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Chapter 11

Predicting fluid responsiveness by 

passive leg raising: a systematic review 

and meta-analysis of 23 clinical trials
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Abstract
Introduction: Passive leg raising (PLR) creates a reversible increase in 
venous return allowing for the prediction of fluid responsiveness. 
However, the amount of venous return may vary in various clinical 
settings potentially affecting the diagnostic performance of PLR. 
Therefore, we performed a systematic meta-analysis determining 
the diagnostic performance of PLR in different clinical settings with 
exploration of patient characteristics, measurement techniques and 
outcome parameters.
Methods: A search of the PubMed database, EMBASE and the Co-
chrane Database of Systematic Reviews was performed for all full-
text publications in English with no restriction on publication date. 
Clinical trials were selected when PLR was performed in combination 
with a fluid challenge as gold standard to define fluid responders and 
non-responders. Trials were included if data were reported allowing 
the calculation of sensitivity, specificity, and area under the receiver 
operating characteristic curve (AUROC).
Results: Twenty three studies with a total of 1013 patients and 1034 
fluid challenges were included. The analysis demonstrated a pooled 
sensitivity of 86% (95% CI, 79%–92%), pooled specificity of 92% (95% 
CI, 88%–96%), and a summary AUROC of 0.95 (95% CI, 0.92–0.98). 
Mode of ventilation, type of fluid used, PLR starting position, and 
measurement technique did not affect the diagnostic performance of 
PLR. The use of changes in pulse pressure upon PLR showed a lower 
diagnostic performance when compared to PLR-induced changes 
in flow parameters such as cardiac output or its direct derivatives 
(sensitivity of 58% (95% CI, 44%–70%) and specificity of 83% (95% CI, 
68%–92%) vs. sensitivity of 85% (95% CI, 78%–90%) and specificity of 
92% (95% CI, 87%–94%) respectively, p < 0.001).
Conclusion: PLR retains a high diagnostic performance in various 
clinical settings and patient groups. The predictive value of a change 
in pulse pressure upon PLR is inferior to a PLR-induced change in a 
flow parameter.
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Introduction
Unnecessary fluid administration in the treatment of shock can in-
crease morbidity and mortality,1-3 whereas selective yet timely use of 
fluids has shown to be beneficial.4-7 The importance of adequate fluid 
therapy has received increasing attention in recent years to prevent 
both inadequate tissue blood flow and fluid overload. Nevertheless, 
accurate prediction when, to whom and how much fluid to administer 
remains extremely challenging, as only half of critically ill patients re-
spond to fluid loading with an increase in cardiac output called fluid 
responsiveness.8,9 Clinical signs as well as pressure and volumetric 
static parameters are unreliable predictors of fluid responsiveness 
preventing patient-tailored volume titration.10 Ventilator-induced 
dynamic parameters such as stroke volume variation and pulse 
pressure variation have shown to be accurate in predicting fluid re-
sponsiveness,11-17 but several requirements limit their use in critically 
ill patients such as a regular heart rhythm and controlled mechanical 
ventilation with tidal volumes > 8 ml/kg.9,18-20

To successfully predict fluid responsiveness, a change in preload 
needs to be created on one hand as well as measuring the subsequent 
changes in a physiological parameter such as cardiac output or a 
derivative like pulse pressure on the other hand.21 Passive leg raising 
(PLR) induces a rapid yet reversible increase in biventricular preload 
through an increase in venous return mimicking fluid administra-
tion.22,23 PLR has therefore been proposed as an attractive way to 
predict fluid responsiveness and showed good diagnostic accuracy in 
a prior meta-analysis of 9 studies with patients primarily suffering 
from circulatory failure due to sepsis.24 However, the PLR-induced in-
crease in venous return is dependent of the pressure gradient between 
the mean systemic filling pressure (MSFP) and right atrial pressure 
(RAP) limited by the venous resistance (Rv) according to Guyton’s 
principle.25 These variables may vary in different clinical settings, 
potentially limiting the predictive value of PLR. Furthermore, a fast 
response and direct measurement technique of the effect on cardiac 
output or its derivatives is needed. Although multiple measurement 
techniques and outcome parameters upon PLR are used in daily 
clinical practice, the diagnostic performance of each method remains 
unknown.
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In this meta-analysis, we investigate the available literature on PLR 
and fluid responsiveness to provide the physician with an overview 
of the predictive value of PLR in various clinical settings and patient 
groups. Additionally, we compared the diagnostic performance of 
different measurement techniques and outcome parameters upon 
PLR.

Methods
Identification of studies
A search of the PubMed database was performed for all full-text 
publications in English with no restriction on publication date using 
the following Medical Subject Headings and search terms: ‘passive 
leg raising’ OR ‘passive leg raise’ OR ‘passive leg elevation’ OR ‘passive 
leg movement’ OR ‘passive leg lifting’ to identify all clinical trials per-
formed in adults where PLR was used. Study selection was performed 
by two authors independently (T.C. and B.G.), with discrepancies 
resolved by a third party (A.H.). In addition, we searched EMBASE, 
the Cochrane Database of Systematic Reviews, and the references of 
all potentially eligible studies. We included all studies where 1) a fluid 
challenge was given as gold standard to delineate fluid responders 
from non-responders 2) PLR was performed 3) data was available to 
derive true positives/false positives/false negatives/true negatives to 
calculate sensitivity, specificity, and the area under the receiver op-
erating characteristic curve (AUROC). Authors were contacted when 
data was not sufficient for analysis.

Data extraction
For all included studies the following study characteristics po-
tentially influencing MSFP, RAP and/or Rv and thus the diagnostic 
performance of PLR were collected: the use of vasoactive medication, 
sepsis, ventilation mode, PLR starting position, cardiac rhythm and 
function, type and amount of fluid administered, technique used to 
measure cardiac output or a derivative, and the outcome parameter. 
When multiple techniques upon PLR were used in one study, the 
method employed for defining fluid responders following the fluid 
challenge was regarded as the primary technique. The outcome pa-
rameters were classified as ‘flow’ parameter, i.e. cardiac output or 
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its direct derivatives cardiac index, stroke volume (index) or aortic 
blood flow, or as ‘pressure’ parameter such as pulse pressure. A 
change in stroke volume and/or pulse pressure induced by PLR may 
predict fluid responsiveness following a comparable mechanism as 
stroke volume variation and/or pulse pressure variation induced by 
mechanical ventilation in that regard that both methods provoke 
a preload change, albeit PLR causes an increase in preload whereas 
mechanical ventilation generates a decrease in preload. Of all in-
cluded studies, the patient characteristics, year of publication, study 
design and population, number of patients, used cutoff value, and 
percentage of fluid responders were recorded. The meta-analysis was 
reported in adherence with the guidelines provided by the PRISMA 
statement.26

