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Transesophageal echocardiography for evaluating the immediate effects of
prone position ventilation on right ventricular-pulmonary arterial
coupling and right heart function in patients with ARDS complicated by
shock and its prognostic value

LIU Yi, YU Di, LI Ning, YAN Li-jing, WANG Xin,NIU Yan-hui
(Department of Critical Care Medicine  Hebei Chest Hospital »Shijiazhuang 050041, Hebei , China )

[ Abstract] Objective: To evaluate the immediate effects of prone position ventilation (PPV) on right ventricular-pulmonary
arterial coupling (RV-PA) and right heart function in patients with acute respiratory distress syndrome (ARDS) complicated
by shock using transesophageal echocardiography (TEE),and to analyze its relationship with prognosis. Methods: A total of
110 patients with ARDS complicated by shock who received PPV were enrolled as subjects. For all patients in the observation
group, TEE was used to monitor right heart function indicators before PPV (supine position) , 1 hour after PPV, These indica-
tors included tricuspid annular plane systolic excursion (TAPSE), right ventricular fractional area change (RVFAC) ,and pul-
monary artery systolic pressure (PASP). The TAPSE/PASP ratio was calculated to assess RV-PA coupling. Hemodynamic
parameters and oxygenation indices of patients before and after treatment,and 28-day mortality were also recorded. Results: At
1 hour after PPV, the patients’ oxygenation index (Pa(Q,/FiQ,) improved (P<C0. 05). Right heart function indicators RVFAC
and TAPSE increased (P <C0. 05), while PASP and the right ventricular myocardial performance index (RMPI) decreased
(P<C0.05). The TAPSE/PASP ratio markedly increased (P <C0. 05). Multivariate Logistic regression analysis demonstrated
that an increased TAPSE/PASP ratio and a decreased RMPI following PPV were independent predictors of 28-day all-cause
mortality (P<C0. 05). Conclusion: PPV can immediately improve right heart function and RV-PA coupling in ARDS patients
with shock. The TAPSE/PASP ratio monitored by TEE can serve as an important indicator for assessing the hemodynamic

effects of PPV and predicting patient prognosis.
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Right ventricular-pulmonary arterial coupling

2V IR 8 25 5 E Cacute respiratory dis-
tress syndrome, ARDS) J&  fiF & 22 B % W % & &
E 0 2 Ik R BE PR AR B T2 ARDS 5 K 52 JF A7
IF P T W PG 2R L 1 — 20 e 4H 2L B AN
SR BRI TR R E A S B A RISt
KU 2, fFFiMM 38 /<, (prone position ventilation,
PPV) & H i H & & ARDS bR HEIGIT SR 2 —,
RAEBFFES VRS, PPV 3 i ol 3 it i < 38—
P A O 9 5 5 A U X il 2 4L T 3 LA
KA S/ M L e W 2 ek R RS IR R
WEAERE, AR Ok, Ok B 2 Y GE B & Y PPV
(4 1098 B 7 2 4 Ak T BRI R 1k T A A, o Ot
Wee AL DX i o A8 REL g i B o0 B R AR B AN R
S0, T REXS A7 O P RE 7 AR AR B PR T . KT
PPV X ARDS & I Pk v iX — M i o N A7 0 & 2
Ae B A O -0 3h Bk #8 & (right ventricular-pulmo-
nary arterial coupling, RV-PA) ¥ Bl B} 5% W) 4n fa] ,
AR AL I 1 5 R TR ARG, BT B2 R RS T
S EAGROE . 2B MR 0 81 & (transesopha-
geal echocardiography, TEE) # il A 57 i =, 38, &
T W7, RE 8 S5 B LRGPP AR A 0 = R/ i D
BeLanAy 0 % 1 AR 4k 43 $L (right ventricular frac-
tional area change, RVFAC) | =233 ¥ Wit 45 3 {1 #%
( tricuspid
TAPSE) . fili 2 Bk J& 71 (pulmonary artery systolic
pressure, PASP) LA J #& {K D) g 45 4 (right myocar-
dial performance index, RMPD) ], J #7, TAPSE 5
PASP 1 He Al (TAPSE/PASP) 5 i — /> fij i | n] &g
I e bR B2 TR RV-PA #EGRE, 1
1 AR A 7 i RO, 5 R KL U 5 DDA 6,
U, AR ST & 76 A TEE Aif S 1 b 07 A5 08 Rl 38 <
X ARDS & IF ks i 5 A0 DI RE & RV-PA 5 /Y
BIVERF 52 00 o I HE— 2D PR 33X B i 5 3 ) 2 SO0 % i
UG B PEAG A E

