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Abstract

Objective: To evaluate the right ventricular long-axis systolic function in patients with obstructive sleep
apnea using two-dimensional speckle tracking imaging technology (2D-STI) combined with neck Dop-
pler ultrasound indicators. Materials and Methods: Sixty-two patients with obstructive sleep apnea
(0OSA) were enrolled in this study, and 30 healthy volunteers served as the control group. The OSA group
was divided into three subgroups based on the apnea-hypopnea index (AHI): mild (5 < AHI < 15), mod-
erate (15 < AHI < 30), and severe (AHI = 30); the OSA group was further divided into OSA-1 group (RI <
0.60) and OSA-2 group (RI > 0.6) according to the resistance index (RI) of the internal carotid artery.
2D-STI was used to measure the overall right ventricular longitudinal strain (RVGLS) and the longitu-
dinal strain of the free wall of the right ventricle (RVFWLS), and the resistance index of the internal
carotid artery was measured by spectral Doppler. Pearson correlation analysis was used to analyze
the relationship between OSA and right ventricular longitudinal strain. Results: The levels of RVGLS
and RVFWLS decreased with the increase in the severity of OSA, and there was a statistically significant
difference compared with the control group (P < 0.01). AHI was negatively correlated with TAPSE, S’,
and RVGLS, RVFWLS (P < 0.01), and the correlation between AHI and RVGLS, RVFWLS was stronger.
Conclusion: The combination of 2D-STI and cervical Doppler indices can evaluate the early changes in
the long-axis systolic function of the right ventricle in patients with OSA.

Keywords

Two-Dimensional Speckle Tracking Imaging, Obstructive Sleep Apnea, Internal Carotid Artery
Resistance Index, Right Ventricular, Long-Axis Systolic Function

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 5|8

. & 4 Bl BEG I IR 87 152 (obstructive sleep apnea, OSA) e Ml AR 1) j¢ &2 B _E PR GE S5 RE, 51 6 [a) 8 1 g
WRET 45, 5 S5 JEE AR R/ M RIS SR (¥ 5 o P A 1) OSA S B A THTE 14%~39.4% 2 [A][ 1],
LA R AR B 3G i G n . W] 5] ERATLAA LRI R R 4 AICAEUILAE | B AR AR R AN R S RE
M, Hr—NRUIEREIRA CEDIRE N, HER RGeS0 MAE . I H 2840 56 2 Fh &
K. Bauters Z£[2]7E OSA H& ML BINE PR A, IF BLIXMACH = 5wl fe S B0N Reaifsi, A3 n
BNBKAEREEE, MBIk FE R R, B 2455 R A B O I LS O RRE, s I . O3 AE . IEE )
6% (resistance index, RI), /R B33k N RISRAAILME fsade LA, B ME BRI w, 3hiik
PRI A BRI Ry DA G O 2 D RE R 75 2401 TAPSE. S 5552 F1 P A Ao =5 A7 i
FISZMAEE K [3], - 4EBE 5538 7 1% (two-dimensional speckle tracking imaging, 2D-STI)if i iZ i g 0 LIz
BT RE B LA T BRI RIAS, I T2 N TP Al O UL B AN S W 4 The[4]. ABFSTRIAE 2D-
STI VAl & A O =M R NAE, BERER OSA & IFHA S RKE J1 48 E T mont O LG i 520, i
1BIT TR AT EE AR -
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2. AREFZE
2.1. HFRMR

T L 25 K 2 B i JB T 37 B B BRI 2 2 bty 2021 4F 3 A& 2024 4F 3 A& % SEEIR AL N
OSA [ 62 B, FERETE 18 £~80 % Z [H], 2WiksilE S5 (Rl A\ B ZE M RERR TR B 15 2 2ERH2 T e )
[5]0 HRHEMRIR 27458 - (I8 < $E ¥ (apnea-hypopnea index, AHD)¥ OSA #4173 N (5 < AHI < 15). H1E(15 <
AHI<30). HEE(AHI>30)=4H, OSA RFEH 19 4, HFEdH 20 4], HEEELH 22 ). HRHEZT A ik FH 7546
H(RI) [6]704 OSA-1 41(RI < 0.60). OSA-2 ZH(RI > 0.6)Fi4L, OSA-14H 30 %, FHIEH(60.20 + 14.60)
%, OSA-2 #4132 il JEHL 30 45 [ HAGEGE . 1 T30 A TG . 1) 4 R 2 44 1 Sk R 4L

HEBRbritE: I, MELOME . R B3, B, . EIRAE L A, O . 0L
WS B0 ) 3RS R LA A O S YN WS A D R BB o 1 T 220 R B TE AR B Y kv, B
A RS2 A 2 30 AT 5 R A

22. UE/REFZE

N H Philips EPIQ 7C H 2 W4, S5-1 #3k(H= N 1 MHz~5 MHz). L% QLAB T.{Eik, AutoStrain
RV 73 Hrisl, AT EMERE T .

