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Let's Start Speckle Tracking Echocardiography

Satoshi Masutani

Pediatric Cardiology, Saitama Medical Center Saitama Medical University, Saitama, Japan

Speckle tracking echocardiography tracks the motion of a small area within the cardiac muscle. It is a useful
clinical tool to simultaneously assess the local and global functions, as well as the cardiac synchrony or dyssyn-
chrony. It has overcome the issue of angle dependency, a limitation of tissue Doppler imaging. When using a
modern echo machine with this function, echocardiographers capable of acquiring clear images of the apical
4-chamber and short axis views can easily begin using speckle tracking echocardiography. The following three
steps are required to obtain analysis results : 1) clear recordings of a B-mode motion video with electrocardiog-
raphy; 2) selection of the type of analysis; and 3) specifying the region of the interest. However, not many pediat-
ric cardiologists perform speckle tracking echocardiography, partly because it is percieved as complicated. This
review will summarize the important basic knowledge and limitations needed to start using Speckle tracking
echocardiography.
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&

Speckle tracking % " 1&, B-mode TI—#if§ -0
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FE2ETOBENELS, 2T LEAEHAENATY
IRWN. 2015 FEO/NRIEREGERBE L I F—S &
IZ, THNE T Speckle tracking 7% H 5 il L 7z
TLDHBHFIHEFOREVWIZET S, #1/3 FEIC
§E Lot UL, HARMmzZ Bt cE 5
Wi cd UL, Speckle tracking £ DHEERDfET T3 IE
I TH S, /INED Speckle tracking iLEDFEMIIE
BRI ABBDOTTBINEE, AR
1% T Speckle tracking 172 H 5 fifif 7 U 7R ERD &0
S WG, Ak HWNZR > THARKT 2 72Hic
BRI A Vb LR LT,

AT

ARLAVER, OUTHTHD. HD 2 mOHHE
MENTZFZAL LI DOEIG (%) TH%. 50mm A
40mm I NE, —20% &7 %. Speckle tracking i
iE DDA N LAV EERTES. Fig 11, db
7 RV o L ZOBAMTHS Y. OB
T, KFARMCEEEIMELSEZD AN LA VEAR
B, EEASAICIEZESDETOTA LA VIIIETH
%. TOXINEEDOHANSAEZMIED AR
LA YOIEf, fidHEs. LTa—TH% 3751
i¥, Fig.2” loRd &SI, il (radial), P& (cir-
cumferential), £fili (longitudinal) @ 3 1A TH 5.
ZTNTIE, BEREZHMNERZ LR VEA SN ?

FERLE 3 ERETH ST EMEN Y, LN
7, ORI, ZOMOLHTED3ENS%D,
3 COARMED ETT DTN R % (Fig. 2). KD
XIIC, DifRMEE, OHIET ThIUL R,
HIETIEME TN ETHS. TXTOHMTEFL
TN RAEDREZEES B, REVIHOADE T
THNIONIET D, MESOADE T THNEH
JEICHHE LT s a ke S ©.

Speckle tracking %%, B-mode T 1 —[#i{%§ LD/
B, DFE D LFHOHICRZ Z2HO DSOS (speckle)
L, 2 MO UTH=Z LA &I 5.
QRS DA R =HLiEAR I =INFER 4G 5, Tl 5 171
WFIEHZTOTA N LA IEIE, MEARE B
MICIEROHCA R LA VIZAEDEEZ LS. FE5DL
WA, HEHEDAKENZE, BIICOTH TS, T
BOBIIHETE TR LIRRT S, A LA VD
2t (o) MARLAY - L—FTH5.

(a)

Fig. 1 A schematic presentation of the shape of

a golf ball

(a) The golf ball stationary. (b) The change of the
shape upon hitting. Shortening occurs horizontally
(negative strain) but lengthening is evident in the
perpendicular direction (positive strain).

