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13 Abstract: Myocardial deformation imaging (strain imaging) is a technique to directly quantify the
14 extent of myocardial contractility and overcomes several of the limitations of ejection fraction. The
15 application of the most commonly used strain imaging method; speckle-tracking echocardiography
16 to patients with sepsis cardiomyopathy heralds an exciting development to the field. However; the
17 body of evidence and knowledge on the utility, feasibility and prognostic value of left ventricular
18 global longitudinal strain in sepsis cardiomyopathy is still evolving. We conducted a review of
19 literature on utility of left ventricular global longitudinal strain in sepsis cardiomyopathy. We
20 discuss the role of left ventricular global longitudinal strain in mortality prediction, utility and
21 limitations of the technique in the context of sepsis cardiomyopathy.
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24 1. Introduction

25 Left ventricular (LV) function is a powerful predictor of prognosis in a number of conditions
26  and has been shown specifically to be predictive of outcomes in sepsis [!]. Sepsis cardiomyopathy,
27  the reversible myocardial depression that occurs early in severe sepsis and septic shock was first
28  described in 1970s 2. Utilizing radionuclide angiography, Parker et al[?]. reported that 50% of
29  patients with septic shock had severely reduced baseline LV ejection fraction which was
30  paradoxically lower in survivors. An accepted definition of sepsis cardiomyopathy is based on an
31 LV gjection fraction of less than 45% to 50% in the absence of previously diagnosed cardiac disease
32 that demonstrates reversibility upon remission in patients without prior cardiomyopathy [3]. This
33 definition was evolved prior to the availability of echocardiographic techniques such as speckle
34 tracking echocardiography[ 4].

35 The traditional method used to assess LV function (in the ICU) has been determination of LV
36  ejection fraction, usually based on visual analysis of two-dimensional (2D) images or Simpson
37  biplane method [5]. This long relied-upon parameter to describe LV systolic function is relatively
38  easytoacquire and is a concept familiar to most clinicians. However, significant limitations of using
39 LV gjection fraction to characterize systolic function are recognized. The use of 2D echocardiography
40  to describe cardiac function is influenced by geometric assumptions, and technical issues, such as
41  apical foreshortening and difficulties in proper delineation of the endocardial borders, limit its
42 accuracy. As a parameter to assess LV function, ejection fraction is highly dependent on loading
43  conditions and as such does not directly reflect the underlying lying state of LV myocardial
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44 contractility. In addition, the reproducibility of this method is quite high with significant inter-
45  observer variability reported [¢-5].

46 Given these limitations, a method that more directly assesses intrinsic myocardial contractility
47  would be desired for clinical use. Myocardial deformation imaging (also known as strain imaging)
48  provides a means to directly quantify the extent of myocardial contractility and overcome several of
49  the limitations of using ejection fraction for this purpose. Strain, a unit-less parameter, is defined as
50  the percentage change in the length (deformation) of a myocardial segment over a given period of
51  time compared to the resting state. The most widely used method to perform strain imaging is
52 speckle-tracking echocardiography, a technique which makes use of the presence of unique acoustic
53 markers (“speckles”) within the myocardium to track their position throughout the cardiac cycle.
54  Thismethod offers distinct advantages in comparison to earlier (and now rarely-used) Doppler-based
55  techniques [?] and is now available on most current generation echocardiography platforms. Strain
56  can be assessed in 3 principle directions (longitudinal, circumferential, and radial), however
57  longitudinal strain is the most reproducible. Furthermore, as global strain has much better
58  reproducibility than segmental strains, it is currently recommended that global longitudinal strain
59  (GLS) be the parameter used to describe LV systolic function. [5]. In an effort to provide some
60  guidance, the most recent recommendation from the American Society of Echocardiography (ASE)
61  andthe European Association of Cardiovascular Imaging (EACVI) states that a peak GLS in the range
62  -20% can be expected in a healthy person.

