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WE. a4 KiTLZ2MAE S FF %% (contrast-transthoracic echocardiography, c-TTE) B¢ A&t 38 5% 2 /A % & ¥
( contrast-enhanced transcranial Doppler, ¢-TCD) ¥ 97 & 3L & Fi] ( patent foramen ovale, PFO) # 1 £ 4% ( right to left
shunt, RLS) #94 With1i, Fe: B EIR 218 4] PFO & % A AR5t &, £ -F 4K A & Valsalva 3K & F 5 347
24 % M 75 3 B (transesophageal echocardiography, TEE) & c-TTE ¥4 ¢-TCD # & , 4K it ¢-TTE B 4-c-TCD#:
% 3t PFO-RLS #9# Wi 15, 4% Valsalva 3146/ PFO-RLS # th % & TP+ B K &8 (P<0.05) ; Rk F#-F
Bk A2 Valsalva 456 | B A4 & 69 PFO-RLS # th %34 & T8 1% ¢-TTE # & & c-TCD # & ( P<0.05) ; "t
S8 A 1B c-TCD #94h £ & F c-TTE(P<0.05) , mA MR AMA T AT F EWhEELAR £ F
(P>0.05) ; BB H 1 BAe 11 B0 B ¥, 34645 49 PFO-RLS 4 £33 T 4% ¢-TTE % & K ¢-TCD #% &
(P<0.05) , M T4 + % 4 c-TTE # & & c-TCD # & R B & 4 F 69 PFO-RLS 4 £ L9 2 £ 7 (P>0.05),
gk Valsalva 1F 4 T3 & & S 5 /R 71 49 40 35 3 AF T 4% % PFO-RLS 4 i &, 5 % ML 4k ¢-TTE & & 3 4%
c-TCD#: % A8 3t | BX A6 4 5} PFO-RLS B A 45 % 699 W7 44
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Diagnostic value of contrast-transthoracic echocardiography plus contrast-enhanced
transcranial Doppler for patent foramen ovale-right to left shunt

WANG Rui, ZHANG Wei, CHU Zhuxiu, GUO Linlin, WANG Qian, GE Lili, SHI Pei, WANG Yongmei
( Department of Cardiovascular Ultrasound, The Second Hospital of Shandong University, Jinan 250033, Shandong, China)

Abstract: Objective To investigate the diagnostic value of contrast transthoracic echocardiography (c-TTE) plus con-
trast-enhanced transcranial Doppler (¢-TCD) for patent foramen ovale right to left shunt ( PFO-RLS). Methods The
data of 218 PFO patients were examined with transesophageal echocardiography ( TEE) , and c-TTE plus C-TCD in the
resting state and Valsalva state, to assess its diagnostic value for PFO-RLS. Results The detection rate of PFO-RLS
was significantly higher in Valsalva state than in resting state ( P<0.05). In both state, the c-TTE plus ¢c-TCD examina-
tion showed a higher detection rate than ¢-TTE ( P<0.05) or ¢-TCD alone ( P<0.05). When patients had grade I dis-
ease, ¢-TCD had a higher detection rate than c-TTE ( P<0.05) , but there was no significant difference in the detection
rate when the disease was Grade II or Grade IIT ( P>0.05). In grade I and II cases, c-TTE plus c-TCD showed a higher
detection rate than c-TTE (P<0.05) or ¢-TCD alone ( P<0.05), but there was no significant difference in the detection
rate between c-TTE or ¢c-TCD alone, or combined examination in grade III cases ( P>0.05). Conclusion The Valsalva
maneuver which increases the right atrial pressure can significantly improve the detection rate of PFO-RLS. The sensitiv-
ity and accuracy of ¢-TTE plus C-TCD are significantly improved in the diagnosis of PFO-RLS compared with those of
¢-TTE and C-TCD alone ( P<0.05).

Key words: Contrast-transthoracic echocardiography; Contrast-enhanced transcranial Doppler; Patent foramen ovale;

