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Abstract

Objective: To investigate the relationship between left atrial (LA) strain quantified by cardiac mag-
netic resonance feature tracking (CMR-FT) and ischemic stroke (IS) in hypertensive patients. Meth-
ods: 100 hypertensive patients were divided into a non-IS group of 62 cases and an IS group of 38
cases based on the results of cranial magnetic resonance imaging. General data such as age, gender,
and body mass index (BMI), as well as cardiac magnetic resonance (CMR) functional parameters of
the left ventricle and left atrium, were compared between the two groups. Logistic regression anal-
ysis was used to identify factors influencing IS in hypertensive patients, and receiver operating
characteristic (ROC) curve analysis was performed to evaluate the predictive efficacy of each index.
Results: The IS group had higher age, homocysteine (Hcy), and minimum left atrial volume (LA Vmin)
compared to the non-IS group (P < 0.05), while strain, strain rate, and ejection fraction during the
reservoir, pump, and conduit phases were lower than in the non-IS group (P < 0.05). Age, Hcy, and
reservoir phase strain were independent risk factors for IS in hypertensive patients. In single-index
analysis, reservoir phase strain had higher sensitivity, while Hcy had the highest diagnostic speci-
ficity; in combined detection, the comprehensive efficacy was higher. Conclusion: Age, Hcy, reser-
voir phase strain, and their combined indicators have certain diagnostic value for hypertensive pa-
tients with IS and can optimize treatment and management for these patients.
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1. 5l8

TR O M 0L 772 99 A2 73 2 R0 B 26 fe ey (1) 075 » 28 2020 TR0 3.3 AC N FE AT 0o i I 355
F34E 300 J3 NFETF1205, Horb /b — 2 (0 8 2 v IR 9 S [1] o i 4% P B 6 i If 28 o 2% 7 (ischemic stroke,
IS)AH Mk i ze b, Hod IS S &ERFTE AT 71%, 1 45 BUEERE 5k 33.4%~33.8% [2]. il
RT3 i 0L AN R R FE P 095, 3807 51 Ao B R K P D R Rt o 1S M I S5 0o U 5 DA 25
Ho FEshfLG f a2 1S MR, HiFo - e R, OIFRmR SRS 1S Ik
A RE[3]e B FE S, R R ) g LU A R . IR T FAFE I A 70 ) 41.0%. 34.9%7F1 11.0%, s
MR AL T RARIIK Y, BE BN A CE B I T QR GRER L] HAT, f LG TS5 A ThRE )
SRR SRR, H BEAE SR AU IR AR T O & E A AU A T e B A [5] 77 T . AT B A
AN, L B O IERE, 220 (left atrium, LA)H D) REFGAG L A0 25 FL6],  FLBA 3C0 I HH 3 F 2
PEAS AL AT T I Bh T b i 2 i R AR . ASHIF 7T 3 T O R RS IR R AE 8 BB R (cardiac mag-
netic resonance feature tracking, CMR-FT), #RiJ i ik &% LA ThRERRRS 5 1S 1R K.

2. MRS
2.1 RN
Y 2021 4F 1 F~2028 4F 12 FIEARBERES MR 8%, A 5 47 S MR A O IR AR
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(Cardiac Magnetic Resonance, CMR)KE 25« A 75 /7 R4 A Bif B 25 03 2> itk Rl (il 5« o -PJ-%}-2023-
30).

2.2. MNSHRRFRAE

ANNFRUE: R (b eI S B A 46 79 (2018 S TThR) ) A WrbRiE: 72 R8I B IS 250 00 T
AEFH 3 il a2 i, g > 140 mmHg MI(E)&F5K . > 90 mmHg: Ye4i/E > 140 mmHg FlEF 7k
J& <90 mmHg: =REEAE SIS, H AR S 259 .

