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ORIGINAL

Improvement of left ventricular relaxation
as assessed by tissue Doppler imaging
in fluid-responsive critically ill septic patients

Abstract Purpose: Left ventricu-
lar (LV) diastolic function is often
impaired in critically ill septic
patients. The peak velocity of the
mitral annulus early wave during
diastole (E’), measured by Doppler
echocardiography, is a major tool to
evaluate LV relaxation, the ATP-
dependent part of diastole. The
authors hypothesized that if volume
expansion (VE) is followed by an
increase in stroke volume (SV)
(“adequate” VE), LV relaxation and
consequently E' may be increased.
Methods: This was a prospective
study in which 83 mechanically ven-
tilated septic patients with circulatory
failure were enrolled. Doppler echo-
cardiography was performed before
and after the infusion of 500 ml of
saline over 20 min. Patients were
then classified into two groups
according to their response to VE:
responders (R) were those in whom
SV increased by at least 15 %; all
others were considered to be non-
responders (NR). SV, mitral flow
early wave velocity (E), E’ and the
E/E’ ratio were measured before and

Introduction

Diastolic function is of crucial importance in the intensive
care setting [1]. Several studies have recently suggested
that impaired diastolic function is a predictive factor of
mortality in patients with septic shock [2]. Other studies
have demonstrated that septic shock could be responsible

after VE. VE-induced variations (A)
in all parameters were compared in R
and NR. Patients with an

E’ < 0.12 m/s were considered to
have LV diastolic dysfunction.
Results:  Fifty-nine patients (71 %)
were R and 24 (29 %) were NR.
Fifty-six percent of R patients and
58 % of NR patients had LV diastolic
dysfunction. For patients with LV
diastolic dysfunction (n = 47), AE/
was significantly higher in the R
group (29 £ 5vs. 5 £ 8 %;

p = 0.01) whilst AE/E’ was higher in
the NR group (35 &+ 9 vs. 2 £ 6 %;
p = 0.02). Conclusions: E' maxi-
mal velocity increased with adequate
VE, suggesting an improvement of
LV relaxation with the correction of
hypovolaemia in patients with septic
shock.

Keywords Fluid responsiveness -
Diastolic function - Relaxation -
E’ wave - Tissue Doppler imaging

for impaired left ventricular (LV) relaxation [3]. Impair-
ment of diastolic function could lead to heart failure,

pulmonary oedema or difficult weaning from ventilator
support [1]. Doppler echocardiography is a major tool for

the bedside evaluation of diastolic function [4]. The peak

velocity of the mitral annulus early wave during disatole

(E)), as assessed by tissue Doppler imaging, has recently
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been described and is considered to be an index of
relaxation, i.e. the energy-dependent part of diastole,
independent of loading conditions [5, 6]. During circu-
latory failure, volume expansion (VE) is often performed
to enhance stroke volume (SV) and improve organ per-
fusion. We hypothesized that impaired LV relaxation
during septic shock could be (at least partially) reversed
by VE: if SV increases with VE, myocardial perfusion
would therefore be enhanced [7], and relaxation could be
increased with a limited increase in filling pressures. The
aim of this study was to determine the impact of rapid VE
on LV relaxation (assessed by E” wave velocity) based on
the effect of VE on SV, especially in patients with LV
diastolic dysfunction.

Methods

Patients

This study was conducted in the 16-bed surgical and
medical intensive care unit of the Amiens University
Hospital over a 2-year period. The study was approved by
the local institutional review board (CEERNI, Amiens,
France), and informed consent was not required. Eligible
patients were those on mechanical ventilation with cir-
culatory failure due to sepsis for whom the physician
decided to perform VE. Circulatory failure was defined as
systolic blood pressure (SBP) <90 mmHg and/or persis-
tent lactic acidosis and/or need for vasoactive drugs. The
exclusion criteria were: age of <18 years, pregnancy,
absence of sinus rhythm, right or left bundle branch block,
known mitral or aortic valve disease, clinical signs of
haemorrhage and history of cardiac or coronary artery
disease.