Circumferential strain

Radial strain
Epicardium side

MR

7

1LY RS4RI

Epicardium side
Fig. 2 The relationship between muscle fiber
directions and strain. Blue, yellow, and
red arrows indicate radial, circumferential,
and longitudinal directions, respectively.
Reprinted with permission from Seo et
al.” (modified).
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Table 112, >KE.OL T I —X* 2 D 2D Speckle
tracking t5/7 4 R 74 >~ (GL) D/INT XA —2—Fi%
A7 GLICEF 5N TV BT 14 & RN
L. BRI LT 0N, KRB L, Hrhk
il « FIAE - B#ho 3 75 m, FHHIMARLA Y, A b
LAY L—1F, BEEE (displacement), @
(velocity) D41, ZTOMAFGHLETIELALETH
. AEDICHREF O DEON AR Z %8 TH %4 U
N ETOAEMIT T & LT rotation, rotation
rate VN %. AKX G HL 2R DI U= D &L Speckle
tracking {EDEAEHEZ HINE T 5728, b EAN
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Table 1T Recommended names, abbreviations,
and units for 2D speckle tracking-derived

parameters”

Parameter Unit
Longitudinal velocity cm/s
Longitudinal displacement mm
Longitudinal strain rate 1/s
Longitudinal strain %
Radial velocity cm/s
Radial displacement mm
Radial strain rate 1/s
Radial strain %
Circumferential velocity cm/s
Rotation rate °/s
Circumferential displacement mm
Rotation °
Circumferential strain rate /s
Circumferential strain %

RHHEHE CTH R A M LA V2 e UTHEENT 5.

sHAlDEER

Speckle tracking {EDMER & N7 LT I —HEART,
PURD=D%175 217 T, fEHIC Speckle tracking
HEOMRBREOENS. OLEXNZDOT TENVE
B-mode iz 5l 9 5, @zl h7zERY %,
GBILEE (ROD ZiET . A—A—TLITER
MELH->TE, FANIFERTSH 5.
© T - FE A, G Rk 2, R

GO 2 BaA & LT, DRI RO N
SO Z WA IC B E O THHEIERT 5.
@ - A - Blo 3 75m0 5 5, wWihormn
D, ff (AL AV, ARLAY - L—F, ZOD
fl) %% DM 7ZERT S
® LOFORLEE (ROD Zikd D728, LN -
DIV TR %
il & LC, TOSHIBA Aplio 400® T D {1 % 2815
. AEIERERE - A= —IC K D EICHED S %
W, 5T EORHCEIHEZEY. @070t
ZDRE IR RT T & T, JEFICHEHIC Speckle
tracking DTN TE B T & 2B RL LW,

B-mode CHRIHIENH Z.0EX 2T TR LTEH
<. ZoOMih 7%z ¥R LT 2DT 2D tracking) K %
Ve g &, P T AV A 2 0 T W 2 R
5. FEWh, EOLN)VOREN 23R 5. RICH
fili (radial), & %W XA A1 (circumferential) @
AL A Y2RS5, LNEZ 9 K 5 EREHT
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MIC FL—RAT 2 KIIHRNTEDT, LDNEZ D
Vw7 UTIRELTOVE, RIRICE TNV Y IT %

EONIERIARE S, IIOYMERZIETE T3 L5 1
TE:TfJ‘Hj%) DT, THITH > TN S LR

WKV 7 UTIRELTVE, BRICX TV v
U COAVMRRI ZiEET . DO « OFMETE DO
EETREST2D, XAZ— bRZ VT LT R
L, DL TN FL—A LMD ERRENS
(Fig. 3). T CHEXOE, #EiZZ <L T ROIH
DEIIC Do TEBALLOHZIA TV S E XL
L, WY TARFNIROIZMIET S L THS.
(COERETHIETE 20T, RO ROIEEIES
BoMIITo>TEW.) 1[HROI ZRDTHBIFIE, [FH
U ROI C, FEHhsms»sHEsm (& 2020w
DOYIOFEZ - HRFER, ARLAY - L—FADY]D
Bz HERERT TR TT 5.

[FARRIC R Mg, OAE e, —PEkm, =
feelrm 2 Bhi TR L T <. FOmmzERL,
2DT (2D tracking) A% > 724 &, &9 HimmER
ZEINNZ DT, DAREBIUER S 2 3IRd 5. R
HETZ2EDE LT, EMgmoOA LA 2 72ERs
%. ROLEEDE M DOIERICI > T, HEFRNNER
oOFMEAMO2 5 ZET 7Yy 7 LTHREL, X
WCDREEIEET . TOLANIRHEID 3 f7210 T,
DIIEROBXZD FL—ANAENS (Fig. 4(a))
DT, TOEZE, H3WVIiE ROl DWMAAEEFT-> TH
5 A& — h7z2id. ROIBAEY T H X M%7z
BOIRT. TNTEMGMODRA N LA ORI
FRENS (Fig. 4(b)). @il =T ROIALDEIICH
oo TEBALOIIZIHA TVAh DR L, BHEIC
W U tii# %2475, WICROITARLAY « L—
FJ\OD’E)JO A AERFRD B TRIRETH 5.

