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!e place of devices using uncalibrated arterial pressure 
waveform analysis is more limited in the context of shock, 
as they rapidly become less reliable and cannot provide 
other variables than CO, PPV, and/or SVV, which are too 
limited in the context of complex shock when different 
mechanisms may coexist and when associated with ARDS.

Esophageal Doppler and less invasive uncalibrated 
devices are predominantly reserved for the perioperative 
setting [71] where goal-directed hemodynamic optimiza-
tion based on algorithms using variables included these 
monitoring devices may result in improved outcomes 
[33], in particular when these devices allow using goal-
directed fluid therapy based on dynamic variables of 
preload responsiveness [72, 73]. Non-invasive hemody-
namic monitors are currently not recommended for use 
in patients with shock since these patients need arterial 
catheterization anyway.

What could the future of hemodynamic monitoring 
be?
It is hard to predict the future, but for hemodynamic 
monitoring, the future will become more non-invasive for 
sure. Visualization of complex information, either by cre-
ating more detailed real, anatomical images [74], such as 
by pocket-size 2D and (in the future) 3D ultrasound, or 

functional images, e.g., by electrical impedance tomog-
raphy, will also increase the amount of information avail-
able at the bedside [75, 76]. Further intelligent visual 
postprocessing of hemodynamic information in graphi-
cal displays will potentially facilitate the understanding of 
complex pathophysiology [77]. !is will be advanced by an 
increasing connectivity of different monitoring systems, 
which will maybe further push the development of tools for 
predictive analytics [78]. For sure, telemetric monitoring 
will become available for much more complex physiological 
signals, which will offer the opportunity to expand patient 
surveillance beyond the doors of the ICU [74]. For more 
than one decade, clinical research has been performed in 
the field of the monitoring of microcirculation. In spite of 
abundant literature on the potential interest of such moni-
toring to manage patients with shock, in part explained by 
dissociation between the macrocirculation and the micro-
circulation [79], no bedside monitors are currently available 
for clinical practice [59]. It is expected that technological 
developments in this field will allow one to better select and 
adjust therapies for treating patients with shock states.

Conclusion
During the few last years, hemodynamic monitoring 
has evolved considerably from invasiveness to less or no 
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appropriate. The distribution of the missing data was shown 
in Table S1.

To reduce the imbalance between the Echo and 
without Echo groups, propensity score analysis (PSA) was 
performed. Baseline characteristics including age, gender, 
weight, admission type (including elective, emergency, and 
urgent), positive blood culture, SOFA scores for each organ 
(i.e., respiration, renal, cardiovascular, liver, coagulation, 
and central nervous system), CVP, positive blood culture, 
metastatic cancer, complicated diabetes, hypertension, renal 
failure, congestive heart failure, mechanical ventilation, and 
ICU length of stay (LOS) were involved in the PSA. After 
matching, survival analysis was performed to determine 
whether the usage of echocardiography affected 28-day 
mortality. The effect of echocardiography was expressed 
by hazard ratio (HR) with 95% confidence interval (CI). 
Kaplan-Meier curves were depicted and compared by log-
rank test. Two sensitivity analyses were performed: (I) to 
determine if only one echocardiography scan, as opposed 
to its sequential use, can independently influence the 
outcomes by selecting patients who underwent a single 
echocardiography scan within 24 hours of septic shock 
occurrence, and (II) to exclude the confounding effect of 

PiCCO and PAC by excluding those patients receiving 
either PiCCO or PAC.

All analyses were performed using R, version 3.3.3 for 
Windows (http://www.r-project.org/); a P value less than 
0.05 was considered statistically significant.

Results

Patient characteristics

Patients who did not meet the Angus criteria, repeatedly 
admitted to ICU, or did not receive norepinephrine 
therapy were excluded. A total of 3,291 septic shock 
patients were included in the study, with 1,291 (39.2%) 
receiving echocardiography within 24 hours of septic shock 
occurrence (Figure 1). Before propensity-score matching, 
gender, weight, admission type, SAPS II, SOFA score, 
congestive heart failure, metastatic cancer, CVP, positive 
rate of blood culture, and the proportion of mechanical 
ventilation usage were different between the two groups 
(Table 1). With the use of propensity-score matching 
(1:1 matching ratio), 1,289 patients who underwent 
echocardiography were matched with 1,289 patients who 
did not receive echocardiography. After matching, the 
imbalance between the Echo and without Echo groups 
was significantly reduced (Figure S1), and all the baseline 
variables were comparable between the two groups (Table 1).

Outcome comparisons

After matching, the Echo group had a significantly lower 
28-day mortality (33.2% vs. 37.7%, P=0.019), and more 
patients in the Echo group received PAC (4.2% vs. 0.2%, 
P<0.001) and inotropes (17.8% vs. 7.1%, P<0.001, Table 2).  
However, there were no differences on the use of 
PiCCO and transfusion between the two groups. Those 
who received echocardiography had marginally longer 
norepinephrine durations while no difference was observed 
with mechanical ventilation durations. There was a trend 
that the patients in the Echo group received more fluid 
resuscitation, although it was not statistically significant 
(Table 2).

Primary analysis

To determine whether echocardiography was associated 
with the prognosis of septic shock patients, survival analysis 
was performed. As shown in Figure 2, echocardiography was 

Figure 1 Flow chart: the inclusion of the study population.

2,000 not receiving 
echocardiography 
24 hours within the 
occurrence of septic 
shock

1,291 receiving 
echocardiography 
24 hours within the 
occurrence of septic 
shock

62,699 ICU admissions

17,461 CU admissions with 
sepsis

15,113 first ICU admissions 
for each hospital admission

3,291 septic shock patients

Exclude 45,238 non-
sepsis admissions 
according to angus 
criteria

Exclude ,348 repeat 
ICU admissions

Exclude 11,822 patients 
without norepinephrine 
administration

Lan et al. Echocardiography and outcomes of septic shock patients
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associated with improved 28-day mortality (HR: 0.83; 95% 
CI, 0.73–0.95, P=0.005).

To illuminate the effect of echocardiography on the 
outcomes of septic shock patients, two sensitivity analyses 
were performed. The first sensitivity analysis, which 

excluded 114 patients who underwent multiple sessions 
of echocardiography, identified 2,464 patients from 
the matched cohort. As shown in Figure 3A, a reduced 
likelihood of 28-day mortality in patients with Echo vs. 
those without Echo was maintained (HR, 0.82; 95% 
CI, 0.72–0.94; P=0.004). The second sensitivity analysis 
identified 2,485 patients who did not undergo PAC or 
PiCCO. The reduced likelihood of 28-day mortality in 
Echo group was maintained (HR, 0.87; 95% CI, 0.76–0.99; 
P=0.034) (Figure 3B).

Discussion

Hemodynamic monitoring and assessment is a key 
component of the evaluation of critically ill patients, 
especially for those with septic shock, and bedside 
echocardiography has become increasingly crucial in 
the past years. To our knowledge, this is the first study 
evaluating the effect of echocardiography in the prognosis 
of patients with septic shock. The study demonstrated that 
utilization of echocardiography within 24 hours of septic 
shock occurrence was associated with a decreased 28-day 
mortality (HR: 0.83, P=0.005).

In the USA, the reported prevalence of sepsis in ICU-
derived cohorts is 12% of all ICU admissions, with the 
hospital mortality for septic shock approaching 40–60% (17).  

Figure 2 Cumulative hazard of 28-day mortality in the echo group 
vs. the without echo group.
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Figure 3 Cumulative hazard of 28-day mortality in the echo group vs. the without echo group after (A) excluding patients who either 
received multiple sessions of echo or (B) or who received PiCCO or PAC. PiCCO, pulse index continuous cardiac output; PAC, pulmonary 
artery catheter.

Without Echo

With Echo

Without Echo

With Echo

Hazard ratio, 0.82 (95% CI, 0.72–0.94)

P=0.004

Hazard ratio, 0.87 (95% CI, 0.76–0.99)

P=0.034

Days after ICU admission

0  4  8 12 16 20 24 28

Days after ICU admission

0  4  8 12 16 20 24 28

1175 1037 969 917 868 835 806 787
1289 1067 978 921 877 845 827 803
No. at risk

1212 1060 987 935 881 848 817 798
1273 1056 968 912 868 838 820 796
No. at risk

0.5

0.4

0.3

0.2

0.1

0.0

C
um

ul
at

iv
e 

ha
za

rd
0.5

0.4

0.3

0.2

0.1

0.0

C
um

ul
at

iv
e 

ha
za

rd

A B



PROFIL MONITORINGSECURITE

ETAT DE CHOC

§ EPP
§ FeVG
§ PRVG
§ ITV

§ FeVG
§ PRVG
§ ITV

§ ITV



Echocardiographie

Meilleure méthode au lit du patient pour évaluer la fonction cardiaque de façon répétée

1. Caractériser le trouble hémodynamique

§ Evaluation visuelle

§ Evaluation du statut volémique

§ Evaluation du débit cardiaque 

2. Sélectionner la meilleure option thérapeutique

3. Evaluer la réponse au traitement 

§ Clinique

§ Biologie 

§ Hémodynamique et son optimisation

Cecconi et al. ICM 2014

PROFIL

MONITORING

SECURITE



Echocardiographie

Meilleure méthode au lit du patient pour évaluer la fonction cardiaque de façon répétée

1. Caractériser le trouble hémodynamique

§ Evaluation visuelle

§ Evaluation du statut volémique

§ Evaluation du débit cardiaque 

2. Sélectionner la meilleure option thérapeutique

3. Evaluer la réponse au traitement 

§ Clinique

§ Biologie 

§ Hémodynamique et son optimisation

Cecconi et al. ICM 2014

PROFIL

MONITORING

SECURITE



Etats de Choc

4 modèles

Bas Débit Haut Débit

Choc Obstructif

Choc Cardiogénique

Choc Hypovolémique

Choc Distributif



Etats de Choc

4 modèles

Bas Débit Haut Débit

Choc Obstructif

Choc Cardiogénique

Choc Hypovolémique

Choc Distributif



Pneumothorax

Choc obstructif



Tamponnade

Choc obstructif



Signes échocardiographiques de Tamponnade

1. Compression systolique de l’OD puis diastolique du VD (4C et SC)

2. Pouls paradoxal échographique (diminution inspiratoire des vélocités des flux aortique et mitrale en VS) (4C)

3. Septum paradoxal (PSPA)

4. « swinging heart » = mouvement pendulaire systolo-diastolique du cœur dans l’épanchement (4C et SC)

5. Dilatation majeure de la VCi (>25mm) avec absence de variations respiratoires (SC)

Choc obstructif



Cœur Pulmonaire Aigu 

1. diastolic overload = dilatation ventriculaire droite 

2. systolic overload = dyskinésie septale = septum paradoxal

Conséquence possible 

Ø Insuffisance Circulatoire Aigue 

Vieillard-Baron et al. Am J Respir Crit Care Med 2002

Choc obstructif



Diastolic overload : dilatation ventriculaire



Systolic overload : septum paradoxal



Diagnostics ??

