BERICKDKRENR - RIEBARE DIRERFHEE ()

AR SN - BT ER A
AR HEFLE

REIAR - AAEBIAREB WM A B I A4 Y /INRRS
THE mE UL

RIZEE BN 2

ANHRTERS, APRHZEANY, ik

[IZC®IC])

TIRE ] & ASBDIR - BRIR S %) > 7S DRIRTH 1),
Bk IR T ] ERRLCTwa. MmEREAICIE
ARG E (B - SHEDR, REIAR, FEER - B - K%
EORE) LEIRER RETEIRIMSEZ &) 2°&
5. AR TIIEREACE R B OB, i ()
REMICHIIRKE 2T 2 7% EOER S
DOEEoCEL BRIEFIIHMT L7720, &
T Ol & 42, BIIREEOZE TR IROFHER
ZOREMIER T 2LEN D .

[B#Y]

e L AT BN (R, TR RFE, mi
FESE, MR, R Z &) & B LI & % B
IREE(EZRETH A [KBIIR - RAEEIIRIEZE | OldE
PARATNZ X HIEAER 2RI T B2 1R $ 5.

(&)

BREE ORI, P (ze, k7, Wz
) LYk GBI ROBUERS S 5.

KB (aorta) Tid, KEJIRERL - WEEDEED
NBYE T, KEINRIHE (R B 22 BR B IR i %
Lo, WAL L HFHOFM), WHKEIIRE K
BIRBEZL, ~ V7 7 VIEBEREZ oM SRR EIC B
VT2 KEIIRFERILAR, AR % 18 ) REIIRREA L1
B, REIROFMGEATR R ORBBI5E % &S E £
NG, RCTREDIRFEEDOFEBEIEE, FFICEIHER
TV D EEZONLYE, YV T 7 VERERR
EOREEEEZORPEDOA ) —= 7 (#f

(50 )

RO TR ORIRS, PG ANHE Al

W7 70 —F), & L CRBIRGEEDIGHE A
BIRLELET 5.

S HIIEERREIIR T, PESSIAEN IR, M,
MedE, T, HE, BIREELMERR R E 72 RENIRE
DHEEFEZET HBNBIT 2 REIREOR 7 ) — =
Y7, AT Y M7 b (stent graft: SG) BT
%) — 7 FHiIICH 5N S,

oM, BN EEIIREZERE, IEREBIRELS
B ERE R, SN IS BRI 2EE 2 & #IS &
U

FREEIREE (peripheral arterial diseases: PAD)
DIRFETIX, OXRMMERREE % 5EbE 2 EIRPLHT R
N bE (G LA/ —HB%R, EBE E5,
IRE%SY, MEMT 7% &), KU PAD Of#HI{R T
DB, QOBNREOBEE, QBIEHIREOMRI & 5
e ETCHINH D 5.

(1&%E]

1) #A&RE DA

et DAL, B 2 B & L, BIgEIEDS
KON X HICTRT 5. FREEETIE, M
BARLAS %\ ,

#& Mg 7 7't —F (Trans-thoracic echography)
TlE, OREIRFEF~ FATRKEIIRAALE © Ao B
77— (EMELD), @EATRENIR A~
ke 7 7a—F (GREIEVL), @R~
ATRENR LSS : e Bgg7 7a—F (MEAVRD), @
TATREIRB TS OEE T SO — IS TR
L. WEEFZ» S OEE 74 Y FOICBET 5. 3
o7 7u0—FTHHETE2,E50H 5. JHED

WEZ ) =y 7 REEMRFERES Y > 5 — AR, IO E IR RS EA R, E I IEBRE & — R e
#8, BIVE R R R AR, A S RE AT R R, TR IR LR R RS R AR - R, SRR R S b v B AR A
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FEEET 70—, W& AL COBEE ST hE
Th5.

HEE7 70 —F (BT I — % Trans-
esophageal echography) <Tid, L4T, =#, MFHT
TTREROBIEDS TR TH 5.

a) WRENOFI AR, oK iERE
72D, TIRARNCZ O B (BRAEERAL O FF- 72 &)
RENE (70— T2 METMNANLTL2E) 12
DOWTHH L THE L. FICTHETIE, THEEDA
o, BErs [BER] b0 ThERTsZ L
FOHHALTBL. QILEZR SIIARETH B 05,
T —THRBTENRWERA (B FirEl 2 &) 1%
BATE .

b) BRAEFOEE - AR, TR TIIET2 S

S ORI IR 72 & O B4 MR L CHRMG S 5.
T 7z, B BB OMARL, @2 N
AN - EE R ETHEY, TIANY —RELE
RIS 5.

AL L, REAEETILM A, WHSEEDRE, %72,
FEGIC & 0 $EEREE, RO G 2 EET 5.
2) T DFER

BRI S VRIS TlE, MBEREREITRED S,
i cidt s s M7a— 72575, KWE L&
5OEES, TATREIROBIZIZIE, v 703 Ry
AR Tu -7 HEHTH 5.

BaEE7 70 —F (Fig. 1) TlA~VF 7L —r
B2 5.
JEECIZa sy Xy 7 2R Ta— 7% w5,
RIEHR (KR~EEERK) Tl EE 5-
I0MHz) V=78 7u—-7%Hw5. LarL, #
o ERRENR - BB EROBIZ) CTIIEERE (3 -
5MHz) 2> Xy 7 AMEZ WS LEFTH 5.

(b) MRAAEZF ORRAE SN © M ARSI L2 38
TELIRICWEEEZ YA FI v 7 Ly VIS5, 71—
AL — MEHESE30 LEICEREL, 7T —EL v
D% 50 cm/sec FEEEIZRRIET B, ARZEFRAL R AL
DO AILE 7% & T O # N ERS> (1.5 m/sec L&
%%) TIX, w7 &8 (GEfE N7 7EEH) 2 H
Wwh,
3) BROFRRAE

(1) BEREES

Wik R, #iEoAM, KORA GEE) 25
kD7 ETERT 5.
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] &
WEE7 7 v 7 (RH) 270, ELIWRKLEEZIER L
TWna5,

(LV : /£2, AoTL : ELJE, FL : 1AHE)

Fig. 1 fR#ErE AT KRB OBl%: (REEE D)

RT: 15, POP A: I EIR, PSV: peak systolic velocity,
AcT: acceleration time

Fig.2 N7 782k 2%R (E: 77— N7k
i SVARTFE)

7272 LEOREHIC 2 DA% PR3 U, ZOR
D Tld .

(2) HZ—KRTZik

717 — R 7 EoFR ML, AR a1
(A Mt & ARt (BEfR), & EH 5 Mz &
fr (EmR) &35 (Fig.2). 72720, BHIZh T —
NW=ZFIRTIUL, ZORY TldZw.

(3) INIVART Sk

N7 Z M I O BEKR 3T 5 i RO FRRIE,
B2 Mt % 2 & 0 B GEoHm),
S5 M (Fig, 2) 23 L) T h (Bodm)
WCERIRT A, 72720, MiRARZRRETIUIZ DR
D Tld 7.

F 72, BIIREEIR & ORI, MEEIE Ol &
VEL T L8, LCEROFRISGESHSEHTH 5.
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4) 770—FHik

(1) ERRMAEDRE

W5 & 2 B IR S A OBIEE, I8
Wi CREWrIR) &I R iEwrg) o 2 Jn
TATI A, IREOFHIE I ZEEFIIC X 57 7o —
FOHERTH L. 72721, HEEAR I &7 (#
OHE) O2HEUY ST T u—F L, BV
HWARR M ZH ) &) ICBSET L L)% 5.

