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Meta-analysis of Relationship between Patent Foramen Ovale and Migraine TIAN Da-chen'’,
WANG Hao’, CHEN Wang"?, TIAN Qiar’, ZHANG Li-jun"’, HUI Xin™’, WANG Xian-jurr’. 1. Medical College,
Qingdao University, Shandong 266071, China; 2. Department of Neurology, Linyi Renmin Hospital, Shandong
276000, China; 3. Clinical College, Taishan Medical University, Shandong 271016, China

Abstract Objective: To investigate the correlation between patent foramen ovale (PFO) and migraine using
meta-analysis. Methods: The databases of PubMed, EMbase, The Cochrane Library, Web of Science, CNKI,
VIP, WanFang Data, and CBM databases were searched to collect case-control studies, cross-sectional studies, or
cohort studies that investigated the association between patent foramen ovale and migraine headaches. The re-
trieval time span was from inception to August 1, 2018. Studies were screened according to inclusion and exclu-
sion criteria, data were extracted, and quality was evaluated by the NOS by 2 reviewers independently. Meta-anal-
ysis was conducted using RevMan 5.3 software. Results: A total of 30 articles were included. The sample size
was 9177 cases. Meta-analysis showed that there was a statistically significant difference in the incidence of PFO
between the migraine group and the healthy control group [OR=3.19, 95% CI (2.20~4.63), P<0.01]. There was
statistically significant difference in the incidence of PFO between the migraine with aura group and the healthy
control group [OR=3.71, 95%CI (2.13~6.46), P<0.01]. The incidence of PFO in the migraine without aura group
was higher than that in the control group [OR=1.48, 95% CI(1.09~2.00), P=0.01]. The incidence of PFO in the
migraine with aura group was higher than that in the migraine without aura group [OR=2.32, 95% CI (1.96~
2.76), P<0.01]. The PFO group had a higher incidence of migraine headaches compared to the healthy control
group [OR=2.58, 95% CI (1.57~4.25), P<0.01]. Conclusion: There is a clear correlation between PFO and mi-
graine.

Key words patent foramen ovale; migraine; correlation; meta-analysis
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Wang 2514 2017 ] s 911 %: HRL ¢-TCD 931 282 TEF 7
Al o SR 2017 [ s 5%t B TTE 133 245 TR 8
| 2017 E s 5%} B ¢-TCD 80 30 TER 8
i KBRS 2017 o s 5 %F B ¢-TCD 62 43 To 5 7
R R 2017 o Js %) ¢-TCD 75 71 Tz 8
FRE 2017 o s 1411 %: HRL ¢-TCD 70 35 JoE5F 9
R 2016 G| I (%) i TEE 158 158 TER 8
Roel 2511 2016 faf =% FEWBT AT 5 TEE 168 721 TES 9
T A0 2015 [ s 5%t B TTE 131 52 TR 8
Eren 2507 2015 +HH PG 9%} TEE 203 212 TEF 8
IR S 2014 i s 5%} B TEE 392 390 TS 7
Domitrz 25! 2014 i s 5%} TEE 158 53 T2 5 7
Calviere 250 2013 %E I A %) AR TEE 50 50 JoE S 7
Kuper &' 2013 ] 35 151 %t R, ¢-TCD 86 41 TR 8
By R 2013 hE ibapis ¢-TCD 60 26 TES 9
Khessali 251! 2012 £[H I 511X R ¢-TCD 204 200 JoZE 5+ 7
Yang 250 2012 H S 5%+ e ¢-TCD 217 100 TR 7
ESOY e 2011 h g 9] %ot B ¢-TCD 217 75 TEH 6
Garg 252 2010 | WXt TTE.c-TCD 144 144 TEH 9
Rundek 252 2008 FE REWT oY ¢-TCD 178 923 ToZES 8
Jel i AR 2008 H 9 A X} ¢-TCD 82 24 Tk 6
Domitrz 2529 2007 W g A X} R TEE 121 65 JozE 5+ 8
Kimmelstiel 2 2007 eS| S 1% i TEE 63 65 JoZE5t 7
Tatlidede 2527 2007 +HH 95 151 %5+ L TTE 53 27 xR 7
Wilmshurst 252 2006 e[ o 1911 %sF B ¢-TCD 370 123 TS 7
Ferrarini 2" 2005 BEARA Stixt IR ¢-TCD.TEE 25 46 TE5 8
Schwerzmann 5" 2005 Bt Ik 191 % 1 TEE 93 93 P 9
Sztajzel ZE 2002 Fii+ 9 A X} TEE 44 30 TR 7
Anzola % 1999 ol 9 A %o} AR ¢-TCD 166 25 TR 9
Del Sette 251 1998 B S {51 % i TEE 44 50 TR 7