Measurements

The following data were recorded: SAPS (Simplified
Acute Physiology Score) II, age, gender, weight, body
mass index, diagnosis, past medical history (hypertension,
diabetes mellitus), tidal volume, respiratory rate, positive
end-expiratory pressure (PEEP) and plateau pressure.

Haemodynamic parameters All patients were monitored
by a radial or femoral artery transducer. Heart rate (HR),
and mean systolic and diastolic arterial pressure were
recorded. Central venous pressure (CVP) was recorded
via a central venous line.

Echocardiographic parameters Transthoracic Doppler
echocardiography was performed using a Philips Envisor
HD (Philips Medical System, Suresnes, France) equipped
with a phased array transthoracic probe (2-4 MHz). All
examinations were performed by the same observer (YM)

blinded to clinical data. All measurements were recorded
at end-expiration over four consecutive cardiac cycles.
Echocardiographic data were analysed off line.

The diameter (D) of the LV outflow tract was measured
from the parasternal long-axis view and the area (A) was
calculated as follows: A = © D*/4. From the apical five-
chamber view, the velocity—time integral of subaortic
blood flow (VTIAo) was measured and SV and cardiac
output (CO) were calculated as follows: SV = VTIao x
A; CO = SV x HR.

From the apical four-chamber view, transmitral flow
velocities were recorded with the pulse wave Doppler
sample volume placed at the mitral tips. Peak early (E) and
late (A) velocities were recorded, as well as E wave
deceleration time (EDT). The Tei index (myocardial
performance index) was measured as previously described
by Tei et al. [8]. From the same view, mitral annulus
velocities were obtained using tissue Doppler settings,
with the Doppler sample volume placed at the lateral side
of the mitral annulus. Myocardial systolic velocity (S") and
early (E') and late (A’) diastolic velocities were measured,
and the E/E’ ratio was calculated. From the same view, left
ventricular end-diastolic area (LVEDA) and ejection
fraction (EF) were measured according to Simpson’s
method. To assess reproducibility, all Doppler echocar-
diographic variables were measured twice in ten patients
by the same observer (YM) after a 2-min interval.

Study protocol

Doppler echocardiography was performed before and
5 min after the intravenous infusion of 500 ml of saline
solution over 20 min. Ventilator parameters and/or dose
of vasopressors/inotropes were not modified during the
study. Patients were classified in two groups according to
the percentage increase of SV in response to VE on the
assumption that a 15 % increase of SV was clinically
significant. Patients with an increase of SV >15 % or
<15 % were classified as responders (R) and non-
responders (NR), respectively.

Statistical analysis

Continuous variables were expressed as the mean =+
standard deviation (SD), and qualitative variables were
reported as the number and proportion. Continuous data
were assessed using the Kolmogorov—Smirnov test for
equality of variance. Baseline values of each parameter
were compared using a t test for independent samples
with a p value of <0.05 considered to be significant. The
VE-induced variation (A) of each parameter was calcu-
lated as the difference between the two values (value after
VE minus the baseline value) divided by the baseline
value, and presented as the mean percentage + standard
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error of the mean (SEM). An analysis of covariance
(ANCOVA) test was performed to compare the A of each
parameter between the two groups (baseline values were
used as covariables). A Bonferroni corrected p value of
<0.05 was considered to be statistically significant. A
subgroup analysis was performed using an E’' cut-off
value of 0.12 m/s [3, 9] to discriminate between patients
with diastolic dysfunction at baseline (E' < 0.12 m/s) and
patients without diastolic dysfunction (E' > 0.12 m/s).
Correlations between VE-induced variations of E' and
E/E’ and SV variation were established by linear regres-
sion analysis after checking the normal distribution of the
data. Intra-observer reproducibility was assessed in ten
patients for SV, S, E’, A/, EDT, E, A, Tei index and
LVEDA. Each variable was measured twice in ten
patients by the same observer. The difference was cal-
culated and divided by the mean of the two values.
Statistical analysis was performed by MedCalc ver.
8.2.1.0 (MedCalc Software, Mariakerke, Belgium) and
StatView ver. 5.0 (SAS Institute, Cary, NC).