(2) R

HE PR OBEHEE, KEIRCTHWE (14T,
SEB, TAT) ROMEEE L, KBRS AG ISR
&8k (common iliac artery: CIA), #MEE Bk
(external iliac artery: EIA) (Fig. 3), K B # Ik
(femoral artery: FA), B#EIIR (popleteal artery:
PoA) M UNTHRE=/7H (HiE4 anterior tibial artery:
ATA, A& posterior tibial artery: PTA, BEE Bk
peroneal artery: PeA) 7% & OBIZEWHEZR IR (PTA
K OEEEIR dorsalis pedis artery: DPA) &3 5.
PFIL U T EEIIR (internal iliac artery: IIA),
KBEREEINR (deep femoral artery: DFA) DO EhHR b 81
295, W, RN ZBIE2S, KBRBIIRO AT Z,
# K BE (common femoral artery: CFA), i Kt
(superficial femoral artrery: SFA), % KB (deep
femoral artery: DFA) L F53 52 &05TE 5. F72,
WHEORMIGERBEER 7 1) — =~ 7IZIE FA, PA K
' PTA, DPA % 7H, 1A I3EBEPUREHINE 5 5.
5) FHMBIEB OFHAEEEER

(1) FHEEE
BIRTIE, EERRA T, RO B IRE O
AHIIZ VTV 5.

MAEE L, mER (Pkze, LR, HEE), mE
BEQIREE (77— 7, ik, BEEKR L) 7 ET,
RIS & 53 5 IR 72 R % 57§ % (Fig. 4).
PR % A ARSI, WEIEH & L CHifEsE
FEREFRE L, LEIS U TR RO 5.

S HITFRZETBA T OMTEH S FIRFICATH) S & &
5.

F7-, MR <TIEH 77— N7 IET, RO
fili, 7$)VA K7 F 723850k K 7T TR,
WG, 26 F2s ) BE 2 5192 ().

F 72, BIIREEERAL, ERE, A EHIL, BETE
Iffe O MR A AL S B & CRHIS 5. FEICEIR
JFEOY AL, ML OEH O ET 5.

B, HEWIC X DEIROHME R E RS 55
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BBk

S} B Bk

Fig.3 WBEEIROBIZ (2 >~y 7 28 Wik,
%

)

NT—KT7

TR R
CKBBBUIR - 72 © BT, 4  HEWF(%)

Fig. 4 PAEFOFHM () =71, WriEg)

(24, IR D R (TR - EIREICIER D
720, WEOHERLHERZRLTRRT 2%
HE3ET 5.

(2) EAREDETA

BRI OB IV B IMEFEOFHINE, §
EIEFHT A, /2, A7) -V IREICB
LEIIREDRHANG, A 2 BAR O e/ MERIAH X 72
TR ARERAO &6 5 20 OWi R TITV, FHIAR A
> NIRRT EEAE X 72 3R R & L, eI
(EFHIFERAL & RHAE 2 FLild 2.

72, ME— FUSLEM & FAFFRLLEAF TS 5
Yie OBIREFHIORARIL, BIIRORNE, T72Db
BOOIRREY - LER QRS WAl £ 9% (Fig. 5).

RENRFEE ORI, RE& Tl R &I
WENDWHORIE R KEZFHIT % (Fig. 6a).
Hamig (%) TIEIROREHEN S D EIC S
B EEECHEOEZE (HF) & 238 E (1§
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Fig. 5 IMEEFHAEE DR (QRS WA © L%k
R TER)

M) #eHil9 2 CREIRIGAMVER CREED. 7272
L, BUSILEGITIEEEZEHNT % (Fig. 6b).

(3) PlEHMEARE

WL LT FEUMOWEETT -2
(mobile plaque) P SNLLGEVH L. DT
T — ket 7T — 7 kb, iRk ) E)
MrRL, EBRIEICEEILEL SNTWAD.

6) /NILA RTZIEIC KD MR

(1) B> 7IRA > MOERE (Fig. 7)

MFDF > TIERA ¥ M, SRR TIE Y%
PLICRET 5.

RAED N EE, B2 BH{RA S N5 HAL
(AA, EIA, CFA, SFA, DFA, PoA, PTA, DPA)
WCHHICEELTL Y., UL, mEEIET S
AL, MR, & S DUEAT R E
M=, MFOENDEL L 0B Y, FHI
AL & LTI Tld Ao,

TN A g, EEIEmEEDO 1/2 0 ET
MNP E 204 Xk L, M REBICERET
DS, PAEEALCIIR AR A ZERB L2 v T v A
RIZHET .

N7 7 AgHmE, FHllEAEZERE L T 60° LINT
DFLFkRE ML 575, THERFPCASGHE 2/ &
CF2E91Z%ET S (Fig. 7).

(2) MR O

Bk o Myt s, 2D 72 WIGEI2EmH o
FA, PoA J2USDPA & PTA C, BB ZMmi{% & Agt
DS N EALCEHIIT 5.

F 7 ARAED B B ZIL T DRRAEER & BRAE DRI
AL TR 5.
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swacazars TMEANETED

bl IR B
o
L]
¥ b
) LT
ABTEE

Fig. 6 a #i$EDIROERH GREENDIEE)

BREEDSBE
FBAEALFREHIAEE) REXH

RBBGOBEXRAE iR (REMEXRE) ORE

FHEE AW

¥ ¥ X\
(on
-

Tt

t

=

Fig. 6 b £ EOFHI

Fig.7 7V A N7 Z 3 Co M

SR TE B IR B 5 LG 2 (peak systolic
velocity: PSV), $LERAHAIM A E (endo-diastolic
velocity: EDV) 7% &C# % (Fig. 2,7,8a).

IS B0 iy 1 (acceleration time: AcT, 100 -
120 msec Aiili TIEH), DU ARG / JL5R A
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bt B T N iRl Bl ey, i ek LT eETy

Fig. 8 a It EZ P O R

BB H EASY & BRI
32
I SRR O 25EY, T 7213 ’ﬁ
M RIS O K L, DGEHIETEA 2 72 5 H
VDG, IR E T 5 TR

o s

2D IR

Fig. 8 b BRI BE T

Jii# . (SD ratio), #EHUAREL (resistance index: RI
i), MOFHIMHLHEE (mean velocity) % T
MEMRE (pulsatility index: PIfif) 7 &%k 5.

MAEBE LA LPEENITA4D S SER IO
(Fig. 8b), WIECHELIL O H M, PRA2HT & Ragiiin
H % @ PSV @ 2 (peak systolic velocity ratio:
PSVR = SRz AL £ PSSV, BRZE T PSV) 5405
P e TE % (Table1).

ML O FFAf LR A2 AL O H 5E - (GEE 1. 5 m/sec
DEIHEBERERY) CHEHATH L. HEFRZET

T, MEEPIEL 2> TWLDT, HT7—F7TJ
FErHAVRhs, )R LIS (aliasing: T /1A
EEC72A8, RRE SNt s Ll Fic# 2 % &
RN S FRPFEOERM S22 B - fl 2L
HEARIZ, LRAEPTHEICRLHR) ObLHE
ERERT.

