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Abstract: Septic cardiomyopathy (SCM) is an acute cardiac dysfunction caused by sepsis. Literature reports its incidence 

fluctuating between 13.8% and 60% with a high mortality rate of 70% to 90%. Currently, there is no gold standard for diagnosis, 

nor specific indicators to assess prognosis. Echocardiography is widely used in SCM                                                                 

research due to its advantages of visualization, non-invasiveness, bedside operation, and reproducibility. Different types of 

ultrasounds have unique characteristics, for example, conventional echocardiography hardware is well established with easily 

obtained parameters, transesophageal echocardiography provides more accurate parameters, and speckle tracking 

echocardiography has high sensitivity. This article summarizes and reviews the application of echocardiographic techniques in 

SCM in recent years, aiming to provide clinical doctors with a reference for early diagnosis and prognostic assessment of SCM. 
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Septic cardiomyopathy (SCM) is defined as acute 

cardiac dysfunction induced by sepsis that is not related to 

ischemia[1-2]. In patients with sepsis, SCM is associated 

with a two- to three-fold increase in mortality, potentially 

reaching 70% to 90%[3]. SCM is characterized by systolic 

or diastolic dysfunction of the left ventricle, diastolic 

dysfunction of the right ventricle, or global/localized 

ventricular wall motion abnormalities, which is reversible 

and usually normalizes with early treatment of the 

disease[3-4] . Currently, there is no clear diagnostic 

standard to guide physicians in the clinical diagnosis and 

treatment of SCM patients, and the diagnosis of SCM is 

based on the patient's medical history, signs and symptoms, 

biological markers and echocardiographic 

manifestations[5]. Echocardiography has the advantages 

of visualization, non-invasive, bedside operation and 

repeatable examination, which can realize the real "semi-

continuous" hemodynamic monitoring, and improves the 

prognosis of sepsis patients. This review examines recent 

advancements in transthoracic echocardiography(TTE), 

transesophageal echocardiography (TEE), and speckle-

tracking echocardiography (STE) in the context of SCM, 

aiming to provide a reference for early diagnosis and 

prognosis. 

 

1 TTE in SCM 

 

1.1 Indicators of left ventricular systolic function in 

SCM  

 
Indicators of left ventricular systolic function, such as 

left ventricular ejection fraction (LVEF), left ventricular 

systolic mitral annulus velocity (LV-Sm), and mitral 

annular plane systolic excursion (MAPSE), are crucial for 

diagnosing and predicting the prognosis of SCM. 

 

1.1.1 LVEF  

LVEF is a critical measure of left ventricular systolic 

function. The most widely accepted definition of SCM in 

many clinical and basic studies is an LVEF less than 45% 

to 50%. This condition is reversible after sepsis remission 

in patients without a prior cardiac history. Shin et al.[6] 

retrospectively analyzed data from 366 sepsis patients and 

discovered significantly higher mortality rates in those 

with LVEFs below 50% and above 70% (indicative of 

hyperdynamic left ventricular ejection fraction) compared 

to those with LVEFs between 50% to 70%. Furthermore, 

they noted that an LVEF below 30% and diffuse LV wall 

dyskinesia markedly increased mortality in patients with 

septic shock[7]. Severe sepsis can cause myocardial 

damage with substantially reduced contractility, leading to 

a lower LVEF. In contrast, septic patients with decreased 

systemic vascular resistance, excessive catecholamine 

release, and impaired left ventricular diastolic function 

may exhibit a hyperdynamic left ventricular ejection 

fraction. Thus, shifts in LVEF, whether decreases or 

increases, can serve as accurate prognostic indicators in 

sepsis and septic shock. However, contrary findings exist. 

A meta-analysis encompassing 7 single-center prospective 

studies involving 585 patients revealed that cardiac 

dysfunction related to sepsis, defined by an LVEF below 

50%, had low diagnostic sensitivity and specificity (0.48 

and 0.65, respectively) for predicting 30-day mortality[8]. 

Inflammatory responses in sepsis can lead to myocardial 

depression and reduced LVEF, which may improve as the 

infection is controlled and myocardial function recovers. 