Right to left shunt; Combined examination
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BT [58]-FL 2 R 36 P 4080 U 5 T B ) — > A B
PEIIE I L AR S il 3R B B e, M A0 25 BE
J1BAL R B, G ER A LU H 4 O, FE T 2O TR
JIsEm, IR B Ak B A BV T Rl R BN
R IRALTE AR S — 4R AATH AT g, &
174 FR AR N2t B RUA B B2 40k kI 1] 25 B oK RE 56
A A B R A VETE (38 SE, B BR IR ALK
( patent foramen ovale, PFO)'® . PFO ¥ 4.0k
JIXG AN A O AT RO JUE P A 1] 22 53 ( right-
left shunt, RLS) #E A Ze.0y , Ak ik AMRIEER , 55—
F Bl PRAEIR , an e i P 2 b g Sk 0 JULARE
FE HME MAE AR ZEST | T ER N TR A AR T R R
A e 4T O PRO A5 1] 22 43 T A T2 W iR
JYECEE, HATIZK PFO-RLS (1% FIA A 77 i
45 2% M 0 31 [/ (transesophageal echo-
cardiography, TEE) | £ i i 75 .0 3l [&] 75 5 15 5%
(contrast transthoracic echocardiography, c-TTE) |
( contrast-enhanced transcranial Doppler, ¢c-TCD) .2
B LB A A D 7 24 15 52 ( contrast-en-
hanced transesophageal echocardiography, c-TEE),
PAb A 2 7 24 A B fit O, Hoh o TTE &5
c-TCDM & A J7 5 4 B 48 22 2 o QI L, B0
AR PRAES , (H H iy 35 7] I 365 4G A 7 25 G =
Bt F A 8, AP ST HR S L o-TTE 5
¢-TCD X2 H; PFO-RLS FIMMH,

1 #BEFE

1.1 &R

VEHL 2021 4F 3 A &= 2023 4F 11 ALEILER K+
5 R RO A REAS B 8 S A A 1Y 218 5] PFO
. HAE o7 4], & 121 f];15~62 %, 1 (41.3+
5.4) % I ASREAR AN B BRI A< b 21 431, 6 4 2 M
Bl & A8 44 B, w3k 153 B, A bR#E. D&
TEE K25 i 71 s 1] B A ULt 252 v KT, 7 60 2238 5 A
15 527 B [5] 8 350 57 A7 7E Z2 a) A B 85 A 1) 22 B 43 Tk
[ R = NS NS e N el 5
(c-TEE) K 7847 (3 2 3056 & B FHPE Y, 5k CT &
16575 D5 B 55 0 R 4 5 o ) 3 8 i) R 0 B
ML 2 i 4B 5 B0 0 B 18] 43I B9 R @K
e sk L AE 5 B H A, HERRAR . OF IF = ]
B A1 A A 25 A M O I & 5 @F AT S R M |
JHFF 55 4 B ) A B A ™ o B I
QG FH il sl ok Wy T 25 At il 35 5 955 5 s D AFAE G
PP AR B G il 5 5E A Valsalva sh/E#E ; G K %

RHBCANRET LAF 7T TR B3 . AR Bl AR
HAF 5 B BERHIT A0 B 7 A 23 B 2 o A b ofe (A L
5. KYLL2024013) .
12 FHik
1.2.1 Valsalva sh{E# & iR 56

Wi 28 0 R R A 1) R T O, B A
J% 77134 40 mmHg (1 mmHg =0.133 kPa) }2 VA |,
HEREITIE] 10 s DL, SR 5 T SOHE 1 TR A 4 19 i Y
FI A8 22 PO 70l A O I L s 5 S 42 1 k<O
TR | IS 6 fi N R T 9 5RF [, A s R T W s 4
T, @ A R S, 1A Bt et A b A R R
FLIEAZE G, AT A PFO-RLS 217,
1.2.2 AbEiiE sy

c-TTE K #:{X#§ : Philips EPIQ 7C & CVX #/
LRI A R A ), S5-1 53k M 1.0
MHz ~5.0 MHz,,

x5 R - (DU F8 5 ZE M MO, 6 28 3 T 1
RS 3 RSkl | PR O 815 TR 30 Y]
THT RS D () R0, AR €8, 22 385 6 et 75 L 84 T 43
T QW R R MR S 20 mL gAY,
H— Sl 8 mL AR BRER KA 1 mL SR, T =
WA, FHH A — S SRR 1 mL I, 7E RS
SHan D 2 e 20 W, TN B PIIR G R0, N
FEIR A/ NI IR A . @5 IAE B P # T IOIR
A F K Valsalva h1E 5 , 2470 IE A bk b s
TR AT, 760043 DU 0 V1) T WL 2R AE A7 0 B 5
3~ 6 0Bl JE 3T P 22 0 1 PN TR0 R B R R
HTJ,"EJ[M-W] .
1.2.3 &% L il