Ø Embolie Pulmonaire

Ø Pneumopathie hypoxémiante 

Ø Syndrome de Détresse Respiratoire Aigue

Ø Ventilation mécanique

Torbicki et al. Eur Respir J 1999

Cœur Pulmonaire Aigu



RiHT : Thrombus intra-cavitaire droit



Echo de compression 4 points positive



Echographie pulmonaire : Profil A +/- consolidations bases
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FeVG visuelle

Ø Normale : ≥ 50%

Ø Modérément altérée : 40% - 49%

Ø Très altérée : < 40% 
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Exclusion 
télésystolique VG

Choc hypovolémique



Et la Veine Cave Inférieure ??

Femme de 72 ans 

Etat de Choc sur Péritonite

Choc hypovolémique



Et la Veine Cave Inférieure ??

1 – Remplissage vasculaire ?

2 – Noradrénaline ?

Choc hypovolémique



Muller et al. Crit Care 2012

The first explanation for these imperfect results is that,
as previously suggested, cIVC is a dynamic preload index.
In contrast with findings reported in mechanically venti-
lated septic patients, dynamic parameters have been
shown to be ineffective to predict fluid responsiveness in
spontaneous breathing patients [6,7]. Spontaneous ventila-
tion implies a very wide range of breathing patterns. In
patients with spontaneous ventilation, respiratory varia-
tions are highly variable from one cycle to another in a
given patient and between different patients. Then, influ-
ence of breathing pattern on cIVC is also variable. The
present results indirectly confirm that spontaneous breath-
ing is a natural limit for the use of a dynamic parameter.
Because previous studies have reported a good correla-

tion between cIVC and blood volume removal during
hemodialysis [17,24] or during blood donation [41], the
inability of cIVC to predict fluid responsiveness may be
surprising in spontaneously breathing patients with ACF.
However, monitoring blood volume during blood removal
is not the same as predicting fluid responsiveness. It has

been shown that there is a good correlation between high
cIVC value and low CVP value [21,22,42]. A low CVP
value (< 7 mmHg) could be considered a good indicator of
fluid responsiveness [11], corresponding to high values of
cIVC (specificity = 80%). In contrast, lower values of cIVC
values are poorly predictive, corresponding to higher
values of CVP [8,9].
The conditions of measurement of cIVC could be dis-

cussed. In the present study, the IVC diameter was mea-
sured by M mode at 2 or 3 cm from the right atrium, as
described in previous studies [17,18,22]. However, Wal-
lace et al. [43] recently showed that in spontaneously
breathing healthy volunteers, variations of IVC diameter
were significantly lower when recorded closed to the

Table 1 Characteristics of the general population and comparison between responders and non-responders at
baseline (before fluid challenge)

All patients
(n = 40)

Responders
(n = 20)

Non-responders
(n = 20)

P-value

Age, years 63 (56, 70) 61 (49, 70) 66 (53, 75) 0.58

Weight, Kg 72 (65, 77 67 (63, 76) 76 (63, 88) 0.14

Height, cm 169 (164, 173) 170 (162, 176) 168 (160, 173) 0.38

APACHE II score 17 (14, 23) 18 (14, 29) 14 (11, 21) 0.30

Heart rate, bpm 101 (91, 116) 101 (91, 125) 103 (79, 121) 0.78

Mean arterial pressure, mmHg 71 (66, 77) 70 (61, 88) 72 (65, 87) 0.56

LVEF, % 55 (50, 60) 55 (50, 60) 55 (47, 60) 0.41

Velocity time index, cm 16 (14, 18) 14 (12, 16) 17 (15, 21) < 0.01

E velocity, cm/s 75 (70, 80) 65 (53, 76) 82 (75, 93) < 0.01

E/A velocity ratio 0,9 (0.8, 1.1) 0,8 (0,6, 1,1) 1,0 (0,8, 1,4) < 0.01

Ea velocity, cm/s 12 (10, 13) 12 (9, 14) 11 (9, 15) 0.79

E/Ea velocity ratio 6 (5, 8) 5 (5, 10) 7 (5, 8) 0.40

cIVC, % 34 (16, 64) 64 (28, 100) 19 (5, 35) < 0.01

Data are expressed in medians with 5th and 95th percentiles. APACHE: Acute Physiology and Chronic Health Evaluation; cIVC, collapsibility index of the inferior
vena cava.

Table 2 Causes of acute circulatory failure
Pathology Number of patients (%)

Sepsis 24 (60)

Intra-abdominal infection 10

Pulmonary infection 9

Pyelonephritis 5

Bleeding 11 (28)

Postoperative 7

Trauma 4

Dehydration 5 (13)

The total percentage is different from 100% because specific percentages
were rounded.

Figure 1 Individual values of inferior vena cava collapsibility
(cIVC) (%) after infusion of 500 mL of HES. The best cutoff value
is 40%.

Muller et al. Critical Care 2012, 16:R188
http://ccforum.com/content/16/5/R188
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right atria (cIVC = 20%) than when recorded 2 cm caudal
to the hepatic vein inlet (cIVC = 30%, P = 0.03) or at the
level of the left renal vein (cIVC = 30%, P = 0.002) [43].
This finding would explain our high rate of false negative
results. This hypothesis needs to be tested in further stu-
dies. A second methodological concern is that cIVC may
be influenced by the magnitude of respiratory move-
ments, especially in the case of dyspnea, a typical feature
in patients with circulatory failure and/or shock. As dis-
cussed above, the wide range of breathing patterns
observed in spontaneously breathing critically ill patients
is probably confusing. Kimura et al. [44] recently showed
that breathing manner significantly affects cIVC in spon-
taneously breathing volunteers. This could explain why
three patients in the present study showed high cIVC
values without response to fluid challenge, but this
hypothesis cannot actually be verified.
The choice of the formula for cIVC could also be

debated. As described in the method section, we used
the cIVC formula (Dmax - Dmin/Dmax). One could
argue that the cIVC formula used by an other group
[18] (cIVC2) could better analyse the variability of IVC
ventilatory variations. After testing the two formulas, we
did not observe any difference between the two indices.
Then, the type of formula is not a major determinant of
IVC respiratory variation analysis.
Mitral Doppler inflow patterns allow indirect assess-

ment of left ventricular filling pressure [26]. In particular,
E wave velocity is correlated to patients with pulmonary

capillary wedge pressure [26,27]. In outpatients with pre-
served systolic function but significant ischemic or hyper-
tensive heart disease, low (< 60 cm/s) or high (> 90 cm/s)
E wave velocities are correlated with low and high left
ventricular end diastolic pressure (LVEDP), respectively
[45]. Similarly, our findings show that baseline E wave
velocity was also significantly lower in R at 65 cm/s (53,
76) than in NR patients at 82 cm/s (75, 93) (P = 0.0005).
Even if it was not the primary objective of this study, this
suggests that E wave velocity < 70 cm/s (best cutoff
value) could help to identify responders A spontaneously
breathing patients.

Study limitations
The present study has some limitations. First, the physi-
cians were not blinded. Second, the patients were not con-
secutive. Indeed, to be included, the study required the
presence of an eligible patient and the presence of a physi-
cian certified in cardiac echography. As most patients
admitted to our ICU were mechanically ventilated, 2 years
were needed to complete the present study. Third, the
PLR test could be used in order to avoid unnecessary fluid
infusion. Performing a PLR test with echocardiography to
assess fluid responsiveness is validated in spontaneous
breathing patients [15]. In the present study, a PLR test
was not used because it is not a routine test in our ICU.
Finally, the heterogeneous population of patients may
have affected our findings. We cannot exclude that cIVC
could be more or less accurate in a specific population of
patients such as those with trauma or sepsis.
In summary, cIVC moderately predicted fluid respon-

siveness in spontaneously breathing patients with ACF.
In patients with a low cIVC value (< 40%), fluid respon-
siveness cannot be excluded, while patients with cIVC
above 40% are more likely to respond to fluid challenge.
Then, despite its simplicity of use, cIVC should be used
with caution in spontaneously breathing patients with
ACF. Additionally, our results also suggest that low
values of E wave velocity (< 0.7 m/s) could be used to
identify responders to fluid challenge.

Conclusions
In spontaneously breathing patients with ACF, despite
its apparent simplicity, cIVC should be interpreted with
caution. A high cIVC value (> 40%) is usually associated
with fluid responsiveness while low values (< 40%) do
not exclude fluid responsiveness.

Key messages
• As demonstrated in controlled mechanical ventila-
tion, large respiratory variations (> 40%) of inferior
vena cava diameter are usually associated with a
positive response to fluid challenge in spontaneous
breathing patients.

Figure 2 Receiver operator characteristic (ROC) curve for
inferior vena cava collapsibility (cIVC) (%) after infusion of 500
mL of HES. Area under the ROC curve was 0.77 (95% CI 0.60, 0.88).

Muller et al. Critical Care 2012, 16:R188
http://ccforum.com/content/16/5/R188
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AUC = 0,77

cIVC = (Dmax – Dmin) / Dmax

Statut Volémique et Veine Cave Inférieure
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(95% CI: 0.48-0.89), and 2.13 (95% CI: 0.51-3.80). For CO
studies (4 studies), the results were 0.67 (95% CI: 0.42-0.85),
0.85 (95% CI: 0.63-0.95), and 2.46 (95% CI: 0.66-4.33). For
VTI studies (3 studies), the results were 0.63 (95% CI: 0.35 to
0.85), 0.65 (95% CI: 0.34 to 0.88), and 1.19 (95% CI:!0.78 to
3.20; Figure 6).

Discussion

The evaluation of the IVC diameter or the caval index seems
to be a well-studied method. Nevertheless, extremely discor-
dant results were obtained in the literature. Long and col-
leagues, in their meta-analysis, found a remarkable degree
of heterogeneity.4 Even if we did not find a relevant differ-
ence in the diagnostic accuracy of the caval index in predict-
ing fluid responsiveness among studies enrolling adult or
pediatric populations, there are still few studies in the litera-
ture investigating the role of IVC in pediatric populations.
Gan et al found only 2 studies in this regard, with contrasting
results.45 Only 2 of 4 studies on the pediatric population could
be included in our meta-analysis. Drawing conclusions from
these small populations and from very different studies each
other is very difficult.