Notably, most studies have classified patients based solely 

on their LVEF measured within 24 hours of admission, 
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disregarding those whose LVEF improved later, potentially 

leading to inconsistent findings. In summary, it is essential 

to report LVEF in critically ill patients alongside 

vasopressor support and shock severity[9], and to monitor 

changes in LVEF dynamically. 

 

1.1.2 LV-Sm  

The left ventricular systolic myocardial velocity (LV-

Sm), as measured by tissue Doppler imaging (TDI), 

reflects long-axis contractility of the left ventricle. In one 

study, sepsis combined with an LV-Sm of less than 8 cm/s 

was identified as left ventricular systolic dysfunction 

(LVSD). Among 145 sepsis patients analyzed, LVSD was 

observed in 36 cases. Notably, the LV-Sm in patients who 

died within 28 days (n=47) was marginally higher than that 

in survivors (n=98), with values of 8.92±2.11 cm/s and 

8.23±1.71 cm/s, respectively. This phenomenon contrasts 

with common cardiovascular diseases, where a lower LV-

Sm is associated with increased mortality. The discrepancy 

in sepsis could be attributed to an elevated LV-Sm resulting 

from a persistent decrease in peripheral vascular resistance, 

complicating shock correction and potentially increasing 

mortality. However, a meta-analysis encompassing 13 

studies with 1 197 septic patients and 442 deaths revealed 

no statistically significant difference in LV-Sm between 

deceased and surviving groups, suggesting that LV-Sm 

alone may not accurately reflect early myocardial damage 

in patients with infectious shock nor serve as a reliable 

marker for diagnosing SCD or predicting sepsis outcomes. 

 

1.1.3 MAPSE  

MAPSE assesses the overall change in LV contraction 

along the longitudinal axis and is quantified using M-mode 

in the apical four-chamber view. A prospective study 

involving 48 septic patients demonstrated a significantly 

higher MAPSE in the survival group compared to the 

mortality group, with measurements of 1.54 (1.39-1.69) 

cm versus 1.12 (0.90-1.35) cm, respectively (P=0.026)[12]. 

Furthermore, MAPSE has been identified as an 

independent risk factor for in-hospital mortality in children 

experiencing septic shock[13]. Recent scholarly 

advancements have led to the development of a novel 

parameter, Left Ventricular Longitudinal Wall Fractional 

Shortening (LV-LWFS), which is calculated as a 

percentage of MAPSE relative to the total length of the left 

ventricle[14]. Johansso et al.[15] conducted cardiac 

ultrasound examinations on 73 patients with infectious 

shock, revealing close correlations between LV-LWFS, 

MAPSE, and LV longitudinal strain, the latter measured by 

Speckle tracking imaging (STI)—a technique that 

demands high-resolution imaging and considerable 

operator expertise. In contrast, MAPSE and its derivatives 

can be readily measured using standard echocardiography 

techniques. The easy accessibility of MAPSE and its 

derived parameters, coupled with a significantly higher 

acquisition rate compared to other parameters such as 

LVEF, suggests their enhanced suitability for practical 

clinical application[16]. 

 

1.2 Indicators of LVSD in change in patients with 

SCM  
 

Abnormal left ventricular diastolic function is 

commonly observed in patients with sepsis. One study 

categorized the combination of a peak early diastolic mitral 

inflow velocity to peak early diastolic mitral annular 

velocity (E/e') greater than 15, or a peak early diastolic 

mitral annular velocity (e') less than 8 cm/s, as LVSD. 

Among 145 sepsis patients examined, 60 developed LVSD. 

Furthermore, e' values were significantly lower in the 28-

day mortality group compared to the survival group 

(7.81±1.12 cm/s vs 8.61±1.02 cm/s, P=0.013) [10]. 

Additionally, a retrospective study involving 495 sepsis 

patients identified left ventricular diastolic dysfunction as 

a risk factor for sepsis-associated acute kidney injury, 

suggesting that measurements of e' and E/e' can predict the 

occurrence of acute kidney injury in patients with severe 

sepsis and septic shock [17]. Moreover, a meta-analysis by 

Sanfilippo et al. [18] encompassing 16 studies and 1,507 

patients revealed that both lower e' and higher E/e' ratios 

were strongly linked to increased mortality (e' standardized 

mean difference = 0.33, P=0.02; E/e' standardized mean 

difference = -0.33, P=0.006). These findings underscore 

the diagnostic and prognostic significance of e' and E/e' in 

assessing diastolic dysfunction and its implications in 

septic patients. 

