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Distal Pulmonary Vessels Demonstration by
Magnetic Resonance Angiography and Its
Usefulness in the Diagnosis of Peripheral Nodules

Hiroshi Fukuda, Kazuo Awai, Takayuki Suzuki,
Susumu Nakamura and Koichi Fujikawa

To evaluate the usefulness of MRA in the diagnosis of
peripheral pulmonary nodules, 18 lung cancers and 12 old
inflammatory nodules were studied employing multiplanar
fast radiofrequency spoiled gradient echo sequence (SPGR)
with phased array coils. For each case, 12 images in coronal
and sagittal sections were obtained after administration of
Gd-DTPA, and original images, maximum intensity
projection (MIP) images and multiplanar reconstruction (MPR)
images were used for the interpretation.

In ten cases, MRA images were compared with resected
specimens and we found that the minimum diameter of
pulmonary vessels which could be demonstrated by our
method was about 1.5mm. As the results of the interpretation
of MRA images in 30 cases, venous involvement, which is
one of the classical important findings indicative of
malignancy, was clearly demonstrated in 15 of 18 (83%)
lung cancers, whereas such involvement was detected in
only 3 of 12 (25%) inflammatory nodules,

Pulmonary MRA, especially MIP and MPR images could
make it easy to identify involved vessels, and proved to be
useful in differentiating pulmonary nodules.
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MR angiography (DL FMRA) 13, FFEEEAY (M DO FREE
ETE S L) qCHENMEEEZPLE LTRHASINT
& 7275, FréEgradient echoik DAL R IZHE - T, MRAIZ
L BB ICRT A MEIHRARINL L) ITkoTE
2. L LERSDE CEMMHEDIE OB IZET 5
bOT, KWMIEEOZWIC BT S HIMRADE FECEE
R L HEIE A v, bbb LIE$E#R L V) Fast RF-
spoiled gradient echo (Fast SPGR)2Di%:% FiMRAIZFVT &
7oA, flikphased array coils 2G5 2 & T, KAkl
MEHHEDEER DM EZ/F TN 5P 3,

FRTI, ZIORE L EMEMIERE306F, EEORE
A EMRABRDOBEEN AT TH > 210612 RE L, K
FAC L BRI MER B R HE LR LR, E612
&flExR L LTMRAR, EOREREREOEWBHNICHS
L) A aet LR EHmETS.

WaE LPHH

KFEIE19934E 2 HH519944E11 A FTOMIC, YPEicT
A SRR ERE £ 5§ 2 EPIB0ESI TH 5. s
A7i350~80/K%, F3465.95%, MEHIIFBM214, K9 HIT,
FAHBTRE T O NERI BRI T & N IR FEVERTIRE 1861
(BE136l, R EREHE 2 B, /HReHE 2 B, AoHiBaAE 1 61)
B X UBRIBRAEEER 1261 TH 5. BEIBSHEMEERIZOW
TIIFAFARGEAT L, WERFRCHER S RER, 3 XU
Wz dHVIEEEXFETERCERSMBISIEH SN S Z
%<, CTE I EMXMERIC X HRHBHEICT 24
PlEizhb7z ) K& SRHRICELDTRRD b e o 72d,
BV MAR AR LI EG 2 xS L L.

MR %% (5 |XGEf: #Signa Advantage 1.5TC, phased
array coils(ZFA V9 D DRGEE & Jifk RO TH .
f#i ] L 7zpulse sequenceldFast SPGR multiplanar mode T,
Hef2 I3 TR 32~39msec (4 slices/acquisition), TE 2.3~
2.5msec, FA 20" , NEX 1, #&f#Matrix 256 x 192, FOV
27~32cm, slice/& 7~11mm, slice[}fE5~-8mmé& L, B
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886 MR A O RSBl RERE ~ DI

¥ Bslice DI IE2~3mmDoverlap & 7z 872, %2 BTED
e BT B 7203 Figid32kHz % V>, gradient mo-
ment nulling{Xoff & L7,

AR WTTE (VI NEE % 45 & Dol 24 72 B AL DT RIT & 41k
Wiz EIRL, FRENRABRLIZT 1 BORIEDTIN12
W T DT (% % B L7z, Bl o 40T 120 & BUE4 51
(318 ~23F 2 E 320, EFICL > T, LEIBETH
5 YminDERFEWM A Z G L7z, F 7KMot fed %
HWE L, ki, ERETOFNZhOMEEFIZGI-
DTPA 0.07~0.10mmol/kg D F#iE 41T - 7.