HEBRbrdE: (1) BT IKALOAURE  JEE R LU S5 H A ML BT s (2) R I D BEA I 1 A
P EThRESH . HURIRDIBETCHESE . N 70l R G SOBEIR) ;s (3) BRAEAFAEZEHh s

2.3. IPRBTRIER

W B B HIR PR BERE: 51 SR8 B4 B 45 $(Body Mass Index, BMI). A iE [# % (Total Cholesterol,
TC). Hih =& (Triglyceride, TG). =% & A5 & F AH[E B (High Density Lipoprotein cholesterol, HDL-c). &
4% 15 JI 2 1 JIH [ B (Low Density Lipoprotein cholesterol, LDL-c). IfiLi# [F %4 >t 22 2 (Homocysteine, Hey)-
WS E S FFIKIE

2.4. or4H

MRS ICIR AR, F E 2 N Te-1S A IS 4.

e 1S ST & RS2 RATH (SRILVEA IR 297 1679 (2021 £)) DUSE SC: N AR BE 59
DR S 0 I e 3 S ™ B, (N Y R B, EETISRI L R4 SR I kX R AL 0T O
I R LR 5 e R A A BRSO AR 22 T RE B0 @ Sk i T iH LT Z 39 80 MRI BT 08T 195
A O A ST AL

25.CMR @&E5B1& 5

WESEIRIG 2. (] 3.0T RESEIRFIEAC. (1) OoF. &g 3T Sk EMY 133K B CMR BE%, FH B Fa
A S SRR AN 2 A E LS R (DU AR D O KA . BLRAE D S R
Hfr). KESH: BN E(TE) 1.52 ms, HEI[E(TR) 3.0 ms; #%% /1 45°, HLEF(FOV) 350 mm x 350
mm, 1 JCK&E, §ZRE 25 MOshEWY, EE 8 mm. (2) Mifik. FHFESEEE T1 AL E e m 74
(TR2000ms, TE20ms, 1AZ K/ 0.65x1.37 x5.0mm?3). H#E4HAL T2 JnAL A g el 51 (TR 3000 ms, TE
80ms, AZF K/ 0.5x0.91 x5.0mm?). AR 7 (TR 7000 ms, TE 120 ms, A% K/ 0.65
x 0.90 x 5.0 mm?3). YRECHK AL F5(TR 2766 ms, TE 86 ms, 1A% K/ 1.51 x 1.89 x 5.0 mm3), LA L%
FIZIEY N 5 mm, JZE N 1.5 mm,

CMR ElZ 5 #r: ¥ CMR EE 2O IEE AL B E A CVI42 (Circle Cardiovascular Imaging, Canada)id
7537 o LETYRESHON & - fE5E i ThREREHe, 3N Hos2 40 il ISR B 30 20 A 3R A5 e o0 2 33 1L 43 $U (L VEF)
Je U = P 3k A I 28 F7 (Left Ventricular End Diastolic Volume, LVEDV). 72 0> 2 W 46 A 3 28 F7 (Left Ventricular
End Systolic Volume, LVESV) J% 7./ % J5i 25 2 (Left Ventricular Mass Index, LVMI). O IR A8 240 &«
8 F AR ERAE — o0« DU O R e 2 O B ETIROR I Wi R, 2 LA O A A1 5 5 ik
FEATER Ik S A2 BB 1), EBIAE R LA G S AR R R) - A% i 2k DL TR] - AR SR 2k, 193] LA =
IR 4% (Left Atrial Strain, LAS) & S48 2 (Left Atrial Strain Rate, LASR). Hri LA S HINAE = LA 176 ]
iAF - LA ZRIMBARNAS . R FThREREL, 78 0y DUMSC B R VR0 ) LA O M 38 il i ik S 2
OH, B3%MAM: LA KA (LA Maximal Volume, LAVmax). LA f/NEFI(LA Minimal Volume,
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LAVmIn) Al LA Y41 2287 (LA Pre-Atrial Contractil Evolume, LAVpac). H LA ZFHE LA 5 i) %5
LA fig A5 Ior %0 = [(Vmax — Vmin)/Vmax] x 100%, LA SE RS540 = [(Vmax — Vpac)/Vmax] x
100%, LA ZEif A543 % = [(Vpac — Vmin)/Vpac] x 100%.