Statistical analysis
A fluid challenge was employed as statistical unit as multiple 
fluid challenges were used in some patients. Analyses of patients 
characteristics were performed using SPSS Statistics version 22.0 
(IBM Corporation, New York, NY, USA) with values given as mean ± 
standard deviation. For meta-analyses we used the HSROC model,27 a 
hierarchical meta-regression method that incorporates both sensitiv-
ity and specificity while taking into account the possible correlation 
between the two. The model assumes that there is an underlying 
summary ROC curve to the study results. From the model follow esti-
mates for this curve: the accuracy (in terms of diagnostic odds ratio, 
DOR), the threshold at which the tests are assumed to be working and 
the shape of the curve. The shape of the curve provides information 
about how the accuracy varies when the threshold varies. From these 
estimates, it is possible to derive an average sensitivity, specificity 
and AUROC with 95% confidence intervals (95% CI) using SAS version 
9.3 (SAS Institute Inc., Cary, NC, USA) and for the ease of interpreta-
tion we will present these. Heterogeneity was investigated by means 
of the I-square with potential sources of heterogeneity assessed by 
adding them as covariates to the HSROC model. Covariates added to 
the HSROC model are assumed to explain variation in the actual ac-
curacy (balance between sensitivity and specificity), in the threshold 
at which the tests operate, or on the shape of the curve. A p-value of ≤ 
0.05 between subgroups was considered statistically significant.
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Results
Study selection
The process of the study selection is illustrated in Figure 11.1. Up to 
June 2015, we identified 274 articles with 51 full-text English publica-
tions describing PLR in the context of fluid responsiveness of which 
28 studies were excluded because the diagnostic performance of PLR 
could either not be determined or was not investigated in combina-
tion with a fluid challenge as gold standard. All excluded articles 
are accessible and ordered by reason of rejection in the Electronic 

51 full-text articles 
assessed for eligibility

223 articles excluded

16 additional articles identified a�ter duplicate 
removal using Embase and Cochrane database

23 articles included

20 articles �luid challenge 
not used as gold standard

28 articles excluded

12 articles non-English 

40 articles review/editorial 274 articles screened

17 articles comment/letter

9 articles PLR used for 
cerebrospinal evaluation

131 articles PLR used for 
cardiovascular evaluation  

9 articles in non-adult men 

5 articles PLR used for 
musculoskeletal evaluation

258 articles identified using PubMed database

7 articles no data to 
calculate PLR performance

1 article patients enrolled in 
other included study

Figure 11.1 Flow chart of study 
selection and inclusion with no 
restriction on publication date.
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Supplemental Files. Finally, a total of 23 studies were included in this 
meta-analysis.28-50

Study characteristics
The quality of the included studies were assessed by QUADAS-2 
available in the Electronic Supplemental Files,51 while study charac-
teristics are described in Table 11.1. In total, 1034 fluid challenges were 
given with the most frequent indication being circulatory failure in 
the setting of sepsis, while two studies used multiple fluid challenges 
in some patients.33,39 PLR was executed with the lower limbs lifted 
in a straight manner to an angle of 45º, mostly performed from the 
semi-recumbent starting position. Different types of fluids were ad-
ministered, namely saline, colloid or gelatine, yet always 500 ml with 
time of infusion between 10 and 30 minutes. All studies were prospec-
tively performed in the Intensive Care Unit (ICU) except for one study 
executed in the Department of Anesthesiology and Obstetrics,48 one 
study in the Emergency Department,50 and one retrospective ICU 
study using an electronic chart review.45

Patient characteristics
The characteristics of the patients are given in Table 11.2. Altogether, 
1013 patients with a mean age of 59 ± 9 years were included who were 
mostly in sinus rhythm with an average cardiac output of 5.5 ± 1.2 L/
min. Most patients were considered to suffer from inadequate tissue 
perfusion based on haemodynamic parameters such as systolic blood 
pressure below 90 mmHg in combination with several clinical fea-
tures such as decreased urine production, cold extremities and skin 
mottling. More than half (56%) of patients required vasopressors, in 
line with the high fraction of patients suffering from sepsis (57%).

Measurement techniques and outcome parameters
An overview of measurement techniques and outcome parameters is 
depicted in Table 11.3. Four methods were used as primary measure-
ment technique for the fluid challenge as gold standard in combina-
tion with PLR: esophageal Doppler, transthoracic echocardiography, 
calibrated pulse contour analysis and bioreactance. All primary 
methods measured a flow parameter as outcome, i.e. cardiac output 
or its direct derivatives cardiac index, stroke volume (index) or aortic 
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blood flow. As cutoff value to discriminate fluid responders from 
non-responders generally an increase of 15% was chosen, resulting in 
53 ± 12% of patients responding to a fluid challenge. In multiple stud-
ies, a secondary and sometimes third, albeit mostly experimental, 
measurement technique and outcome parameter was used, but only 
one method was applied more than once namely the arterial blood 
pressure transducer measuring pulse pressure as outcome.

Global diagnostic performance of PLR
The pooled sensitivity and specificity from all 23 studies using the 
primary measurement techniques was 86% (95% CI, 79%–92%) and 

Author Year N Patient population Ventilation mode Starting position Fluid type Time

Monnet (28) 2006 71 Circulatory failure (mostly sepsis) Mixed Semi-recumbent Saline 10

Lafanechère (29) 2006 22 Circulatory failure (mostly sepsis) Controlled MV Supine Saline –

Lamia (30) 2007 24 Circulatory failure (mostly sepsis) Spontaneous Semi-recumbent Saline 15

Maizel (31) 2007 34 Circulatory failure Spontaneous Supine Saline 15

Monnet (32) 2009 34 Circulatory failure (mostly sepsis) Mixed Semi-recumbent Saline 10

Thiel (33) 2009 102 Circulatory failure (mostly sepsis) Mixed Semi-recumbent Any –

Biais (34) 2009 30 General ICU patient Spontaneous Semi-recumbent Saline 15

Préau (35) 2010 34 Circulatory failure (mostly sepsis) Spontaneous Semi-recumbent Colloid 30

Lakhal (36) 2010 102 Circulatory failure (mostly sepsis) Controlled MV Supine Gelatine 30

Benomar (37) 2010 75 Post cardiac surgery Mixed Semi-recumbent Colloid 15

Monnet (38) 2011 25 Septic shock Mixed Semi-recumbent Saline 10

Guinot (39) 2011 25 Venovenous ECMO Controlled MV Semi-recumbent Saline 15

Monnet (40) 2012 54 Circulatory failure (mostly sepsis) Controlled MV Semi-recumbent Saline 20

