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Correlation between HIF-1o and moderate-to-large residual shunt after closure in patients

with patent foramen ovale and migraine
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[Abstract] Objective: To investigate the association between plasma hypoxia-inducible factor- 1a (HIF-1a) and moderate-to-large
residual shunt (MLLRS) after percutaneous patent foramen ovale (PFO) closure in patients with migraine and PFO. Methods: This
prospective study included 45 migraine patients who underwent PFO closure at the Affiliated Hospital of Nantong University from
August 2023 to August 2024. Patients were divided into MLRS and non-MLRS groups based on the presence or absence of MLRS.
Clinical data and plasma HIF-1a levels were collected and compared before surgery, and 6 and 12 months after surgery. Multivariate
logistic regression was used to identify potential factors for MLLRS at 6 and 12 months. Receiver operating characteristic (ROC) curves
evaluated predictive performance, and generalized estimating equation(GEE) assessed the interaction of HIF-1a with both antithrombin
[T CAT-TI) and the neutrophil-to-lymphocyte ratio (NLR). Results: Plasma HIF-1a levels at 6 and 12 months postoperatively were
significantly lower than preoperative levels (P < 0.01). Preoperative HIF-1a levels were significantly higher in the MLRS group than in
the non-MLRS group at both follow-up time points (P < 0.05). Multivariate logistic regression showed that preoperative HIF-1a was a
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potential factor associated with MLRS at 6 and 12 months (P < 0.05). Decreased preoperative AT- Il levels were correlated with an

increased risk of MLRS at 6 months postoperatively (P < 0.05) , while elevated preoperative NLR levels were associated with an

increased risk of MLRS at 12 months (P < 0.05).After Bootstrap correction, ROC analysis demonstrated that the area under curve
(AUCQ) values of preoperative HIF-1a for predicting MLRS at 6 and 12 months were 0.823 and 0.825, respectively. The AUC for HIF-
la combined with AT- 1l was 0.953 (6 months) , and with NLR was 0.937 (12 months) (all P < 0.05). GEE revealed a significant
association between HIF-1a and NLR (P < 0.05). Conclusion: Plasma HIF - la levels show sustained decline after PFO closure.

Preoperative plasma HIF-1a is a potential factor associated with postoperative MLRS, and its combination with AT- Il (at 6 months)

and NLR (at 12 months) shows preliminary discriminative performance, respectively.

[Key words] patent foramen ovale; migraine; hypoxia-inducible factor-1ca; moderate-to-large residual shunt
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Table 1 Comparison of migraine symptoms and HIF-1« in PFO patients at different time points

Indicator

Preoperative

MIDAS score[ M(Pas, Pss) ]

HIT-6 score[ M(Pss, Pss) |

VAS score[ M(Pss, Pss) ]

Migraine attack frequency| attacks/month , M(Pss, Pys) |
Mean attack duration[ h/attack , M(Pss, Pss) ]
HIF-1a(ng/L,x + s)

MLRS[n(%) ]

21.00(18.00,25.00)

7.00(6.00,8.00)
7.00(5.00,8.50)
12.00(8.00,42.00)
52.51 + 8.74

Postoperative

6 months 12 months P
4.00(2.50,5.50) 0.00(0.00,3.00) <0.001
60.00(56.00,66.50) 47.00(41.00,49.50) 36.00(36.00,43.50) < 0.001
2.00(2.00,2.00) 0.00(0.00, 1.00) <0.001
2.00(1.00,3.00) 0.00(0.00, 1.00) <0.001
2.00(1.00,2.50) 0.00(0.00, 1.00) <0.001
34.15+£5.05 2717 £5.79 0.001
9(20.00) 5(11.11) 0.125

The McNemar test was used to compare the incidence of MLRS at 6 and 12 months postoperatively.
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Table 2 Comparison of clinical index between groups with and without MLRS at 6 and 12 months follow-up

6 months 12 months
Indicator
MLRS group(n=9)  Non-MLRS group(n=36) P MLRS group(n=5) Non-MLRS group(n=40) P