Jpn J Med Ultrasonics Vol. 39 No. 2 (2012)

Table 1 REEIIRIAE O ) by it

o | BEREER | IMGRIEE LT PSVR
iEw 0 = L A7 L
wOE | 1~19% Y <2:1
MR |20 ~49% | A <211
O |50 ~74% | HUMTE >211
75 ~ 89% >4:1
90 ~ 99% >7:1

Guidelines for Noninvasive Vascular Laboratory Testing: A
Report from The American Society of Echocardiography and
the Society of Vascular Medicine and Biology. 2006 —&BLiZs

Hi & {5

rr | H

wli

N

LA

CETHPE

ﬁ miri

Fig. 9 fEAERy 2 KEpIREE (B1)

7) PRARMERZ D FTA

(1) BAROILIRMRE

a) 1IEFE AN E MEE % Fig. 9 12RT.

FRMEIROBZE LT, BEBhilkiE 13-
7mm, KBRE)IR A 10-7mm - it #5980 cm/
sec, MEEENIREEAY 7-5 mm - JiLHfY 60 cm/sec, J&
B O%EEBIREER 3 -2 mm - JiEHEK 30 cm/sec
LENTns

b) FDEF  BIRD /TR R % 2 T
PR L72IREE & L, IR #FR IS PRIR L 72 955RE  (arteri-
omegaly) & IXXHIT 5. JLAROFEE LM F O [FE
MEIRED 1.5 B2 HL LT 5.

PR L 728k E, BERMECTHET 22 LE3HE
HCTHDH. BREFEICA SN DKL o —[E#EO#5

WCEHT, BIRE DOZEOF B TIMIE & AR O
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Table 2 J& O HIZ W

- BBALR C BGEE (thoracic; TAA: E17, ZEK F17)
HgfEEE (thoracoabdminal; TAAA)
JEZE (abdominal; AAA)

- JEHERY ¢ ELIE ; BYIREERE i 5 1 B A
W5 4.5 cm, JEEE 3 cm)
JEREVE ; BYAREEIN IZH 7 e (15HE)
WP ; BIREES I 7 4 JE
JEIR e, IR

- AT BIREE(LEE, KAETE SRR &

MTRETH 5.

Bk (Table2) DFWITIZ, FALZM& LT,
fgER (thoracic aortic aneurysm: TAA, 4T ascending,
=¥ arch, T4T descending), HE# (abdominal aortic
aneurysm: AAA), Wd, KBR, IR, 888, L,
SHICHE F, B, &, - - -) TBTE5.
ORI ENE (NI - il - SME O =D )
true), fFEEEYE (PO L XV TEICHBEL T,
Frz 7l - MBE 2 TR L3R L 72956 « dissecting),
IR (BHARMIEE & 2838 L 72 BIRZF O JE : paeudo) 12
Griiis. JEIRIER & CRSRIR & 38IRI271T 5.
TIEH A X JEREOFHNE) 2RKRE (R
TEHl (Fig. 6) L, ZO5 A bRLHkT 5. HIZ,
BETEIMNA: (mural thrombus) O #ERZ DMK (AC
A > : anechoic crescent sign - Fig. 10)) =°, FEfF
RO~ Y PV A » e EL BT 5.

OyNIRE

KENRO Ko, E#ffzim L, KERE Bo
AR, AUmE & ONERR, WHER, BEoMEIRE
BIZ 5. NERBIR, BEHRBIIROZEEMEITE
Z130-35mm, 20mm ThH, WEHTIE, FEIK,
Fh$ER T 45 mm PLE, JEHECTIE 30 mm Db & d
HTH5.

J R A EDIRIE Tl 60 mm LLE, JEHTIE 50 mm
Dk, #B a3 e IR Tl 30 mm Pl CFAlr o Z E A
VBT H L. 75V NTHENNREE - KEVIR A iR LR
(AAE) - ifr FATREIRIE - SE8 (Fig. 11) 13#%
Wl r O — U X BB RETH ), S HITHE
BLa—#Ealwb I eicdh, S5ICFEMaBg
VIR TH 5.

2NV OV NTA B RIS T LI ALER o [F] %2 X2 A& S D
DHEZZWIT 5. AAE I, 2NV LN OJEK &
& 4|2 Sino-tubular junction @ { I DH KD 51k
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.

JE IR D BELE AR D ER T 1 2 ARAL B G T, M3 7 v,

Fig. 10a  ACH A U4 BEIEERBIIRE (REWT5)

fifeile & DR & 3 A EEEORBIIRE - BELE AN O
[ACH A1 >~

BRI OBEFEIMAR N AC AV IZIMFEAME <, Flide
WCTHh5D. fHEETIE tear & flap 3B V), MBIPEANIZILTE %
RO L. (BREmEERII2EIIcoRZTSNS)

Fig. 10b AC YA > & 0E ) EMNEERBIINRE (HE
{5

5720, REIRES~ AT KEIREZBIZT 2L L
b2, FAROILHEE, KRR ETROMEZ BT 5.
VN7 7 VEBERETIE AAE OGBS V0, B
ICHEEPLETH 5.

QREINRAHE (eI KBRS

RENRGEHE I AT 2 B2 TEELREETH), A
WO IR B LETH 5.

KEVRFGBEOREEZINIMEE L 727 T v 7 (NIE
EHED —H A 5 B A BREE | Fig. 12) ORHIZ &
DURECdH 5. KRENIRBEDSRIEE L, —HEIZZ 5729
RE (FEWE : true lumen, 1AW : false lumen) 7% [KE)
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Yy yMTO—7. SIICEREERD L.
(Nishigami K. Journal of Echocardiography 2010 8:150-
151 £ W 51H)

Fig. 11 B KBRS

Moa M

Circulation Journal, 2006. 70(Supplement IV) X D 51/ .

77y TIIABEE PEO— R 515 A R D A

FIMEL 7oA & 1382 5.
Fig. 12 KEWRIHHEDIZTE

MRiEEE] T Y, EPIRL TBZIEM L 725G
[fREEEREIRE] Eens. WEL, [Eof ]
THIREICIX B S 5.

FEMGEE T 0 —E12C, BRI PE D S HHEORHA
WEETH Y, FF12 Stanford A BFEETIL LY VRS —
7, KRENWRFTSTROAH ER T OEERE, FHEOTH)
NRAN DU N ) e BEEB) S O W H, KT

D% 4TS . BT o — R X A KEIREEED

IR (L 59~83%, HFEE 63~83%Th 5
(hgm BEBEITI—ETOBMIREIL T~

Jpn J Med Ultrasonics Vol. 39 No. 2 (2012)

vy BT O—7 JEKEINRIC 7 T v 7RO D9,
FEOIKITIE DT, MEEYERBIRE T a7 <, REYIRAF
HEL BITS 5.

(Nishigami K. Journal of Echocardiography 2009 7(4):85
L OGIH)

Fig. 13 REPIRWGHEOBE VG (EHREIR)

100% &\ bl 2s, EREER CRAE LI — KA
AT HEICIE, AT OOIZIE EADS
LN E L A5 2 WHBE R & 5 T 134T .
BREBTLI—FETIE 79y 7 TFITREIR TR D
S BIETE L. (BPEPAZERLFREE T I B IEA R C
72 NG ERCIMARTER AT & A EHEA TR WY
EbH LY, FEELI—ETMRREZ T 5
WX D HEERIATRE T 5.