Dong (41) 2012 32 Severe sepsis Mixed Semi-recumbent Colloid 30

Monge García (42) 2012 37 Circulatory failure (mostly sepsis) Controlled MV Semi-recumbent Colloid 30

Monnet (43) 2012 39 Circulatory failure (mostly sepsis) Controlled MV Semi-recumbent Saline 30

Fellahi (44) 2012 25 Post cardiac surgery Controlled MV Semi-recumbent Colloid 15

Marik (45) 2013 34 Circulatory failure (mostly sepsis) Mixed Semi-recumbent Saline 10

Monnet (46) 2013 40 Circulatory failure (mostly sepsis) Controlled MV Semi-recumbent Saline 30

Saugel (47) 2013 24 General ICU patient Spontaneous Semi-recumbent Saline 30

Brun (48) 2013 23 Severe preeclampsia with oliguria Spontaneous Semi-recumbent Saline 15

Kupersztych (49) 2013 48 Circulatory failure (mostly sepsis) Mixed Semi-recumbent Saline 10

Duus (50) 2014 100 At discretion of physician Spontaneous Semi-recumbent Saline –

Table 11.1 Main characteristics of included studies

Abbreviations: ECMO = extracorporeal membrane oxy-
genation; ICU = intensive care unit; MV = mechanical 
ventilation; N = number of fluid challenges in combina-
tion with passive leg raise, Time = time of fluid infusion 
in minutes.
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92% (95% CI, 88%–96%) respectively, with a sum-
mary AUROC of 0.95 (95% CI, 0.92–0.98) displayed 
in Figure 10.2. Seventeen studies (74%) took place 
in France, and no difference was seen in diagnostic 
performance of PLR compared to the other six 
studies (p = 0.10). When studies were divided in 
older (till 2010) vs. newer (from 2011) studies, no 
difference was seen in diagnostic performance 
either (p = 0.73). The I-square amounted to 50,9% for 
sensitivity and 35,3% for specificity.

Author n Age Male Sepsis Vaso SR HR MAP CO SVR

Monnet (28) 71 58 ± 16 44 (62%) 46 (65%) 36 (51%) 60 (85%) 103 ± 23 74 ± 18 3.3 1552

Lafanechère (29) 22 69 13 (59%) 13 (59%) 21 (95%) 22 (100%) 101 71 3.4 1435

Lamia (30) 24 65 ± 15 13 (54%) 18 (75%) 12 (50%) 18 (75%) 95 ± 26 67 ± 9 6.0 ± 1.7 760

Maizel (31) 34 61 ± 17 19 (56%) – – 34 (100%) 90 ± 21 75 ± 20 5.0 ± 1.4 1040

Monnet (32) 34 – – 32 (94%) 23 (68%) 23 (68%) 107 ± 27 68 4.9 955

Thiel (33) 102 59 ± 15 51 (57%) 54 (61%) 52 (58%) 73 (82%) 96 ± 20 71 ± 13 7.4 ± 2.8 681

Biais (34) 30 55 ± 17 21 (70%)  7 (23%) 0 (0%) – 78 82 6.0 933

Préau (35) 34 53 ± 19 19 (56%) 28 (82%)  5 (15%) 34 (100%) 101 ± 21 77 ± 14 5.0 1063

Lakhal (36) 102 59 ± 16 72 (71%) 52 (51%) 94 (92%) 102 (100%) 97 ± 23 71 ± 13 6.0 ± 2.3 800

Benomar (37) 75 66 ± 11 52 (72%) 0 (0%) 27 (36%) – 88 ± 18 – 4.2 ± 1.0 –

Monnet (38) 25 62 ± 13 13 (52%) 25 (100%) 25 (100%) – 103 ± 19 71 ± 7 5.4 1722

Guinot (39) 25 – 11 (65%) –  4 (24%) – 95 76 5.7 940

Monnet (40) 54 63 ± 12 33 (61%) 44 (81%) 41 (76%) 54 (100%) 87 ± 18 73 ± 21 6.3 800

Dong (41) 32 59 ± 14 21 (66%) 32 (100%) – 32 (100%) 96 ± 22 73 ± 13 5.8 967

Monge García (42) 37 64 ± 13 16 (43%) 26 (70%) 28 (76%) 37 (100%) 98 ± 23 77 ± 13 5.9 ± 2.3 1203 ± 482

Monnet (43) 39 – – 28 (72%) 25 (64%) 39 (100%) 93 ± 24 73 ± 18 6.1 826

Fellahi (44) 25 64 ± 13 17 (68%) 0 (0%)  8 (32%) 25 (100%) 71 ± 15 63 ± 9 3.6 1289

Marik (45) 34 64 ± 10 18 (53%) 22 (65%) 21 (62%) 34 (100%) – – – –

Monnet (46) 40 60 ± 14 37 (57%) 59 (91%) 63 (97%) 33 (83%) 96 ± 19 69 ± 14 5.2 904

Saugel (47) 24 60 17 (71%) 2 (8%)  9 (38%) 24 (100%) 102 81 7.6 738

Brun (48) 23 28 0 (0%) 0 (0%) 17 (74%) – 87 101 6.4 1138

Kupersztych (49) 48 – 28 (58%) 40 (83%) 32 (67%) 46 (96%) 92 ± 21 80 ± 13 6.7 841

Duus (50) 100 49 ± 18 31 (31%) 0 (0%) 0 (0%) – 80 ± 15 90 – –

Table 11.2 Main baseline patient characteristics

Abbreviations: CO = cardiac output in L/min (when not reported de-
rived from stroke volume × heart rate or from body surface area × car-
diac index; HR = heart rate in beats/min; MAP = mean arterial pres-
sure in mmHg (when not reported derived from systolic pressure + (2 
× diastolic pressure) / 3; n = number of patients undergoing passive leg 
raising and a fluid challenge; SR = sinus rhythm; SVR = systemic vascular 
resistance in dyn·s·cm−5 (when not reported derived from MAP − 10/
CO); Vaso = vasopressor use.
Data are given as the mean ± SD or number with the percentage in 
parentheses. When not reported or in case of a derived haemodynamic 
parameter, no standard deviation is given.
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Author Method 1 Outcome 1 Cutoff FR Method 2 Outcome 2 Method 3 Outcome 3

