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Abstract

Objective: To investigate the difference of left atrial strain starting from QRS wave or P wave, and
to explore the influence of blood pressure and its control on left atrial strain. Methods: 115 pa-
tients with essential hypertension were collected, and divided into case group (57 cases) and well-
controlled group (58 cases) according to the control of medication. At the same time, 34 healthy
people were selected as control group. Conventional two-dimensional echocardiography, spec-
trum Doppler, tissue Doppler and other parameters were obtained; left atrial biplane strain (S-R),
left atrial conduit strain (S-CD), left atrial systolic strain (S-CT) and other left atrial volume para-
meters were measured by speckle tracking technology; the differences among the three groups
were analyzed. Results: S-R, S-CD in the control group and the other two groups were statistically
significant (P < 0.05); S-R starting from P wave was smaller than that starting from R wave, while
S-CD and S-CT were larger than that starting from R wave, and the differences between them were
statistically significant (P < 0.05); ROC curve analysis of left atrial strain parameters: S-CD (R-Wave)
had the largest area under the curve, S-R (R-Wave) had the highest sensitivity (89.5%), and the
highest specificity (41.2%). Conclusion: The function of left atrial in patients with hypertension is
weakened, and controlling blood pressure has a certain effect on the improvement of left atrial
function. The results made from QRS wave as the starting point showed better left atrial function
than that from P wave as the starting point.
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1. 5|15

BERUB BRI (STE) 2 —FiT OIS B B A R, O JULREAR AR AR ZE S, 1 75400 5 45 14 A0 D) BE )
ST, o e SOt iR e A v i SR A AT AT M AT T B M O AR B T IR IE . e I R A 0 AR I (Left
ventricular filling pressure, LVFP) AT S BHAS T 20 B i, 3515 S 420 5 MM I Re AR L, S5
FEa s B, ZAARAELG AL 5 R A T 2 BRI H 00 55 T BE I e AR BN T RE (L] 220 5 AR T BASE
SR 0 P TR AR, BELLAR SRR F e 0 i R/INRVTA 0l D e S BBURK SUFT I 1 48 75 TG
W B ARRMR[2]. 7005 AR M2 A P ABE X, TP PR AR AR 1 A BRI 14 3 Ji A PR IF i) v
AR, B P FF AR (055 o Y 3t 1 14%) B QRS YT (o0 25 JE I 4 1 14%) [3], SR H ATk =46 5% QRS
W5 P BOERMEARSE S EN . Fi, A0 B R L QRS PN s B DL P I T s 1 75 00 B AR
M2 5E, FRERFUIME S LA Bt 220 5 BB IR RE IR o ASHIE 78 BT A 523808 2 i R 2

2. RSk
2.1 —MRFHRI

WAE 2023 4F 5 A 2 2023 4 11 H 52 T 48 22 K S4B Ja B e Co Jid 10048 995 125 5 1700 Je ek vy L B8 3 145
151, R 4 AR 24 2 ) 75 10, 40 s (9 ZEL RN 7 o) R 2L, TR R e IS (2 W bR v A ¢ [ v L B VR FE R )
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FHEA

(2018 SFAZITHR) [4], ik HmI Iy 3 {E B ik NBEAE Xt B2 . Jfold 57 1, 53 36 1], <z 21 i, $=l
RUf 58 f, T4 39 %1, Ztk 19 %, XFHELH 34 1,

2.2. GRHHRE

1) IAbRtE: © BB EEW:; @ ZBFERMEEILE 1FE 1 4E0 L, EFERMBEZDRTT
HAREARZY, 2 75 A AR Z5 MR 48 Morisky-Green JII3FZR(MG) [5]: ® /= % 4t 1143 #(Left ventricular ejection
fraction, LVEF) > 50%; @ 7205 K/NEH (LAVI <34 mi/m?); & A4 F HuAt 0 IF 5% -

2) HepARdE: © BETRSIK CT M R A, bRt 739 : CAD-RADS 7348 >2 29 @ A
EEOEREEH: @ WRTEATE;, @ AEE. ARlilaias.

