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Abstract

Objective: To evaluate the clinical application value of transcranial Doppler foam test (c-TCD) in
patients with patent foramen ovale (PFO)-related cryptogenic stroke and migraine. Method: A ret-
rospective cohort study design was adopted. 112 patients with cryptogenic stroke and 169 patients
with migraine diagnosed from December 2023 to December 2025 were included as the research
subjects. After Valsalva maneuver, c-TCD and transesophageal echocardiography (TEE) right heart
acoustic contrast were jointly implemented to compare and analyze the detection efficiency of the
two detection techniques for PFO. Results: The detection rate of PFO and cryptogenic stroke by c-
TCD was 34.82% (39/112), while the detection rate of PFO and cryptogenic stroke by TEE combined
with right heart acoustic contrast was 41.07% (46/112), with no statistically significant difference
(x2=0.929, P = 0.335). The detection rate of PFO and migraine by c-TCD was 52.67% (59/169), while
the detection rate of PFO and migraine by TEE combined with right heart acoustic contrast was 38.46%
(65/112), with no statistically significant difference (x2 = 0.459, P = 0.498). There was no significant
difference in the semi-quantitative grading of right-to-left shunt of PFO between c-TCD and right
heart acoustic contrast (x? = 4.092, P = 0.252). Conclusion: After Valsalva maneuver, the detection
efficiency of c-TCD for cryptogenic stroke and PFO-related migraine is not significantly different
from that of TEE combined with right heart acoustic contrast, and it has a high clinical diagnostic
value.
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Y 5 £L. A 4] (patent foramen ovale, PFO) & — i WK e RIECIE R H, RIA 3 & J5 I EFLARRE IR
WG, AR RO 2 d [ 1] S SR ERARHE O AT ) /e 230 AL (RLS) s 31X — AR B 5 22 Pl PRI
AR AESRHR[1]. WFFREEW], PFO S RA B —J7 1, PFO B vh i Sk i) 20 22 ]
Wivms S35, AR SRR SR AR R PRO O 3R 0 8 2 v Tl A H AT AT RENLE] Y RLS
FHUMEVE Y B e G IR B R NARIEIN, BRI R AWK AR AE, X — R U 28 70 i RO 52 1 3
FF——80 7 BEAEL R PFO I8 A G i SR IR 15 2 B2 53 [2]-[4]. tb4h, PRO G Y i A6 o
(cryptogenic stroke, CS) 1) R 42 07 . Bdi o, CS £ A dBEk ML 45 1 1) 10%~40% [5], T
29 50%¥1) B G IEAFAE PRFO, $RoR P FI REAFAE B0 (g B AR BRER 2R [6] . FEZWTTT I, &pi 25 dhil s
IEH(c-TCOWE A —MLA]. BAERMERR AT, AMUEH T PFO e, XF Tk & PFO ffE
Ao With B EEME[7]. 4075 &5 (contrast-enhanced transthoracic echocardiography, ¢-TTE)7RFRAE
P ER KR G 5 AR EOR o A G R B I B 4 L FLAR T eVl S 3, WA A BR AN
P RE MBI O RG R . SR PG R R B =y B2 0 RAF, 58 R TR DA 1) 72 43 T
%, X PRO JJH Al Zx &AL SO K2 W BA EEAME[8]. H AT TEE BG4 L A G A WAL H PFO
fbritE. R, AROFFTEL LLEL Valsalva 311E %35, ¢-TCD 5 TEE BR& AO F SAG REAE R IR A
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2.2.1.c-TCD &%

K H 5 [E] DWL Doppler Box %422 i £ 317 i 75 A (PR A% 2 MHz)BEAT A I o 5240 35 ORFFAD R 2 3
T2 R K ST O T TR IR, 1R S P R SRR . O R R I R AR S A 0 7R A
AR B FCEAR T U RGNS, KRR E Ve o 45~55 mm, 3£ DURIE SR SR @ 18 T AR
o 7 AFEFEIRAS K Valsalva Zi1ERF, M52 20 b P K A 3 ik ot @ s 15 i, 25k (ot DT 2
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AN 3 IR 25 ok I A RE AR -
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A RIBCEMEMT, SRA Philips iE33 BRI A&, REVHSCIEERIZH, A0 0HAR,
OWHLIEARSE, RIS 2 A LR B 77 5K S 90 (5 AL 4k B IRV E IR B . T80 R (2 22 35
ARG AT IR e T 70 bR e Ik S s i, HE TS AL AR B K (BRI AR [F D), 1892
K8 SE O MER Valsalva FFIREN{E, TEA 0o/ i 5 M =ANOanEH N i i g, 4780 Al
FI>3 MR A E B ESS SR. 25 8 BRI R B - 4k R R TR SRR e A 0 g 3RS, AT RS A
SRR FLA 8] A5 SEfti Ay Al 72 43 i 8 B VEAS, AKAE 2 ik R[12]: 1408 1~10 MR E S T
9 10~30 M IIZL TR IR Bl 30 Bl O 1 58 A I E 78

