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Fig. 1. ECG gating in conventional multiple-slide spin-echo imaging
Excitations for series of slices are initiated by ECG trigger signal. Each
slice is obtained at different cardiac phase.
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Fig. 2. Prospective and retrospective ECG gating used in cine MR imag-
ing

Prospective ECG gating begin with ECG trigger, while excitations in
retrospective ECG gating continue independently from ECG signal. The
phase encoding step advances with the ECG trigger. The scheme shows
a case where the third heart beat is slightly shorter than other beats.

Mo C, O DR LR TR E, #i#% Tl
1A — T A0 L, #%F TR0
DES LIFERERICRTET A EATE, B
BEFTIVHOTR #HWS. ZLT, A5A4
ANCEIZF—T, D2 TR F O8R4 28K
DEEHAELNS. FHREOLMEBIC k- TR
72 HOAMOR S OfEGEIR, 55 TROBL &
T, BONDHBOMBEREST ST &Ik
5. 3% MRI Tid TR IZEAIC—ETH 5
B, —HEOBREEEZ TRO U —%"Z A
N5 ECOMPZTREOMBILEET 5.
v MRIICHW 51 % low flip angle O 7" 5
T4 LV P T a—ETREHOKEIORE CEA
HIC AV OREBALIE—E DK & ST L T
1A, FUA—ERO TR D& HMtiod TR I
HERTEWD, —#HOY RERD D HRHIO
B2 BB HRE N 2RO ER & 7 5. i)
EHRICOIAESETHT L E P U T —BRIORD
IR 5 28, COREL FERRICHIIOE
BOBEBROZIZH Hbh, FHLRHEOR I

124

ko TESHBENTRHINIC7Z 5. Prospective
ECG gating #% A\ /23> % MRI ¢4, 2~3
WREREOEBDOASA A+ 52 L b5
0, COXRIWBEITIIEAT A AL IR
L UT<7c, TRIEIRS&5LDD, EIC
BARIHBEIZED S\,

—7, retrospective ECG gating %1%, /%
MRI 2FEALINS & EDICERINLE
MFEHEE T, OEM & ITEBIRIC T X TORk
Z—E D TR THFHICHEST L, prospective
ECG gating Z:1IC k10 % F U T —DOEFHEHE O
E O RO A R E L5513 EETH
%o AT /OFEITH L HEHRICOLEXO -
H—EEEERL, %D MRESZIETS
LRERICIE, BEAED U —» 5 ORERE % [F
FFICRLER T 5. £/, DERONIUT—RES
i, TV a—FOKE SZIEKAED TV
TOICHLN, FPUH—EEREETSLEED
KA Y = FBRKROAT v 71280 b
5. L7eHh -, retrospective ECG gating



S ER % MRI O

TIHOLEM EATERRICEIR P HER LD D D,
BT LI a—FERFIEZEL T
W Z b, RELIMBEIYI—FDA
T v 7 (GO a— FHROEGRNES
Uo7 ZH) BB TN TOEFNEEK 2
Ll, Ha2OMHTYa—F 25 v /ITOWT,
1DElOE % TR THEIL 7287210 MR
E5 %% 5. Retrospective ECG gating
TiE, OEM EIERRICHEAMThN T 5
72, MTVa—F ATy THEOMTES
IZ—HK L 7LFFHO MR 5286 Nh Tw 5
PITERVR, HTFIUBEVWSIEWTR &
HOTWahdD, EOX5LEETL, 20
BEHID 5 WEEBRICHEONIEEREET S
LiZE . Chbo MR ESREY, BED
U= B 4& %« BDIEE SN 5 & TORHE 2 Fl ik
INTEY, EEOLRHAIEEST 5 &, (i
IVA—FOEAT v SO0 TR DIV
ICHl-BETEERL, MHTY 3— FIRICTE
N2 CHEGEER TS . BGEEREZTD
ODRFHITERICIEET A &N TEAD, @F
TREZIREIC /2 TR O & DL 23888 S h
% RETE, BEROBGAOERICTE£ICFH
L T\ % prospective ECG gating 7 1C X
%Y, AERORHHPNZREEITEN &2 50,
TR W7D FEHINICIE 4 < FEICIE kB x
WEEORELEZ TRV, $£/, KETHHE
GEBROFIHAEMLETEROY 7 YT
DBETHH0, HEPEFEHTH 5720,
prospective ECG gating ZEOB& L IRV,
VA —EEOBEGR T MoK & FEOE
BHE AR, X5, LEMENCREINRS
ED BB K BT ATEROSE T
L, W7 —F7 7 7 OV EBRNIMES
N5HEVCOHEND 5.

