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Delineation of Calf Deep Veins Using 2D-TOF
MR Venography without Contrast Media:
Efficacy of tourniquet and leg-warming

Kensuke Nagayoshi'’, Munemasa Okada,
Yoshio Monzen", Shojiro Kimura",
Yoshiharu Hamanaka®, Makoto Ochi®’
and Kuniaki Hayashi®

We evaluated the imaging quality of 2D-TOF MR
venography of the lower part of the leg and the efficacy of
a tourniquet around the knee and leg-warming. In 8 healthy
volunteers, MR venography was carried out under the fol-
lowing four conditions: (a)usual MR venography, (b) MR
venography with tourniquet around the knee, (¢) MR
venography after leg-warming and (d)MR venography with
tourniquet after leg-warming. Our results suggested that MR
venography with tourniquet after leg-warming is best suited
for imaging the veins of the leg. We also compared the di-
agnostic image quality of MR venography and conventional
contrast venography in 7 patients with varices. The results
showed no significant differences between the two meth-
ods. We conclude that MR venography with tourniquet af-
ter leg-warming is a technique that provides reliable infor-
mation about the veins of the leg.
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THEIRB B EOMATRAE L LT, THIESEHR DR
HEPDLY, THRESHFROLBDESE CBWT, THE
HHIRAIMAROIREZ T <5720, THEREEI 2 Sh
Twa., L2, TE#EREZIFROKRETH Y, FiH
LU EEL, BIREL EORIMEE4FIEZRIT LD
HHV. Fi, I— NBEUEERC R T EIRIERARES TIX
BEFTERN,

€ Z CIFRERIIRFTE T H HMR venography (UL FMRV)
PEHEEZ LN, MRVIZ X 2 FRIRESEIRE H Ot hs
ERHINTVEYY, L L, AR R+
THETE B 00, THIRMEIRIZELA Aokl
MRVICTHT5HiHTES, WELTREIRERICE - T
B LD EILE > T,

Aobivbivui, FTHREMRLAVEMLLZYVSEZ L
I2E D, FEEICTH THUEREHRO BT 23 A 5 h
TOTHET H.

MRELVFHE

HMRIIREERT 271478 ANGHHES A, K3 A, F
¥y345%) . MR IXGEH M B AIMR 2 ESIGNA hori-
zon 1.5T T 1 A JViZhead coil & H\ 7z,

73V A1 & L Tspoiled gradient recalled acquisition in the
steady state (L FSPGR{Z:) % Hi v 2D-time of flight 3 (UL 2D-
TOF) IZTHIE L7z, AT A AW IZHAIRTE L, /S5 2%
—IdTR = 40ms, TE = 4.6ms, flip angle = 75degrees, NEX =
1, matrix = 512 x 128, FOV = 32 x 16cm, phase FOV = 0.5,
slice thickness = 2.5mm, interval = Omm & L7z, (%
T RBREAEIE L& L D THN2Sem & L7728, HRigrsm
(L4331 hotz, Tz, BIREXVDEFE LT
[Zsuperior presaturation pulse (LA TFS-SAT) /L7, 15
% M 72ICHEIf% % maximum intensity projection (L4 FMIP) 4LEL
L 124 [l gnim 4 % fERE LERES L7z,

Wi, 1D LTWRVIREE (free), 2) B 57 % BRIMAT
THRIM L 7=KAE (BRif), 3)43°C B85 T TFhE% 105N
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Table 1 Ilr'r:zgg:gasr(;o::;segf;?f dee{a ve%\igsai?ofour diﬂ?rent concéitionss ig 83hea!thy”vc|lu)n|tee=rs. W, BRiL# Nz 5 & KARTERER
S n a scale of 0- =non, 1= , 8= , 3= ) i e a1 531 B 5
g 0 poor goo excellent DESLHEET 2 %), VE IR
case age, sex free comp warm  warm + comp ORI, free 1T & A VLD
1 23, M 0/0* 0/0 0/2 1712 L, IRY 5 & EERHER X
2 25 M 071 0/2 213 313 Ao & e s L)
3 33, M 110 10 2/0 2 2, AHIE RS O%
4 55, M hald 00 Al 3 BERIETSTROONS &
5 47, M 2/0 1 2/2 2/2 Il ots LAL, KRR
6 35, F 0/0 0/0 0/0 o/2 VIR, BSE ¢ o
7 35, F 2/2 2/2 2/3 23 o .
8 38, F 0/ 0/1 2/2 2/2 %giémg%%ﬂggﬁ%%
(T2 5 IZEAFICH n, &
average score 0.56 0.63 1.56 21
2 score. L : 3 TlRo& ) LAETES. ¥
comp = compression using tourniquet = left/right

