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Abstract

Objective: To preliminarily explore the correlation between the shunt grade of transesophageal echo-
cardiography (cTTE) and the Risk of Paradoxical Embolism (RoPE) scale in patients with cryptogenic
stroke (CS) associated with patent foramen ovale (PFO), and to evaluate the clinical value of their
combined diagnosis. Methods: A retrospective study enrolled 86 CS patients admitted to the Cardi-
ovascular Hospital of Yan’an University Affiliated Hospital from January 2023 to January 2025. Pa-
tients were categorized into PFO-CS (n = 41) and non-PFO-CS (n = 45) groups based on ancillary ex-
amination results. Clinical data were collected for both groups. Right-to-left shunt (RLS) severity was
assessed using cTTE, and RoPE scores were calculated. Differences in clinical indicators between
groups and correlations between cTTE and RoPE scores were analyzed. Results: (1) The RoPE score
[(6.12 + 0.98) points] and cortical infarction rate (70.7%) in the PFO-CS group were significantly higher
than those in the non-PFO-CS group [(3.36 % 1.19) points and 31.1%, respectively] (£ = 11.588, x2 =
13.471, P < 0.001 for both); (2) The detection rate of RLS during the Valsalva maneuver (56.98%) was
significantly higher than that at rest (37.21%), with statistically significant differences (x% = 6.744,
P <0.05); (3)Pearson correlation analysis revealed a significant positive correlation between cTTE
shunt grade and RoPE score in PFO-associated CS patients (r = 0.698, P < 0.001); @ Age, cortical
infarction, absence of hypertension history, and absence of smoking history were identified as sig-
nificant risk factors for PFO-associated CS. Conclusion: cTTE shunt grade and RoPE score showed a
significant positive correlation in PFO-associated CS patients; the Valsalva maneuver significantly im-
proved RLS detection rate.
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[P S A 2023 4F 1 3 28 2025 4F 1 3 TEAE 22 K P T B e 0o i I/ = Bt 1 12 BB s IR IR A2 N
SRR AR HAF A CS EWits e B . GIAARdE: @© Skl MRT (DWI 7837 S sl i AR BE L 5
@ 54 TOAST 73 CS Wikt (HERR KBk FERELL . VR PERE ZEE AR R); B il 18~80 %5
@ 58 cTTE K& RoPE ¥F4r; ©® Wikl e, Hilbitrit: © JIERLA Valsalva ZiE; @ &0z
REANAENYHA =TI 4%). &ML FH(INR > 1.5); @) fF1E )5 Al MR sk 55 A e 0 @ oA R BH A ) 2
B . AT cTTE F1 RoPE 45 A KNS 142 ) RFRLO T W RHE SRR Z3 1 23, MR B e
I R RHEFEEA R T TEE 455, KA a O BIEY . M AR LSBT & HIWT, KR E S AR TR
£ PFO #H G2 Hh 4(PFO-CS 4H) RIS AT g 1t/ H At J5E R 26t 2H (3 PFO-CS 4H).

2.2, ERNAE

© —fFERl: WAL FER Mol @ BRERSE: mILEWEEE > 140 mmHg ME)E KT > 90
mmHg B REA 12 & R AR A B R ) BEPRIB (IR IIPE > 7.0 mmol/L B8 J5 2 /NG LA > 11.1
mmol/L). /U mfEIMSE. SRR ER IGE . 25H/TIA 825 @ MAS: WL, Jisish; @ sz
W EFbs: D-ZRMAKE0.5 mg/L M) ©® #1485 kW MRIL, GHEEE. ¢TTE; © RoPE iF4r: %
FER(18~29 % 5 /3 5>T70 B 0 4) To e ML /B FRIa/ 25 HTIA 2/ SR (5% 1 43) s ZFEBEQ 43)itH5,
By 0~10 73 (W4 1),

Table 1. RoPE scoring scale
% 1.RoPE N ER

P IH Zaid
6 e M 5 f: 040 Jo: 15y
ToRE PRI L f: 040 Jo: 15y
Ter, TIA 9 52 fH: 0405 o 1570
oI 5 H: 045 T 147
B RS f: 148 T 04
18~29 % 55
30~39 ¥ 44
i 40~49 % 34
50~59 % 2%
60~69 % 14y
>70 % 07
2.3. cTTE &EH%

© RAEFHES: $RFEFY] Valsalva s1F, TFfREE< 10 s HIRES > 40 mmHg (K% A )
1) HRFIBRIGRULTT, DN FEAREL S .
@ BAERAE: BEBUMENMEL, KA CRIE EPIQ7C #1028 il A 2 Wi A, 2200 J DU i Lo DI T WL 5%
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LSRR A G R, 2 E ki BRSSO AL Valsalva sfE T A G 20k BAE0, HIH
T LN A) S s ()% 2 0 R ELRERAE 1 0k, B2 KA T R iRm0 SR R iR A A R

@ FMEAEL: d1 2 A ARG AL cTTE BHE, 4% CON B FLAR P A g i vh [ 4 5038R)
IrER[6], HU U P iR 2 A IR 2 RLS S5 (ML 2).