2.2.3. TEE &

K H Philips EPIQ 7C BUR 0 2 I Bl o e s #EAT RN, T 26 X7-2t SRR (R VEH 2~7 MHz). 324
TG RIS 5 B 7 A S e MR W S SR T BRI, B i S ML Rk S fr i N R N B, T3
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2.3. GiitFEAE

K SPSS25.0 ZE i B AFREAT Hds AL TE o X T B BB}, BF TUR BB 7 7 L (%) HEAT HiR PE S
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3. R
3.1. ¢-TCD X} PFO FH iR 2 P IF Z N {E

¢-TCD Xf PFO Bt i 25 Hh o H 238l 34.82% (39/112), 1 TEE &34 O i U R
41.07% (46/112), ZRITCGTHFE L (?=0.929, P =0.335). PEW#% 1.

Table 1. Comparison of PFO in patients with cryptogenic stroke diagnosed by ¢c-TCD and TEE combined with right heart
contrast echocardiography

%2 1.¢-TCD 5 TEE 6 H A LEFEH SRR MEMNZE S BE PFO [FRLLE

i H % ¢-TCD (n=112) TEE &) A47 0 i (n = 112) 2 P
B (N, %) 73 (65.17) 66 (58.92)
0.929 0.335
B (1, %) 39 (34.82) 46 (41.07)

3.2.¢c-TCD ¥t PFO H#{mkBrIFEM{E

c-TCD %t PFO F:fhi kI8 (A6 Hi 2N 52.67% (59/169), i TEE & 347 0o 24 5 4G HH R0 38.46%
(65/112), ZFTHuiH 2 X (? = 0.459, P = 0.498). T3 2.
Table 2. Comparison of c-TCD and TEE combined with right heart acoustic contrast imaging in diagnosing PFO in patients

with migraine
3% 2.¢-TCD 5 TEE &HALEFEF WL EEE PFO 1FILLER

for H e ¢-TCD (n = 169) TEE & HA L5 Fi&E 4 (n = 169) 27 P
[ (n, %) 110 (65.09) 104 (61.53)
0.459 0.498
FH 1 (n, %) 59 (52.67) 65 (38.46)

3.3.¢-TCD ERLEFER MM PFO ARES REEEFRIBERELR

c-TCD X} PFO AAIZErim e B diEii N: 1 itk 15.65% (10/281), 2 25t A 36.29%
(35/281), 3 Z ittt Ay 39.14% (43/281). AL 2E&E AT PFO 45 M) 2 73 i Y e A GO A: 1 btk
4 13.16% (15/281), 2 25k 38.43% (44/281), 3 2 5 ELR 44.12% (52/281), —FHWRER LG
(% =4.092,P=0.252). VW% 3.

Table 3. Comparison of semi-quantitative grading of right-to-left shunt of PFO assessed by ¢c-TCD and right heart acoustic

contrast imaging

% 3.¢-TCD 5HLEZERIT PFO AEA D RFEEENRIFRLE

IR c-TCD (n = 281) TEE & 45 O 5 %352 (n = 281) 27 P
1 %%(n, %) 10 (15.65) 15 (13.16)
2 Z%(n, %) 35 (36.29) 44 (38.43) 4.092 0.252
3 Z%(n, %) 43 (39.14) 52 (44.12)
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Ja 12 M AWM. £ 70%~75% % ILIE 2 J& % I SEHLg 22 LI s &, it 3 BRI G
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HEORHUS T B0 RORCE ARG A0 s R I A2 D I, ok E ER KR G LA O I AR P 2 R
A 22 A B TE HE NS O R G, B3| RN A5 A ZE F 4, 1 O [ FLAR PR 24 o 22 JAE3E 8 11 95% [14]
TECWITTH, e R R MR 5, TEE $EA YN IR EFLA 2 Ik [15]. RIMZBARH
I AR AT RN, 551 R A T S T a0 B Rk, kb, TEE BRSKIEIEMEMERT, g
FEITEAE, Y21t Valsalva ZiEIIRCE B, BB RES . SCEkEoR, BER Valsalva Zh{ERE
&S W 7 VA BA AT H 2232 T 26%~28% [16]. AHLLZ T, c-TCD RO 77 3, 523 vl iiH)
SERURAE Valsalva s, HAEWSIEREEA AT [ He T Sh. 45038 3 REAKHE L I 4 P A2 A0 PPl h 1A 4L
PE, T BT AE L 5P B ALK TR 3 . WFALBAEIESE, ¢~ TCD %t PFO M2 I BH 14 2 12 24 T2 i 0
fEdErE, HisT TEE[17]. Bk, A8FFIR EbE Valsalva Z7E#E 5 ¢-TCD BA K TEE & 3F 470 2
T P 5K BB 2 R e Sk 9 FE S PFO SN, LN G S & B T RS 3% .

