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KT A RLSIRLFE B EH R A FOR R MBI ER. FTHERNZAT20T8 S 5 A-SPSS 24.058 .
LR AR BRAHNAN188L ML EE, FHER43.35 (18F65%), KB M644I(34%). k124
B1(66%), FEA I A TR WL B EI7H(51.6%), AHEE R A FRIRAH BE9145](48.4%). 51
o R AR AR, AR N SR AR RS R I 2 L B BT BB K (LAAPD 3.59 + 0.43 VS. 3.27 +
0.34,p = 0.000). Jt4h, FEWMHsHIfRLRA A 5K (LA major axis). £ Z&FHKARINAZ(LVDD). £
FWHERIANZ(LVDs) K FAEEWMHsZ (LA major axis 4.79 = 0.57 VS. 4.50 + 0.47, p = 0.000;
LVDd 4.53 + 0.30 VS. 4.43 + 0.28, p = 0.012; LVDs 2.89 + 0.30 VS. 2.80 + 0.28, p = 0.041). T H, f£&
WMHs/Rik9% B3 1 720 5T L2 B (LVEF) /N FIEWMHS {2k ) 28 % (63.98 % 3.07 VS. 65.02 % 3.52; p
= 0.031). 7E4ERS. VIR, AR ILIE DA K S i 44 od I 993 SE 5 T, 7 EWMHs Sk B4 MR FAE B B 2
o WAN, PEERLS MR B (G AN 5 1169.14%) 8 BE— 50 KR ETH 794 /My R ETA
514 . 58 & 58 NMERLSHI LR B A AL, RLS (+) A L8 B3 5 5 WP B R (%) (75 (57.5)
VS. 22 (38.6), p = 0.018), TiHRLS (+)ZHfkkJmH 525 ¥ I.(%) (104 (80) VS. 37 (63.8), p = 0.028),
4 [ L EnRLS 5 B R ARk R R D). (HAEK. MRETLAZ B EFRE. SO0RRLE
BRGiH¥ER . LogisticFAMTEAR, £ ORISR KR MRSkm B35 W B RUR 2SR A L fa ke
Z(OR =9.352; 95% CI = 2.081~42.027; p = 0.004). Zit: EIIFEED, FEEWMHsEKILAAPDH]
BEAXTFELTWMHsA, B4+, WMHsSZAHKILA major axis. LVDdXLVDsth &3 KX FHEWMHsH . TMESR T
RLS /8] BL X RLS K /N W40 2 [AILAAPD G 2 R . HHFRE, 7EERLSHIR LI B E FLAAPD S
WMHsE 3%, T HLAAPD K 23k B R EWMHsH S I B E & .
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Abstract

