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Summary

To examine the blood flow dynamics in the descending thoracic aorta (DAo) where intra-aortic
swirling echo contrast was observed, we analyzed the flow velocity patterns (FVP) in DAo and
the DAo dimensions by biplane transesophageal echocardiography (TEE) in 9 patients with intra-
aortic swirling echo contrast and in 25 control subjects (N). We recorded sampling volumes
with pulsed Doppler echocardiograms at 3 sites: median, central, and lateral sites on longitudinal
scan images and on the DAo at the level of the mitral valve. We measured systolic peak flow
velocity (Vp), time from the onset of the systolic flow to Vp (acceleration time: AT), deceleration
time (DT) of the systolic flow, and AT/(AT+DT) for each sampling volume in the DAo. From the
M-mode echogram of DAo, we measured the maximum dimension of the aorta, which usually coin-
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cided with the mid to late systolic phase. In the normal controls, the systolic forward flow was
followed by a small reversal flow in early diastole and then by a small forward flow during holo-
diastole. Vp was highest at the center (64+10cm/sec), then at the median (60+11 cm/sec) and
lowest in the lateral (56+9 cm/sec ; p<0.01 vs center) sites in the DAo. AT was 70+13 msec and DT
215+26 msec. This flow velocity profile in the DAo was observed in both the control and patient
groups. In patients with intra-aortic swirling echoes, Vp was markedly low (33+7 cm/sec ; p<0.001
vs N) and dimension of the DAo (13+2 mm/m? in N) was significantly enlarged (21+7 mm/m?;
p<0.001 vs N), which might be related to swirling echoes and mural thrombi at the lateral portion
in the DAo.

Thus, we concluded that intra-aortic swirling echoes closely related to the production of mural

thrombi observed mainly at the lateral site of the significantly dilated DAo.
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Fig. 1. Schematic illustration of the thoracic aorta (left panel), resultant pulsed Doppler flow
signal in the descending thoracic aorta on a longitudinal two-dimensional scan image (right
upper panel), and M-mode echocardiogram showing instantaneous dimensional change in
the aorta throughout a cardiac cycle (right lower panel).

Sagittal Scan Plane

25cm/sec

Fig. 2. Schematic illustration of the descending aorta, and flow velocity signals for 3
different sampling volumes in the aorta (median site which is the closest site from the trans-

ducer).

0=beam-flow intercept angle; Arch=aortic arch; Abd. Ao=abdominal aorta; Med =median site ;

Cent=center site; Lat=Ilateral site.
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Fig. 3. Measurements of the time indices from the flow velocity signal (upper panel) and
dimension of the descending aorta from the M-mode tracing (lower panel).

Vp (cm/sec)=peak velocity ; AT (msec)=acceleration time ; DT (msec)=deceleration time ; Dmax
(mm)=maximum dimension of the descending thoracic aorta in the ejection phase.
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Table 1. Patients’ characteristics and their trans-
esophageal echocardiographic data

Control Swirling echo

n 25 9
Age (yrs) 56+9 71+6*
Heart rate (beats/min) 79+14 73+16
SBP (mmHg) 142+19 149+13
DBP (mmHg) 88+12 89+10
LVEF (%) 60+8 607
Central flow :

Vp (cm/sec) 64+10 33+7*

AT (msec) 70+13 66+ 10

DT (msec) 215+26 226136

AT/(AT+DT) 0.25+0.04 0.22+0.03
Dmax (mm/m?) 13+2 214 7%
Mural thrombi (%) 0 100

All data represent the mean standard deviation of
the mean value.

Control=normal control subjects; swirling echo=
intra-aortic swirling echo contrast in the descending
thoracic aorta; SBP=systolic blood pressure ; DBP=
diastolic blood pressure ; LVEF =left ventricular ejec-
tion fraction ; Vp=peak velocity of the central flow at
the mitral valve level in the descending thoracic aorta ;
AT =acceleration time; DT=deceleration time;
Dmax=maximum dimension of the aorta corrected
by body surface area; Mural thrombi=percentage of
mural thrombi in each group.