¥ : TEE & £ i #8 7 .0 3l [&] (transesophageal echocardiography) , c-TCD & 28 fifi £ 3 ) #8 & % 0 32{ % (contrast-enhanced
transcranial Doppler) , TTE S22 g 538 75 .0 5} [] (transthoracic echocardiography) . NOS ¥43 : (D5 i 52 14 24 ; @ 9l At 1 @
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Odds Ratio
M-H, Random, 95% CI

Migraine Control 0dds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95%Cl
Anzola1883 86 166 5 35 33% 2.64 (0,94, 7.38]
Del Sette 1993 18 4 8 50 34% 363 1.38, 9.56]
Dormitrz 2007 4z 12 16 B5  39% 2.0 [1.03, 3.94]
Dormitrz 2014 55 158 11 83 38% 2.04 [0.97, 4.27]
Eren 2015 85 203 893 212 42% 0.92 [0.62, 1.36]
Fertarini 2005 18 25 14 46 33%  588[2.01,17.23
Garg 2010 38 144 37 144 41% 1.04 (061, 1.75
Knessali 2012 189 204 36 200 38% 57.40[30.34,108.60]
Ku“per 2013 34 86 17 41 37T% 092[0.43,1.87]
Roel 2016 44188 182 T2 42% 1.22[0.83,1.80]
Rundek 2008 B 178 138 923 41% 097 [0.62,1.53]
Schwerzmann 2005 44 a3 16 93 39% 4.32[2.20,8.49]
Tatiidede 2007 % 5 6 27 33%  392(1.36,11.28]
Wwang 2017 429 931 83 282 43% 2.05(1.54,2.73
wilmshurst 2008 141 370 15 123 40% 4.43[2.48,7.91]
Yang 2012 95 217 28 100 41% 2.04[1.22,3.40]
Bt 2008 E: ) 5 14 33% 219 [0.74, 6.47]
ZRH 2017 3z B2 12 43 3E% 276 [1.20,6.33]
2k 2016 68 158 3 158 31% 39.04[11.93,12769]
TS 2017 44 133 3245 30% 39.88[12.08,131.68]
il 2104 79392 18 390 44% 5.22 [3.06, 6.69]
T 2017 32 76 8 71 3B%  586[246,1384]
oIk 2015 L 10 62 37% 237 [1.04, 4.95]
TRE 2017 4 T0 11 35 3E% 308 [1.31,7.27]
PR 2011 95 217 20 75 40% 248 [1.22,3.80]
S 2017 EE-] 730 34% 2.83(1.09,7.34
i 2013 E-] 8 26 34% 3450118, 8.38
Total (95% CI} 4621 4254 100.0% 3.19[2.20,4.63]
Total events 1899