The caval index seemed to gain greater accuracy in ED and
OR studies than ICU studies.46 In particular, a greater sensitiv-
ity of the caval index in ED studies than ICU ones was

Figure 4. Comparison of the specificity values for the caval index studies. On the left column the individual studies. On the right column the
specificity (95% CI). The dashed area represents the 95% CI. CI indicates confidence interval; FN, false negatives; FP, false positives; TN, true
negatives; TP, true positives.

Figure 5. Receiver operating characteristics (ROC) curve for the
caval index studies. Area under the curve (AUC)¼ 0.71 (95% CI: 0.46-
0.83; marginal likelihood ratio ¼ !125.41). Solid red circles are indi-
vidual studies depicted for the sample size. Dashed blue circle rep-
resents the 95% confidence interval.

Orso et al 7

meta-analyse 

ventilation mécanique et spontanée

26 études = index de collapsibilité

5 études = diamètre de la VCi

AUC = 0,71

« An extreme heterogeneity of included studies was highlighted.
Ultrasound evaluation of the diameter of the IVC and its 
respiratory variations does not seem to be a reliable method to 
predict fluid responsiveness »
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Veine Cave inférieure

q en Ventilation Spontanée : collapsibilité inspiratoire complète ET absence de détresse respiratoire 

aiguë témoin d’une Hypovolémie

q Dilatation et Non collapsibilité de la Veine Cave inférieure en cas de Tamponnade  

Et la Veine Cave Inférieure ??

Statut Volémique et Veine Cave Inférieure
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Dysfonction VG

Vasoplégie

Dysfonction VD

Hypovolémie

Epanchement + Compression cavités droite + Dilatation 
VCi

Altération Sévère de la FeVG

Dilatation du VD + Septum Paradoxal
( Thrombus IC + E4P + EPP )

Exclusion Télésystolique du VG
Collapsus inspiratoire complet de la VCi

VG Hyperdynamique

Drainage

Noradrénaline
Dobutamine

EP = Thrombolyse
SDRA = ECMO

VM = réglage respi

Remplissage 
Vasculaire
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Goal-directed ultrasound for shock assessment Leroux et al. 307

basis of the conference results, we developed a simple 
goal-directed ultrasound protocol using only B-mode, 
echoSHOCK, to assess patients with undifferentiated 
shock in the ED (Fig. 1). The aim of our study was to 
explore the added value of this new FoCUS protocol, 
echoSHOCK, to assess the cause in patients with non-
traumatic undifferentiated shock.

Patients and methods
Study design and setting
This was a prospective study performed between 
November 2015 and October 2017 in the ED of two 
hospitals: a university hospital and a nonteaching one 
with annual census of 80 000 and 25 000 patients, respec-
tively. The Nantes University Hospital ethical commit-
tee approved the study protocol and informed consent 
procedure (Groupe Nantais d’éthique RC15_0482). This 
study was registered on clinicaltrial.gov (NCT04028297).

Selection of participants
Included patients were a convenience sample of patients 
older than 18 years with a SBP <100 mmHg or more than 

40 mmHg less than usual SBP and at least one sign of 
inadequate tissue perfusion [8]. We excluded trauma 
patients, patients with do-not-resuscitate-order, clinically 
diagnosed hemorrhagic or anaphylactic shock.

Study intervention
After consent, routine clinical workup was undertaken 
(including clinical, radiological, electrocardiogram and 
laboratory tests) after which the patient’s treating phy-
sician had to report: (i) a presumed aetiology of shock, 
(ii) a proposal of therapeutic management and (iii) a 
degree of con"dence (from 0 no certainty to 10 full cer-
tainty) of the cause and management of shock. Causes 
and therapeutic management options were chosen from 
a limited list (Table  1). Then, the echoSHOCK ultra-
sound protocol was performed by a trained local investi-
gator as soon as possible (the treating physician was not 
involved in echoSHOCK). The echoSHOCK operator, in 
turn, established the presumed cause of the shock and of 
therapeutic management with his degree of con"dence. 
The echoSHOCK operator was not blinded of the clini-
cal presentation, blood analysis and X-ray results (routine 
clinical workup results).

The echoSHOCK protocol was performed using a 
phased-array probe only in B-mode, without Doppler, and 
included the four usual views: parasternal long and short 
axes, apical four-chamber and subcostal, including infe-
rior vena cava. The following items were explored: pres-
ence of a compressive pericardial effusion, right ventricle 
dilatation and #attening of the interventricular septum 
[11], left ventricle dimension and systolic function (nor-
mal, moderately or severely impaired [12]) and indices 
of hypovolemia (collapsed inferior vena cava [IVC] [13] 
or left ventricle, ‘kissing heart’ [14]). These items were 
entered in the echoSHOCK algorithm (Fig. 1). Duration 
and dif"culty (from 1 impossible to 10 very easy) of 
echoSHOCK protocol were recorded by the operators. 
The echoSHOCK protocol was performed by trained 
emergency physicians who attended various accredited 
training courses and have performed at least 100 cardiac 
examinations.

Expert panel
An expert panel was set, involving three experts in emer-
gency medicine who were not otherwise involved in this 
study. They independently reviewed data collected from 

Fig. 1

EchoSHOCK algorithm.

Table 1 Lists of possible diagnosis and treatments for the 85 
patients included in the echoSHOCK study

Possible diagnosis Possible treatments

Tamponade Pericardial drainage indication
Massive pulmonary embolism Thrombolysis indication
Left ventricle failure Inotropic agents
Hypovolemic/distributive Fluid challenge
Unknown Unknown

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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case report forms, including routine diagnostic workup 
(clinical !ndings, radiological and laboratory test), echo-
SHOCK raw data, patient follow-up during hospital stay 

and discharge diagnosis. For each patient, the expert 
panel established a !nal diagnosis, which was used as the 
gold standard.

Objectives
The primary objective was the added value of echo-
SHOCK to diagnose the cause of shock. This objective 
was assessed by the degree of agreement (using Cohen’s 
kappa) between the diagnosis established by the rou-
tine procedure, by echoSHOCK, and that retained by 
the expert panel (gold standard). Secondary objectives 
included impact of echoSHOCK on the proposed ther-
apeutic management, change in degree-of-certainty, 

Table 2 Main characteristics of the 85 patients included in the 
echoSHOCK study

 Mean SD Minimum Maximum

Age (years) 73 14 25 100
Temperature (°celsius) 37.1 1.6 35 40
SBP (mmHg) 84 10 54 98
DBP (mmHg) 51 10 34 80
Pulse (B/min) 102 22 40 145
Oxygen saturation (%) 95 4 75 100
Inspired fraction oxygen (%) 39 20 21 100

Fig. 2

Degree of agreement for the diagnosis of the cause of shock between routine workup, echoSHOCK and the expert panel.

Fig. 3

Degree of agreement for the initial treatment in patients with shock between routine workup, echoSHOCK and the expert panel.

Ø Modification diagnostic : n = 35 [41% (95% CI, 31–52%)]

n = 33 [94% (95% CI, 80– 99%)] en accord avec diagnostic final

Ø Changement thérapeutique : n = 36 [42% (95% CI, 3–53%)] 

n = 33 [89% (95% CI, 74–96%)] en accord avec diagnostic final
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series. The increase in stroke volume as a result of
end-diastolic volume increase depends on ventricu-
lar function since a decrease in ventricular contrac-
tility decreases the slope of the relationship between
end-diastolic volume and stroke volume.1 Therefore,
only 40 to 72% of critically ill patients have been
shown to respond to volume expansion by a signifi-
cant increase in stroke volume or cardiac output in
studies2–13 designed to examine fluid responsiveness.
This finding emphasizes the need for predictive
factors of fluid responsiveness in order to select
patients who might benefit from volume expansion
and to avoid ineffective or even deleterious volume
expansion (worsening in gas exchange, hemodilu-
tion) in nonresponder patients, in whom inotropic
and/or vasopressor support should preferentially be
used.

Bedside indicators of ventricular preload have
been proposed as predictors of fluid responsive-
ness.2–4,6–9,11–13 In this regard, a postal survey in
Germany showed that right atrial pressure (RAP)
and pulmonary artery occlusion pressure (PAOP) are
used by a majority of ICU physicians when deciding
to administer fluid,14 and several recommendations
support the use of cardiac filling pressures in order
to guide fluid therapy in critically ill patients.15,16

Other bedside indicators of ventricular preload,
namely RVEDV and left ventricular end-diastolic
area (LVEDA), have also been tested as predictors of
the hemodynamic effects of volume expansion in
critically ill patients.2–4,6–9,11,13

The respiratory changes in RAP, arterial pressure,

and aortic blood velocity, assumed to be dynamic
indicators of the sensitivity of the heart to changes in
preload induced by changes in pleural pressure, have
also been proposed to predict fluid responsiveness in
critically ill patients.5,9,10,12,13 Therefore, the aim of
the present study was to analyze the clinical studies
investigating predictive factors of fluid responsive-
ness in critically ill patients in order to assess the
value of each parameter tested.

Materials and Methods

Selection of Studies To Be Evaluated

We collected studies investigating the predictive factors of
fluid responsiveness in critically ill patients by doing a search in
MEDLINE (from 1966). Studies were selected according to the
following criteria: volume expansion performed in critically ill
patients, patients classified in two groups (responders and non-
responders) according to the effects of volume expansion on
stroke volume or on cardiac output, and comparison of responder
and nonresponder patients characteristics before volume expan-
sion. The reference lists of the selected articles were scanned for
additional studies. Of the 12 included studies,2–13 11 studies were
identified from the electronic database and 1 study was identified
from reference tracing.5 The main characteristics of these studies
are presented in Table 1.

Parameters Tested as Predictors of Fluid Responsiveness

Ten studies have investigated the value of ventricular
preload indicators in predicting fluid responsiveness. The
parameters tested were RAP in five studies,2– 4,8,12 PAOP in
nine studies,2– 4,6 –9,11,12 RVEDV in six studies,2– 4,6 – 8 and

Table 1—Main Characteristics of Clinical Studies Investigating the Predictive Factors of Fluid Responsiveness in
ICU Patients*

Source
Patients,

No.
FC,
No.