23. Bk

1) AAHEARE: WA R & m . E T AARREABSA) K & m A B E(BMI), Ul 03 B
BEIIHT 5 AR E =R ARSI, e SR (SBP) 475K [ (DBP).

2) BHEELHERE: S IAAMEML, EE = SEGOHEE, #H GE Vivid E95 A2 WY, K
HOPERL(MSS), FRIMFE N 3.5 MHz. T-HiH 55 76 = KA ) T, & 72 = 0W04s K 1 N 42 (Left ventricular
end systolic diameter, LVEDs). 7 = &F 5K A A P 4% (Left ventricular end diastolic diameter, LVEDd). A =&
ik K 99 25 1) B )5 £ (Inter ventricular septal end-diastolic thickness, 1VSd)FlEF5K K 1 72 55 J B 5 7 (Left ven-
tricular end-diastolic posterior wall thickness, LVPWd) . -T-:Ca2 U i 0o V) T DARK I 22 385 8 Sz 41 410 22 8 b R
D AT 5K A 70 LV THE B 0 TSI A ZE BV E A U URGEIA R SUE S s L fT
TR RIS T e« FFIKIE I R ZUB Bl B U ' , 715 E/A Jee'/a’ . F Simpson
FAFE A LRSI E(LVER). A OEMHEELVSV). ALE O HE(LVCO). EERE 3-5 MLE)
FAW, ORI WIS EE.

3) BGAIT: kB EEIEW B, Al Measure, M AFI LA, 23 SIkRic U O 27 0 5 25 ) i Jik
JEE MBESLIR B 25 LA K i O 20 0o i MBS . ATRESLR. ZCJ5 0, sl process, B[ AI75HI X
it & JHRAR (S-R), EIEIHRAL(S-CD) Ao L i N AR (S-CT) o0 5 ST 1L 73 2L (LAEF BIP). 7e»
55 41 I 25 AR E(LAEV BIP). 220 i KR (LAVmax BIP). 220 i/ NEF(LAVmIn BIP). 750 55K
BT A F(LAVpre BIP)2: 3. R-wave Al P-wave R # S AR i 2k DL R W% ER P /E S % k.

4) BASBITE . 5L 05 APHER(LAVI. B2 08 B (LASV). #3h) LASV. T35 LASV.
Wesh LAEF. 3 LAEF M LA 5K488. LAVI = LAVmax/BSA. & LASV = LAVmax — LAVmin. #
) LASV = LAVmax — LAVpre. £ LASV = LAVpre-LAVmin, #%)) LAEF = 100 (%3 LASV/LAV max),
F3h LAEF = 100 (F3) LASV/ILAVpre), 0 EY5KkiEE = 100 (& LASV/LAVMIn).

24. GFERE

KH SPSS26.0 it A E A TR, 1HETORILIEL + MRfEZE(X £s)Rw. KA S-W ki ie uk £ s
PRSI T o E R 2 IR AT AN T 22551, SR B IR 36 5 72 537 (one-way ANOVA) X 2 41 35144 [1]
HEATELE, KA LSD-t /B kAT 41al b A, P <0.05 AZEFA G243 Lo HEAH L IES sy 257
PERF, RAESEUG T 2 410 K LA LhEe, LA Bonferroni B2 1EJ5 P < 0.05 NZERA G L. it
KRR LLE ()RR, KA AR, SRABCSHREAR LY Wilcoxo £S5 BRAIRE 34543 B LA P AT R
PN AR A2 0 i AR o I8 F 248 TAE 411 (Receiver operating characteristic, ROC) il £ 73 #1 2% F b
iz s Re -
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3. R

1) EAFRFIE: KRR AN P RS . M R IR AN B RS TN S iR E R
B RREAIA B2 7P <0.05). & mAEXS R4 A i ) 4520 2 (a4 235 %2 5 (P < 0.05). J il
AN ) R 2H 2 [B] PR B AR BE R4 0 35 22 5 (P > 0.05), TEIL# 1.