AR R, R Valsalva SRR 5, 48 c-TCD A& PFO & Bl 1 i 25 o fr BH % K 34.82%
(39/112 i), 54 TEE BES A7 0 22 5210 41.07% (46/112 B K AR EL, Siit22 0 Eon & 053
Z5. IR EE PFO &, cTCD MFHMAL HZ 0y 52.67% (59/169 ), 1M TEE BXAIEREARN
38.46% (65/112 i), ia|bbEFEREAR WG iH2ER . X RIS B REBI[18]. 155 Hie[19] 21 A w7t
ZERAMWI A, UESE c-TCD X RRIEME A & IF PFO B RIFEWIINE; [FI 55K1E[20]. 2=40i8[21]55%
B RAEENE, SCRAZFEARTE LIt PFO W b & It . b4, BEG RREMEA o 5 f S B
Kl 5 K I, c-TCD 5/ 543 fE ot PFO A5 [ 42 43I IR 70 VAl 45 SR B E G i 2 22 57 . c-TCD BAR 3N -
S F IS E K S, IR R B TS, R A A 2 iR A2 T PRO. il 2
HHEDR B HICA 7B Valsalva Z01E, MOZE AR OCHERHE——BF 7 [22] R B 48.28%~75.41% E & ¥ 51
FFLIEF SRS T T HIEIRA, %055 R TR RE e 175 R R T m iy, 9N B FL A2 B I TBO% B A
EIE, XML ERTE T c-TCD % PFO & (i Sk A th &k . 5 A AHCHE AR, SLifi Valsalva
HER] R E SRS c-TCD HIAI R B [23] . ARLIRLE R 5 2 AHRF, R H Valsalva #:4ER}, c-TCD 5 TEE
I A O 5 2536 R IR PR RS DU - B PR B PR H ok RG22 2 5

BRI, ¢ TCD 5 TEE BtA A0 3 BEAE R U B R P 20 7 LA R Dl Sk i 45 9F PFO. AR 2% 5
TR EEZES, N EIARR AN 2 A VR A B AT B 5 T, WHER R ¢-TCD %124 PFO BTG4
PEORAE T H.. SR1f7, SZPRT e OBE I M FEAR A R GG, RRTITRAMAL. 2 bl BEHL B
5, DAE— DI Z 7 VETE BRI P 2 DL R A Sk 6 & 5 PRO 12 W I R R RE

E&MHE
WUH A ERMRBGHIBIE . S5 202245,

SE K

[1] Trabattoni, D., Brambilla, M., Canzano, P., et al. (2022) Migraine in Patients Undergoing PFO Closure: Characterization
of a Platelet-Associated Pathophysiological Mechanism: The LEARNER Study. JACC: Basic to Translational Science,
7, 525-540. https://doi.org/10.1016/j.jacbts.2022.02.002

[2] BRI, UL, gk BN R E LR PR Sk AR 5 R S R Sk R T8 A R A R AT [3]. HR RO I AR
2023, 51(6): 656-661.

[3]1 Z=Rde, skiE, BEKaE, 5. SPIRIFLAR P A Sk 2 0 T 5 e 1 IR 6 i A2 Wi B i 2 0], U R 4,
2026, 37(2): 111-116+122.

[4] ERART, PAKA. OREFLAR -5 S A O A Fedk RE[9]. O Il 975 4330 F, 2025, 46(2): 124-128.
[6] =&, XIHE, X7 & BRIEMEREPSETT R RE]. PHERESAE, 2022(45): 3639-3646.
[6] BRYTAK, B, OUIEFLAR P BRI 2 R i Tt Fe (3], R 2 45K, 2019, 14(5): 456-462.

DOI: 10.12677/acm.2026.1662203 144 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662203
https://doi.org/10.1016/j.jacbts.2022.02.002

Sl 55

(7]

(8]

(0]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Abecasis, F., Cardim, D., Czosnyka, M., Robba, C. and Agrawal, S. (2020) Transcranial Doppler as a Non-Invasive
Method to Estimate Cerebral Perfusion Pressure in Children with Severe Traumatic Brain Injury. Child’s Nervous System,
36, 125-131. https://doi.org/10.1007/s00381-019-04273-2

BVHE, Z9FH], AR, & A0 Sl SUA I L5 O A SR AT 1) 2 2R B IR R A [3]. Hh R A R
22k, 2021, 37(9): 1002-1005.

