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LETTER TO THE EDITOR

Time to correct the flow of corrected 
flow time
Igor Barjaktarevic1*  , Alan Chiem2 and Maxime Cannesson3

Abstract 

Recently published study of Ma et al. evaluates two relatively novel measures of fluid responsiveness, carotid blood 
flow and corrected carotid flow time (ccFT). Both measures have been recently quoted as possibly useful, technically 
simple, and noninvasive dynamic tools in predicting fluid responsiveness. Recently, more research interest has been 
focused on ccFT and, intrigued by the data presented in this study, we discuss here the impact of the data presented 
in the paper of Ma et al. to the significance of this metric as a potential tool in the assessment of fluid responsiveness.
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Dear Editor,

It was a great pleasure to read about the study of Ma et al. 
[1] which evaluates two relatively novel measures of fluid 
responsiveness, carotid blood flow (cBF) and corrected 
carotid flow time (ccFT, or “corrected CFT” as authors 
abbreviate). Both measures have been recently quoted 
as possibly useful, technically simple, and noninvasive 
dynamic tools in predicting fluid responsiveness [2, 3]. 
In this study, these metrics are compared to the widely 
accepted standard of cardiac output (CO) measurement. 
Of the two measures, cBF has been investigated over 
past years and remains potentially very valuable metric 
but may be more prone to measurement error due to 
variability associated with insonation angle [4]. Recently, 
more research interest has been focused on ccFT and, 
intrigued by the data presented in this study, we discuss 
here the impact of the data presented in the paper of Ma 
et al. to the significance of this metric as a potential tool 
in the assessment of fluid responsiveness.

The study of Ma et al. sheds a new light on the role of 
ccFT and is the first prospective clinical study to com-
pare ccFT with the gold standard of cardiac output meas-
urement, right heart catheterization (RHC). This study 
evaluated patients undergoing diagnostic RHC who were 

subjected to a passive leg raise maneuver (PLR) which 
mimics a fluid bolus and has been used to assess fluid 
responsiveness in shock [5]. Unfortunately, as there were 
no differences in CO with PLR, the authors evaluated the 
correlation of baseline ccFT with baseline CO measured 
by RHC and showed that ccFT measurements using three 
waveforms correlated significantly, but weakly, with CO. 
This is a novel finding but its relevance in determining 
whether the change in ccFT may help in detecting fluid 
responsiveness is probably very limited. In order to better 
comprehend the actual usefulness of corrected flow time, 
it is important to recognize both the limits of this study 
and the metric itself.

In this study, ccFT did not correlate well with cardiac 
output which is not surprising. Flow time is a proxy for 
left ventricular ejection time, which has classically been 
considered to represent a static hemodynamic measure, 
along with other “static” preload indices [6, 7], and thus 
has been shown not to be adequate measure to predict 
the change in cardiac output induced by fluid bolus. Nev-
ertheless, instead of looking at correlation of absolute 
values of ccFT with CO values, it may be the changes in 
this measures that may correlate better. Several studies 
have looked at the change of ccFT (∆ccFT) as a potential 
tool in the process of evaluation of fluid responsiveness 
and found that change in duration of ccFT in dehydrated 
patients receiving intravenous fluid resuscitation [2, 8, 9] 
or patients donating blood [10] may be helpful in fluid 
management in hypotensive patients. Physiologically, 
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with steady inotropy and fixed outflow surface area, the 
change in the relative duration of systole should cor-
relate with the stroke volume change [8]. Unlike mean 
arterial blood pressure or heart rate, ccFT may be influ-
enced even by small changes in left ventricle preload, 
as indicated by significant differences between pre- and 
post-passive leg-raise maneuver as shown in a study with 
normal volunteers [11]. Practically, the change in flow 
time (Ventricular Ejection Time, VET) has been used as 
in algorithms of noninvasive cardiac output monitors 
(NICOM, Cheetah medical, Newton Center, MA) [12].

There are several methodological concerns worth 
bringing up in order to separate a moderate correlation 
of average ccFT and cardiac output presented in the 
study of Ma et al. and possible usefulness of the change in 
ccFT in fluid resuscitation of patients in shock. Patients 
undergoing RHC who were evaluated in the study of Ma 
et  al. may have very little in common with the popula-
tion of fluid under-resuscitated patients in shock who are 
usually evaluated with PLR and where the role of ccFT 
has been recently discussed as possibly relevant [6]. The 
cohort selection and methodology raise concern that 
results of this study need to be interpreted with a caution 
when discussing usefulness of ccFT. None of the patients 
in studied cohort was hypotensive or was considered for 
fluid administration. Large portion of patients had sig-
nificant cardiac disease which could impact accuracy 
of both thermodilution-based cardiac output measure-
ment and the duration of ccFT [13, 14]. The lack of more 
clinical information about patients who participated 
in the study and had cardiac disease (basic echocardio-
graphic features of patients, filling pressures routinely 
obtained during RHC or indication for RHC) further 
limit the strength of any conclusion about the relation-
ship between ccFT and CO.

