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In experimental models, sepsis induces an intrinsic sys-
tolic and diastolic myocardial dysfunction whose
mechanisms are multiple and complex [1]. Cardiovascu-
lar alterations depend on the timing of hemodynamic
assessment with respect to the infectious insult and the
duration of associated sepsis, and are markedly influenced
by initial fluid resuscitation [2]. In healthy humans
administered an intravenous injection of endotoxin,
hemodynamic alterations developed within 3 h in asso-
ciation with increased cardiac index, low systemic
vascular resistance, and early left ventricular (LV) sys-
tolic dysfunction unmasked by fluid loading [3].
Echocardiography is a valuable imaging modality for the
hemodynamic assessment of septic shock patients. In
patients who are admitted to the ICU for septic shock,
echocardiography depicts a decreased LV ejection frac-
tion (EF) during the first 48 h in approximately half of the
cases [4, 5]. Since both the myocardial contractility and

relaxation are impaired during sepsis [1], LVEF is
markedly influenced by loading conditions (particularly
afterload) in these patients. The prognostic value of LV
systolic dysfunction in septic shock remains debated [6].
Initial clinical studies suggested that septic patients with
lower LVEF had a better prognosis, presumably owing to
relatively preserved arterial tone [7]. More recent studies
found similar LVEF values in survivors and in non-sur-
vivors [4, 6], and a recent meta-analysis did not suggest
that survivors from severe sepsis or septic shock had
lower LVEF [8]. In contrast, increased LVEF and high
cardiac output secondary to profound vasoplegia were
associated with a poor outcome in studies of small sample
size [6, 9].

In a recent study published in Intensive Care Medicine,
Chang et al. [10] investigated whether global longitudinal
strain (GLS), a sensitive echocardiographic tool to eval-
uate LV systolic function, was associated with hospital
mortality in septic shock patients. Strain represents the
cyclical LV deformation during the cardiac cycle and is
measured using echocardiography as a percentage change
of the original myocardial length (Fig. 1). Systole
(shortening) and diastole (lengthening) result in negative
and positive strain values, respectively. GLS measures the
entire U-shaped long-axis LV strain and therefore corre-
lates with LVEF. By measuring the peak systolic
longitudinal strain of all LV walls in the three standard
echocardiographic apical views and subsequently com-
puting GLS as the mean of obtained values in 111 patients
with septic shock, Chang et al. [10] showed that GLS
(either as a cut-off value [-13 % or as a continuous
variable) and APACHE II score constituted independent
predictive factors of hospital death, with GLS providing
additional prognostic value. In contrast, LVEF was sim-
ilar between survivors and non-survivors. Interestingly,
GLS was also significantly lower in the subset of patients
with preserved LVEF (i.e., C50 %; n = 100) who died
during their hospitalization when compared to their
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counterparts (OR 1.12; 95 % CI 1.04–1.20; p = 0.002).
Accordingly, the authors suggested that GLS might be a
prognostic factor in septic shock patients providing that
echocardiographic image quality is adequately suited
[10].

Strain measurement has substantial limitations. Akin to
LVEF, GLS also depends on LV loading conditions. For
example, increase in LV afterload, as in aortic stenosis or
hypertension, reduces (less negative) GLS. Technically,
the accuracy and reproducibility of strain measurements
are hampered by various factors: frame rate-to-heart rate
ratio, random noise, shadowing and clutter artifacts, and
translational (motion) artifact (e.g., respiratory motion).
Reproducibility and standardization of reference values
are not uniform across echocardiography systems because
manufacturers use different algorithms [11]. In a critical
care setting where patients are predominantly ventilated,
mostly lying supine and tachycardiac or arrhythmic,
obtaining optimal image quality for strain purposes can be
challenging. Consequently, a GLS value which can be
obtained regardless of image quality may not accurately
reflect actual LV deformation during the cardiac cycle.

The acquisition method used by speckle tracking to derive
GLS appears more sensitive and more reproducible than
LVEF to identify LV systolic dysfunction [12]. GLS
analysis is based on a semiautomated, regional, and
frame-by-frame basis throughout systole, whereas EF
relies on a manual measurement of LV volume at end-
diastole and end-systole. In contrast to LVEF, GLS is
unaffected by tethering effects (i.e., pulling effect of
adjacent myocardium) and does not rely on geometric
assumptions [12]. Accordingly, as in the present study
[10], low GLS values have been previously reported in
adults and children with septic shock and preserved LVEF
[13, 14]. Nevertheless, these last two studies failed to
identify GLS as an independent prognostic factor [13, 14].
This underlines the difficulty of establishing the prog-
nostic value of septic cardiomyopathy, even when using
sensitive echocardiographic tools to identify LV systolic
dysfunction. A recent meta-analysis summarized the
prognostic values of GLS from 16 studies that recruited
patients with mixed cardiac etiologies [15]. GLS, used as
a continuous variable, was found to be a predictor for all-
cause mortality in these patients (hazard ratio reduction

Fig. 1 Left ventricular strain by speckle tracking echocardiogra-
phy. ‘‘Speckles’’ are an ultrasound interference pattern of minute
reflectors within the myocardium and do not represent real physical
structures. Modern speckle tracking algorithm tracks the motion of
a group of speckles, the kernel, frame by frame (squares and
magnified image). The relative positions of the speckles within each

kernel are fixed (like a fingerprint), rendering the tracking process
more accurate. To enhance the speed and accuracy of tracking
further, only the nearby areas in the next frame are searched. Strain
is measured by comparing the change in distance between two
kernels (double-headed arrows)
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per SD change in GLS = 0.50, 95 % CI 0.36–0.69) with
a hazard ratio 1.62 (95 % CI 1.13–2.33; p = 0.009) times
greater than that of LVEF [15]. Nevertheless, septic car-
diomyopathy and other cardiac conditions should be
distinguished because they do not share the same patho-
physiology. Contrary to congestive heart failure, septic-
induced LV dysfunction is typically associated with non-
elevated filling pressures and increased LV compliance
[7]. Since sepsis alteration of LV mechanics is diffuse and
not associated with myocardial ischemia, the greater
susceptibility of subendocardial fibers to injury which

may be better identified by reduced longitudinal function
(i.e., GLS) is presumably not as applicable as in other
cardiac conditions [12]. Accordingly, the prognostic value
of decreased GLS in septic shock patients remains to be
confirmed in larger scale studies over a wide range of
LVEF values. To date, GLS has numerous technical
limitations including its feasibility in the ICU setting, and
the promising results reported by Chang et al. [10] cannot
be yet incorporated into clinical practice without further
external validation.
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