TCD ¥ 27X %% : Delica EMS-9PB #7525 /i 2
B 43 BT A CFE T BILAA B AR ), Sk R
2.0 MHz, A% B i e 155, iT B+ 5
the BWUES BB H & R A" 5“5
T U KA R L W s 2 RIMOE 352 R A
Wl AT R T W, BRI 2 50 ~ 80 mm, MK HE S ARAR
TR MmBERI T 45, TS RAE L BR W o-TTE,
IR A AR Y R R N B AR SRS T R AT
1.2.4  FEIk
1.2.4.1 c-TTE PR 10

PRI A7 O i S 52 0 200 s PR Bt 1 - PR A% o e
L0 KU & PFO-RLS 3% . 760 N 20 i
A ECH 0 (AW S 0 92, i B < 10 (4~
i) A T 9%, oA % 10 ~ 30 (AS/0) 1T 2%, s
AHS30 (A0 0 T4, e %8 1 PRI kR K B
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1.2.4.2 ¢-TCD FAM:HE
SIBREAEF I wp BH M ) 5 5 4 AL
2:,10 s WU F055 RIS B, i pls
LRL5 AR T AR A A1 ol R SRR, OF
WS 2 i AR TP R SRR 5 S B T . ok
B ERTES R0 %, 1~10 METRES N 1 %,
KF 10 M FAESAERIE S A 4 1 9% Kigte T

RMCA &5+ ¢4
>k —

K1 ¢-TTE.c-TCD,TEE } c-TEE X} PFO 2% %75

5%, EWATAE R M2,
1.2.43 BEEHA (c-TTE+c-TCD) BHPEH &

A R A 1 B[] A A 2 SR A A i e
PH: B B3 DA SR 5 % 52 ok PHAME 25080 5 1065 R A s
F14) 2 0 T 1 2 ) LA A 5 SR v S50 v T Sy e 24 5 R
ok, g R ERILE 1,

il
wl®

A: c-TTE i #F 78 & RLS; B c-TTE ¥ 45 7% PFO-RLS, il £ > 30 4~/Wi; C: c-TCD ¥ 2 ok W #1155
D: c-TCDK S n K # T 15 % E: TEE 78 48 BIR T Won R & IR 54k & IR 2 [ ) b%38 ; F. c-TEE K #F 7% PFO-
RLS, ] WA 41 ;G . TEE %0 25 #E4 07R O B FL A BHT I 28 10 47 730 H: o-TTE #6#5 B /R PFO-RLS, 450>

A AT LR B, B AR
Figure 1

PFO detection using c-TTE, ¢-TCD, TEE and c-TEE

A Negative imaging of ¢c-TTE; B: PFO-RLS image on c-TTE, more than 30 microbubbles in the left cardiac cavities;
C:. No microembolic signal was observed in ¢-TCD; D: A significant amount of microembolic signal was observed in
c-TCD; E: The tunnel between the primary septum and the secondary septum under TEE two-dimensional image;
F. PFO-RLS image on c-TEE, significant amount of microembolic signals could be observed; G: The oblique figure of
PFO-RLS in TEE color Doppler ultrasonography image; H: PFO-RLS image on c-TTE, there were a large number of mi-
crobubbles in the left cardiac cavities, showing a " curtain of rain" .
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1.2.5 WMEIEIR

LU R 2 Wi 1) PFO h K 8, W52 46 Fr 40 T
@ ¢-TTE ,c-TCD 5 Bk A K5 A 78 1 # 7 Wtk 2 il
Valsalva 11 J5 PFO-RLS 46 45 %, @ c-TTE,
c-TCD 5B K Ar Xt PRFO-RLS K H () 70 A5 e
1.3 SitFEE

K F SPSS 23.0 #4% ., THECFRER xRk,
Fisher #fi VIR ; 113 ORISR B ISk S BEAS ¢ K
5, K2 Wrah Ry — 3P Kappa — B0k 53 Hr
KgAK «=0.05,

2 & B
21 ¢TTE.c-TCD 5B AR BN FHMERRET

X Valsalva Z1{Ef5 PFO-RLS #& H &5 R 3t tk

MR | #5000, AT A0 . O F i
ARAET B o-TTE £ 2 5 Ul ¢-TCD i 3 38 22
SLGH#E X (P=0.068) ; DF-#IFHORAS T
A R A A R R T B o-TTE A R sk
c-TCD #i %, 2 R H G it 2# 2 L (P=0.043 X
P<0.01) ;@ Valsalva s 1E J5 Bl ¢-TTE ki R 5
il o-TCD K R 22 R LG4 X (P=0.186) ;