Fluid
Infused

Volume
Infused, mL

Speed of
FC, min

Definition of
Response

Rate of
Response, % Parameters Tested

Calvin et al2 28 28 5% Alb 250 20–30 !SV " 0% 71 RAP, PAOP, RVEDV
Schneider et al3 18 18 FFP 500 30 !SV " 0% 72 RAP, PAOP, RVEDV
Reuse et al4 41 41 4.5% Alb 300 30 !CO " 0% 63 RAP, PAOP, RVEDV
Magder et al5 33 33 9% NaCl 100–950 !CO " 250 52 !RAP

mL/min
Diebel et al6 15 22 R. lactate 300–500 !CO " 10% 59 PAOP, RVEDV

Colloids 500
Diebel et al7 32 65 R. lactate 300–500 !CO " 20% 40 PAOP, RVEDV
Wagner and 25 36 9% NaCl 938 # 480 7–120 !SV " 10% 56 RAP, PAOP, RVEDV

Leatherman8 5% Alb, FFP 574 # 187
Tavernier et al9 15 35 HES 500 30 !SV " 15% 60 PAOP, LVEDA, !down
Magder and Lagonidis10 29 29 25% Alb 100 15 !CO " 250 45 !RAP

9% NaCl 150–400 mL/min
Tousignant et al11 40 40 HES 500 15 !SV " 20% 40 PAOP, LVEDA
Michard et al12 40 40 HES 500 30 !CO " 15% 40 RAP, PAOP, !PP
Feissel et al13 19 19 HES 8 mL/kg 30 !CO " 15% 53 LVEDA, !Vpeak
Total 334 406 52

*FC $ fluid challenge; Alb $ serum albumin; FFP $ fresh frozen plasma; NaCl $ serum saline solution; R. lactate $ Ringer’s lactate;
HES $ hydroxyethylstarch; !SV $ volume expansion-induced changes in stroke volume; !CO $ volume expansion-induced changes in cardiac
output.
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Predicting Fluid Responsiveness in ICU
Patients*
A Critical Analysis of the Evidence

Frédéric Michard, MD, PhD; and Jean-Louis Teboul, MD, PhD

Study objective: To identify and critically review the published peer-reviewed, English-language
studies investigating predictive factors of fluid responsiveness in ICU patients.
Design: Studies were collected by doing a search in MEDLINE (from 1966) and scanning the
reference lists of the articles. Studies were selected according to the following criteria: volume
expansion performed in critically ill patients, patients classified in two groups (responders and
nonresponders) according to the effects of volume expansion on stroke volume or on cardiac
output, and comparison of responder and nonresponder patients’ characteristics before volume
expansion.
Results: Twelve studies were analyzed in which the parameters tested were as follows: (1) static
indicators of cardiac preload (right atrial pressure [RAP], pulmonary artery occlusion pressure
[PAOP], right ventricular end-diastolic volume [RVEDV], and left ventricular end-diastolic area
[LVEDA]); and (2) dynamic parameters (inspiratory decrease in RAP [!RAP], expiratory decrease
in arterial systolic pressure [!down], respiratory changes in pulse pressure [!PP], and respiratory
changes in aortic blood velocity [!Vpeak]). Before fluid infusion, RAP, PAOP, RVEDV, and
LVEDA were not significantly lower in responders than in nonresponders in three of five studies,
in seven of nine studies, in four of six studies, and in one of three studies, respectively. When a
significant difference was found, no threshold value could discriminate responders and nonre-
sponders. Before fluid infusion, !RAP, !down, !PP, and !Vpeak were significantly higher in
responders, and a threshold value predicted fluid responsiveness with high positive (77 to 95%)
and negative (81 to 100%) predictive values.
Conclusion: Dynamic parameters should be used preferentially to static parameters to predict
fluid responsiveness in ICU patients. (CHEST 2002; 121:2000–2008)

Key words: arterial pressure; cardiac output; cardiac preload; fluid responsiveness; left ventricular end-diastolic area;
pulmonary artery occlusion pressure; right atrial pressure; right ventricular end-diastolic volume; stroke volume; volume
expansion

Abbreviations: !down " expiratory decrease in arterial systolic pressure; LVEDA " left ventricular end-diastolic area;
PAOP " pulmonary artery occlusion pressure; PEEP " positive end-expiratory pressure; !PP " respiratory changes in
arterial pulse pressure; RAP " right atrial pressure; !RAP " inspiratory decrease in right atrial pressure;
RVEDV " right ventricular end-diastolic volume; !Vpeak " respiratory changes in aortic peak velocity

V olume expansion is frequently used in critically ill
patients to improve hemodynamics. Because of

the positive relationship between ventricular end-
diastolic volume and stroke volume,1 the expected
hemodynamic response to volume expansion is an

increase in right ventricular end-diastolic volume
(RVEDV), left ventricular end-diastolic volume,
stroke volume, and cardiac output. The increase in
end-diastolic volume as a result of fluid therapy
depends on the partitioning of the fluid into the
different cardiovascular compliances organized in
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Hôpitaux de Paris, Le Kremlin-Bicêtre, Université Paris XI,
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Sepsis in European intensive care units: Results of the SOAP
study*

Jean-Louis Vincent, MD, PhD, FCCM; Yasser Sakr, MB, BCh, MSc; Charles L. Sprung, MD;
V. Marco Ranieri, MD; Konrad Reinhart, MD, PhD; Herwig Gerlach, MD, PhD; Rui Moreno, MD, PhD;
Jean Carlet, MD, PhD; Jean-Roger Le Gall, MD; Didier Payen, MD; on behalf of the Sepsis Occurrence in
Acutely Ill Patients Investigators

Recent years have seen several
studies providing important
national and international ep-
idemiologic data on the fre-

quency, associated factors, and even costs
of sepsis (1–7). Angus and coworkers (1)
analyzed !6 million hospital discharge

records from seven states in the United
States and estimated that 751,000 cases
of severe sepsis occur annually in the
United States, with a mortality rate of
28.6% and leading to average costs per
case of $22,100. Using the National Hos-
pital Discharge Survey database, Martin

et al. (2) identified 10,319,418 cases of
sepsis from an estimated 750 million hos-
pitalizations in the United States over a
22-yr period, with an increase in fre-
quency from 82.7 cases per 100,000 pop-
ulation in 1979 to 240.4 cases per
100,000 population in 2000. Alberti and
colleagues (3) examined 14,364 patients
in six European countries and Canada
with !4,500 documented infectious epi-
sodes and reported a hospital mortality
rate of 16.9% for noninfected patients
and 53.6% for patients who had repeated
courses of infection while in the intensive
care unit (ICU).

The European Prevalence of Infection
in intensive Care (EPIC) study (8), now
!10 yrs old, demonstrated how interna-
tional collaboration can succeed in pro-
viding valuable information regarding
disease prevalence and demographics of
critically ill patients. In that prevalence

Objective: To better define the incidence of sepsis and the
characteristics of critically ill patients in European intensive care
units.

Design: Cohort, multiple-center, observational study.
Setting: One hundred and ninety-eight intensive care units in

24 European countries.
Patients: All new adult admissions to a participating intensive

care unit between May 1 and 15, 2002.
Interventions: None.
Measurements and Main Results: Demographic data, comorbid

diseases, and clinical and laboratory data were collected pro-
spectively. Patients were followed up until death, until hospital
discharge, or for 60 days. Of 3,147 adult patients, with a median
age of 64 yrs, 1,177 (37.4%) had sepsis; 777 (24.7%) of these
patients had sepsis on admission. In patients with sepsis, the
lung was the most common site of infection (68%), followed by
the abdomen (22%). Cultures were positive in 60% of the patients
with sepsis. The most common organisms were Staphylococcus
aureus (30%, including 14% methicillin-resistant), Pseudomonas

species (14%), and Escherichia coli (13%). Pseudomonas species
was the only microorganism independently associated with in-
creased mortality rates. Patients with sepsis had more severe
organ dysfunction, longer intensive care unit and hospital lengths
of stay, and higher mortality rate than patients without sepsis. In
patients with sepsis, age, positive fluid balance, septic shock,
cancer, and medical admission were the important prognostic
variables for intensive care unit mortality. There was considerable
variation between countries, with a strong correlation between
the frequency of sepsis and the intensive care unit mortality rates
in each of these countries.

Conclusions: This large pan-European study documents the high
frequency of sepsis in critically ill patients and shows a close
relationship between the proportion of patients with sepsis and the
intensive care unit mortality in the various countries. In addition to
age, a positive fluid balance was among the strongest prognostic
factors for death. Patients with intensive care unit acquired sepsis
have a worse outcome despite similar severity scores on intensive
care unit admission. (Crit Care Med 2006; 34:344–353)

*See also p. 552.
From the Department of Intensive Care, Erasme

Hospital, Free University of Brussels, Belgium (J-LV,
YS); Department of Anesthesiology and Critical Care
Medicine, Hadassah Hebrew University Medical Cen-
ter, Jerusalem, Israel (CLS); Department of Anesthesi-
ology and Intensive Care, S. Giovanni Battista Hospital,
University of Turin, Italy (VMR); Department of Anes-
thesiology and Intensive Care, Friedrich-Schiller-
University Jena, Germany (KR); Department of Anes-
thesiology and Intensive Care, Vivantes-Klinikum
Neukölln, Berlin, Germany (HG); Department for Inten-
sive Care, Hospital de St, Antonio dos Capuchos, Lis-
bon, Portugal (RM); Department of Intensive Care,
Saint-Joseph Hospital, Paris, France (JC); Department
of Intensive Care, Saint-Louis Hospital, Paris, France

(J-RLG); and Department of Anesthesiology and Inten-
sive Care, Centre Hospitalier Universitaire Lariboisiere,
Paris, France (DP).

Endorsed by the European Society for Intensive
Care Medicine and supported by unlimited grants from
Abbott, Baxter, Eli Lilly, GlaxoSmithKline, and NovoNor-
disk.

Dr. Carlet has received speaking fees from Wyeth
and has done numerous studies with Wyeth, Chiron,
GSK, Lilly, Antrics, Intrabiotics, Fujisawa, and Bayer.
The remaining authors have no financial interests to
disclose.

Copyright © 2006 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/01.CCM.0000194725.48928.3A

344 Crit Care Med 2006 Vol. 34, No. 2

monitoring. The study was also con-
ducted over a single period (May 1–15),
and the incidence of sepsis may vary with
the calendar seasons; the importance of
this is difficult to assess, as there are few
data on seasonal differences in the inci-
dence of sepsis.

Nevertheless, observational studies
such as this have important applications

in evaluating etiological, diagnostic, ther-
apeutic, and prognostic issues in selected
and specific patient populations. Other
epidemiologic studies have used various
study designs. Angus et al. (1), Weycker
et al. (5), and Martin et al. (2) extracted
data retrospectively from cases identified
as having had sepsis using the Interna-
tional Classification of Diseases, Ninth

Revision, Clinical Modification codes.
Such data extraction is relatively impre-
cise. Other studies had much less data (3,
6). Here we report the results from a vast
European study reflecting the situation at

T his large pan-

European study

documents the

high frequency of sepsis in

critically ill patients and

shows a close relationship

between the proportion of

patients with sepsis and the

intensive care unit mortality

in the various countries.