Results

Intraobserver reproducibility was 4 + 3, 3 £ 3, 2 &+ 2,
3+£2,7+4,2+3,2+1,4+3,9+5 %forSV,¥S,
E’, A’, EDT, E, A, Tei index and LVEDA, respectively.
Ninety-four patients were initially eligible for inclu-
sion in the study, and 83 were finally included: six
patients were excluded due to poor echogenicity, four due
to onset of arrhythmia during the study and one due to
haemodynamic instability requiring an increased norepi-
nephrine dose after the first echocardiography.
Twenty-four (29 %) patients were NR and 51 (71 %)
were R based on VE. Fifty-eight (70 %) patients were
treated with vasopressors. Demographic data for the two
groups are presented in Table 1, and the baseline values
of the two groups are compared in Table 2. At baseline,
statistical differences between the two groups were
observed for SV and CO, both of which were higher in the
NR group, and for the Tei index, which was shorter in the
NR group. Comparison of VE-induced variations (A)
between the two groups are shown in Table 3. The CVP
increased in both groups, confirming that right ventricular
preload increased after VE. Forty-seven patients (57 %)
had a LV diastolic dysfunction, and 33 (56 %) R and 14
(58 %) NR had diastolic dysfunction. Analysis of the
entire study population showed that AE’ was higher in R
patients than in NR patients (22 £4 vs. 5+ 6 %,
respectively; p = 0.022), while AE/E’ was lower in R
patients than in NR patients (8 =5 vs. 28 4+ 8 %,
respectively; p = 0.023) (Table 3). Analysis of patients
with LV diastolic dysfunction showed that AE’ was higher
in R patients than in NR patients (29 &+ 5 vs. 5 £ 8 %,

respectively; p = 0.01), while AE/E’ was higher in NR
patients (35 £9 vs. 2 £ 6 %, respectively; p = 0.02)
(Table 4; Fig. 1). In contrast, analysis of patients without
LV diastolic dysfunction did not reveal any significant
difference between R and NR patients for either AE
(13 &+ 6 vs. 6 & 10 %, respectively; p = 0.48) or AE/E’
(14 8 vs. 19+ 12 %, respectively; p = 0.73)
(Table 5; Fig. 1). For patients with LV diastolic dys-
function, AE’ was correlated with ASV (r = 0.37,
p = 0.01), while correlation between AE/E’ and ASV did
not reach significance level (r = —0.22, p = 0.13).
Examples of an R patient and an NR patient with diastolic
dysfunction are shown in Fig. 2.

Discussion

The results of this study show that VE induced a more
marked increase of the E” wave in R than in NR, espe-
cially when diastolic dysfunction was present prior to VE.
In contrast, E/E’, a ratio related to LV filling pressures,
was increased to a significantly greater extent in NR than
in R.

Diastole is a complex mechanism during which var-
ious interrelated events lead to ventricular filling before
ejection [10]. There are two major determinants of LV
filling: LV relaxation and effective chamber compliance.
Chamber compliance is a passive property of the left
ventricle, while ventricular relaxation is the active ATP-
dependent part of diastole during which myofibrils
return to their precontraction state! The best approach to
explore LV relaxation is to perform invasivé measure-
ment of LV pressure. As the decline in LV pressure is
assumed to be exponential with time, a fime constant (7)
can be calculated based on the time required for LV
pressure to decrease by approximately two-thirds of its
baseline value [4, 10-13]. t has been considered to be
the best index to evaluate relaxation [4, 11]. However,
LV catheterization is not feasible at the bedside in the
Intensive Care Unit (ICU). Doppler echocardiography
techniques can be used to accurately assess LV relaxa-
tion [14, 15]. The mitral annulus early wave velocity
during diastole (E’) has been recently used to assess LV
relaxation, as this index is considered to be preload-
independent [5]. Several studies have demonstrated that
E’ is correlated with 7 and that E’ does not change sig-
nificantly in response to different loading conditions [5,
6, 16-18].

