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Abstract

Our main objective was to describe the course of GLS during the first days of septic shock and to assess the agreement
between GLS values and longitudinal strain measured in apical four chambers. A prospective observational single centre
study was conducted at the Nimes University Hospital’s ICU. All patients admitted for a diagnosis of septic shock without
pre-existing heart disease were eligible. Echocardiography (LVEF and GLS) was performed on the first day, and repeated
once between day 3 and day 5 then once between day 6 and day 8. We enrolled 40 consecutive patients. Four patients were
excluded. In overall population, GLS at T1 was impaired (— 11.0%, IQR(interquartile range) [— 15; — 10]). On T2 exams, a
significant improvement of the GLS (— 11% vs — 16% p=0.02) was observed whereas LVEF remained stable over time. A
good agreement between GLS and longitudinal strain measured on a four chambers view was found. Based on the Bland
and Altman method, the mean of differences for T1 exams was 0.1 (95% CI [— 0.6; 0.8]) with limits of agreement ranging
from —4 to 4. Myocardial strain is depressed at the early phase of septic shock and improves over time. A single measure-

ment of LS4C view appears sufficient at bedside.
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1 Introduction

Septic cardiomyopathy (SCM) is observed in up to 40% of
patients with septic shock [1]. This clinical entity has been
firstly described by Parker in the 80’s, who suggested that
left ventricle ejection fraction (LVEF) was paradoxically
higher in non-survivors of septic shock [2]. Subsequent
studies did not confirm these results and a meta-analysis
did not show any link between LVEF and mortality in septic
population [3]. Several reviews discuss the pathogenesis of
cardiac impairment in sepsis. Although no improvement in
patient prognosis has been shown, ultrasound remains the
more suitable tool for the evaluation of SCM [4].
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The main mechanism for high LVEF is a profound inflam-
matory-induced vasoplegia, which decreases cardiac after-
load and artificially increases LVEF. Severe vasoplegia and
high dose of vasopressors requirement is associated with
poor outcome, leading to refractory shock [5]. Thus, LVEF
was considered as too dependent on loading conditions to
be a reliable marker of intrinsic myocardial contractility
in septic shock [6, 7]. It could be hypothesized that other
echocardiographic markers of intrinsic contractility could
be interesting to detect SCM. The use of conventional echo-
cardiography is now widely recommended at bedside for
non-invasive hemodynamic assessment in intensive care
unit (ICU) patients, but the clinical usefulness of myocardial
strain assessment remains unclear [8, 9].

Real-time speckle-tracking imaging is now widely
available on echocardiography machine at bedside. This
technology allows to assessing myocardial deformation
over the cardiac cycle. Myocardial deformation is quanti-
fied by measuring global longitudinal strain (GLS). This
index of segmental and global myocardial function could
be less dependent of loading conditions. In cardiology, this
technique has been validated using comparison with gold
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standard techniques such as magnetic resonance imaging
[10]. Myocardial longitudinal strain assessment is notewor-
thy due to a fast learning curve, an automatized measure-
ment and a good inter- and intra-observer reproducibility
[11-13]. Initial experimental and humans data suggest that
initial GLS could be a better and earlier marker of SCM
than LVEF [7, 14]. The impact of GLS alterations on prog-
nosis remains debated. An altered GLS value at admission
(> —13%) has been shown to independently predict mortal-
ity in septic shock [15, 15] whereas one study did not con-
firm the association between GLS and prognosis [17]. Two
issues remain unclear about myocardial strain in ICU. First,
the evolution of GLS over time can be of clinical importance
but has been poorly described [17]. Second, the possibility
to simplify strain assessment in ICU patients seems neces-
sary as previous reports have suggested a feasibility ranging
from 42% to 77% [7, 18]. This variability is mainly related
to difficult assessment of GLS due to limited echogenicity of
anterior wall in 2 and 3 chambers views [19]. Theoretically,
GLS should be assessed in 2, 3 and 4 chambers views and
subsequently averaged. This is difficult and time consuming
in ICU patients, even if automatic real-time measurement
simplifies the procedure. We hypothesized that SCM is a
global heart disease and that there would be no difference
between average left ventricle GLS and single value of left
ventricle longitudinal strain recorded in a single 4 chamber
view (LS4C).