* p<0.001 vs control.
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Fig. 4. Comparisons of the peak flow velocities
for 3 sampling volumes in the descending aorta be-
tween normal control subjects (Control) and pa-
tients with swirling echoes.

The peak flow velocity (Vp) is the lowest at the
lateral site in both groups, and the Vp at the lateral
site is significantly lower than that at the median site
in the control subjects. In the swirling echo group,
the Vp in the descending aorta is markedly low com-
pared to the control subjects.

** . p<0.001 vs control, *: p<0.01.
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Fig. 5. Representative examples of two-dimensional and M-mode echocardiograms of true
aneurysm at the descending aorta with mural thrombi (left panels), swirling echoes (center
panels), and flow velocity signals in the aneurysm (right panels).

Ant=anterior aspect of the aorta; Right=right side of the aorta; TH=mural thrombus.

LRLAfE L7z (Table 1). o4, JEER#C
ZE KBRS BASIRE (RBIIRIESE 1T 3%5) 1c—%
U C/NS RHER, IR B W IEE 23
BEwbhi (Fig. 3 L)

fBEERET O TITREIRN O MFEHE O 51,
FLFE R b < (6410 cm/sec), v THHI
¥t (60+11 cm/sec) DJEIZIEF L, MU TZED
FEE I 5 b IEAE (56+9 cm/sec) # & U7z, SMUFT
DOFEHF POLRE E R EFRICEKETH 72 (p
<0.01). =¥YEYza—fETE, FEEEFARVD
DD, FLOHE (33+7 cm/sec) TEWIMLFEEE 2
LTWiz. %7z, WEh O DR b atic
HLUEEIEE (p<0.001) ©& -7 (Fig. 4).

EYEYTa-—FTILMICEELRET 2 —%
Ry, ZOESFEICMITEHEOKT LT 55
(28+7 cm/sec) icH bz (Figs. 4, 5). Ev=
Y = —# 2 Bl FITRBIR-KifEE (Fig. 5 &)
&Lzn M ®— Fth (Fig. 5 fp), RO Lk
H (Fig. 5, /) 77, ERO FITRBNk
SRR R o> 12 B 5 1003 T AT R BIIREE o A P,
6 FmBESNITHS. 24]L b 6 M E
DICKE BB ZRD, ToRNBIcE M £
— FgTHLLRZT L, EHR “EYEYTa
=7 BAE bRl “E¥YEY=a—" QIREEDI
W& X5 IR EIE 2R/ L, LRSI
BEAEFIELTWS X Y IR 2Tz, £HIRA

— 176 —



2, KERoAWMESMITo “EYEYZa—"
BICEWI A bR oo i, BEFEMROE LW
LiAaTt“EYEYza—"onza—BIHVE
M & » 7z. Fig. 5 oAR TR+THLRERF
24l & LR A KEBAIRNILIEE QIR T A4 bh .
TR T OBIREIRE O ok T g HE R 13+ 2mm/
m,E®vEyvza—F 21+7mm/m2 < (Table
1), @wsickkl, TEvYEY=a—HTHERICH
KLTwi (p<0.001). =¥ Evrza—FTi
R LPLHREGHLOMIET LT Wik A3,
RO IFRE R O <, AT (EEaE: 70
+13msec, v Er == —F:66+10msec), DT
(s : 215+26 msec, EvEvz=a—F: 226
+36 msec), ¥ kU LERHEERTICKS 5 MFHnE
B0k : AT/AT+DT) (% ae: 0.25+0.04,
E¥Erza—§:022+0.03) oW Fhic L HEE
MIcEEZRA 6T (Table 1), BEH M FE#EE
TR 2 B h 7.