(b)

Figure 1. CV142 semi-automatically identifies the end-systolic two-chamber (a) and
four-chamber (b) cine sequences of hypertensive patients, outlining the endocardial
(red) and epicardial (green) contours

1. CVI42 ¥ BRI S MERE WA RA 0 () O ((b)EREFTIR
(LRER (L&) B IS (SR B ) 30 ER

26. GIHFESH

KH SPSS 26.0 #f4 & MedCalc AT /b FF & IES AR TR X+s Fox, PZIH
PR T AR AR t G50 JE I 20 A (T R R H M(Pas, Prs) 3w, 1R ELECSR B Wilcoxon FR AN S
TR (%) o, ZHIAIELACR ) 2 ¥ 5& . Logistic [ 4347 s L & 91 1S ek R %, 2k %
TAEHFAE(ROC) HE 28 73 H7 - 45 bro6f e ML 1S 5825 XU T &L RE . P < 0.05 NZEF A Fiih = o

3. &R
3.1 FEEREIEFELERNE CMR &8 9AE L3

3.1.1. RAEBHIEKREZERLE

FLU4E 100 il e A3, 62 -S4, 38 9 IS 4. BALIE bLEE, PLrES). BMIL TG, TC.
HDL-C. LDL-C. ‘03, Wede & ok i 22 3 oG it % s X (P > 0.05), 1S AR A Hey 7K THJE-1S 4
Wi <0.05), W#E 1.

Table 1. Comparison of baseline data between two groups of patients
1. RMEABEELERLR

fabr TE-1S 4 (n = 62) IS 4 (n = 38) ZFIZ 8 P&
LI (%) 23 (37.11) 16 (42.11) 0.248 0.618
1S 61.19 +7.82 66.71+9.11 3.216 0.002
BMI/(kg/m?) 26.00 (23.00, 28.00) 25.00 (23.00, 27.00) ~1.083 0.281
TC/(mmol-L 1) 4.33+1.20 415+1.16 -0.764 0.457
TG/(mmol-L %) 1.52 (1.15, 2.17) 1.56 (1.12, 2.25) —0.266 0.790
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LDL-c/(mmol-L%) 2.62 +0.90 2.39+0.83 ~1.279 0.204
HDL-c/(mmol-L?) 1.09 (0.92, 1.21) 1.00 (0.87, 1.23) ~1.282 0.200
Hcy/(umol/L) 14.44 (12.05, 16.37) 16.90 (13.67, 19.60) —2.915 0.004
L Z /(IR /min) 79.00 (71.00, 87.00) 75.00 (65.00, 80.00) ~1.760 0.078
W48 5 /mmHg 137.18 +20.01 144.42 +17.83 1.830 0.070
&Pk K /mmHg 87.56 + 13.51 83.53 + 15.60 ~1.367 0.175

vE: BMI: BAFIEIRE; TC: BHREEE;

TG Hi=/: HDL-c: =% /e 1 IH[E g,

Bl Hey: MIEFRREMEAR; P<0.05 ZRAEAHIHAREL.

3.1.2. MABELIL CMR BHLLLE
PIdilal e, W4l LVEF. LVEDV/BSA. LVESV/BSA. LVMI. LAVmax fil LAVpre %7412

B (P>0.05); 576-1S A ELEL, IS R A7 RG] Z2 A 2 S A B RIS | AR 5 i 23 B0 vk

LAVmin & fn(P < 0.05), W3 2.

Table 2. Comparison of left ventricular CMR parameters between two groups of patients

2. WmEEHBE LD CMR SHELE

LDL-c: {RZFEMEAM

febr Te-1S H(n = 62) IS 4H(n = 38) FIz (& P{a

LVEF/% 55.00 (47.00, 64.00) 58.00 (44.00, 65.00) —0.504 0.614
(LVEDV/BSA)/(mL-m?) 76.73 (67, 83) 75.50 (66.00, 100.30) —0.512 0.704
(LVESV/BSA)/(mL-m?) 31.00 (24.00, 38.50) 31.50 (22.00, 54.25) -0.380 0.704
170l IR AR % 28.81+8.58 20.49 +7.74 -4.878 0.000
FE W% 13.5(10.78, 18.58) 9.55 (6.45, 15.12) —3.452 0.000