2) EMBESHILE: 0%, LVVES. LVCO fE =AM LEEZERFP > 0.05). A gk LVSV
TEIF B AL A2 ) B A4 2 1AV 22 S A it 5 (P < 0.05). IVSD. IVPWD. E. A. ¢ E[ilfF. a’ %l
R, o Z[aIkE. e fUEE. S'MUEE, E/e' 7EXTREZH 5 AP 41K 2 38 Siih %2 (P < 0.05). LVEDD.
LVESD. LVVED. LVSV 7 {7 40 A0 %5 R 21 1) 1) 7 S Givt 27 (P < 0.05), {HJEFEFa il R 4 2H At
Hz M REEZRP > 0.05). a' fiIEEF] LVEF 78] RFHAX A2 M ERA SR P <
0.05), {H & 755 171 4R HE 24 [R) OFc ¥ 385 1% 22 5% (P > 0.05), 1E L7 2.

3) ELEERHERSHEHLE: LAVmax. LAVmIin. LAVpre. LAVI. T35 LASV. #3) LAEF.
T DA ik PR BAE T B 20 5 A P 41 22 R385 Bi it 5 (P < 0.05).  LAEF {4 il R 4 4H A6t HE 26 1] 17
ZRAGIFEE X (P < 0.05). LAEV {56 2 A% HEZH R 1 22 A et 22 (P < 0.05). LAVI & F3)
LVSV e ) 4 Az ) R i 2H 2 (A ) 2 A Giih 5 B (P < 0.05). #45h LASV. F3) LAEF 7 =402 [A]
BB EZREP >0.05), FHEWE3.

4) EOFBENTSHRIEE: S-R. S-CD 7EXf M2 5 AL 4 2 F 96 Fiil 243 (P < 0.05). %%
KA s B AN o) B A4 2 1) )T B35 25 5 (P > 0.05). S-CT #E =42 AR E 2 5 (P > 0.05), W%
4,

5) PA R #EL P AR M A O 5 MRS B B AR : LA P i ilE s S-R LU LA R RS R S-R /1,
1M S-CD 1 S-CT LA R MR S IR, HAWATZ (A1 2 544 Giit 5 (P < 0.05), UL 5.

6) £ ENASHA) ROC L. S-CD (R-Wave) ik N A A S-R (R-Wave) [R5 i
K(89.5%), IE R E(41.2%), ROC ML WLIE 1, BAkLs W% 6.

Table 1. Comparison of basic data between groups

F 1 BERERFERE

K4 (n = 34) ifl4H(n = 57) 2] [ %5 (n = 58)
S 35 (24, 45.5) 67 (56, 72.5)* 61.24 + 11.59"
B 10 (29.4%) 36 (63.2%)" 39 (67.2%)"
HlH A % 4 (11.8%) 23 (40.4%)" 26 (44.8%)"
WET N %L 4 (11.8%) 11 (19.3%)" 15 (25.9%)*
SERE PRI L 0 16 (28.1%)" 20 (34.5%)"
fA 60 (54.65, 69.23) 68.09 + 10.95" 70.58 + 12.01*
5 1.64 +0.07 1.65 (1.6, 1.71) 1.69 (1.6, 1.75)"
BMI 23.05+3.93 24.62 +2.97* 25.44 + 3.57*
BSA 1.67 £ 0.16 1.76 £ 0.16" 1.78 £ 0.18*

"ERTHRAAELL P <0.05, "S5 GIZHAHEL P <0.05; BMI: SEfAEEE, BSA: KR,
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Table 2. Comparison of conventional ultrasound parameters between the groups
2 HEENBESHLER

