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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.

1TTE 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, ¢' 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 ¢' 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 ¢' 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 ¢' 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 (cTnl), 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 er 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 Tnl 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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1 TTE % SCM {5 F

L1 ASEWREHRAIEAFE SCM Py T4 OIS
IHEE 48 5 B 36 22 O & St 1l 43 $X (left ventricular ejection
fraction, LVEF) (750> 25 i 48 10 — 23 3832 5l 3 B (left ven-
tricular myocardial systolic mitral annulus velocity, LV-Sm) & —
SIS TS 45 117 % ( mitral annular plane systolic excursion,
MAPSE) %, ¥4 5 SCM #9121/ s 15 A7 K

1.1.1 LVEF LVEF 2 A CEWRAE I RE M EH 28 hr . H
I, 78 22 500 PR s R AL IS , SCM. el 3% 32 (1 € SN LVEF
INT A5% , ANBEAT T 0o ER B | MEEERE S 2R 5 O IE ) e T

Wik, Shin 45 (] B¢ Wi 4 366 {91 itk 7 9 KR 4 AT R B,
LVEF<50%F1>70% ( =2} /] LVEF) () /R HFE TR W2 5 T
LVEF 3} 50% ~70% [ R % . B W53 & B, LVEF<30% ¥k
1BV 72 2 BEIE B A S SR e R AR T AR e TR
T MR IO U2 B, AR T R B 55 , S35 1 LVEF T
Wit s B R LR AR 3 BEL T T I Lo 22 1 LS T M A
L EFIRDIRESZ I LAY, 3R =3 ) LVEF,, 2
Vb, 4 LVEF N Rl b o 31— g e B2 A, AT LA b T fie 2
iE M REHEIR T B E TS . (HATFIR 8] TR 45 5.
— TN T T L R IE IR T A 25 ZE 4, 2R g A 585 45
B AR R MR AR OGO D RE RIS 2 L LVEF<50%,
FE R0 55 30 d FET-H M5, HoI2 W U BE RS S Pk 1
AU (435310 0.48 F110.65) '™ Jife 2 B 48 41 A 119 B g vl
SO WEMEL B LVEF [, bt 5 B i 361, 0 )L i
AT, LVEF BTk w102 800 50U MR 35 ABE 24 h
WY LVEF 475041, 20 T J5 191 LVEF 4 25038 19 B, X n]
RE A R —3, L5 LRTR, fEH B W LVEF 5 5 1%
THIE 25 33 LA B bR o Rt — i A [Tt 57 30 2 W
LVEF i35k,

1.1.2 LV-Sm LV-Sm Jg#tZ=.0 = K4 g 1, Bt i
LW A% (tissue Doppler imaging, TDD) $ AWM 75, A
5K T AE & IF LV-Sm<8 em/s 22 LA SCM (A2 % Wi 1)
REREATIE) , AR /) 145 {51 ik 22 4F 8 35 Hh 36 il B T
SCM, H. 28 d ET-41(47 fl) fB 38 /) LV-Sm W = FAE1% 4 (98
B) 43504 (8.9242.11) em/s FI(8.23+1.71) em/s! | i
O MAE B LV-Sm FRAR, JET- T} &, X 0] REJ2 B T e
9 TR BEPE AR T 8 3 RS R A A 1l 4 B T B AR B 1 LV-Sm
T, A0 A M4 BH ) 52 B AR AR OR s ik U2 A, 44 T 1
BB R, —TEZE LA 13 TRFST, 3L 1 197 fHilfg
TERE R JET 442 1), B5 R R IFET-2H 5 A AP 2H 1) LV-Sm 2
SHGEF2 5 H LV-Sm IR fE I LR e AR v i 2 40
AR E Y L X EIIR AR S LV-Sm 12l SCM &
WAL MEEAE TS -

1.1.3 MAPSE MAPSE W] L VAl 72 % W 46 76 K Bl 05 1) L1
BERAEAL, TR UITE, A5 MO T IS, —TETIE T
WFoT gy A 48 il e T oE B8, SR B R AU B AW
MAPSE & &5 FAET-4H[ 1.54(1.39~1.69) cm vs 1.12(0.90~

1.35) em, P=0.026]""", MAPSE J& i P oA 52 8 JLAE B 58
TIPS G T I # fE MAPSE [ 366 142
T AR SR 220 G ) BE 4 5 5350 (left ventricular
longitudinal wall fractional shortening, LV-LWFS) , >}y MAPSE 5
Fe B RIEIE S, Johansso 25115 %) 73 (5 Yk Ak 7
SE AT 7O R W, 25 5k B, LV-LWFS \MAPSE 5 i
BERGBERINE (speckle tracking imaging, STI) HAP & A0
YN R AS YIRS . ST S —TUH AR, % MR SK
ARFKRR B L b A 53 1) Bl L 1T MAPSE J2 iy JUA A=
KM ST A GAG G 75 0 3 RV A5 OF A IR R R
BRI MAPSE (13K 0% 53 1 T LVEF S - flh 240
BT MAPSE K HATT Az S 007E 52 Bl R 1 FH Ph B A 38