 

1.3 Indicators of right ventricular systolic function in 

patients with LVSD 
 

The prevalence of right ventricular systolic 

dysfunction in patients with sepsis ranges between 34% 

and 48%. Of these, 71% exhibit concurrent left ventricular 

systolic dysfunction, while 29% present with isolated right 

ventricular systolic insufficiency [19]. Right heart 

dysfunction independently predicts mortality at both 28 

days and 45 days in septic patients [19-20]. Tricuspid 

annular plane systolic excursion (TAPSE), which assesses 

the longitudinal systolic function of the right ventricle 

using M-mode, indicates right ventricular systolic 

insufficiency when less than 16 mm. Dong et al. [21] 

analyzed 183 patients with septic shock, finding an 

association between reduced TAPSE values, ICU mortality, 

and 90-day mortality. However, Lahham et al. [22] who 

measured TAPSE in 24 septic patients admitted to the 

emergency department, did not find it predictive of ICU 

admission, ICU / hospital length of stay, or mortality, 

contrasting with Dong et al.'s findings [21]. Zhang et al. 

[23] studied 215 sepsis patients, defining right heart 

dysfunction as TAPSE less than 16 mm or right ventricular 

fractional area change (FAC) less than 35%. They 

discovered that right ventricular dysfunction alone did not 

correlate with 30-day mortality. However, patients with 

right ventricular dysfunction, combined with a right-to-left 

ventricular end-diastolic area ratio greater than 0.6 and a 

central venous pressure over 8 mmHg, exhibited 

significantly higher mortality rates. Mechanisms of right 

ventricular failure include both anterior and posterior 

overload and compromised systolic and diastolic function, 
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which often coexist. Given the complex impacts of sepsis 

on cardiac loads, the utility of TAPSE alone in assessing 

right ventricular dysfunction and its prognosis in sepsis 

may be limited. 

 

1.4 Relationship between Tei index and prognosis of 

SCM patients  
 

The myocardial function index, also known as the Tei 

index or myocardial performance index (MPI), evaluates 

both the systolic and diastolic functions of the heart. A 

prospective study involving 86 SCM patients showed that 

the average LV Tei index was significantly lower in the 28-

day survival group (0.51) compared to the death group 

(0.75). It also correlated with LVEF, brain natriuretic 

peptide (BNP), and cardiac troponin I (cTnI), with the LV 

Tei index offering the highest predictive value for 28-day 

morbidity and mortality in these patients [24]. Nizamuddin 

et al. [25] observed 47 patients with sepsis or septic shock, 

dividing them into two groups based on MPI changes: 

improved (MPI decreased from 0.66 to 0.5) and 

deteriorated (MPI increased from 0.48 to 0.63). They 

found that the 90-day mortality rate was significantly 

lower in the MPI-improved group (16.7% vs. 47.1%). 

Furthermore, Li et al. [26] reported that the area under the 

ROC curve for the right ventricular Tei index reached 

0.962 in predicting mortality in sepsis patients, identifying 

an elevated right ventricular Tei index as an independent 

risk factor for death. SCM typically features both systolic 

and diastolic insufficiencies, making the Tei index a 

reliable and noninvasive measure for assessing cardiac 

function and prognosis in these patients. 

 

2 TEE in SCM 
 

TEE is a diagnostic imaging technique that uses a 

small ultrasound probe mounted on the tip of an endoscope 

to examine the heart's anatomy and blood flow through the 

esophagus. This method often provides superior images 

compared to transthoracic echocardiography, especially in 

cases involving invasive mechanical ventilation, obesity, 

or surgical dressings, allowing for clear and stable 

visualizations. TEE is particularly useful in detecting 

abnormalities such as left atrial appendage thrombus in 

patients with sepsis who develop new-onset atrial 

fibrillation. However, the accuracy of TEE heavily 

depends on the operator's expertise. As a semi-invasive 

procedure, it carries risks of serious complications, 

including bleeding from nasopharyngeal and esophageal 

mucosal injuries and malignant arrhythmias, which makes 

it a less preferred option in some clinical settings. 

