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The value of transesophageal echocardiography combined with  contrast
echocardiography in the evaluation of patent foramen ovale
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[Abstract] Objective: This study aims to compare transthoracic echocardiography (TTE) and transesophageal echocardiography
(TEE) combined with contrast echocardiography in the evaluation of right-to-left shunt (RLS) of patent foramen ovale (PFO) , and
propose the optimal diagnostic strategy. Methods: A retrospective study was conducted on 186 patients admitted the cardiovascular
department of the First Affiliated Hospital of Nanjing Medical University from February 2020 to February 2022 with cryptogenic stroke
(CS), transient ischemic attack (TIA ) and migraine who were confirmed to have a patent foramen ovale (PFO) through TEE or cardiac
catheterization. Both contrast transthoracic echocardiography (¢TTE) and contrast transesophageal echocardiography (¢TEE) were
performed. In addition, during ¢TEE, the operator clenched their fist and placed it on the patient’ s abdomen, applying pressure and
then releasing it, while the patient performed a Valsalva maneuver. The number of microbubbles appearing in the left atrium and left

ventricle within three cardiac cycles was observed to assess the degree of RLS at the level of the interatrial septum. Results: During

rest, ¢TTE detected 136 cases of RLS, while ¢TEE detected 140 cases of RLS. During the Valsalva maneuver, ¢TTE detected 186
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cases of RLS, and ¢TEE also detected 186 cases of RLS, indicating a significant increase in the detection rate of PFO-RLS during the
Valsalva maneuver compared to the rest state, regardless of the ¢TTE or ¢TEE method. Among the PFO patients with RLS detected ,
cTTE classified 27 cases as grade 1,31 cases as grade Il ,and 128 cases as grade Ill. On the other hand, cTEE classified 80 cases as
grade 1,56 cases as grade I ,and 50 cases as grade Ill. Among these cases, 110 patients had a higher RLS degree in ¢TTE compared
to cTEE, with 46 cases being grade Il in ¢TTE and grade Il in ¢TEE,43 cases being grade Ill in ¢TTE and grade I in ¢TEE,and 21
cases being grade Il in ¢TTE and grade [ in ¢TEE. During the Valsalva maneuver with ¢TEE, while the operator clenched their fist
and applied pressure on the patient’ s abdomen and then released it, 35 cases were classified as grade 1 ,46 cases as grade II , and
105 cases as grade Ill. There were 76 patients with an increase in RLS degree , including 21 patients who upgraded from grade I to
grade II ,24 patients who upgraded from grade [ to grade Il ,and 31 patients who upgraded from grade II to grade Ill. The proportion
of patients with moderate to large shunting significantly increased. Conclusion: The RLS level detected by ¢TTE is higher than that of
¢TEE. During the ¢TEE examination, when the patient cooperates with the examiner to press, the degree of RLS detected under

Valsalva’ s action increases. The combination of ¢TTE and TEE in diagnosing the anatomical structure and morphology of PFO is of

great value for the treatment and preoperative evaluation of PFO occlusion.
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B [5] £L & 4] (patent foramen ovale, PFO) J2 fii JL
TEFRRGLFRAR , PRO Y R 48 B AR I 1 185 1 i
TFE,0~30 % 414 34.3%, 80~99 % 41K 20.2% '
PFO 5 VF 22 S 1 & A= HH G, 9] 4 B s A 2
(cryptogenic stroke, CS) . £ 7 4 i ik 1fil & A (tran-
sient ischemic attack, TIA) i35/ 555, PFO &
Hh, B A 18] 22531 (right-to-left shunt, RLS) 734 2
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25 fii 2235 W) 75 27 1 % (contrast transcranial doppler,
cTCD) 2 M 7 .0 01 [8 75 2% 385 5% (contrast transtho-
racic echocardiography, ¢TTE ) & 22 6 18 # 75 .0 3l K]
7 2718 5 ( contrast transesophageal echocardiography,
¢TEE) . HJX ¢TEE J& H H2 Wi PFO-RLS IS5 15
HE BSR4 Valsalva ZIifE R
WO TR, H 412 18 8 75 0 3 Bl (transesophageal
echocardiography, TEE ) — % 7 25 SRS T #47, It
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contrast transthoracic echocardiography ; contrast transesophageal echocardiography; patent foramen ovale ; right - left
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W, L5 3 A0 Bl T A P 2 o 2 28 P B
ot , UL B a1 7K~ RLS A

¢TEE s F 35 R A IR, S B D 0o V) T
FIULEE , B e LS s 0] B [ 20 8 A A AR B8 A BB —
B 5 58 R 4B Y KN BB A, I PEA Valsalva 5
YRR A M, Z )5 53 0 AE i SO R Fil Valsalva 2
VRSt 28 A Jsf B ke A A BEER /K I TR TR, W 34
Ol JET A P 22 s 26 2 P s B B, DA s
[ B /K7 RLS 1o feJe 8 1 WK 7E Valsalva
SIETR , BV B PR 2 R HRE W 45 R A s, R
58 340 s JRI B N 2 s 20 5 RS s B B3
FFTA B 1B 7K F- RLS A i .

