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Abstract Objectives: To determine
the effects of passive leg raising
(PLR) on hemodynamics and on
cardiac function according to the
preload dependency defined by the
superior vena cava collapsibility in-
dex (ASVC). Results: Forty patients
with shock, sedated and mechanically
ventilated, were included. Trans-
esophageal echocardiography was
performed. At baseline (T1), two
groups were defined according to
ASVC. Eighteen patients presenting
a ASVC > 36%, an indicator of
preload dependency, formed group
1, whereas 22 patients (group 2) ex-
hibited a ASVC < 30% (not preload-
dependent). Measurements were then
performed during PLR (T2), back

to baseline (T3), and after volume
expansion (T4) in group 1 only. At
T1, ASVC was significantly higher

Hemodynamic effects of passive leg raising:
an echocardiographic study
in patients with shock

in group 1 than in group 2, 50 9%
and 7 £ 6%, respectively. In group
1, we found a decrease in ASVC

at T2 (24 = 9%) and T4 (17 = 7%),
associated with increased systolic,
diastolic and arterial pulse pressures.
Cardiac index also increased, from
1.92+£0.74 (T1) to 2.35£0.92
(T2) and 2.85 + 1.2 I/min/m? (T4)
and left ventricular end-diastolic
volume from 51 £41 to 61 51
and 73 & 51 ml/m?. None of these
variations was found in group 2. No
change in heart rate was observed.
Conclusion: Hemodynamic changes
related to PLR were only induced by
increased cardiac preload.

Keywords Fluid responsiveness - Pas-
sive leg raising - Superior vena cava -
Transesophageal echocardiography -
Shock - Cardiac preload

Introduction

Passive leg raising (PLR), a reversible fluid-loading
maneuver [1], may potentially increase intrathoracic blood
volume (ITBV), cardiac preload, and then cardiac out-
put [2], by shifting venous blood from the legs [3] towards
the thorax [4]. Studies performed in normovolemic healthy
volunteers [1], in anesthetized patients [4], and in hypo-
volemic patients [5] linked the cardiovascular response
to PLR to preload dependence of the heart. Recently,
some studies [6—8] have suggested that PLR could be used
in ventilated and spontaneously breathing patients with
hemodynamic instability to assess fluid responsiveness.
However, hemodynamic changes induced by PLR
could be difficult to interpret, as several mechanisms may

simultaneously contribute to the observed cardiovascular
changes: not only an increase in cardiac preload, but
also a sympathetic effect resulting from nociceptive
stimulation, an activation of the baroreflex [9], and finally
a possible activation of the cardiopulmonary reflex me-
diated by the low-pressure baroreceptors [10, 11]. The
cardiopulmonary reflex may serve to shift blood out of
the congested venous system into the arterial system, as
first reported by Bainbridge [12]. Tachycardia, vasoplegia
and so an increase in cardiac index are expected. The
baroreflex may serve to regulate blood pressure in the case
of increased arterial pressure. Bradycardia and vasoplegia
are expected.

Respiratory variations in superior vena cava (SVC)
diameter, measured by transesophageal echocardiography,
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provide an indirect and minimally invasive parameter of
fluid responsiveness in ventilated patients [13]. Collapse
of the vessel during tidal ventilation is well correlated
with “delta down”, a strong indicator of low ITBV [14].
A threshold SVC collapsibility of 36% also discriminates
between responders and nonresponders to blood volume
expansion [15].

The aim of our study was to test the hypothesis that
increased cardiac index during PLR was related only to
a shift of venous blood from the legs toward the thorax.
We report the various effects of PLR on hemodynamics
and on cardiac function, according to the preload depen-
dency defined by the SVC collapsibility index.

Material and methods

We performed a prospective clinical study over a period
of 7 months, between February and September 2006, in
a medical intensive care unit of a university hospital. The
study was approved by the Ethics Committee of the So-
ciété de Réanimation de Langue Francaise (SRLF) and no
informed consent was required from the patients’ next of
kin.