Monnet (28) Esophageal Doppler ABF 15% 52 ABP transducer PP

Lafanechère (29) Esophageal Doppler ABF 15% 45

Lamia (30) Echocardiography SVI 15% 54

Maizel (31) Echocardiography CO 12% 50 Echocardiography SV

Monnet (32) Pulse contour CI 15% 68 ABP transducer PP

Thiel (33) Echocardiography SV 15% 46

Biais (34) Echocardiography SV 15% 67 Pulse contour* SV

Préau (35) Echocardiography SV 15% 41 ABP transducer PP Femoral Doppler FBF

Lakhal (36) Pulse contour CO 10% 42 ABP transducer PP

Benomar (37) Bioreactance CO 9% 49

Monnet (38) Pulse contour CI 15% 88

Guinot (39) Echocardiography SV 15% 52 Echocardiography CO

Monnet (40) Pulse contour CI 15% 56

Dong (41) Pulse contour SVI 15% 69 CV catheter CVP

Monge García (42) Esophageal Doppler CO 15% 57 ABP transducer PP Gas analyser tube pEtCO2

Monnet (43) Pulse contour CI 15% 44

Fellahi (44) Pulse contour CI 15% 56 Endo. bioimpedance CI

Marik (45) Bioreactance SVI 10% 53 Carotid Doppler CBF

Monnet (46) Pulse contour CI 15% 53 ABP transducer PP Capnography EtCO2

Saugel (47) Pulse contour CI 15% 29 ABP transducer MAP Pulse contour CPI

Brun (48) Echocardiography SVI 15% 52 Brachial cuff PP

Kupersztych (49) Pulse contour CI 15% 40 Bioreactance CI

Duus (50) Bioreactance SV 10% 64

Table 11.3 Overview of measurement techniques and outcome parameters

Abbreviation: ABF = aortic blood flow; ABP = arterial blood pressure; CBF = carotid blood flow; CI = cardiac 
index; CO = cardiac output; CPI = cardiac power index; Cutoff = set percentage of increase in outcome 
parameter following the fluid challenge to define fluid responders; CV = central venous; CVP = central ve-
nous pressure; Echocardiography = transthoracic echocardiography; Endo. = endotracheal; EtCO2 = end-tidal 
carbon dioxide; FBF = femoral blood flow; MAP = mean arterial pressure; Method 1 = primary measurement 
technique for fluid challenge as gold standard in combination with passive leg raising; Method 2 = secondary 
measurement technique upon passive leg raising; Method 3 = third measurement technique upon passive 
leg raising; Outcome 1 = primary outcome parameter; Outcome 2 = outcome parameter of secondary mea-
surement technique; Outcome 3 = outcome parameter of third measurement technique; pEtCO2 = partial 
end-tidal carbon dioxide; PP = pulse pressure; Pulse contour = calibrated pulse contour analysis, FR = fluid 
responders in percentage; SV = stroke volume; SVI = stroke volume index. *uncalibrated.
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Subgroup comparisons
The diagnostic performance of PLR was similar in spontane-
ously breathing patients vs. controlled mechanically ventilated 
patients (p = 0.10). Furthermore, no difference was observed 
when PLR was performed from the supine starting position 
vs. the semi-recumbent position (p = 0.33). When saline fluid 
challenges were used compared to other fluid types, no effect 
on diagnostic performance of PLR was seen (p = 0.36). No com-
parison between regular heart rhythm vs. arrhythmia could be 
made as the vast majority of patients in the included studies 
were in sinus rhythm.
The primary measurement techniques obtaining a flow parame-
ter as outcome showed no difference in diagnostic performance 
(Table 11.4). PLR-induced changes in flow parameters showed a 
sensitivity of 85% (95% CI, 78%–90%) and a specificity of 92% 
(95% CI, 87%–94%). The use of changes in pulse pressure upon 
PLR showed a sensitivity of 58% (95% CI, 44%–71%) and a speci-
ficity of 83% (95% CI, 68%–92%). Changes in pulse pressure upon PLR 
exhibited a lower diagnostic performance compared to PLR-induced 
changes in flow parameters (p < 0.001).

Discussion
We found 23 studies with a combined total of 1013 patients in a wide 
diversity of clinical settings. The global predictive value of PLR was 
strong with a pooled sensitivity of 86%, specificity of 92% and a sum-
mary AUROC of 0.95. The diagnostic performance of PLR was unaf-
fected by ventilation mode, type of fluid used, PLR starting position, 
or technique measuring the change in flow induced by PLR. However, 
changes in pulse pressure upon PLR were inferior in predicting fluid 
responsiveness compared to changes in flow parameters. Our meta-
analysis shows that PLR is a reliable predictor of fluid responsiveness 
and can be used in a variety of clinical settings as long as the PLR 
effects are assessed by a direct measure of cardiac output.
The passive 45º raising of straightened legs was originally used by clini-
cians to assess lumbar nerve root compression and hamstring muscle 
length. Already in 1965, Thomas and Shillingford demonstrated the 
effect of PLR on cardiac output.52 Since 1982 PLR has been described 

Figure 11.2. All 23 studies plotted in a summary re-
ceiver operating characteristics curve with the circle 
size representing the number of patients in each study. 
All studies used a flow parameter as primary outcome, 
i.e. cardiac output or its direct derivatives cardiac index, 
stroke volume (index) or aortic blood flow. The pooled 
sensitivity is 86% (95% CI, 79%–92%), pooled specific-
ity 92% (95% CI, 88%–96%), with a summary AUROC of 
0.95 (95% CI, 0.92–0.98).
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as a method to induce a reversible ‘autotransfu-
sion’,53 but has later been removed from cardio-
pulmonary resuscitation guidelines. Boulain et 
al. was the first to document the usefulness of 
PLR to predict fluid responsiveness,22 generating 
growing interest in PLR as only half of critically 
ill patients turn out to be fluid responders,8,9 in 
correspondence with the observed prevalence of 
53% in this meta-analysis.
Although PLR offers a reversible and thus at-
tractive tool to augment cardiac preload within 
a minute,54 the exact amount of increase in 
venous return is unpredictable. The reported 
amount of volume ‘autotransfused’ by PLR 
ranges from 250–350 ml.29,55,56 When using the 
semi-recumbent starting position, PLR induces 
the transfer of a larger blood volume compared 

to the supine starting position,57 since not only venous blood from the 
legs but also from the large splanchnic compartment is mobilised. 
However, we did not find a difference in diagnostic performance of 
PLR between the semi-recumbent and supine position, nor did an 
earlier smaller meta-analysis.24 It is important to consider that the ef-
fect of PLR is not only dependent on the amount of recruited volume, 
but on other factors as well as demonstrated by the wide variety of 
stroke volume responses upon PLR in healthy volunteers.58 Central 
volume status, norepinephrine, and propofol have demonstrated to 
influence the degree of preload dependency, and subsequently the 
effect of PLR.38,59,60 In case of intra-abdominal hypertension, pos-
sibly provoking increased resistance to venous return,61 PLR seems 
inaccurate in predicting fluid responsiveness.62 Although in this 
meta-analysis a good performance of PLR was seen in a study with 
pregnant women,48 another study with a high percentage of patients 
with decompensated liver cirrhosis and ascites with a subsequent 
greater likelihood of increased intra-abdominal pressures found a 
poor performance of PLR.47