From the technical perspective, an interesting idea pre-
sented in the study of Ma et al. is an attempt to avoid the 
selection bias by averaging ccFT values of multiple (three) 
heart beats instead of taking a single value. Understand-
ing the impact of breathing on cardiac rhythm, this con-
cept is valid and important but the method may require 
further optimization as averaging should probably be 
taken in the context of respiratory cycle rather than ran-
domly selecting three beats.

There is a common agreement that the dynamic param-
eters have become a gold standard in fluid responsiveness 
assessment [15], but the search for an ideal test to pre-
dict fluid responsiveness continues. Determining fluid 
responsiveness in the future more precisely may need 
more than focusing on a single parameter but rather a 
set of dynamic parameters that could be used as a part 
of more comprehensive, composite metrics. The assess-
ment of change of ccFT deserves more research as it is a 

simple and easily obtained metric that may be used as a 
part of more comprehensive, composite measures, pos-
sibly along with carotid blood flow (cBF) to better deter-
mine fluid responsiveness in shock [7].

Abbreviations
∆ccFT: change in carotid corrected flow time; ccFT: carotid corrected flow 
time; CFT: carotid flow time; cBF: carotid blood flow; CO: cardiac output; LV: 
left ventricle; RHC: right heart catheterization; PLR: passive leg raise; VET: 
ventricular ejection time.

Authors’ contributions
IB, AC and MC are contributed in the preparation of the final version of manu‑
script. All authors read and approved the final manuscript.

Author details
1 Division of Pulmonary and Critical Care Medicine, David Geffen School 
of Medicine at University of California, Los Angeles, USA. 2 Department 
of Emergency Medicine, Olive View‑UCLA Medical Center, University of Califor‑
nia, Los Angeles, USA. 3 Department of Anesthesiology, David Geffen School 
of Medicine at University of California, Los Angeles, USA. 

Acknowledgements
None.

Competing interests
IB has received research funding from GE Healthcare and has been consulting 
with Cheetah. MC has received research funding and has been consulting 
with Edwards and Massimo®.

Availability of data and materials
Not applicable.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Funding
The authors have no source of funding for this review.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 31 July 2017   Accepted: 26 September 2017

References
	1.	 Ma IWY et al (2017) Correlation of carotid blood flow and corrected 

carotid flow time with invasive cardiac output measurements. Crit Ultra‑
sound J 9(1):10

	2.	 Blehar DJ, Glazier S, Gaspari RJ (2014) Correlation of corrected flow time 
in the carotid artery with changes in intravascular volume status. J Crit 
Care 29(4):486–488

	3.	 Marik PE et al (2013) The use of bioreactance and carotid Doppler to 
determine volume responsiveness and blood flow redistribution fol‑
lowing passive leg raising in hemodynamically unstable patients. Chest 
143(2):364–370

	4.	 de Waal KA (2012) The methodology of Doppler-derived central blood 
flow measurements in newborn infants. Int J Pediatr 2012:680162

	5.	 Monnet X et al (2016) The passive leg raising test to guide fluid removal 
in critically ill patients. Ann Intensive Care 6(1):46



Page 3 of 3Barjaktarevic et al. Crit Ultrasound J  (2017) 9:18 

	6.	 Mackenzie DC, Noble VE (2014) Assessing volume status and fluid 
responsiveness in the emergency department. Clin Exp Emerg Med 
1(2):67–77

	7.	 Lee JH et al (2007) Evaluation of corrected flow time in oesophageal 
Doppler as a predictor of fluid responsiveness. Br J Anaesth 99(3):343–348

	8.	 Reant P et al (2010) Systolic time intervals as simple echocardiographic 
parameters of left ventricular systolic performance: correlation with ejec‑
tion fraction and longitudinal two-dimensional strain. Eur J Echocardiogr 
11(10):834–844

	9.	 Shokoohi H et al (2017) The diagnostic utility of sonographic carotid flow 
time in determining volume responsiveness. J Crit Care 38:231–235

	10.	 Mackenzie DC et al (2015) Carotid flow time changes with volume status 
in acute blood loss. Ann Emerg Med 66(3):277–282

	11.	 Hossein-Nejad H et al (2017) Assessment of corrected flow time in carotid 
artery via point-of-care ultrasonography: reference values and the influ‑
ential factors. J Crit Care 40:46–51

	12.	 Mehta Y, Arora D (2014) Newer methods of cardiac output monitoring. 
World J Cardiol 6(9):1022–1029

	13.	 Ostergaard M et al (2005) Precision of bolus thermodilution cardiac out‑
put measurements in patients with atrial fibrillation. Acta Anaesthesiol 
Scand 49(3):366–372

	14.	 Alhashemi JA, Cecconi M, Hofer CK (2011) Cardiac output monitoring: an 
integrative perspective. Crit Care 15(2):214

	15.	 Cecconi M et al (2014) Consensus on circulatory shock and hemody‑
namic monitoring. Task force of the European Society of Intensive Care 
Medicine. Intensive Care Med 40(12):1795–1815


	Time to correct the flow of corrected flow time
	Abstract 
	Authors’ contributions
	References