1.2 A EATRAEAIGARE SCM B 5 F R LOEE
KIS R TEMEE B AR W UL, AR IR E & T
BT I TR I 0 {3 /T K R 0 T A A 0 {3k
(E/e")>15 s @t ol WU R FR I (') <8 em/s 5E X
g SCM( e Z EF SR D RE AT ) , A AR 1 145 40 ik B iE 28 & v
60 BT SCM( A Z= AT R I Re i) 28 d ZET 4 e
BEMTAEHAL(7.8121.12) em/s vs (8.61£1.02) cn/s, P=
0.013]11% BRIt A, 76X 495 {91l e 7 A 58 1 15 Bt 1 Y
o 200 A B KT R A R TR B AH DG 2 A 0 e
L E/e T e ] FH T 1000 ™ B fie w6 R0 G HE 1 AR e A8 A I RE
AT AE B B & . Sanfilippo 451 XF 16 T A5
L1507 il B e TR AR B SR AR AT LR AR A0 B R R
IUELARIY ' AL =i 11 B/ e LU AR Y 50T 2% DI AH G (e AR ifE
%354 0.33, P=0.02; E/e' FrufEfb %132 /-0.33, P=
0.006) . [Hitt e Fil B/ e FEMFFAE 557 O EET 5K D) RE R A2 W
R TG VAL T A FEEANME

1.3 HCERGHRGIGATE SCM &4 F oy T JREGIE
A OB RE RS K L2y 34% ~ 48% , Horh T1% &
I 202 U 4 D BE B 15, 29% Ay B4l i A5 0 =5 W4 T RE R
AN U B RERG S R AE R 28 d BET K 45 d BETCHY
Bz fER R 2L = SRR 2 (tricuspid annular
plane systolic excursion, TAPSE ) 2 470> 2 9 ] W 46 g

M B 5 7S, TAPSE < 16 mm $8 755 457 0 35 W 46 DI REAS 225
Dong %> g4 183 {5l M Ak 5o i #, & BL TAPSE 15 ik i
PEAR 78 5 19 ICU BET-3R % 90 d FET- % A 5%, {H Lahham
SR TF 2L RO 24 BIEERE B # i TAPSE, 455 5% 9
HoKF-5 838 & A A ICU AF ICU I [a] F: B S ] 2 &
FETHITE e, 15 5 Dong %5 AR M9 4518, Zhang %517 i
4E 215 BilMeFIE BOE KA O I RERR IS Ly TAPSE<16 mm
B A5 % AR A 438X ( fractional area change, FAC) <35% , 4%
BRI O I REFERT 5 /5 30 d JET R TC K, M AE
A O IIRE R B AT AP IR AR I AR 5 A 2 AT SR )
HRZ KT 0.6 HiL##hkEXRT 8 mmHg HHEH FETH
BT o A0 3 DI fE o (AL B 36 TS 6 s o = 0
KAT AL Tk 5T , X LEHL ] £ 8 I AF . TAPSE HUJE B 0
FER I LI, TR R B RS T ik As
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LRI A7 DB EE , T LA TAPSE 2534 e 23 4 A7 0o )
B REAT X FL TS 19 M B2 B

1.4 Tei #4155 SCM & &FE 89 £ &2 ONIIAEFEEL, Ak
Z N Tei #8500 WL 2E 4 45 54 ( myocardial performance index,
MPI) , 7] LA RS2 WO M (A A0 B T oK DT BE o — TR HES P F
LA 86 i) SCM 3, KK 28 d AEAEAIR# L0 % Tei
FBOFHIME R 0.51, ] AR T 20T 4L B E 0 F- 28 0.75; 3¢ A
5 LVEF B ik &h ik (type B natriuretic peptide, BNP) .0 LA
4575 19 1( cardic troponin I, ¢Tnl) #f kb, 22005 Tei $8%0%} SCM
B 28 d FEFESRAY T (e 55 5 > . Nizamuddin 25 g 4
T AT (e R AE SRR PEIR SR AR A BERT K 24 b JS W)
f MPT, 43> MPI 3% 2 ( MPT ( 0.66 [& = 0.50,n=30)
MPI JEAL4H (MPT (i 0.48 F+30.63, n=17), & #l MPI #3541
B 90 d FET-H W EALT MPLALAL (16.7% vs 47.1%) , &%
BRARAES S BLAT 00 25 Tei 46 XTI 75 9 #8025 6 7 15000 19
ROC £k N i n] 5 350.962, 47 0% Tei $85UF 750 J& Wk 754
BFFCT I MST FERG 3 . SCM AR BN O IR W 4 A sk &7
TRIIBEAN G, 1M Tei 35450 0T R B B2 e MK A4 046 0 R 6T 5K
TRE, T LAZEVEAL SCM FEE O IE ) BE 2 L1015 7 i 2 4 vl
SR TCANFEE