M AT IR MU 3OS R N A2 B e
PRSI, ATi2 A PFO-RLS., % JH RLS 4346k
HALITRFERE -0 G (BATE) 5 T S (B, 1~10 Mk
) s M8 (P2, 11-20 M) s M2 (=214
TR e i 22 E L F0 , SEEAERR)

13 %itssix

fEHISPSS 24.0 1 748400 . IESSr AR i

SRR DI (E AR ERE (x  5) Fom , ARIE A6 1748

B LA (DUEO) [M(Pas, Prs) 1R, 732578 B
FHEANE 73 L [0 (%) JFRoR . 828 2 ] LEAER:
FHe kS, 73287 5 R M K, R FH MeNemar = 5 45
55 LA R T 2 8] B3 A 25 5, SR FH Cochran’s Q £
AT 22 ) 2R LA, >R H Dunn’ s 5 30 4 72 f5
P, P<0.05 hERA ST FE X,

2 # R

2.1 A&RIERFTA

PRI 2020 4F 2 H—20224F 2 A B st ERL R4
— [ = 0o M A N RHBUA 1) 186 141l 5 3 B 2L PFO
B P sk gi 99 4], CS/TIA 87 1KLLk ilfi R %
BT (£ 1), BEFR N (41.0£143) %, HHE N
33.9% , FEAFEIE PR E 2R A ST E (P <
0.05) : Ik 2H 3 AR AR (LR 22, T CS/TIA 4H
IR FE N E L PR E R T BTk
JE R EF TG E X (P >0.05),
2.2 PFO-RLS #9# th &

R ¢TTE A 3 RLS 13641 (73.11%) , ¢ TEE
K ) RLS 140 9] (75.27% ) . Valsalva g1 {E F ,

®1 BLKFHIERIER

Table 1 Comparison of indicators at baseline level

EfEgan 4 (n=186) CS/TTA 41 (n=87) Pk IrigH (n=99) PAE
AEIE (Y % £ 5) 41.0 £ 14.3 453 £ 14.2 372+133 <0.001
Hikn(%) ] 63(33.9) 45(51.7) 18(18.2) <0.001
W45 (mmHg % + 5) 122.0 + 14.5 1233+ 13.6 120.7 +15.2 0.211
73k E (mmHg, % £ 5) 782+ 104 78.8+9.9 77.7 +10.9 0.455
LF[ R min, M(Pas, Pis) ] 76(70,84) 74(69,85) 71(68,81) 0.501

¢TTE £ I 31 RLS 186 4 (100.00% ) , ¢TEE A5 1 51|
RLS 186 1 (100.00% , 3¢ 2) , 45 H 4278 Valsalva Zh1E
i, JCiE ¢ TTE 3 & ¢ TEE , PFO-RLS #6 i 26344 3%
$2TH(P<0.05), Bl 1 MHEIPFO B3 ¢TTE X ¢TEE
BG4

cTTERH PFO-RLS #2381 9427 i, 4% 31441,

#2 FERKER Valsalva F{ET ¢TTE # ¢TEE £ PFO-
RLS # H %
Table 2 Detection rates of PFO-RLS under resting state
and Valsalva action by ¢TTE and ¢TEE [n(%) ]

251 ¢TTE ¢TEE
FEVIRZS RLS (n=186) 136(73.11)  140(75.27)
ValsalvaglifE ~ RLS(n=186)  186(100.00)  186(100.00)
X1E 54.558 40.758
PIE <0.001 <0.001