MR B IR RAEA LR 2 D 2

a) REVIRHGIRAGZ

REEET 70— F12 &) BB REIIR 313244
TBIETHETH 5. WIRIRE i}@b}m%ulﬂ SEY
BoObN, ZOREL R, EEETIEIHEX
FThY, HMEDOLALALNRVD, HIRHE
HHETS B L NIEONIE, FEREmRA, AIRILIRZ
EEERE, BIRIREDPROND L)1 h 5.

b) KEMIRAEA LS

AL EZALIZKENR M £ — FZ v, KEIRO
UJERIC B A RZAGIC X ) 5FMli 5. BhIRMELEE
% # b T I51Z B (stiffness parameter) = In (SBP/
DBP) / {(Dmax-Dmin) / Dmin{ 2SE&=IZHWV 515,
(Dmax : PUERI SR KBRS, Dmin @ /N KEIIREE,
SBP : [WHEHAME, DBP : $LER I F)

) EyN R

JEEE OEAE GIRAL - B EIIRS L EENIR & o
BsE), Al (fReE, B ), BEHEOBEIIE
W Gk - 22098, Ae oA 1 & Ik (BEFE AR,
ACH A Y OFEE) ROREWNE (¥ MuvirA v
DFEAE © Fig. 14) Ol 2175, Wiz, F#i

(@]
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Fig. 14 JOESENEERBINRE (R SRR =
I —)

fiiE & DRV LIETH 5.

HEIE TIEZOMORRE L L T arteriomegaly,
Leriche fEf%H#E, shaggy aorta, ATIMER AT~k
777 b (SG) ARG (L, NI,
AT v PG, V) — 7 % EOFHM) K O E)EIREE
TOFHMEIZ S HVSNS.

JEAEOFHINIRIR DM Y, MAIIHHE T T
& L7 (Fig. 6) TEMAIL, FHUERBEE [
HiEE | CRMIS % & CT 12 & B FHIERAL & 2Bl 3 5.

G RBEYHRIE G DS

BNTIMEER - BHERCAT Y N7 57 ME
M) — 7 FHEZAHTH 5.

OEREIlRE

KB IR T B IREE - B, A, feeding
artery % [A] 7€ L C, IGE T OUIEIZHF G T 5. K,
FAHBEIIRIE TR, Gl 7 &0 D s 12
EEL, £o#BI21E, to and fro pattern I i
(Fig. 15) OF WO ROF L %2 5720, ALEHOMH
ENEETH 5.

8) FRERSHRADIGHA

Class I E & LT, B EBIIRFHZEE & I8
PEB) IR 4G ERE B RE S V), Class M & L CTE
PR EIEEIIRPAZEIE DS D 5 (H ARTEER AR A
FEVEBNIREE DR A BT 4 >).

A7 M7 T 7 (SG) HEHTOSGHHO
ML 7 F VomBIZEHTH 5.

9) RHEBARDIRAERE O

(1) $RZEDFH

AL OMERE OFEE, fAkfk, $EA%h 3k),
RIBOFELZF v 7 L, ZEHRTOREREZD
AP (ZARME, TARME, —AHEE) 2179, PRZEET
DI E 2 W E L PSV i OFERE 2179 . FR%E
FRAEDFAEIX, PSVR > 2 THHEETE 5.
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JEFLEBIC to and fro pattern DI % 72D 5.

Fig. 15 (AR EIIRE CRBRBIIR)

Fig. 16 717 — F7 7 TOREPAER O

DHAHOIIES
HAERE DR, AR & R [k
ek TERBITT 5.

PER, EBEPARAILMAE &R & R ) MR & 1
BEEOMWIRDFEICBIE TE 50T, HAEFORH
TiEEEERER R CHERERPH LN
(Fig. 4).

CORRIZ, BEFETHRAEROMENS R 5%, it
I TRAEEORE T E 2 il T 5.

Berese kR O MENEOFHINCIE, TTHEZR
#HPHTBE— FiffE&E Hv2% (Fig. 4). 72721,
B E— NG EN /-, BT —F7FHEIL b
MEERE A FIZLCERI L 72561, ZFHET
HbHZERHLT S (Fig. 16).

OANEEI 72 72 WT T C DO BRZEZR O FHA 7 :

KAYIME DOFRAE W IFE T H IR & oAEE
BxRETHZ DL, KRBT ClL8Y) 2 3Fffi2s
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Fig. 17 S OFHN - K75

ix KRB

R ABRBIIR -:;:E e
: i

k. -

AP i _:'_'_'._r_--.i*j“”ﬁm

-*."""‘__l.r

EABRBIR O P 28

Fig. 18 PAZELSIOBIZ (Mg +H 77— F77)

TERWIEDH D, # 2T, RAETOBEIIE
5%, WTREZ PR M AS AL T AV 7 TR A A =
LRD D,

@ F 7T L AR OHEE

FIRALZ: 02 & 0 BRAEER OB Sk TR (R 315 0572
WAL, 2OV A R ONERE BT T CRER R O
AR B O % 5edk L, PoEH R S I #E (PSV)
LR KM EE (EDV) R E%25EI1, sz
REWETHIENTED.

AT D PSV A5 1. 5m/sec X B2 DB ICAHE
LENTw3 (Fig. 17).

F 72, BHIEORERE T, KL OEMHE O
ML AcT DIERRELIR RO 515,

(2) FAZEDEHH

PRAETRAS IS HEAT L CPAZE % 2R L 72356 ORI,
Wikg & 7513 C479)  (Fig. 18).

Jpn J Med Ultrasonics Vol. 39 No. 2 (2012)

(Nishigami K et al. Journal of Echocardiography 2009 7
(4):70-73 £ 5 1H)
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Introduction

“Vessel” is a generic term for arteries, veins, and
lymphatic vessels, and arteries and veins are called
“blood vessels.” Vascular disease is comprised of arte-
rial disease (diseases of cerebral/carotid arteries, aorta,
and arteries in the abdomen/kidney/periphery, etc.)
and venous disease (e.g., deep venous thrombosis).
With an increase in arteriosclerotic disease in recent
years, methods for diagnosing arterial disease that are
noninvasive and minimally invasive have been attract-
ing more and more attention. Because arteries are lo-
cated throughout the body, attention must be paid to
all organs in the body as well as to the characteristics
and specificity of arteries when diagnosing arterial dis-

ease.
Objectives

This report is aimed at providing a standard method
for ultrasound assessment of “aortic and peripheral ar-
terial lesions,” which are forms of arteriosclerosis that
are on the rise in association with aging and lifestyle-
related diseases (e.g., diabetes mellitus, dyslipidemia,

hypertension, smoking, obesity).

Keita ODASHIRO?, Yoshinori KUBOTA*, Hiroshi SATO’, Kazuhiro NISHIGAMI®,
Toshiko HIRAT’, Kazuya MURATA®

Indications

The pathology of arterial disease is comprised of oc-
clusion (e.g., coarctation, stenosis, dissection) and dil-
atation (aneurysm formation) and fistulization.

In the case of the aorta, if an aortic disorder/patho-
logic condition is suspected, this method is indicated
before and after surgical treatment and monitoring of
aortic dissection (diagnosis including thrombosed type
aortic dissection, assessment of site and scope), tho-
racic aneurysm, aortic rupture, annulo-aortic ectasia in
Marfan’s syndrome and other connective tissue diseas-
es, and aortosclerotic disease with embolism. Next, it
is indicated for monitoring of aortic dissection, espe-
cially screening of close relatives of patients with con-
nective tissue disease such as Marfan’s syndrome (tr-
ansthoracic approach) if complications or progression
are suspected, and follow-up after treatment of aortic
dissection.

In the case of the abdominal aorta, it is used for ab-
dominal pulsatile masses, low back pain, abdominal
pain, melena, medical examinations, screening for aor-
tic aneurysms in patients with a family history of arte-
riosclerotic disease or aortic aneurysm, and leak as-
sessment after stent graft replacement.