E %

Fa R RBIRA O ML B AR 1B+ 5 BF %2, 1950
FERD I DEREFNSEMERTE A ITIT
bhdXoichky, 1960 ERKG DRy b7
4 W ATREF O EEFHRI~DIEAIR XY, EBRE
ORI M Thebhs X oot 20
%, BEIRMyICIE, EREMEEEETRE Y77 -0
T a -z Av, KBIRNOMWHES 7" 5
GL, DEESCKBIREROHES{TAbhTE
=8 —%, LENEESTa—, wbw3 “E
YEYTa—" ZonTiF, 1978 4, Rasmus-
sen LI YVEFICBES L TH D, BaARK
BERICADRB I VELRODIERNICED b
5LDELOBERDS. LiL, REkD0ERK
2.5 MHz % 3.5 MHz 0#EfihF % F v 1 R i BEid
FRETE, BB TTRBIRAMIEENE O 2
e, KRN “ T Y Ev==—" om¥fE§hiE
BT, +aRREVRECH - KRFET
3, ZHERRE Ry 77 —bxa—HEE A
T, FEREMICREH B X OB TTRKEIRA

TAKBRANETEYEYZa—

“Ererza—" RHUGIOKESIRNLTENE,
BIXUBIRZBRICOWTHRET L 2.
“HEZRE Ry 77— —HMEE A
BZLOFIERTREOLBY THS. 1) WET
FTREAROBHICE L, 2ohifbEEYE AN
T3 LRI LNEETHE. ik,
+ CEEIENESE S D B, EEREMTE
R 5Z ENTE, HEEOEN BB ETR
LRy FT— - v NERIT S22 ENRFRET
» 5. 2) WEKBINR, 551 FITREINRGRE & A7
FFHCHELTWA T IR D, ZORENE
iz TEFGRICRESM 2 BB TE, hoEkfRE
sk D AKERTE G L A b ' TSEEIC TITREIRD
REZIBT2Z LR TX5. 3) RilEk &
Awnwaz icky, zoliE# LicERIC sam-
pling volume #ZXETE, BIRAOMIES 7' F
NEIELEHET AT ENAETDH 5.

1. XBRAOMFEERES & VEESH

KEIR AL © BT (B0 32 b B3
Y MBE—7 ¥T)E, EEOWMETAELLESE
JE & KBIRED EAREI XY, KBk~ BEH
ShaMmEo wEk 2z R~L, FTIAH(E—2»5
zero flow LR ET)ix, EEFE L KEBIREDCE
BEFEO% LI X > TRKBIR~BFHEL S
mEEFEDLLTNBID,
RERAOEEF I T 25RO |E T,
EATREIRAN O KBIARFE L T i 2 o M FEEs> 16
GIEERTRT, O REENHETTH, KB
FERDOBRAEEAL & D TR (S IERFRE B bR
5. KWK o JE s oo Pyl oo BE 238 <, Rk
HONBOEEZ/ NSV ERESEhTHEY. KX
BIR S & EEALKEICBWT, KBRS ICAEL
FEDIIC &Y DRI X R R S CKBh
MROBBHRLPOENF) AR LHESH, 4t
PR o MLHE & M BE I ¥ - TIE B o ARl~Fih
5 _Y%k¥E (secondary flow) k& 5. FHES
ofhREE R OFN &£ ZKRIESE K & h TIRlE
ReEhoTnd., ZhKOEBIZLY, @R
DOFEDOEK & 72 IS FIMUCIR LBE h T

—177 —



H#E’ *ﬁ“ﬁ) /j\.ﬂgy (32D

{02, +MZFEEL TR T, KEROA
B & ARl MFREE 3% LWiiih &£ 2323, t b
DI FARBIRICE W TE, kKD RKETR
THTHBEERESA TR, XWIETELR
T MR T AT KEhAR o MLFEEREE 3 H.O3EE, ARG
B, SMUFHEDIEIE» o7 L THRERLE—FL
TWwie.

2. KEHRAMTAEE

E b REIRAILEESEEE 12 > v C ik Milnor?? %
Mills 52z kX VESh T3, FRiCLY
PRV OBENEETS. AFFEICBNTE, &
WEE (P 56+£9 3%) o HLFEI: 64410 cm/sec
Thole. BERIENTD, BEEICHRTE
EH O F T MFEE 2 W HFE BT, Th
X, BEE CTRIKBIRESIEALY, Ikick s
BRELIC XY 254 7 REFETFL, L
LERE CAEEE LV OBHEVET T 5 EA
ZHahbTH’5H,

3. XBRA “EFEFPTa-"

TYEYTa—FTE, BEHCHS, PORK
HOHLMRIETRAOREL. ZoZ Licky,
“FEyYrrza—" ofFHE, MEEEQETIC
BELBE DD b0 LR ShZ. SEIOFE
T LIcEBORMT T@, KEMRPNHFOHE
¥ 40cm/fsec LFTEY “F¥Evza—" o
HERBEDLH B LSRR Y, 30cm/sec PLTT
XD THRICRH S hiz.