ALK IEZAEBUEMEML, TSk, FPERCBRE, FEALmES oG E: O
BN R bR AR 55 S d DU Jis U] Th 4K Ul 2 47 % 117 J5 42 (right ventricular anteroposterior di-
ameter, RVDD). 7470 2 S 4 A B 11 B &7 5K A 3 10 AR vH 55045 0 =8 1) AR 22 4 49 #( (fractional area change,
FAC). =ZRIMEIYCYE 1048 3 J£ (tricuspid annular systolic peak velocity, S*) A7 % ¥7 B BE M = 2 AU 4
HAA7 # (tricuspid annular plane systolic excursion, TAPSE). fifizfi fik i 4 J& (pulmonary arterial systolic pressure,
PASP)H PAVEAf A5 0 2 BEAR Wi Dhfig - @ 2D-STI F5br: 84 L F A O 2= i, ¥ 53 QLAB
ARG, JA5) RV-AUTOSTAIN $AFH#EAT LA o 3l 5 320 8 BRE S e O A B iz kit oA O
T R R A OB B o 7R IR T A 0 B0 A DU o U T VA 0,455 25 ) B E P9 1R A O 2 ARG )
A% (right ventricular global longitudinal strain, RVGLS), U EA 0% H HEE) 3 15 Bl &8 1T H{E K
A O = 2 BEL ] N AR (right ventricular free wall longitudinal strain, RVFWLS). PLEFgta¥yHE 3 /4
OB AR R . P R RN R 0 E R R .

23. G ERZE

SKH SPSS 25.0 ¥ A, FFEIESAAMMTETESRH X+ X, WA IRMIES 7310 HE&TT
FEFEER FHBSIAEA ¢ A, 22 20 IR B0E LU BCR 7 22 70 e THECRE BE DA (%) %o, IR ELBERH 2 4
Ko AOLDIRES S OSA MHEAR A RT Z A (AR AERE SR Pearson 1K Hik. L P<0.05 NZER
N - O'E
3. /R
3.1. OSA 53 FR4A—ARIm R FEFRAY EE SR

OSA #FE. . EE =4, BMI. 4iE(systolic blood pressure, SBP). #&Fik & (diastolic blood
pressure, DBP). WY # {5 {18 < 5 %1 (apnea hypopnea index, AHI). ~F-14%1f1 F1 /¥ (mean oxygen saturation,
MSa0,). HAKEA M FIE (lowest oxygen saturation, LSaO) 7 fE St i1 24 % F(P < 0.01). ZFH 5K, SXt

FEZH K OSA #% . HHZ AL, OSA HE 4L BMI. AHI JI7&, MSaO,. LSa0, & Z I AK(P <0.01), I
% 1o
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Table 1. Comparison of general clinical data between OSA group and control group

% 1. OSA ‘A 5% BRBA—ARIGKR ERIEL R

S o R 20 OSA ®#JEH OSA " EAH OSA ¥4 F/2E  P1H
FW(2) 5533+£21.02 58.74+1294  56.67+1723  54.59+12.07 0244  0.866
PRI (55 /%) 21/9 15/4 17/4 18/4 1350 0.717
BMI (Kg/cm?) — 2326+439  26.40+2.74 28.04 + 3.98 28.95+4.35 10321 <0.01
SBP (mmHg)  130.8+17.70 148.42+23.76 152.57+24.18 149.18£25.55  5.078  <0.01
DBP (mmHg)  77.43+16.44 90.26+12.68  87.05+ 1442  88.55+14.18  4.004 <0.01
AHI (KN 2.20+1.49 10.03 + 3.04 2274+ 4.11 61.49+2026  153.57 <0.01
MSa0; (%) 95.50+1.80 9542+ 131 95.10 + 1.55 93.50 + 3.73 3.789  <0.01
LSa0, (%) 87.07+7.88  88.68+12.68  81.71+9.45 77.77+1039  8.009  <0.01
T90 (%) 1.44 +4.90 0.65+1.97 1.93+2.49 13.17+17.74 9173 <0.01

vE: BMI: {&Jl 248450 SBP: t4i/E; DBP: £75k/&; AHI: PR {E - GBS S MSa0,: “FHIEMAE; LSa0::
SARAMFIE; T90: Sa02 < 90%H &) 5 i W Wi 8] b ]