IR MR R AR 1% 13.75 + 6.58 10.18 +4.56 -2.938 0.004
AR AR 2 57 1.30 (1.07, 1.54) 0.90 (0.54, 1.20) -3.918 0.000
FEHARN AR s —1.20 (—1.80, —0.88) —0.70 (—1.20, —0.40) —-3.422 0.001
FMIARAE 2 s -1.39£0.0.75 -0.95+0.59 3.046 0.003
A7 BAST 1ML 53 H0/% 49.37 (40.34, 55.00) 39.69 (34.60, 49.34) -3.902 0.000
SEHAS M5 50% 29.40 (22.48, 39.90) 22.45 (15.31, 28.94) -3.310 0.001
IR L HASS 1ML 53 40% 38.64 (30.76, 47.09) 33.67 (24.82, 39.01) -2.621 0.009
LAVmax/mL 62.35 (48.68, 78.96) 60.98 (48.67, 84.13) -0.142 0.887
LAVmin/mL 25.79 (18.21, 33.91) 34.09 (18.74, 47.35) -2.131 0.033
LAVpre/mL 49.81 (38.76, 61.95) 49.56 (35.58, 67.19) -0.114 0.910

VE: LVEF: AO=ENMSrE; LVEDVIBSA: £ 0 EEF KRB E; LVESVIBSA: 0= IN4s K INE R FriL
ff; LVMI: ZEO=EFRERE; LAVMax: ALO0ERAKER; LAVmMIn: 205 NER; LAVpac: o055 URER T &
i P<0.05 ZREARIIFE L.
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3.2. =43 Logistic REEVFASHrEmMERE 1S KR ER

KRN LLE P < 0.05 FIABANNEZE, HTHAEHRARZR, SERNAR, 5N AR S K
FLS M3 380 72 D RIS AR A AR A8 SN AR R AR IS S AR TH A, AR AE SRR ), HERR .
RAERRERS . Hey RS . SN KR N AR N AR s, PLEiilES I 1S HEBRGE =
1, 75 =0). Logistic [AJ74#T4E#(OR = 1.139, 95%Cl: 1.051~1.234, P = 0.002). Hcy (OR = 1.182, 95%ClI:
1.017~1.373, P = 0.029). f7f# 1N 4% (OR = 0.838, 95%Cl: 0.742~0.946, P = 0.004) 2 & Ifil & & 3 1S Ik
SFERER R . I R IS MR AE XS BEERY . Hey SEINT T, BEAE A N AR BRI, LA 3.
x4,

Table 3. Univariate analysis of hypertension with IS risk factors
3. mMLES IS B ERMEERRSH

A B SE Wald »2 P OR 95%Cl

WS 0.081 0.027 8.650 0.003 1.084 1.027~1.144

Hcy 0.164 0.060 7.462 0.006 1.178 1.047~1.325
TP A R AR -0.131 0.033 15.656 <0.001 0.877 0.822~0.936
TR A —0.145 0.043 11.144 0.001 0.865 0.795~0.942
T HARAE -0.111 0.041 7.439 0.006 0.895 0.826~0.969

VE: P<0.05 ZFEBGIF ¥R .

Table 4. Multivariate analysis of hypertension with IS risk factors
4. SILER IS BRERMZERSHT

AR B SE Wald »2 P OR 95%Cl

G 0.130 0.041 10.059 0.002 1.139 1.051~1.234

Hcy 0.167 0.077 4.768 0.029 1.182 1.017~1.373
TEAif R AR -0.177 0.062 8.188 0.004 0.838 0.742~0.946

E: P<0.05 ZREFGIM¥E .

