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Contrast-enhanced Three-dimensional Angiography
Yuji Watanabe

Rapid advances in the techniques of contrast-enhanced MR
angiography (MRA) have made it possible to evaluate the en-
tire aorta and main arteries as well as small arteries and veins of
the whole body. In this article, the technical aspects and clini-
cal applications of contrast-enhanced MRA are reviewed.

Dynamic contrast-enhanced tlm;e-dimcnsmnalr&D) MRA is
a first-pass vascular imaging technique that uses the 3D fast field
echo sequence with rapid bolus injection of contrast material.
By repeating imaging sequences, it is possible to trace the dy-
namics of the injected contrast material over time and apply various
postprocessing techniques, such as double subtraction and ad-
dition, to demonstrate arteries and veins separately and to dis-
play the arteries in a single image, even when circulation time
1s prolonged. This technique is flexible enough to be applied in
a variety of clinical settings by optimizing the examination.

The abdominal aorta and main arteries of the lower extremi-

ies are examined by two methods, dynamic subtraction 3D MRA

MRDSA ) and the moving-bed method. Three bolus injections
of contrast material are used in SA. In contrast, a slow con-
tinuous injection of a large dose (20 ml or mores of contrast
material is used in the moving-bed method, which is a conve-
nient, useful method of contrast-enhanced MR, angiography when
the study must focus on arterial imaging. Clinical indications
include atherosclerotic occlusive disease, Takayasu arteritis, aortic
dissection, antl-phosaghol:pld annbodg syndrome, aneurysm,
patent and occluded bypass graft, and deep vein thrombosis,
among others. R )

The problem with contrast-enhanced MRA is its difficulty in
depicting small vessels such as mesenteric arteries, distal renal
arteries, and peripheral small arteries. The nature of gradient-
echo sequences has certain inherent problems for the imaging
of small vessels. The fat-tissue interface becomes dark because
of chemical shift artifact (which occurs both when the echo time
is set in-phase and when it is set out-of-phase), reducing the ability
to detect small arteries with contrast-enhanced MR angiogra-
phy. The fat suppression technique is very useful for satisfacto-
rily demonstrating small vessels by reducing chemical shift ar-
tifact.

MR angiography remains an exciting and challenging field,
and the best meﬂ!l)ogs of contrasi-enhanced MR angiography will
be dlv.:,veloped and established on the foundation of all previous
work.
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3D gradient-echo % V2% 7%, EilEEGd-1EFEHAI DT2" 5
BREFRT B2 ARA T —2AINT LMD LY. I
AMIIE, TRAEE CHRIEFEH 2 846 T & 5%, SNRIZ
TROFHFBRIZHBH L TET T4, 20z, @illkzBRIE
T5HEETECTRICERE L TR — 7 ABELZEXA O
first-pass ¥ #2455 £ 12T B0 L5, MIRPCEHIRRZ H
BE35HEEEdT D MmPRENR %R CTHEETICH
HT&D L) I28-14msec DHHFEFEDTRIZEET 5. X
7o, BRERER % HIAE S A 7212, zero-fill interpolation (ZIP)
#half-Fourier acquisition = £ L 721, gradient-echo & EPI
Dhybrid-sequence T& % multi-shot EPI%?, 3%l L 7-k-space
OB AR E A7 — ¥ kT 5 i (TRICK) %
EWHRTH BT,
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2. HsRRHDNE

TEHZ3DMRADT K DI NBIR DHH T 5.
KBRS EBIR 2 & ORKCEIIRIZLEMES TH
B %%, BEIIR BN MBI IR 534 % & o/ NBliR
IR T ThHs. ZOMEEwRT 572012,
KEDEEHEH Y, AL ABZHLTHH
AR ENTELN, TRTHREB, MIIROH L
EATTTHL. ZHIZIEEFLMR angiography |2
V5 1 5 3D-gradient echolZPNTE$ 4 [E47 @ [H1EEAS S
HLTwas., 2%, JEl6E M OB 2 chemical
shift artifact® 728 1Zblack line* = LA 2 & THh 5.
TE%, in-phaselZi%5E L T b out-of-phaselZi%E LT
b, black lineh™ L 5.