Table 6. Outcome according to microorganisms in patients with sepsis (n ! 1177)

No.
% ICU

Mortality
% Hospital
Mortality OR (95% CI)a p Value

Gram-positive 466 140 (30.0) 175 (37.6) 1.3 (1.0–1.7) .031
Any Staphylococcus 353 111 (31.4) 139 (39.4) 1.4 (1.1–1.9) .014
MRSA 164 54 (32.9) 70 (42.7) 1.4 (1.0–2.0) .049
Staphylococcus, others 223 68 (30.5) 84 (37.7) 1.3 (0.9–1.8) .146
Any Streptococcus 211 56 (26.5) 72 (34.1) 1.0 (0.7–1.4) .987
Streptococcus D group 123 37 (30.1) 49 (39.8) 1.2 (0.8–1.8) .395
Streptococcus pneumoniae 46 6 (13.0) 9 (19.6) 0.4 (0.2–1.0) .034
Streptococcus, others 54 15 (27.8) 18 (33.3) 1.1 (0.6–2.0) .843
Other Gram-positive cocci 23 5 (21.7) 6 (26.1) 0.8 (0.3–2.0) .594
Bacillus Gram-positive 29 10 (34.5) 16 (55.2) 1.6 (0.7–3.2) .334

Gram-negative 451 119 (26.4) 159 (35.3) 1.0 (0.8–1.3) .917
Escherichia coli 158 36 (22.8) 55 (34.8) 0.8 (0.5–1.2) .242
Klebsiella 71 17 (23.9) 22 (31.0) 0.9 (0.5–1.5) .600
Enterobacter 67 22 (32.8) 25 (37.3) 1.4 (0.8–2.3) .237
Proteus 49 12 (24.5) 17 (34.7) 0.9 (0.5–1.7) .731
Pseudomonas species 163 56 (36.2) 70 (42.9) 1.7 (1.2–2.4) .002
Haemophilus 37 6 (16.2) 8 (21.6) 0.5 (0.2–1.3) .146
Acinetobacter 42 11 (26.2) 11 (26.2) 1.0 (0.5–2.0) .949
Gram negative, others 82 27 (32.9) 32 (39.0) 1.4 (0.9–2.2) .180

Anaerobes 41 8 (19.5) 9 (22.0) 0.7 (0.3–1.4) .298
Atypical microorganisms 7 4 (57.1) 6 (85.7) 3.7 (0.8–16.7) .067
Fungi 195 62 (31.8) 76 (39.0) 1.4 (1.0–1.9) .073

Candida albicans 156 53 (34.0) 63 (40.4) 1.5 (1.1–2.2) .026
Candida non-albicans 49 14 (28.6) 21 (42.9) 1.1 (0.6–2.1) .752
Fungi, others 17 3 (17.6) 4 (23.5) 0.6 (0.2–2.1) .402

Viruses and parasites 13 8 (61.5) 7 (61.5) 4.5 (1.5–13.9) .004
Only clinical 468 118 (25.2) 160 (34.3) 1.0 (0.7–1.4) .844
Mixed infection 207 59 (28.5) 72 (34.8) 1.1 (0.8–1.6) .499

ICU, intensive care unit; OR, odds ratio; CI, confidence interval; MRSA, methicillin-resistant S. aureus; Staphylococcus, others: methicillin-sensitive
S. aureus and Staphylococcus coagulase negative methicillin sensitive; Streptococcus, others: Streptococcus A, B, C, G group and others; Bacillus
Gram-positive: Moraxella and others; Gram-negative, others: Salmonella, Serratia, Citrobacter, Stenotrophomonas maltophilai, Campylobacter, other
enterobacteroids, other Gram-negative bacilli, Gram-negative cocci; Anaerobes: Clostridium, Bacteroides, anaerobic cocci and others; atypical microor-
ganisms: Mycobacteria, Chlamydia, Rickettsia, Legionella pneumoniae, Aspergillus, and others; any: the microorganism was considered once per patient
even if present in more than one site.

aAccording to univariate logistic regression analysis with ICU outcome as the dependent factor in patients with sepsis (n ! 1177).

Table 7. Multivariate, forward stepwise logistic regression analysis in sepsis patients (n ! 1177), with
intensive care unit mortality as the dependent factor

OR (95% CI) p Value

SAPS II scorea (per point increase) 1.0 (1.0–1.1) ".001
Cumulative fluid balanceb (per liter increase) 1.1 (1.0–1.1) .001
Age (per year increase) 1.0 (1.0–1.0) .001
Initial SOFA score (per point increase) 1.1 (1.0–1.1) .002
Blood stream infection 1.7 (1.2–2.4) .004
Cirrhosis 2.4 (1.3–4.5) .008
Pseudomonas infection 1.6 (1.1–2.4) .017
Medical admission 1.4 (1.0–1.8) .049
Female gender 1.4 (1.0–1.8) .044

OR, odds ratio; CI, confidence interval; SAPA, Simplified Acute Physiology Score; SOFA, Sequential
Organ Failure Assessment.

aAt admission; bwithin the first 72 hrs of onset of sepsis.
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The first explanation for these imperfect results is that,
as previously suggested, cIVC is a dynamic preload index.
In contrast with findings reported in mechanically venti-
lated septic patients, dynamic parameters have been
shown to be ineffective to predict fluid responsiveness in
spontaneous breathing patients [6,7]. Spontaneous ventila-
tion implies a very wide range of breathing patterns. In
patients with spontaneous ventilation, respiratory varia-
tions are highly variable from one cycle to another in a
given patient and between different patients. Then, influ-
ence of breathing pattern on cIVC is also variable. The
present results indirectly confirm that spontaneous breath-
ing is a natural limit for the use of a dynamic parameter.
Because previous studies have reported a good correla-

tion between cIVC and blood volume removal during
hemodialysis [17,24] or during blood donation [41], the
inability of cIVC to predict fluid responsiveness may be
surprising in spontaneously breathing patients with ACF.
However, monitoring blood volume during blood removal
is not the same as predicting fluid responsiveness. It has

been shown that there is a good correlation between high
cIVC value and low CVP value [21,22,42]. A low CVP
value (< 7 mmHg) could be considered a good indicator of
fluid responsiveness [11], corresponding to high values of
cIVC (specificity = 80%). In contrast, lower values of cIVC
values are poorly predictive, corresponding to higher
values of CVP [8,9].
The conditions of measurement of cIVC could be dis-

cussed. In the present study, the IVC diameter was mea-
sured by M mode at 2 or 3 cm from the right atrium, as
described in previous studies [17,18,22]. However, Wal-
lace et al. [43] recently showed that in spontaneously
breathing healthy volunteers, variations of IVC diameter
were significantly lower when recorded closed to the

Table 1 Characteristics of the general population and comparison between responders and non-responders at
baseline (before fluid challenge)

All patients
(n = 40)

Responders
(n = 20)

Non-responders
(n = 20)

P-value

Age, years 63 (56, 70) 61 (49, 70) 66 (53, 75) 0.58

Weight, Kg 72 (65, 77 67 (63, 76) 76 (63, 88) 0.14

Height, cm 169 (164, 173) 170 (162, 176) 168 (160, 173) 0.38

APACHE II score 17 (14, 23) 18 (14, 29) 14 (11, 21) 0.30

Heart rate, bpm 101 (91, 116) 101 (91, 125) 103 (79, 121) 0.78

Mean arterial pressure, mmHg 71 (66, 77) 70 (61, 88) 72 (65, 87) 0.56

LVEF, % 55 (50, 60) 55 (50, 60) 55 (47, 60) 0.41

Velocity time index, cm 16 (14, 18) 14 (12, 16) 17 (15, 21) < 0.01

E velocity, cm/s 75 (70, 80) 65 (53, 76) 82 (75, 93) < 0.01

E/A velocity ratio 0,9 (0.8, 1.1) 0,8 (0,6, 1,1) 1,0 (0,8, 1,4) < 0.01

Ea velocity, cm/s 12 (10, 13) 12 (9, 14) 11 (9, 15) 0.79

E/Ea velocity ratio 6 (5, 8) 5 (5, 10) 7 (5, 8) 0.40

cIVC, % 34 (16, 64) 64 (28, 100) 19 (5, 35) < 0.01

Data are expressed in medians with 5th and 95th percentiles. APACHE: Acute Physiology and Chronic Health Evaluation; cIVC, collapsibility index of the inferior
vena cava.

Table 2 Causes of acute circulatory failure
Pathology Number of patients (%)

Sepsis 24 (60)

Intra-abdominal infection 10

Pulmonary infection 9

Pyelonephritis 5

Bleeding 11 (28)

Postoperative 7

Trauma 4

Dehydration 5 (13)

The total percentage is different from 100% because specific percentages
were rounded.

Figure 1 Individual values of inferior vena cava collapsibility
(cIVC) (%) after infusion of 500 mL of HES. The best cutoff value
is 40%.

Muller et al. Critical Care 2012, 16:R188
http://ccforum.com/content/16/5/R188
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Monitorage Hémodynamique – Précharge dépendance

predicted mortality. At 12 hrs, compared
with quartile 4, the risk of mortality (ad-
justed hazard ratio) in quartiles 1–2 were
significantly reduced (Table 2). Quartile 3
showed a nonsignificant trend to decreased
mortality as well with an adjusted hazard ra-

tio of 0.762 (0.562–1.033). Cumulative fluid
balance on day 4 also correlated with mortal-
ity with quartile 1 and 2 having survival ad-
vantages compared with quartile 4 (Table 2).
Again quartile 3 demonstrated a nonsignifi-
cant trend toward decreased mortality.

Fluid Balance Correlates Modestly
With Central Venous Pressure and Dose
of Norepinephrine at 12 Hrs, Whereas
There Is No Significant Association by
Day 4. We assessed whether the incident
fluid balance can predict central venous
pressure at 12 hrs and whether the pre-
ceding 24-hr fluid balance can predict
central venous pressure thereafter. Using
linear regression analysis, we found that
fluid balance only correlated with central
venous pressure in a statistically signifi-
cant manner at 12 hrs. This correlation
was very modest with an R correlation of
0.2 and p ! .001. Fluid balance also cor-
relates modestly with dose of norepineph-
rine at 12 hrs (r " .2 and p ! .001). Even
this modest correlation between central
venous pressure and fluid balance disap-
peared during the next 24 hrs with an R
correlation of ! .02 on each subsequent
day until day 4. Similarly, after enroll-
ment, there was no significant correla-
tion between dose of norepinephrine and
fluid balance. Figure 3 graphically repre-
sents the relationship between incident
fluid balance and central venous pressure
or dose of norepinephrine at 12 hrs as
well as day 4.