In our study, peak velocity of the E' wave increased by
about 30" % lafter VE in patients in the R group with pre-
existing LV diastolic dysfunction (Table 4), correspond-
ing to enhancement of relaxation! Moreover, this
enhancement is hegligible when LV diastolic function is
not impaired.
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Fig. 1 Comparison of volume
expansion-induced variations

Patients with LV diastolic dysfunction

* AE/E

Non responders

Responders Non Responders

Patients without LV diastolic dysfunction
AE/E

(A) in peak velocity of the 209 3
mitral annulus early wave AE
during diastole (E') and the ratio 150
of mitral flow early wave
velocity/E’ (E/E') in responders 100 -
and non-responders. For
patients with left ventricular 50 -
(LV) diastolic dysfunction at
baseline, AE’' was greater for
responders than for non- 0 ?
responders; in contrast, AE/E’
was greater for non-responders. -50 A
These differences were not Responders
significant for patients without 200% -
LV dysfunction. *p < 0.05 °

150 -

AE
100 -
50 1
0
-50 -
Responders

LV diastolic dysfunction may be related to sepsis [3]
or to sepsis-related hypovolaemia [19]. Enhancement of
LV relaxation in the R group can be explained by the fact
that, in these hypovolaemic patients with circulatory
failure, VE induced an increase in stroke volume,
resulting in improved coronary flow and myocardial
perfusion. As relaxation is an ATP-dependent phenome-
non, it is likely to be enhanced by improved perfusion.
This assertion is supported by the fact that AE’ is corre-
lated with ASV in patients with LV diastolic dysfunction.
Dhainault et al. [7], studying 40 patients with septic
shock, found a close curvilinear correlation between
coronary blood flow and mean arterial pressure, showing
that improvement in global haemodynamics may improve
myocardial perfusion. In addition, D’ Annunzio et al. [19]
reported that an experimental haemorrhagic shock
induced an impairment in LV relaxation which fully
recovered with restoration of normal volaemia by blood
reinfusion.

Another explanation is that enhancement of LV
relaxation could be due to a decrease in HR. However, an
increase in the HR rather than a decrease in the HR would
enhance relaxation. When the HR increases, relaxation is
enhanced to compensate for the decreased diastolic time
interval: this phenomenon is called FDAR (frequency-

dependent acceleration of relaxation) [20] and may be
partially impaired during sepsis [21]. Moreover, in our

patients, the decrease in HR was about 5 % and was
similar in both groups (Table 3).

Yet another explanation is the possible decrease in
afterload. Several studies have demonstrated the afterload

Non responders

Responders Non Responders

sensitivity of relaxation [22, 23]. Increasing SV and CO
by VE may have decreased the levels of endogenous
vasopressors (catecholamines, vasopressin, angiotensin,
endothelin), which are increased during sepsis [24].
Nevertheless, in our study, the increase in SV was fol-
lowed by an increase in BP.

An alternative explanation is that, despite the fact that
E’ is correlated with 7, it is also dependent on preload
[25]. Firstenberg et al. [26], in an animal model, found
that despite a good correlation between T and FE
(r=0.70, p <0.001), the E' was preload-dependent.
Nevertheless, these authors demonstrated that, in a setting
of impaired relaxation (prolonged t), E’ was less depen-
dent on preload. These results were confirmed by other
authors [25-27]. In our study, the variation in E' was
significantly greater for R than for NR only in the pres-
ence of impaired relaxation (Tables 4, 5) when E' is less
dependent on preload.

Another index of relaxation was used in our study, which
confirmed the results observed for E'. The Tei Index is an
index of global myocardial function depending on both
systolic and diastolic function [8]. The decrease of the Tei
index in the R group of patients with diastolic dysfunction
indicates enhancement of LV function (systolic, diastolic or
both), but the fact that the peak velocity of the S’ wave (a
parameter of systolic function) variations were not signifi-
cantly higher in the R group shows that this enhancement
was limited to diastolic function.