SR (n = 34)

B2 (n = 57)

] R IF(n = 58)

D
LVEDd
LVEDs

IVSd
LVPWD

E
A
"= Al
"% [A] K
s A Ff
el EE
a'f Bk
s'{ul B
Etbe
LVVES
LVVED
LVSV
LVEF
LVCO

72.97 +8.88

42.38+3.39

29.38+3.38
6(6,7)

7 (6, 8.25)
82.85 + 21.02
66.41 + 12.92

11.21 +2.77
7(7,8)

9.65+ 1.57

14 (11.75, 17)
8 (6, 10)
11.82£2.74
6.93+1.62
2759 +7.13
70.03 +15.71
42.35 +10.05
60.5+5.25
3.12+0.75

68.79 + 11.09
44 (43, 47)"
32 (28.5, 34.5)*
9 (8, 10)*

9 (8, 10)*
69.56 + 18.25"
92.4 +17.45"
6 (5, 7)*

9 (7.5, 10)*
8.25 + 1.96"
7 (6, 10)*
9.04 +2.37
8 (7,9)*
10.27 + 2.87*
32 (23.5, 39.5)
80.35 + 19.18"
48.39 + 11.18"
60.46 + 5.95
3.26 +0.68

70 (61, 80)
4379+3.8
30.57 + 4.48
9 (8, 9.25)"

9 (8, 10)*
67.07 + 15.45"
83.45 + 17.12"

6(5,8)"
9.36+ 1.8"

8 (7, 10)*

8 (6, 10)*
9.5 (8, 12)*
8.64 + 2.52"

9.535 (7.54, 11.63)"
32.16 + 9.66
75.91 + 19.51
43.67 £11.27"
57.88 +5.18"
3.07 £0.57

FHNTHRZAAH LG P < 0.05, "SR GIZAAH L P < 0.05; LVEDSs: 7 B 47K AR MINAE, LVESD: & =UN4e RN, IVSD:
FEEFRAIEMEGERE, LVPWD: ZEREFRAKMASGEEE, E: “RMFKEHARIEGERT, A: &7k
FEETHE, s WA R AU, o fFikFIH R ALUSHIHE, o #F K R A
IBEHE TR, LVVES: KOS KN, LVVED: AO=EEFKAKNE, LVSV: EO=EEHE, LVEF: A
EHME, LVCO: AL=EOHNE.

Table 3. Comparison of conventional parameters of left atrium in each group

3 FHEECEENSHELER

LAEF
LAEV
LAVmax
LAVmin
LAVpre
LAVI
LASV
W5 LASV

%R (n = 34)
64.71 + 7.53
18 (16, 22)
28 (25, 35)
9.5 (7.75, 14)

18 (14.75, 25.25)
17.05 (15.32, 20.30)
18 (16, 22.25)
10.38 +3.77

Jpi 54 (n = 57)
58.54 + 10.07
23 (20, 28.5)*

41 (34, 52)*

16 (12.5, 24.5)
31 (25.5, 42.5)*
24.26 (19.31, 28.03)*
23(19.5, 29)*

9 (6.5, 12.5)

il R 4 (n = 58)
59.79 + 8.34"
20 (17, 26)

34 (30, 43.25)"
14 (11.75, 18.25)"
27 (21, 33)*
19.46 (17.09, 23.35)"
20 (17, 25.25)

9 (6, 12)
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T3 LASV 9 (6.75, 11.5) 14.91 + 5.9 12.47 + 5,52

Wiz LAEF 34,75+ 12,51 23.21 +10.98" 26.37 +12.13"

F 3 LAEF 46.27+8 45.74+11.48 44.45 + 11.77
VYR IS R4 188.89 (154.17, 217.86) 141.18 (113.88, 185.22)" 146.15 (121.06, 173.30)"

FEWIRAIAEEL P < 0.05, "S5 HIZLAHEL P < 0.05; LAEF: 720 55T 17040, LAEV: 720545 A2 %, LAVmax:
EOFERKRER, LAVmMIn: L&/ ER, LAVpre: ZOERZTTAER, LAVIE: EOEFFIESH, LASV: &
LR, #%3h LASV: LAVmax — LAVpre. 3 LASV = LAVpre — LAVmin, #3) LAEF = 100 (#%3h LASV/LAV
max), T3 LAEF =100 (F31 LASVILAVpre), %053 5k$850 = 100 (5 LASV/LAVmIn).