Our main objective was to address these issues, by
describing the natural history of left ventricle GLS during
septic shock and evaluating the agreement between average
left ventricle GLS and a single value of left ventricle longi-
tudinal strain recorded in a single 4 chamber view (LS4C).

2 Methods
2.1 Study design

A prospective, observational cohort study was conducted
at a single medico-surgical ICU of the Nimes University
Hospital from February 2016 to march 2018 [20].

The study protocol was approved by the Local Ethics
Committee (IRB/16.02.07) that waived written inform con-
sent. Written information was given to the patient or his/her
relatives who could refuse to participate.

All patients aged > 18 years admitted for a diagnosis
of septic shock were enrolled in the present study. Sep-
tic shock was defined by clinical evidence of sepsis with
persisting hypotension requiring vasopressors to maintain
MAP > 65 mm Hg and a serum lactate level >2 mmol/L
(18 mg/dL) despite adequate volume resuscitation, accord-
ing to current guidelines [21].
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Exclusion criteria were age < 18 years, pregnancy, severe
heart valvular disease, ischemic heart disease with known
past history of ischemic sequelae, others cardiomyopathies
(dilated cardiomyopathy, hypertrophic heart disease), atrial
fibrillation or tachycardia > 120/min, patients in whom LV
walls could not be evaluated through standard apical views.
One untracked segment by view was considered as an exclu-
sion criteria.

The following variables were recorded: age, gender, body
mass index, past medical history, septic origin, vasopressor
doses, mechanical ventilation use, ICU length of stay and
30 days mortality [22]. The severity of organ failure was
assessed with the simplified acute physiology score (SAPS)
II at admission [23].

All patients were treated according to international guide-
lines septic shock management [24].

2.2 Ultrasound protocol

The echocardiographic examination was firstly performed
during the first 24 h after ICU admission (T1) and repeated
once between day 3 and day 5 (T2) then once between day
6 and day 8 (T3).

All echocardiographic exams were performed by an
expert in echocardiography using a Vivid S70 ultrasound
device (GE Healthcare) [25] In addition, they performed
an additional specialized training. Two-dimensional apical
two-chamber, four-chamber and long-axis views (2C, 4C
and ALAX) were recorded. Speckle tracking analysis was
performed during a post treatment analysis after record-
ing the echocardiographic loops. Briefly, analysis of LV
myocardial deformation is performed from 2-dimensional
gray-scale loops by automatic tracking of myocardial speck-
les after manual selection of landmark points using apical
views of the left ventricle. GLS was calculated as the aver-
age of negative peak of longitudinal strain from each of the
18 LV segments from the 2C, 4C and ALAX views. For-
mula: GLS =(Ls — Ld)/Ld) (where Ls =systolic length and
Ld=diastolic Length).

The main objective of the present study was to report the
course of GLS throughout sepsis. We also compared GLS
with LVEF in the overall population and in two subgroups:
LVEF >45% and LVEF <45%.

Left ventricle volumes and LVEF were calculated using
the Simpson’s method [26]. Diastolic function was assessed
according to international guidelines [27] The E and A
waves velocities and E wave deceleration time were meas-
ured using pulsed wave (PW) Doppler in the mitral inflow
at the tip of the valve visualized by an apical 4-chambers
view. Early diastolic tissue wave velocity of the lateral mitral
annulus (E’ wave velocity) was measured in the apical 4C
view using PW tissue Doppler. Then we calculated the E/E’
ratio. Velocity Time Integral (VTI) of the left ventricular
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outflow tract we measured on an apical five-chambers view
[28]. For the right ventricular (RV) evaluation the dilata-
tion is assessed in four chambers with focus on the right
ventricle [29]. The longitudinal contractility was assessed
by the tricuspid annular plane systolic excursion (TAPSE)
by using M mode on a 4-chambers view. For calculating
RV strain, only the free wall right ventricle from a 4 cham-
ber view was considered. We performed automatic tracking
of myocardial speckles after manual selection of landmark
points (lateral tricuspid annular, medial tricuspid annular
and apex). Applying the LV speckle tracking method to RV
walls, GLS of RV was calculated from values of the three
segments of the free wall right ventricle. The three septal
segments were excluded for the calculation of RV GLS.