L 7RG (hniid) , 4) ThEZ hnil L 2> 0 L &F CERIm L 724K

RE (iR + BRIM), & 4 DDFMOD & THRE L. 3,
TR R % RS 5 3 ROWHIRAS, ThhRMEE T
LT3 AL bEETE Nidexcellent, 2 AKFETENIE
good, | ALDFEZETE&Tidpoor, 1 RABRIETE LRI
dnonk L, H4IZ3 4, 248, 14, 082527,

REIEEIL, 1) 4 DO T TO TRRZEEREAR O H 8k,
2) BRI & IR D &5 SHEFMTH o Fzhlblg, 3) 3 K0T
BRIRERIAR D% 4 OREHEE A IR + BRI OS&M4T T, @
3DOTH5.

KA T REFIREEE OMBTRE L LT, THEREEDL
&N T BIORI0BE (B4 A, 3 A, FH58HE) I
XL, €OEANCERILEB X OhiRGEH O FHEMRYV % KifT
L, T0E O TR AEIRS Ak % LhBORET L7, HiRER
i, IPEAGZ IS TR BB & RBRES 2 BRi w7 CERINGE, BW
HHIR & 0 #EFAI40~50ml & FIFAYITEA LT BRIEEREHIR A
EEENTEBATHRE L.

B R

1) 4 DDEMHT TO T IREEEER O fe

B A a7 idfree 0.56 4, BRI 0.63 5%, HNE 1.5647, N
i + BRIM 2.13 85 Cdh o 7= (Tablel). JNiR + BRI TlE, Ao
7015 KL 1 o7ehs, MidT<TAaT2UET
Hotz. THIEMAHIROM B ICEEREAZETI R o T2,
2) BRI & AR O A RO ik

Fig | D45 IZBRIMIC & 2508 %, AEoICmiiic s 5
WERERLT. free COMATTIZO &, ML TH#HEAD
TRIOFIZL2 % 56T, 2OHRIZIEEAELZVOIIH
L, RSB Aa 7325840, INROREITLAE
pofz. LaL, BRmb IR L /-RETmz Shiig, 55
IZBWTRAIATOLEABHALN, AT TIF255H 53485
&Y, BRI SN,

FEB % 3273 5 (case 2) (Fig.2). free Tl HERHHIRD A
DTPICRETE 5%, 2OMOFEBHEIRIIFAETE R

7z, MREEBHR X Y D55 1388

EHELTWA L DD, KRE

Bk & W OESFHELELTWS
7o, RRTWVERLE Lo TWwA,
3) 3 R0 THRELEHIR D & £ O
i + BRI D46t T T FBREEBIR O & & O =R
I, AIREEAIIR31.3%, RIEERIRO3.8%, BEE#IRS7.5%
TdH o 72(Table 2). FIISEFIROMHBEE I, Fob
NTHMAT LD %D 72 (Fig3). T, HBICEHIR & B
BRI 284 08REHRG LI ICLT2RI ) 2
STWBIENLVDIZH L, HEEEIRIE 1 RXTHs S
DS or.
4) THEREE B BT AMRY & BHIRE R OHEH GE D B
MRV TIX10f, AIRCE#HIRDS 2 B, HEEEIRS 8
B, BEEEIRAT7 B s h-ds, BikEE ik, Bob
DO, 98, 108 Td -7 (Table 3). MEOIHEEL
Wt sk, AIEEERICELTIE, MRVTIZHIH S LD D
OO, BIREETIIH SN2V 0108 2 -7
5, RIRERIRCHEEERIRICE LT, BIREE oA
HaENbOWEL 2L 3B 72 (Table 4). LA L,
EEIICRS L, MEOMMBEICZLALEZZ R
(Fig.4).

z ®

MRV & 2 TREZRARAFIRAE BT LD TR E LT, pulse
sequence FDIRIEIEDU R, Gd-DTPADIRTI4HE%hHE %
HitF L7SEREMRY,  IREREHIR O L5 & OB IN % #ife L 725K
M & 2 KBRS COFRMEA R SN T E 72,

