The study was reviewed and approved by the research ethics board of Health Sciences North (#19-011). A convenience sample of healthy subjects was recruited at a local physiology lab. Written informed consent was obtained from all subjects. Inclusion criteria were healthy, adult, clinically euvolemic volunteers able to give informed consent. Exclusion criteria were known cardiovascular history and/or taking regular cardiovascular medications.




2.2. Carotid Artery Doppler Measures


A carotid artery Doppler was obtained using a novel, wireless, wearable ultrasound system (Flosonics Medical, Sudbury, ON, Canada) that is FDA-cleared. The device is a 4 MHz, continuous-wave Doppler ultrasound that generates a 2 cm wide and 4 cm deep sonic curtain and is placed without image guidance. As previously described [23,24,26], the common carotid artery Doppler spectrogram is obtained via simultaneously acquired visual and audio cues from the wearable system. Given that a normal common carotid artery is 6–7 mm in diameter, the 2 cm ultrasound beam generated by the wearable device generally insonates all red blood cells moving through the artery. The wearable system was placed on the neck while the subject was in the head-up position on the tilt-table by an expert with the device (JESK, JKE). Once an identifiable signal was seen and heard, the wearable Doppler patch was adhered in place on the neck; the continuous carotid Doppler was monitored throughout the entire protocol (Figure 1). The flow time of the carotid artery was calculated as the time from systolic upstroke to the dicrotic notch. The flow time was then corrected for heart rate based on the equation of Wodey, as described by Barjaktarevic and colleagues [21]:


  c o r r e c t e d   f l o w   t i m e = f l o w   t i m e +   1.29 ×   h e a r t   r a t e − 60     .  











We have previously shown that, in healthy volunteers, there was no significant difference in the various corrected flow time equations for detecting stroke volume change [23].




2.3. Venous Measures


The percent collapse of the inferior vena cava, sphericity index and portal vein pulsatility were obtained by an expert sonographer (R.P., P.R., K.H.), as previously described [28,34]. Ultrasound studies were performed using a Sparq system (Philips Healthcare, Amsterdam, The Netherlands) with a phased array or a convex array transducer. Subjects were positioned in a dorsal decubitus position during the examination with the tilt-table at 0°. Measurements were made at end-expiration. Intrarenal Doppler assessment was performed by pulsed wave Doppler waveform capture at the corticomedullary junction during a respiratory pause after the end of expiration to obtain 2 to 3 consecutive cardiac cycles.



All venous calculations are listed below:


  I V C   c o l l a p s e   % =   (   d i a m e t e r   e n d − e x p   −   d i a m e t e r   e n d − i n s p   )     d i a m e t e r   e n d − e x p      










  I V C   s p h e r i c i t y   i n d e x =   s h o r t   d i a m e t e r   l o n g   d i a m e t e r    










  P o r t a l   v e i n   p u l s a t i l i t y   i n d e x =   m a x i m u m   v e l o c i t y − m i n i m u m   v e l o c i t y   m a x   v e l o c i t y   .  












2.4. Tilt-Table Protocol


The protocol for this investigation consisted of 3 gravitational positions on a tilt-table: supine, fully upright (i.e., head up) and head-down tilt (30 degrees below the horizontal line). Each protocol began in the supine position and each subject had an ultrasound examination performed by an expert in the field, as described above. That is, the venous measures including IVC collapse were recorded in the resting, supine position. Once baseline venous measures were completed by the sonographer, the subject was tilted upwards into the fully-upright position for repeat measures and then downwards to the head-down position, as described previously [35]. Via the wearable ultrasound system, common carotid artery Doppler measures were recorded throughout the entire protocol and stored for offline analysis.




2.5. Analysis


The analysis was then completed in three parts. First, for each subject, the ccFT∆ was calculated from the fully upright as well as supine to head-down position. The ccFT∆ was evaluated based on its maximal change for each level of preload. The number of cardiac cycles averaged in the baseline (i.e., head-up and supine) and head-down positions was based upon a section of recording with the lowest ccFT coefficient of variation; this was carried out to ensure a stable signal in the ccFT and to obtain an adequate number of beats to detect maximal change with statistical confidence. Any regions with obvious artifacts (e.g., vocalization, deglutition) were omitted. Second, inspiratory IVC collapse at baseline was calculated and plotted against ccFT∆ for each subject; linear regression was performed to assess for correlation. Prior to performing linear regressions, we tested for the assumption of normality of each variable using the Shapiro–Wilk test (Python V3.9.12, Scipy V1.7.3). Finally, linear regression was performed to assess for an association between end-expiratory IVC diameter, sphericity index and portal vein pulsatility and the % change and absolute ccFT∆. Pearson correlation coefficients for all combinations of venous measures versus maximum ccFT∆ were calculated.





