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Triple Arterial Phase Hepatic MRI Using Four Dimensional
T1-Weighted High Resolutions Imaging with Volume Excitation
Keyhole Techniques: Feasibility and Initial Clinical Experience in

Focal Liver Lesions
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Purpose: To investigate a new image acquisition method [four dimensional T1-
weighted high resolution imaging with volume excitation (4D THRIVE)] which en-
ables an accurate hepatic arterial phase definition. The feasibility and its potential
for detection and characterizing focal liver lesions (FLLs) are being evaluated.

Materials and Methods: 115 FLLs underwent liver MRI that included the 4D
THRIVE-contrast enhanced timing robust acquisition order (CENTRA)-keyhole se-
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Focal Liver Lesion

quence. Triple arterial phase was obtained during a single breath-hold. Images were
reviewed for image quality, lesion conspicuity, and lesion detection. Two radiologists
independently assessed images from phase |, Il, Il and through the triple arterial

phase, which were all reviewed separately and in random order. The image quality
was scored by using the five-point scale, and then, one phase for lesion with great-
est conspicuity was selected. The enhancement pattern for FLLs was analyzed.

Results: The detection rate was the highest on phase Ill. The image quality was
greater than grade 3 with fair inter-observer agreements. The phase Il showed
greater conspicuity than phase | and Il. Hepatocellular carcinomas (n = 38) showed
variable enhancement pattern. Metastasis (n = 14) showed rim enhancement (n =
6), homogenous (n = 3) and no enhancement (n = 5). Most hemangiomas demon-

strated homogenous enhancement (6/9, 67%).

Conclusion: Triple arterial MRI using the 4D THRIVE-CENTRA-keyhole technique is
feasible in despite of the relatively low detection rate, and is thus, helpful for the

characterization of focal liver lesions.
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Table 1. Standards of Reference for Focal Liver Lesions

.
oET

Surgical Biopsy or

Clinical History and Typical Imaging

FLL (Number) Resection TACE F/U Image Findings Size Range (cm) Mean Size (cm)
HCC (57) 17 29* 4 7 0.6-4.2 1.82
Metastasis (19) 1 6 2 0.8-2.5 1.43
Hemangioma (17) 14 3 0.5-2.5 1.13
DN/RN (10) 3 1.0-1.5 1.13
Abscess (7) 2 2 0.8-2.5 15
Cholangioca. (1) 1 39 39
Eosinophilic abscess (4) 4 4 05-1.2 07

Note.—*27 of 29 lesions were diagnosed by AASLD guideline. The two remaining lesions were not satisfied with AASLD guideline initially, but showed lipi-

odol uptake on TACE.

*2 lesions were increased in size on follow-up image, and the other lesions were diagnosed by concurrent serum AFP increase (> 200 ng/mL).
AASLD = American association for the study of liver diseases, AFP = alpha fetoprotein, DN = dysplastic nodule, F/U = follow up, FLL = focal liver lesion, HCC =
hepatocellular carcinoma, RN = regenerative nodule, TACE = transarterial chemoembolization
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4D THRIVE Keyhole Technique2

H 52 e 5 370 5] A= ARl Y55
OF 17~1829] A|710] J—Qﬁmq

4D THRIVE 7|92 32 RS} FEAARIE 3D
fat—saturated spoiled gradient echo sequence)®l] 78-S F37 Q)
oo ofg] ¥l FUWY] G2 whEA AOTAE, HalfScan

Keyhole

QO

5@

Phase Il

Phase |

Phase |

Phase Il Phase Il

B

Fig. 1. Schematic image of the keyhole technique (A) and the alter-
nating viewsharing technique (B). The peripheral k-space data, called
reference, is acquired only in last arterial phase and is shared with ev-
ery phase. The central k-space data is determined by the keyhole per-
centage. In four dimensional T1-weighted high resolution imaging
with volume excitation, the central ky-kz disc (keyhole) is subdivided
in three regions, P* (positive peripheral region), C (central region) and
P (negative peripheral region). The central region is acquired every arte-
rial phase, but P* and P are shared with subsequent phase according to
alternating viewsharing scheme as shown above. The view sharing per-
centage is determined by the rate of the area occupied by P* (or P7) and
C to the whole central disc.
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Initiate breath hold: 6-7 secs
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(Partial Fourier acquisition), Sensitivity Encoding (SENSE), 3D
dynamic elliptical keyhole technique2 2] AR8-5to] =3l
Ao} SRl o] SAS X|ADSITK(S8, 10). R, Fal
Y7 (keyhole technique)2 Z+2+0] UH7|Q] HJAFSIEOfA]
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ence) & &-Fok= WEotk(Fig. 1A). 97101 4D THRIVE 74