 

3 STE in SCM    

 
STE is an advanced technique developed recently that 

employs STI to monitor and map the spatial movements of 

echogenic speckles within the myocardium. This is 

achieved through high-frame-rate two-dimensional 

grayscale ultrasound imaging, utilizing an optimal pattern-

matching method to track the location of these speckles in 

each image frame [27]. This process delineates the 

trajectory of myocardial motion at consistent positions 

across different frames [28]. Crucially, STE's accuracy is 

not dependent on the angle between the acoustic beam and 

the direction of ventricular wall motion, enabling the 

detection of myocardial movement in multiple directions. 

 

3.1 Value of STE for early diagnosis of SCM  
 
STE primarily studies longitudinal strain (LS) in 

SCM, focusing on global longitudinal strain (GLS) and 

segmental longitudinal strain. Currently, there are no 

established normal reference values for strain. A meta-

analysis of 24 studies encompassing 2 597 subjects 

indicated that GLS typically ranges from -15.9% to -22.1% 

in healthy individuals [29]. However, the abnormal GLS 

cut-off values used in various studies on sepsis and 

infectious shock are not consistent. Vallabhajosyula et al. 

[30] reviewed five prospective studies on GLS 

measurement by STE in sepsis and reported abnormal GLS 

cut-off values ranging from -10% to -17%. Hai et al. [31] 

analyzed 90 cases of septic shock and 37 cases of sepsis 

without shock, confirming that GLS values in healthy 

individuals typically fall within the same range as 

previously mentioned. They noted differences in GLS 

between the two groups and significant deterioration in LV 

GLS at 24 hours in patients with septic shock, whereas 

LVEF did not show significant changes [32]. Haileselassie 

et al. [33] assessed STE's value in pediatric sepsis by 

conducting echocardiography on 23 children (mean age: 

7.21 years), finding an average GLS of -13%, significantly 

lower than the -19% reported for healthy children by the 

Johns Hopkins Children's Center. Despite normal LV 

short-axis shortening (FS), these children exhibited 

abnormal strain and reduced LS. Zaky et al. [34] 

demonstrated that reductions in tissue motion annular 

displacement (TMAD) were associated with ventricular 

systolic and diastolic dysfunction, suggesting that TMAD 

may be more reliable than LV longitudinal strain. These 

findings underscore that STE can detect early cardiac 

function changes in sepsis and infectious shock, offering 

valuable insights for the early diagnosis of SCM. 

 

3.2 Value of STE for prognostic assessment in SCM  
 

Bazalgette et al. [35] discovered that GLS can detect 

myocardial depression in the early stages of infectious 

shock (within 24 hours), noting a mean GLS of 

approximately -11%, which gradually improves to around 

-16%. They also observed that LVEF and LV-Sm remain 

stable over time, highlighting GLS's high sensitivity and 

potential for real-time monitoring of myocardial function. 

Additionally, studies have indicated a positive correlation 

between GLS and biomarkers such as TnI and NT-proBNP, 

which are indicative of myocardial injury and cardiac 

dysfunction [36]. Innocenti et al. [37] examined 354 sepsis 

patients and conducted ultrasonography within 24 hours, 

defining LV systolic dysfunction as LV GLS greater than -

14% [34]. This condition was linked to an increased all-
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cause mortality at 28 days, particularly when accompanied 

by a decrease in segmental strain of the LV anterior wall 

basal. Beesley et al. [38] explored the long-term impact of 

abnormal LV systolic strain during sepsis, defining a GLS 

greater than -17% as abnormal. Their findings revealed a 

U-shaped relationship between LV GLS and the incidence 

of adverse cardiovascular events in sepsis patients up to 24 

months post-hospital discharge. These findings 

collectively underscore the value of GLS in assessing the 

prognosis of sepsis. 