@Valsalvazl 1 J5 B¢ & 46 A& 46 R 2 & T ol
c-TTER R s Bt ¢-TCD # 3%, 2% B A it
2 X (P<0.01) ; ®Valsalva Zh1E 5 Bl c-TTEH
R MUl c-TCD K H 3 KB A 4G A 6 R 38 i 7
FRIEIR S R B0 o-TTE A5 % B c-TCD A H
Ry AR AR R, ZRAFHIT¥E XL (P<
0.01) .
2.2 ¢-TTE.c-TCD 5B & &EXT PFO-RLS # H

B9 iR LR

MR 2 FEAT G200, AR D& A58
SERLN T G Bl o-TCD K 3R & T 8l c-TTE
il ZRA G L (P=0.049) s B G A A Ao
HRE U o-TTE K R S Ul c-TCD it 2R
Z S G E X (P<0.01) ; @& ik 545 F N
I g rh Bl o-TTE £ 1 38 5 Bl ¢-TCD 3 th 2R (1)
ZRIG I FE X (P=0.428) ; BRS R #6 HH R
F-HUl o-TTE £ HR KR o-TCD KR, 22 553
HYIT2:E X (P=0.045 & P=0.005) ; @ % ik 5%
255l M b 2aoph o~ TTE #6 H1 2% Sk ¢-TCD 6 HY
RRIRA KA RN 2 TG4 X (P=0.
814 .P=0.120 &% P=0.740) .

F 1 AFEKA T EXRFERAT PFO-RLS ki tH &5 3 B /n( %)
Table 1 The different detection results of PFO-RLS in different states using various methods/n( % )
N ] SR A Valsalva J&
ftenk P (+) BItE(-) B (+) BIFE(-)
¢-TTE 112(51.4) 106(48.6) 157(72.0) 61(28.0)
¢-TCD 93(42.7) 125(57.3) 169(77.5) 49(22.5)
Sy R 133(61.0) 85(39.0) 202(92.7) 16(7.3)
2 AFKA )T EXT PRO-RLS K Hi Y20 G A% 00 HL A/ n( % )
Table 2 The difference of detection rates in PFO-RLS predicting grades using various methods/n( %)
K 7 0% I 4 1T %% 11213
c-TTE 61(28.0) 73(33.5) 37(17.0) 47(21.6)
c-TCD 49(22.5) 93(42.7) 31(14.2) 45(20.6)
A 16(7.3) 128(58.7) 54(24.8) 61(28.0)
2.3 ¢TTE 5 ¢-TCD *f PFO-RLS ¥ H KI5y % o TTE Ktk (45 5 - TCD Kt (1 7 e 45 1
R—E RIS Kappa = 0.463, 37 P F K A 77 ¥ 1) — BOME o B
HRAER 3 FAT & A 43 s W i) — BhE 5 g,

# 3 ¢TTE 5 c-TCD X§ PFO-RLS £ i (1 73 R 25 R —BER 5/n (%)
Table 3 Consistency test between predicting grades of ¢c-TTE and ¢-TCD in PFO-RLS/n( %)
¢-TCD .

eTIE 0% 19 Il % 1% it

0% 16(7.3) 38(17.4) 4(1.8) 3(1.4) 61(28.0)
I %% 20(9.2) 53(24.3) 0(0) 0(0) 73(33.5)
%% 11(5.0) 0(0) 24(11.0) 2(0.9) 37(17.0)
I % 2(0.9) 2(0.9) 3(1.4) 40(18.3) 47(21.6)
A1t 49(22.5) 93(42.7) 31(14.2) 45(20.6) 218(100)
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PFO-RLS 5 [#24% Firk e > fE L &
firfathE, HAT, 16K 2 K F TEE  $l - TTE 55
I c-TCD i2W7 PFO, H:H' TEE AJ %5 i i7" PFO K
INF AR ARRAE , B S Wi i e A s
IR AMEARAE, B A e A R T =)
JRZ5 ) AR 43 B AT AE AR R B I AT J3% ¥ LA Tid
ARG A IR (A Ay T i T R PEFRAIK,
1M H4 K~ B TEE H3% Joik i 3 3) Valsalva g1,
F&MIK T PFO-RLS MG %> ¥iglt ¢-TTE K £ L
B MR PRO [ KN SR , Sl ¢-TCD &
3K A PRO 1T BE, I 0L A4 10 07 151 A fake ot 1
SRS, PSRy il 3 e Fk 8RR 3 v b 2 AT ) A Gy
i, 0 H TCD A6 A X6 3 % A8 45 220K, PR ok s
c-TCDK; 2 PFO A" . B4R -TTE 5
c-TCDM # ki 4 J5 1k 34 B4 2 4 DA I A, 58
BAENG RIS, B Bl - TTE s $1 70 c-TCD Xf
PFO ffs AN &, BB 7 /8 35 1 ki 2 44 i
B BRAR A RO — R A, AR DT R A
N FH ¢-TTE 45 ¢-TCD X2 Wi PFO-RLS HIMH .