3. Results


3.1. Patients


Fifteen adult volunteers were studied; eight were female. One male subject was entirely excluded because of lost ultrasound image uploads; therefore, the analysis comprised fourteen adults in total. The baseline characteristics of the healthy volunteers included in the final analysis are listed in Table 1.




3.2. Supine Venous Measures


The mean inspiratory IVC collapse for all subjects at supine baseline was 44% and the range of values was between 9.7% and 83.1%. These values for end-expiratory IVC diameter, sphericity index and portal vein pulsatility were 1.18 cm (0.42 cm to 2.36 cm), 0.56 (0.37 to 0.98) and 24.4% (13.3% to 37.4%), respectively.




3.3. Head-Up Baseline ccFT∆


From head-up to head-down, the average, maximal percent (%) and absolute ccFT∆ were 19.3% and 54.4 milliseconds (ms), respectively. For all subjects, the ranges for maximal % and absolute ccFT∆ were 10.9% to 28.7% and 32.8 to 81.3 ms, respectively. With preload responsiveness defined as an increase in ccFT∆ of at least 7 milliseconds, 100% of the subjects met this threshold from head-up baseline.




3.4. Supine Baseline ccFT∆


From supine to head-down, the average maximal percent (%) and average absolute ccFT∆ were 4.4% and 14.0 milliseconds (ms), respectively. For all subjects, the ranges for maximal % and absolute ccFT∆ were 0% to 12.8% and 0.1 to 38.9 ms, respectively. With preload responsiveness defined as an increase in ccFT∆ of at least 7 milliseconds, 79% of the subjects met this threshold from supine baseline.




3.5. Relationship between Supine Venous Measures and ccFT∆


Each variable, except for the supine sphericity index compared to supine baseline ccFT, revealed a non-significant Shapiro–Wilk p-value (p > 0.05), indicating that data were drawn from a normal distribution. We log-transformed the supine sphericity index during the supine baseline, which passed normality testing (p > 0.05), and we used it in subsequent linear regression.



The regression between supine venous measures and maximal absolute ccFT∆ is shown in Figure 2. The Pearson correlation coefficients for all venous measures versus both absolute and % ccFT∆ are shown in Table 2.





4. Discussion


In this pilot study evaluating the relationship between supine ultrasonographic venous measures (e.g., inspiratory IVC collapse) and ccFT∆ during two degrees of preload augmentation, we report several clinically relevant findings. First, we found that the degree of preload augmentation affected the proportion of healthy subjects who were considered preload-responsive. Second, all healthy volunteers were ultimately ‘preload-responsive’ based on ccFT∆ with a large enough increase in venous return. Third, the range of baseline, supine, inspiratory IVC collapse values in this euvolemic populationwas broad (i.e., between 10% and 85% collapse). Finally, there was no statistical relationship between baseline venous measures and ccFT∆ during either degree of preload augmentation.



The ‘dose response’ to preload augmentation and its impact on the number of participants labeled preload-responsive by ccFT∆, is clinically important. Trendelenburg positioning is reported to accurately predict patients who respond to intravenous fluid administration; however, the maneuver itself is variably practiced. For example, Ma and colleagues moved patients from 15 degrees head above the horizontal to 15 degrees below; this resulted in an excellent diagnostic accuracy with 100% sensitivity [36]. On the other hand, Terai and colleagues performed the maneuver by comparing the horizontal (i.e., supine) to head-down in healthy subjects [37]. They found a significant rise in SV within the first minute of head down, though individual SV% increase was not reported so the fraction of ‘preload-responsive’ subjects could not be calculated. These findings are congruent with the passive leg raise (PLR) literature where the greatest hemodynamic effect occurs when lowering the heart from head-up position; raising the legs above the heart has less impact [38]. Our findings also explain data from Godfrey and colleagues [39] who performed a modified PLR in healthy volunteers and found that only 50% of subjects increased their SV by at least 10%. In their study, the baseline was the fully supine position and the preload challenge consisted of only raising the legs. Based on our observations, it is quite likely that the modified PLR by Godfrey et al. did not recruit enough venous blood to trigger the Starling mechanism [40]. Importantly, in previous work, we have shown that determining ‘adequate’ preload augmentation might be assessed via the jugular Doppler spectrum obtained using the wearable ultrasound system [35]. Only the change in the jugular Doppler morphology accurately tracked the preload state in comparison to IVC collapse % and Doppler of the hepatic, portal and intra-renal veins [35]. From the fully upright to head-down position, 13/14 healthy subjects changed from a continuous to pulsatile jugular waveform, whereas only 1/14 showed this change from supine to head-down. Therefore, confirming the change in jugular venous morphology helps identify adequate venous return; this could improve the sensitivity of detecting preload responsiveness.



