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Abstract:

The authors conducted a prospective, observational study to evaluate the correlation of fluid responsiveness with  commonly used carotid doppler-derived indices like carotid artery blood flow (CBF), carotid corrected flow time (FTc), respirophasic variation in carotid artery blood flow peak velocity (ΔVpeak) in patients undergoing CABG. They claimed that altough only ΔVpeak  demonstrated some predictive power with areas under receiver operating characteristic (AUROC) of 0.671, carotid doppler ultrasound indices were found to be not dependable as a substitute for invasive methods to assess fluid responsiveness. The presence of studies advocating quite different sentiments in the literature regarding feasibility and reliability show that there is a long way gone and a long way to go. 
Accurate assessment and management of volume responsiveness in patients undergoing coronary artery bypass grafting (CABG) surgery is a state of art. The necessity of more accurate and appropriate indicators to determine a patient’s ability to respond to intravenous fluids has become a popular research field with the technological developments in doppler ultrasound (DUS) technology. Since haemodynamic monitoring of cardiac surgery patients has generally utilized central circulatory parameters like measurement of cardiac output, central venous pressure and pulmonary wedge pressure which may require invasive procedures and special monitoring equipment, implementing these techniques into general clinical practice is difficult and expensive.
Saba Khan1 and colleagues performed a prospective and observational study in this issue of the Journal of Cardiac Surgery aiming to evaluate the correlation of fluid responsiveness with  commonly used carotid DUS-derived indices like carotid artery blood flow (CBF), carotid corrected flow time (FTc), respirophasic variation in carotid artery blood flow peak velocity (ΔVpeak) in patients undergoing CABG. Authors recruited 45 patients in the study and excluded the patients with pre-existing history of cerebrovascular disease; significant valvular pathology, peripheral arterial disease, or carotid artery stenosis> 50%, and whose left ventricular ejection fraction <45% preoperatively. CBF, FTc, ΔVpeak, stroke volume index (SVI) and cardiac index (CI) were recorded after anesthetic induction and 10 min after a fluid challenge of 6 ml/kg. Authors divided the patients into two groups as responders and non-responders based on an increase in the SVI of (15% following the fluid challenge. They found out that a significant increase in CBF and FTc following volume expansion was not correlated with SVI. Also they noticed an expected significant decrease in ΔVpeak in the responders following volume expansion. However, authors confused as ΔVpeak value was higher in the responder group before fluid administration and higher in the nonresponder group after fluid loading. Authors pointed out the weak correlation of carotid DUS-derived indices with changes in SVI after evaluation with Pearson’s correlation test. They claimed that altough only ΔVpeak demonstrated some predictive power with areas under receiver operating characteristic (AUROC) of 0.671, carotid DUS indices are unreliable to assess fluid reponsiveness and can not replace invasive methods. 

 The use of other non-invasive methods for measuring fluid responsiveness has also been discussed in the literature. Body surface echocardiography has become a research hotspot but measurements including the size of cardiac chambers are highly dependent on the skill and experience of the operators2. Internal diameter of inferior vena cava and the variation rate have been widely investigated, but the cover of the sterilized dressing during operation restricted the application. Some studies3 suggested measuring the FTc in descending aorta by transoesophageal echocardiography (TEE) to guide fluid therapy and found that it could reduce the complications, improve the outcomes, and shorten the length of hospital stay. Khan did not correlated their results with TEE monitoring as they calculated SVI from the aortic VTI (V2) using continuous wave DUS and they used arterial pressure-based cardiac output monitoring. 
The debate about the accuracy, and reliability of commonly used carotid DUS-derived indices still continues. It has been demonstrated that FTc is a valid and reliable predictor for determining   fluid responsiveness in spontaneously breathing patients before anaesthetic induction4 and patients in shock5. However, at this point, I personally think that sonologist experience comes to the fore. Abbasi6 evaluated the ability of CBF and FTc as assessed by novice sonologists to determine fluid responsiveness. They found that changes in CBF and FTc performed poorly at determining fluid responsiveness: 19 mL/min (AUROC 0.58, 95% CI: 0.47 – 0.68) and 6 ms (AUROC 0.59, 95% CI: 0.46 – 0.65) and concluded that novice physician sonologists are unable to determine fluid responsiveness using CBF or FTc. 

Also, whether these indices in the common carotid artery (CCA) could be used to guide the fluid therapy in patients under mechanical ventilation is yet unclear. However, Wang7 investigated 80 patients undergoing laparotomy and claimed that FTc in the CCA can predict volume responsiveness under mechanical ventilation and the predictive performance is not influenced by positive end-expiratory pressure. Lu8 evaluated respiratory variations in carotid and brachial peak velocity to predict responsiveness to fluid challenge in mechanically ventilated patients with septic shock and recommended carotid DUS peak velocity as a continuous and noninvasive method to monitor functional hemodynamic parameter in mechanically ventilated patients with sensitivity of 78%% and specificity of 90%. In an article published this year, Chen9 disagreed with Khan and showed that the carotid FTc was a more accurate and reliable indicator of volume responsiveness in elderly patients under general anaesthesia than ΔVpeak but also ΔVpeak could also predict SVV≥13% well. Despite this data, in 25 elective cardiac surgery patients, Weber10 measured bilateral carotid and brachial artery blood flow by DUS ultrasound and correlated with CI that simultaneously measured via a pulmonary artery catheter and found no significant association. 
I think that further studies are warranted before these parameters are recommended for clinical use. These studies should also evaluate postoperative course, different patient populations and compare different carotid DUS indices. I am pretty sure that DUS applications, which are more clinically applied in vascular surgery, will replace invasive monitoring procedures in cardiac surgery with the developing technology and accumulated experience.
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