Female[n(%) ] 6(66.67) 28(77.78) 0.666 3(60.00) 31(77.50) 0.582
Age(years,x +5) 37.56 + 10.03 41.61 £ 12.14 0.371 40.40 £ 9.69 40.85 £ 12.10 0.944
BMI[ke/m*, M(Pss, Pss) ] 21.72(20.22,23.27)  22.49(20.63,24.33) 0403  21.72(20.30,23.13) 22.49(20.63,24.33)  0.437
Smoking history[n(%) ] 1(11.11) 3(8.33) 1.000 1(20.00) 3(7.50) 0.387
Left atrial diameter(mm, % + s) 32.78 +3.87 33.86 +3.00 0.365 3440 +2.70 33.55+3.24 0.578
PFO diameter[mm, M(Ps,Ps) ] 1.60(0.95,3.17) 1.49(1.04,2.00) 0.670 2.00(0.85,3.17) 1.49(1.04,2.00) 0.718
PFO =2 mm[n(%) ] 4(44.44) 10(27.78) 0.428 3(60.00) 11(27.50) 0.165
Long tunnel PFO[ (%) ] 1(11.11) 7(19.44) 1.000 1(20.00) 7(17.50) 1.000
Permanent PFO[ (%) ] 2(22.22) 14(38.89) 0.456 1(20.00) 15(37.50) 0.641
Large shunt[n(%) ] 9(100.00) 26(72.22) 0.173 5(100.00) 30(75.00) 0.571
30-mm occluder[n(%) ] 1(11.11) 2(5.56) 0.497 1(20.00) 2(5.00) 0.304
Left atrial systolic pressure 13.78 £ 1.39 1547 £3.64 0.033 13.80 £ 0.84 15.30 £3.53 0.034
(mmHg,Fc +5)
Left atrial diastolic pressure 7.00 +1.73 8.00 +3.94 0.261 6.80 +2.17 7.93+3.75 0.517
(mmHg,Fc +5)
Mean left atrial pressure 9.89+1.17 10.83 +3.48 0.184 9.80 +1.30 10.75 +3.32 0.533
(mmHg,fc +5)
Sev0,(%,x £ ) 76.52 +4.06 74.40 +5.48 0.283 76.40 +4.07 74.63 +5.39 0.483
La0,(%,x +s) 97.44 +0.90 97.77 + 0.82 0.304 97.28 +0.59 97.76 + 0.85 0.233
mPAP(mmHg,% +5) 17.56 + 2.65 17.58 £4.23 0.985 17.00 + 3.00 17.65 £4.07 0.732
MIDAS score[ M(Pas, Pss) ]

Preoperative 23.00(18.00,26.50)  21.00(18.25,24.75)  0.476  25.00(19.50,27.50) 20.50(18.00,24.75)  0.157

Postoperative 6.00(4.50,12.50) 3.00(0.00,5.00) 0.005  6.00(4.00,12.50) 3.50(0.50,5.00)  0.042
HIT-6 score[ M(Pas, Pss) |

Preoperative 60.00(58.50,65.00)  60.00(55.25,67.75)  0.966  60.00(56.50,65.00) 60.00(56.00,67.00)  0.731

Postoperative 49.00(47.00,53.50)  46.00(36.00,47.75)  0.008  44.00(38.00,51.50) 36.00(36.00,41.00)  0.049
VAS score[ M(Pss, Pss) |

Preoperative 7.00(7.00,8.00) 7.00(6.00,7.75) 0.218 8.00(6.50,8.00) 7.00(6.00,7.00) 0.234

Postoperative 3.00(2.00,4.00) 2.00(0.50,2.00) 0.002 1.00(0.50,3.00) 0.00(0.00,2.00) 0.057
Migraine attack frequency| attacks/month , M(Pas, Pss) ]

Preoperative 8.00(5.50,11.75) 7.00(5.00,8.00) 0.136 8.00(5.25,10.75) 7.00(5.00,8.75) 0.610

Postoperative 3.00(2.00,3.50) 1.50(0.25,3.00) 0.030 1.00(0.50,3.00) 0.00(0.00,1.00) 0.057
Mean attack duration[ h/attack , M(Pas, Pss) ]

Preoperative 24.00(8.00,42.00) 12.00(8.00,45.00) 0493  36.00(26.00,54.00) 11.00(8.00,34.50)  0.045

Postoperative 2.00(2.00,8.00) 1.00(0.00,2.00) 0.010 1.00(0.50,2.50) 0.00(0.00,1.00) 0.030
PT(s.,% +5,M(Ps,Ps)]

Preoperative 12.06 + 0.69 11.71 £ 0.69 0.191  12.30(11.65,12.95) 11.60(11.23,12.18)  0.077

Postoperative 11.40(11.00,11.65)  11.30(10.83,11.47)  0.305  11.20(11.05,11.50) 11.30(10.90,11.68)  0.957