63 Strain-imaging by speckle-tracking echocardiography has been shown to have clinical utility in
64  avariety of settings [°] and to offer superior prognostic value to ejection fraction for predicting major
65  adverse cardiac events [1]. Advantages of using GLS to assess LV systolic function compared to
66  ejection fraction include better reproducibility, ability to identify sub-clinical LV dysfunction, non-
67  reliance on geometric assumptions, and lack of influence by tethering effects.

68 As the utility of GLS measurement by speckle tracing echocardiography has shown accuracy in
69  predicting outcomes in several pathological conditions, it is logical to examine the role of GLS by
70 speckle tracking 2D echocardiography in ICU patients with sepsis and sepsis cardiomyopathy.

71 2. Materials and Methods

72 We conducted a review of current literature on the utility and prognostic value of left ventricular
73 global longitudinal strain in patients with sepsis cardiomyopathy.

74  3.Review

75 Several recent studies and a review/meta-analysis ' shed light on the important question; is GLS
76 is a better predictor of mortality in sepsis cardiomyopathy than the traditional parameter; LV
77  ejection fraction. In their meta-analysis [!1], the authors pooled available and eligible observational
78  studies that included 794 patients with severe sepsis and/or septic shock. The pooled data, stratified
79 by survivors/non-survivor, showed that GLS measurements were strongly associated with survival
80  (standard mean difference (SMD) -0.26; 95% confidence interval (CI) -0.47, -0.04; p=0.02) while in
81  contrast, LV ejection fraction was found not to be a predictor of mortality.

82 Before conclusions can be drawn about GLS’s utility and prognostic value, caution should be
83  applied in interpreting the results of the meta-analysis[!] in view of the heterogeneity, observational
84  nature of the component studies, especially differences in image acquisition platforms and inter-
85  vendor variability in speckle tracking algorithms.

86 To further assess the role of GLS in sepsis and sepsis-related cardiomyopathy, we tabulated
87  available relevant GLS studies in sepsis cardiomyopathy by performing a literature search for GLS
88  and/or sepsis and/or cardiomyopathy and highlight the following: (TABLES 1, 2 and 3)

89 a) We tabulated 8 studies including 846 subjects with severe sepsis and/or septic shock.

90 b) With exception of 1 study ['2] which utilized the Sepsis -3 definition[ 3] ; all others were based
91  on Sepsis 2 criteria[%4].
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92 ) As in the above referenced meta-analysis, significant heterogeneity in subjects exists: 5 studies
93  included septic shock patients, 2 studies [151¢] included patients with both severe sepsis and/or septic
94  shock (Table 1).

95 Table 1. Description of studies including design, inclusion criteria, subjects and imaging
96 platforms/software.
S
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97 d) Of the 846 patients included in these studies, 297 (35.1%) were eliminated from further

98  analysis by various exclusion criteria (Table 2) illustrating the difficulties in quality image acquisition
99  in a timely manner in this set of severely ill patients

100 e) With a single exception ['?], all studies involved only a single center site.
101 Table 2. Exclusion Criteria.
Study Exclusion Criteria
Chang et al.
2015 none
De Gzez)elr 5et al. death<?24 hours, treatment limitations, no consent, HF, IHD
Landesberg et . Lo . .
al. 2014 Moderate mitral/aortic diesease, poor windows, AF, arrhythmia, RWMA
Orde et al. pregnancy, congenital HD, poor image quality, prosthetic valves, cardiomyopathy,
2014 moderateor severe valve diease
Palmeieri et al. . . . .
2015 poor windows, greater than moderate aortic or mitral valve disease
Zaky et al.