It is also indicated for chronic superior mesenteric

'Matsuo Clinic, *Saitama Medical University International Medical Center, Division of Cardiology, *Department of Medicine and Biosystemic
Science, Kyushu University, ‘National Cerebral and Cardiovascular Center, The Laboratory of Clinical Physiology, *Kansai electric power
Hospital, division of Laboratory, ‘Department of Critical Care and Cardiology, Saiseikai Kumamoto Hospital, 'Department of Endoscopy and
Ultrasound, Nara Medical University, *Division of Laboratory, Yamaguchi University Hospital
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arterial (SMA) occlusion, compression syndrome at
the origin of the celiac artery, and acute SMA occlu-
sion, etc.

In the case of peripheral arterial disease (PAD), it is
indicated [1] when there are symptoms and findings
suggestive of a peripheral circulatory disorder (e.g.,
numbness, Raynaud’s phenomenon, pain on motion,
ulcer, decreased pulse, hypotension) and observation
before and after treatment of PAD, [2] for observation
of aneurysms, and [3] for detection and assessment of

arteriovenous fistulas.
Examination procedure

1) Posture of the patient

Usually, the patient is observed in a supine position,
with adjustments made to achieve a wide observation-
al area. In the case of the transesophageal approach, a
left supine position is common.

In the case of the transthoracic approach (transtho-
racic echography: TTE), observe [1] the aortic root to
the proximal ascending aorta using the left parasternal
approach (left supine position), [2] the middle to dis-
tal ascending aorta using the right parasternal ap-
proach (right supine position), [3] the arch to the up-
per descending aorta using the suprasternal approach
(supine position), and [4] the middle to lower de-
scending aorta using the epigastric approach. Observe
the heart in the window from the left sternal border. It
can sometimes be observed by an approach from the
back. The abdomen can be observed using the upper
abdominal approach, and the extremities can be ob-
served at each site.

The ascending aorta, aortic arch, and thoracic de-
scending aorta can be observed with the transesopha-
geal approach (transesophageal echography: TEE).

a) Explanation to the patient: Echography is essen-
tially noninvasive, but the purpose (e.g., evaluation of
stenotic lesions) and nature (e.g., the probe will be
placed on the area to be examined) of the examination
should always be explained to the patient prior to the
examination. In the case of the lower extremities, in
particular, it should be explained to the patient before-
hand that the area from the abdomen to the groin will

also be examined. No preparation is necessary, but
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Diastole Systole
A movable flap (arrow) is observed.Ascending aorta is di-
lated and an aneurysm has formed. (LV: left ventricle,
AOTL: true lumen, FL: false lumen)

Fig. 1 Observation of a dissecting aneurysm of the
ascending aorta (transesophageal approach)

sites where the probe cannot be applied cannot be ex-
amined (e.g., injury and surgical wounds).

b) Precautions during examination: In the case of
the lower extremities, begin the examination by check-
ing for pain and redness/swelling, the presence of ten-
derness, and the presence of a pulse and masses from
the abdomen to the feet. When examining the pelvic
region or groin area, cover the exposed region with a
bath towel or examination gown and otherwise make
an effort to protect the patient’s privacy and keep the
patient warm.

In terms of preparation, have the patient fast and
anesthetize the pharyngeal region when using the
transesophageal approach, and consider administering
a sedative or an antihypertensive drug depending on
the case.

2) Selection of a probe

In the case of arterial ultrasonography, a sector
probe is used for the thoracic aorta given the vascular
morphology and depth, but a micro-convex probe is
also useful for observation of the arch and descending
aorta from the suprasternal space.

A multi-plane probe is used for the transesophageal
approach (Fig. 1).

A convex probe is used for the abdominal region.

A high-frequency (5-10 MHz) linear probe is used
for superficial arteries (femoral artery to dorsal artery

of foot). However, a low-frequency (3 -5 MHz) con-
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vex probe is convenient for deep arteries (observation
of abdominal aorta/iliac artery).

(b) Equipment settings: For tomography, set the
dynamic range to 55 and the frame rate to the recom-
mended 30 or higher, and set the color flow rate range
to about 50 cm/sec to clearly depict the intravascular
lumen. For areas with a fast flow rate (=1. 5 m/sec)
such as a stenotic lesion or the opening to a pseudoan-
eurysm, use a sector probe (with continuous wave
Doppler).

3) Method of imaging

(1) Two-dimensional ultrasonography

In the case of two-dimensional ultrasonography, an
image of the view from the right side of the patient,
and from the caudal side (the foot side), is displayed.

This decision does not apply if the direction is dis-
played on the display screen.

(2) Color Doppler method

In principle, color Doppler displays blood flow mov-
ing towards the probe as red (warm color), and blood
flow moving away from the probe as blue (cold color)
(Fig. 2). This decision does not apply if a color bar is
shown on the image.

(3) Pulse Doppler method

Pulse Doppler displays blood flow moving towards
the probe as above (positive direction) the baseline
Doppler blood flow pattern, and blood flow moving
away from the probe (Fig. 2) as below baseline (neg-
ative direction). This decision does not apply if the
orientation of blood flow is specified on the image.

Simultaneous ECG is useful if distinction of arteries
from veins or evaluation of blood flow patterns is re-
quired.

4) Approach

(1) Setting the cross-section to be observed

Two-dimensional arterial ultrasonography involves
observation from two directions, i.e., the vascular
short-axis view (transverse image) and the vascular
long-axis view (longitudinal image), but a short-axis
approach is effective for assessment of lesions. In the
case of short-axis scanning, an effort should be made
to observe the target by approaching from at least two
directions, i.e., anterior and lateral (diagonal direc-

tion), so that inadequate depiction in one direction
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RT: right, POP A: popliteal artery, PSV: peak systolic
velocity, AcT: acceleration time

Fig. 2 Doppler display (left: color Doppler, right:
pulse Doppler)

CIA: common iliac artery, EIA: external iliac artery, I1A:
internal

Fig.3 Observation of the iliac artery (convex probe,

two-dimensional, color Doppler)

may be made up for by depiction in another direction.

(2) Scope of observation

The scope of ultrasound observation is the thoracic
aorta (ascending, arch, descending) and abdominal
aorta in the case of the aorta, and the bilateral common
iliac artery (CIA), external iliac artery (EIA)
(Fig. 3), femoral artery (FA), popliteal artery (PoA),
lower leg trifurcation (anterior tibial artery (ATA),
posterior tibial artery (PTA), peroneal artery (PeA)),
and dorsalis pedis artery (DPA) in the case of periph-
eral arteries. If necessary, also observe the internal ili-
ac artery (ITA) and deep femoral artery (DFA). From
a clinical point of view, the femoral artery can be
called the common femoral artery (CFA), superficial
femoral artery (SFA), and deep femoral artery (DFA).
In the case of screening for peripheral circulatory dis-
orders, the FA, PA, PTA, and DPA are required, while

the IA is an optional observational area.
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Diameter stenosis rate

Area stenosis rate
(femoral artery, left: transverse image, right: longitudinal
image)

Fig. 4 Evaluation of percent stenosis (linear probe,

two-dimensional)

5) Measurement and recording of parameters

(1) Parameters

In the case of arteries, ultrasonography is used for
evaluation of ischemia and evaluation of aneurysms.