Second, the fact that all healthy volunteers were ultimately preload-responsive with a large enough increase in venous return is congruent with previous data in this population [23,24,32]. For instance, in healthy volunteers raising preload via the squat maneuver, a clinically significant SV rise was always observed [23]. Additionally, all healthy volunteers increased SV with the release of lower body negative pressure (LBNP). Including this current study, data from over 60 healthy volunteers undergoing approximately 100 preload augmentations are reported, with all subjects having a clinically significant rise in ccFT. From this, we surmise that ‘preload responsiveness’ is a normal physiologic state in euvolemic, ambulatory, healthy volunteers. The relationship between ccFT∆ and SV∆ is clinically important as non-invasively inferring SV∆ at the bedside can help guide resuscitation. For example, if preload is administered and there is little ccFT∆, the patient may be judged as fluid ‘unresponsive’ and another intervention may be attempted. Another potential implication is detecting diminishing SV (e.g., hemorrhage), especially when mean arterial pressure is maintained by increased vascular resistance [24].



Third, contrary to what we anticipated, there was a wide range of inspiratory IVC collapse at the baseline supine position in these healthy, clinically euvolemic volunteers; that is, IVC collapse was between 10% and 85%. Given that Corl and colleagues previously observed that an IVC collapse of 25% best dichotomized fluid responders and non-responders [33], we suspected that all of our healthy subjects would have displayed an IVC collapsibility greater than 25%. Contrary to this, approximately 29% of the subjects in our study had an IVC collapse of less than 25%, meaning that almost one-third of these healthy subjects would have been labeled as fluid ‘unresponsive’—a value observed in the early septic shock population [41,42]. Moreover, Airapetian et al. identified 42% IVC collapse as the best threshold for identifying fluid responsive patients; based on this value, 50% of these healthy subjects would have been labeled as ‘preload-unresponsive’. Importantly, we found no statistically significant correlation between IVC collapse and ccFT∆ during both degrees of preload augmentation, implying that the respiratory variation in the IVC did not predict SV∆ in this paradigm. This small, pilot study cannot explain the underlying mechanism of this observation, though the inspiratory collapse of the IVC is driven by multiple determinants, only one of which is the pressure within the vein. Subtle differences in blood volume, inspiratory pattern, abdominal compliance and the distribution between portal and non-portal venous return may mediate the size and collapse of the IVC [18,43,44,45,46,47,48,49,50,51,52]. The dissociation between the IVC collapse and ccFT∆ is clinically relevant, as measuring ccFT∆ ostensibly improves the sensitivity of IVC collapse for predicting fluid responders. In other words, ccFT∆ in this study identified the 29% and 50% of healthy subjects who would have been falsely labeled as fluid-unresponsive (i.e., false negatives) based on the 25% and 42% IVC collapse thresholds, respectively.



Finally, as a hypothesis-generating analysis, we explored the relationship between other venous measures and ccFT∆ at different levels of preload augmentation. Given that the IVC is a three-dimensional structure, we were particularly curious as to whether the sphericity index—which is a good approximation of right atrial pressure [34]—would be associated with ccFT∆. The IVC sphericity index is measured at end-expiration and is the ratio of the IVC short-to-long diameter in the transverse plane. Based on the Starling curve [53], venous measures intimating low right atrial pressure (i.e., small end-expiratory IVC diameter, small sphericity index and low portal pulsatility) should associate with large ccFT∆. No clear relationship was observed between any supine venous measure with ccFT∆ from either supine or head-up baseline. At least in healthy volunteers, these data imply that these venous measures may not accurately predict preload responsiveness in this group. These discrepant results may ultimately be reconciled if both venous and arterial measures are tracked throughout a preload challenge. Traditionally, this entails measuring stroke volume and filling pressure (e.g., central venous pressure) before, during and after a preload challenge. With this data, the concurrently plotted change in venous pressure and arterial output gives the slope of the cardiac function curve. Though this is challenging with ultrasound, the simultaneous Doppler of a major artery and vein could be a window to the right and left heart synchronously [54,55].