ZOME T A ERERETH 5. 2
NET, FEEBCEIRA IR (SPIR) % 3D-gradi-
ent-echolZf I35 &, TRAGIZIERE L, If0gf
TCOEA WL 2 72, 2T, EPIsequence?
Akt Z LT, BRI Z N LTRAER L %
I CTHIRGREM AT LD TES (Fig. 1, 2)7.
X 7zIEhiE )V A | Zbinominal pulse % FIV: T, KB
AEBROICEIET 22 LI2L > T, TRVEET S
Z L {ENTIRIFEIASE SN BY. Zhe DR
WHOFEZGEHT A Z & TR & S DRERED
T—=F772 bzl TE, /AR IR
MEd5.

3. EFHIDEEFE
BRI OGS HEIE, Btk b aolE ik

Fig. 1 Mesenteric circulation in a 39-year-old male patient.
This contrast-enhanced 3D MR angiogram was obtained with fat suppression and a hybrid sequence of fast-field echo and EPI. On coro-
nal source images of the arterial phase (A)and late phase (B), use of a fat suppression technique allows for demonstration of small ves-
sels, such as the inferior pancreaticoduodenal arcade (arrow)and inferior mesenteric vessels (arrowhead) .
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Fig. 2 Mild renal artery stenosis in a 40-year-old male
patient with hypertension.This contrast-enhanced 3D MR
angiogram was obtained with fat suppression and a hybrid
sequence of fast-field echo and EPI. Both MIP-reconstructed
(A)and coronal source (B)images show mild steriosis of the
proximal renal artery (arrow). The use of fat suppression
allows for visualization of distal renal arteries such as in-
terlobar renal branches (arrowhead) as well as the acces-
sory renal artery (open arrow).
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BHFe b, Bk, EHIFET TOWRET, HEIK
RO EFH OFHREEESH WO T E 28, WLES) O
7 OEEMAEORHIIARTH o7z, L L, BiEOMRI
s oMEDm EIZ X o T, &R T TOHRBATHE L
70, EEEAlOSEEEC & Afirst-pass imaging 2L < AT
N5 XS orz HEHOfirst pass DL HERE 13 2 K%
S@WERKFELTWA I ENS, F—FARHET AT
ET, AEROERHTO G ToRMAPRENRLN
5. H5EIIHRGEONHR - B X o TRER S, FHIK,
FIFREIIR, BAEEREIR, PR LI - BSOSO
A% HEUEBAL & 3 A 412120 1 mmol/kg % R — 7 AFHE S
59—, EHEGOITHEOBRE L RET HLE
2D HHEITIEIMO R — T AEHE (B © 0.04 mmol/kg,
KBRER © 0.03 mmol/kg, THEES : 0.03 mmol/kg) & %\ 34
BEOFHTIG & H 591012,
4. EfFNIE

FEFMR angiography CTld, JEHI{% % e KAEH 2 (MIP)
THHE L CT—RomEGT#HETS. Y7300 ar
2GRS B LNy 7 7T T v FEFORVER 2 S
/BoNZWN R, BIREORIZ T, BEEMBOEE
FIHToNBZ ERNEOAZRIMTA2DICEHTH
% (Fig.3). F7z, FIRMSLHEIRAHDOY 7 5 7 2 3 Y0l
EhSBREOY 7 T 7 a Y EEEEY T RT3
>4 5 (double subtraction) = & TMARPHHIR DA ZHiH T 5
ZELURETH A (Fig. 4)Y. —, MEMED, (R
T2 & IR ATER LTz b, B L AN COg BRI
2SR % 5 KEIIRIFREEZ: & TlE, 18 OmEi{% CEIlR 4% 4
HT2DIZEHTHA.
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" Fig. 3 lliac artery aneu-
rysm in a 85-year-old fe-
male patient.

This contrast-enhanced
3D MR angiogram was
obtained with the 3D fast
field echo sequence. A
precontrast mask source
image (A)shows an aneu-

rysm of the right iliac ar-

tery with a hyperintense
mural thrombus (arrow).

On the contrast-enhanced
subtraction source image
(B), only the enhanced
anmnysmal lumen
(arrowhead)is visualized:;
the mural thrombus is no
longer seen.

