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Development and application of self-gated cardiac magnetic resonance imaging technique
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Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China

Abstract: The development and application of self-gated (SG) technique in cardiac magnetic resonance imaging (CMRI) is
mainly introduced in the paper. Generally, the electrocardiogram (ECG) signal in combination with a breath- hold or a
respiratory monitor is required for traditional CMRI acquisition. However, in some cases, ECG signals are unreliable because
of the influence of the high-intensity magnetic field, electromagnetic signal, and physiological abnormalities of the patient.
Breath-hold acquisition is not suitable for elderly patients, pediatric patients, and patients who suffer from respiratory diseases.
Respiratory monitor acquisition technique would disrupt the steady state. Therefore, an ECG- free free- breathing CMRI
technique is required. SG technique is widely researched because SG technique can extract cardiac and respiratory signals from
original acquired data. The present CMRI techniques are firstly introduced in the paper. Secondly, the development and
application of SG technique in CMRI are introduced from four aspects, including basic theory, pulse sequence design, SG
signal extraction and image reconstruction. Thirdly, the future development and clinical application of SG in CMRI is
prospected.
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The numbered sections refer to (1) excitation of aortic blood,
(2) flow-sensitizing bipolar gradients, (3) data acquisition, and
(4) magnetization spoiling.
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Fig.4 Timing diagram of prospective triggering sequence
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a: Timing diagram of radial sampling-based SG TrueFISP sequence

proposed by Larson; b: Corresponding k-space sampling trajectory
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Fig.7 Timing diagram of radial sampling—based SG TrueFISP
sequence proposed by Larson and the corresponding k—space

sampling trajectory "
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b: Second acquired profile of 3D SSFP sequence based on golden—ratio and radial sampling

The azimuthal angle between profiles a and b was 111.25°.
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Fig.8 Timing diagram of three—dimensional (3D) hybrid SSFP sequence based on golden—ratio and radial sampling'
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Fig.9 Diagram of 3D radial k—space sampling trajectory
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SG and ECG triggers were presented by circles and stars, respectively.
Amplitudes of all curves were rescaled for display purposes only.
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Fig.11 Comparison between external monitord signal (dashed line)

and the corresponding SG signal (solid line)*"’
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Fig.12 Application of localized manifold learning method

in respiratory signal estimation from ECG- gated free—

breathing acquisition ™’

AT Al A RO SR U4 N A TR 5 T d2 B
I ) BRI A e, 3 Tl S i 2 ik b e 97 R A
a6 A TR 5 R P AOE &AL 70 o Nijm &5
XEEE T 3% H TRl A AR O - — B 22000 AR
VCRCTE R Z Gk . — B 25 i AE—2e 30k
SUBR O W ELERINE ™, i 2R g I Y A 4%
55— B P BAT 5 AR P BRI A, iy T3k o
PRIt 2 i ) S BT 3%, AN 11 e &1 o 9 [
R 2R FHZOT R AR U O R 1 1145 Ml A, 5 3R
ECG 4% il o Li 55> WFFE S WIaa i S 1 147 fih
K, ATTHERAR AT USRS (R GEH AR LA A Y0
SRR, PR 45 M A e BEAH O o AR DT Jic
VLN Z I AR5k Y i PR R I TR 5 5 AT
AR T HIAR N AR AR AT R A R-R
AR SEARAR , i R FH R-R A B Y 2 305K
L4 ETHMNEESHEGER

FNESORE 22 T 0 L2 R A K



5511

AR, S5 A IR BERE AR BUR B A 19 5 -5 1

- 1141 -

FHIC MU AR S DTS U, B BOR B EAE , HAT
FIT IR ROR B 28 ] RLRAT 5 A SERoAR AR (Y i ]
Bt BN, B 13 24 Ingle 55 R H 1456 e
A BB AR O R IF S SEECG T
PER AR T X, R aT AR 2, AT
ARAFENHY 4477 ) B0 E R 51258 ECG 1142 ol

o PRI 225 . AR MAS LR, JE T A R
I BECG I MRS, AT HERARAE BRI K
T AP 14 0 Lin 25 5% PRS0 A T
BB R 3l K i 52 R, 787 3K v 3 (e 2k
HE DI, 5 M EEAR Sl ki o vl O

a: Short—-axis

c: Three—chamber

d: Two—chamber

Short-axis, four-chamber, three-chamber, and two-chamber alternating repetition time SSFP acquisitions from a volunteer were

reconstructed with ECG gating and SG. Systolic and diastolic images were shown at the four scan planes. The difference of ECG

and SG reconstructions was shown for each case, scaled by a factor of 10. For each scan plane, the same window and level

settings were used to display all images.

B 13 KA B RIS F 53 — S B E O R E 75 m B AR

Fig.13 Reconstructed images of SG fat suppression sequence on a volunteer at different cardiac directions*"’

The right coronary artery was clearly seen in the mid-diastole (dashed box) in both water and fat images, and visualization was

sensitive to cardiac phase.

B 14 5AMBAIAMER S OB B T B BRI Bk (L) SREE (T ) B S B R X L

Fig.14 Comparison of respiratory and cardiac SG free—breathing coronary water (top row) and fat (bottom row) cine

images at five representative phases ™’
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Fig.15 Flowchart of retrospective and prospective SG techniques
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