We included all consecutive patients exhibiting acute
circulatory failure, defined as systolic arterial pressure
(SAP) lower than 90 mmHg, or persistent lactic acidosis,
or the need for catecholamine infusion. All patients were
mechanically ventilated and adapted to their ventilator.
They were all sedated with midazolam and sufentanil.
Heart rate (HR) and systolic, diastolic, mean and arte-
rial pulse pressures (respectively SAP, DAP, MAP and
PP) were recorded at each step of the study, using an
indwelling radial artery catheter.

We also collected the Simplified Acute Physiologic
Score II (SAPS 1II), a severity score [16] calculated
within the first 24 h of admission to the ICU, and clinical
data at inclusion, e.g., height, body surface area, venti-
latory parameters, blood gas analysis, and catecholamine
dose.

Transesophageal echocardiography

Transesophageal echocardiography (TEE) was performed
with a Siemens Sequoia C-256 equipped with a multiplane
Acuson TE-V5Ms 5-MHz transducer (Acuson, Mountain
View, CA). Using the signal from the respirator, airway
pressure was displayed on the screen of the ultrasound ma-
chine, permitting accurate timing of cardiac events during
the respiratory cycle [17, 18].

The SVC was examined by a long-axis view, using the
two-dimensional view to direct the M-mode beam across
the maximal diameter. As previously described, we mea-
sured the SVC collapsibility index, as the maximal diam-
eter during expiration minus the minimal diameter dur-

ing insufflation, divided by the maximal diameter [13]. We
also reported the maximal SVC diameter, a surrogate of
central venous pressure.

Left ventricular (LV) end-diastolic volume (EDV)
was measured at end-expiration according to the Simpson
method [19] on a long-axis view of the left ventricle and
indexed to body area.

Pulmonary artery (PA) flow velocity was also recorded
in a long-axis view at the level of right ventricular (RV)
outflow tract. From the pulsed Doppler velocity profile,
recorded at a speed of 25cm/s, we measured PA vel-
ocity—time integrals (VTIpa). PA systolic diameter (D)
was also measured and we calculated PA cross-sectional
area as [1D?/4. RV stroke volume was calculated by mul-
tiplying averaged VTIpy during the respiratory cycle by
the PA cross-sectional area [20], and was expressed as RV
stroke index (RVSI) after dividing by body surface area.
Cardiac index (CI) was calculated by multiplying RVSI by
HR.

Finally, RV size was assessed at baseline on a long-axis
view of the heart by the ratio of the end-diastolic area of
the right ventricle to the end-diastolic area of the left ven-
tricle (RV/LV EDA). A right ventricle was considered di-
lated if this ratio was above 0.6 [21]. LV function was also
assessed at baseline on a short-axis view of the left ventri-
cle by calculating the fractional area change (FAC) as the
end-diastolic area minus the end-systolic area, divided by
the end-diastolic area.

All views collected were directly stored numerically,
allowing measurement of most parameters, with the excep-
tion of SVC collapsibility index, by an expert unaware of
the study.

Study protocol

Patients were prospectively assigned to two groups accord-
ing to their SVC collapsibility index. At baseline, patients
presenting an SVC collapsibility index strictly higher than
36% formed group 1. We previously demonstrated that all
of these patients had significantly increased cardiac output
after blood volume expansion [15]. Group 2 comprised
patients presenting a SVC collapsibility index lower than
30%, a threshold value predicting unresponsiveness to
fluid loading in 100% of cases [15].

A first set of measurements (baseline, T1) was ob-
tained in the semirecumbent position (25°). Using an
automatic bed-elevation technique, the lower limbs were
then raised to a 20° angle while the patient’s trunk was
lowered into the supine position, using Trendelenburg’s
maneuver. A second set of measurements (PLR, T2) was
then obtained after 2 min of stabilization. Patients were
then returned to baseline and a third set of measurements
was recorded (T3). Finally, for group 1 only, a fourth set
of measurements (T4) was obtained after fluid loading
in less than 15 min with 500 ml of hydroxylethyl starch



(Voluven®; Fresenius Kabi, Sevres, France), and patients
were considered as responders to fluids if their cardiac
index increased by more than 10%.

The ventilator settings and vasoactive therapy were
kept constant throughout the study period.