A Central Venous Pressure of !8 mm
Hg at 12 Hrs Is Associated With Im-
proved Survival, Whereas Central Venous
Pressure Does Not Correlate With Mor-
tality on Subsequent Days. Given the
2008 Surviving Sepsis Guideline recom-
mendation to target a central venous
pressure of 8–12 mm Hg to ensure ade-
quate intravascular volume, we assessed
whether achieving this target was associ-
ated with improved survival. We grouped
patients into those with a 12 hrs central
venous pressure !8 mm Hg, those with a
central venous pressure 8–12 mm Hg,
and those in whom central venous pres-
sure was #12 mm Hg. We used Cox re-
gression analysis stratified according to
central venous pressure group and in-
cluded age and APACHE II score as co-

Figure 2. A, Cox survival curves, adjusted for age, Acute Physiology and Chronic Health Evaluation
(APACHE) II score, and severity of shock (dose of norepinephrine), are shown for fluid balance
quartiles at 12 hrs. Quartiles 3 and 4 have significant increases in mortality compared with both
quartiles 1 and 2. B, Cox survival curves, adjusted for age, APACHE II score, and dose of norepineph-
rine, are shown for cumulative fluid balance quartiles at day 4. Quartiles 3 and 4 have significant
increases in mortality compared with both quartiles 1 and 2.

Table 1. Fluid intake, urine output, and net fluid balance at 12 hrs and cumulative day 4 balance

Quartile 1 (Dry) Quartile 2 Quartile 3 Quartile 4 (Wet)

12 hrs
Intake, mL 2900 (2050–3900) 4520 (3700–5450) 6110 (5330–7360) 10,100 (8430–12,100)
Output, mL 2200 (1100–3920) 1590 (960–2560) 1180 (600–2070) 1260 (600–2400)
Balance, mL 710 ($132–1480) 2880 (2510–3300) 4900 (4290–5530) 8150 (7110–10,100)

Day 4
Intake, mL 16,100 (12,800–19700) 18,500 (15,700–22,500) 22,800 (19,700–26,700) 30,600 (26,200–36,000)
Output, mL 14,600 (11,500–20100) 11,000 (8210–14,500) 9960 (6940–12,900) 8350 (5100–12,300)
Balance, mL 1560 ($723–3210) 8120 (6210–9090) 13,000 (11,800–14,700) 20,500 (17,700–24,500)

Volumes are expressed as median (25–75%).
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troponin showed no statistical differences between survivors and
nonsurvivors in our study.

Micek et al [8] studied the cardiac function and accumulated fluid
balance in septic shock in a recent work and concluded that cumulative
fluid balance and cardiac dysfunction predict outcome in septic shock
patients. Cardiac function was studied only in 26 out of 42 patients in
the present work; and therefore, no conclusions could be drawn on
this issue, but these data should be taken as preliminary and analyze
in future studies.

Cordemans et al [9] observed that fluid balance and extravascular
lung water index were mortality predictors in critically ill patients
requiring mechanical ventilation. Thus, clinicians treating septic shock
patients should carefully assess the need for intravenous fluids both in
the immediate resuscitation period and over the subsequent days of
treatment. The use of more conservative fluid administration protocols

in patients with severe sepsis and septic shock needs further study to
determine their relative efficacy compared to standard care therapy [8].

Associations between increased cumulative positive fluid balance
and long-term adverse outcomes have been reported in sepsis patients
[5]. In tests of liberal vs goal-based treatments or restrictive fluid strate-
gies in patients with acute respiratory distress syndrome—particularly in
perioperative patients [3,4]—restrictive fluid strategies were associated
with reduced morbidity. However, because there is no consensus on
the definition of these strategies, high-quality tests in specific patients
populations are required [10].

The mechanisms by which positive fluid balance can adversely
influence outcomes remain unknown. However, hypervolemia or
hyperosmolaritymight exacerbate capillary leak in septic shock patients,
thus contributing to pulmonary edema. Positive fluid balance could also
result in intraabdominal hypertension, thus contributing to organ hypo-
perfusion development and subsequent organ failure [11,12]. Acute
renal failure coexisting with sepsis may worsen outcomes as well as
lead to positive fluid balance [13].

Our study has important limitations. Firstly, it was performed in one
only middle-sized and university hospital and may therefore have no
external validity for other institutions. Secondly, our observational de-
sign and the lower number of studied patients tan other studies of
fluid balance, limit our ability to determine a causal relationship be-
tween fluid balance and outcomes. And thirdly, the fact that cardiac
function was only studied in 26 of the 42 patients leaves out an impor-
tant predictor of mortality. Finally, other factors such as antibiotic ther-
apy, focus control, and some other unmeasured clinical parametersmay
have contributed to our findings. Recommendations in the guidelines
for sepsis treatment are well known to have recently been questioned,
specifically the early goal-directed treatment [14]. The same applies to
the recommendations of the type of fluid used for sepsis and septic
shock. For all these reasons, it is difficult to standardize a single treat-
ment protocol for these critically ill patients, as well as to draw clear
conclusions from observational studies.

Lastly, selection, timing, doses, and fluid balance in sepsis and septic
shock should also be evaluated very carefullywith the aimofmaximizing
efficacy and minimizing iatrogenic toxicity [15].

In conclusion, fluid administration upon the onset of severe sepsis or
septic shock is the first line of hemodynamic treatment in this clinical
situation. There is no doubt that the study of cardiac function by echo-
cardiography helps us better understand the prognosis of these
patients. However, the accumulated positive fluid balance in the first
48, 72, and 96 hours is associatedwith highermortality in these critically
ill, ICU-admitted patients.
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Fig. 2 Challenging the Frank–Starling curve with the passive leg
raising (PLR). In patients with circulatory failure it is not possible
to predict the response to volume administration because not just
one but numerous curves rely stroke volume and cardiac preload.
PLR induces a change in preload that enables to challenge the rela-
tionship. If the increase in cardiac preload occurring during the test
( from A to B) produces a large increase in stroke volume ( from a’
to b’), preload responsiveness is likely and the patient should re-
spond to fluid administration. If the increase in stroke volume during
the test is of small amplitude ( from a to b), preload responsiveness
is unlikely and fluid administration should be avoided

impaired contractility because they are on the steep part of
their cardiac function curve. Numerous studies now sup-
port the evidence that static measures of cardiac preload
are not appropriate to assess preload reserve [14, 15]. In
this regard cardiac filling pressures such as central venous
pressure and pulmonary artery occlusion pressure cannot
differentiate between patients responding and patients not
responding to fluid administration [16]. Fluid responsive-
ness assessment must be rather based on the response to
dynamic tests which induce transient changes in cardiac
preload [17].

Since mechanical ventilation is able to induce cyclic
changes in cardiac preload, the respiratory variation
in stroke volume has been proposed to assess preload
reserve [17]. Accordingly, the respiratory variations
in surrogates of stroke volume such as arterial pulse
pressure [18], Doppler subaortic flow [19], pulse contour
derived stroke volume [20, 21], descending aortic blood
flow [22], and even pulse oximetry wave [23] have been
demonstrated to predict fluid responsiveness in the criti-
cally ill. Nonetheless, such heart–lung interaction indices
can be used in only specific conditions, such as regular
sinus cardiac rhythm and full adaptation of the patient
to the ventilator as during deep sedation or coma. If not,
the irregularity of the cardiac rhythm or of the respiratory
cycle also account for variability in stroke volume such
that fluid responsiveness can no longer be predicted by
the variations in stroke volume [8, 24]. In patients with
spontaneous ventilation respiratory variation in the central
venous pressure has been proposed as an alternative [25].

Conflicting results have subsequently been reported [24],
perhaps because the test is effective only in cases of no
forced expiration [26].

PLR is an alternative means to predict the hemody-
namic response to fluid administration since it can be
used as a “self-volume challenge” at the bedside [27].
In mechanically ventilated patients fully adapted to their
ventilator PLR-induced changes in stroke volume have
been found to be closely correlated with the changes in
stroke volume induced by a subsequent 300 ml colloid
infusion [5]. Importantly, the hemodynamic changes
induced by PLR are not affected by arrhythmias or by
ventilator triggering. Therefore the PLR can be still used
in circumstances where heart–lung interaction indices are
misleading. In a study including 71 shocked patients mon-
itored by esophageal Doppler we investigated whether the
response of descending aortic blood flow to PLR predicts
fluid responsiveness [8]. Interestingly, PLR increased the
aortic flow time—a marker of left cardiac preload—to the
same proportion in both responders and nonresponders,
suggesting that this test actually performs as a volume
challenge. The changes in the descending aortic blood
observed during a PLR test were closely correlated with
those induced by the subsequent volume expansion.
Moreover, a PLR-induced increase in aortic blood flow
by more than 10% predicted a fluid-induced increase in
aortic blood flow by more than 15% (i. e., fluid respon-
siveness) with very good sensitivity and specificity [8]
(Fig. 3). In the subgroup of patients fully adapted to
their ventilator the response to PLR performed equally to
pulse pressure respiratory variation in predicting volume
responsiveness [8]. More importantly, in the subgroup of
patients who triggered their ventilator or who experienced
arrhythmias we found that the aortic blood flow response
to PLR to predict fluid responsiveness retained its predic-
tive value while pulse pressure variation was no longer
reliable [8]. These findings emphasize the specific interest
of PLR under conditions where heart–lung interactions

Fig. 3 Typical waveform of aortic blood flow during a passive leg
raising (PLR) test and volume expansion in a patient with preload
reserve. In this patient with an acute circulatory failure the increase
in aortic blood flow observed during PLR can predict the positive
response to volume expansion

Monnet et al. ICM 2008
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It is important to note that fluid responsiveness is merely an assess-
ment of a patient's position on the Frank-Starling curve. It is very impor-
tant to integrate the assessment of fluid responsiveness with
parameters that assess fluid overload. These include physical examina-
tion, fluid balance, weight, and very importantly lung ultrasound. Ultra-
sound is being used increasingly and its ability to predict preload
responsiveness is promising and the subject of ongoing study.

We acknowledge that most studies evaluating measures of fluid re-
sponsiveness are small, single center studies that lacked an assessment
of reproducibility. It is unclear which of the dynamic measurements are
superior and we cannot conclude an order of preference for the
methods available. We recommend an individualized approach to the
integration of different modalities to assess fluid responsiveness and
guide fluid resuscitation in the critically-ill patient, as shown in Fig. 8.
At the bedside, clinicians should be aware of the pitfalls and limitations
of modalities available to ascertain fluid responsiveness.
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blood transferred to the heart during PLR is sufficient to
increase left cardiac preload. Nonetheless, if the preload
reserve of the right heart is limited, the increase in right
cardiac preload should not result in an increased flow
toward the left ventricle, and thus PLR should not increase
left-side preload in such cases. The response to PLR of the
markers of right preload (e. g., central venous pressure)
and of left preload may therefore differ.