Background and Purpose: White Matter Hyperintensities (WMHs) are common in migraine and
might be related to right-to-left-shunt (RLS). Recently, several studies indicated the effect of RLS
on left atrium enlargement (LAE). Nevertheless, there is few literature on the association between
LAE and the pathogenesis of WMHs in migraineurs with RLS. We aim to explore the effect of LAE on
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WMHs in migraineurs with RLS, and further evaluate independent risk factor of WMHs in migraine
patients. Methods: A total of 206 enrolled participants were diagnosed with migraine by Interna-
tional Classification of Headache Disorders, (3'd edition beta version) at the Affiliated Hospital of
Qingdao University from January 2016 to August 2021. All selected subjects underwent Contrast
Enhancement Transcranial Doppler (C-TCD), Transthoracic echocardiography (TEE), MRI, Inclu-
sion criteria was as follows: (1) age between 18 to 65 years; (2) with well acoustic window and ef-
fective execution of Valsalva maneuver (VM). Patients with following characteristic were ex-
cluded: (1) acute stroke; (2) complicated with severe cardiopulmonary disease; (3) trauma, sur-
gery and pregnancy; (4) severe liver and renal dysfunction, cancer, serious infection, epilepsy and
other psychosis; (5) ineffective execution of VM; (6) intracranial or extracranial arterial stenosis.
18 migraineurs were excluded due to cardiac insufficiency, inability to complete Valsalva move-
ments, severe intracranial artery stenosis, and poor acoustic window, a total of 188 patients were
finally included in this study. The enrolled subjects participated a standardized, structured ques-
tionnaire to obtain information of main risk factor to cerebral vascular disease, including age,
hypertension, diabetes, hyperlipidemia, alcohol status (alcohol intake at least once a month for
more than 5 years) and cigarette smoking (continuous or cumulative smoking for 6 months or
more and include former smoker who had quitted smoking up to 6 months before the study). In
addition, all subjects underwent brain MRI T2-weighted sequence (T2WI) and fluid-attenuated
inversion recovery sequence (Flare-image) scans to determine WMHs. On Flare and T2WI images,
leukodystrophy is defined as high-intensity lesions in the periventricular area (usually the frontal,
posterior horn, or radio-crown area, paravulicular) and deep white matter that can be sporadic or
fused into patchy patches. Transthoracic echocardiography (TTE) was used to determine the an-
teroposterior diameter of the left atrium, the long diameter of the left atrium, the short diameter
of the left atrium, the end diastolic diameter of the left ventricle, the end systolic diameter of the
left ventricle, the thickness of the ventricular septum, the posterior wall of the left ventricle, the
pulmonary artery pressure, and the ejection fraction. All enrolled migraineurs underwent Con-
trastenhanced Transcranial Doppler (c-TCD), and the presence of RLS was confirmed by micro-
bubble signals detected by TCD in bilateral temporal and occipital Windows. According to de-
tected microembolus signal (MB) classification and flow size: Level 0 (no microembolus signal de-
tected), Level I (1~10 MB), Level II (11~25 MB), Level III (>25 MB, no rain curtain formed), Level IV
(rain curtain formed); Small traffic (<10 MB), medium traffic (10~25 MB), and large traffic (>25
MB). Brain MRI was used to divide WMHs group into WMHs group and WMHS group without
WMHS group. In addition, according to c-TCD, they were divided into groups with RLS and without
RLS as well as different flow subgroups. The differences in cardiac diameters, leukoencephalopa-
thy and related risk factors were compared between groups. Based on the above data, univariate
analysis and multivariate Logistic regression analysis were performed for statistically significant
variables (p < 0.05) to discuss the independent risk factors for WMHs in migraineurs with RLS.
Statistical analysis of the data used was completed by SPSS 24.0 software. Results: A total of 188
migraine patients with a mean age of 43.3 years (18~65 years) were enrolled in this study, in-
cluding 64 males (34%) and 124 females (66%), 97 migraineurs (51.6%) with WMHs and 91 pa-
tients (48.4%) without WMHs. The LAAPD of the left atrium was larger in migraineurs with WMHs
compared with those without WMHs (LAAPD 3.59 + 0.43 VS. 3.27 £ 0.34, p = 0.000). In addition, the
left atrial long diameter (LA major axis), left ventricular end-diastolic internal diameter (LVDd), and
left ventricular end-systolic internal diameter (LVDs) in WMHs group were greater than in non-
WMHs group (LA major axis 4.79 + 0.57 VS. 4.50 £ 0.47, p = 0.000; LVDd 4.53 + 0.30 VS. 4.43 + 0.28,
p = 0.012; LVDs 2.89 £ 0.30 VS. 2.80 £ 0.28, p = 0.041). Moreover, the left ventricular ejection frac-
tion (LVEF) in WMHs group was lower than that in non-WMHs group (63.98 + 3.07 VS. 65.02 *
3.52; p = 0.031). There were also significant differences in age, cardiovascular disease risk factors,
and ischemic cerebrovascular history between the groups with and without WMHs. In addition,
migraineurs with RLS (69.14% of the enrolled subjects) were further divided into the large shunt
subgroup of 79 patients and the small flow subgroup of 51 patients. Comparing with 58 subjects
without RLS, 130 migraineurs with RLS were more likely to suffer WMHs (%) (75 (57.5) VS. 22
(38.6), p = 0.018). Furthermore, the history of migraine was more common in the RLS positive
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group (%) (104 (80) VS 37 (63.8), p = 0.028), and comparison among groups showed that RLS was
closely associated with WMHs and migraine. However, there was no significant difference in WMHs
and cardiac diameter between large and small flow subgroups. Logistic regression analysis showed
that the enlarged LAAPD of left atrium was an independent risk factor for WMHs in migraineurs (OR
= 9.352; 95% CI = 2.081 42.027; p = 0.004). Conclusions: In migraine patients, LAAPD in the group
with WMHs was significantly larger than that in group without WMHs. In addition, LA major axis,
LVDd and LVDs in the group with WMHs were also obviously higher than those without WMHs.
There was no difference in LAAPD between groups with and without RLS or between subgroups with
different shunts. Our studies showed that LAAPD is associated with WMHs in migraineurs, and in-
creased LAAPD is an independent risk factor for WMHs in migraine patients.
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5) MR U S E IR
6) #EYR. I 1 MHATAR. QIfE
7) fRNSNBNITKRRAE ;