O A= alternating viewsharing technique®] 7= Z-2%Q)
T}, Alternating viewsharing technique-2 keyhole-& ©HA] 3714
F2o2 AEskstof(Pr, C, Pr) 4Rl siigek= C= il &
o7 QA LS5 A, R0 SigSk= Pt P (
tive and negative peripheral region of central disc)—= $1ZHo}
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= A7 TS 4= QIek(Fig. 1B)(8, 10). K-space?] S4]
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LFHA] 9] k—space®ll siEok= reference TICIEIS T5
Sh(Fig. 2). 2+ 59719 k-space] A4S Fig. 100141 A
HEl bR} o] %{2.0 2 SIESE P& phase [3} phase [[7F &
ok, = HRAZ AL P*E phase [[2} phase 17} &3-8-3hC
2 O|FofxIc, ESE upx|ato] A
719] 228 k-gpace H|OJE|Q}
-2 A k-space®] 32%F
55%%!

posi-

2 reference datar= 2= 59
oMl EH. Keyhole® Wi

O view sharing percentage

q1 | —
HAk(phase 1, 11, 111) xram& OHM phaseYHS HHA] &
Hkle =4 7 ol TS FrForitt 2H240] phaseoll th

> Start T1CE with 4D THRIVE

a <

T1 NonCE 2D flugrogcopic real-time (dis|

p

P1-C1-P*1-Co-P2-C3-P'3 Ref

f f

Contrast injection Contrast reaches right atrium

17-18 secs

Fig. 2. A timing diagram shows the sequence of T1 weighted image acquisition. First, T1 weighted image without contrast injection is acquired
within one breath hold. With short time of interval, contrast injection starts via peripheral venous route after delivering a message. 2D fluoro-
scopic real time imaging which is followed by contrast administration shows right atrium as we selected. When the contrast reaches right atri-
um, the MRI technologist manually presses the button to cessation of real-time display and to initiate breath-holding instructions. With one
breath hold, three arterial phases are acquired with 4D THRIVE technique. According to alternating view sharing scheme as described, central disc
of three phases are acquired first, and finally peripheral k-space date is acquired.

Note.—4D THRIVE = four dimensional T1-weighted high resolution imaging with volume excitation
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Table 2. Liver Lesion Detection Rate for Each Arterial Phase
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2/J0] tigh Y| (agreement)E- weighted kappa 54| 7|92
2 BA5I9tHe < 0.21, poor agreement; x = 0.21~0.40,
fair: £ = 0.41~0.60, moderate: ¢ = 0.61~0.80, good: £ >
0.80, excellent).
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Ot HLojlA] ARZSH 4D THRIVE 7oAl = 255}
7] GAFo] =0F A k-space®llAl keyhole©] XFA[ok= ™
280 w2t =5 ARe] AAED, 2 AFoIA= reference
datas Z50k= B o 13%22] AIRIO] 2 Q EQNT wepA] SRt
O] FW7| YIS F5ok=tl of 2.327F A %H[13 seconds
X 0.32(keyhole percentage) X 0.55(viewsharing percent-
age)], 3 phases®] FW7| G2 E5dk= Hlol= oF 17~18
2O AZPO] A E[QITh, W= TAPL O] ARE 59t 52 =
Bl 2 ofea-2 IStk

Table 191 7] viet o] gaiete] 45 ALt =4 1
O] Ft Z71= 2 em DIRIOIQIE ERL O] 5 3170C] W
1 cm PJ9RO 2 =Hw|oirt 3 phases©] 57| GAJollA T+ FHOJ
HAAREC] =4 7 B0 9EAH-8-C phase [O4] 212} 38(33%),
58(50%), phase 1191141 56(49%), 70(61%), phase 1114 71
(62%). 82(71%)= LR, 3702 57| 42 ol F7h
Si9ke mol= + FARE B 71(62%) 712 =74 T
HSHACH Table 2).

272 AP g7IeE el Aol e 2
2 440] oJul= Qlg-=o] ZASHRITE, sthEof gk 7RI
U= 7102 FIISHACE, p-values 0.3992 SA12 02 §.9]
ok 2ol5 HOJX] oFotrt. FAto] Aol 99Hbh) = FE
(A7) 2= 7Rk FRfO] = 22} 239(61%) 3 198 (50%)
O|gltt. BhHo| Aok IFE= 50| 27 M5t TR = 2}
2} 2%4(5.3%), 3%H(7.9%)°1F. 68 (16%)2] LA = =1
4> 7h R0 SRHER] oAU, G/t Aol XIHto] 2525
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Liver Lesion Detection