3.2. OSA A5 REALEINGES HAIELE

OSA H 5 XT84 A RVDD. FAC Gl GiiH5 % (P > 0.05); SXTHRAIAHLL, OSA 411 TAPSE.
S’. PASP ¥ H G it ZH(P <0.01); OSA HEZ) RVGLS. RVFWLS # OSA %, H 4 FFFE N
2FEP<0.01), W2,

Table 2. Comparison of conventional transthoracic echocardiography and 2D-STI-related parameters between OSA group and
control group

%2 2. OSA A5 IBAEMAMBE OB F 2D-STI HEX S B L

ZH o R OSA /54 OSA &4 OSA HE4H F A P A
RVDD (mm)  22.53+1.74  22.95+0.78 2324+1.18 23.14 + 1.46 1314 0.275
FAC (%) 4476 £433  4336+2.78 4529 +3.80 43.80+4.11 1.083 0.36
TAPSE (cm) 2.57+0.19 2.53+0.20 2.61+0.23 240 +0.21 4384 <0.01
S’ (cm/s) 1673134  1491+1.75 14.68 +2.23 12.45 +2.55 19.91 <0.01
RVGLS (%) 2460270  22.04+1.32 20.17 + 1.42 16.87 + 1.54 70.094 <0.01
RVFWLS (%) 29274297  25.77+1.30 2436+224 20.26 £2.46 60.206 <0.01
PASP (mmHg) 2520+259 2521187 26.71+3.11 27.82+2.71 5.898 <0.01

¥E: RVDD: AZERGER; FAC: AOEMMENAE; TAPSE: =R PRGN S =AIHERU 4R Bk
M, RVGLS: £ FB{AY M NAT; RVFWLS: 155 FEs B A R4S, PASP: Mhizhikus4s

3.3. 0SA-1 485 0SA-2 AHILEThEESBBIEL R
OSA-1 5 OSA-2 #i4i[i], RVDD. FAC. TAPSE k& S’#5TCHHESiit 222 7(P > 0.05). OSA-2 41
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RVGLS. RVFWLS % OSA-1 4GP < 0.01), WL 3.

Table 3. Comparison of conventional transthoracic echocardiography and 2D-STI-related parameters between OSA-1 group

and OSA-2 group

%< 3. OSA-1 45 OSA-2 tAEMEA B LENE AN 2D-STI HHX S HELE

ZH OSA-1 0SA-2 tfH P{A
RVDD (mm) 23.57+0.190 23.59 +0.215 0.094 0.925
FAC (%) 0.44 +0.06 0.43 +0.07 0.471 0.64
TAPSE (cm) 2.55+0.21 2.46£0.23 1.545 0.128
S’ (cm/s) 14.70 +2.48 13.27+227 2.37 0.021
RVGLS (%) 20.74 £ 1.89 18.48 £2.69 3.798 <0.01
RVFWLS (%) 24.50 +2.38 22.25 +3.40 2.993 <0.01

¥E: RVDD: HAZERIER; FAC: A0 TAPSE: =JUEFR PR B R S0 = RIS 4 B 04
{3 E; RVGLS: £k mMAS;, RVFWLS: 5 EiF B mMAs; Rl FH 65
3.4. OSA ¢4H AHI & IaFEFHXIERSHLETEESHRIEXM

AHI. ODI. T90 55 TAPSE. S’ RVGLS. RVFWLS ¥ 2/ AH>%, H AHI 5 RVGLS. RVFWLS #f
FKYEH SR, WK 4.