At the time of echocardiographic examination, were also
recorded clinical parameters: heart rate (HR), systolic (SBP),
diastolic (DBP), and mean arterial (MAP) blood pressure, as
well as biological parameters: pH, pO,, pCO,, base excess,
bilirubin, lactates, troponins, platelets and serum creatinine.

2.3 Statistical analysis

Descriptive statistics were reported using median and inter-
quartile range (25—75th percentile) for continuous variables.
For categorical variables, frequencies and proportions were
given. To assess the change between T1 and T2 for the aver-
age GLS and LVEF, we used a Wilcoxon signed-rank test
with continuity correction. We also studied the course of
GLS in the subgroup defined by an initial impairment of
LVEF below 45%. Finally, to assess the agreement between
average GLS and the four-chamber view, we used the Bland
and Altman method by computing the mean difference and
its 95% confidence interval and limits of agreement defined
as mean difference +1.96 SD. A p value of 0.05 was consid-
ered as significant. All statistical analyses were performed
using R software (version 3.3.2).

3 Results
3.1 Patients’ characteristics

Among the 40 consecutive patients enrolled, 4 patients were
excluded: two patients had previous ischemic cardiomyopa-
thy with anterior sequelae, one patient had an atrial fibrilla-
tion and one had missing data for GLS. Table 1 summarizes
the main clinical characteristics of the 36 included patients.
All patients reached the targeted mean arterial blood pres-
sure > 65 mmHg as usually recommended [9]. No patient
was lost for follow up. No patient died during study protocol.
Eight patients (22%) died during the month after ICU admis-
sion. The site of infection is shown in Table 1.
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Table 1 Population characteristics (n=36)
Age (years) 63 [54;72]
Female gender 16 (44%)
Body mass index (kg.m‘2) 24 [21; 29]
Simplified acute physiology score II 52 [44; 64]
Preexisting conditions
Chronic arterial hypertension 19 (53%)
Ischemic heart disease 3 (8%)
Chronic kidney disease 6 (17%)
Diabetes 12 (33%)
Obesity 3 (8%)
Immunosuppression 4 (11%)
Liver cirrhosis 1 (3%)
Beta-blocker 7 (19%)
Source of infection
Lung 13 (36%)
Abdomen 9 (25%)
Urinary tract 5 (14%)
Other 9 (25%)
Community-acquired infection 34 (94%)
Norepinephrine at baseline (ug.kg™!.min™!) 0.81[0.3; 1.5]
Mechanical ventilation at baseline 22 (61%)
ICU length of stay (days) 51[4;11]
Death at days 30 8 (22%)

For categorical variables, results are given as number of patients and
percentages while for continuous variables as median and interquar-
tile range (25—75th percentiles)

ICU intensive care unit, min minutes

3.2 Hemodynamic and biological parameters
(Tables 2 and 3)

Between T1 and T2 exams, a decrease in HR over time was
observed, and increases in SBP and pulse pressure.

Echography was performed respectively 9.65 (IQR [3.07;
16.88]), 74.88 (IQR[62; 90.75]) and 182 (IQR [164.51;
199.33]) hours after admission, respectively for T1, T2 and
T3 exams.

Considering the echocardiography parameters, VTI
increased between T1 and T2, LVEF was not statistically
different between T1 and T2 (p=0.2). Others parameters
remained stable (Table 2).

Table 3 shows the biological parameters with a decrease
in arterial lactate and an increase in base excess between
T1 and T2.