Parameters include vascular diameter (stenosis, dil-
atation, aneurysm diameter) and the status of the vas-
cular wall (e.g., plaque, blood clot, ulceration), and
percent stenosis is evaluated when there is a stenotic
lesion (Fig. 4). When evaluating a stenotic lesion,
area stenosis rate is measured as an indispensable pa-
rameter, and diameter stenosis rate is additionally mea-
sured as needed.

In addition, blood flow through the stenotic lesion is
also measured.

For blood flow, measure the blood flow site using
color Doppler, and measure blood flow pattern, maxi-
mum velocity, and rise time using pulse Doppler or
continuous wave Doppler (detailed discussion).

For aneurysms, measure the site, morphology, and
diameter, and also evaluate the presence of mural
thrombus and the peripheral sites. A saccular type an-
eurysm, in particular, requires differentiation from a
pseudoaneurysm.

When reporting the results of an arterial ultrasound
evaluation, we recommend presenting an illustration
of the presence and characteristics of any lesions in or-
der to accurately and plainly convey the findings to the

doctor who ordered the examination or attending doc-
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Fig.5 Phase of vascular diameter measurement
(QRS phase on ECG: measure at site of yel-
low band)

tor.

(2) Measurement of arterial diameter

Vascular diameters used for evaluation of stenosis
and aneurysm formation are measured at the involved
area. In screening tests, arterial diameter is measured
on two-dimensional ultrasound images taken either
during the minimal size phase or the maximal size
phase. The diameter measured is the distance between
the intimal layer and the opposite intimal layer or be-
tween the adventitial layer and the opposite adventitial
layer. Include the measurement sites and measurement
values in the report.

In M-mode ultrasonography or ECG-gated ultra-
sonography, arterial diameter is measured during the
arterial minimal size phase, i.e., end-diastolic phase
(QRS phase on ECG) (Fig. 5).

For measurement of aortic aneurysm diameter, mea-
sure the long-axis orthogonal maximum diameter of
the section where the aneurysm is estimated to be the
maximum size in the case of the long-axis view
(Fig. 6 a). In the case of the short-axis view (recom-
mended), measure the diameter (circle) or minor axis
(oval) of the long-axis orthogonal section at the site
where the aneurysm is estimated to be the maximum
size (measure larger arteries between the adventitial
layer and the opposite adventitial layer). However,
measure the maximum diameter in patients with local-
ized dilatation (Fig. 6 b).
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Fig. 6 a Measurement of diameter of fusiform aneu-

rysm (The red arrow is aneurysm diameter.)

In cases of localized dilatation

Maximum dimension of aneurysm Maximum dimension of aneurysm
(solid red arrow is aneurysm diameter)

Maximum diameter in short-axis view

Orthogonal maximum diameter in long-axis view
a @ Non-orthogonal section

Maximum

b Orthogonal section

c @ Non-orthogonal
— section

Fig. 6b Measurement of saccular type aneurysm

A

¥ ¥ X
(on

diameter

(3) Mobhility, etc.

In terms of special morphology, pedunculated mo-
bile plaque is sometimes found. This feature of plaque
suggests that the plaque is thrombotic in nature. It is
mobile with blood flow and requires particular care of
the risk for embolism.

6) Pulse Doppler examination of blood flow

(1) Sampling points (Fig. 7)

In cases of stenosis, sampling points are set at the
stenotic points.

In cases free of stenosis, sampling points may be set
freely at points which will allow good depiction (AA,
EIA, CFA, SFA, DFA, PoA, PTA, DPA). However,
points showing a change in diameter, points near bifur-
cation, and tortuous points are not suitable as sampling
points because of unstable flow rate and possible blood

flow turbulence.

Jpn J Med Ultrasonics Vol. 39 No. 2 (2012)

Fig. 7 Blood velocity measurement using the pulse

Doppler method

Each sampling point usually should have a size
equivalent to 1/2 or more of the vascular diameter
and within the size of the vascular lumen. It is set at
the center of the blood vessel, but in cases of stenosis
the extent of stenosis is taken into account when set-
ting the size of the sampling point.

The Doppler incident angle should be within 60 de-
grees out of consideration for measurement errors, but
this angle should be set as small as possible (Fig. 7).

(2) Measurement of blood flow patterns

In cases free of stenosis, arterial blood flow is mea-
sured at points of bilateral FA and PoA, and DPA and
PTA, where good depiction and incident angle are ex-
pected.

In cases of stenosis, this measurement should be
done at and around the stenotic point.

Parameters measured include peak systolic velocity
(PSV) and end-diastolic velocity (EDV) (Fig. 2, 7,
8a).

Acceleration time (AcT, <100 - 120 msec is nor-
mal), peak systolic velocity/end-diastolic velocity (SD
ratio), resistance index (RI), pulsatility index (PI,
based on mean velocity), and so on are also calculat-
ed.

The degree of stenosis can be estimated by semi-
quantitatively dividing the flow rate pattern into four
to five stages (Fig. 8 b) and estimating it based on the
presence or absence of undulation or turbulence, the
peak systolic velocity ratio (PSVR), and so forth
(Table 1).

Evaluation of blood flow rate is useful in the assess-
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Fig. 8 a Evaluation of blood velocity patterns

A normal waveform with precipitous rise and back-
flow component in the diastolic phase.

I The backflow component in the diastolic phase attenu-
ates, or continues in a continuous manner.

Il The diastolic component subsides, and the systolic
waveform becomes gentle.

IV A waveform that continues from systole to diastole.

Fig. 8 b Arterial blood velocity patterns

Table 1 Criteria for peripheral arterial stenosis

Stenosis | Diameter | Blood flow | Turbulence | PSVR
stenosis rate|  pattern

Normal 0 Triphasic Absent | No change
Mild 1% -19% Present <2:1
Moderate | 20-49% Biphasic <2:1
Severe 50-74% |Monophasic >2:1
75-80% >4:1
90 -99% >7:1

Partial modification of table in Guidelines for Noninvasive
Vascular Laboratory Testing: A Report from The American
Society of Echocardiography and the Society of Vascular
Medicine and Biology. 2006

ment of stenotic sites (a flow rate >1.5 m/sec indi-
cates the presence of significant stenosis). The blood
flow rate is fast at sites with significant stenosis.
Therefore, search for areas with aliasing (a phenome-

non in which the direction of blood flow is the same
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Fig. 9 Standard aortic diameters (example)

but the color or direction displayed becomes the oppo-
site color or direction when the set blood flow velocity
becomes fast; for example, blue becomes red or up be-
comes down) using color Doppler.

7) Evaluation of expanding lesions

(1) Expanding lesions of the arteries

a) Normal diameter: Aortic diameters are shown in
Fig. 9 by site.

In terms of general diameters and flow rates for the
peripheral arteries, the iliac artery is 13 -7 mm, the
femoral artery has a diameter of about 10 - 7 mm and a
flow rate of about 80 cm/sec, the popliteal artery has a
diameter of about 7 - 5 mm and a flow rate of about 60
cm/sec, and the dorsalis pedis artery and posterior tibi-
al artery have a diameter of about 3 -2 mm and a flow
rate of about 30 - 50 cm/sec.

b) Definition of aneurysm: A state in which part of
an artery expands beyond its physiological limit. It is
distinct from more widespread arteriomegaly. The ex-
tent of the dilatation is about 1. 5 times the usual arte-
rial diameter at the same site.

It is easy to assess a dilated artery by ultrasonogra-
phy. It is useful for differentiation of a hypoechoic
mass seen around an artery, and it is possible to differ-
entiate a hematoma from a pseudoaneurysm by the
presence or absence of communication with the artery.