ZHRE - FRIRAS T 22 s PR 2 45 s e i
AEIEAR WS, B TE Valsalva SI/ESE W 2007 0
N A EEF R, KT DR, 26 5 0 55 1 J7 % B
BEAETF, 10 T80 RLS BLRAG I | AR SR 7T 48
Valsalva i J5 PFO-RLS 5 % i 2% i T &Ik
2 AN N G R TR B L VA o < O R 74
BKG KA 7E Valsalva Zh/EARZET PFO-RLS A4 H
TEOL, 45 B W78 Valsalva s A/EIR S T JGi8 & 5l
c-TTEH 27 5 B fh c-TCD 5 £ % — & e & 4 4
PFO-RLS Fy 4 it #8345 TP i WOR 2 5 BEAEF
FEEEHARFF %W Valsalva s11EF F|F PFO-RLS
R il TR A R P AR B SR — 20
SIS VIR S8 F2: Valsalva Zh1E 5 A K6
AR R I T sk o-TTE K #& 3 5t ¢-TCD
K, 48 7 O B — 1A Ak 9 B A G 25 i O o 1 12 W
PFO-RLS,

ARTIFFEAENT EE A3 AT v nT & BG5S 4

[ 2409 %, c-TCD %F PFO-RLS W46 i % & T
c-TTE, 5 REAEMF 5T 45 AR —20 2, it 1 9 e T 4%
THE T B S WIAN c-TCD 7EA I 25 543 2% &5
T PR B oA 3 AR5 A &t F - TCD
HR AT 26 44y B B 25 B K /D R R B e R B
BT A5 U 55 AT LR O ik — 1A Ak

HIBC AR A X T 2% 2 11 9% PFO-RLS H & AU %
P15 T 5l o-TEE KA sl 5l c-TCD K , A5
It T T 9% & I 9% PFO-RLS i # L fETE
—FR I 5 2 RS ) RLS, W4l o-TTE A6
RLS i ¢-TCD HARK: H (14 AT 582 B T ifl ik A Z2
O HEL Bkt ARG IR & kS
B 3 S 30 2 ik iE A B E A0 BA, DR OGR4 BB AN AR
c-TTEH A i RLS 1M AR AE c-TCD Hi& H 5 75—
{XAE c-TCD HA6 i RLS 1 A7E c-TTE HA6 i Ay Al
AEJE T2 O ot B S 8 A b, 4R
UG M 7R PRO AR AE S fta $icist | il ¢-TCD
2 T 3SR Al B ARG 0D P A i 35 P P AR S UG
PER 0 A R A RO I — R A, WA
F L TRAD ARG A B AR L A3 AR A AR
FRH AT R, 76 T2 PFO-RLS B3 K5 K4
Xf RLS A4 H % 5 Bl - TEE #6545 5 Bl ¢-TCD
o A JO A 25 5, AT ARG 3 AT = T R R (Ot
1t PFO # A ZE 0>, 7E ¢-TTE 4 &% b a] 7 i 9%
), DA R BB 2 2 Do AR N T 25 85 8 fok
PN L G R AR | 1 c-TCD H ] 35 B 551
KEWRIES . TEARBFIEN — B8 4 T
3} ¢-TTE 5 ¢-TCD MFFi2 W7 X PFO-RLS #3
AR AW — B T, 5 BRI 45 SR A
P BRSO 9T B AL S SR IR AT AN A
A —EPEE G — AU K A T 4R 5 PFO-RLS HUE (046

Zi L iR, 1E 45 [ 12 W PFO-RLS B L i LA
FrifE Valsalva sifE, DU & A0 55 6 0, 38w
R HEME SN c-TTE 4 5 B0l c-TCD ¥ A
AH LG, O il — 44 £k 1 B¢ 5 A W TG 81 TS 9 5 1R
AT PFO K 28 K B 47 i) % FLAR B 4 9, OF
FLn] FRAIR AR 3 12 5 24 A B R = T AR, X PFO-
RLS HA 5 012 Wit (8 1 i FH Vs g (B A5 3F —
ST i R (ENE i 1 N el S e 2 e
o7 =, 78 AR R W5 T Al E— 25 B i E — R
AR A By 2 9 05 28, DL 4 A T B I R IS A=
i R
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