Phase | Phase Il Phase Il All Phases
Observer 1 (%) 38/115 (33) 56/115 (49) 71/115 (62) 71/115 (62)
Observer 2 (%) 58/115 (50) 70/115 (61) 82/115 (71) 71/115 (62)
p-value® 0.007 0.054 0.152 1.000
Note.—*p-value based on McNemar test.
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717} 969, 23O 2 LIERITE 3719] phaseS BIWA] = A 0.041, AR 20014 0.030-2 E, phase 17} phase [ ¥ 11
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Table 3. Comparison of Image Quality and Conspicuity Scored by Two Observers

Point Image Quality p-Value*
1 2 3 4 5 Mean
Observer 1 2 5 8 15 8 3.58
Observer 2 3 7 9 1 8 337 0.399
Conspicui
Phase | Phaspe I . Phase Il p-Value'
Observer 1 1 5 26 <0.05
Observer 2 2 7 23 <0.05
Note.—*p-value is based on dependent t test results.
"p-values are based on X” test results.
Table 4. Image Features of Focal Hepatic Lesions on Triple Arterial Phase MRI
FLL (Number) Rim Homogeneous Heterogeneous Nodule-in-Nodule  Centripetal No Enhancement
HCC (%) (38) 7(18) 19 (50) 9(24) 2(5) 1(3)
Metastasis (90) (14) 6 (43) 3021 5 (36)
Hemangioma (%) (9) 6(67) 3(33)
DN/RN (%) (8) 3(38) 5(62)
Abscess (90) (6) 4 (66) 1(17) 1(17)
Cholangioca. (%) (1) 1(100)
Eosinophilic abscess (%) (4) 2 (50) 2 (50)

Note.—DN = dysplastic nodule, FLL = focal liver lesion, HCC = hepatocellular carcinoma, RN = regenerative nodule

[ ’
' 4

Phase | Phase Il Phase!l|

B

Fig. 3. Small HCCs in two different patients. From left to right, dynamic T1 weighted MRI images from three consecutive arterial phases, portal
phase and delayed phase are shown.

A. Images from 49 years old male patient demonstrate a small hepatic nodule with gradual homogeneous arterial enhancement and delayed
washout (white arrows).

B. In images from another 59 years old male patient with HCC show heterogeneous enhancement (black arrows).

Note.—Delay = 20 minutes delayed phase, HCC = hepatocellular carcinoma, PP = portal phase

228 CHOtG2letolx] 2013;69(3):223-234  jksronline.org



Phase | Phase |

Phase Il

Fig. 4. Surgically confirmed hepatic metastasis from colon cancer in 57 years old patient. In arterial phase, the lesion shows peripheral rim en-
hancement. There is no definite difference of degree of contrast enhancement between each arterial phase.

Note.—Delay = 20 minutes delayed phase, PP = portal phase

Phase |

B
Fig. 5. Small hemangiomas in two different patients.

Phase Il

A. Dynamic T1 weighted contrast enhanced dynamic MRI shows typical peripheral nodular and centripetal enhancement of hemangioma.
B. Dynamic MRI images from another patient with small hemangioma show homogeneous enhancement. Note the degree of enhancement is

same as that of adjacent hepatic arteries.
Note.—Delay = 20 minutes delayed phase, PP = portal phase

(Table 3).
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AI2EQYO] 7 50%0lA] Rt

T2(24%), TF(18%), 24 W 24

P HooH, 17119 YrolA = 5] 2g5ol wE

A FSkk(Fig. 3). AoIte] 7 43%0lih= T 29574

e H9 Dﬁ 36%2] HHOW = FES 2FF5 =
I HFig. 4). Ga80] AoE A REE7R2 33%°0A41

E‘%“iﬂﬂﬂl L}DW 67%°M = wAS 2Y5E W2 HH

&

o}

Jﬂ

OO

go

o}
(Fig. 5). oI/ Z&at A AEL 62%0014 Faieh 255
& Holx| grgrom, U] 38%0lite dAR 2SS
Bt 752 66%014 og 2P HAAL, 2k
HEYos 50%0IM Eeh 23574E Btk (Fig. 6).
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Phase I

g ¥

Phase II Phase Il

Fig. 6. 56 years old male patient with increased peripheral eosinophilic count. Portal phase CT (A) shows ill defined low density lesion (arrow).
After 4 months, the lesion was disappeared on follow-up CT (B) and eosinophilic count was normalized. Dynamic MRI (C) shows subtle homoge-
neous enhancing lesion on arterial phase. And this lesion shows low signal intensity when compared with adjacent liver parenchyma on delayed

phase (arrows).
Note.—Delay = 20 minutes delayed phase, PP = portal phase
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Fig. 7. Marked ringing artifact induced by respiratory motion. The artifact is shown on equally both phase | (A) and phase Ill (B), obscuring un-
derlying focal liver lesion. A low signal intensity focal liver lesion is shown in delayed phase image (C) which is acquired during another breath
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