 

3.3 Shortcomings of STE  
 

Despite the significant clinical value of STE in the 

early diagnosis, treatment monitoring, and prognosis 

assessment of SCM, several limitations persist. Key 

among these is the absence of a universally recognized 

threshold for defining GLS in SCM. Furthermore, STE 

demands high-quality imaging that heavily depends on 

the skill level of the professionals involved. 

Additionally, there are notable discrepancies across 

different image acquisition platforms and variability in 

speckle tracking algorithms among vendors, 

complicating the standardization and interpretation of 

results. 

 

4 Perspectives of Echocardiography in SCM 

 

Echocardiography, known for its noninvasiveness 

and reproducibility, holds significant value in the 

diagnosis and prognostic assessment of SCM. STE, in 

particular, despite its current limitations, shows promise 

as a crucial tool for detecting early myocardial injury 

and understanding its mechanisms in SCM patients. The 

potential of STE could be fully realized with 

advancements in threshold standardization and 

algorithm optimization, positioning it as an important 

method in the clinical setting. 
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\=W:C#

¤

%

IT

:;\

HCD¯

+

f34:;

'

$6$6$AdZC<AdZC<

^Îw��'1�«¬HUõ�E

'

2

5

%

¶�È°±f®IJ&

%:;\

ùücÖH>?À

dZC<

§±

(9 %̀

�¾�!�o§�

%

789§�E/4�o«¬�

�*

' :N0.

¤

+7,

:;=1Â

'77

ë789¸¹�6kK

%

dZC<v9%`

¯

e8%`"

úac

dZC<#

H¸¹×ØÜHIú±

dZC<

À

9%`a8%`

H¸¹

'

¥éIJkK

%dZC<v'%`

¯¤

¥=�'�+aÕÖHI1278=AB¸¹H×ØÜ

+8,

'

0U789)�fÖ?

%

1�«¬�HQ:

%

RÑ]

dZC<

y

z

&

789¸¹©KË#$¢cyz

(

��Hî���~×

(

�'��«¬Ö?¤��)

%

ReKÀúac

dZC<'

ñ�^

j

%

5

dZC<

yzfâúØ_>��)

%

�²V�j3�78

9

(

78=AB¸¹H34

'

�ñéIJtØ<:ÎH D

'

_178

8

1�&�5Þ=IJHvw�6

%

Q78

949

ë

¸¹

%

 DHE

%

789:;�«¬ÕÖ>?À

dZC<v9% %̀

»À3�¸¹

'% K

×ØÜH�E

%

ìCD�Ì�¯ap=I

h¹

"

�ÂÀ

%6(4

¯

%679#

+4,

'

789)í=Ù�H~×�

Ñ]�f�e

%

©K

dZC<

yz

%

©&ÌÍH,e

%

�f�e

éYWX

%dZC<

TRâú

'

Ð�ÈIJx^¡ã8S

)( N

÷H

dZC<

¼½�Y

%

�m<4B

dZC<

éWXH¸¹

%

¥�

¬gý Dò_n

'

ráY¼

%

·U¸¹H

dZC<

wT��

â�ØG6ÝN²³AB��_]Ä�

+*,

%

=)waC¢�

dZC<

H��

'

$6$6)AdZ>:PAdZ>:P

Îî��',µ1�¬c

%

´^'�

YZ�³�ýè

"J0GGLE!IFFSE10PHO0.O% U!##

ø4�t

'

é

IJT789sð

dZ>:Pv4 -P+G

>?À

:;\"

�'1�«

¬ÕÖ=

#%

1ÂH

$(9

ë789¸¹&

'7

ë¸¹©K<

:;\%

F

)4 K

×ØY

"(8

ë

#

¸¹H

dZ>:P

mú±oÚY

"*4

ë

#%

�ÂÀ

"46*)w)6$$#-P+G

¯

"46)'w$68$#-P+G

+$%,

'

Ð³

'���M§

dZ>:P

z¹

%

×ØÜâú

%

¥�¬^a±78

9f78=AB¸¹ÝÞ=\¡��¢cz¹Ñ]

dZ>:P

âú

%

Ð\¡��¢cÝÞz¹þtABÈ²�(

%

íÐ!"