Heterogeneily Tau®= 0.82; Chi®

740
=23520, df= 26 (P =0.00001), *=89%
Testfor overall effect Z=8.11 (P = 0.00001)
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MA Control 0dds Ratio 0dds Ratio
Study or Subgroup _Events Total Events Total Weight M.H, Random, 95% CI M.H, Random, 95% CI
Anzola1999 54 113 5 15 03% 366 [1.28,10.43] =
Dornitz 2007 31 Bl 18 B T0% 3.61[1.69,7.69]
Dotiitrz 3014 27 B2 11 51 68% 295(1.28,6.77] ——
Eren 2015 785 93 I T4% 0.91[0.52,1.60] =F
Garg 2010 15 8B 37 144 TA% 1.06[0.53,2.13] =
Khessali 2012 168 175 36 200 6.8% 109.33 [47.31,25268) —*
Ku"per 2013 19 42 17 41 BT% 1.17[0.49,2.78] —
Roel 2016 7 7T 181 721 75% 2.07[1.25,3.44] =
Tatlidede 2007 1018 6 17 53% 7.00 [1.72, 28.54] —
wang 2017 153 M0 83 W2 AT% 4.22(282,6.09] =
Yang 2012 3858 28 100 1% 5.01(251,10.03) ——
s 2008 16 38 5 24 59% 2.76(0.85,8.07] ——=
SLTPHE 2015 45 10 51 66% 385[1.67,9.47] S
TXFE 2017 23 3z 11 3 6% 5.58[1.95,15.94] —t—
#2013 I 8 6 59% 5.91[1.84,18.93] =
Total (95% CI) 1105 2007 100.0% 371 [2.13, 6.46] -
Total events 654
Heterageneity Tau= 1.01; Ghi= 114.93, df= 14 (P < 0.00001); F= 88% S R 5 P
Testforoverall effect: 2= 4.61 (P <0.00001) Favours [experimental] Favours [control]
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K3 Selk i Som 25 f e B2 PFO R A 3R AR
Mo Control 0dds Ratio 0dds Ratio
Study or Subgroup _ Events Total Events Total Weight M.H, Random, 95% CI H. Random, 95% C1
Anzola1999 12 53 5 15 43% 147 [0.36, 3.78] —
Dormitiz 2007 15 60 16 85 6.4% 1.0210.45, 2.30) R
Dormitrz 2014 8 96 11 53 B5% 1.67[0.71,3.49] T
Eren 2015 58 138 93 212 9B% 093 [060,1.43] R
Gary 2010 23 88 T 144 8% 1.02[0.56,1.87] =
Khessall 2012 M 29 36 200 59%  11.96(4.91,29.14) —
Ku“per 2013 15 44 174 B0% 0.73[0.30,1.76] —
Roel 2016 17 96 162 T2 8% 0.74[043,1.29] =T
Taflidede 2007 18 38 6 27 46% 315 [1.04, 9.54] ——
Wang 2017 276 691 83 282 10.7% 1.5911.18,2.15) i
Yang 2012 57 158 28 100 B85% 1.45[0.84, 2.50] T
A 2008 14 44 5 4 43% 1.77[0.65,5.72] I
SIHE 2015 24 85 100 52 83% 1.65[0.72,3.81] T
EXE 2017 19 38 113 55% 1.9610.75, 5.11) A=
iR 2013 1431 g 2B 4T% 1.85[062,5.53] e
Total (95% CI) 1689 2007 100.0% 1.48 [1.09, 2.00] >
Total events 610 528
el 5500 LS - AT I el
MO Control
y =N > D24 s
K4 JCSeIkik i g5 RS R4 PRO K A= R HL A
MA MO 0dds Ratio 0dds Ratio
Study or Subgroup _ Events Total Events Total Weight M.H,Fixed, 95%Cl M.H, Fixed, 95% CI
Anzola1999 54 113 13 63 50%  313[1.49,657
Dornitrz 2007 33 6 15 B0 40%  354[1.63,7.65)
Dormitrz 2014 27 B2 28 95 732%  167[0.95 365 =
Eren 2015 27 B5 58 138 127%  0.08[0.54,178 =
Garg 2010 15 86 33 88 7E%  103[0.48,221] e
Khessali 2012 188 175 21 29 08% 9.14[3.01,27.78) —
KU per 2013 19 42 15 44 47%  1.60(0.67,381] N B
Roel 2016 ¥ 72 17 95 53%  279[1.37,568 —
Tallidede 2007 100 15 18 38 20%  222[0.64,7.74 e
Wang 2017 153 240 376 691 301% 264 [1.95 3.58) -
ang 2012 39 59 57 158 6%  346[1.84,6.48 T
A 2008 16 3B 14 44 44%  156(0.63,385 e
SIHE 205 22 46 24 85 B1%  233[1.10,4.82) ——
EXE 7 23 32 18 38 27%  284[1.04,777
152013 M1 14 31 23%  319[1.08,937
Total (95% CI} 1105 1689 100.0%  232[1.96,2.76] +
Total events 654 610
Heterogeneity, Chi= 24.80, df= 14 (F = 0.04); "= 44% = o s T

Testfar overall effect: Z= 9.64 (P < 0.00007) Favours [experimental] Favours [control]

K5 Sedkdin kgl 5o e kiR 2l PRO & AR AR HEER

PFO Control Odds Ratio Odds Ratio

Study or Subgroup _Events Total Events Total Weiaht M-H,Fixed, 95% CI M-H, Fixed, 85% CI
Calviere 2013 21 80 13 6D 37.3%  224(0.86,5.20] -

Kimmelstiel 2007 % 63 10 65 297%  3.06(167,8.95] R

Stajzel 2002 27 44 14 30 330%  1.82[071,464] T

Total (95% Cl) 157 145 100.0%  2.58[1.57,4.25] >

Total events 75 7

Heterogeneity: Chi*=1.54, df= 2 (P = 0.46), F= 0% IEI o1 EI‘1 1IEI 1EIEI‘

Testior overall effect 2= 3.73 (P = 0.0002) Favours [experimental] Favours [control]
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