1 #AREFE

.1 —maR

AW B BT PPV & WS 82, 28 d
SHBET-HIE EELE R AR . AR B Kok e &
VORI L R A A LT R R RN 8 AR 28 d
FET- 2K 50% .1 PPV VAT il ¥ HFEAK & 30% ,
BT, 5 PASS 15. 0 844 , 5% FH e X 4% 3
CH BTG B M EEAR BT A XA AG5R, BE
K 38 8BE (1-8) R 0. 80, I 2 P K - () Ry 0. 05 (X

annular plane systolic excursion,

MDA T H R AS 5l 50 . 25 R B 5
TR AT BEAFAE 24 10 D0 A I 5 2% CAn B 40 >R B AN 42 5
JEER AR bR L Fe &0 2 MR A T R (50/0. 9) &~ 56
B, AR L AR IR 110 ) 5B, DL
T RGO R BRI TR 22 5

YEHL 2022 4F 9 A & 2025 4F 9 A Fi b o fH
B Bt B 2 2 B OIR B9 4 A BE SRR HE Y ARDS &
R T B F 110 B, B M 63 I, &tk 47 B, iR
(58.45+3.29% . AR A EPERHZ 5 LI,
Fi A B E R B AN RE . HARRE: (DFEB =18
B (A E R EE ARDS £ W x i (PaO,/
Fi0,<<200 mmHg,PEEP=5 ¢cmH,0); (3) 7 4k
BVEEPE ERRZE >0.1 pg/kg/min 5% 30258 LA
Y HF MAP=65 mmHg; (3) I M7 38 i fa) =
16 h. HEBRFRME : Q1) A7 76 ™ 55U 547 B A AR
JU =150 kg 3T 0 18 F8 T AR S5 A B8 AR
SRIE 5 (2) S B 99 8 LI 10 £ 5 (3) A7 TE B R
WS PE BN AT 4 TEE K 25 28 S3F; () B A
LR BLONERG ; (O I R PR BRI & .
1.2 A&
L.2.1 R 7sk A BE R ARDS £k
TRIT 5 ZEHEAT AL A 4 I R A 3 AR W R
6~8 mL/kg FAIATE, FHHE<<30 emH, 0, & Y4
PEEP) B 8 WA 3 R R IR T . KT
B ARG R HEAT IR S 5 R A S R 25 (i ik
EWE ERFOMNH, L4 MAP=65 mmHg., 4
BEN A PPV 8 1F (PaO, /FiO, <150 mmHg) H.
TCAE SRR . i 25 2F & 0 B B 1A B AT b o Ak Y
0 ML B0 B 454 L B IR PPV REZERT A =>16 h,
1.2.2 #Ef&EFE R A EPIQ 7C M A
WAL s X721 2 E AR L, 45 TERE
PPV #ii (MEM) & PPV J& 1 h(IR v a5 5 ) #E 47
TEE £ 45 , 2R B B it s A2 B (B D). w4 A Al
M6 1% AR 5 e F1 s A % P I O AR A R O A B R
M. WA PR (DA O REE bR T
A4S T B U i I A 0 5 T 5K R T A (right
ventriclar end-diastolic area, RVEDA) F1 i 45 K ¥
M # (right ventriclar end-systolic area, RVESA),
A O = AR AR 43 8 (RVFAC = [(RVEDA-
RVESA)/RVEDA]X100%)., TEEHEAHLE
AW A M B A TAPSE., (2) il 3l
Tk A b« 02 FH 3 25 22 38 A 0 i — 2 I 2 I 0 1 O
H# (tricuspid regurgitation velocity, TRV) , 18 #z faj
fAn %% 1 g5 B 3t 55 B 2 ik Ui 46 K [ PASP = 4 X
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(TRV)* + £ i JE (right atrial pressure, RAP) ],
RAP MR8 T B & Wk N 42 Bz W g 28 S B2 Al ) (5 ~
15 mmHg) . (3) 4 L& BRI RS Ar - i L2

A A5 0 % B I B A Cright ventricular ejec-
tion time, RVET) F145 22 W 4 i} [8] (isovolumic con-

traction phase,IVCT) 5 25 25 &F 5k i [A] (isovolumic
relaxation time, [VRT) Z fl, 115 47 0 % A T 45 4L
[RMPI=(VCT+IVRT)/RVET], (4)RV-PA i
FHtR: 15 TAPSE 5 PASP 1y {6 (TAPSE/
PASP),

B1 fRE85E0HE
A BEEHE(FIRE)B. WS @ C. 2 RIFEAS D, 3 ok R S IR E

1.3 o4

giitBH A A A GFRIFEMLE SO Z H ik 28 d
JE RS B H S HAEFH =79 5T H
(n=31), EAFL .28 d P9 BT ol 58 3% 1 25 4
SAIUAIE L BB R 58 4 I B I I S A (HL A i AR AR
FasE, JF T 28 d (R s WP AE TG RO SR . FE T4
28 d Mo [E] A AT ] JE R ZE T 1 R
1.4 SFHirZEHH

K SPSS 26. 0 4t i 2% 844 #F 17 5088 43 b7 .
THE PR (2 +5) FoR L) He 5 R F Al S BEAR ¢
Lo RN A WA A R N VDO = o NI o i g o i S A D
[ (200 1R AL I] LU BECR RS AR AR X7 K . R
FHZHZE Logistic [W1F 4B PFA% 5 40 57 52 i R
F. P<0.05 WERAGITHE L,