2.1.3. NRgit
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Jr B B BU(LVEF). Bilish Bk 15 (PASP) (K 2).

Figure 1. (a) WMHSs on FLAR image; (b) WMHSs on T2WI image
& 1. (a) WMHs FLAR #&3RE; (b) WMHs T2WI 3R
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Figure 2. (a) LAAPD; (b) LA major axis; (c) LVDd; (d) LVDs; (e) LA minor axis
E 2. (a) ZUBERIBEAE; (b) ZEKE; (¢) EEFKAHAE; (1) EEWHEARHARE; (o) L LBEER

2.2.4. RLS HOlE
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SR AT IRIER Valsalva Z01F: 15 481l BRI, 285 1w SOE B AP 10~15 #5. fid Valsalva
S RT CASE 0B P s SR 52 fii 0 A B AR A6 BA 2 180 (¥ 378 4340 J H AL THREIRAS, w3 A M A2 2 i i)
BHAE B2 . 7EHf 8 321 R 75 i DARIC & FEAS O T, FRATT T Je e 85I i 7 3 ik (MCA) A T ks
EES, R MCAGBSAR, ATAEFHESIK(VA) IR ZE . K 20 g Bk S & EHR N B H P
fiko # 9 ml AZERER/K 1 mil 250 1 R R (e e TR A HP A i) 28l v i P A B 3 /K e =3 1
TEFIAS 10 ml 75T 28 FUR A A1 R iR NI # ik . BN R 2 = WA T 58— IRTE B R A R k4T,
J& P US43 7 4E 10s Valsalva sh{EFF 46T 5 #23E1T . PR Valsalva sh{E 2 [0 75 B R 20 5 43 8h. 35
AR KRS 20 s IR 2D 1 ANMHIE(MB)E S 2 W7 RLS. R4 TCD MM 8s BorfE S it 50 341
TEAHF LR RLS 43 9/t (<25 MB) IR 737t (>25 MB B TR 713 2008%) P AR R B2 (1 3) o

G.
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Figure 3. Contra-enhanced transcranial Doppler (c-TCD): (a) Mild shunt (1~25 MB), (b) Large shunt (curtain effect)
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225, GiitE¥EHk

K F SPSS 24.0 KK PEHEAT GRS 20 W1, S FF A IEZS 70 A (W80 R AR 56, THESE R B 2 LE RO,
THEBERERHE + bruEZERoR, A ECR RO 50 s EE & /KR R 3. logistic [B19 43 A vPAN A2
i R JE AR o k9 FR WIMHS 54 LUK WMHS 07 GG R R, p (<0.05 A Giit 24 L.