Table 2. The four-level classification method recommended by the “Chinese Expert Consensus on Right Heart Echocardiog-
raphy with Patent Foramen Ovale”
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2.4. G FERE

fEEF] SPSS 27.0 B AFBEAT Hidi SR N 5 704, tFERRILA(X £5) &R, Sk AHT el 20 Bl it AT 1k

STE AR, AT G LA A W —

17

e K THEER A (%) %on, 4L LEBER A 2 falss £

A Pearson #7341 ¢TTE 73t 55 4% 5 RoPE P MIAH R, I o #ri Ll P<0.05 NHE5, WAHFS

238

3. &R

3.1. MEBRE—RIIBELR

PFO-CS 4H Tt B

FKTHE PFO-CS 4H(P < 0.05), KimliE. THERG . WAL, 25,

ROPE 143 1 Lb i & 2 5 F-3F PFO-CS 41(P <0.05), ZERAFTEG =R Lo WAEMR . O . =i
MAE = AR R I . D- R Ie R B2 R LG5 (P > 0.05) (&5 B 3 fiR).

Table 3. Comparison of general data of the two groups of patients

3. MARE AR

A PFO-CS 41 3F PFO-CS 41 2z P
PEHI(E) 30 (73.1) 33 (73.3) 0.002 0.986
Ga 54.61 +8.36 67.69 +9.81 —6.622 <0.001
1 LUK (E) 31 (75.6) 19 (42.2) 9.826 0.002
W5 R () 39 (95.1) 36 (80.0) 4.398 0.036
LR () 33 (80.4) 38 (84.4) 0.233 0.629
e ZFEBECR) 29 (70.7) 14 (31.1) 13.471 <0.001
e TIA $(E) 28 (68.2) 35(77.7) 0.985 0.321
W) 29 (70.7) 16 (35.5) 10.641 0.001
SIEELE SR €S 7(17.1) 5(11.1) 0.635 0.425
T R ILRE () 12 (29.2) 17 (37.7) 0.695 0.404
RoPE P¥4) 6.12+0.98 336+1.19 11.588 <0.001
D-— R4k 0.58 +£0.62 0.53+0.49 0.343 0.732
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# VRS, PFO-CS 4 ¢TTE 73t 5 4 L 0~1 9 F£(28 5, 68.3%), E PFO-CS 41LL 0 75+ (38
1], 84.5%) (x*=18.943,P<0.001); Valsalva Z1{E T, PFO-CS ZH LA III 24537 F(35 #il, 85.4%), 3E PFO-
CS 45LL 0 N EBT B, 82.2%) (4 = 59.166, P < 0.001) (V£ W7 4).

Table 4. Comparison of cTTE shunt grade distribution between the two groups of patients

% 4. FEEE TTE D RZEHHELE

RE& il 0% 1% 1T %% III %% Faki:! P
‘ PFO-CS %41 16 12 5 8
HEORES 18.943 <0.001
JF PFO-CS 41 38 5 2 0
- PFO-CS 4 2 2 3 34
Valsalva Zh1E 59.166 <0.001
4 PFO-CS 41 37 6 2

3.3.cTTE 8% RLS #§# 2S5 Valsalva BI{ETRIRTEE

gE IR, Valsalva ZI1E R BHIEZ(56.98%) mn T VR F MM RLS BHIE2(37.21%), BFUIRA T
B RLS R ER AL E (e = 6.744, P <0.05) (W7 5).

Table 5. Comparison of the results of cTTE examination of RLS under different states

5. TEMAST ¢TTE #&2 RLS HILERELE

Valsalva s)1F
FEIRES FH 14 14 At
FH 32 0 32
93 1 17 37 54
Hit 49 37 86

3.4. cTTE 9 REFRS RoPE iF5 B9 XM

# PFO-CS 41 cTTE S TIEO % =0, 14 =1, W& =2, W% =3), RIEIKRK
WCAE B S5 1H 75 ) RoPE 4343 {H, 1] Pearson FHISHE/S MG 4518 : ¢TTE /%45 RoPE ¥4
S5 M@ =0.698, P <0.001) (45 R 1 FiR).
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Figure 1. The correlation between the RoPE score of patients and the cTTE shunt grade
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4. ¥Wig

S I o 2 o G A SR AN R B R BB R, DR RS S EUN AN RIET, A
NI N A 22 4y RN E BRI 2 (7] IRIEER MR 2 Y TOAST 8, %SRRI
B R, BROAELE P S DA b mT R DR L DG V2 4 A URORI IR ELHE V5 TR, R WA Ay A B i R 28l A v
(cryptogenic stroke, CS)o LI 7EEUW A 2R = ZLAFEIP [ FLAR FI(PFO). FEAPEC 5 BBl ik I % 7 i 5
[8] [9]. L4k, Z IR FTCLEHAA PRO 5 AN BH Jit DAT A Ao /895008 2 (B A7AE QR JUHGZE CS B,
PFO A H 2R B 25 & T @ AFHE[10]-[12] Rk, #EREIRA] PFO AHOC CS FFEPAh HB0m A, X =2 it
By Je s ia T e s A R L.