Statistical analysis

Continuous variables were reported as mean = SD and
between-group comparison was performed using a Mann—

Table 1 Patient characteristics in Characteristic
the two groups
Age (years)
Gender, male (%) / female (%)
Weight (kg)
Height (cm)
Body surface area (m?)
SAPS II
Clinical diagnosis
Septic shock, n (%)

Cardiogenic shock and cardiac arrest, n (%)

Hemorrhagic shock, n (%)
Respiratory failure, n (%)

Vr (ml/kg)

Plateau pressure (cmH,0)

PEEP (cmH»0)

P/F

Midazolam (dose, mg/h)

Sufentanil (dose, jg/h)

Patients receiving:
Catecholamine, n (%)
Dobutamine, n (%)
Norepinephrine, n (%)

Dose, pg/kg/min®

Epinephrine, n (%)
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Whitney U test. Qualitative variables were reported as
number and percentage and compared between groups
using a chi-square test (or Fisher’s exact test).
Hemodynamic and echocardiographic changes over
time were analyzed using a Friedman test, followed, if
appropriate, by two-by-two post-hoc comparisons using
the paired Wilcoxon rank sum test. An alpha risk below
0.05 (p < 0.05) was considered as significant. After Bon-
ferroni’s adjustment, p values < 0.008 and < 0.017 for the
Wilcoxon rank sum test in groups 1 and 2, respectively,
were regarded as significant. Statistical analysis was per-

Group 1 (n=18) Group 2 (n=22)

66415 65413
9 (50) /9 (50) 13 (59) /9 (41)
68+ 16 75+11.0
166 +6 171 £ 11%
1.75+£0.17 1.87+£0.18*
61+ 14 59+ 14
8 (44) 11 (50)
5(28) 5(23)
1(6) 1(4)
4(22) 5(23)
79+14 6.8+ 1.1
1945 1846
242 242
234 4101 191 +82
27418 32427
23416 28415
12 (67) 13 (59)
2(11) 3(14)
8 (44) 12 (55)
0.17 (0.13-0.37) 0.37 (0.16-0.47)
4(22) 2(9)

SAPS 11, simplified acute physiologic score; Vr, tidal volume; PEEP, positive end-expiratory pressure;

P/F, PaO,/FiO; ratio

#Norepinephrine dose is presented as median and interquartile range (25th—75th percentiles)

*p<0.05

Table2 Clinical and
echocardiographic data
collection for group 1 patients

Parameter

Heart rate (beats/minute)
Systolic arterial pressure (mmHg)

Diastolic arterial pressure (mmHg)

Mean arterial pressure (mmHg)
Pulse pressure (mmHg)

SVC diameter during expiration
SVC collapsibility index (%)
LVEDV (ml/m?)

RVSI (ml/m?)

CI (V/min/m?)

Group 1 (n=18)
T

1 T2 T3 T4
92 +26 91 +24 92 427 89423
97 +18 114 4+ 23* 96+ 19 124 4 251
51411 59 4+ 14* 52411 58 & 14*
67+12 77 £15* 67+13 80 & 14*
45+ 13 554 19* 43+ 14 66 + 26+
15+2 16+£2.0* 15624 17.4 +£2.0%
50+9 24 £ 9% 48 +10 17 £ 7+
51+41 61+51* 54 +51 73 £51*F
22410 27+ 11* 22+10 32+ 12%F
1.92+0.74  235+0.92% 1.954+0.78  2.85+1.2+

T1, baseline; 72, passive leg raising; 73, return to baseline position; 74, after 500 ml rapid fluid loading

SVC, superior vena cava; LVEDV,

index; CI, cardiac index

left ventricular end-diastolic volume; RVSI, right ventricular stroke

*p<0.008 vs. T1, T3; ¥p <0.008 vs. T2
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formed using Statview 5.0 (Abacus Concepts, Berkeley,
CA) for all tests.

Intra-observer variability for maximum and minimum
SVC diameters was previously reported as between
2+3% and 3 +3% and between 5+ 6% and 4 £+ 4%,
respectively [15]. Inter-observer variability was reported
as 7+ 7% [15].

SVC collabsibility index : 68%

T2

SVC collabsibility index : 45%
Cardiac Index : 3.70 L/min/m?