2 TEE 7 SCM iRz B

TEE 45 F T 2235 76 0 B I i/ N B A 1R 3, e i i
PR PR A IR A I 65 ) 45 4 0 IO 125 L B S R I8 T B AR
55 TTE M LL, & 0T Az BIHURGE S Rk G SRR
BT ARAE I B 5 1147 . TEE W7 DL % B3 9 1k
KB R AR 2 S L, e D Y L TEE [k
WVE S EH A T B I G, R TR R ARG, 4 7
A B B T R P £ o O A S PR O
S 2L A TT A , T LA 0 I PR 1 2 o R - B

3 STE # SCM /iy

STE JZr 45k K i % 1 — Rl bR, & 2RI STI 78
T IDTAR 206 K v AR P AR B Al SR P e A 5 U i A
BRI [ 75 B o5 4 2 [ 32 8, I 3R i oA 4 — i 1)
B AL E BRI R 22 18] ] — 7 5 0 Wiz sh Bl . 1%
HARAZ 6 5 1) 5 % BESZ 8l 5 1) J2 £ 15 T, W LAAS I .
WA 7 1) B MiE g .
3.1 STE xf SCM 44 wieg 44  STE #£ SCM H (4 5 A, iF
F W Kot 2 0 S 80E 9\ 0 4 (longitudinal strain, LS) 43
FE#EARYN ) V] 25 ( global longitudinal strain, GLS) A7 Bt t: g\
[ R . R 1 T 25 M1 14 R W i , % 24 TR 5 3 2 597
X G AT EEFE ST, 45 SR e B Bl A A T 1Y) GLS 38R Ay
F-22.1%M-15.9% 2 [l > MERERE B R Ye bk Pk o 45 TR 5
Hr BT T 9 5 GLS M AR 48—, Vallabhajosyula 45"
etk 7 5 T T o STE Wil GLS RISTAS MeT5AE O DI g i
(ORI P BF 9, & BLBF % b s I 5% GLS kWi (A 1
~17%~-10%, Hai %" WS T 90 il e B PEAR T2 A1 37 il ik

BRAE (BTG BB OB S S50, LR R B4R GLS 1715 22
S, T LVEF Jo22 51, BREEER sE B3 4203 GLS 75 24 h B+
BB T B %Ak, i LVEF J6 i 248 467, Haileselassie
SRS T STE 6 L3 e R0 A9 1 P A0, F 23 451 e 5
LR 7.21 ) ABERISE S5 .03, Tk g
VT3 GLS, 45 5 & 3L, GLS -3 -13% , 5 - B
S LE A A LEE R GLS(-19% ) Rl R
SR S B, BV e R AL W T 4 760 2 6 2l 447 08 2R (frac-
tional shortening, FS) IE# (HN S & &4 W, LS H B %
1. Zaky 2 BBFSE I, 204052 SR FR07 7% (tissue motion
annular displacement, TMAD) #) (A5 5 .0 25 e 47 F0 &7 5K 2 fig
BEf A7 5%, H TMAD [bZ22s LS B HA AT 5EPE, X 2L STE
BT LA AL 58 7 0 2l ) B L A 0 8 ok 2 B R g PE AR T 5|
OB Rk A, B SCM R B Wi A —E NS %
e

3.2 STE 3% SCM g 34 69 i1 Bazalgette 25" B 5% &
B, GLS W] L& BB ER ST R (24 h p9) /9.0 LI I, GLS
SEIME 2N - 1%, B B RIHERS , GLS 2345 i 3%, - B {8 4
~16%,1fii LVEF \LV-Sm ASF# R[] 25 4k, GLS [ R AR w5, s34
RESCHT WL O LI RE . A BF9E %W, GLS 55 Tnl \NT-proBNP iX
B f7 e LA A7 o 3 i B 65 14 9 A 1E R 30
AU 354 AT R, 24 h NSE R A KA AL E
GLS>~14%3¢ SUHZE L= AR DI RERERS , 5 28 d & HFET
SEHENAG 5% , L7 28 Wi B 5 J6 B IO A8 A AR 5 e T BB 4 Y
FETTHRIGINIA K™ . Beesley %1 BFGE e S0 101 520 200 %%
W5 L2 B KT S ), 235 5 R B, 2600 38 GLS S i iR
Bijg 24 M HAARCIEF LA RE URKR, 4 L]
U, GLS X PPl e 18 1 715 HoA — 2 AL

3.3 STE #97R% S48 STE 76 SCM - W12 W JRy7 Wl
B %07 B A w MG RN E, (AR AER AN R 2Z AL,
Ledn, H AT B 2N 2 X SCM 5 GLS #1318 ; Xof [l 15 52
SR AR RAR BEMA L B BBl R R RSB B 2 7
BT 1530 B Bk O (G B i ) 22 S 4

Innocenti

4 BELEEESCM fHRE

M OB HA TR AT E A S £E SCM 192 7 [
BURVERL 7 1A % — 2 BRI R, JUHOR: STE, B4R H A
— SR A (R S AR R (B AR AL R DA S IR e IS, A
R A SCM 8 5310 LA A5 2 2 A AL Y B 22
TBto
FEmsE o

S 3k
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