APTT[S,} * S,M(P25,P75):|
Preoperative 28.09 +2.20 27.60 + 1.98 0.520  27.90(25.75,28.90) 27.25(26.53,28.88)  0.765
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6 months 12 months
Indicator
MLRS group(n=9)  Non-MLRS group(n=36) P MLRS group(n=5) Non-MLRS group(n=40) P

Postoperative 29.80(26.80,30.90)  26.55(26.03,28.45)  0.025  27.90(25.75,28.90) 27.25(26.53,28.88)  0.665
D-dimer[ mg/L,M(Pss, Pss) ]

Preoperative 0.19(0.15,0.24) 0.17(0.10,0.27) 0.495 0.19(0.11,0.21) 0.18(0.10,0.27) 0.871

Postoperative 0.37(0.13,0.47) 0.23(0.17,0.36) 0.650 0.20(0.10,0.22) 0.18(0.14,0.29) 0.426
AT-I0[%,M(Pss,Pys) ]

Preoperative 87.20(85.00,89.10)  94.25(88.13,103.63)  0.014  86.30(85.00,95.30)  92.85(87.75,101.10)  0.139

Postoperative 96.00(89.85,99.25)  98.40(90.23,103.10)  0.307  100.00(94.80,102.95)  97.75(92.03,103.10)  0.745
PDW[ % ,M(Ps,Pss) ]

Preoperative 14.20(10.65,16.30)  14.30(11.00,16.38)  0.955  16.10(11.10,16.30) 14.10(10.93,16.38)  0.842

Postoperative 13.60(9.85,14.95) 11.70(9.85,13.98)  0.487 10.50(9.45,13.90) 11.70(9.53,15.18)  0.481
Platelet larger cell ratio[ % ,M(Pas, Pss) |

Preoperative 28.90(22.95,39.65)  27.05(21.93,39.49)  0.854  28.90(21.15,39.10) 27.05(22.50,39.48)  0.914

Postoperative 28.10(18.25,36.65)  22.30(19.98,33.75)  0.733  21.50(18.70,25.95) 23.70(20.10,33.80)  0.690
LMR(x +5)

Preoperative 491 +1.35 5.17+1.55 0.651 456 £1.35 5.19+1.52 0.385

Postoperative 497+ 1.39 490 + 1.58 0.910 3.81+0.61 4.88 +1.44 0.012
NLR

Preoperative (¥ + 5) 247 +1.09 2.13+0.87 0.321 3.25+0.64 2.07 +0.87 0.005

Postoperative[ M(Pas, Pss) ] 2.60(1.96,2.88) 2.01(1.54,2.82) 0.202 2.95(2.38,3.90) 2.02(1.57,2.37) 0.013
PLR[M(Pss,Pss) ]

Preoperative 104.00(86.00,197.00)  120.00(109.00,155.00) ~ 0.650  154.00(96.00,332.00) 118.00(104.00,152.00)  0.348

Postoperative 134.00(104.00,168.00)  130.00(110.00,159.00)  0.733  160.00(139.00,203.00)  132.00(106.00,153.00)  0.028
HIF-1a(ng/L,x % 5)

Preoperative 61.09 +7.53 50.36 +7.70 0.001 61.72 £ 6.16 51.36 + 8.37 0.011

Postoperative 33.33+3.91 3435+533 0.595 34.57+6.22 26.24 +5.10 0.002

BMI: body mass index; PT: prothrombin time; PDW: platelet distribution width.
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A: HIF-1a was not significantly correlated with mPAP (r=0.044, P=0.774). B: HIF-1a was not significantly correlated with SevO,(r=-0.019,

P=0.904). C: HIF-1a was not significantly correlated with La0,(r=-0.160, P=0.293).
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Figure 1 Correlation analysis of preoperative plasma HIF-1« levels with mPAP, ScvO,; and LaO,
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Table 3 Multivariate logistic regression analysis of potential factors for MLRS at 6 months after PFO closure

Indicator B SE Wald P OR(95%CI)
Left atrial systolic pressure -0.124 0.188 0.436 0.509 0.883(0.611-1.277)
Preoperative AT- 1l -0.301 0.152 3.908 0.048 0.740(0.549-0.997)
Preoperative HIF-1a 0.284 0.125 5.210 0.022 1.329(1.041-1.696)

6 H MLRS ] i1 Z& T [ # Carea under curve, AUC)
43518 0.833(95%C1: 0.691~0.976) F10.769(95%CI:
0.609~0.928) . K H Bootstrap /572 (1 000 X FE il A
P AUC HEAT B IE , &2 1E J5 AUC 43 51 9 0.823 (95%
CI: 0.652~0.959) F110.769(95%CI: 0.588~0.915) . —
FECA R AUC i — 2 &, 8 0.935(95%Cl:
0.861~1.000) , % 1E 5 AUC 4 0.953 (95%Cl: 0.865~
1.000) (K2, % 4.