BONZEGEOERE, FIRET & IRIT O TCHE{E, B
575 % BAt L TR L 724771 ®maximum intensity projec-
tionf& (L TMIPR), 35 X UL % N 2 C MR L 72 &
F &F 2 AEOWTE, 37 Hmultiplanar reconstruction
% (LLFMPR1) 2 CRT LICFIR L TIT W, MM EEDE
fili=> B45-I1E DFRCIE 4 ANDIEHEZMIEOGH#I L o 72,

MRA & [l 2AEDHIG O AT RETH - 72AEBIIC B
T 5 MAER I EEOMRET X, MRAJCHI{E & AR B % 555
KTHEL, BWICHBET I ETiTo7. Thbh, E
A LETR OGNS EEITE XA F N7z 8 % BB DARER Tl
E SN L D ImmPl E1LSmmE#, 1.5mmbl F2mm
il B & U2mmBl LD 3 BFEICHTTIRTRIEL, #h
5D ) LATAHMRA THERR T E 20 % B8 L THiLBEDRF
filie L7z, BRI, bz E5Eeickr<y) > T

Table 1  Number of involved vessels recognized on MRA comparad

with that proven histologically

TREA S5 AR £ CHE S CEE Lz, £HRAm
& B VLR H AN 1 ~3mm B TR L /2.

ARAERTIEE & BE % & OBIFRIE, BB~ OBk &
UBEIR D4 2 AABROFE, B X UOMBEEREDEED 2
BICEHLTHREL, o0 ERrES L. &
BIEHFEIR D% ZAADIERE, JLHEEIC T & R
AT S DB EDAREEE L7z,

o] R

1. FMRAO & #HEE

Table 113, MRA L [ERSAEOTRIBESI W LT TH 72
JEGIOBIIC DT, CIBMEAR L CHEICE S AT e
OFKE, MRATEALDHERITFETH o oA & 2 ME
BN LR TH 5. ME2mmll EOmETIX 9 K
&L TUTMRA THEETRET, AL 5mmbl F2mm gD
bDIZOWVTDH, 13RH104(77%) HMRA THEELT fETH
>0 L, AMEImmL Bl SsmmEMOME Iz 2Tl
2180 5 K (24%) LOFERRTET, AEICL-oTHE LD
AN MEREIILSmmIEETH % LHIBF S N7z, Fig.1is
Case 1 (J#4i5) I B HMRATE (Fig.1(A)) &, YIBREARD NV
—~f%(Fig.1(B), (C))%/R¥. CIBMEA L CHlEfhIis
EAFN TV DR (Voa) DFMEIZ].6mm, FEROTEHE 2%
ERA TN TV B ER (A%) DIMEIZLTmmC, WL HMRA
TRIFICHHE S TWE,
2. FKAEHHRERE &REME & DESR

Table 2R RE AR~ DB ER D %A

Case . ‘ No. of involved vessels MRA/specimen AOGFE, BIUOMEEEOGEIZO X
e nanose ©1.05<1.5mm ®15£<20mm &2.0mms MRA TR L 2R 2”3, BiER <
X, BROEAMIEHE T, BIRDLEAM
1 adenoca. 0/0 2/2 0/0 218611561 (83%) 12 BT, -k
WRIZIL1660(89%) I TRRD LNz, BEIHE
2 adenoca. 12 i 22 VBRI CUE, BYIROBSABIX 12605 9 i
3 atiencca: s - - (75%) 12 BWVTC, BIRDEAMII 3 B (25
%)12C, MEEREILSHFI(67%)TROI
4 adenaca. 2/5 1/1 0/0 7.

Fig. 2128055 1%, 4 THEDIHEDIERIT
5 adenoca. 01 2/3 11 HhH. KIRWH S OMIPE Tl EE %
WO M AR 1B XA T h T
6 Bdencas, 12 00 22 BHETHHH STV A (Fig.2(A)). Fig.2
- adenoca. i o i (B)iZA% ?%ﬁ VAT B RUCBTMPR % %
WA L72b DT, BOBODEESIN
8 sq.c.c. 0/5 1/2 11 BEORENES T, AaDIINITVoaRAch
HEHEBICEERAINTWE Z EFHRAT