2016 <18 yrs, chronic AF, EF<40%, valve disease, valvle replacement, ICDs, poor Echo views
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Lanszl())all 7e tal echo >24 hrs, poor image quality
Yang et al. MI, congenital, valvular heart disease, hospitalization<24 hrs, malignancy, liver, kideny
2017 failure, pericardial effusion, advanced malignancy, poor image quality

102 d) These published studies utilized different strain analysis software and echo imaging
103 platforms (Table 1):
104 Philips Qlab 8.1® was utilized in 3 studies (n=352), EchoPACS® in 3 studies(n=213), Image
105  Arena® in 1 study(n=298) and Syngo Velocity Vector® (n=60)
106 Philips IE 33® was used for Image acquisition in 4 studies (n=573) and GE Vivid® in 4 studies
107 (n=273)
108 e) The end points reported were heterogeneous and variable. (Table 3)

109
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110
111 Table 3. Outcomes.
Abnor Abnor Abnor
6 mal mal Normal mal
. . L
Icu jcy  Hospita  Hospita  28day o, 30day g, 0 90day o040y month 6month  GLS GLS GLS  Grsas
Non . 1 Non 1 Non . Non . Non . . . . hospital
Study . survivo ) . . Survivo . Survivo . Survivo Non Survivo hospital hospital .
Survivo Survivo Survivo Survivo Survivo Survivo . . . mortalit .
r GLS r GLS r GLS r GLS Survivo r GLS mortalit mortalit mortalit
r GLS r GLS r GLS r GLS r GLS r GLS . y dead
r GLS y Alive y dead (%) y dead
n (%) n (%) ° n (%)
Mean
+/-SD
in%
Chang et al. -11.8 +/- -15 +/- -12.4+/- 149 +/-
2015 45 3.6 49 34
-14.7(- -17.4(-
De Geer et al. -15(-19.7  -17.2(-20 19 to(— 205 tc(> )
2015 to-11) to -13) 106) 13.6)
Landesberg et -12.3+/-  -13.7 +/-
al. 2014 3.6 2.7
Orde et al. -14.6 +/- -13.92 -14.28
2014 43 +/-42 s 1A
Palmeieri et al. -9.1+/- -10.8 +/-
2015 3.6 32
Zaky et al.
24 (80% 12 7
2016 (80%) (66.7)
Lanspa etal. 4722)  31(17)  54(25)
2017
Yang et al. -15.98 -17.66
2017 +/-1.41 +/-1.22
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113 Another recent systematic review[ 7] which analyzed total of 455 patients['8] did not combine
114  the data by usage of meta-analysis methods citing significant methodological and statistical
115  differences between the studies which concurs with our concerns.

116 At present no accepted GLS thresholds that define sepsis cardiomyopathy exist. The
117  traditionally used abnormal threshold of -20% to define Left ventricular dysfunction may not apply
118  to the setting of sepsis cardio myopathy in the critically ill population [1¥] and ASE-chamber
119  quantification guideline[5]. The common observation in current literature in terms of predicting
120 outcome is that the lower (less negative) the value for GLS, the worse the outcome, especially among
121  patients “normal” LV ejection fractions.

122 Practical difficulties in obtaining reliable and timely bedside measurements of GLS exist.

123 Issues with standardization['®], Inter-Vendor differences [22!], incorporation/availability of
124 required software in point of care ultrasound machines, training of bedside ICU providers on
125  measurements of GLS, the limited echo windows which may be available in ICU subjects and time
126  constraints to measure GLS (currently off-line for the most part) in the critically ill subset of patients
127  should be recognized and need to be overcome to make this assessment more robust.

128 As the literature on this topic continues to evolve and data accumulates on the value of GLS in
129  sepsis and sepsis cardiomyopathy, the time has arrived to conduct prospective, multi-center
130  investigations to define the role of GLS and potential prognostication thresholds in the management
131  of these critically-ill patients.  As such studies are designed, investigators need to take into account
132 the limitations of the prior studies as listed above. Until such studies are performed, GLS remains
133 just another tool in our toolbox in the assessment of these complex, critically-ill patients.

134 In summary, the parameter of GLS heralds an exciting but evolving new era and appears to
135  represent a significant advance in the field of sepsis cardiomyopathy.
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