No difference in diagnostic performance of PLR was seen in spon-
taneously breathing patients compared to controlled mechanically 
ventilated patients. Mechanical ventilator-induced dynamic param-

Technique N studies N fluids Sensitivity Specificity AUROC

Esophageal Doppler 3 130 96 (84–99) 92 (77–97) 0.96

Echocardiography 7 272 79 (68–87) 91 (86–95) 0.88

Pulse contour analysis 10 423 84 (77–89) 92 (87–95) 0.92

Bioreactance 3 209 84 (67–93) 86 (68–94) 0.89

Table 11.4 Comparison of the primary measurement 
techniques measuring flow parameters

Abbreviations: Echocardiography = transthoracic echo-
cardiography; N fluids = number of fluid challenges in 
combination with passive leg raise; N studies = number 
of studies.
When calibrated pulse contour analysis was used as 
reference, applied in 10 studies and consequently the 
most frequent applied measurement technique, no sig-
nificant differences were found compared to esopha-
geal Doppler (p = 0.43), transthoracic echocardiography 
(p = 0.69), and bioreactance (p = 0.37).
Data are given as mean with 95% CI in parentheses.
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eters such as pulse pressure variation and stroke volume variation 
have shown to be unreliable predictors of fluid responsiveness in 
the setting of spontaneous breathing,8 so PLR-induced changes in 
cardiac output or stroke volume can be used instead in this patient 
population. One would expect that arrhythmia has no effect on 
the diagnostic performance of PLR either, since the effect of PLR is 
measured over multiple heartbeats and multiple breaths probably 
nullifying potential distorting effects of arrhythmia and spontaneous 
breathing respectively. However, in contrast to an earlier report,24 no 
conclusions can be drawn from this meta-analysis as only a small por-
tion of patients experienced arrhythmia in the included 23 studies.
Although Trof et al. showed that fluid loading using colloids results 
in a greater cardiac response after 90 minutes,63 the type of fluids used 
for the volume challenge did not affect the diagnostic performance 
of PLR. As the time of infusion was between 10 and 30 minutes 
after which the effect on the outcome parameter was measured, no 
large differences were to be expected between saline and other fluid 
types. Interestingly, in the studies used in the meta-analyses on fluid 
responsiveness prediction by central venous pressure, stroke volume 
variation, pulse pressure variation and systolic pressure variation, 
mostly colloids were used in contrast with this meta-analysis.8,64 In 
light of the recent literature on the association between adverse ef-
fects and colloids,65 crystalloids are preferred when assessing the 
diagnostic performance of PLR.
A fast response and direct measurement technique of cardiac output 
or its derivatives is necessary to assess the effect of PLR. Although 
PLR induces an increase in cardiac preload with its maximum effect 
at approximately one minute, the effect is not sustained and vanishes 
completely when the legs are returned to the horizontal position.66 
Thus the haemodynamic effects of PLR must be assessed during a 
time frame of 30–90 seconds with a fast responding method. All 23 
studies used fast responding techniques as primary method and we 
did not found a difference between the four measurement techniques. 
The use of transthoracic echocardiography can be limited by varying 
acoustic windows and its non-continuous nature. Especially obtain-
ing apical views for stroke volume determination may prove an ordeal 
in ICU patients, with reported problematic views up to 40% suggest-
ing carotid Doppler as an alternative.67 Indeed, the two studies in 
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this meta-analysis examining carotid Doppler and femoral Doppler 
showed a good diagnostic performance of PLR.35,45 The three studies 
using esophageal Doppler showed comparable results,28,29,42 with this 
technique being user dependent as well while probe repositioning 
may be necessary.68 Bioreactance was used in four studies in this 
meta-analysis with three studies demonstrating good diagnostic 
performance of PLR,37,45,50 and one study reporting an AUROC not 
significantly different from 0.5.49 Unfortunately, the latter study could 
not be included in our evaluation on the performance of bioreactance 
as the published data was not sufficient for analysis and additional 
data was not provided upon request. These missing data could have 
influenced the diagnostic performance of bioreactance. Pulse contour 
analysis, preceded by calibration using thermodilution, was the most 
frequent applied measurement technique, demonstrating good re-
sults in a variety of clinical settings.
Pulse pressure changes upon PLR had a lower diagnostic performance 
than changes in cardiac output and its direct derivatives which is in 
accordance with the literature.24 This can be explained by the fact 
that PLR normally exhibits no effect on blood pressure and heart rate 
through the counterbalancing increase in cardiac preload and dilata-
tion of peripheral arteries.69 However, when arterial baroreceptors 
are stimulated, for example through pain, arterial compliance can 
change causing pulse pressure to inaccurately reflect stroke volume.70 
It is therefore important to avoid any pain-induced sympathetic 
stimulation that can result in erroneous interpretation of the hae-
modynamic effects of PLR. Furthermore, pulse pressure has shown 
to poorly reflect stroke volume during sepsis due to an increase in 
total arterial compliance.71,72 As PLR usually does not affect heart rate, 
the change in stroke volume or aortic blood flow can be attained as 
suitable alternative to cardiac output. Interestingly, promising re-
sults have been achieved using changes in (partial) end-tidal carbon 
dioxide demonstrating good diagnostic performance predicting fluid 
responsiveness upon PLR as well.42, 46

PLR cannot be implemented in every clinical setting and specific 
rules should be followed when performing PLR.73 Evidently, in pa-
tients after amputations, hip or extensive lower leg surgery and some 
gynecological and urological operations, PLR is either not possible 
or painful. Moreover, PLR can be cumbersome to perform during 
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surgery as it may interfere with the ongoing procedure. Furthermore, 
PLR should be avoided in patients with head trauma since it can 
increase intracranial pressure. Additionally, keeping the thorax in the 
horizontal position, and not lower, may reduce the risk of gastric in-
halation. Care should be taken to maintain the pressure transducers, 
when used, at heart level during the PLR maneuver. Finally, PLR may 
interfere with the measurement technique used, mostly echocardiog-
raphy or esophageal Doppler.
Some limitations should be discussed. No definition on fluid re-
sponsiveness was available until recently.10 The use of different cutoff 
values as well as different measurement techniques and outcome 
parameters to determine fluid responsiveness created heterogeneity 
in the combined included studies. We have not formally investigated 
the presence of publication bias as the necessary tests are not valid 
for meta-analyses of diagnostic accuracy studies, while the existence 
of publication bias has not yet been shown for systematic reviews 
covering diagnostic test accuracy.74,75 Furthermore, the number of 
23 included studies sometimes led to small subgroups prohibiting 
further analysis. Therefore specific trials are needed if the predictive 
value of PLR is to be demonstrated in certain patient populations. 
Since we only included studies performed in adults, no statement 
can be made about the predictive value of PLR in children using this 
meta-analysis. However, recent literature suggests that PLR may be a 
useful predictor of fluid responsiveness in children as well.76 Finally, 
studies on outcome using PLR to guide fluid administration in the 
ICU are of the utmost importance, but are regrettably still lacking.