Results

Forty patients were included, 18 in group 1 and 22 in group
2. Four patients were excluded because of SVC collapsibil-
ity between 30% and 36%. Demographic and clinical data
at inclusion are reported in Table 1. Body height and body
area surface were the only variables that differed signifi-

T4

FC= 70bpm
Balayoge=S0mm/s

SVC collabsibility index : 12%
Cardiac Index : 4.38 L/min/m?

a Cardiac Index : 3.11 L/min/m?
SV collabsibility index : 9%
b Cardiac Index : 1.64 L/min/m*

SVC collabsibility index : 4%
Cardiac Index : 1.51 L/min/m?

Fig.1 Examination of superior vena cava (SVC) by transesophageal echocardiography using M-mode. a Group 1 patients at baseline (7'7),
during passive leg raising (72), and after 500 ml rapid fluid loading (74). b Group 2 patients at T1 and T2. Arrow, airway pressure

Table 3 Clinical and
echocardiographic data
collection for group 2 patients

Parameter

Heart rate (beats/minute)
Systolic arterial pressure (mmHg)

Diastolic arterial pressure (mmHg)

Mean arterial pressure (mmHg)
Pulse pressure (mmHg)

SVC diameter during expiration
SVC collapsibility index (%)
LVEDV (ml/m?)

RVSI (ml/m?)

CI (V/min/m?)

Group 2 (n=22)
Tl

T2 T3
99 +25 99 +24 99 +24
115+ 34 117 +34 114434
64 +21 66 £21 63 +21
81424 834+ 24 80+ 24
51420 51421 52421
19.8 £3.5 20.1+3.5 19.7+£3.5
7+6 4447 6+5
2+14 44+ 16 41+ 14
23+10 2449 24+10
2.26+0.92 2.34+£0.91 229+1.0

T1, baseline; T2, passive leg raising; 73, return to baseline position
SVC, superior vena cava; LVEDV, left ventricular end-diastolic volume; RVSI, right ventricular stroke

index; CI, cardiac index
Tp<0.017 vs T1 and T3



cantly between the two groups. No patient received beta-
blockers or digoxin.

At baseline (T1), the SVC collapsibility index was
50£9% (38-67%) in group 1 and 7 + 6% (0-24%) in
group 2. HR, SAP, DAP, PP, RVSI, and CI did not differ
between the two groups, and neither did LVEDV. There
was a slight, nonsignificant increase in RV/LV EDA ratio
in group 2 (0.61 £ 0.36 vs. 0.47 £ 0.15), whereas maximal
SVC diameter was significantly higher. Finally, LVFAC
was not different at baseline between groups 1 and 2
(44 £ 12% vs. 44 £+ 14%, respectively).

All but one of the 18 patients in group 1 were respon-
ders to fluids. Group 1 patients had a significant decrease in
SVC collapsibility index during PLR (T2) and after fluids
(T4), respectively 24 =9 and 17 &£ 7%, compared with T1
(p <0.008) (Table 2, Fig. 1). LVEDV and maximal SVC
diameter were also significantly increased at T2 and T4
(Table 2). Finally, we noted significant increases in SAP,
DAP, PP, RVSI, and CI (Table 2, Fig. 2). No change in HR
was observed.

Patients in group 2 did not exhibit any significant
changes in HR, SAP, DAP, PP, RVSI, and CI between T1,
T2, and T3 (Table 3, Fig.2). LVEDV and maximal SVC
diameter remained unchanged.

SVC collapsibility index

60~ 60
50- £ + =50
a- % -40

% - -3p
20- T T
10- é -10
.- B = .

T1T T2 T3 T4 T1 T2 T3

Cardiac Index

55 -

36l

Fig.2 Comparison of superior vena cava (SVC) collapsibility in-
dex and cardiac index between the two groups (group 1, left panel,;
group 2, right panel) at baseline (7'7), during passive leg raising (72),
after return to baseline (73), and after rapid fluid loading (74) for
group 1 only. The central box represents the values from the lower
to the upper quartile (25th to 75th percentile). The middle line repre-
sents the median. The vertical line extends from the minimum to the
maximum value. The circle represents the mean value. * p <0.008
vs. T1, p<0.008 vs. T2, Tp<0.017 vs. T2

=535

-45

35 -35

L /min/m?