3. R

AR FIEN LI B T 206 N, RIEHEEbRHE, FEMC I E R 4 61, Valsalva S{EAEL
EHERR 6 1, PR A RAERR 4 451, R BR 1 S KB e HERR 4 1], &g NSEit 188 fil4E S 7E 18~65
% 2 18 H Sk JE B . iR RLS (+) 130 11)(69.15%), RLS (-) 58 #1(30.85%), F:r RLS (+)fi kI Hg vk
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/NG RVZH 51 451(39.23%), K2RV 2H 79 41(60.77%) .t A1 188 44 1 S B2 3 WMHS (+)97 41 (51.60%),
WMHs (-) 91 1(48.40%).

3.1 HEMTHE RLS mkRBEEZENMMERFEEER. MERFE. DEREZ. 5
I 43 ¥ B L

AW RN B 188 4, HirhZeft: 124 151(65.96%), T3t 64 51(34.04%). £ RLS finkJm &
& 130 1, A2tk 88 151(67.7%), TG RLS fkJi g 2t 36 151(62.1%) . ER S Ii B 2otk o b
T 5, (EMUERTEA A RLS AR ZES, BCAMOIGERS WO R e I S 0 R R 2
PAS R AR LR OIS M5 ISIkEE A TE RLS AR Z RIS 2R L. EFTANRIER RLS
(32 A i SR A0 SRR 104 1), TIAETC RLS S22 A AR S BRAT: S ki s 37 3. T LA
RIVELEAT RLS #5203 HAa f ko B A s 10 83 o LU 80%, THAEASFEA RLS Sk i FHER A
SKIREI S5 7 LL 63.8%, PR IR AATE 34 I Ge il 22 7:(p < 0.05) . ItAh 130 #1H RLS K52 E H 75 il
I RIEA WMHs, K3 57.5%, 1E 58 17106 RLS 3 b Uik B AR 22 1, KAE#E 38.6%,
A M AR AR RS RLS ki B 42 R 1) 22 5 B B3 Guit 24 X (p < 0.05) (3 1)

Table 1. Vascular risk factors, WMHSs, chamber diameters, cardiac function makers in migraineurs with RLS and without
RLS
=R 1 HFEMTEFARES RNRELEEEZBNMNERKRER. WMHs, BEER. (LDIEEREYAIELE

A RLS 4 (n=130) G RLS 4i(n=58) X2t p {8

5 (L) n (%) 88 (67.7) 36 (62.1) 0.452 0.506
ERE + bz 42,62 +12.99 4581+ 1257 -0.588 0.557
W4 (%) 23 (17.7) 6 (10.3) 0.198 0.274

TR (%) 32 (24.6) 10 (17.2) 0.262 0.344

o 1L (%) 27 (20.8) 15 (25.9) 0.439 0.453

% BRI (%) 7 (5.40) 6 (10.30) 0.216 0.351
v I LY (%) 11 (8.50) 2 (3.40) - 0.351°

P Sk BEAE S2.(%) 104 (80.0) 37 (63.8) 0.018 0.028
i 2K 2K R 2. (%) 32 (24.6) 9 (15.5) 0.163 0.185
A REBEITIA 5 52.(%) 44 (33.8) 17 (29.3) 0.540 0.614
00 153993 4% (%) 75 (57.5) 22 (38.6) 0.016 0.018
720 75 i JE £ (cm) 3.46 +0.46 3.37£0.32 1.227 0.221
FE O HE A% (cm) 3.61+0.46 3.73+0.41 -1.776 0.077
Frb KA (cm) 4,67 057 4,58 +0.47 1.025 0.307
e B E AR IANR 4.47+0.31 451+0.26 -1.051 0.295
B AR BIN A 2.83 £.030 2.81+0.28 -1.354 0.177
‘&5 AV JE 5 (cm) 0.99+0.10 0.98 £ 0.09 -0.997 0.320
Fr 0= JE BE L (cm) 0.97 £0.19 0.96 + 0.08 -0.238 0.749
7 0 = 5 L5355 (%) 64.29 +3.12 64.74 +3.72 -1.185 0.237
Iz ik & (mmHg) 27.49 + 4.05 27.44 +4.38 0.251 0.802