AFEICBNT, BEHLEYEYTa—FHoD
Wil Lo = — X & D sk 7 SR EE A E 3 N5
Ed 60% rELL, FEMECLEIRDL
Rleholez kY, TYEYrza—BoEDNE
EBREIEERBZATHWRZ LRFHRENS. Y
TrYza—gELfl cOBEHEZHELTW A2 N
B, UEozZ ehbd, —REIGHHERFIC
BT LBlEAREOREFICEEEL TR
LA S h s, —ELLEH R KBIRETEHE X fu
TEEE D HAMETRD b h B B8, EKEIRE
&, BERCHLEYEYZa—BTAHELLIC
XA LTRY, REREEMNELT 5L,

EYEYTa—BOMERERIBEED 2.184F &
5. ki, MEERECHEME(FKy 7S5 —#kic
BT B UGHER O MFEHEE H#R & ¥ r iR L O OHE
) &, BH#oXBREFSLTEE &S, B
HEE 2 ELE LI-=ZA LA REE, BERL
EYEYza—FHOBRHERE EESELVvWD T,
Y E YT a—BICB T 3 KEIRAILTE DB
EaEmo 12.18(46%) L4 5. SEOWFET
i3 B oo TR I IR EE (349 64 cm/sec TH o7
B, ThEVEHELT, EYEvyza—BToMm
TOEE X 2D 46% D 29cm/sec iT# B LEZD
h, MEAN“EYEr=a—" oHZET 3 mMTHE
Eeid. Zhix, MEEEIRERICKE K
FLTWARZLERLTWS. LbZhizinz
T, EYEYTZa—HTIIREBIRO BRI RIEK
2 X BIBF O RBAESLEFEOMRIC X BB OB
BEEYD bh, MEDOEE = X V¥ —DEKERE,
MBEFEOETRESIERLEZLD LEDNS.

ERHERERICEISADABPIATIE, EX
IFEMSRE DR D TIE T L72ERI T, KEBIROHL
KE LT IHRBIRAK “TYEY==—"
BRHERZZENDE. ZThbnZ hbd,
MmMFEHEEE TR “Tvrevrza—" HEOKK
NDERTHBZ LITRENS

EREIC BV TEYEY T a—BZ 7116 5,
BEBIZS6LIE L, AIE THRICEE TH 325,
BEOBRL2D F—2016 08, BEEEZMREL
g T, 50 %% & 70 3% & TR TITR
BRRICAEBZEX L dhero. L L, FfF
KEPRA O MFEHERE B L, EEED SO &
T0E e e LRI RY 2 5 3, 70 54
DEFEZEICTIARBRAN “ErYEvr=a—" 24
EHE T ARHATHS. LirLias Table 1
R LT EL, ToMEBRRICELE, £%
BRI B (= IFEE) Ic &3 2 <, ¥/, BER
P ® 65 5L LD 545 T o KEWARPIMLFEEE 3
DIEETYEY 55cm/sec T, E¥YEYvYTa—§Ho
h R 33cm/sec I L, ARECEEZRELT
Wi, ZThbnZ b, EMEREINRES < KE)

— 178 —



RN “E¥EYTa—" BRHE h 5 BHIE
EWETERL, KBIREOILKIZ X 3 MFTHE D
ETThsELE.