-25

-15

* o+

45
25
15
05 -05
T4 T1 T2 T3
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Discussion

It has been suggested that PLR be used in ventilated and
spontaneously breathing patients with hemodynamic in-
stability to assess fluid responsiveness [6—8] and so to in-
dicate fluid requirements. However, different mechanisms
can contribute to the hemodynamic changes observed dur-
ing PLR.

The first mechanism is an increase in systemic ve-
nous return. This induces an increase in cardiac output
in preload-dependent patients [22], i.e. those in whom
the ventricles are operating on the steep part of the
Frank-Starling curve, by increasing ITBV and cardiac
preload. This is actually the effect one aims to test when
performing PLR to assess fluid responsiveness. Patients
in group 1 had a mean SVC collapsibility index of 50%,
and their arterial pressures, RVSI and CI significantly
increased during PLR. This is attributed to an increase
in ITBV and in cardiac preload. Indeed, the partial col-
lapse of SVC observed at baseline was corrected during
PLR. Moreover, maximal SVC diameter and LVEDV
significantly increased after PLR. The same effects were
observed in these patients after fluid loading, confirming
a posteriori the effect of PLR. Hemodynamic changes
induced by PLR were less pronounced than those induced
by fluid administration. Indeed, whereas PLR should
mobilize less than 300 ml of blood, we actually admin-
istered 500 ml of fluids. Interestingly, the fact that not
only hemodynamics but also SVC collapsibility index
and cardiac preload returned to baseline after PLR (T3)
demonstrates the temporary and reversible effect of PLR.

However, other mechanisms, such as baroreflex ac-
tivation [23], stimulation of the cardiopulmonary reflex,
mediated by the low-pressure baroreceptors [10, 11],
and sympathetic stimulation through partial wakening of
the patient can contribute to the hemodynamic changes
observed during PLR. Interestingly, patients in group 1
had no significant changes in HR despite a significant
increase in systolic arterial pressure. This could suggest
a desensitization of the baroreflex, previously observed
during heart failure [24], sedation [25], or prolonged bed
rest [26, 27]. The two latter conditions were present in our
patients.

As expected in patients in group 2, those with a mean
SVC collapsibility index of less than 30% at baseline,
PLR did not induce any significant increase in LVEDV or
in RVSI and CI. Arterial pressures and HR remained un-
changed, which does not indicate sympathetic stimulation
induced by PLR, resulting from a hypothetical and partial
wakening of the patient. The degree of sedation of our
patients, and the method used for PLR, with an automatic
bed elevation technique instead of direct leg raising by
an operator, may in part explain these results, which
could be different in less sedated patients or using another
PLR technique [28]. In these patients, whose ventricles
operated on the horizontal part of the Frank-Starling
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curve, PLR should induce an increase in cardiac filling
pressure, but not in cardiac volume, thus stimulating the
low-pressure baroreceptors and then the cardiopulmonary
reflex [11]. By inducing arterial vasodilation and tachy-
cardia, the cardiopulmonary reflex would serve to shift
blood out of the congested venous system into the arterial
system [12, 29, 30]. As a matter of fact, PLR did not
induce any increase in LVEDV and in HR. Moreover,
we did not observe any decrease in diastolic and pulse
pressures, whereas RVSI remained unchanged. This may
argue against the role of such a reflex in our population.
Different results were previously observed in awake and
spontaneously breathing patients [5]. Briefly, the only
significant change in group 2 induced by PLR was in
SVC collapsibility index, which decreased from 7 £ 6%
to 4 & 4%. This could reflect a slight increase in venous
return, insufficient to induce significant hemodynamic
changes. However, in our experience, such value has no
clinical meaning [15].

Interestingly, at baseline, HR, blood pressures, CI and
LV fractional area changes were not significantly different
between group 1 and group 2. The only significantly dif-
ferent parameter was the maximal SVC diameter, which
was higher in group 2 patients. This was associated with
a trend towards a higher RV/LV end-diastolic area ratio
and a lower LV end-diastolic volume. This means that RV
function could be a major determinant of the response to
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