CETTHELNIERIEE, DHOSEBNEDE
?ﬁ@ﬂvf”ﬂ—x FLA VMR TH . RIKDEEN T A
FLAYRTua—rb s AL A VT, ELICEM
A\DZ7a—3)b « X+ LA 7% global longitudinal
strain (GLS) & W\, DEREDOUGIEREEE LT
B ML T2 1Y, GLS Z&Rd 31243,
1 /& B/ 5 Format Z3#4R L, /£ O Global 5
on ¥7/zid only Z#RT 2 & GLSDH—T WG 56N
% (Fig. 4(c)) DT, ZOE—7DfiZzidixd NI &
V., XETOFAIZEL &5H, I E
Ken T, 12 5 REORTERM T, i
feti c&%. D LT, WIRT tracking L TW7Z&AW
BRI B IUE, FOENIDA LA »lifIEETE D 5
b4 %.
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Fig. 3 Examples of strain curves

Circum. §(ram Inner

3000

(a) Radial strain and (b) circumferential strain in the patient following an arterial switch operation for transposition of the

great arteries.
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Fig. 4 Examples of longitudinal strain curves

Long. Strain Inner

Global

Long. Strain Inner
Time: 309 msec  [ML]
Time: 0 msec  [ML]

EDV 32.01mL 62 msec
ESV 15.30 mL 309 msec
EF 52.21%

(a) Trace of the myocardium in the apical 4-chamber view; (b) local and (c) global longitudinal strains (GLS) in the patient
after an arterial switch operation for transposition of the great arteries.

DELEDEE : FO—/\I) « AMLAV EEREER

GLS iZLZE R AROIAMEIEDIEREEE L TEN, BKH
R EBLEDERH NS ETOMBRFICZ>T
S AR LA Y OHAANDEAEEIZ, GE
TOSHIBA, Phillips % I W TEEflic G ST v
%2 (Fig. 5). DARZXGE LMRatT, GLS &

EXHR 2 LLlighat 9% &, Fig. 6 DK 5 iRm0 /aH
BRI D 5 H DD, [F UBRHERICH U GLS Wk &
CEZDIER Y CLbFHARNS.

WIng, ENEIEDIEHOIEHETH B MHZR &
GLSDIF5EDER, EOLIIHRLIESE X NWES
M. —DIEEHROFHMEDORE (test-retest vari-
ablility) BEF5NZ V. WiIEEROELD 700
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Fig. b Effect of vendors on the relationship between age and global longitudinal strain (GLS). The absolute

values of GLS exhibited an age-related decrease in two vendors but not in one vendor. Reprinted

with permission from Takigiku et al.'?
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Fig. 6 The relationship between the ejection
fraction (EF) and global longitudinal strain
(GLS). Reprinted with permission from
Benyounes et al.’®

ZOMCEDB RSN, BHERICE GLS ICb e
5220, TNHIERICEZ B8N0, IR TX
DRZEVATREED R ENS. L L, ThDKER
FXERFEAICS W, 9 —DIiF, biplane Simpson
TR NTEHIRIIV A RROREH 2 Rz DTH B
A, GLS BEHTAICKHL LB TH 5. Lk
REREEDODNIEI A S, LIe > TE#Fm) 5
Eng Y crz L, mlymTRET B Hee
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GLS

Cumulative events (%)

GLS

P Global € >-9%

OR=5.1, p<0.0001
0
Time (days) 0 100 200 300 400 500

9% 58 50 45 41 30 12
>-9% 65 38 30 20 10 2

Fig. 7 Kaplan-Meier survival curves for adverse
outcomes (e.g., death, cardiac assistance
or transplant, or recurrent heart failure) in
adult chronic heart failure patients with
a reduced ejection fraction. Patients with
reduced global longitudinal strain (GLS)
had a worse outcome. Reprinted with
permission from Nahum et al.? (modified)
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HELEDNS.