Conclusion
This systematic review and meta-analysis provides a large dataset 
on PLR and its predictive value on fluid responsiveness. Our results 
show that PLR is a reliable tool to predict fluid responsiveness in 
various clinical settings, provided that the PLR effects are determined 
by a fast and direct measurement technique of cardiac output or its 
derivatives. PLR can be considered as a substitute of the classic fluid 
challenge without the risk of fluid overload.



11

204 

Part iv Future Perspectives

References
1. Holte K, Kehlet H. Fluid therapy and surgical outcomes 

in elective surgery: a need for reassessment in fast-
track surgery. J Am Coll Surg 2006; 202: 971–989.

2. Wiedemann HP, Wheeler AP, Bernard GR, Thompson 
BT, Hayden D, deBoisblanc B, Connors AF Jr, Hite RD, 
Harabin AL. Comparison of two fluid-management 
strategies in acute lung injury. N Engl J Med 2006; 354: 
2564–2575.

3. Boyd JH, Forbes J, Nakada TA, Walley KR, Russell JA. 
Fluid resuscitation in septic shock: a positive fluid 
balance and elevated central venous pressure are as-
sociated with increased mortality. Crit Care Med 2011; 
39: 259–265.

4. Nisanevich V, Felsenstein I, Almogy G, Weissman C, 
Einav S, Matot I. Effect of intraoperative fluid man-
agement on outcome after intraabdominal surgery. 
Anesthesiology 2005; 103: 25–32.

5. Bundgaard-Nielsen M, Secher NH, Kehlet H. ‘Liberal’ 
vs. ‘restrictive’ perioperative fluid therapy--a critical 
assessment of the evidence. Acta Anaesthesiol Scand 
2009; 53: 843–851.

6. Holte K, Klarskov B, Christensen DS, Lund C, Nielsen 
KG, Bie P, Kehlet H. Liberal versus restrictive fluid 
administration to improve recovery after laparoscopic 
cholecystectomy: a randomized, double blind study. 
Ann Surg 2004; 240: 892–899.

7. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, 
Knoblich B, Peterson E, Tomlanovich M. Early goal-
directed therapy in the treatment of severe sepsis and 
septic shock. N Engl J Med 2001; 345: 1368–1377.

8. Marik PE, Cavalazzi R, Vasu T, et al: Dynamic changes 
in arterial waveform derived variables and fluid 
responsiveness in mechanically ventilated patients: 
a systematic review of the literature. Crit Care Med 
2009; 37:2642–2647

9. Michard F, Teboul JL. Predicting fluid responsiveness in 

ICU patients: a critical analysis of the evidence. Chest 
2002; 121: 2000–2008.

10. Cherpanath TG, Aarts LP, Groeneveld AB, Geerts 
BF. Defining fluid responsiveness: a guide to patient-
tailored volume titration. J Cardiothorac Vasc Anesth 
2014; 28: 745–754.

11. Yazigi A, Khoury E, Hlais S, Madi-Jebara S, Haddad F, 
Hayek G, Jabbour K. Pulse pressure variation predicts 
fluid responsiveness in elderly patients after coronary 
artery bypass graft surgery. J Cardiothorac Vasc Anesth 
2012; 26: 387–390.

12. Monge García MI, Gil Cano A, Diaz Monrove JC. Arte-
rial pressure changes during the Valsalva maneuver to 
predict fluid responsiveness in spontaneously breath-
ing patients. Intensive Care Med 2009; 35: 77–84.

13. Feissel M, Badie J, Merlani PG, Faller JP, Bendjelid K. 
Pre-ejection period variations predict the fluid respon-
siveness of septic ventilated patients. Crit Care Med 
2005; 33: 2534–2539.

14. Derichard A, Robin E, Tavernier B, Costecalde M, 
Fleyfel M, Onimus J, Lebuffe G, Chambon JP, Vallet 
B. Automated pulse pressure and stroke volume 
variations from radial artery: evaluation during major 
abdominal surgery. Br J Anaesth 2009; 103: 678–684.

15. Biais M, Bernard O, Ha JC, Degryse C, Sztark F. 
Abilities of pulse pressure variations and stroke volume 
variations to predict fluid responsiveness in prone po-
sition during scoliosis surgery. Br J Anaesth 2010; 104: 
407–413.

16. Suehiro K, Okutani R. Stroke volume variation as a pre-
dictor of fluid responsiveness in patients undergoing 
one-lung ventilation. J Cardiothorac Vasc Anesth 2010; 
24: 772–775.

17. Lei H, Zhang WX, Cai WX, Luo H, Chen YQ, Zhang S. 
The role of stroke volume variation in predicting the 



11

Meta-analysis on passive leg raising

205 

volume responsiveness of patients with severe sepsis 
and septic shock. Chin J Emerg Med 2010; 19: 916–920.

18. Hofer CK, Muller SM, Furrer L, Klaghofer R, Genoni M, 
Zollinger A. Stroke volume and pulse pressure varia-
tion for prediction of fluid responsiveness in patients 
undergoing off-pump coronary artery bypass grafting. 
Chest 2005; 128: 848–854.

19. De Backer D, Heenen S, Piagnerelli M, Koch M, Vincent 
JL. Pulse pressure variations to predict fluid responsive-
ness: influence of tidal volume. Intensive Care Med 
2005; 31: 517–523.

20. Reuter DA, Bayerlein J, Goepfert MS, Weis FC, Kilger 
E, Lamm P, Goetz AE. Influence of tidal volume on left 
ventricular stroke volume variation measured by pulse 
contour analysis in mechanically ventilated patients. 
Intensive Care Med 2003; 29: 476–480.

21. Cherpanath TG, Geerts BF, Lagrand WK, Schultz MJ, 
Groeneveld AB. Basic concepts of fluid responsiveness. 
Neth Heart J 2013; 21: 530–536.

22. Boulain T, Achard JM, Teboul JL, Richard C, Perrotin D, 
Ginies G. Changes in BP induced by passive leg raising 
predict response to fluid loading in critically ill patients. 
Chest 2002; 121: 1245–1252.

23. Caille V, Jabot J, Belliard G, Charron C, Jardin F, 
Vieillard-Baron. Hemodynamic effects of passive leg 
raising: an echocardiographic study in patients with 
shock. Intensive Care Med 2008; 34: 1239–1245.

