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To the Editor

The authorities in the domain of shock physiology, Vin-
cent and colleagues, have recently offered a concise per-
spective on intravenous fluid administration [1]. They
discuss the concept of the fluid challenge and offer a
practical clinical algorithm, but miss an opportunity to
underscore that cardiac output (CO) is a complex meas-
ure when interpreting the full effect of fluid provision.

Historically, fluid responsiveness (FR) has been defined
by change in cardiac output (CO=heart rate x stroke
volume) as CO is a key determinant of oxygen delivery
[1, 2]. Ignoring issues around measurement precision and
defining a true gold standard, we note that relying solely
on CO belies the fundamental physiology that stroke
volume is the closest clinically-available approximation
of the cardiac length-tension relationship. This point is
highlighted by a hypothetical example.

A patient in early septic shock has a heart rate (HR)
of 120 beats per minute (BPM), stroke volume (SV) of
51 mL and, therefore, a CO of 6.1 L per minute (L/min).
The patient is given 30 mL/kg of balanced crystalloid;
subsequently HR falls to 90 BPM and SV rises to 65 mL
resulting in a CO of 5.9 L/min. Was this patient harmed
by intravenous fluids? Is this patient ‘fluid unresponsive’
despite SV rising by over 25%?

An implicit, mathematical assumption of CO is that its
augmentation is beneficial independent of the relation-
ship between SV and HR; this may not be universally true.

This comment refers to the article available online at https://doi.org/10.1186/
$13054-020-03443-y.
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For example, the coronary circulation is perfused prefer-
entially during diastole. Therefore, diminishing HR aug-
ments diastolic time and subendocardial perfusion [3].
Accordingly, despite a calculated fall in cardiac output, the
patient above may have significantly increased ventricular
oxygen delivery with intravenous fluids, especially if there
is co-morbid coronary artery disease and/or ventricular
hypertrophy. These principles could partly explain recent
data associating diminished diastolic shock index (i.e., HR
divided by diastolic blood pressure) with improved out-
come [4]. In other words, low HR and high diastolic pres-
sure is a good prognosticator in septic shock.

Thus, because CO comprises two variables that may
diverge as a normal, adaptive response or following ben-
eficial therapy, relying on it as a lumped index of ‘fluid
responsiveness’ may mislead. Accordingly, clinicians and
researchers should rely not merely on CO as it may con-
ceal the effect of fluids on the cardiac length-tension, i.e.,
Frank-Starling, relationship.
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We would like to thank Drs Kenny and Barjaktarevic for
their comment about our paper on fluid challenge [1].
The authors are correct to indicate that stroke volume
(SV) should be the preferred index for evaluating fluid
responsiveness, rather than cardiac output (CO). As
indicted in the example provided by Kenny and Barjak-
tarevic, a patient can respond to fluids by increasing SV
and decreasing heart rate, so that CO may not increase.
However, if the goal of fluid administration is to increase
oxygen delivery (DO,), this will not be achieved by
increasing SV without an increase in CO. A decrease in
hemoglobin concentration due to a dilutional effect of a
large bolus of fluid may also limit the increase in DO,

Measurements of CO rather than SV also have some
practical advantages. First, the decrease in heart rate
can vary during a fluid challenge. In a study evaluating
fluid responsiveness in 491 critically ill patients [5], heart
rate decreased minimally in fluid responders and non-
responders, and the area under the receiver-operating
characteristic curve for changes in heart rate to detect
fluid response was only 0.53, i.e., hardly better than flip-
ping a coin. Second, measuring SV is challenging in fluid
responders who may have respiratory variations in SV
that decrease as fluid is administered [6]. As suggested
by Kenny and Barjaktarevic, in some cases, a reduction in
heart rate may protect coronary perfusion by prolonging
diastole, but prolonging diastole can also decrease dias-
tolic pressure. Increasing vasopressor support may be a
better option to increase coronary perfusion [7].

Perhaps, the most important message is that the man-
agement of critically ill patients is complex and cannot
be based on one variable only. Using SV to assess fluid
response is not wrong if one looks at the Frank—Starling
relationship, but ultimately the DO, is what matters for
the tissues.

Acknowledgements
None.

Authors’ contributions
JSKand IB contributed equally to the drafting of this letter. All authors read
and approved the final manuscript.

Funding
Not Applicable.

Page 2 of 2

Availability of supporting data
Not Applicable

Ethical Approval and Consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
JSK'is the cofounder and chief medical officer of Flosonics Medical. IB has
received grants and consulting fees for GE Healthcare.

Author details

! Health Sciences North Research Institute, 56 Walford Rd, Sudbury, ON P3E
2H2, Canada. % Division of Pulmonary and Critical Care, Department of Medi-
cine, David Geffen School of Medicine At UCLA, Los Angeles, CA, USA.

Received: 18 January 2021 Accepted: 8 February 2021
Published online: 15 March 2021

References

1. Vincent J-L, Cecconi M, De Backer D. The fluid challenge. Crit Care.
2020;24(1):703.

2. Diebel LN, Wilson RF, Tagett MG, et al. End-diastolic volume: a better
indicator of preload in the critically ill. Arch Surg. 1992;127(7):817-22.

3. Fokkema DS, VanTeeffelen JW, Dekker S et al. Diastolic time fraction as
a determinant of subendocardial perfusion. Am J Physiol Heart Circul
Physiol 2005.

4. Ospina-Tascén GA, Teboul J-L, Hernandez G, et al. Diastolic shock index
and clinical outcomes in patients with septic shock. Ann Intensiv Care.
2020;10:1-11.

5. Ait-Hamou Z, Teboul JL, Anguel N, Monnet X. How to detect a positive
response to a fluid bolus when cardiac output is not measured? Ann
Intensive Care 2019; 9:138.

6. Cecconi M, Hernandez G, Dunser M, Antonelli M, Baker T, Bakker J, Duran-
teau J, Einav S, Groeneveld ABJ, Harris T. Fluid administration for acute
circulatory dysfunction using basic monitoring: narrative review and
expert panel recommendations from an ESICM task force. Intensive Care
Med 2019;45:21-32.

7. Monnet X, Jabot J, Maizel J, Richard C, Teboul JL. Norepineph-
rine increases cardiac preload and reduces preload dependency
assessed by passive leg raising in septic shock patients. Crit Care Med
2011;39:689-694.

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



	Letter to the Editor: Stroke volume is the key measure of fluid responsiveness
	To the Editor
	Authors’ response
	Acknowledgements
	References