Table 4. Comparison of left atrial strain parameters between groups

4 BEECENTSHLE

St ZH(n = 34) Jpif5l4H(n = 57)

S-R (R-Wave) 38.41 +8.54 28.16 + 8.33"
S-CD (R-Wave) -22.82 +8.08 -13.12 +5.97*
S-CT (R-Wave) —15.47 + 3.56 -15.11+5

S-R (P-Wave) 32.88+6.75 24.26 + 6.37"
S-CD (P-Wave) -19.71 +7.03 -11.35 +5.51"
S-CT (P-Wave) ~13.24 +2.69 ~12.93 +3.81

il R4 (n = 58)
29 (25, 34)*
-14 (-18, —9)*
-16 (—18,-12)
245 (21, 29)*
-11.5 (15, -7.75)
—13.34 + 4.09

FHNTHRZAAH L P < 0.05, "5 IAAHEL P < 0.05; R-Wave: L QRS ik FFAAT e (o0 35 A M4 1714%), P-Wave:
PL P ST AR e p (0 55 A 147k 1 145), S-R: & WINAS, S-CD: EiEHINA. S-CT: AL BER4giNA.

Table 5. Comparison of left atrial strain starting with R-wave and P-wave

5. BARIEM PR AERALENELR

R-wave P-wave z P

S-R 30.0 (25.0, 37.0) 26.0 (22.0, 31.0) -10.589 0.000

S-CD -15.0 (-20.0, —10.0) -13.0 (-17.5, -9.0) -10.333 0.000

S-CT -16.0 (-18.0, —12.0) -13.0 (-15.0, —11.0) -10.311 0.000
Table 6. ROC curve analysis of left atrial strain parameters

6. DLBERESH ROC BiZ D
U Sk EARCE =51 R AUC P

S-R (R-Wave) 0.895 0.412 0.483 375 0.813 0.000

S-CD (R-Wave) 0.754 0.235 0.519 -16.5 0.830 0.000

S-CT (R-Wave) 0.263 0.118 0.145 -18.5 0.488 0.844

S-R (P-Wave) 0.737 0.235 0.502 28.5 0.822 0.000

S-CD (P-Wave) 0.807 0.324 0.483 -16.5 0.819 0.000

S-CT (P-Wave) 0.281 0.118 0.163 -15.5 0.495 0.935
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04 04
P
02 / 02
0.0 0.0 - - - -
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(a) (b)

Figure 1. ROC plot of left atrial strain
E 1. Z0ERER) ROC L E

4. 7ig

LA BAS i OO T VP4l LA Zhag, JErT DIEEEASRERI, Ml LA 67 S8 Alk4s
Dhag[2]o LA NAR MG PR, X AR SRR 0 S0k A B 0 1) Co sl R SR R B TR T AN [R], BRI Pk
GRS (05 BT 7 T 142) B QRS AR (O 2 A M AR 1714%) . W R B ARKEERAE QRS PTG FF R, g
{ELIEGN [ ARG B 200 55 A7 DI g » &7 9K L R4S S O B 8 Th 6, 47 1 BR300 S A8 o) N7 o 5 WAL T
PR IR AL BRLE P BOFARI IS, 28— UG E R R R O WA DiRe, IR E RIS BT S48
IhRg, e EMERET IR