As a result of the increase in left ventricular preload
PLR may ultimately result in an increase in cardiac out-
put, depending on the degree of left ventricular preload
reserve. Interestingly, Wong and colleagues [9] reported
that the increase in stroke volume induced by a 45° leg
lifting in healthy subjects was of larger magnitude after
withdrawal of 500 ml blood, suggesting that PLR affects
cardiac output differently according to the central volume
status and thus the degree of cardiac preload reserve. An
important point is that the PLR-induced increase in cardiac
preload vanishes completely when the legs are returned
to horizontal position [5, 8, 10, 11]. Therefore PLR can
be considered as a brief and completely reversible “self-
volume challenge”. It must also be stressed that the effect
of PLR on cardiac output—when it occurs—is not always
sustained when the leg elevation is prolonged. In septic
shock patients capillary leak may account for this atten-
uation. In a study including critically ill patients with cir-
culatory failure we observed that the increase in the blood
flow of the descending thoracic aorta induced by PLR in
“preload-dependent” patients occurred in few seconds and
was maximal approx. 1 min after starting the PLR maneu-
ver [8]. In patients who did not have a sustained response
to PLR the response to volume infusion also was not sus-
tained. Thus the hemodynamic effects of PLR should be
assessed during the time frame of 30–90 s after the onset
of the test.

Postural changes during PLR are important to consider.
If the trunk is in the semirecumbent position before the
maneuver, PLR consists in pivoting the entire body, with
the legs lifted up and the trunk ultimately in the horizontal
position. With this method one would expect that PLR
induces the transfer of a larger blood volume than if the
trunk is initially lying horizontally since not only the
venous blood of the legs but also that contained into the
large splanchnic compartment is mobilized in such a case
(Fig. 1; Electronic Supplementary Material, ESM). This
should increase the total amount of blood that is mobilized
during the postural maneuver.

The response to PLR may also depend upon the ability
of the venous reservoir to be recruited. In a patient who
is vasoconstricted because of hypovolemic/cardiogenic
shock the venous reservoir is likely reduced, and the
volume recruited by the PLR would be expected to be less.
By contrast, in a patient with a vasodilatory state such
as septic shock a higher unstressed volume is expected
to be recruited by PLR. Based on this hypothesis, PLR
should theoretically increase right ventricle preload less in

Fig. 1 Postural change during passive leg raising. If at baseline the
patient is not lying horizontally but is in semirecumbent position,
PLR consists of a simple pivoting of the entire bed. Compared to
a case in which the trunk of the patient lies horizontally at baseline,
this method is advantageous because (a) it does not change the hip
angle, and (b) it may induce the transfer of a larger volume of blood

patients with hypovolemic than in those with septic shock.
However, in volume-depleted patients with high volume
responsiveness even a moderate increase in preload can
result in a significant change in cardiac output. In support
of this, the increase in cardiac output in normal subjects
in response to PLR has been shown to be increased after
blood removal [12].

PLR for testing fluid responsiveness
in the critically ill
Facing a hemodynamic failure, the clinician is often
tempted to give fluid in order to increase cardiac output
by fueling the reservoir in which the heart is pumping.
However, fluid administration does not always result
in cardiac output enhancement. This comes from the
curvilinearity of the Frank–Starling relationship: if the
heart is operating on the initial and steep part of the curve,
it should have some preload reserve, and any increase in
cardiac preload results in an increase in stroke volume.
In this case the patient “responds” positively to fluid
administration (Fig. 2). In contrast, if the heart is operating
on the distal and flat part of the Frank–Starling curve
(absence of preload reserve), no significant increase in
stroke volume is expected from volume loading. In this
case fluid administration may induce harmful effects (e. g.,
lung inflation, worsening of gas exchange in the case of
pulmonary injury, worsening of tissue oxygen transfer)
that would not be counterbalanced by any hemodynamic
benefit. Thus the need has risen to find diagnostic tools
for predicting which shocked patients will respond to fluid
administration [13].

Predicting fluid responsiveness solely on the basis of
measures of preload must be discouraged. Not only one
but a family of Frank–Starling curves rely cardiac preload
and stroke volume according to individual factors such as
cardiac contractility (Fig. 2). Accordingly, a given value of
preload could be associated with preload reserve in pa-
tients with normal cardiac contractility but with absence
of preload reserve in the case of patients with profoundly
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Before PLR During PLR Before VE After VE

HR (beats/min)
Responders 95 ± 22 92 ± 25 96 ± 22 93 ± 23
Nonresponders 96 ± 30 94 ± 31 97 ± 32 92 ± 28**

SAP (mmHg)
Responders 100 ± 20 113 ± 20* 105 ± 22 115 ± 24**
Nonresponders 102 ± 10 112 ± 11* 100 ± 10 113 ± 13**

MAP (mmHg)
Responders 67 ± 9 76 ± 12* 70 ± 14 76 ± 11**
Nonresponders 68 ± 9 73 ± 10* 70 ± 10 76 ± 8**

SVi (ml/m2)
Responders 35 ± 11 44 ± 15* 37 ± 11 47 ± 13**
Nonresponders 40 ± 14 42 ± 14* 41 ± 15 43 ± 16**

VTIAo (cm)
Responders 20 ± 6 25 ± 7* 20 ± 6 26 ± 7**
Nonresponders 21 ± 6 22 ± 6* 21 ± 6 22 ± 7**

CO (l/min)
Responders 5.7 ± 1.2 6.8 ± 1.4* 6.0 ± 1.3 7.5 ± 1.4**
Nonresponders 6.3 ± 2.2 6.4 ± 2.1 6.5 ± 2.5 6.3 ± 2.3

* p < 0.05 during PLR vs. before PLR, ** p < 0.05 after VE vs. before VE

Table 2 Effects of passive leg
raising and volume expansion on
hemodynamic variables in
responders and nonresponders
(HR heart rate, MAP mean
arterial pressure, PLR passive leg
raising, SAP systolic arterial
pressure, SVi stroke volume
index, VE volume expansion,
VTIAo velocity-time integral of
aortic blood flow, CO cardiac
output)

a similar approach. Differences with a p value less than
0.05 were considered statistically significant. Statistical
analyses were performed using Statview 5.0 software
(Abacus Concepts, Berkeley Calif., USA) and Medcalc
8.1.0.0 software (Mariakerke, Belgium).

Results
Changes in VTIAo and SVi induced by PLR
and by volume expansion

In all patients the highest plateau value of VTIAo recorded
during PLR was obtained within the first 90 s follow-
ing leg elevation. The proportional changes in VTIAo
induced by PLR were correlated with the proportional
changes in VTIAo induced by volume expansion (r = 0.83,
p< 0.0001). The proportional changes in cardiac output
induced by PLR were also correlated with the proportional
changes in cardiac output induced by volume expansion
(r = 0.79, p< 0.0001; Fig. 1). The PLR-induced changes
in VTIAo or in SVi of 12.5% or more predicted fluid
responsiveness with a sensitivity of 77% and a specificity
of 100% (Fig. 2). Intubated and nonintubated patients did
not differ. Among the three patients with false-negative
findings (volume responders with a PLR-induced increase
in VTIAo less than 12.5%) one was intubated and two
nonintubated.

LVEDAi, E/Ea, and the effects of volume expansion

Before volume expansion LVEDAi and E/Ea did not differ
between responders and nonresponders (Table 3, Fig. 2).
The area under the ROC curve for PLR-induced changes in

VTIAo (0.96 ± 0.04) was significantly greater than that for
LVEDAi before volume expansion (0.58 ± 0.12) and that
for E/Ea before volume expansion (0.65 ± 0.11;) (Fig. 3).
For VTIAo measurements interobserver variability was
3.2 ± 2.5% and intraobserver variability 2.8 ± 2.2%.
For LVEDAi measurements the interobserver variability
was 6.5 ± 4.2% and intraobserver variability 5.8 ± 3.1%.
For E/Ea measurements interobserver variability was
7.2 ± 5.3% and intraobserver variability 4.9 ± 4.5%.
Finally, a fluid-induced increase in SVi of more than 10%
(in 16 patients) was predicted by a PLR-induced increase
in VTIAo greater than 8% with a sensitivity of 100% and
a specificity of 100%.

Fig. 1 Relationship between proportional changes in cardiac output
induced by volume expansion (VE) and proportional changes in car-
diac output induced by passive leg raising (PLR)
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Fig. 2 Individual values (open circles) and mean ± SD values
(closed circles) of the passive leg raising (PLR) induced changes
in VTIAo (velocity time integral of aortic blood flow), E/Ea [ratio
of pulsed Doppler transmitral flow in early diastole (E) to the
early diastolic mitral annulus velocity (Ea) measured by tissue
Doppler imaging] before volume expansion (VE), and indexed left

ventricular end-diastolic area (LVEDAi) before VE in responders (R,
patients experiencing VE-induced increase in stroke volume ≥ 15%)
and nonresponders (NR). Dotted line Best threshold value (+12.5%)
of PLR-induced change in VTIAo that discriminates responders
from nonresponders to VE

Table 3 Effects of volume expansion on static echocardiographic
indexes of left ventricular filling in responders and nonresponders
(E/Ea ratio of pulsed Doppler transmitral flow in early diastole to
the early diastolic mitral annulus velocity, LVEDAi indexed left ven-
tricular end-diastolic area, VE volume expansion)

Parameters Before VE After VE

LVEDAi (cm2/m2)
Responders 11.1 ± 1.9 12.0 ± 1.5*
Nonresponders 10.6 ± 1.9 11.2 ± 2.4

E/Ea
Responders 8.3 ± 2.9 7.9 ± 2.2
Nonresponders 6.8 ± 2.1 7.4 ± 2.0

* p < 0.05 after VE vs. before VE

Discussion

The main results of our study performed in patients with
spontaneous breathing activity are as follows: (a) a PLR-
induced increase in VTIAo or in SVi of 12.5% or more
predicted an increase in SVi of 15% or more after volume
expansion with a sensitivity of 77% and a specificity of
100%, (b) the echocardiographic markers of filling status
as LVEDAi and E/Ea did not accurately predict volume re-
sponsiveness.

The major strength of our study was to bring ev-
idence that the response to volume expansion can be
noninvasively predicted by a simple tool (PLR) in pa-

tients experiencing spontaneous respiratory movements.
In such patients volume responsiveness is difficult to
predict [1, 14] since heart-lung interaction indices such
as stroke volume and arterial pulse pressure variations
are not reliable for this purpose [5–7]. Importantly, this
subgroup of patients represents the great majority of
critically ill patients considered for volume expansion [3]
including patients breathing spontaneously without
any mechanical support and patients triggering their
ventilator.