3.3 Global longitudinal strain

GLS could be calculated in 36, 22 and 9 patients at T1,
T2 and T3, respectively. Patients discharged from the ICU
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Table 2 Hemodynamic and echocardiographic characteristics

T1

T2 T3

Mean blood pressure (mmHg) 82 [73;90] (n=36)

119 [103; 142] (n=36)
61 [58; 70] (n=36)

99 [83; 114] (n=36)
48 [41; 60] (n=32)

0.8 [0.61; 0.93] (n=36)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (beats.min™")

LVEF (%)

Peak mitral E-wave velocity (m.s™h

Peak mitral A-wave velocity (m.s™h

Lateral E/Ea 8 [7;10] (n=36)

Peak mitral S-wave velocity (m.s™h 0.10 [0.08; 0.12] (n=33)
LVEDV (ml) 70 [67; 82] (n=33)

Sub Aortic VTI (cm) 17 [12; 20] (n=36)
TAPSE (mm) 18 [15; 22] (n=34)

Tricuspid S wave (m.s™h

Right ventricular dilatation

3 (8%) (n=36)

0.74 [0.53; 0.95] (n=234)

0.14 [0.11; 0.19] (n=35)

83 [76: 92] (n=24)
134 [120; 152] (n=24)
63 [54; 74] (n=24)

92 [76; 101] (n=24)

50 [45; 60] (n=24)

0.8 [0.7; 0.91] (n=24)
0.78 [0.5; 1] (n=24)

8 [7;10] (n=24)

0.09 [0.08; 0.12] (n=23)
76 [52; 96] (n=21)

19 [16; 23] (n=24)

19 [16; 23] (n=23)

0.16 [0.12; 0.22] (n=23)
0 (n=24)

81[76; 97] (n=9)

143 [126; 145] (n=9)
63 [53; 66] (n=9)

85 [80; 96] (n=9)

59 [50; 60] (n=9)

0.8 [0.7; 1.2] (n=9)
0.8 [0.7; 1] (n=8)
816,111 (n=9)

0.12 [0.09; 0.16] (n=9)
97 [90; 108] (n=8)

21 [20; 25] (n=9)

22 [21; 26] (n=9)

0.18 [0.17; 0.21] (n=9)
0 (n=9)

Results are given as median and interquartile range (25—75th percentiles) for continuous variables and as number of patients and percentages for
categorical variables. For each time and variable, the number of patients for which data were available is specified in brackets (n=)

Ea tissue doppler mitral annular early diastolic velocity, LVEF left ventricular ejection fraction, LVEDV left ventricular end-diastolic volume,

TAPSE tricuspid annular plane systolic excursion

Table 3 Biological data

T2 T3

Tl
Arterial pH 7.36 [7.29; 7.42] (n=35)
P02 (mmHg) 87 [72; 127] (n=35)
Pa02/Fi02 (mmHg) 215 [145; 307] (n=20)

pCO2 (mmHg)

Base Excess

38 [32; 43] (n=35)
-5 [=8; —1] (n=26)
2.6 [1.9; 3.4] (n=35)
43 [24; 131] (n=27)
16 [12; 25] (n=26)
139 [82; 179] (n=36)
165 [88; 323] (n=36)

Arterial lactate (mmol.I™!)
Troponine T (pg.ml™")
Bilirubine (umolL.1™")
Plasma creatinine (umol.l_l)
Platelets (.cm™)

7.40 [7.33; 7.46] (n=24)
73 [67; 95] (n=24)

257 [186; 287] (n=13)
39 [36; 47] (n=24)

—0.9 [-3.4;4.5] (n=21)
1.6 [1.4;2.1] (n=24)

71 [68; 646] (n=3)

16 [12; 55] (n=12)

153 [83; 217] (n=23)
158 [51; 350] (n=23)

7.44 [7.35;7.46] (n=9)
77 [68; 84] (n=9)

180 [173; 187] (n=2)
39 [35; 49] (n=9)

1.6 [-1.6;7.2] (n=6)
1.3[1.3;2.6] (n=9)
1731 [869; 2594] (n=2)
64 [17; 105] (n=7)

95 [47; 144] (n=9)

112 [49; 333] (n=9)

Results are given as median and interquartile range (25-75th percentiles). For each time and variable, the number of patients for which data were

available is specified in brackets (n=)

before T2 and/or T3 assessments occurred together with
experts unavailability at T2 and/or T3 were the main reasons
for missing GLS data over time.