Another interesting finding of this study is that the AE/
E’ in patients with diastolic dysfunction was significantly
higher in the NR group than in the R group. Several
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Fig. 2 a An example of a
responder patient with LV
diastolic dysfunction. Stroke
volume (SV) increased with
volume expansion (VE) (from
48 to 56 ml). Peak E' wave
velocity increased with VE
(from 0.0866 to 0.116 m/s), as
did the peak E wave velocity
(from 0.937 to 1.13 m/s), but
the E/E’ wave did not increase
(from 10.8 to 9.7). This
52-year-old patient has no
history of hypertension or other
cardiovascular disease. b An
example of a non-responder
patient with LV diastolic
dysfunction. SV did not
increase with VE (from 55 to
53 ml). Peak E’ velocity did not
increase with VE (from 0.0782
to 0.0768 m/s), but peak E
wave velocity increased (from
0.886 to 1.11 cm/s) and the E/E’
ratio also increased (from 11.3
to 14.4). This 48-year-old
patient has no history of
hypertension or other
cardiovascular disease

Baseline

Baseline

RESPONDER

After VE

SV=56 ml

NON-RESPONDER
After VE

=N |
lﬂ s ‘ By ‘\ !
. w[, PO ﬂ'm"..'

SV=55ml

SV=53 ml

studies conducted in cardiology or in the ICU have
demonstrated that this ratio is closely correlated with
pulmonary artery occlusion pressure (PAOP) [5, 28-34].
In our study, E/E’ increased significantly in patients who
received inadequate VE (not followed by an increase in

SV). In the R group, the left ventricle functions over the
steep part of the Frank—Starling curve and the flat part of
the pressure—volume relationship. Consequently, when
VE increases preload (as reflected by an increase in
LVEDA), SV is also increased, with no corresponding
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Table 1 Patient characteristics of the two groups

Patient characteristics Responders to  Non-responders to

VE (n = 59) VE (n = 24)
Age (years) 57 £ 18 61 £ 17
Gender (male/female) 43/16 12/12
Body mass index (kg/m*) 27 £5 31+ 10
SAPS 11 53 £ 15 59 £ 20
Patients with ALI/ARDS 18 (30 %) 12 (50 %)
Ventilator parameters
Tidal volume (ml/kg) 7+1 6+1
Respiratory rate (bpm) 20+ 5 21 £5
Plateau pressure (cmH,O) 19 £+ 6 22+ 6
Positive end-expiratory 5+2 6+2
pressure (cmH,0)
Septic shock [n (%)] 43 (73) 15 (63)
Severe sepsis [1 (%)] 16 (27) 9 (37)
Patients with LVSD 12 (20) 6 (25)
Cause of sepsis [ (%)]
Pneumonia 23 (39) 8 (33)
Peritonitis 19 (32) 7 (29)
Cholangitis 4 (7 4 (17)
Urinary tract infection 1) 14
Infected necrotizing 7 (12) 2 (8)
pancreatitis
Osteitis 0 () 14)
Meningitis 23 14)
Mediastinitis 2 (3) 0 (0)
Unknown origin 12 0 (0)
Patients on vasopressors 43 (73) 15 (63)
[n (%)]
Epinephrine 1(2) 0
Norepinephrine 42 (71) 15 (63)
Dobutamine 10 (17) 2 (8)
Dose of norepinephrine 0.56 + 0.82 035 £ 04
(pg/kg/min)
Patients with diabetes 8 (14) 3(13)
mellitus [n (%)]
Patients with hypertension 20 (34) 10 (42)

[n (%)]

VE volume expansion, SAPS Severity Acute Physiological Score,
ALI acute lung injury, ARDS acute respiratory distress syndrome,
SIRS systemic inflammatory response syndrome, LVSD left ven-
tricular systolic dysfunction

Continuous variables are presented as the mean =+ standard devi-
ation (SD), and qualitative variables are given as the number and
proportion [n (%)]

increase in E/E’ (related to PAOP). In contrast, in the NR
group, the left ventricle functions over the flat part of the
Frank—Starling curve and the steep part of the LV vol-
ume-—pressure curve; consequently, VE does not increase
either LVEDA (despite an increase in CVP) or SV, but
increases PAOP. Further investigations using invasive
measurements of PAOP are necessary to validate this
hypothesis and especially to evaluate the E/E’ ratio as an
index of fluid loading tolerance. A comparison of our
results with those of previous studies analysing the
influence of VE on LV filling pressures shows that in
several studies PAOP increased with VE in both groups
(N and NR) but that in the majority of these studies,
PAOP increased to a greater extent in the NR group than