The PLR is able to induce a reversible increase in ve-
nous return from the legs to the thorax and then a reversible
increase in preload of the right [15] and left ventricle [16].
Thus the PLR can be considered as a reversible self fluid
challenge [17]. However, the effects of PLR on cardiac
output are variable [5, 16, 18–20] depending upon the de-
gree of leg elevation and the presence of cardiac preload
reserve. Using pulmonary artery thermodilution Boulain
et al. [19] found that the increase in stroke volume in-
duced by PLR occurs only in patients who increase their
stroke volume after a subsequent volume loading. Conse-
quently PLR has been proposed to detect fluid responsive-
ness in critically ill patients [3, 17]. Recently we reported
that PLR-induced changes in the descending aorta blood
flow accurately predict volume responsiveness in patients
monitored with an esophageal Doppler probe [5]. In our
previous study a PLR increase in aortic blood flow of 10%
or more predicted fluid responsiveness with a sensitivity
of 97% and a specificity of 94% [5]. One of the major
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Fig. 3 Receiver operating characteristics curves comparing the abil-
ity of passive leg raising (PLR) induced changes in VTIAo (velocity
time integral of aortic blood flow), E/Ea [ratio of pulsed Doppler
transmitral flow in early diastole (E) to the early diastolic mitral an-
nulus velocity (Ea) measured by tissue Doppler imaging] before vol-
ume expansion (VE), and indexed left ventricular end-diastolic area
(LVEDAi) before VE to discriminate responders and nonresponders
in the overall population. The area under the curve for PLR-induced
changes in VTIAo was significantly greater than that for E/Ea be-
fore VE (difference 0.301, 95% confidence interval 0.077–0.524,
p = 0.008) and for LVEDAi before VE (difference 0.374, 95% con-
fidence interval 0.175–0.573, p = 0.0001). There was no difference
between the area under the curve values for E/Ea before VE or for
LVEDAi before VE

strengths of the present study was to find fairly consistent
results by using a totally noninvasive device.

Importantly, the findings of the present study also
demonstrate that the usual echocardiographic measures of
cardiac filling, namely LVEDAi and E/Ea, are not reliable
in predicting the response to volume expansion. The
LVEDAi is considered a more valuable indicator of left
ventricular preload than the pulmonary artery occlusion
pressure (PAOP) [10], and LVEDAi has been shown to
decrease during acute blood losses [21]. However, in
mechanically ventilated patients LVEDAi appears to be
of little value in predicting volume responsiveness [2,
22–24]. Pulsed Doppler analysis and tissue Doppler
imaging are other approaches to assess cardiac filling. The
E/Ea ratio is now considered as one of the best Doppler
estimates of left ventricular filling pressure [12, 13, 25]. Its
advantage is that Ea is assumed to be preload independent,
thus allowing the effect of left ventricular relaxation on
the E velocity to be corrected [25]. In addition, E/Ea is still
reliable in patients with atrial fibrillation [26]. In critically
ill patients the agreement between E/Ea and PAOP is only

fair [27, 28]. In the present study the E/Ea value before
volume expansion did not reliably predict volume respon-
siveness, and this finding was in accordance with the poor
value of PAOP to predict volume responsiveness [1, 14].
In addition, in healthy volunteers E/Ea has been shown
to be poorly correlated with PAOP during changes in
preload [29], and it has been recently hypothesized that Ea
varies with preload under conditions where left ventricular
relaxation is normal [30, 31]. This may partly account for
the absence of change in E/Ea with volume expansion in
our patients.

There are at least three reasons for explaining the poor
value of echocardiography indices of left ventricular fill-
ing to predict volume responsiveness. First, these parame-
ters do not reflect the preload of the right ventricle, which
is important to take into account when volume responsive-
ness is considered [3]. Second, none of these markers are
accurate measures of left ventricular preload, which is con-
ceptually considered as the left ventricular end-diastolic
stress [32]. Third, a given value of ventricular preload can
be associated with various degrees of ventricular preload
reserve since the slope of the Frank–Starling curve (ven-
tricular preload vs. stroke volume) highly depends on sys-
tolic cardiac function [32].

The limitations of our study must be discussed. We
have learned from previous studies performed by our
group [5, 19] and by others [33] that PLR results in
transient hemodynamic effects. Thus we anticipated that
we would not have enough time to perform a complete
echocardiographic examination during PLR. Consequently
we chose to focus on the responses of VTIAo to PLR,
and this was both relevant with respect to our hypothesis
and feasible within approx. 1 min. We measured stroke
volume using the classical left ventricular outflow track
Doppler method, which has been previously validated
against the thermodilution technique [9] and is commonly
used in critically ill patients [34], especially for predicting
volume responsiveness [24, 35]. We defined the positive
response to volume expansion as an increase in SVi of
15% or more with volume expansion. This cutoff value
seems clinically relevant, and it was chosen by reference
to previous studies [1, 2, 23–25, 36]. Six of our patients
had atrial fibrillation with no abrupt, marked changes in
ventricular rhythm. The distribution among responders
(n = 3) and nonresponders (n = 3) was similar to that in
the subgroup of patients with sinus rhythm. However, our
findings cannot be extrapolated to patients experiencing
abrupt and marked changes in the ventricular rate. It is
known that the aortic area measured at the level of aortic
annulus is unchanged during acute hemodynamic changes.
Consequently, evaluating the response of VTIAo to PLR
makes simpler the TTE detection of volume responsive-
ness and thus would enhance its clinical applicability.
We obtained good quality imaging with transthoracic
approach in all patients. This is now the general case in the
intensive care units utilizing the new generations of TTE

cutoff ≥ 12,5%
AUC = 0,96
Sensibilité 77%
Specificité 100%
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responsiveness as a guide for fluid management (intervention) vs usual
care at 13 hospitals in the United States and the United Kingdom. A
full description of how patients were assigned randomly is provided
in the supplementary material (e-Appendix 1). We screened patients
presenting to the ED with sepsis or septic shock (defined as $2
systemic inflammatory response syndrome (SIRS) criteria and a
suspected or documented infection) and anticipated ICU admission.
Other inclusion criteria included refractory hypotension, (mean
arterial pressure # 65 mm Hg after receiving $1 L and <3 L of
fluid) and enrollment within 24 hours of hospital arrival (e-
Appendix 2). Major exclusion criteria included infusion of >3 L of
IV fluid before random assignment, active “do not resuscitate” order,
hemodynamic instability due to active hemorrhage, transferred from
another hospital, acute cerebral vascular event, acute coronary
syndrome, acute pulmonary edema, status asthmaticus, major cardiac
arrhythmia, drug overdose, injury from burn or trauma, status
epilepticus, indication for immediate surgery, inability or
contraindication to PLR, pregnancy, or being incarcerated. Patient
race and ethnicity were included as demographic variables per
standard study design and were determined for each patient by

medical chart review. Randomization was in a 2:1 allocation of SV-
guided to usual care.

After enrollment and initial treatment in the ED, care was transferred
to the ICU team per usual institutional practice. The remainder of
sepsis care, including source control and antibiotic selection, was at
the discretion of the treating clinicians. In the intervention arm,
PLRs were performed before any treatment of hypoperfusion with
either fluid bolus or vasopressors for the first 72 hours of ICU
admission. SV-guided fluid and vasopressor management was used
continuously during the intervention period (72 hours or ICU
discharge, whichever occurred first). An increase in SV $10% was
considered FR. If the patient demonstrated FR, protocol prompts
were provided to administer a crystalloid fluid bolus (500 mL) for
persistent hypotension, with repeat PLRs after every fluid bolus. If
the patient was not FR, the initiation or up-titration of vasopressors
was prompted with repeat PLRs after significant escalation (an
increase of 1 mg/kg/min norepinephrine). In this manner, the
protocol allowed for the physiologic titration of both fluid and
vasopressors to treat hypoperfusion (Fig 1). Details of fluid volume

Passive Leg Raise Fluid Assessment

Observe

ObserveAdequate
Perfusion

Adequate
PerfusionPersistent Hypoperfusion

Persistent Hypoperfusion

May initiate / increase pressor dose
if additional !uid bolus volume > 2 L

May repeat 0.5 L !uid bolus × 1

> 10% SV Change

1. Fluid bolus 0.5L × 1
2. Reassess MAP / SBP

Clinical Decision is made to treat the patient with either !uid and/or vasoactive medications.
This may be due:
  - MAP < 65, SBP < 90, or BP is rapidly trending lower
  - low urine output
  - any other clinical indication to administer/after !uid bolus or pressors
Vasoactive medication may be de-escalated at the clinician’s discretion but re-escalation
should trigger this PLR algorithm

ObserveNo

ObserveNoYes

< 10% SV Change

Titrate Pressors (NE) to MAP ≥ 65

Initial Dose ≥ 0.10 ug/kg/min
OR

Increased by ≥ 0.10 ug/kg/min 
over prior baseline

Pressor Dose

Figure 1 – Flow chart model of the algorithm used to guide treatment in the Fluid Responsiveness Evaluation in Sepsis-associated Hypotension study.
MAP ¼ mean arterial pressure; NE ¼ norepinephrine; PLR ¼ passive leg raise; SBP ¼ systolic BP; SV ¼ stroke volume.
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Figure 5 – Bar charts compare intervention to usual care for study end points. Bal ¼ fluid balance; MACE ¼ major adverse cardiac event.
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PROFIL MONITORINGSECURITE

ETAT DE CHOC

§ Traitement étiologique 

§ Expansion volémique 

§ Epreuve de remplissage 

§ Amines



Etat de ChocVD / VG > 0,9
Septum paradoxal Tamponnade

FeVG normale
E/A < 1
E < 0,7

ITV < 14

FeVG < 30%
E/A > 2

E/E’ > 13
ITV < 14
Profil B

E/A = 1 à 2
E = 0,7 à 0,9
E/E’ = 6 à 13

ITV > 14

ETSVG ?
Collapsus VCi ?

Non ou doute

Lever de jambe passif
MiniFluid challenge

Epreuve de remplissage 250cc
Augmentation ITV > 10% - 15% Augmentation ITV < 10% - 15%

Expansion volémique Stop fluides
Amines

Thrombolyse
Drainage



08h45 – 09h00 : Accueil des participants 

09h00 – 09h30 : Concept des pressions de remplissage du ventricule gauche

09h30 – 10h30 : Le Ventricule Droit 

10h30 – 11h00 : Pause 

11h00 – 12h00 : Ateliers pratiques 

12h00 – 13h00 : Pause repas 

13h00 – 14h00 : Détresse respiratoire 

14h00 – 15h00 : Etat de choc 

15h00 – 16h00 : Ateliers pratiques 

16h00 – 17h00 : Quizz interactif 