Baseline GLS was impaired (> —13%) in 23 patients
(65.7%). In overall population GLS, improved throughout
the study whereas LVEF did not change (Fig. 1).

For the 22 patients for whom GLS was available at T1
and T2, GLS appeared significantly improved at T2 (—11%
vs —16%) (p=0.02) (Fig. 1). This significant improvement
was also found when considering LS4C (—11% vs — 15%,
p=0.004).

In the subgroup of patients with SCM defined by
LVEF <45% (7 patients), LVEF and GLS evolution over
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time seemed to be similar (Fig. 2a, b). The initial GLS was
impaired in low LVEF Group compared to LVEF >45%
group (—9.6 vs — 11%). In this sub group, both GLS and
LVEF improved at T2 (GLS:—-9.6 vs —15.5%) (LVEF:
29% vs 50%) (Fig. 2a, b).

The comparison between mean longitudinal strain val-
ues in 2, 3 and 4 chambers view and the averaged GLS are
reported in Fig. 3. The Bland and Altman method showed
a good agreement between GLS and LS4C: For T1 exams
(n=36) mean of differences 0.1 (95% CI [—0.6; 0.8]);
For T2 exams (n=23) mean of differences 0.1 (95% CI
[—0.96; 1.16]) (Fig. 4a, b).
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Fig. 1 Evolution of longitudinal
strain and left ventricle ejec-
tion fraction values over time
during septic shock (median,
interquartile). T1=day 1,
T2=day 3-5, T3 =day 8. lower
whisker =smallest observa-
tion greater than or equal to
lower hinge—1.5 * IQR, upper
whisker =largest observation
less than or equal to upper
hinge+ 1.5 * IQR)

Fig.2 Individual values of
global longitudinal strain (Left,
a) and left ventricle ejection
fraction (LVEF) (Right, b)
between day 1 (T1) and day 3-5
(T2), according to initial LVEF
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Fig.3 Comparison between
mean global longitudinal strain
values in 2, 3 and 4 chambers
view and the averaged GLS at
T1, T2 and T3 exams. T1 =day
1, T2=day 3-5, T3=day 8

Left Ventricular Longitudinal Strain

N=36

The course of GLS in survivors and non-survivors is
shown in Table 4.

4 Discussion
4.1 Key findings

GLS was altered at day 1 of septic shock and significantly
improved over time, until normalization. On the opposite,
conventional methods for LV systolic function assessment as
LVEF and S wave velocity were not affected by the natural
course of sepsis. As a second result, GLS values were com-
parable whatever the echocardiographic view (2, 4 cham-
bers and APLAX views) considered, suggesting that a single
measurement in 4 chambers view (SL4C)) is sufficient at
bedside.

4.2 Relationship with previous literature
SCM has been well reported during septic shock [30].

Recent data suggest that diastolic dysfunction is more fre-
quent and more associated with prognosis than systolic
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T2 T3

N=23 N=9

dysfunction [31, 32]. Moreover, supranormal systolic func-
tion (hyperkinetic state, defined as an LVEF > 60%) is asso-
ciated with worse prognosis [7]. Systolic function is usually
assessed by echocardiography, by measuring conventional
LVEEF. Diastolic function is assessed by E’ wave velocity
recording [17]. GLS is correlated to both systolic and dias-
tolic function during sepsis [17]. GLS can be altered while
LVEF remains preserved. Therefore, GLS could be a better
and earlier indicator of systolic dysfunction than LVEF. In
an experimental model of E coli-induced sepsis in anesthe-
tized and ventilated piglets, Hestenes et al. [14] reported
a significant linear alteration of LV GLS after E coli infu-
sion (from—17.2% +2.8% to—12.3% +3.2%, p=0.04) on a
study period of 240 min. Right ventricle GLS was also sig-
nificantly altered (from —24.2% +4.1% to—16.9% +5.7%,
p=0.02). In this model, LVEF remained unaltered (from
48% +7% to 49% + 5% over the study period, p=0.4). The
conclusion was that GLS helps at assessing myocardial
dysfunction during sepsis while LVEF assessment may
underestimate this diagnosis. Analogous results have been
obtained in humans. The evolution of strain has been studied
in the first day of sepsis and septic shock [33]. At baseline,
GLS was abnormal both in sepsis and septic shock patients
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Fig.4 Bland and Altman
diagram to assess agreement 5{ e . n=36
between average GLS (aver-
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(—15%). At 24 h, GLS was significantly impaired only in
septic shock patients (— 13% at H24) but unchanged in sepsis
group (— 17% at H24), suggesting a more profound myocar-
dial impairment during septic shock than during sepsis and
a link between severity and GLS. In this study, in contrast
to GLS, LVEF remained normal in both groups. This study
showed that rapid and profound change in GLS value can
occur during the first 24 h of septic shock, without concomi-
tant alterations of LVEF. In our study, patients were mainly