VX MRIF, ZhETAY /T a—@ICk
BHIGREWIRE W 28 FhTd - 7 MRIIZH L T,
BT BEREREM &\ D TEER SR BRI CIIARICE
LSRR O G ~ EH S ¥, MRI OERKM
BERErRESMLSH/-EPNLRTETDH-

7o DBEBERTH 2 H /Y & 3 S E{RZ R O T
KIS & — e HEF LTI —ETH S
B, FEFNC &> TERBOBEGAE L NR W
EMBHY, TlORT I ERII LD E L 723l
L VIR AATFAE S 5 LWV O HIBR & 5 5 7200,
¥ MRV U OB RS & U CHEH &
N, FLEEECEELH 2. 512, v
MRICE 7S5 v rra—EzHT»
LIzOMFESEEL I ENTE, MIEHHES
WHETH 5 &V D FR LIS U CHRIEE % &
OB S HMIEBIER 72, LirL, TDOED
7V % MRIICE T 5 W hoLBXIEE
AV Ta—gtREL L, FRELFTET T
&5 ko nEHORZIETE S, THIRO X
DNTDHEN D AT & F R AT & H il 3 5 i
TR RERY T L LIRS TH -/ £
T, BV AY = ADHES L LB, &
DR TR AR 25 N TELKRETHR
N5 & D gD LENFAIEORREN & R
LTws i,

EEE A L OBRREI

DERFEPHAY Y Ta—#ERY x MRIICE
7 % prospective & % \ {3 retrospective ECG
gating ¥El¥, TN ZNOHETHLN LM~
DEGRO k 22T — 2 ICFERT 5 &, 1.OFM
Bie) —DODOMMHIL YV IA—F AT v THERT
MR EZLPRETE RV, Lah->T, 0T
NOHETO|MEET T 572OICII BTy
a— FHHOBEGRES Y v 7 ZABUTEL W
BOOLMPBET, REOHFPHETLEDIC
KBS Eilinsh. L EEROTWE DB
(B3 5 MEED D B EEINR O & EBL I 572
DITHE L I N 7- k-space segmentation B, 1
DHADICEBOMME LY a—F A5 v JI2H
7oA MR BEESZNET ST LIC & - THREE
% 20 DAREE £ CICHEMm L, ML TIC
BUOAOEMAMEGROE Y ATHEIC L
7260~8. T XS LENFEMEOERIL, &

125



HREEREE  5523%& 4 5 (2003)

Ay Ny —

trigger trigger
l cycle #1 l
1

LI LI

cycle #2 l
1

trigger trigger

cycle #3 l
1
L] L]

cycle #4
1

cardiac cycle

segment #1

segment #2

segment #3

segment #4

segment #5

segment #6

segment #7

BWNa RN PN AN

segment #8

BWON= RWN=S RAWON=a AWN=

Fig. 3. High speed ECG gating by the use of k-space segmentation

By acquiring several phase-encoding steps during one cardiac cycle, the
total acquisition time is reduced to a short period that breath-holding is
capable. The k-space is separated into several segments and a line in
each segment is filled during a cardiac cycle. An example that the signals
are acquired during diastolic phase when the cardiac motion is the

smallest is shown.
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Fig. 4. Principle idea of echo-sharing and a standard example used in clinical study

One of the simplest variations giving general idea of echo-sharing is shown above. An echo signal
is shared to generate eight different images from image A to image H in this case. Low frequency
components in image E, i.e. segments 4 and 5 are sampled at the beginning and the end of an ac-
quisition window to form artifacts in the resulting image. The example shown in the bottom is a
typical variation of echo-sharing used in clinical study in which low frequency components are
updated frequently.
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ECG gating is an essential technique in cardiovascular MRI. ECG gating technique has advanced
along with improvements in MR imaging methods from conventional spin echo imaging and cine
MRI to high speed MR imaging. Consideration of periodic changes of motion during a cardiac cycle is
important to the understanding of ECG gating. ECG gating not only freezes cardiac motion, but also
reveals its dynamic change. By discriminating each cardiac phase, ECG gated MR images can be
used for the functional assessment of cardiac motion and can be a primary method used in the clinical
management of patients with cardiovascular disease. Recent improvement in high speed MR imaging
has allowed for the acquisition of cardiac gated images within a breath-holding period. Breath-hold
ECG gating is rapidly becoming a standard method for cardiovascular MR imaging and is expanding
the clinical role of MRI in cardiovascular disease. The historical development of cardiovascular MR
imaging methods is reviewed in relation to ECG gating and their clinical impact is summarized.
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