HRIGERAL & BCATR

1. EESKEAR— T HREIAR

BIRTE(LAE (3 B OBIIR (e, PAZE, BOR, kAT, ™
EiREE 7 © OFmIZLE 263, FFIC, BIIRESPAEN
BIIRTEALAE Db 5 BE TIIRIGERAL 721 Tk {BEERA
IR — FREBIAROIL G HPH 2 AT 2 LEYH B, BUES
OMAFEIIE, 3 #BAL5TEE (MR dynamic subtraction
angiography: MRDSA) & 7 — 7 )V #) 1% (moving-bed
method) @ 2 FOFHELVH 5.

MRDSAD Tk, FEER, KBREE, THREOD 3 HBALZ IS
Wi poomae - JEEE, 0.03-0.05 mmol/kg DGd-
WA % R — T AFELotk, WEEEVELTH. B
OfE 5T LT, KERERE THE % 2 ENFEERIC
L THkf% 3 % (Fig. 5). ABERS & THEER Tl 2 M ZNaTO#l
B TH S L 7G-S L A ER 2 RET 2701297 b
S va s ITUETHA

F— 7 VBRI S Th ¥ T 77— 7 ViBE) T
BEIZIRIGT B FET, S UIXBDSAOFEEMRE HV
TA7H) bDTH A5, Gd-EFH20 ml % D EFeix 5 (0.8
ml% 1SFPRIES- L, 51 &HS0.4ml/Fb%20F00) 356 Z LI
o THROMPIRELEHERT LI LD TES. AR
B IEREES, ABRER, TR 3EM% 1y FEeFERD
DT, TRTOETH T L5223 & Fv Tl
3 % (Fig. 6).

INBDOFEEE, BIIRECHEEBIRTECEZT TR <
KEDIRASERERE, Marfan FERERE, KEHIRMFAEZ &b L\l
s, FLALMEDORFELRET2FIELLTD
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HHTH % (Fig. 7). ZDi&R3D MR angiography % ft3k D

HT—TVEERARS L, BIIRE O AL E MR an-
giography*MENT W5, JTHEEE R ICHETAZ LI X

0, BIIREONEEZTC <, BEHROE - K& S bHE
T& 5. P - BEmEofibiE b E {, ot L

HrOTEEMRAZ T

A‘B

Fig. 4 Esophageal varix in a patient with
liver cirrhosis in a 72-year-old male pa-
tient.

This contrast-enhanced subtraction MR
angiogram was obtained with the 3D fast
field echo sequence. On a portal-phase
dynamic subtraction MR angiogram (A),
tortuous and dilated coronary veins
(arrow)and esophageal varix
(arrowhead)are not clearly seen owing
to superimposition of the enhanced ab-
dominal aorta. MR angiogram (B) ob-
tained with the double subtraction tech-
nique clearly shows the portal venous
system (open arrow), along with the
esophageal varix (arrowhead).
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ELICBWEELMELTWA. 7, KB - IBEER
DHAEMIRBOEE, H 57— T VETIIRESR»S D7
TO—FHHEEELE Z L% L, FATICEE LS, 3D
MRATIZ, HIREEOHRSTENTLIVOTHE TS
5.
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Data Acquisition for DSMRA —————— Abdomen
bolus inj.
o (0.04 mmol/kg)
(abc.: (frtnen) data acquisition mask $ phase 1 2 3 4 5
bod! il .
(body col) [ REEE TR R
il 10 sec 5-10 sec 5-10 sec
during breath-hold
ositioning (5 min)
) ing ————— thigh
b balus inj.
(0.03 mmol/kg)
2nd - o mask phase1 2 3 4 5
: data acquisition
| ol e B | (BEES eSSl OEE
= 10 sec 5-10 sec 5-10 sec
during breath-hold
positioning (5 min) ——  calf
\ bolus inj.
(0.03 mmol/kg)
ard i mask phase 1 2 3 4 5
o data acquisition
(calf) (spine synergy coil) & | | | | | |
- 15 sec
during breath-hold

Fig. 5 Diagram of imaging procedure and data acquisition of MRDSA.
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Mask image ’
(pre-contrast) MRDSA: MOBI TRACK
I Gd-DTPA —'»I T
F— T EE ;
F—FNBE - !
F— TN L
Arterial phase Venous phase
Fig. & Diagram of the imaging procedure used with the moving-bed method for demonstration of the main arteries of the lower

half of the body. In a 51-year-old normal healthy volunteer, a contrast-enhanced 3D MR angiogram was obtained with 3D fast-field
echo in conjunction with fat suppression using water-selective excitation. The arterial (A)and venous (B)phases clearly show the

main arteries and veins.