Table 2 Comparison of baseline haemodynamic data in the two
groups

Baseline haemodynamic  Responders  Non responders p
parameters (n=159) (n=124)

HR (bpm) 100 £+ 18 96 + 21 0.32
SAP (mmHg) 99 £+ 20 100 £+ 20 0.36
DAP (mmHg) 55+ 12 55 £ 13 0.33
MAP (mmHg) 69 £+ 13 70 £+ 20 0.84
CVP (mmHg) 8.8 + 6.6 11.5 £ 4.0 0.30
Stroke volume (ml) 52 £ 16 67 £ 22 0.006
Lactates (mmol/l) 3.0+ 1.8 34423 0.40
Cardiac output (I/min) 52+ 1.6 63+23 0.04
LVEDA (cm?) 28+ 6 28 + 10 0.64
E wave (m/s) 0.70 = 0.20 0.76 £ 0.22 0.23
A wave (m/s) 0.80 £ 0.21 0.80 + 0.21 0.95
E/A ratio 0.92 + 041 098 £ 0.35 0.58
EDT (ms) 248 + 107 226 + 108 0.34
E’ wave (m/s) 0.12 £ 0.04 0.12 £ 0.05 0.60
A’ wave (m/s) 0.12 £ 0.04 0.11 £ 0.04 0.31
E/E’ ratio 6.5 +22 6.9 + 2.7 0.41
Tei index 0.78 £ 0.38 0.54 £ 0.16 0.04
EF (%) 55+ 15 53 £ 16 0.49
S’ wave (m/s) 0.16 £ 0.04 0.15 £ 0.06 0.4

HR Heart rate, SAP systolic arterial pressure, DAP diastolic arterial
pressure, MAP mean arterial pressure, CVP central venous pressure,
LVEDA left ventricular end-diastolic area, EDT E wave deceleration
time, EF ejection fraction. For definition of remaining parameters,
see section Echocardiographic parameters (Measurements)
Continuous variables are presented as the mean £+ SD

in the R group [35-40]. Lamia et al. [41], who studied the
effect of VE on the E/E’ ratio, found similar results: in the
R group there was no increase in the E/E’ ratio despite the
increase in LVEDAI, while in the NR group, the E/E’
ratio increased (from 6.8 4+ 2.1 to 7.4 4+ 2.0)—but not
significantly, probably because of the small sample size—
and LVEDAI was not significantly increased.

There are a number of limitations to our study. First of
all, we used the threshold value of 12 cm/s to define
diastolic dysfunction, as previously used by Bouhemad
et al. [3] in a comparable study population. One could
argue that this value is higher than previously published:
Nagueh et al. [5] and Sohn et al. [42] reported a threshold
value for discriminating between normal and abnormal
relaxation that was closer to 8.5 cm/s. Nevertheless, the
control group in these studies were identified on the basis
of having no symptoms or a history of heart failure rather
than on objective measurements of diastolic function, and
it can therefore be easily argued that despite the absence
of overt symptoms, an impairment of relaxation as a result
of ageing did occur. When focusing on transmitral flow
pattern, the same authors [43] reported a cut-off value of
13 cm/s to discriminate between control and pseudonor-
mal participants. Moreover, Dumesnil et al. [44], studying
40 patients classified according to the Canadian Consen-
sus definition of diastolic function, suggested that the
threshold value of E’ to identify diastolic dysfunction
should be approximately 12.5 cm/s [9].
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Table 3 Comparison of VE-induced variation (A) of haemodynamic data between the two groups

VE-induced variation in Responders (n = 59) Non-responders (n = 24) p
haemodynamic parameters