ZNTIE GLS EERHRZ EDRERIEIET, WIh
NP7 BEACTRIT 2725 5 . ABEOA2E
F BREE31+10%) I B %, DIMEE, OB (F
T2 MBI DR Z5AR), ODAEFHARZ T R
RA Vb Unim &7 T GLS ARBITIEA XY
MRS (Fig. 7), ODAREBEZEDOTE TN,
GLS A%, BEHIR, A hL AV L—hK, HEKSS
XOENTVES?Y. Z0O%E GLS 13, FHTlCE
WTERIHRIC B 2 IR DG S hTE T3 10 ¢
END, SEBEHRE EEIC, LER— I REG#E:
DORAEHICZ> T E LR,

LhL, f8EICGLS MEF5N2ELTH, BRHE
BE5HBERYRIEETH S, BHRE B RO
RAHIARICHT B, 5 ATZDIED ENiZTfiEd
b, MHTEEhOBIETHS Y. BIHRIILE
KIMERGERDL T IV F =R L&l 5 L, &
Y IIWVTRYITIREN R, LDEEKRERZS, KT
O—/ VIR 5 TH 5. TOSHIBA D4, A b
LA VERDZT2HD ROIEEDFER E LT, B
PRI K IR AR S A N LA Uik
HICERENTHEATHS. EFNTEZOX D &
B FRHCIG 2 ZRZAF L.

GLS Z 13 U & L 7z Speckle tracking 1% 7# FH W 7z
=N VIR DEREIC DWW TR T E M, Tk
Speckle tracking i1, LERAKRTEL, LERAZ
T ESCEEEMRELTHRELTE L. XETIE
D RIFROFHMC DWW THERR T 5.

ESS or septal flash

Systole

BFRODEEEE) & FEAAR £ D 5Fi

RSP RE 7% E1C K B Ok Dl —HIc e U
% LIRS, T E TRIEMICIERIGE (normoki-
nesis), fKUHE (hypokinesis), MEIWAE (akinesis), &7
SPEIAE (dyskinesis) MWV0H, WiGENTE/e (A
BResEEMA O@EIS & HFHAA R Z 4 > (2010 4
UGEThR) HATEERERY2Y). Speckle tracking #%ld, C
5 L7cEEEE SR ZE 8 - FENICFHMitE 5. C
C Tl Speckle tracking 7% W Tz A4 DR T -
Al &, O EREEERE (CRT) TE ZICEMmZ E
WEB KO DEZTITDOW TR T 5.

AR 2OT R & LTI, Septal flash & post sys-
tolic shortening (PSS) &\ JoBEMHH) LK /S22 — 2/
DL, SOOI O I N O Rl >
WHEETHS.

Septal flash (Fig. 8)* & LENEA M FRLT
WERWERIHRS, OEBEAEA UTIGEL, N
AHUCRORTEEA B X5 BREXFHETHY, CRT
BT 5 AMAEOREERHFRTH S 2.
PSS &, UHIIR T % OUE (Fig. 9 T, EHhD
FRALOD ¥ — 7 DINKEIATH 5 DICEL LT, Nkl i
ZCENTIHET 58 DZ255. IEEHITLED ST
EMNBH BT, PSS DAFAEMEIEH TIEEWAY, WA
T Fig. 9 DX S ICKEINRFFASHA DA b LA > MK

FL GHIRHED, KREDIRSTPAEH 90 ms DL EFERE S %
PSS B NUSIRI AR AN 1O b x5, o
& 91 Speckle tracking A& 72 HTIZHEA DTz,

faccuracy + 5.348]
0453 ms.

Fig. 8 The typical dyssynchrony pattern in the radial strain by speckle tracking with a septal flash and post

systolic shortening (PSS) in a dilated cardiomyopathy patient with a complete left bundle-branch

block. Septal flash or early systolic shortening (ESS) in the anteroseptal (red) and inferoseptal (yellow)

portion was observed as shown by the red arrow. This occurred during early systole before the left

ventricular pressure had sufficiently increased. PSS isshown by red dashed arrows, which denote

the contraction following aortic valve closure. Reprinted with permission from Abe* (modified)
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HBVIEHEE LR T E TEHE Ui WDk L@]
DOFE 72, KT 2 SRR LD B
LCAgETE %.