24. Cavallaro F, Sandroni C, Marano C, La Torre G, Man-
nocci A, De Waure C, Bello G, Maviglia R, Antonelli. 
Diagnostic accuracy of passive leg raising for predic-
tion of fluid responsiveness in adults: systematic 
review and meta-analysis of clinical studies. Intensive 
Care Med 2010; 36: 1475–1483.

25. Guyton AC. Textbook of medical physiology. 1991; 8th 
edition: page 221–233.

26. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred 
reporting items for systematic reviews and meta-
analyses: the PRISMA statement. BMJ 2009; 339: 2525.

27. Rutter CM, Gatsonis CA. A hierarchical regression 
approach to meta-analysis of diagnostic test accuracy 
evaluations. Stat Med 2001; 20: 2865–2884.

28. Monnet X, Rienzo M, Osman D, Anguel N, Richard C, 
Pinsky MR, Teboul JL. Passive leg raising predicts fluid 
responsiveness in the critically ill. Crit Care Med 2006; 
34: 1402–1407.

29. Lafanechère A, Pène F, Goulenok C, Delahaye A, Mallet 
V, Choukroun G, Chiche JD, Mira JP, Cariou A. Changes 
in aortic blood flow induced by passive leg raising 
predict fluid responsiveness in critically ill patients. Crit 
Care 2006; 10: R132.

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

31. 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.

32. Monnet X, Osman D, Ridel C, Lamia B, Richard C, 
Teboul JL. Predicting volume responsiveness by using 
the end-expiratory occlusion in mechanically venti-
lated intensive care unit patients. Crit Care Med 2009; 
37: 951–956.

33. Thiel SW, Kollef MH, Isakow W. Non-invasive stroke 
volume measurement and passive leg raising predict 
volume responsiveness in medical ICU patients: an 
observational cohort study. Crit Care 2009; 13: R111.

34. Biais M, Vidil L, Sarrabay P, Cottenceau V, Revel P, 
Sztark F. Changes in stroke volume induced by pas-
sive leg raising in spontaneously breathing patients: 



11

206 

Part iv Future Perspectives

comparison between echocardiography and Vigileo/
FloTrac device. Crit Care 2009; 13: R195.

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

36. Lakhal K, Ehrmann S, Runge I, Benzekri-Lefèvre D, 
Legras A, Dequin PF, Mercier E, Wolff M, Régnier B, 
Boulain T. Central venous pressure measurements 
improve the accuracy of leg raising-induced change in 
pulse pressure to predict fluid responsiveness. Intensive 
Care Med 2010; 36: 940–948.

37. Benomar B, Ouattara A, Estagnasie P, Brusset A, 
Squara P. Fluid responsiveness predicted by noninva-
sive bioreactance-based passive leg raise test. Intensive 
Care Med 2010; 36: 1875–1881.

38. Monnet X, Jabot J, Maizel J, Richard C, Teboul JL. 
Norepinephrine increases cardiac preload and reduced 
preload dependency assessed by passive leg raising in 
septic shock patients. Crit Care Med 2011; 39: 689–694.

39. Guinot PG, Zogheib E, Detave M, Moubarak M, Hubert 
V, Badoux L, Bernard E, Besserve P, Caus T, Dupont H. 
Passive leg raising can predict fluid responsiveness in 
patients placed on venovenous extracorporeal mem-
brane oxygenation. Crit Care 2011; 15: R216.

40. Monnet X, Bleibtreu A, Ferré A, Dres M, Gharbi R, Rich-
ard C, Teboul JL. Passive leg-raising and end-expiratory 
occlusion tests perform better than pulse pressure 
variation in patients with low respiratory system com-
pliance. Crit Care Med 2012; 40: 152–157.

41. Dong ZZ, Fang Q, Zheng X, Shi H. Passive leg raising 
as an indicator of fluid responsiveness in patients with 
severe sepsis. World J Emerg Med 2012; 3: 191–196.

42. Monge García MI, Gil Cano A, Gracia Romero M, Mon-
terroso Pintado R, Pérez Madueño V, Díaz Monrové 

JC. Non-invasive assessment of fluid responsiveness 
by changes in partial end-tidal CO2 pressure during a 
passive leg-raising maneuver. Ann Intensive Care 2012; 
2: 9.

43. Monnet X, Dres M, Ferré A, Le Teuff G, Jozwiak M, Ble-
ibtreu A, Le Deley MC, Chemla D, Richard C, Teboul 
JC. Prediction of fluid responsiveness by a continuous 
non-invasive assessment of arterial pressure in criti-
cally ill patients: comparison with four other dynamic 
indices. Br J Anaesth 2012; 109: 330–338.

44. Fellahi JL, Fischer MO, Dalbera A, Masseti M, Gérard 
JL, Hanouz JL. Can endotracheal bioimpedance cardi-
ography assess hemodynamic response to passive leg 
raising following cardiac surgery? Ann Intensive Care 
2012; 2: 26.

45. Marik PE, Levitov A, Young A, Andrews L. The use 
of bioreactance and carotid Doppler to determine 
volume responsiveness and blood flow redistribution 
following passive leg raising in hemodynamically 
unstable patients. Chest 2013; 143: 364–370.

46. Monnet X, Bataille A, Magalhaes E, Barrois J, Le Corre 
M, Gosset C, Guerin L, Richard C, Teboul JL. End-
tidal carbon dioxide is better than arterial pressure for 
predicting volume responsiveness by the passive leg 
raising test. Intensive Care Med 2013; 39: 93–100.

47. Saugel B, Kirsche SV, Hapfelmeier A, Phillip V, Schul-
theiss C, Schmid RM, Huber W. Prediction of fluid 
responsiveness in patients admitted to the medical 
intensive care unit. J Crit Care 2013; 28: 537.

48. Brun C, Zieleskiewicz L, Textoris J, Muller L, Bellefleur 
JP, Antonini F, Tourret M, Ortega D, Vellin A, Lefrant 
JY, Boubli L, Bretelle F, Martin C, Leone M. Prediction 
of fluid responsiveness in severe preeclamptic patients 
with oliguria. Intensive Care Med 2013; 39: 593–600.

49. Kupersztych-Hagege E, Teboul JL, Artigas A, Talbot A, 
Sabatier C, Richard C, Monnet X. Bioreactance is not 
reliable for estimating cardiac output and the effects of 



11

Meta-analysis on passive leg raising

207 

passive leg raising in critically ill patients. Br J Anaesth 
2013; 111: 961–966.