AHR % (bpm) —4+1(-4+£1) -34+2(-3+£1 0.63
ASAP % (mmHg) 15+2(13+£4) 5430512 0.08
ADAP % (mmHg) 11+£3(06+2) 3£422+2) 0.08
AMAP % (mmHg) 10 £ 2 (7 £ 3) 24+1(1+2) 0.07
ACVP % (mmHg) 24 +£ 8 (2.6 £0.7) 30+ 10 (29 £0.9) 0.64
ASV % (ml) 29+2(15+1) 24+3(-1+£1) <0.0001
ACO % (1/min) 20 £ 3 (1.0 £0.1) 6 +4(0.3+02) 0.005
ALVEDA % (cm?) 8 +£4(1.8+0.8) —-94+7(-22+£1.2) 0.03
AE wave % (m/s) 24 +£5(0.15 £ 0.02) 34 + 8 (0.16 £ 0.03) 0.28
AA wave % (m/s) 12 + 4 (0.07 £ 0.02) 1+ 6 (0.01 £0.03) 0.08
AE/A ratio % 19 £ 7 (0.10 £ 0.05) 41 + 11(0.25 £ 0.07) 0.10
AEDT % (ms) —4 + 4 (=33 £10) -6+ 6(—32+£16) 0.79
AE' wave % (m/s) 22 + 4 (0.020 + 0.010) 5 4+ 6 (0.007 £ 0.007) 0.02
AA’ wave % (m/s) 27 + 11 (0.03 + 0.02) 56 + 18 (0.07 + 0.03) 0.17
AE/E' % 8 £5(0.2+0.3) 28+ 8 (1.4 +£04) 0.02
ATei index % —16 + 6 (—0.15 £+ 0.04) -5+ 11 (—=0.10 £ 0.07) 0.39
AEF % 1+1(0.5=+0.8) —34+3(-21+£14 0.15
AS’ wave % (m/s) 6 + 4 (0.01 £ 0.01) -3 4+ 6 (—0.01 £0.01) 0.20

Data are presented as percentages and absolute values

SV Stroke volume

Table 4 Comparison of VE-induced variation (A) of haemodynamic data between the two groups for patients with left ventricular
diastolic dysfunction at baseline (E’ wave <0.12 m/s)

VE-induced variation in

Responders (n = 33) Non-responders (n = 14) )4

haemodynamic parameters

AHR % (bpm) —5+1(-5+£1) —4+2(-3+2) 0.43
ASAP % (mmHg) 13+£3(12+£3) 4+34=+2) 0.10
ADAP % (mmHg) 8+4(5£3) 1£2(01+2) 0.07
AMAP % (mmHg) 9+3(7x3) 3+42=+3) 0.09
ACVP % (mmHg) 23 £ 1524 +0.9) 36 £16 (3.5 £ 1.1) 0.56
ASV % (ml) 31216+ 1) —-3+3(-2+2) <0.001
ACO % (I/min) 24 +£3(1.2+£0.1) —4+£4(-02+£02) <0.001
ALVEDA % (cm?) 13+£63.0£1.0) —5+8(-25=%1.5) 0.04
AE wave % (m/s) 27 £ 7 (0.17 £ 0.03) 42 £ 11 (0.17 &+ 0.05) 0.25
AA wave % (m/s) 11 £ 3 (0.08 £ 0.02) —3 £ 5(—-0.02 £ 0.04) 0.03
AE/A ratio % 18 £ 1(0.13 £ 0.05) 6 £ 17 (0.28 £+ 0.08) 0.04
AEDT % (ms) —4 +£5(=37+13) —14 £ 6 (61 £ 18) 0.18
AE' wave % (m/s) 29 £ 5 (0.022 £ 0.004) 5 £ 8 (0.005 £ 0.006) 0.01
AA’ wave % (m/s) 27 £ 17 (0.02 £ 0.02) 83 + 28 (0.10 £ 0.04) 0.10
AE/E' % 2+ 6(0.03 £ 0.39) 35 £ 9(1.75 £ 0.61) 0.02
ATei index % —25 + 11(—0.20 £ 0.06) 4 £+ 8(—0.02 £ 0.10) 0.01
AEF % 0.1 £1.5(-0.1 £0.9) —6+£2(—40=£10) 0.06
AS’ wave % (m/s) 6 £ 5 (0.06 £ 0.05) 1 £ 8 (0.01 £ 0.09) 0.63