M %% 128 fi]; cTEE FhAG H PFO-RLS 2 1 2% 80 4],
2% 5641, M2 50 41 Hrr 110 6 (59.1% ) 834
RLS 43 i F2 B ¢TTE & T ¢TEE, Hrh 46 1 (24.7%)
cTTERS M %%, cTEE B 11 4%, 43 1 (23.1 %) ¢TTE Hf
%, cTEER) 1 2%,2141(11.3%)cTTER} T 2%, cTEE
B T 9%, 59%1(31.7%) B FH7E cTTE Fl ¢ TEE £t 119
RLS /i B BEARTA] . A2 17 41 (9.14% ) H. 3% ¢TTE #5;
H B RLS /M AR EEAL T cTEE(3R3)

c¢TEE T #47 Valsalva sh/ER}, [6] i fid & /B &
32 2% i R N R R ORI, AU £ RLS 186 ]
(100%) , HAp RLS T 2% 354, 1 4% 464, MZ% 105 4],
76 1] F A RLS 4 i F B 5 7, FLrfoy 21 6 s 2 I
I 9383 119, 24 i3 D T 23 T2, 31 1)
AN D ART R MG (F£4) ;K2 0 ¢ TEE T #1741 R
HAER S ERVEE IR S PRO-RLS B0 AL EE R T T
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Al — B E R BAREF oTTE RLS 14¢(A), Valsalva g/ T RLS MZ(B) ; [Fl— R & BARE T TEE RLS 04¢(C), Valsalva g RLS 11

H(D)o LA:A LG LV 220 %  RA OB RV A 0%,
E1 BEPFOEE TTEXR cTEE KM ELER

Figure 1 The examination results of cTTE and c¢TEE in typical PFO patients

%3 CTTE 5 cTEE#H PFO-RLS 9} 2 B b5
Table 3 Comparison of PFO-RLS detection degree be-

tween ¢TTE and cTEE (n)

¢TEE
cTTE 1% % me%  wit
RLS [ % 16 6 5 27
RLS I %% 21 4 6 31
RSLII %% 43 46 39 128
Bt 80 56 50 186

*4 EHCTEE SEGRIEEEEMERSEEIENH

PFO-RLS 72 &
Table 4 PFO-RLS degree between routine ¢cTEE and
¢TEE with the operator to press the patient’s

abdomen (n)
. cTEE (B AR EFRZ )
ERCTEE T g T
RLS [ % 35 21 24 80
RLS I % 0 25 31 56
RSLIT %% 0 0 50 50
5828 35 46 105 186

PARLS 119+ &k - Ka s inibrife, 3 #0752
o cTTE X R B R Rk 159 1511(85.48% ),
cTEE BYKG H R 106 141(56.99% ) , cTEE+AC & 15:4F
FOME AR 1 %8 151 41 (81.18% ) , Horft ¢ TTE X
R RLS 6 H 48 5, B cTEE X - f 7
(RIS HH 2 EE cTTE AR, (HC A 45 4E 3 I 5 19 ¢ TEE
X - KA A R 5 cTTE M L, 22 5 o4t it
SRS,

3 it
PFO 19 A\ R 2 20%~25%""Y , B9 3%
B, 38 5 A B B[R] FL A9 RLS 5 44% CS . TIA 39

SETEN IR RAE S DIRHOC . PRO BYf#FI 454 2
Fe A ARBIETE & B PRO 1 LAk 5 S K A7 3 sl

A - B,
[l — B E AR BARE T RLS T (A, Bl A EE 22 UE R
N AL H TR IS 2 2 B 1) 2 D T I, 200 s DU PR HUR G <t
RLSIEFIMZ(B) . AO: EBIIK; LA 2057 RA A L5
B2 AMEEEHERSRESHREEMEBRITH
cTEE &L R
Figure 2 ¢TEE examination results of a typical patient in a

resting state and under pressure with the operator

F£5 3#AFKITPFO-RLS -K=47 ( I +114%) F6 H =
Table 5 Detection rates of medium-large shunt ( Il + 11T )
in PFO-RLS by three methods [n(%) ]
Ik RLS T4 RLSIZ+IM%%
c¢TTE(n=186) 27(14.52)  159(85.48)
¢TEE(n=186) 80(43.01)" 106(56.99)"
CTEE+BC A BRVEF INE (n=186) 35(18.82)  151(81.18)
5 CTTE HeAE, P < 0.05; 5 ¢ TEE+BC A HRVEE R HAS P < 0.05,