Fischer FEHfifELe; RLS: AR, TIA: FEE MRS & 1E.
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32. M RESKOREMABEENRODELRF CRER, WARKE, LERE. Hma
HHYHBE LR

130 445 RLS i S B 20 /N o I s 4HL (51 90) AR 237 B P 2EL(79 51 o o I8 08 G B TR 3%
P LT AR S o AR R oIS AL 23 B AR I 0 Bk 1 28 ) 22 S 38 e e vk X (p > 0.05) (55 2).

Table 2. Vascular risk factors, WMHSs, chamber diameters and cardiac function makers in migraineurs with different RLS de-

%ezs TR RENRAEEREENNMERREZ. WMHs, (DRIEIRERZ. (OBEThRERRIAI LR
Ny A (n = 51) KA 4l (n = 79) X2 p fH
(L) n (%) 31 (60.8) 57 (72.2) 0.176 0.185
W+ briEZE 41.98 +12.39 43.03 £13.43 —0.446 0.656
W (%) 11 (21.6) 12 (15.2) 0.352 0.481
R (%) 15 (29.4) 17 (21.5) 0.308 0.404
724 111 (%) 7(13.7) 20 (25.3) 0.112 0.127
BRI (%) 5(9.8) 2 (2.5) - 0.111°
72 i T (%) 3(5.9) 8 (10.1) - 0.526°
P S BE A 52 (%) 39 (76.5) 65 (82.3) 0.419 0.502
i Sk 2K 0% 2. (%) 16 (31.4) 16 (20.3) 0.151 0.210
1 AE/T 1A 975 52.(%) 17 (33.3) 29 (34.2) 0.921 1.000
il 115993 75 (%) 29 (56.9) 46 (58.2) 0.878 1.000
Jeb s ET R 42 (em) 3.49 £ 0.43 3.44 £ 0.47 0.621 0.536
e s AR (cm) 3.61+0.40 3.62+0.41 0.104 0.917
Fe 0 AR (em) 468+ 0.54 4.68 £ 0.59 0.073 0.942
feb B R AN 4.49+0.32 450+0.31 0.705 0.482
Fe b BWARAR AN AR 2.87+0.28 2.80+0.31 1.414 0.160
25 7] B JEE 2 (cm) 0.98 +0.07 0.97+0.11 0.721 0.472
Tr0 = JE BEJEEE (cm) 1.01+0.28 0.98 +0.12 1.843 0.521
Fe Oy 2 I 14350 (%) 64.61 + 2.80 64.09 +3.31 0.926 0.356
Jitizh ik & (mmHg) 27.37 £ 4.07 27.57 £ 4.06 -0.270 0.788

AFischer 5T -

3.3. H WMHs A5k WMHs Ap M ERFRERER. ({DERELZ%. (LRSI 5B K Bizh bk
ERvLHIE LB

Frai 1) 188 44k kI 8 #5 73 9H WMHSs 4.(97 51)F176 WMHSs 2,91 #91), FHf-H WMHs 523
KB 4ERS 49.28 %, H otk b 67%. 4550 &I WMHs 2150 Sk 9 23 P B4R S KT8 WMHS
“H(49.28 + 11.83 VS. 36.27 + 10.25, p = 0.000), M ZEFH G52 L. EMMERREZRS, &k,
i MLARZE WMHSs 20 EL 25351y 35.1%. 12.4%, WY& 175 WMHSs ZH (5 1L 34 (35.1%) VS. 8 (8.8%),
p=0.000; FARILIE 12 (12.4%) VS. 1 (1.1%); p=0.003), I &g MLE 2 18] 2 AR AE G it 2
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(p < 0.05). MtAh, WHFLERIRET WMHs ZHAH EL A WMHS 20 1) i Sk 7 58 28 WA A - oA A8 B3 00 8 12 i
B I % A B4 HE A9 BB (51 (52.6%) VS, 10 (11.0%), p = 0.000), 4 1) 2 5 [ RE B Si it & X (p < 0.05).