WfREIZE L T1d2D-PCi?, 3D-PCEEY, 2D-TOFE¥
2K LT HUERDFHEIINMA, FSE(fast spin echo) 7,
2D rephase-dephase subtruction{%:*, 3D-Fast STIR{E®,
Hybrid Fat Suppression Multishot RARE{E" 72 & D L il
BEVRESN TS, Fah T, BRMMREICBI)S—
WD IR BTSN % FIH L 72time-of-flight echoplanar im-
agingi#® b SN TWA, 2D-PCHEIGERN CIBELTE %
72, MFEEEEE DL EEE & MR TR 3 5123
HTH %%, #HEEL Y 2— Fi(VENC) DREEAHL (, &

HARER SR #5744 115
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total score 9 10 25 34 ] 25 10 34

comp = compression

Fig.1 Diagrams of the effect of compression (left half)and warm (right half). Compression is not effective,but warm is very effective.Warm
and compression is more effective than warm.

Table 2 Detectability of three calf deep veins in condition of warm and compression.

1 2 3 4 5 6 7 8 total (n=16)

AT i e e T AR NUp— 5 (31.5%)
P.T H+ o H+ H+ HE HE =+ HE 15 (93.8%)
F -+ H+ At HE HE 4 HE HE 14 (87.5%)

A.T = anterior tibial vein P.T = posterior tibial vein F = fibular vein +: visible
—: not visible * = left/right

Table 3 The number of detectedcalf deep veins by

venography and MRV in varices patiants. Table 4 Comparison of detectability between venography and
(n=10) MRV.(n=10)
MRV Venography MRV > Veno MRV = Veno MRV < Veno
AT 2 0 AT 2 8 0
P. T 8 9 P.T 1 7 2
F 7 10 F 0 7 3
A.T = anterior tibial vein P.T = posterior tibial vein A.T = anterior tibial vein P.T = posterior tibial vein F = fibular vein
F = fibular vein Veno = venography

FH. 949 H25H 3
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Fig.2 Case2. Change of images in four different conditions. (A)free: Right fibular vein is visible,but the other claf deep veins are not vis-
ible. (B)compression: Right posterior tibial vein only becomes slightly visible. (C)warm: All calf deep veins without left anterior tibial vein
become clearly visible. Great saphenous veins also become clearly visible. (D)warm and compression: Left anterior tibial vein becomes
visible, and the other calf deep veins become more clear. Great saphenous veins are disappeared but small saphenous veins become

clear.
curved arrow = anterior tibial vein, white arrow = posterior tibial vein, black arrow = fibular vein, large arrow head = great saphenous vein,

small arrow head = small saphenous vein

SICEFIROBA O 7D 121347 < £ D 3 A0 (B #Y%, #EHFSPGR (fast SPGR) & FIH L 725 IREF T D 3 2k
A, BIBIROW Y, BIROA)DPLEL ENRTVWEY, — TEHRAEY OIC T RIF R RISHE S TWwA. LA L, Gd-
73, 2D-TOFEFLEASEVERICIIAmMETHY, F/oTF DTPA b BIER A 22 v E 13V 22.2~2.9% 12 BIVEH ASH 3R
BRISHIR V72D SO 2 W L 2 udsh 6§, TAHEINTWAEY, #HED-TOFE T, EAlE i+
B PB b VI RELH DY, ROLEETHILEL AT LIZEDSSATHBEFHA LD, HEEOFTEIRDES
TEENGS N0, bhubhidRE: V. BEE SRPE IR & RS2 DL B L, BiROFMHOET %
b 473378 L FEBENTH - 7. FCELTWAEY, £, #FEFSPGRT b Bk & RO

WA DMERIZE LTk, SPGRX°GRASS (gradient re- PRSI SN TLE D 7280, BRCWE OFRBIASHEEE &
called acqisition in the steady state) % FJ /] L 7215 52D-TOF 20, EEAESEZROBNRME: OBSLEIIRL LS

HAERSE 85758 115
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nTwaY, bbb LIS, BROFHROFEHENS &
9 [Zpresaturation pulse & ff &3 Iz L7z L 25, B
RBERYWRKERSOWb D e ofz, BIROESZHD
LIOIER LR, BROEFHMLTLE
Vv, ZOL) LRI oLDED, bitbhokElddE
EHTHHIZD
TE&, RRTWVE{ZIZR>TWwA.

L CTOBRMICE L Tid, RAFIRMGEZERT 52 L
&, FESHRICHEL TV MRS EIR 1A &
YN BTz, RO ET S L SN TW5BER,
2D-PCHEIZ TABREE BRI T 5 Z &2k Y, S 6fkIcT
BRERIREE IR DR A EATA S N & T A EVH 2. L
#L b T-7:2D-TOFETIE, BRMMOFFRIZIZ L
AELPoT.