Data are presented as percentages and absolute values

Secondly, values of SV and CO were higher in the NR
group. We could hypothesize that these patients had
received more fluids prior to the study. This confounding
factor cannot be eliminated as data on the quantity of fluid
infused prior to inclusion were not collected. Neverthe-
less, baseline values of E’ and E/E’ were similar in both
groups. Thirdly, we did not study the E’ wave at the septal
part of the mitral annulus. We only focused on the lateral
part of the mitral annulus, as several studies have shown

that E' is more preload-sensitive when measured at the
septal portion [6, 45, 46]. Fourthly, one could argue that
the weak reproducibility of the E’ wave measurement may
explain the result. We found a reproducibility of 2 &= 2 %
for E’' (consistent with other studies), which is far less
than the observed values of AE'. Finally, other parameters
of diastolic function do exist but were not used in this
study (e.g. flow propagation velocity at early transmitral
flow or isovolumic relaxation time). We focused on the
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Table 5 Comparison of volume expansion-induced variation (A) of haemodynamic data between the two groups for patients without left
ventricular diastolic dysfunction at baseline (E' wave >0.12 m/s)

VE-induced variation in Responders (n = 26) Non-responders (n = 10) p
haemodynamic parameters

AHR % (bpm) -3+1(-3+£2) —3+£2(-3x1 0.62
ASAP % (mmHg) 15 £ 3(12 £ 5) 542G +1 0.08
ADAP % (mmHg) 15+£57 £2) 6+32=+3) 0.09
AMAP % (mmHg) 9+3@8+£2) 3£432+10) 0.08
ACVP % (mmHg) 25+ 10 (2.8 £ 1.2) 22+ 1422+ 1.7) 0.83
ASV % (ml) 264 (13 £ 1) 6+6(1 2 0.008
ACO % (1/min) 21 £3(1.2+£0.1) 4+5(-02=+0.2) 0.01
ALVEDA % (cm?) 3+£5002+1.3) 3+£1(-1.6+£2) 0.76
AE wave % (m/s) 22 + 3 (0.13 £ 0.03) 21 £ 10 (0.15 £+ 0.05) 0.96
AA wave % (m/s) 14 £+ 7 (0.06 &+ 0.04) 8 £+ 11 (0.06 £ 0.06) 0.67
AFE/A ratio % 18 £ 9 (0.06 £ 0.08) 18 + 14 (0.21 £ 0.13) 0.99
AEDT % (ms) -3+ 7(-25+16) 7+10 % 26) 0.52
AE' wave % (m/s) 13 £ 6 (0.02 + 0.01) 6 + 10 (0.01 £+ 0.02) 0.48
AA’ wave % (m/s) 26 + 12 (0.03 4+ 0.02) 23 + 20 (0.04 + 0.03) 0.90
AE/E' % 14 £ 8 (0.3 £ 0.3) 19 + 12 (0.9 £ 0.5) 0.73
ATei index % —10 £ 11(—0.05 £ 0.05) 1 + 6 (0.003 £+ 0.08) 0.12
AEF % —4+5(-2+£3) —-6+9(-5+)5) 0.81
AS’ wave % (m/s) 0.5 £ 1 (0.01 £ 0.02) 7 £ 9 (—0.00 £ 0.03) 0.70

Data are presented as percentages and absolute values

most often used parameters with the best reproducibility enhances LV relaxation of hypovolaemic septic patients.
This finding is of crucial importance as relaxation is
frequently impaired in patients with septic shock. Further
studies are necessary to investigate whether E' peak

available.

Conclusions

velocities could be a therapeutic target and the E/E’ an

index of VE tolerance in critically ill patients.

To summarize, the results of our Study suggest that an Acknowledgments The authors would like to thank Mr. M. Diouf

adequate fluid infusion (a simple and first-line treatment

) for his assistance with statistical methodology.
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