In terms of regional diagnosis of aneurysms (Table 2),

they can be diagnosed in the thoracic region (thoracic

Jpn J Med Ultrasonics Vol. 39 No. 2 (2012)



Table 2 Differential diagnosis of aneurysms

* By site: thoracic (TAA: ascending, arch, descending)
thoracoabdominal (TAAA)
abdominal (AA44)
* By morphology
true aneurysm; aneurysm formation with arterial
wall structure (thoracic: 4. 5 cm, abdominal: 3
cm)
dissecting;, a new lumen (false lumen) in the
arterial wall
pseudoaneurysm; a new lumen outside the arterial
wall
Shape: fusiform, saccular type
* By cause: arteriosclerotic, inflammatory, traumatic, etc.

aortic aneurysm: TAA, ascending, arch, descending),
abdominal region (abdominal aortic aneurysm: AAA),
ilium, thigh, popliteal fossa, subclavian, upper arm,
and organs (e.g., liver, spleen, kidney). The morpholo-
gy of aneurysms is categorized as true (having a tril-
aminar structure consisting of intima/tunica media/tu-
nica adventitia), dissecting (detachment of a double
layer at the level of the tunica media, and formation of
a new lumen/false lumen with dilatation), or pseudo
(lumen outside an artery communicating with the arte-
rial lumen). The shape can be roughly divided into
fusiform and saccular type. Measure aneurysm size
(aneurysm diameter measurement) by maximum di-
ameter (maximum short axis) (Fig. 6), and record the
distribution range. In addition, monitor the presence of
mural thrombus or its characteristics (anechoic cres-
cent (AC) sign: Fig. 10), and findings such as the
mantle sign.

[1] Aortic aneurysm

Depict the long-axis and short axis views of the aor-
ta, and observe aorta diameter, aneurysm shape, posi-
tional relationship with branching blood vessels, lu-
men, and wall properties. The reference diameter of
the thoracic aorta and abdominal aorta is 30 - 35 mm
and 20 mm, respectively. An aneurysm is present if the
thoracic aorta is saccular, or fusiform and =45 mm
and the abdominal aorta is =30 mm.

Surgical intervention needs to be considered when a
thoracic aneurysm is =60 mm, an abdominal aneu-
rysm is = 50 mm, and a common iliac artery aneurysm
is =30 mm. Sinus of Valsalva aneurysms, annulo-aor-

tic ectasia (AAE), and proximal aneurysms of the as-
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Partial liquefaction of a stratified mural thrombus with no
blood flow.

Fig. 10a True abdominal aortic aneurysm with AC

sign (transverse image)

AC sign in true abdominal aortic aneurysm/mural thrombus
requiring differentiation from dissection.The AC sign in a
mural thrombus of a true aneurysm lacks blood flow, and
the course is chronic. Dissection involves a tear and flap,
and blood flow is observed in the false lumen. (Throm-
bosed type aortic dissection is diagnosed only in the acute
phase.)

Fig. 10 b True abdominal aortic aneurysm with AC
sign (longitudinal image)

cending aorta and arch (Fig. 11) can be observed by
TTE. More detailed observation is possible by using
TEE.

In cases of sinus of Valsalva aneurysm, identify the
aneurysm sac and diagnose the cardiac chamber to
which is it being shunted. AAE begins with sinus of
Valsalva enlargement and disappearance of the con-

striction of the sinotubular junction. Therefore, ob-
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Sector probe. A saccular type aneurysm is seen in the arch.
(Source: Nishigami K. Journal of Echocardiography 2010
8:150-151)

Fig. 11 True aneurysm of aortic arch

serve the aortic root to the ascending aorta, as well as
leaflet morphology and the extent of aortic regurgita-
tion. Particular care is required in Marfan’s syndrome
due to frequent involvement of AAE.
[2] Aortic dissection (dissecting aortic aneurysm)
Aortic dissection is a serious, life-threatening disor-
der that requires quick and accurate diagnosis.
Definitive diagnosis of aortic dissection can be made
by depicting the dissecting flap (a partition consisting
of part of the tunica intima and tunica media: Fig. 12).
Aortic dissection is a pathologic condition in which
the aortic wall tears and forms two lumens (true lumen
and false lumen). When the diameter of the aorta ex-
pands and an aneurysm forms, it is called a dissecting
aortic aneurysm. The two are clearly distinguished by
the presence or absence of an aneurysm.
Complications associated with dissection need to be
evaluated by TTE. In cases of Stanford type A dissec-
tion, in particular, evaluate cardiac tamponade, aortic
regurgitation and its severity, occurrence of left ven-
tricular wall motion abnormalities associated with in-
volvement of dissection in the coronary arteries, and
pleural effusion. The diagnostic sensitivity of TTE in
cases of aortic dissection is 59 - 83% , and the specific-
ity is 63 - 83% (Fig. 13). The diagnostic sensitivity of
TEE is estimated to be 97 - 100% , but when perform-
ing TEE in awake patients, do so under adequate pha-

ryngeal anesthesia and sedation, making sure that
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Source: Circulation Journal, 2006. 70 (Supplement IV).
The flap is a partition consisting of part of the tunica intima
and tunica media. It differs from a condition in which only
the tunica intima has detached. (T: true lumen, F: false lu-
men)

Fig. 12 Morphology of aortic dissection

Sector probe. A flap is observed in the abdominal aorta, but
there is no diameter enlargement, so it is diagnosed as aor-
tic dissection, not a dissecting aortic aneurysm. (Source:
Nishigami K. Journal of Echocardiography 2009 7(4):85)

Fig. 13 Ultrasound image of aortic dissection (ab-

dominal aorta)

blood pressure does not rise to prevent rupture.

The flap can best be observed at the descending aor-
ta in the case of TEE. In cases of thrombosed aortic
dissection, the false lumen may be filled with a throm-
bus or thrombus formation may have hardly pro-
gressed at all, but it can be differentiated by depicting
blood flow status using TEE.

[3] Diagnosis of atherosclerotic lesions of the tho-
racic aorta

a) Aortic atheromatous lesions
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Almost the full range of the thoracic aorta can be
observed by the transesophageal approach. Atheroma-
tous lesions are frequently observed in the aortic arch,
and their extent is most pronounced. In healthy indi-
viduals, the tunica intima is smooth and an increase in
intensity is not seen, but intimal thickening, protruded
lesion, calcified lesion, and saccular type lesion appear
as an atheromatous lesion progresses.

b) Aortic sclerotic lesions

Evaluate sclerotic change by observing change in
aorta diameter during the cardiac cycle using aortic
M-mode. The index B (stiffness parameter) = In
(SBP / DBP) / {(Dmax-Dmin) / Dminf , which express-
es the degree of arteriosclerosis, is used for quantita-
tion. (Dmax: maximum aorta diameter during systole,
Dmin: minimum aorta diameter, SBP: systolic blood
pressure, DBP: diastolic blood pressure)

[4] Diagnosis of abdominal aortic aneurysm

Diagnose the presence of abdominal aneurysm (site/
association with renal artery or superior mesenteric ar-
tery), aneurysm type (dissecting, true, pseudo), shape
(fusiform/saccular type aneurysm) in the case of true
aneurysm, presence or absence of thrombus and prop-
erties (mural thrombus, presence or absence of AC
sign), and inflammatory aneurysm (presence of the
mantle sign: Fig. 14). In both cases, differentiation
with dissection, in particular, is required.