50. Duus N, Shogilev DJ, Skibsted S, Zijlstra HW, Fish 
E, Oren-Grinberg A, Lior Y, Novack V, Talmor D, 
Kirkegaard H, Shapiro NI. The reliability and valid-
ity of passive leg raise and fluid bolus to assess fluid 
responsiveness in spontaneously breathing emergency 
department patients. J Crit Care 2015; 30: 217.

51. Whiting PF, Rutjes AW, Weswood ME, Mallett S, 
Deeks JJ, Reitsma JB, Leeflang MM, Sterne JA, Bossuyt 
PM. QUADAS-2, a revised tool for the quality assess-
ment of diagnostic accuracy studies. Ann Intern Med 
2011, 155: 529–536.

52. Thomas M, Shillingford J. The circulatory response to 
a standard postural change in ischaemic heart disease. 
Br Heart J 1965; 27: 17–27.

53. Gaffney FA, Bastian BC, Thal ER, Atkins JM, Blomqvist 
CG. Passive leg raising does not produce a significant 
or sustained autotransfusion effect. J Trauma 1982; 22: 
190–193.

54. Iwashima Y, Horio T, Suzuki Y, Takagi T, Kamide K, 
Ohishi M, Ogihara T, Yoshikawa J, Kawano Y, Rakugi 
H. Impact of concomitant diabetes and chronic kidney 
disease on preload-induced changes in left ventricular 
diastolic filling in hypertensive patients. J Hypertens 
2011; 29: 144–153.

55. Rutlen DL, Wackers FJ, Zaret BL. Radionuclide assess-
ment of peripheral intravascular capacity: a technique 
to measure intravascular volume changes in the 
capacitance circulation in man. Circulation 1981; 64: 
146–152.

56. Keller G, Desebbe O, Benard M, Bouchet JB, Lehot JJ. 
Bedside assessment of passive leg raising effects on 
venous return. J Clin Monit Comput 2011; 25: 257–263.

57. Jabot J, Teboul JL, Richard C, Monnet X. Passive leg 
raising for predicting fluid responsiveness: importance 

of the postural change. Intensive Care Med 2009; 35: 
85–90.

58. Godfrey GE, Dubrey SW, Handy JM. A prospective 
observational study of stroke volume responsiveness 
to a passive leg raise manoeuvre in healthy non-starved 
volunteers as assessed by transthoracic echocardiogra-
phy. Anaesthesia 2014; 69: 306–313.

59. Wong DH, O’Connor D, Tremper KK, Zaccari J, 
Thompson P, Hill D. Changes in cardiac output after 
acute blood loss and position change in man. Crit Care 
Med 1989; 17: 979–983.

60. Yu T, Huang Y, Guo F, Yang Y, Teboul JL, Qiu H. The 
effects of propofol and dexmedetomidine infusion on 
fluid responsiveness in critically ill patients. J Surg Res 
2013, 185: 763–773.

61. Malbrain ML, Reuter DA. Assessing fluid responsive-
ness with the passive leg raising maneuver in patients 
with increased intra-abdominal pressure: be aware 
that not all blood returns! Crit Care Med 2010; 38: 
1912–1915.

62. Mahjoub Y, Touzeau J, Airapetian N, Lorne E, Hijazi 
M, Zogheib E, Tinturier F, Slama M, Dupont H. The 
passive leg-raising maneuver cannot accurately predict 
fluid responsiveness in patients with intra-abdominal 
hypertension. Crit Care Med 2010; 38: 1824–1829.

63. Trof RJ, Sukul SP, Twisk JW, Girbes AR, Groeneveld AB. 
Greater cardiac response of colloid than saline fluid 
loading in septic and non-septic critically ill patients 
with clinical hypovolaemie. Intensive Care Med 2010; 
36: 697–701.

64. Marik PE, Cavallazzi R. Does the central venous pres-
sure predict fluid responsiveness? An updated meta-
analysis and a plea for some common sense. Crit Care 
Med 2013; 41: 1774–1781.

65. Perel P, Robert I. Colloids versus crystalloids for fluid 



11

208 

Part iv Future Perspectives

resuscitation in critically ill patients. Cochrane Data-
base Syst Rev 2011; CD000556.

66. Geerts BF, van den Bergh L, Stijnen T, Aarts LP, Jansen 
JR. Comprehensive review: is it better to use the 
Trendelenburg position or passive leg raising for the 
initial treatment of hypovolemia? J Clin Anesth 2012; 
24: 668–674.

67. Evans D, Ferraioli G, Snellings J, Levitov A. Volume re-
sponsiveness in critically ill patients: use of sonography 
to guide management. J Ultrasound Med 2014; 33: 3–7.

68. Roeck M, Jakob SM, Boehlen T, Brander L, Knuesel 
R, Takala J. Change in stroke volume in response to 
fluid challenge: assessment using esophageal Doppler. 
Intensive Care Med 2003; 29: 1729–1735.

69. Grassi G, Giannattasio C, Saino A, Sabadina E, Capozi 
A, Sampieri L, Cuspidi C, Mangia G. Cardiopulmonary 
receptor modulation of plasma renin activity in normo-
tensive and hypertensive subjects. Hypertension 1988; 
11: 92–99.

70. Geerts B, de Wilde R, Aarts L, Jansen JR. Pulse contour 
analysis to assess hemodynamic response to passive 
leg raising. J Cardiothorac Vasc Anesth 2011; 25: 48–52.

71. Monge García MI, Guijo González P, Gracia Romero 
M, Gil Cano A, Oscier C, Rhodes A, Grounds RM, Cec-
coni M. Effects of fluid administration on arterial load 
in septic shock patients. Intensive Care Med 2015; 41: 
1247–1255.

72. Cherpanath TG, Smeding L, Lagrand WK, Hirsch A, 
Schultz MJ, Groeneveld AB. Pulse pressure variation 
does not reflect stroke volume variation in mechani-
cally ventilated rats with lipopolysaccharide-induces 
pneumonia. Clin Exp Pharmacol Physiol 2014; 41: 
98–104.

73. Monnet X, Teboul JL. Passive leg raising: five rules, not 
a drop of fluid! Crit Care 2015; 19: 18.

74. Deeks JJ, Macaskill P, Irwig L. The performance of 
tests of publication bias and other sample size effects 
in systematic reviews of diagnostic test accuracy was 
assessed. J Clin Epidemiol 2005; 58: 882–893.

75. van Enst WA, Ochodo E, Scholten RJ, Hooft L, Leeflang 
MM. Investigation of publication bias in meta-analyses 
of diagnostic test accuracy: a meta-epidemiological 
study. BMC Med Res Methodol 2014; 14: 70.

76. Lukito V, Djer MM, Pudjiadi AH, Munasir A. The role 
of passive leg raising to predict fluid responsiveness in 
pediatric intensive care unit patients. Pediatr Crit Care 
Med 2012; 13: 155–160.