F 2 TIREER 2R S, oliiEE A kS ¢ 5
ZEEHIFELT, TRREMELAEZA, EFEHERHEEEERN
EFGon. CoORETCIHIZERMEEMNTSE, il
RIS HICmMELZ. Z0EMLE LT, MRLAIRETIE
EIEIRO A% O FREFHFROMIMD YKL TBY, £0
T IZ & Z);? [m%ﬂk[ﬂliﬁi?fﬁﬁﬂa)ﬁilﬁi bREWDEEZL
bhiz. , BLToBRmX, MUAEFIRE Y OET%
@@wﬁéﬁ%%mm KIRTERIR & 0 DEF LS
B8, FEBIRE DELR Y OLR G ENWEMIP 8555
bhdtvHflmbHor.

MRVOETR L0, FilEE R IR 2 RO LItk
A CHEEASRZ &b A D, 7 RMEE _ETORRIL
TIAT o - TGRSR T, BB RIS S h
TWhWnZ Edbhor:, 22T, THEEIREOHHRE
E LT, 2ARY EOTHRREEERRFIR D B HHERE S o T4

FH9EIH25H

, S-SATIZTHMRDEF A SEEIHT Z L8

fEefr e 651

Fig.3 Case 7: In condition of warm and com-
pression. Anterior tibial veins are very thin com-
pared with the other deep veins. curved arrow =
anteior tibial vein, white arrow = posterior tibial
vein, black arrow = fibular vein

EIRGET A L, lEANIB W TTRIESSENRDS 2 4Ll _L[FH
ETE LML, ABRESRILAEH2D-PCEY T37.5%, B
FSPGR#E:Y T35%, EHSPGRIC & 52D-TOFEY T38% & fik
RTHHDIZH L, bivbhokEld, TRAERMEET
MR L THRETEZ A E WA LWEHFIZH b 68, 875
% EEmWIHETH - 7.

MRV & TR S AR A S & b L7z &
Z A, THRESEROHREIIZ L A EEIT R d o 7295,
%% DEHIROFHIFIIEIBROES 21T L TE, MRVD)
Do Tz, THEREEOGEL LT, §FTERARL
EEHEROBMFOFERIMEIZL S @%ﬁmam?ﬂf% RT
X {ED D B4, 4%, MRV THBEA L - &l £a0 60 E %
EZB LI ET, K4 OFEMERE FEE L2250 OFFIF L
Bk Bbhi.

EBROBKE T, T2 s THRICW 5 ILH#E ToO®
BHREDELRBEDNEVEBbNED, Bk, S &AM
BIR < MR ARAR L A0V COBRERRIIR 1, FERERZ2D-TOFEEY,
2D-PC{#2, #FSPGRES 7 &FE 4 O )2 TS
HHEhB EHES N TS,

R

L EEERT T4 TR, JEEF2D-TOFMRVIZ L A
}Jﬂh—n\ﬁﬁ%"lﬂﬁ'ﬂh Hiz oW ThES L 7=,
2. T%ﬁ%ﬁ%@#‘ [ZBRILIZIE & A ERIRATR Do 7
S, iR IER _fﬁriﬂj?.%o 7o. Lo, BRI gL 72
W%TMi%hﬂfﬁ%f%h TRREEE AR AT 2 ALL E
ﬂm?*%ﬁ&bw5%<‘of
. IR & A VEEEIR OHEE & M EE OB R, BRI
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& B RAEEIRMLGE O VRE IR~ DFEA I & b $5H s A5 L 6. THHIREEZFICBWT, THBkER & MRVOTE +
LzbDEEZ LN, WAT LB L 728, TRARSEHR O HEEICIZE A L1
4. JEIEFL DI, superior presaturation pulse TEIRDES i

ZREEICHTIENTE, BRI O ENWEMIPED S S

ni. AR LOE G 34870 HAEERGHMZENE - NER S S
5. RIREEEHIRIZMO 2 AROEEERIC I LT <, il (19964F, JLET)IZEWTHEELL.

T 5 72,

)

‘ H|\ (8

Fig.4 Images of venography (A)and MRV in condition of warm and comprassion
(B)in the same patient.Posterior tibial veins and fibular veins are well visible by both
methods. But anterior tibial veins are slightly visible by MRV only. curved arrow =
anterior libial vein, white arrow = posterior tibial vein,black arrow == fibular vein
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