“syrrza—" oxa—JFE, MKEOEH
(MFEE O 3 B 72 &) 1ok > FRlEkEEEIC L 2
LbOLEZOLATWALY, L L, MFEHEED
EToxan “TErxyeyza—"" oFEHTH 53
L5 L, KEIRAS ZRFPMFTHE 1T —kic
40cm/sec FIETHBZ EHh D, HAOLROLIME
NICEFEe “EyEy=a—" BZELATHX
Wz kit s, BE, BECKLHIREDBE
R, IHEHEOIMER D & 5 REIREROEE S h
BT, AL TABIRS HENIC “EY
Frza—" BRHENABHFLDER, Z0LD
72 C O ALRAO MFEHE X, KBARA “ € ¥
v xa—" HEFIOKRBPRPMLTEEE (40 cm/
sec U)LYV bEB3NRETLTNWEI L MRS
v B¥, BEBETLEWMEEOALRT
YEayYza—" RREIEABZVOERHT D
50, —F, KBRTH 2% MHEHEE KT
TY“EYEYa—" RHETIEALLTE,
KBRS 22 ol 23 - 72T B 1T 5 fLE 6
mofh &, Rk “ =R OARIC X 51
FEkoFh, BIOHERD 2 0IEERHETo
MEBHE R L OMEERIC XY, FRmBREEN
VEE SR TRBZILEHRELDRS. L
L, ZOMENREHEATFE,»LRDZZ LT
HeEETdho7z.

4. EYEYII-BIzHHZBREEME

BEr BIUEYEYZa—EIZBWTH,
RN 1 i bt e e = =Y = R S A X 1} 3%
PELETFTLTWE. ¥, EYEYza—HHe
iz BT B EEEMR bIMIIcE LS A bhiz. TD
z L, MERESLRERIC»r2rboTn5 L
Zxbh5. AFETOEYEY T a—F3LH
EWREIRESTH -7, KBIREOKHEE L
TRT7Fe—AFLERIZLDBIELEAETD
5. 77 u— ADIFRENL & SRS DK T ik
F—ET3zENmbhTEY, Lird, SR

TARBRAEYEY=a—

H D& KEIARE LRI NIEEIZ 7 7 7 — AE1L
BEZDRTL, MEEOEEXELS LRES
nTna® . FETOREEEIC X ) RS FEE
T3 L, KBIRNOEAPMbY, 5T
K&hT, KERBEFMRT 5. KEWROWEH
BRI > TAREKRESh WAL TE, TONE
Wh 3 M FEERE 2R L, BEMRIEL
DT WIREEL 72320, Fi, TTuw—20HAD
BEfEMRERORERER L 2D, ZhICmFtHE
EETAMb Y, MRERAX VRESh? L
MEhs.

¥ “FEvEyrza—" oxa—giKEF, K
BIROWN, SMUTENERAOR PSR, “*
YEVYTa—" oxa—ENSWHITITEEERL
BRULVEHTH-7-. THIZ LY, “E¥EP=T
a—" BKLBEEMRERICh hbo T3 Z &
BRI EhB.

5. XEICBITIRABIVHER

BHEE B TARIRE EXE LTS
», BE»OOBEERBRAKCIY, WETITKH
RoBEHES M £— FEBX U0 v2 - Ky 7
5 —Eic X A MEMmMES 7 F 2 EHICKRHT 3
ZLNFETHS. LL, AR Ry F—
HIZB T 5 KBIRNOLTEEREICENT, Fy
75— AA RS0 ELE K&, TIAKBIRMLTE
DIFHER O ZRTTHY PRI U TR/NHET 2
AEEMERH B 2 &, ¥, ENICKBIIROKEITE
2 & BRE & KBIIRE 0B EEs Kb, #BAR
BABEORRWEINRD S, 5 ITIETE - KB
WRIERBITEDOERM»IEL, £ &5 2FIToM
HHRMFAEOFM 2RI, AETIR#ETH S
Z g holk.

& i

L B FITRBIMRA O MFRERE 5T, &
T EGRE AV —HRERE Ny 77 —b=x 2
—HEEREFECERTH - .

2. BEBEBIUvEYEYza—#izT, Al
FoE, HOFE, SMUFE I MAREE 0ET H B

—179—



ﬂ#g) &ﬂﬁ» N, 1EH

bODMPBHERTE 7 v 7 7 4 MITENT R D -
7.
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4 M TITRERA “E¥Er=a—" 43,
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= #
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TATREARA O GRIBER], I, ERENICE
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BESYM AL, HULHE AR b < (6410 cm/sec), %k
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7. SMUFREEPOIE L L RERICEME TH -
7z (p<0.01). EEHBLIVEYEYTa—Fic
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