In cases of true aneurysms, it is also used for evalua-
tion of other conditions such as arteriomegaly, Leriche
syndrome, and shaggy aorta, evaluation after insertion
if an artificial vessel or stent graft (SG) (evaluation
of aneurysm diameter, blood flow in aneurysm, blood
flow in stent, and leaks, etc.), and evaluation of arte-
riovenous fistulas.

As mentioned above, measure aneurysm diameter at
the site where it can be depicted as an oval (Fig. 6).
The measurement distance will be similar to that at the
measurement site for CT when it is measured between
the adventitial layer and the opposite adventitial layer.

[5] Observation after aortic aneurysm treatment

It is useful for evaluation of leaks after graft replace-
ment/ transplantation of aneurysm or stent graft place-
ment.

[6] Peripheral aneurysms
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Fig. 14 Inflammatory abdominal aortic aneurysm

(arrow: tunica adventitia is hypoechoic area)

Blood flow with a to-and-fro pattern is seen in the ostium.

Fig. 15 Pseudo peripheral aneurysm (femoral artery)

In cases of peripheral aneurysms, as well, identifica-
tion of arterial diameter, aneurysm diameter, aneurysm
type, and feeding artery contributes to determination
of the treatment strategy. In cases of peripheral aneu-
rysm, pay particular attention to pseudoaneurysms as-
sociated with iatrogenic or infectious disorders. Since
the presence or absence of blood flow with a to-and-fro
pattern (Fig. 15) will prove decisive for differentia-
tion, identification of the opening is important.

8) Application to abdominal bifurcation

In terms of Class I disorders, it can be applied to
chronic mesenteric vascular occlusion and celiac axis
compression syndrome, and to acute mesenteric vascu-
lar occlusion in terms of Class III disorders (Guide-
lines for Management of Peripheral Arterial Occlusive
Diseases, Japanese Circulation Society).

It is useful for the detection of blood flow signals
outside the stent graft (SG) in patients who have un-

dergone SG placement.
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9) Evaluation of stenotic lesions of peripheral
arteries

(1) Evaluation of stenosis

Confirm the site of involvement (intensity, calcifica-
tion, broadening), check for the presence of collateral
pathways, and evaluate the flow rate pattern (triphasic,
biphasic, monophasic) at each observation point.
Measure the blood flow rate at the stenosis and con-
firm peak systolic velocity. The presence of a stenotic
lesion can be estimated with a peak systolic velocity
ratio > 2.

[1] Method for calculation of percent stenosis

Like angiographic evaluation of stenosis, ultrasound
evaluation of stenosis involves quantitative evaluation
on the basis of calculation of percent stenosis.

Because ultrasonography allows simultaneous ob-
servation of vascular lumen and wall, unlike angiogra-
phy, the method of measuring percent stenosis is based
on the diameter stenosis rate and the area stenosis rate
(Fig. 4).

Because different methods are available for calcula-
tion of percent stenosis, the method adopted needs to
be specified in each report.

For measurement of the vascular internal diameter
to calculate percent stenosis, B-mode ultrasound image
is used, as far as possible (Fig. 4). In cases where
B-mode image is difficult to obtain and the blood flow
depicted by the color Doppler method is used as a
guide for calculation of percent stenosis, the data
should be labeled as reference data (Fig. 16).

[2] Method for calculation of percent stenosis on ir-
regularly stenotic area

The stenotic lumen of peripheral blood vessels often
assumes irregular forms (e.g., oval or crescentic
forms), making it difficult to make appropriate evalua-
tion of percent stenosis on long-axis view. For this rea-
son, when evaluating a stenotic areca on two-dimen-
sional ultrasound images, calculate the area stenosis
rate based on the short-axis view, whenever possible.

[3] Estimation of percent stenosis by Doppler meth-
od

In cases where two-dimensional ultrasound images
of the stenotic area are difficult to take because of cal-

cification or other reasons, percent stenosis may be es-
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Fig. 16 Evaluation of diameter stenosis rate using

color Doppler imaging

Fig. 17 Evaluation of stenotic site: Doppler method

timated on the basis of peak systolic velocity (PSV)
or end-diastolic velocity (EVD), etc., by recording
blood flow through the stenotic area and post-stenotic
area with pulse Doppler or continuous wave Doppler
method.

If PSV of the stenotic area exceeds 1. 5 m/sec, it is
considered to be significant (Fig. 17).

In cases of severe stenosis, the blood flow distal to
the stenotic area may show acceleration time prolonga-
tion or turbulent flow.

(2) Evaluation of occlusion

In cases where progression of the stenotic lesion has
caused occlusion, evaluate with two-dimensional and
Doppler ultrasound (Fig. 18).

(3) Evaluation of pathogenesis

There are various pathologic conditions that cause
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Occlusion of superficial femoral artery
(CFA: common femoral artery, SFA: superficial FA,DFA:
deep FA)

Fig. 18 Observation of occlusion

(two-dimensional + color Doppler)

stenotic lesions of the peripheral arteries. In the lower
extremities, consider arteriosclerosis obliterans (ASO),
Takayasu disease, arteriovenous fistula, and external il-
iac endofibrosis in the case of iliac artery lesions;
ASO, Buerger’s disease (thromboangiitis obliterans
(TAO)), and lesions associated with persistent sciatic
artery aneurysm and femoral artery aneurysm in the
case of femoral artery lesions; ASO, popliteal artery
entrapment syndrome, adventitial cyst, TAO, acute ar-
terial occlusion (Fig. 19), fibromuscular dysplasia
(FMD), and lesions associated with popliteal aneu-
rysm in the case of the popliteal artery; and ASO and
TAO, etc., below the knee. In the upper extremities,
evaluate ASO, Takayasu disease, TAO (Fig. 20), le-
sions associated with aneurysms, arteriovenous fistula,
and thorax outlet syndrome, etc.

(4) Observation of post-treatment course

The morphology of the intravascular treatment site
or stent lumen can be observed by combining color
Doppler with echography (Fig. 21). For measurement
of blood flow velocity in the stent, measure the veloci-
ty at the base, center, and peripheral parts, and assess
restenosis based on “increased vascular flow” findings
in the stent.
10) Fistula formation

This is a state in which an abnormal channel ana-

tomically exists between an artery and a vein, whereby
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(Source: Nishigami K. Journal of Echocardiography 2009 7
(4):70-73)

Fig. 19 Acute arterial occlusion (popliteal artery oc-

clusion)

Thought to be recanalization after occlusion. It is often seen
in cases of vasculitis.

Fig. 20 Corkscrew sign (brachial artery)

Fig. 21 Observation after femoral artery stent treat-

ment (CFA:common femoral a., SFA: super-

ficial femoral a.)

arterial blood enters the vein, causing elevated oxygen
saturation and increased venous pressure. A small fis-

tula will not affect hemodynamics, but a larger one
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Fig. 22 Ultrasonographic observation of femoral arte-

riovenous fistula. On color Doppler, mosaic
blood flow is observed at the communication
between the artery and the vein. Continuous
blood flow with a high-velocity arterial pulse

is also observed

will. There are congenital (angiodysplasia) and sec-
ondary (traumatic, iatrogenic) fistulas.

The fistula opening and blood flow direction can be
assessed by the presence or extent of shunt blood flow
using two-dimensional and color Doppler ultrasound,

as well as continuous wave Doppler (Fig. 22).

Remarks

This standard evaluation method is based on the re-
ports and clinical practice as of 2011 . The standard
may require modification based on forthcoming re-
search findings and reports in the future.
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