3.3. LFIEFEH . Hey, FRRENTERZSHESIERESIESF IS HZNE T{EM%k
(ROC Hh£k)

FALDRI AR A A A 1S RS2 R BE T AUC MUNEIR AR Hey (AUC = 0.674, 95%Cl:
0.573~0.765, P = 0.002). ##¥(AUC = 0.685, 95%Cl: 0.585~0.774, P = 0.001). fZfi#N A5 (AUC = 0.758,
95%Cl: 0.663~0.838, P < 0.001); 4Fi#%. Hey K A7fif B AR BC-A A Il vy £ 1S 1 XURS: T 2 B (AUC
=0.869, 95%Cl: 0.787~0.928, P < 0.001) . “F#&[{I#k W {E )y 65.50 %, UK IE Ny 65.80%, 5% 74.20%:
Hey [ALBHE >y 16.75 pmol/L, BUBKEEH 52.60%, 55N 79.00%; A7fifs I8 AZ 1 #WTE  25.10%,
JRFE R 76.30%, 5 7 5 66.100%; 4F- 1% - Hey A A7 it 3 2 AR B Ao I 14 BEURE B2 Ay 78.90%, i 57 il 85.50%,
W2 5. K 2,
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Table 5. ROC curve analysis results of age, Hcy, storage period strain, and their multiparameter combined index in evaluating

hypertension with IS
F 5. F#E. Hey, FRENTRASSHRKEREMRITESIESS IS 89 ROC itk

S A R FES R AUC 95%Cl P1{E
g 65.50 % 65.80% 74.20% 0.685 0.585~0.774 0.001
Hcey 16.75 pmol/L 52.60% 79.00% 0.674 0.573~0.765 0.002
vexia IV 25.10% 76.30% 66.10% 0.758 0.663~0.838 <0.001
RS + Hey + FABHI N AR - 78.90% 85.50% 0.869 0.787~0.928 <0.001
100 |-
80 |-
_ 60 i
3 :
T
""i __rdl — ‘/Eriﬁ@
0 Hey
I R B T B R AR
- AR I+ HoyHE M AR
0 ] ] ] ] |
0 20 40 60 80 100
1004771 (%)

Figure 2. ROC curve analysis of age, homocysteine, storage-induced strain,
and multiparameter combined index for detecting hypertension with IS

B 2. F#8. Hey, FREANTRZSHIKESEFENSMER IS /Y
ROC ghzk

4. ¥1ig

P = L 22 S ECO MR R O UGS P4 DA B o LT AR, AT 5] SO IE R R 20 50 .
ML AT 5 M K I8 T B, - S0 ot P i 2w ) R A, ELIL S50 R T e B i AR S X B I AH 2K [ 7] € gk
FREHE 20307 BRI A R AR O ix 3k B B ia VR o kg 2 a5, R, O ARSS M A D RE AR bR B
of ffe 0L i 4 R FR B v G R B