1.0 |
0.8 _I
z 06-
2
0 0.4
0.2 AT-TI(AUC=0.769)
—HIF-1a(AUC=0.833)
o L1 HIF-1a+AT- T (AUC=0.935)
T

0.2 0.I4 Of6 O:S 1.0
1-Specificity
2 KETAT-IF0 HIF-1a B S H & T PFO HE R fF
6 A I MLRS 89 ROC %
Figure 2 ROC curves of preoperative AT- Il and HIF-1a
alone or in combination for predicting MLRS at

6 months after PFO closure
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(95%CI:0.661~0.999)F10.885(95%CI:0.783~0.987),
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0.825(95%CI: 0.580~0.974) £110.883 (95%CI: 0.767~
0.974), ¥ & B ARl (1) AUC 3t — 25 F+ 51, 8 0.930
(95%CI: 0.818~1.000) , 12 1E J5 AUC 4 0.937 (95%
C1:0.809~1.000) (&3, % 6).
2.6 HIF-1a5 NLR.AT-1I 49 GEE 247
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Table 4

6 months after PFO closure

Predictive value of preoperative AT-1l and HIF-1« alone or in combination for the occurrence of MLRS at

Indicator AUC 95% C1 P AUC(Bootstrap) 95%CI(Bootstrap) ~ Bias  SE  Cut-off Sensitivity Specificity
AT-TI 0.769 0.609-0.928 0.014 0.769 0.588-0.915 <0.001 0.086 90.250  0.889 0.667
HIF-1a 0.833 0.691-0.976  0.002 0.823 0.652-0.959 0.010 0.092 57.226  0.778 0.861
AT-M+HIF-1a  0.935 0.861-1.000 < 0.001 0.953 0.865-1.000 -0.017 0.037 - 1.000 0.778

&5 Logistic ZEZ 0345 PFO £ AR fF 121 H MLRS KB EHEXEE

Table 5 Multivariate logistic regression analysis of potential factors for MLLRS at 12 months after PFO closure

Indicator B SE Wald P OR(95%ClI)
Left atrial systolic pressure —-0.098 0.195 0.251 0.616 0.907(0.619-1.328)
Preoperative NLR 1.771 0.855 4.292 0.038 5.880(1.100-31.418)
Preoperative HIF-1a 0.219 0.102 4.547 0.033 1.244(1.018-1.521)
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Figure 3 ROC curves of preoperative NLR and HIF - 1«
alone or in combination for predicting MLRS
at 12 months after PFO closure
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Table 6 Predictive value of preoperative NLR and HIF-1a alone or in combination for the occurrence of MLRS at

12 months after PFO closure

Indicator AUC 95% C1 P AUC(Bootstrap) 95%CI(Bootstrap) ~ Bias SE  Cut-off Sensitivity Specificity
NLR 0.885 0.783-0.987  0.005 0.883 0.767-0.974 0.002 0.055 2.493  1.000 0.775
HIF-1a 0.830 0.661-0.999  0.017 0.825 0.580-0.974 0.005 0.104 62.211  0.800 0.900
NLR+HIF-1a  0.930 0.818-1.000 <0.001 0.937 0.809-1.000 -0.007 0.054 - 0.800 0.950

%7 HIF-1a5NLR.AT-II i) GEE 3 #ff
Table 7 GEE analysis of HIF-1a,NLR,and AT-1l

Effect/Parameter Coefficient B(SE) Wald(df) P
NLR 1.402(1.582) 4.036(1) 0.045
TimexNLR - 10.890(2) 0.004

Preoperative X NLR (reference ) - - -
12 months postoperative X NLR 2.033(1.743) 1.361(1) 0.243
6 months postoperative X NLR -1.655(1.923) 0.741(1) 0.389
AT-10 0.047(0.135) 0.065(1) 0.799
TimexAT-1I - 1.644(2) 0.440

Preoperative X AT-1Il (reference ) - - -
12 months postoperative X AT- Il -0.100(0.142) 0.493(1) 0.482
6 months postoperative X AT- Il 0.009(0.155) 0.003(1) 0.954
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