9 sg.c.c. 0/2 0/0 17 &5,
Fig.3\Z64 i, A LRI DRERIZB
10 bareulonia 0 n 0/0 ¥ BT S OMIPE TS 5. iR
A%, AbDITA, VbLEZATNTWAHER
Total 5/21 (24%) 10/113 (77%) 9/9 (100%) TSR TBY, FlEEA

adenoca. : adenocarcinoma  sq.c.c. : squamous cell carcinoma
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Fig.4\366i &1, £ LEOHIBRIELHRETH L. WE
AN 2B E AT TEBY, ThehlE LTETIER
FRFEDHIRDEEL LTV, WENOBEOMEHER
BRGNS 0D, FiEHIROWE S 5% EAAIIFRD 6
g,

% &=

il OMREI{E %155 ECORES & LTI, mEI%E
K[EBET L7120, BLET—F 772 POEELZITR
TV, LSRR LV E—Ya T —F TS b
FHET D, MBS CME AL —ELT, KT
IZTE AR 720153 R TOFRI R ASHARE T & L WEEHET
LA, FRAEMINE & %0 EEE TRHES 5 7291213,
PR A b T RE 2 SR TR A R T T AL EBAEL S, L
fehio TRIFERMEMILERZ[F LI, ThbDRES
% %18 L 7zpulse sequence DER &, #Y47%/3T X — & D%

[ [ 2 887

EVLETHL. biubiLdfdH L/zFast SPGRIZ, asym-
metric RF & fractional echoi® X X D TEDZHE SN T B Y,
LB EOFRCENICL BT -F I P EMETALE
Zohb, REMELOZELIHT L LT, H
A Dpulse sequence TIXFEN D DL E 2 HEY,

FRFMEHIEDOOTREECRET 2 &, inflowZiROM
Lk, MHREROLOEFORGFL &L, BRTVES
P DE—a vy T —F 7 77 FAEINT A0,
WELRTROBEIWLETH S, bhbhdRELOEE,
TR %32 ~39msec & L 724 slices/acquisition@multiplanar mode
ERH L, sliceff]iZslice/E22-28% (2~3mm) Doverlap %
Rl T L TWb, slicefdllDoverlapld, slicelt[fE %
EDHsliceERgradient DSHFE LW TH LTI A5, &
HUZ & o TS/NDIA L L MIPERPMPRIZIZ BT 5 IE O
HAeLE S 59 (Fig.2).

TEIZ2WTI, FDOERICHFVEILRT-F777+8
X Ulintravoxel dephasing S50 L, Fifi (L85 o0 % B8 13 28
WETFAZ &b, WRMREMmSLEL SNA, TEIZ
WS BFOVsliceELUSLORE T & L Tid, /N> Fig& gra-
dient moment nullingff IO FHEATH 5. 3 Filg% ffedHih

Table 2 MRA findings in 30 patients with peripheral pulmonary nodules

Clinical No. of Vascular Vascular
diagnosis cases involvement convergence
PA (+) PV (+)
Lung cancer 18 18 15 16
Adenocarcinoma 13 13 12 12
Squamous cell 2 2 1 2
carcinoma

Small cell 2 2 1 1
carcinoma

Large cell 1 1 1 1
carcinoma

Inflammatory lesion 12 9 3 8

Total 30 27 18 24

'('3.) :
Fig.1

SERTHEI10H25H

PA : pulmonary artery

PV : pulmonary vein

(C)

71-year-old man with adenocarcinoma. MRA of the right lung shows involvement of A%a (arrow)and V®a (arrow head)
by the tumor (Fig.1(A)). In the resected specimen, it was confirmed that Aa (arrow)and V*a (arrow head)were involved by
the tumor (Fig.1(B), (C)). The involved artery and vein are 1.7mm and 1.6mm in diameter, respectively.
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(A)

ISIND LAY R LIS 25, TEDMER
9. Ld -7, b7 —F7
T INRBEICLBT—F T bD
WREHY LT VIITIE, TEOMEH%
BT AENKLEEZ LR, bbb
MIE32kHzZ AL T bh. £ 720
MRA |Zgradient moment nulling % fif H
L7z Ao NDH 9, Ay
BT S IR D%k, B
L UTE & Dtrade of f & £ 5 &, f#
MLBwWEERLLEZ BN,

7)) v TG TR & TR
WS DN, 25° A D LD S
DT —F 777 WL kb,
20° AifRANEY & HI S

SEbhbiit, EROL) 285
X =& OFEFUIMA, S/NOIA) L& FK
I OE SN EHE LT
phased array coils 2/ L7z, Faijlzqr
- 7zphantom%8#IZ & % &, phased ar-
ray coils Tldbody coil D2.4f5DS/N % 4
TELEDHERPELNTEDYY, Hilcoil
R THNETARSEND 2 EH 5, NBETEED ARy M4
DL E DD THFITH S,