CRT D SiER| (Table 2) ZWNTOI I —"THl
Hd 20I3EE > TWixL. Table 2 DFAEITINZ,
DZEN, DEM, OO BICERN RN
T BT ENEETHY ), ZOMIRA CRT OHEH
DE—="y 8 THB. CRT 2115 BRI, ETIicR—
v GBI E < D& CRT DK « R ZE AT
ZREEEHTH D ¥, LI I—0 Speckle tracking
R O RBRHE  DIEH IS EICRS. TFA
N—F A=A ELT, DEXDRENSE S
& BN D peak DL segment IC—DXR— > F
Mz EIHREL, &5 —HF, DAz AHRA
H, RAMIERME SNSRI E T B RIS T SN
TV5 > COWIKERAL L, FES— 7
RLDFERE « FMEZITS T MEL{IfThbN T3, i

Systole

Mz U OETELEMND, ZOEFHTR— VM)
FEICTATRED, T OMOENL K D LHIHEDZ 0D,
EEREIRER E 5 2, A= dp/dt max & E 5
R8T 5. RMEEIIIR— > FATFEIC K D FERER
TREZLZVWY, D EZ 0 REIR 22
LI KO BXEIHMETE 5. Lichi> TREMREEE
E Y TIWTUTNEALDEZZY Y IHRIEE LT
FHTHS. = dp/dt max FHTRAMMNKELI LD
52 WVIRVLCIR IR ZS (b 2 FLAFIC R L 1Y, L
EI’J‘) TIWEALCEKRTEDZ D, BEICKD. L

LU, NRTR—= VT RN ZEYNAA R I 57
BliZ, EDX 1T Speckle tracking Lz L7z 5 K
WIMNEDWT, REAIRILHriciE T E N TS &
BWRR. RRICHA RIA UigESNzE L
TE RO &S R BEHEMOMGEILETHD, SH%D
MR OEENRETH 5.

Diastole

Fig. 9 A typical dyssynchrony pattern with post systolic shortening (PSS) in a longitudinal strain by

speckle tracking. PSS is indicated by the arrow, which occurred following aortic valve closure.

Reprinted with permission from Asanuma et al."® (modified)

Table 2 A general indication of CRT in adults and children?

Adults Children
NYHA -1V Systemic ventricular failure
ECG LBBB LBBB (anatomical systemic left ventricle)
RBBB (anatomical systemic right ventricle)
Intraventricular conduction disturbance (single ventricle)
ECG (QRS interval) QRS>150ms QRS>150ms
Ejection Fraction LVEF<35% Systemic ventricular EF<35%

CRT, cardiac resynchronization therapy; ECG, electrocardiography; NYHA, New York Heart Association functional class; LBBB,
left bundle-branch block; RBBB, right bundle-branch block; LVEF, left ventricular ejection fraction.

ARNRBERSBSFIME £32F $£25
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Table 3 General tips for data acquisition for speckle tracking echocardiography

Adults®

Children®

Gain Clear and fine image, especially in the endocardium

Frame rate More than 2/3 of heart rate

Slightly higher gain than usual 2D
60-80 (—120) fps

If too fast, azimuth resolution will be worsened

Angle of view
Depth
Focus

Cross-section

Narrow

Shallow

IVS level in LV short axis

Mid to basal of LV in apical view
Accurate plane

Avoid diagonal cutting

All muscular layer in the angle

fps, frame per second; IVS, interventricular septum; LV, left ventricular.

Speckle tracking i&%Z RN e DIRIEDEE R

Speckle tracking £ Tld, Jt& 7% % RE 7% B-mode
BEEERNMT X O EETH 5. LT I—HEROLEX
LT, RloY)o TRV B-mode i 5
9%, E55BFHMOKA YR (Table 3> &L
T, EARKS, WEZRL, 74— hAZEEM
TR OE PRI, ORI TIOERE» 5
DIEBASEIC 24T % Y. Speckle tracking ¥ T 01—
L ONBES BT B EDTH SN D, gain (ZHH
L ORREDICRIEL ¥, FHC DA 2 RAFICHTH
T 5. NEOYE, Frame rate (ZIFIF0H & A5
YNCHEfRd % (BRIC X > TIE 7 L—LL— M
I U TV & tracking B T & 720>, X 7z tracking
ZZ U CHRMDH 72 LT, ARLAYRARNLA
Y« L—bhOE—Jizi/ NS 255055, 7
L—LL— FW#d ETE tracking DL T
%).