AT R R: I AN ) R A4 S-R B IR MK, S-CD. S-CT ¥ R4, {2 S-CT
TRENESR, XRE5EEBIIALER 5, BHHLSHEX RAM LB #HAE R R, BIR
L e R S e P AN D Re IR SS . E3) LASV H9hN. #3h LAEF B TT R /& L% B8 5 /e s e KA
SNBSS K HIFE RN o0 W Il 2B 2o O sl HEZS Bk i 8 i, AT
SE—RIVEL, OIELOERABIIIN. Frank-Starling AL 3958 DL B 5 323000 5 US4 (1 389 5
[71

TR B A a2 [ A I LVSV. 3 LASV K LAVI ZESE S #E X, TheeH
T B AR I 45 1 75 1E 7K S O UL ()75 BE R AN AT 38 . Lale Dinc Asarcikli 2 A [LJBF 70 T & & i
JE B (Wi s > 160 mmHg FEEFiKE > 100 mmHQ)BE1T 4 K167 J5 220 55 N AR 52 , & B0 B ARG L 1
A S g I A A O s A A AN AR SR D RE R PR 53, v I AR I AN /e 0 3 TR A R R S P R A
XoF O A A7 US4 22 Th RE RS B B2, Youssef Ikejder [8125 A BIRIE 78t & LB IE 1697 7T LA 220
B IhRe, AN FUAR ) R A ) S 1 0 s AR A S BCEUE T35 b e o AR RS, 3 A o
el RERINGE R — & EH, A eSS EH OB Bz R, HIEE AT g0 N & I 85 0
PR B A — e L%

fe ML e O s EEAG PR AR B R, BR T . BEAL O EMRE RS, HHARAANE MR
NI OB TEAET KT RE IR HUEA BB RO R . S AMEEN N & L B ) VR T SR R L R
TR P EE,  TE A ST A L 2 B RN &Y 5 D R Rl 2 BT kAT [ V67 P RE B8 A 280k TS e o0 s
B IR R0 s BB (V) R AE 2] [7]
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L BE RO BB R P AR A A s AR AN S e H R A O B D WU A AR AE T FE 5
M, Sergio Mondillo [91HH 75 1 75 /0l R /IN IR 1) g I BOHE PR A (0 7 o 5 AR T 115, I BB P P
I3 1 83 700 D D Re AR S5 R 2 BB — Pl 1) e O s PERE BE P B o sy ML J8 3 AN GR I 70 400 5 AR 1)
3 26 T2 ) IR LA L I S SR, A O s R ) e I R LA O E R
AR 2RI ORI % D REFRAIR[10] . MLIB0E AT A B8 AR5 70 0 s i 45 B AR (r = 0.81, P < 0.01) Fl 720>
5 S HEZS B (r = 0.80, P < 0.001) AR 2 3 AR 9%, FLAC o 5 it 46 JA AR 5 70 o0 28 AR G 1) AR (r = 0.83, P <
0.001) [11]. AAEMFFIEIR, 760055 9N m] N ARUEAR A O 5 BN 1) B IR 35 B B T R 7, HL RS 5 B
(0 75 o 3 I AR S R A s BIORRARG [ 12] [13] [14] 6

AR, L QRS WA AMUH 4 REL DL P O AR EoR 2 B IhRE i, X 5 AREHF[3)
WL —8, WO T 22 s DR IR S G Bl IR e, B BCK M il 28 AR AR 20 v B, 5 R R — i
FR A 5 B i At 2 0 5 6 b b T 28 T A R 2R {8 . ROC 28 23 H 7R S-R Al S-CD ffusedt: R Sk
M2k NI S-CT K, $&7~H S-R H1 S-CD PEAL Zc .0 5 Dy RedERA 1 58 51, 7 Jun Huang [10]fF 7t i
N, BB SEL LA NASRIRASE R A A1) AUC B R KT AR AUC, 456 720 b3 i AT
O IER AR H R = A2 T s — AR R K1) AUC.
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