Mean
(Average GLS + 4-CH LS)/2

analyzed at the end of the first 24 h of septic shock, explain-
ing why a very poor value of GLS (—11.7%) was reported
at day 1, close to value reported by Shahul et al. [33]. In a
large study involving 132 septic patients, GLS was altered in
70% of patients, whatever the value of LVEF [7]. Similarly,
our results confirm that GLS is altered during sepsis whereas
LVEF remains normal as well as S wave velocity, a classical
marker of systolic function, that is not altered over time in
the present study (Table 2). Additionally, the present results
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Table 4 Longitudinal Strain

Nonsurvivors (Day 30) n=8 Survivors (Day 30) n=28

: View Overall n=36
for the whole population and
according to the vital status at GLS average (%)
day thirty T1 (n=36) —11[=15;—10]
T2 (n=23) —-16[-18;-12]
T3 (n=9) —-16 [-18;—14]
LS two-chamber (%)
T1 (n=36) —11[-13;-9]
T2 (n=23) —15[-16;—-13]
T3 (n=9) —14[-15;-12]
LS three-chamber (%)
T1 (n=36) —11[-16;-9]
T2 (n=23) —-15[-19;-12]
T2 (n=9) —17 [-20; - 16]
LS four-chamber (%)
T1 (n=36) —11[-14;-9]
T2 (n=23) —15[-18;-13]
T3 (n=9) —15[-17;-13]
RV GLS average (%)
T1 (n=20) —12[-17;-9]
T2 (n=16) —16 [-20;-10]
T3 (n=6) —17 [-23;-12]

-9[-11;-7] -11 [-15;-10]

—15[-17;-15] =16 [-18;—11]
—16[-18;—14] —16 [-18;—15]
—9[-12;-5] =11 [=-13;-11]
—14[-19;—14] —15[-16;—13]
—14[-15;-13] —14[-15;-12]
—9[-12;-5] -12[-17;-10]
—16 [-20;—15] —15[-19;-12]
—19[-21;-15] —16[-19;-16]
—9[-10;-9] —12[-16;-10]
—14[-15;-13] =15[-19;-13]
—17[-19;—13] —15[-16;—13]
—7[-11;-3] —12[-18;-11]
—15[-19;—14] =17 [-20;-9]
—17 [-20;—15] =18 [-23;-12]

Results are given as median and interquartile range (25775th percentiles). For each time and variable, the
number of patients for which data were available for the whole population is specified in brackets (n=)

GLS global longitudinal strain, LS longitudinal strain, RV right ventricle, T/ echocardiographic examina-
tion performed during the first 24 h after ICU admission, 72 echocardiographic examination performed
between day 3 and day 5, 73 echocardiographic examination performed between day 6 and day 8

show that, in the whole population, GLS improves over time
while LVEF and S wave velocity remain stable in the natural
course of sepsis. In the sub group of patients with altered
LVEF at baseline, both LVEF and strain improved from T1
to T2. In the sub group of patients with altered LVEF, the
clinical interest of strain to characterize SCM is less obvious
than for patients with normal LVEF.