Speckle tracking ;ZDRER & SEDFE

BUED Speckle tracking 5D BBt HsRE X721
DTCREV. 552 IR Om EQEIEE
prlelc, BIRTIEAIRT NI vF T Z2EDND,
RREMIZ RIS 2 T EDKEEZ 1% 7o DICh BT
H%.

HARTHiAT S N7e KBIRZ sk L AR T H %
JUSTICE 7%, A—71— 3 #Ec &% Speckle tracking
HEDA LA EEZBR L, & X—A—0%Hd
% 3JIMDA LA VSR, HEEDN TN &
ZHASMC U, BIZIE Fig 51CRTiEY, GLS
¥, GE TR KA 27DV A, TOSHIBA,
Phillips T34 & & &1 GLS DK E X HEEICHD

Uiz, 75w 7Ry 7 ZADHICH 2 MG HHE
FRIC, RENZEA—N—C EDERNSHZ T LHEZ
5Nb. Lizho THIRTOMULE LTIE, AL
R— MIAELI—A—H—, Bist, Y7~
I7 OHRDHRETH D, [F—BEDT + 10— THElE
b ztatd 2icid, [F—E, F—f#thy 7 hoT
7, F—Wim Tl 5 LhkdEND. [6—fiEHT
VI U7 T, Version WH7 % & strain H D
RDRZZLEDNDH 0, FEZET S, rilhiEo
ZALRE WD Xt LA VOEREHIAIED, LiiEEs
XCDHIREKICEDK SIS TEIHTTa—3L - X
LA VEEHLTOWEDHDARIAT, hokELH
o TWBDMNBLKE BbN S, Speckle tracking i
WCEBAF LA VZBIKTIHEN T 2HIC, XA—T1—
ZHEZ CTAEMEICEIENTE T L, BRaoelsr T
O— b« AR LA VBEREDISICHEIEN, L
oo TZEDOEMNERIIMMDBXOPASHCEND
T eh, SEHGEINS.

2008 FFICHZR E Nz CRT ARIMETRO KBRS
(PROSPECT trial) T, DIZI—%ZHW\z, HIRER
TR KB AMARZ GG, CRT Gz
THTET, QRSIEAZEDLEXEEZFLET S
BTSN U CA BRI R E s - 72 12,
CHICHKL, Speckle tracking 27 W 7z [Al A 423
fililc X © CRT B0 T2 #5F U 7z START W2E M
20154, HAMDSFHEEXLEI N, MEARANLA Y
KB BERAIOE— 7 X TORMOBHEFEMN, CRT
5017 T3 % Speckle tracking i:DFRIEE U T
BThol. LHL, ZoDCRTEH#HITHIDROC
HIARMEAT D AUC X 0.76 IC & EE B 728, B TO
T K DI EHDIEHE L DA GHE TOFHIINE DK
eEZ 5N TOWYEE Speckle tracking 11T &
% A AR AY CRT A FHllcHAHTH B T &
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BRTEBELMETHD P, MRICBTEKORE
FMATRED, SZEMBTOMGEDARFENS.

DIESEEIE, QTN - 132U DHS, ThabbiD
REH S RT, MMPED DX S ZHEEZ M, DA
EDREHE | EFE LN VMAREH THS. Licho
T, FEEOLHHMOBEIE 2D Ta—THtE
[d]—>Fifi £ Cid7x <, 2D Speckle tracking %I X%
] —F-1fi_[-0D Speckle DIBEFAY, EDIR—EBAIDIEHT
TIE7RW. FROORESREEINT I OB DI K 72
&, WEE NS R AN NG S N B O THED
WHTIH%. 3D Speckle tracking 1EMVFEJE L CRFfH
IRREMRE < EL, NEOFOOHBISHIETE
&1L, KD EFITIEW Speckle IBEFDfEAT
&0, WYL LG DIERMN T E 5 &
fFEns.

=
A =]

Speckle tracking ¥%:(%, & 7 a—s3)b, [FH]
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