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Transthoracic echocardiography and passive leg-raise maneuvers can be used to

assess preload responsiveness in the critically ill.
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Results
Characteristics and results of select studies on passive leg-raised induced changes in
cardiac output and its surrogates.

Reference Index Device % Responders r AUC (SEM) Sens Spec

Lamia et al1,
2007

cVTIAo TTE 54 0.83 0.96 (0.040) 77 100
cCO TTE 54 0.79

Maizel et al2,
2007

cSV% TTE 50 0.56 0.89 (0.059) 88 83
cCO% TTE 50 0.75

Biais et al3,
2009

cSV% (TTE) TTE 67 — 0.96 (0.030) 100 80

Preau et al4,
2010

cSV% TTE 41 — 0.94 (0.040) 86 90

Overall
(95% CIs)

— — 52.9 0.81 (0.75–0.86) 0.95 (0.92–0.97) 89.4 91.4

—, Not available; Sens, sensitivity; Spec, specificity; cVTIAo, passive leg raise–induced changes in aortic velocity-time
integral; cCO, passive leg raise–induced changes in cardiac output; TTE, transthoracic echocardiography; cSV,
passive leg raise–induced changes in stroke volume; CI, confidence interval.
Commentary

The passive leg raise maneuver is a
dynamic assessment of a patient’s
preload responsiveness through
augmentation of the Frank-Starling
curve, inducing a shift of venous
blood from the lower extremities
to the intrathoracic compartment.5

Hemodynamic optimization is a
priority in the management of criti-
cally ill patients, but there are
no clear guidelines to assess
fluid responsiveness.6 Furthermore,
recent changes in quality measures
and standards of care for sepsis
care have made the discussion of
fluid responsiveness increasingly
relevant. Passive leg raise man-
euvers in the meta-analysis by
Cavallaro et al7 show how noninva-
sive hemodynamic indicesmay be a
reasonable approach in emergency
department (ED) and ICU assess-
ments of fluid responsiveness and
cardiac output.8

The high correlation between
passive leg raise–induced cardiac
output changes and fluid load–
induced cardiac output changes
(overall r¼0.81) observed in pooled
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Quality Assessment Tool of
Diagnostic Accuracy Studies scale
to assess the quality of studies on
diagnostic accuracy was used,
scoring each included study from
0 to 14. Sensitivity analysis was not
needed because overall quality of
included studies was satisfactory,
with a median QUADAS score of
13 (range 12 to 14). Heterogeneity
was evaluated with Q and I2 tests
and regarded as significant when
P<.1 and I2 was greater than 50%.

DATA EXTRACTION AND
SYNTHESIS
Using a standardized form, 2 authors
independently extracted the
following: study setting, patient
population, use of inotropes or
vasopressors, ejection fraction,
ventilation mode, cardiac rhythm
(sinus versus arrhythmias), type and
amount of fluid infused, definition of
responders, instrument(s) used for
measuring index and cardiac output,
number of patients included,
number of fluid boluses
administered, number and
percentage of responders, mean
value (with SD) of the index in
responders and in nonresponders,
correlation coefficient (Spearman’s
or Pearson’s), sensitivity, specificity,
best threshold, and area under the
receiver operating characteristic
curve (AUC). First authors were
contacted to obtain additional
information when reported data
were not sufficient to perform the
planned statistical analysis.
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results suggests that passive leg raise
may be a feasible method of “auto-
transfusion,” safely and reversibly
testing Frank-Starling relationships in
a manner similar to that with intra-
venous fluids. Specific to emergency
physicians, a number of studies
evaluated transthoracic echocardi-
ography indices (ie, changes in
stroke volumeor cardiac output) as a
method for assessing hemodynamic
response to passive leg raise.

The correlation coefficients for
studies using ultrasonographic as-
sessments of hemodynamics were
closely tied with actual fluid bolus
effects on cardiac output, obtain-
ing r values exceeding 0.75 and
AUC values often greater than
0.94. Furthermore, the studies
were shown to have consistent
results despite inclusion of pa-
tients with arrhythmias or those
with a respiratory status of spon-
taneous breathing. Although the
meta-analysis examined a number
of hemodynamic indices, those
listed in the Table show how pas-
sive leg raise may be applicable to
the ED.

Editor’s Note: This is a clinical
synopsis, a regular feature of the
Annals’ Systematic Review Snapshot
(SRS) series. The source for this
systematic review snapshot is:
Cavallaro F, Sandroni C, Marano
C, et al. Diagnostic accuracy of
passive leg raising for prediction
of fluid responsiveness in
adults: systematic review and
meta-analysis of clinical studies.
Intensive Care Med. 2010;36:1475-
1483.

1. Lamia B, Ochagavia A, Monnet X, Chemla D,
Richard C, Teboul JL. Echocardiographic
prediction of volume responsiveness in
critically ill patients with spontaneously
breathing activity. Intensive Care Med.
2007;33:1125-1132.

2. Maizel J, Airapetian N, Lorne E, Tribouilloy C,
Massy Z, Slama M. Diagnosis of central
hypovolemia by using passive leg raising.
Intensive Care Med. 2007;33:
1133-1138.

3. Biais M, Vidil L, Sarrabay P, Cottenceau V,
Revel P, Sztark F. Changes in stroke volume
induced by passive leg raising in
spontaneously breathing patients:
comparison between echocardiography and
Vigileo/FloTrac device. Crit Care.
2009;13:R195.

4. Préau S, Saulnier F, Dewavrin F, Durocher A,
Chagnon JL. Passive leg raising is predictive
of fluid responsiveness in spontaneously
breathing patients with severe sepsis or
acute pancreatitis. Crit Care Med.
2010;38:819-825.

5. Monnet X, Rienzo M, Osman D, et al. Passive
leg raising predicts fluid responsiveness in
the critically ill. Crit Care Med.
2006;34:1402-1407.

6. Arbo JE, Ruoss SJ, Lighthall GK, et al.
Decision Making in Emergency Critical Care,
An Evidence-Based Handbook. Philadelphia,
PA: Lippincott Williams & Wilkins; 2014.

7. Cavallaro F, Sandroni C, Marano C, et al.
Diagnostic accuracy of passive leg raising for
prediction of fluid responsiveness in adults:
systematic review and meta-analysis of
clinical studies. Intensive Care Med.
2010;36:1475-1483.

8. Dinh VA, Ko HS, Rao R, et al. Measuring
cardiac index with a focused cardiac
ultrasound examination in the ED. Am J
Emerg Med. 2012;30:1845-1851.
Michael Brown, MD, MSc, and
Alan Jones, MD, serve as editors
of the SRS series.
Volume -, no. - : - 2015

http://refhub.elsevier.com/S0196-0644(15)01513-9/sref1
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref1
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref1
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref1
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref1
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref1
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref2
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref2
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref2
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref2
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref2
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref3
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref3
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref3
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref3
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref3
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref3
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref3
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref4
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref4
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref4
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref4
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref4
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref4
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref5
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref5
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref5
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref5
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref6
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref6
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref6
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref6
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref7
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref7
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref7
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref7
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref7
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref7
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref8
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref8
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref8
http://refhub.elsevier.com/S0196-0644(15)01513-9/sref8

	Is Passive Leg Raise an Accurate Diagnostic Method for Assessing Fluid Responsiveness in Adults?
	Results
	Commentary