SERIE R WMHs 175 OB RTER . AL EKAE 205 &7 AR N 428 DL USC4E A 191 4 4248 EL G
WMHSs H 5 K (405 RT 1% 3.59 + 0.43 VS. 3.27 + 0.34, p = 0.000; 7 05KA% 4.79 + 0.57 VS. 4.50 +
0.47, p = 0.000; 7= 0> E 475K KN 42 4.53 + 0.30VS.4.43 +0.28, p = 0.012; /2.0 W4 R 1 2.89 + 0.30 VS.
2.80 +0.28, p=0.041), 1A WMHs 405 1ML 73 0T WMHS 4H.(63.98 + 3.07 VS. 65.02 + 3.52; p

=0.031), W2 IAAFTESTTF 2 5 (p < 0.05) (¥ 3).

Table 3. Vascular risk factors, chamber diameters and cardiac function makers between WMHSs and non-WMHSs group
2 3. B WMHs HEIHNMEERE R, (LIEEERLZ. (OIEIhEEFREYILER

A WMHs 41(n=97)  J& WMHs 4 (n = 91) Xt p &

PER(Z2) n (%) 65 (67.0) 59 (64.8) 0.753 0.761
ERE + brifEE 49.28 +11.83 36.27 £ 10.25 8.030 0.000
WA n (%) 17 (17.5) 12 (13.2) 0.410 0.428

RIF N (%) 24 (24.7) 18 (19.8) 0.414 0.485
FIILE n (%) 34 (35.1) 8(8.8) 0.000 0.000
RPN (%) 8(8.2) 5 (5.5) 0.457 0.570
1= B LAE n (%) 12 (12.4) 1(1.1) - 0.003?
kI REAE L y n (%) 78 (80.4) 63 (69.2) 0.077 0.092
i SIS n (%) 22 (22.7) 19 (20.9) 0.765 0.860
R REZE/TIA 9 5 n (%) 51 (52.6) 10 (11.0) 0.000 0.000
20 55 i JE A% (cm) 3.59 £0.43 3.27+0.34 5.649 0.000
7r U 7 KA (cm) 3.70 £ 0.47 3.59+0.41 1.764 0.079

FE 0 AR (em) 4.79 +0.57 450 +0.47 3.752 0.000
Je BRI AR BN AR 453 +0.30 4.43+0.28 2.540 0.012
Fr b B E AR N AE 2.89+0.30 2.80£0.28 2.058 0.041
‘= A B 5 FE (cm) 1.00 +£0.08 0.98 £0.10 2.892 0.054
To0 = JE BEJEEE (cm) 1.00+0.21 0.99 +0.11 2.460 0.065
7r 0 24 153 H(%) 63.98 + 3.07 65.02 + 3.52 -2.170 0.031
fiti 1 ik £ (mmHg) 27.55 + 4,58 27.33 + 3.64 0.358 0.721

AFischer F5HHR LG .

3.4. fRSLEEE WMHs B B EE S

X 58 R SR (1) BB et % 22 S R AR AT LR R A 2 I 2 Logistic [V /341, BFFT4E K
P Sk B8 3 R AE WIMHS B ST & 16: R 25 (p < 0.05) (35 4).