Table 4. Correlation between OSA-related indexes and right ventricular function parameters

5% 4. OSA XIS AEINAES BRI XM

AHI ODI TST  MSaO: LSaO: T90 TAPSE S’ RVGLS RVFWLS
AHI 1
ODI 0.968" 1
TST -0.190  —0.197 1
MSaO;  —0.515" -0.535" -0.102 1
LSa0;  -0.486™ —0.533" —0.165 0.608" 1
T90 0.685™  0.720™  —0.047 -0.854™ —0.668"" 1
TAPSE  -0.291" —0.255" 0.041 0.269" 0.218 -0.299" 1
S’ —-0.455™ —0.408  0.065 0.129 0.162 -0.331" 0.207 1
RVGLS -0.742™ -0.664" 0.035  0.276" 0.373" -0.449" 0.414™ 0.458" 1
RVFWLS -0.719" -0.690"  0.140  0.299" 0.315" -0.490™ 0.353" 0.399* 0.820™ 1

TE: TE 0.01 ZHICRE), AHRIERE . E 0.05 ZUNGUR), FHRMER

3.5. RVFWLS 5 RVGLS 5 RI ¥4 94
{d F AR S A RN 2R 25 RVFWLS 5 RVGLS 5 RIS 2B EfAEC, WE 1. & 2.
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Figure 1. Correlation between RVGLS, RVFWLS and RI
& 1. RVGLS. RVFWLS 5 RI 8%
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Figure 2. ROC curves of RVGLS and RVFWLS
2.RVGLS. RVFWLS ROC g%k

4. Wit

100%-452E (%)

R 2 [ 08 U675 FE s OSA 1E R0 MUVE 0 ML G B R 3R [ 7], % OSA BB #4745 L Ihig
VPl A4S IOV 2L W AL 0 35 T R 75 288 5y 52 A JEE R0 3 0 A FRD 52 00 T v A /IS A O S T RE (8]
2D-STI W] & & 70 NUE &N 7 Ial I RR R RAAE,  To M EEROmivE, SR T 2 MO I 2
BE T AT G YA O 7E[9]. ASHEZT R OSA 41K RVGLS. RVFWLS A% TAPSE. S5 AHI [P E

o, BURE P U T 2D-STI 88 FUHE 75 0o 3l B AT B8 A s vPA OSA B35 1A O ZE G e AR

OSA BFE DU BPESRE . M A RS AEAEIR, SRS AR EUILAE 2 51 AT R AR Seid BT «
LA PERG 5, R A, SRRSO s i, SR M IUSVE T . SN I
I8, HOURE SR B i g, P A KR o LA A BV TR A 2, SR GG R
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A, T, BLERLE] SR IS s SR AR 10] [11]. SHARBEFIAHEL, BT R OSA & FF
FA Bk RI AHX T+ s B AR A RVGLS K RVFWLS,  [K it 2D-STT B4 2 3 s ik BE o i B i & mp
ORI OSA & I Sl K AE Ak 8 MU I PR 3007 O S G ] AR

i FHARSSPE M R B, R4S S5 RVFWLS 5 RVGLS 5 RUIRESH 2HLE Z AMH5E, 7 RI{EN
A OEIEEMBUETR PR, L RI=0.6 ABIEX /S IEHA SR EH, k7 ROC #hZk a0, 5] AUC
R T 0.9, BRGEBTNNE R, PEREMLTS, ik RI=0.6 fENBMEGEL. IGARTE FEI: X RI>
0.6 MIFEA R BHE— BT, Wt IE MRI, Xl FHEFEA(RI = 0.55~0.65)45 & HAB TR bR RVFWLS)2 &
HI KT

FE AR, @E/EEAME SO A REE O MBI = A 5. ML B, AEREE S0
PN B ThREBRERS . IR i ALt 1 20 ot i A o 469 3 S Bl KA, B 4 e B (BMID 4 4 A
FIEARIRFR, FEIRIRSEE R — N I T A[12]. ABFFRAHER OSA HJZ BMI # &%) RI A — &K
s, BPAERERZNE OSA B35 Bz Bk sPE T AT 7L 1) R 5 AHI. ODI 2 IEAH K.

AT RRYELE T, B X2 — IO b (1 BB 7T FLIRFEAR B AR RN, T REAAAE—E )
R IR %, ARIA TR 3 — 258 KA R IR 2 O RTIETERA S, 48825 N1 LAEE CPAP 7
Ji A 0 B AR ) AR K i B8 BN ) AR ARAE,  SG7E 2D-STI $ AR LU T #EAf HLIPily OSA X A7 L= 1A
VB i AR

5. &hig

AR T8 U R 75 0 B B 23 RVDD.FAC. TAPSE & S°, 2D-STI 1 3@ 13 & RVGLS & RVFWLS,
RS 2 OSA KR A2 1 N sh kB /176 B0t i 88 3 B0 A O E N N AR BEAS , NI PR & BT TR o7
PALATERARYE, TR ORI R A

SE
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