Our study has several important limitations. We did not measure the SV∆ during head-down positioning, thus we cannot know for certain the functional cardiac state of the healthy subjects we studied. Nevertheless, Trendelenburg is a well-accepted means of increasing preload and testing functional hemodynamics [36,37,56]. In addition, we found a strong relationship between SV∆ and ccFT∆ in this population; a +2% ccFT∆ threshold is an excellent surrogate for +10% SV∆ [23,24,26]. Therefore, we have confidence that all subjects were ‘preload-responsive’ despite not directly measuring SV∆. All subjects also increased their ccFT well above the optimal threshold for detecting +10% SV∆, as observed by Barjaktarevic and colleagues in undifferentiated shock [21]. Though not all investigators have found ccFT to reliably detect SV∆ [57], we note that many of these studies suffer from human measurement variability [58], limited cardiac cycle sample size (i.e., sampling only a few beats before and during an intervention) and confounders introduced by gold-standard algorithm lag [23,26]. The wearable Doppler system allowed us to minimize measurement variability as it is adhered in place on the neck and thousands of cardiac cycles were sampled across the entire preload challenge for all subjects. Second, this study was conducted in healthy volunteers, limiting our ability to apply these results to patients with hemodynamic derangement. Other investigators have found inspiratory IVC collapse to have a better diagnostic accuracy when patients performed standardized inspiratory maneuvers [59]; doing so may have improved the relationship between IVC collapse and ccFT∆ in our study. Third, the accuracy of IVC collapse is affected by sonographer experience [60]; however, the three sonographers who performed B-mode imaging of the IVC and portal Doppler measurements are recognized experts in this field with decades of combined experience, so we believe user error is less likely to have been a problem in our investigation.




5. Conclusions


All healthy volunteers in this study had a clinically significant rise in ccFT when moved from upright to head-down position, strongly suggesting that all subjects had a +10% stroke volume augmentation; a total of 79% had this response when moved from supine to head-down. Therefore, the degree of preload augmentation is an important determinant when assessing preload responsiveness. The inspiratory collapse of the IVC in the supine position was poorly related to the change in ccFT. Based on the 42% and 25% IVC collapse thresholds, 50% and 29% of these healthy subjects would have been labeled ‘preload-unresponsive’, which is comparable to the critically ill population and not to healthy subjects. Finally, other venous measures in the supine position, including IVC sphericity index and portal vein Doppler pulsatility, did not strongly correlate with ccFT∆. Further investigation in patients with hemodynamic pathology is needed to confirm these preliminary observations.
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Figure 1. The wearable Doppler system and its graphical user interface. (A) The wireless, wearable Doppler transducer adhered to the neck of a healthy subject. (B) Representative resting baseline data from a healthy subject with common carotid and internal jugular spectrograms. (C) Representative data during increased preload showing carotid and jugular spectrograms; note the change in carotid and jugular morphologies consistent with increased preload and ccFT. (D) Per-beat ccFT calculations showing windows at baseline (average ccFT 276 ms) and during increased preload (average ccFT 345 ms). 
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Figure 2. Linear regression between supine venous measures and absolute ccFT∆. (A) End-expiratory IVC diameter. (B) IVC collapse %. (C) IVC sphericity index. (D) Portal vein pulsatility index. Blue dots represent supine baseline and red dots represent head-up baseline. 
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Table 1. Baseline characteristics and measures in the supine position. m: meters; kg/m2: kilograms per meters-squared; mmHg: millimeters of mercury; bpm: beats per minute; ccFT: corrected flow time of the carotid artery.
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	n = 14
	Mean
	Std





	Patient Age
	29.6
	±9.3



	Patient Height (m)
	1.7
	±0.1



	Patient Weight (kg)
	69.1
	±16.0



	BMI (kg/m2)
	23.1
	±4.2



	MAP (mmHg)
	96.3
	±10.6



	HR (bpm)
	73.5
	±10.6



	Systolic Blood Pressure (mmHg)
	127.7
	±16.3
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