B LAAPD fI RLS. 4FE#2

4. ¥ig

FIHATALE, AEFIROERT T RLS 5w i Z MIIAOME[22] [23], Wl 32 i — i 2
375 3% S AR AR (A L T A o e 3 A 1) e o3-S R i A BB N AR T 3 0 Sk [24] [25]
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XU R 7 kR B E 2 PFO BHE AR G SR IR B RS SCRF[26] [27]. meAh, B AN
WL RLS B (0 & A4 26 ] BE 2 M S i % WMHSs [ & A 0LHI[28] [29]. BATTHIWFFE BonfEH RLS
1) 130 1] ff Sk i £ H WMHS Kk AE 264 57.5%, T 7E TG RLS 204 WMHSs ¥ Sk I i34 15 38.6%, WMHSs
i RLS AR s L, A zEF RS . mH, 43 Logistic £ K& [F34Hr SR RLS &k
I8 B WMHs BT fE GR35 AW 745 AR S 7 RLS 2.5 1 Sk B35 50 WMHSs K95 ML 0 55
SR, A 2EF AN RLS Hfl kI8 B4 1 WMHs 2 (8] JC B ARG [17] [30], FTBA, Sk Ji B3 1 WMHS
KAWL

Table 4. Univariate and multivariate logistic regression analysis for WMHSs in migraine patients

4. RLEEE WMHs fiB R EMEEERITSH

AR B[] 5 53 BT 23 {ElEV T
OR 1E.(95% F1] {5 [X [F]) pfH OR 1E.(95% 7] {5 [X.[F]) pfH
WS 1.105 (1.071~1.140) 0.000 1.090 (1.050~1.132) 0.000
g I 5.599 (2.425~12.930) 0.000 ~
15 g IS 4,079 (1.010~9.618) 0.016 ~
RLS 2.231 (1.183~4.208) 0.013 3.583 (1.474~8.707) 0.005
LAAPD 9.249 (3.780~22.633) 0.000 9.352 (2.081~42.027) 0.004
FEb KA 2.888 (1.598~5.217) 0.000 ~
fe BRHR AR 3.585 (1.301~9.876) 0.014 ~
fe B AER AR 2.834 (1.033~7.774) 0.043
7 2 85 I 4 K 0.907 (0.828~0.993) 0.034

Regatelli %5 A[131RBLA 55 W42 5 RLS 1/ EREEEAFTEA DG, KM RLS 2 S804 0 Fs 3K 4
MARTE . ABATE 205 AR > 43 mm & RLS (T R. SR, B AT 2005 PR 5 i Sk &
#H WMHs & AN IR SSHERE TR D o R T 3R A2 O B 38 K6 S 2 1 WMHS ISR, ASHIF 70K
AN NI 188 £ 4 Sk If HE 4> A WIMHS ZHR1ITC WMHSs 2H, 385t 28 a8 75 0 ) 11680 5 I 8 1) 5 B 4% B0 00
S O3 R 72 00 5 1 JE A2 (LAAPD)YTE A WS HE bs DA S LB S i /e 1O 45 R TH RS R A2 b s b 47 21 R L
B, S5 REIRE WMHs 41/ LAAPD. Kb KAz, AT AR N AR B 2 SIS AR I 4225 2 KT
JC WMHSs 41, H41a 2 53 B4 gt X, it Logistic 2 R & B350 87 & B LAAPD =2 45 RLS 1k
I (A R A: WMHs BT SRR R . Leifer 25 A[16]HR1E T LAE FITSUKIC 10 M9 5 AN B Ji R 44 2 1 A<
H(ESUS) [RIAH a1 o I 4h, Hamatani 25[31]11A 9 LAE 2 RS O 5 B Sl B8 5 4 2295 740 fr b 7 T R 2%
LAE ] GEIE I LLF J LA 5 T ko SR WMHs FINLEIR= A 52mT: 1555, LAE &4 O TheEZ i RN
2, FHOOH IR IR, BT B T B IS R E A% . Zhang, D 28 A[32]4)
T A R IR0 5 WMHSs 2 [81 B 1A 56 . A BFFE[33] [34] K1 LAE 570 3 7Tk DI e RS Al 22 0
AT, XA O F R R R . R, HALEI AT RS LAE 5l 00 5 Y IR
MFEHEZS Y%, IS A P 18 s DA S O T R [31) 5% . FEIR, LAE Al g S8 O B b st 5
N E BN —,  [FEFERT L] RSBl i R 7 1 LA K G )5 9% A2 [35] [36] -