AT /NFEAR AT 7R, PFO MG CS &3 B “4MF4%, B:hli /b K JZHEAEZ . RoPE W5~
SEEFE, 5 Luca Z[131MIRF R —8, X —4FEFF 4 RoPE &3 “IHII LEMIR . RS SEIrHIE PFO 3
CS mfa NBE” 24, W 7 NfT PFO-CS 4 RoPE ¥4 i 2 i T-3F PFO-CS 4[(6.12 + 0.98) vs
(3.36+1.19), P<0.001]. $&/~HALENGPRIF A h BA HEME. & RoPE Wi 598, k. Jom
SERRFEA G, X5 RCE R ZENLHIA R . (EERNZ, B4R RoPE W4T AE TN PFO #HGHM:, (HIL A
B M R(RLS) FF R MR e br, FERMA IR 220 15%~20% [14].

AT O FE ISR (CTTEME A — M0l MR E T, BFENELF. BLEES, 1A Skl
PFO 5|i&&f¥) RLS [15]. ZEAWIITH, Valsalva ZHEMIFHPEL RLS i Z M 60.98% 52 7+ 52 95.12%, H. 111
a3 LA 80%, 3E— 25 Y FF Takaya &5[16] “Valsalva SI/ETT % & B H kAR LK PEO” I45ib——
Ki RLS $#Eniffhkae 7 58 Zl ik PFO MENARIEH, 5 CS RIGEEAHK[17]. Tk, TATEI cTTE k&
I, TR SR SE A 2K Valsalva Zh1E, DA R T 1 R G RN HER T

A—HEERIAZE cTTE 25415 RoPE 43 PFO-CS 413 2 IEAZR(r = 0.698), &R & Al {EIG
PRI BN TS o 8 20 U S5 AR B R SRS AR 2 UK, 1T R RoPE. P45 MU Jse et R0 2 e = A% 4 i 5
fal Rz, “HEGASI R TAEEE + A MR OB DA (18] [19]. A 7045 SO HFIk
4N cTTE 5 RoPE 83K 1 & #E#Em PFO 2% CS MITHERCE, NG44 & EHEH (TER)fiZ SHEAR
RS S

b4, Z 3 Logistic B4 Rt — D HoR, 0. KRJZFEAE. Jom MR s G 522 PFO
FHIR CS RAMIMAL GG R 2 o R0 B W T ML SRR RCAT, R AR RSN KR AR A 1 2 rh ) R LIS, T
PFO 1ERN—FBTERIR R, AR Nt . Jom R s TR0 s 1) CS B, il 1Bk = WA A i
fERE, PFO MO H T BEMEAIXT I =120, Rk, XFT4EF. T RIMELREEKN CS B, M
i EPREE PFO S CS HITTRE, FAMGEAT cTTE /7, 5454 RoPE P2 PEAL H: PFO AH KUK o

AT FRAE BRBLAE 2347, PFO FIEUR A FH A HGR T RLS 554K, &5 HMRH 2R s B oG, Bp
FEOPESLIBIEKE . —EANBIES PFO, DA PR b R FRIE (ASA)SF R R [21] [22]. O 2048 %
AR RER, A ASA SAFIER T PFO B3, LA oh 5k XU S5 35 o (23] [24]. ST, ASHT
ARZHEARE G EF BRG], REEIAN PFO MM ST, X2 580 A ol 7y 2 —.

AW 7 — RBRAE T H A BB 7L, AR, R ERmE, MRERAFE
HOG SEES BRI R [RIRTE Z BE VTR, JoV2 IO BE A R Am R A% rp B R U B TR B o Ji5 SR BT KR
AREIEG AP R I LB PFO HIEARGREVI S5 R, HE— DI FIR R S

28 b, ¢TTE 2% 25 RoPE Y43 7€ PFO A% CS B rh 2IEAHSCHE, 3 Bea N AT S8l “f@s
EOTEE + R REVERAL” AN, & EMENIGIRYIE S TR, NJE8: TEE #i2 KiGy7 7 &1k
e, aImim ks, THE SRR R N .
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