Because both preload and afterload are decreased at
the early phase of sepsis, LVEF can be artificially high
and usually normal in both survivors and non-survivors
[31]. Theoretically, GLS should be less affected by load-
ing conditions than LVEF [34] because it does not depend
on ventricular volume [17, 35]. However, recent stud-
ies have challenged the concept that myocardial strain is
independent from loading conditions. Nafati et al. recently
reported that, in preload dependent patients, strain can
move from pathological to normal value after fluid chal-
lenge (—13.3+3.5t0—18.4% +4.5 (p<0.01) [36]. This
means that the improvement of GLS over time during sep-
sis observed in the present report could be partially due to
improvement of preload conditions during fluid resuscita-
tion. Although we cannot formally exclude a correction
improvement of preload conditions, static echocardio-
graphic preload indicators (E wave velocity, E/E’ ratio,
E/A ratio) [7] suggest that GLS improvement over time
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is rather due to favorable myocardial function evolution
during sepsis rather than to preload increase. Our results
slightly differ from those obtained by De Geer et al. in
the timing of improvement [17]. This group reported a
significant impairment of GLS from day 1 to day 3—4 and
a return to baseline value at the end of sepsis. Both studies
suggest that GLS is affected by sepsis and subsequently
improves.

While a new assessment tool becomes available at bed-
side, it seems crucial to evaluate both its reliability and its
feasibility in order to implement this tool in clinical practice.
Thus, the ability for an ICU physician to rapidly and easily
perform GLS in ICU patients at bedside is of importance.
Boissier et al. [7] recently reported a poor feasibility (< 50%)
of GLS during septic shock. Difficult assessment of GLS is
classically due limited echogenicity for anterior wall in 2 and
3 chambers views [19]. Moreover, GLS assessment in 2 and
4 chambers views and APLAX incidence is time consuming,
even with machines allowing automatized real time analysis.
Interestingly, our results suggest that GLS values are not sta-
tistically different in these three incidences. These findings
support the hypothesis that SCM is a global disease, which
equally affects all LV myocardial segments. Therefore, GLS
analysis from a single incidence (4 chambers view) appears
to be good enough at bedside to detect SCM.
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The single evaluation of LS4C is an interesting and less
time-consuming approach than a complete evaluation of
GLS in the ICU setting. In addition of being easier and more
rapid to assess SCM, LS4C could be more precise as high-
lighted by the narrower CI of SL4C compared to GLS. LS2C
is frequently difficult to access and a complete evaluation
with difficult incidence might distort the result.

The present study was not designed for assessing the
association between SL4C and mortality. The small sample
size and the small number of events does not allow perform-
ing multivariate analysis for survival independent risk fac-
tors. Nevertheless, in our cohort, the strain values are more
altered in non-survivors. This is consistent with literature.
Previous reports suggest an association between initial GLS
and mortality [15, 16]. In a recent metanalysis, Sanfilippo
et al. demonstrated that altered GLS values are associated
with higher mortality in patients with severe sepsis or septic
shock [37]. These deserve further investigation [38] which
will be facilitated by a unique LS4C assessment.

4.3 Clinical implications

The present report shows that GLS is profoundly depressed
at the early phase of septic shock and subsequently improves.
This early value of GLS better reflect SCM than LVEF. The
second implication is that a single longitudinal strain meas-
urement on 4 chambers view indirectly reflects the whole
myocardial strain. This can be a simplest method to evalu-
ate GLS at bedside. This can help to detect a more severe
population, even when LVEF is normal.

4.4 Study limitations

This study has some limitations to acknowledge. Firstly, this
is a single centre study that may prevent from extrapolating
these results to other centres. Secondly, this study included a
small cohort of subjects limiting the statistical power of the
study. However, this is the first study describing the course
of GLS during septic shock. Thirdly, several patients were
not available for the third GLS assessment at day 8 due to
ICU discharge or unavailability of the operators. Finally
some confounders such as vasopressor were not considered
in this study.

5 Conclusion

Myocardial strain is depressed at the early phase of septic
shock and improves over time. Despite a profound alteration
of strain, LVEF remains normal and does not reflect severity
of SCM and its subsequent evolution. A single measurement
of GLS in a 4 chambers view appears sufficient at bedside as
compared to complete myocardial evaluation (2, 4 chambers
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