W, ORI, LVEF 7358l #8>50%, xR 00 e A gu(8]. A7t 4
INEIR, 2 8% LVEF. LVESV/BSA. LVEDV/BSA R4 it2m X, H4l LVEF ¥>50%, iF
SEAE R U B, RS AR LVEF v RO DhRe ) 530 o IR 9B, LA 32 L% (1) 520
B, LRSI LA R OR, MIISE I 1S B R A R [9]. ABFFt8s R Eon, IS 4 LAVmIn 86
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-IS R EWG R, T LAVmMIn B0 B 7 4k TR 151 &0 b5 EA[10], 3R B I S 0 b 45 A
FIRTREQRE T IS R A AR, 76 LA BT, LA BB R a5 0oz [11]. fEL
IS, LA NAR R HATA SRR AR ik T OUEASRE ), A4S LA BIfFEtE . S8 IR ThRE, EIEH
LT AL At SE MR IIREAI ELA T . AHEFXT 408 4w g e NFEREAT RIS 04T, 13 A7
NAS, SEIANAR . 2 M N AR R IE AT E (41 £9)%. (24 £8)%. (17+4)%, MAZRKIEHME N7+
05)st (-23+0.8)st (-1.9+05) s [12]. AWFFLER, &l EE =B AR K& AR R IE T /TR I
WA, R IR S s DUR AR RE 1R AE T A RIRR ARG, sm 1 22 s ThRe. BRFINN, Bk
IR T RECONEE g, O ERE ST E LS E LA, SR LA K5 bE. BESKR 8, A
TMff LA 788080, LA ThEEFR[13]. AW 7L R TR, IS AL TE-1S 4 = HAR AR Wi AR 2 . S 1 o0 B b
i, IR Logistic [F1VA 43 BT s = AR 2 vy I R0 38 A e iV i 26 R VB FE S B RT3, TESE T LA
TH B 0 15 I 638 T A T 25 5 R AR SR i i A5 . Maheshwari Z5[14TRF 778 2o, 72 5 WL B
15 5 e 0 i 2 R PR R 2R B DDAE O, I L J5E BRI DRy 7 5 44 R RS A6 70 1 B 3 350 s TR R, o 5] s
FRVERAE T, B 5 B R A ON[15]. K1, 2[RI Logistic [R1)A 43 #7485 5 s 548 188 5 42 1
HARIAEAS A 1S ST SRS R 2, IX AT RE & BUATE QS Bt #2 v 72 5 A7 i . 58 AR L D) e & AH TL5¢
WA, 70 55 A7 At 3 Th RS 32 A2 A0 S YN AIWCAe R o O LIS P (R B2, 17 2 0 S S U 52 7 5 O UL UAC 4
e B A A R R [16], FE LR AR F N ARt DhRe i se 2 3R, WA Zc s R8N, 6 DhnRe. EiET)
RESZAL, o b ML Dy REE— AR [17], PRI, e o5 A7 it T RE PT 5 47 i s bl B B0 7 o MU 24 D BRAIG o A7 i
DIReiZE, o0 A R O I g kb, AR A VRS ik — 2D AE o0 P B2 0 s BN LA, 3K
e ML P o 2 e ) R A RS S TN [18] o S5 AT I TSN, HAT e o A 2 JXURG: 1 v 52 2 R o 2 1) E R A 1) S
U AR AR AR BRSO IR A TR DA R R S A B, O A RAE < 15.5%3 4R &
F 0 ML B S . B EL[19], B CHA2DS2-VASC 435, i ) it 2 b XU Tl [14] .
Ab, FE 55 = IS I B R A A2 0 5 T BEROAEAR,  Lima ZE[2013AA, 72 b S i 2 f B2 A1 2 189 Lo VR
PR R AR . ARFR S RN RN, 1S 41 LA =S $oh T 6-1S 41, iEsE T Eikithr.

=1 Hey 5O r 4 FEY 5K T BERRAR AT 5%, RTFECC MLEFSEAL, 8 I i 4 fix 25 o 1 % A2 AR [21] -
AT RIM RN, 1S A Hey B06-1S XN, HALHI T RES Hey @ (R gk sh At an . AR I
EE, TS BE R RERE L R AR A R [22]. BAEN—ELE IS Efa NBE, AHF T B R A 1S 1A
WK {E y 65.50 2, 2 [ ] BE 2 (R & 4 e L (A 5 00 = SR (BT 7K D) E R A 1) IR ) PR A BT 35 [ 23]
ROC £ 2R, BAAFRPRAIINS, £A06E N AR BUR R S, Hey 1I2ITRE T B i s, R Hey. 7
A A R 25 A RURE R, B LR B N 522 DK s Hey B, SN Zc.O s S5 MR Thae ek s, i3
— IR 26 e (R R AR . M OGHT TN, LA ThRE RS A L1t 25 rh A BRG] 3 sl
WK FEREAL, 8L ZREAL I 51 EE N S DI RERERG O b5 MBIk BE LT 4EAL S 2 [24] . Ik, BF NN OB
RERRAS AT BB A A7 O MU0 ™ R B b 2, 330 P 20 KU

ZELFRTIR, T CMR-FT HARBEATIAL 25 0 5 N AR WA RPN 20 00 5 A DL K ThRERRAS . AF I8
Hoy AE0if N A8 2% s IS £F 1S G R bR, 1S &R RS BEFER . Hey RIS DN, B 77630
LA BT G A0 o 468 . Hey LA R A B RS R B — S 00T LA AMNS B R PR . BIE, 4258 Hey.
FE0ifs R AR B G A 2 1Y) Logistic [B] U B0k ifil i £ 2R 1S I RS LA — 5 B TN (EL, XTIl PR v I
JE B R TT I A BRI S AR UEAEE R IR e REARERN, MBRIEE. 290,
KEEARBIRFOHATIOAE s HIR, ABFFURN IS BT 58, KRR E R — PR AR A TR S 70
IREZ IR R
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