N THRIE RLS XSk &35 20 s N AR 52, ATV ko &35 70 A RLS 4RI RLS 41, IFiR
i c-TCD ¥ RLS didt—5 5 NR/N i WA BT I, AR AR I LAAPD 5308 /e O3 K
(AR 2% LS A D I BEAR EAEA TG RLS A2 181 A AR i s WA 2 [MAFAE Guit 5 2 5 . W TR ok
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S E M RLS 5 LAAPD 7M. HIR K AT g5 N 1) ki B8 AR B R (P 4R #s 43.3 B) A
A LA IO IE 2 RSB G 0E, A4, AIRMFEAR T Re 2 i A 25 R MR . HETA % RLS
5 LAE X AMBFRELD, P2 MR EFEEARMENTEER. A RIEERITNREEA RLS £ %
i Sk BB T RAREE M AL O3 K AT BN HH B T WMHSs, BEFAERS AO3E K, RLS 78 22 0o P9 4238 KR WMHS
ML 4 FH AT R A 2

W e A T WMHSs AR, R WMHS 20 (19 420 % 55 143 B0 6 WMHSs 20 B¢
XATREE WMHs 4L 76 04 R0 WU AR 195 0% . FFRTERE A SAEE WMHs 414775 B 2.4t
R, mMH, @2 RE Logistic [1]JH 53 HT B R84 2 (kI B3 WMHs M7 fafG R & . X—iF 5%
g 5 H A 2235 25182840, Garnier-Crussard, A 55 A\ [37]HHAIESE | AE#% BCAE N 1 WMHS (1) 5225 52
Zhuang, FJZ%5A[38]IANAERS & WMHSs &5 26 K™ B AR B (O FE G IR 2. oAb, i I A 996 i e R 36
Sl = AR MR £ WMHSs 9 5 83, 7E AT N A WMHS i Sk A5 o BEA: Stk il i 14
I 16027 A AR B DR DL, S S e T e I R LR T e R R B R T WMHS (13 « Hannawi
S5 N [391F L A BLAE AN (1 Co i L5 FE RS R 3R R, i 1L 5 WIMHS R AR 25 DA O

AR FAEER) LAAPD 2 5 JLZ B 75 0 3l R 2 o LI AR 4k 2 —,  BRARIS R 4 T 1Y) S A
Feota i KN, AR EAG Gl SR B 58 (0 AR R AR IRT 983 BUOML 22 5 WIMHS A5 Jo AH G M 1 8 22
JER . gz, TERATIRZE RSk 5 WMHSs [ 5B AOB AL, e mT BEAE 9 il ) BE B A5 1 A 37 e 56 B
RIAT T

WAV FMAFAE— LR IRYE: 5k, AFFFCE T bl BB 7T, A5 UEH T AR .
HR, WA GAR Tk 8, HAAFEARBEAR . B, ik LAAPD A2 Wi/ piE R
SRk

AU FRUN LAAPD SEHEF RLS fiskJif & 2E WMHs FIBhS7 a3, LAE Al fgfE A RLS
(0 Sk 0f FR o WMHS & BL R S B o 6 LAE AR SCHLH] A 0T 100T REA Bh T %E 22 i Sk 0 i
WMHs [t .

5. &g

1) LAAPD ZfFf RLS fikJi B34 KA WMHSs FIRA7 fa K % .
2) RLS & i kI 8 WMHs BN fERi K2, M AE =k Jf 38 1 LAAPD 5 RLS R HA 0%

B O

ARH B T IT KT BRI e . SRR BETE DA 18 SO S 1 R v A 7™ EESRONITR C HEJR
%, DURIE A R A AT SR S B .
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