R 390 A K BB A (- 3A) T DR8] 3B) | ]
B iz L0 T B (BT 3C) o He g 80 B 5] L2 — 4>
e HL 1] 5 5 28R 3 P 3 0 5 1 28 i B 5 4k kB
[ REAR K, 3 T BB SR T 2200 B M 1) 4 8RS 40K It
R 5 Ak R B B T, T8 BCR R ) I 1, X AT R
3R BB ke B [ S B 5 T s 8] R R
LS ERCES K S 5 Y- CACE BN -2y N6
RLS™™ i IR _L A XA R ZE 8L PRO {5 FHAS [A] R
SEREESS A B R B HR Y PRO 2 A8
] PR B A B . TEE X T8 2 U9 B FL A fie 45
T K5 Tl R 25 A YOG ZR AR OCHE, IRt Ry 1 8
FIE IR TEE X AE TEE F BEAT IR 2 5 nl fig
X PRO 28 B2 A AT AR B EE SR e B o E 2L

HHETC A 2R HGE T ¢TCD ¢ TTE 1 ¢TEE
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TEZWT PRO J7 18 A9 8 , (HT T8l A PRO (12
WSk, A AR 2R JED5 56 F9E B ¢ TCD
AT CS/TIA 550 3k 9 B3 2 5 A 9 PRO 195 1A
i, B4 FE N AFIRIRIT PFO BE RIS
PRGN F-Be o Clarke %5845 i ¢ TTE Fl ¢ TEE
X5 PFO K () 45 AR ARL, 1T Mojadidi 25 5T HiGE
FHLG ¢TEE, ¢ TTE B9 R B 3K (46% ) , DK% B
¥R M ¢TTE | ¢TEE 43 55k & ¢TCD ¥ 1l 2 Wi PFO,

A7
PFO

£ =RA

{H cTEE BX G ¢ TCD BiZWrial e B s . AT As R i
/N, Valsalva 1/E F , ¢ TTE & ¢TEE #:1 2] RLS ¥ K
100.00% . FHFEIEH FEUCF , T4 5 AL T 42
P, 22 55 22 28 N R REAG I 21 /0 B e, 24 kA7
Valsalva sHAERT, £ 08 09 5 5 8 & 71 S 80T A I
FHCH I L3820 T T 4es RIS, R A D PR T4
P 2 B T A s 3 e oA PAT A B L A 2
P o i H AN b ik B HEE A SR T

A KBEIERL B IT A B C: BrRIRR I R
E3 TEE#ATPFOE N 3FHER
Figure 3 Three common types of PFO under the TEE perspective

SEWER AT B K F A R, TGS ¢ TTE if )2
c¢TEE, £ FE 4711 Valsalva h/E &R & HERG K H RLS
SRR B G ZEARTRSTRT 1 RLS A9 PFO fR 3
i1, 11041 (59.1% ) 5% ¢ TTE K& () RLS 43 i 72 )
m T cTEE, X ] BE5 BB 1E A RS T R Rl 55K |
LA MRS BT CEE T 780 ) Valsalva
SIEBVIFHIE , T BB P 1A 2, R RE R AR T
fFfar , AR RO LB AE A0 B TR T8 &
WAEABF ST, cTEE B A0 T 1 AR, 584 7E
Valsalva SI1E T, #5e4E 5 12 28 50 88 IR S04 1, W
25 (B K7 RLS B, H 2k T 38 o 8 35 38
B 5 Valsalva shifE B9 8, 255 BoRF 76 Bl R4
RLS 7 Fe B2 T

i o] LT 7890 1Y) Valsalva s, #HEE ¢ TEE,
¢TTE W2% B+ 1] 7K SF RLS B i RS o A
Y H SR R 7 2E TEE R34l PRO BB 24 2 4
fiE, X4 PFO E A RN AY | DL K B & S 1A
(i) B R, T e BB B AR S RN, SRR
HARPFO (K 5 70 T FE B 1 02 V) 561K, {H PFO
LA = 28 e A A BB AR 244 A 5RO
P 6] 43 1) d5e ELF0I 7 iyt s7 PR 2R 22 [R] B TEE
XTHERR i sl # KT PPAS 220 B A T2 R 548
HAh A IFE R R 2

25 LriR , TEE R s E R ¢ TTE 1] LIXF
PFO fB 5 1Y RLS K 43 I R 88 140 A7 v o A 0 1 o

cTTE f#] 5. FRAEMHE , @10 1F A i A PFO-RLS 19
Tk, (HAE e E YEAT PRO 3135 AR Hi, 26451847 TEE
SZR IR [ FLIE 25 B FLAR K/, TR T 58 ik ¢ TEE 5
BT Valsalva IPE A T8 57 BV E B IR 2 0E B
i 4% S TROR DAL 5 8] B 7K SF- RLS 11 25 B A
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