¸¹×ØÜ

'

_1vw�6Q78

$'

1IJ

%

Q

$ $*8

ë7

89¸¹

%

×Ø

(()

ë

%

 DkK×ØYT,oYH

dZ>:P

ð

p!ôå3G?

&

F

dZ>:P

ðò¬ÎîÌÍ=AB¸¹AB

H�f?�

+$$,

'

¥j�ò¬x�_H

dZ>:P

�CD

:;\

³

Óä78934

'

$6$6'A\=W:CA\=W:C

�²Óä�'1�¶,µ�¶áH

�Ë��

'

±�.���I�

%

¶

\

yy�t

'

_15Þ=

IJQ78

(4

ë789¸¹

%

 DHE,oY¸¹H

\=W:C

HIú±×ØY

+$69("$6'*a$67*# -P?:$6$)"%6*%a

$6'9# -P% H

x

%6%)7,

+$),

' \=W:C

^78=AB¸îÿS×

ØÜH¾¿·öÙ�

+$',

'

ÚBé3¹¶

\=W:C

H®áÃ

©<_9[HeÈ

%

��'�¶��»�È

"SERJTE.J10-LSH1

SI.O0JLK0.HSfHSSR1H-J0I.HSGNI1JE.0.O% dZ>d]<:#%

À

\=W:C

T

��',�H%�ø

+$(,

' 3INH.GGI

¤

+$9,

ª

8'

ëÌÍ=AB

¸¹¼½<�oyz¢�

%

 DkK

%dZ>d]<:(\=W:C

Ta

�u��ýè

"GFE-/SEJ1H-/0.O0PHO0.O% :U##

ø4�NH��

'�¶w�HI:;

' :U#

À_1[Hø4

%

ª{èõ�ú

%

hO��ý���/þH��tÁ

&

Ð

\=W:C

³aì¢,©

ÛHeÈ�²´Ãôyz�a{R Bt

%

ðFñéIJk

K°±á

\=W:C

HB.ÜHIú±

dZC<

¤ìªeÈ

+$7,

%

f½

\=W:C

³ì¢,eÈ¶ëL°±wx&ÎÀ2x

'

$6)A

'±(/Æpq�+,-

:;\

0Jg.Ë

A

��'�

�«¬pî¶789¸¹&�îîï

'

éIJT789sð

��ABG.���¡r¦�

+

��ABG.�$¡r¦�

"C+Ey#e$9

f��ABG.�$¡r¦�

"Ey#v4 -P+G

>?

À

:;\"

�'��«¬ÕÖ=

#%

1ÂH

$(9

ë789¸¹&

7%

ë©K<

:;\"

�'��«¬ÕÖ=

#%)4 K

×ØY¸¹

Ey

HI¹±oÚY

+"864$w$6$)#-P+G?:"467$w$6%)#-P+G% H

x

%6%$',

+$%,

'

2[m\

%

¶ª

(*9

ë789¸¹H:;=IJ

&

%

��'��«¬ÕÖ^789:;<=>?@H·öÙ

�

%C+Ey

¯

Ey

�x±3�0U789¯78=AB¸¹78

9:;<=>?@Hk,

+$8,

' :H.R0S0FFI

¤

+$4,

ª

$7

1IJ

Q

$ 9%8

ë789³78=AB¸¹¼½vw�6

%

 Dk

K¸¹H

Ey

¯¸úH

C+Ey

ørIT×ØÜHI:;

"Ey

EV

�IÈðÀ

%6''% H

x

%6%)& C+Ey

EV�IÈðÀ

5

%6''% H

x

%6%%7#'

Ù[

Ey

¯

C+Ey

¶789¸¹�o��«¬ÕÖCD

³ì34Óä��é&UõÁr

'

$6'A

1±()*pq�+,-

:;\

0Jg�.Ë

A

789

¸¹��'1�«¬ÕÖk,ÜÀ

'(`a(4 %̀

ì&

8$`

s

ð��'1�«¬ÕÖ

%)*`

À�ÌH��'1�«¬ò

æ

+$*,

'

��«¬ÕÖ^789¸¹

)4 K

×Ø³

(9 K

×ØH

¾¿·öÙ�

+$*

5

)%,

'

¢.�$1�B3â

"J10-LGF0K H..LSH1
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