MRA 2BV BB O HREDORET IOV TiEW o
DMEDR 5N S, body coil & V745 T3, MR
4 ~ 5 RO E CRIIHATRE L i S TwBH™ o ki
B ORI & I S5 Z ORI LT L LHET
EHLOTIHA, MEHFEDM LD 752 1dphased ar-
ray coils5SF DA I A VOFHAWLETH 5. i, FooX
Gefter & [dphased array coils% fiff fl L, Fast SPGR#:single
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Fig.3 64-year-old woman with adenocarcinoma.
MRA of the right lung after MIP processing from
coronal sections shows involvement of A%a(short  after MIP processing from coronal sections

arrow), A%b(long arrow)and V?b (arrow head)
by the tumor with convergence. Pleural inden- ~ No pulmonary veins are involved.
tation is also demonstrated.

Fig.2 80-year-old man
with adenocarcinoma.

(A)MRA of the right
lung after MIP process-
ing from saggital sec-
tions. Many pulmonary
vessels involved by the
tumor with convergence
are well demonstrated.
(B) Reconstructed ob-
\' lique saggital images
are helpful in identifying
- each involved vesse!
(long arrow : A%a, short
- arrow : Afc, arrow head
@ Vfa). Note the excel-
/ lent continuity of pulmo-
nary vessels which is
achieved by the slice
overlapping acquisition.

(B)
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Fig.4 68-year-old woman with an old in-
flammatory lesion. MRA of the left lung

shows involvement of A" *?c by the lesion.

plane mode & fflvy, fililliE D 4 ~ 6 K5F F T WRET
HolzbWHE L TwaEYY, ZHiist L, bhdbiidFast
SPGRiEmultiplanar mode & vy, #MELSmmfRE O
TREFICHIE ST D L) RERA, TOMEEZ 6 ~
TRGBATMLE LY, ThEcofgbEs LELLDTH-
7z. multiplanar mode DFEAIIZ X 1) @ IRV TR 2 fE T &
% Z Ed b, single plane mode & 1) bW IILEE S5 A6
L, KETME MBI GBS DEeEZLRS,
EHEAIOPRIZE L TIE, BIMRAIZBW T L b LE

HARER SR #5548 Hi12F5
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ELBVEWIBERLH DY, LhLids, 2EzIE7X
D ARBEEIR (< 34T % G FEEIAR O 1/4 LT & 45D
TEVDY, + R TOFRIRAHIRF T &S, Ml % KA
FCRIFICHH T A0SR 2T 2 L8
&%’2_ ;D ﬂ,‘é 12), IJJ.
HMRADBERIGHIZOWTIE, I E CTHHRBIORFEIC
B§ % { A RER S C, SRR ZSIZIBH L 7ifgeid A e
{, & CIZHRMERHRESRS & B L% O BR % 3 HE L7z
BIZSL S e v, BlifERE OF B B\VTiE, ek & b i
HR OIS & B Bah Ay, Eih% s GEbE LR TH A
ZEDEHENT WA, bILbILOMRA % W iHEtic
BWTH, MFEFIDS3% T DR RAMHE S, HMRA
DRI AERE DR LD T EATRE N

FE T, spiral scan® & XHCTIC & 0 JEE & Bl o
BRI T 5 2 EDL AT TW AW 19 CTTIIRT
BT ASHMTE IS S N Tw A 720, MEHHRHMIZET
TAHEMTIE, e MEOTABREPINET S 2 L3
FTLOAES TR Y, TN EERTAHEAICEITS
MEDORA, EHRELLZIZ W ENSEN, FOH,
MRA TIEFARBH IR % 2 & EHAE 2 2 LR /2
¥, MIPEPMPRIG R e MiHEMASDLELZEIZLDY,
W B AN ETT AMEIZDWTS, HEEADEAL
PR, EROFESLEEOFGIES THS. F2MY
M % R E~EEE L, BYEIROER %479 ECTof A
b, E5IIMRA T E DS OfH L L Thfige®,

i b4 % 889

TR AR - o s fia A< JEHE O L T ORI R 25 ¢,
JEEE DN AR DOWIBDI B TH D L Vo7l b 5 22,

MRAIICT L B L, AIRIEDRRTATHIE L o 725557 b
5N, ML IMEE D= LBEREIERT S L TE
NThBY, RO BV -TCT &AM 2 fedl %
RiLoz2borifrsns,

LlOHFGeEEOME R E LTI ETFRXRAPES, LI
DE—aYT—F7 77 MZFRF OB TRl &R
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