Adams, H.P., Bendixen Jr, B.H., Kappelle, L.J., Biller, J., Love, B.B., Gordon, D.L., et al. (1993) Classification of Subtype
of Acute Ischemic Stroke. Definitions for Use in a Multicenter Clinical Trial. TOAST. Trial of Org 10172 in Acute Stroke
Treatment. Stroke, 24, 35-41. https://doi.org/10.1161/01.str.24.1.35

HARER F A o, AR S A 2 O X T B 20 b B 2 SR ME ik 26 Fhi2 ¥a 48 e 2018 [J].
rh 2Rl 26 3, 2018, 51(9): 666-682.

FH, MERRE, K. &% e R I 12 W O B LR AR DGR E R I A% o O ROR[J]. RS B 2EAIT AT,
2021, 30(19): 3600-3602.

LTI LB I AR R b B B X R T 5 R IE LR A O 7 2l e b B R LR ]. TP EER R,
2022, 37(5): 449-458.

Amin, H. and Greer, D.M. (2013) Cryptogenic Stroke—The Appropriate Diagnostic Evaluation. Current Treatment Op-
tions in Cardiovascular Medicine, 16, Article No. 280. https://doi.org/10.1007/s11936-013-0280-3

PR, A, R GPESLAR S BRI R[] BRSO MR A, 2024, 51(6): 367-370.

Akhondi, A., Gevorgyan, R., Tseng, C., Slavin, L., Dao, C., Liebeskind, D.S., et al. (2010) The Association of Patent
Foramen Ovale Morphology and Stroke Size in Patients with Paradoxical Embolism. Circulation: Cardiovascular Inter-
ventions, 3, 506-510. https://doi.org/10.1161/circinterventions.109.908533

Gonzalez-Alujas, T., Evangelista, A., Santamarina, E., et al. (2011) Diagnosis and Quantification of Patent Foramen Ovale.
Which Is the Reference Technique? Simultaneous Study with Transcranial Doppler, Transthoracic and Transesophageal
Echocardiography. Revista Espafiola de Cardiologia, 64, 133-139.

https://doi.org/10.1016/j.recesp.2010.10.009

Chen, J., Chen, L., Hu, W., Ni, X., Zhang, Z., Feng, X., et al. (2019) A Comparison of Contrast Transthoracic Echocardi-
ography and Contrast Transcranial Doppler in Cryptogenic Stroke Patients with Patent Foramen Ovale. Brain and Behavior,
9, e01283. https://doi.org/10.1002/brb3.1283

FRERDE, TEPHER, Tkt . G 8 R YR R0 0 A Bt 14 AR A I O R FL AR P 0 R AN L], A R
ek, 2021, 37(1): 46-49.

WA, HifkH, BT, . BE AR R TR LA A oA I IR B ALK PR N B ARE Y],
[ 45 A O 1L 95 24 7%, 2023, 21(8): 1517-1520+1536.

TRAE, WA, BB, F MR SN OB O R K A S W R R AL R
A e i 3], B R A AR R, 2021, 37(10): 1471-1476.

ZROLIR, R, RER, . BRZ ) R TR OF R FLAR P R Sk R 0 A R ) S RANMET]. B RS R
N, 2023, 7(16): 56-58.

R, AR, RAS. 2 2 5 5 R0 0 A R v 28t & R 90 B FLR A IAMED]. 5 AREE 2, 2022, 43(2): 352-
353.

=g Valsalva ZI11E T ¢-TCD K2 7E BN B FLAR P2 W i) S AME]. 22 E R, 2021, 34(6): 17-20.

DOI: 10.12677/acm.2026.1662203 145 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1662203
https://doi.org/10.1007/s00381-019-04273-2
https://doi.org/10.1161/01.str.24.1.35
https://doi.org/10.1007/s11936-013-0280-3
https://doi.org/10.1161/circinterventions.109.908533
https://doi.org/10.1016/j.recesp.2010.10.009
https://doi.org/10.1002/brb3.1283

	经颅多普勒发泡试验对隐源性卒中以及偏头痛合并卵圆孔未闭的筛查价值
	摘  要
	关键词
	The Value of Cranial Doppler Foam Test in Screening for Cryptogenic Stroke and Migraine with Patent Foramen Ovale
	Abstract
	Keywords
	1. 前言
	2. 资料与方法
	2.1. 一般资料
	2.2. 方法
	2.2.1. c-TCD检查
	2.2.2. 右心声学造影检查
	2.2.3. TEE检查

	2.3. 统计学处理

	3. 结果
	3.1. c-TCD对PFO并隐源性脑卒中的筛查价值
	3.2. c-TCD对PFO并偏头痛的筛查价值
	3.3. c-TCD与右心声学造影评估PFO右向左分流半定量分级情况比较

	4. 讨论
	基金项目
	参考文献