2. B8k, LBEESHRE EDONMES

BEIRTIE, BMEERIEDA 7 ) —= v 7 EHih
HOEEIRO~ v ¥ > 7 & HBY & L TH#ER3D MR angiogra-
phy2¥ TN 5. FFIZGA-EFANL, CTRH T — 7 MEIZH
Wb 3 — FERR & R, BHESERC720, BiROR
TLZBHICOLEEIFERATES., BEERLEL, ¥
BRSO T Th <, EEOMEDS TOFEE L
AHDT, FHkaekrlhT s LENH L. FRIEMED
OFEIRIEM S, BICHIATSEY, MHISHEHETDH
5., Z0lH, EERNELE) - AFARAELZHELT
5 - JRIidE s % OEH $ 5 2 EOFESLETH 5 (Fig.
2). BEROBAORINIE, EMEHTIHREI TR L, &Y
MRA ZEMEEBMEDN A 7 ) —= > 7 & L CTER% T
T®5 (Fig. 8)'9-19, LA L, BEHROPE DRI EFF
fliznsd LHE SN TWBEY, voxel NOELGEARE & LT

ERE 12428 A25H

ZIFo N5 hs, AKOERIL 3D gradient echo IZPIET 5
chemical shift artifact T& 5. 2 CIEIFIHELZIEHT5
Z LT, AL EME R FHEA IR S NS,

ERGABEEIIR Tk, SHAER, BEIRE S SIXER
MRAD RWHIETH 5. [EIHMREZ WL 28T, BHE
fEEh - HHIR OREHIZASELIZM L L, vasarecta 7 EO/NER
bBIEREL 2 5 (Fig. 1).

FROABEBIRFEETIE, BMO7207217 0 DSA Of%
HIEZ R L TWA, Z07k®, EEMRA D #IEHTRE
SNDH, FEBEIRGERL, LR EOmMmERzE L%
¥3D MRAD X \WHEIETH 5.

3. Pl

FIRRD & &5 W 2 IREDEIG & 2%, PIRO R MAT
B, PASE, BHEICLA2BHEREOREEZENE LTER
MRAD TN 522, ZOFIETYH, IEIFHIGEIELHER L
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Fig. 7 Atherosclerotic ncclusive
disease in a 70-year-old male pa-
tient.

Dynamic subtraction MR angio-
gram(MRDSA) obtained with three
separate injections of Gd-DTPA
shows long segmental occlusions
of the right superficial femoral ar-
tery (arrow). Note the reconstitution
of the distal femoral artery via small
collateral arteries (arrowhead).

L‘I

RAZH

IZEEMRADH T, MIRAROFEHIER O BETEETH
5720 F 7z, double subtraction DFEF V5 Z L T,
FIBR R & ARG i T & 5 (Fig. 4)20.

WERDA T =T MFELIARD L, MIREIEIATE O
ﬁtﬂiﬁ F3DMRADEN TV A, BHIRIED S 77 WVET
GELRIDSHRE N, WM ORI IR = & 255
B, ﬁ%xmmAﬁqukﬁxhummMﬁ%%m&¢
5. ¥, - NEAEH O PIIRIEHE O i b 753D MRAD
wWﬁﬁuma,ﬁT_TWH&H%wﬁﬁﬁ&éﬂfw
50, f,ﬂT_TW%fﬂ M@M&t%mmﬂ%um

L TR S B ONEE I ORI EE S = L 25
B, JfL%’:;MRA't i, MIRZBEVH—OBEA TR S 2 7
W, BIEHOFMIESTHA.

——"

Fig. 8 Severe proxi-
m:l| renal artery steno-
is in a 53-year-old
mcile patient with ren-
ovascular hyperten-
sion.
Dynamic subtraction
MR angiogram(A)
shows proximal renal ar-
tery disease (arrow).
However, the degree
of stenosis is overes-
timated as occlusion.
Note that the distal
renal artery is visual-
ized. DSA (B)confirms
that the degree of

“ stenosis is classified
A as severe (arrow).
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