2 &R

2.1 PPVHEEFERARMNRINNFHZIT

5 PPV HiAMH L. PPV J5 1 h i # PaO,/FiO,
FH 55 (P <C0. 05) 500 Z P35 3 ik R L v Tk s &
I8 PR 25 W) ) i L8, 22 S B TR Ge i L (P>
0.05), WFE1,

®1 PPVHEEEERNFHAZMHEM (2 £s)

PPV 5 1h i Pl

fHn PPV 7

Pa0, /FiO, (mmHg) 109.82+18.79 156.34+27.16 14,773  <C0.001

L QK /min) 102.35+11.52  99.83+11.41  1.630 0.105
8k (mmHg) 72.45+6,77  73,1345.88  0.795 0.427
AL ik E (mmHg) 11.56+2.32  11.23+2.11 1. 104 0.271
NE %45 (pg/kg/min) ~ 0.26%0. 09 0.2540.07 0.920 0. 359

2.2 PPVADLINER RV-PA BEHNZE

TEE ¥4 &n, 5 PPV Bi Ml lL, PPV J5 1 h
RVFAC.TAPSE ¥ 7} & (P <<0. 05), PASP,RMPI
BIREAR (P <<0. 05), TAPSE/PASP H{H 77 (P <
0.05)., W% 2,

£2 PPVXALINEER RV-PABAMEIE (+s)

TEE 241 PPV i PPV 1 h 14 P g

RVFAC(%) 32.45+5.47  35.831+4.94 4,810 <€0.001
TAPSE(mm) 14.53+2.32  16.02£2.10 4,994 <€0.001
PASP(mmHg) 45.6246.74  41,24+£5,85 5.147  <€0.001
RMPI 0.48+0. 08 0.43+0.07 4,933 <€0.001
TAPSE/PASP (mm/mmHg)  0.32+0.07 0.39+0.08 6.906  <C0.001
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2.3 I ARDSEHAKRREELREBFLHE
FREMEMIBSEREARMWEXEZR

PR % 4y M1 R . APACHE 11 3£ 4. PPV R
Pa0,/FiO, .NE % & | .0 Ik & & PPV 5
1 h RVFAC,TAPSE.PASP,RMPI, TAPSE/PASP
KPR ARDS & R o & 2 24 85 O
3y P A A B 38 A5 TS A R A SE I R (P <<
0.05), W% 3,

R3 HWARDS EHANREBEZREBF OHE M
HEMIBSEREARRMIBXERLz£s,n(%)]

Eita EHERG=T9 Rrdn=31) 1*H PH
S 57.92£3.41 59.21£3.03 1. 840 0.069
i3l 0.105 0,746
% 46(58.23) 17(54, 84)
% 33(41,77) 14(45,16)

APACHE IT34 (9) 25.34+£4.12  28.1543.91  3.264  0.001
PPV §f P20, /Fi0, (mmHg) 112.45+18.67  98.36£19.56  3.514  0.001
PPV fi 1 hPaO, /Fi0, (mmHg)  165.38£27.46 140.21+25.78  4.398 <0.001

LF K/ min) 101.2345.88  104.56+13.78 1,782 0,078
ik F (mmHg) 73124577 TLO6E7.12 1574 0.118
L E Bk FE (mmHg) 10,9742.11  12.01+2.41 2,233 0.028
NE %405 & (pg/kg/min) 0.24£0.07 0.29£0.10 2.968  0.004
PPV J§ 1 h RVFAC(%) 36.9544.57  33.12£5.01  3.848 <0.001
PPV /5 1 h TAPSE(mm) 16.8741.89  14.67+1.95  5.444 <0.001
PPV /5 1 h PASP(mmHg) 38.4545.12  44.6745.89  5.491 <0.001
PPV Ji 1 h RMPI 0.39£0.06  0.47£0.07 5,998 <0001
PPV J§ 1 h TAPSE/PASP

0.4440,07  0.3240.06  8.404 <0.001

(mm/mmHg)

2.4 HmMFEHZER Logistic B35 #7

W R o0 b BT G it 22 & X 28 & (A-
PACHE 11 ¥4} .PPV J5 1 h PaO,/FiO, .NE % %{
#4& PPV J5 1 h RVFAC, TAPSE,PASP,RMPI,
TAPSE/PASPYJ§ A Z [H % Logistic [a] 94 A 17
Iy Mr. 45 B W on, APACHE 11 ¥ 4». RMPI,
TAPSE/PASP.PaQ, /FiO, & 5 i 1 it b 7
F(P<0.05), WE4,

x4 HWHWEHEEE Logistic BIE 5 #

AR B SE{§ Wadfi P ORME  95%CI
APACHE 1174} 0.288 0,091 10,012 0.002 1.334 1.116~1.594
PPV 5 1 hPa0,/FiO,  —0.032 0,017 3.543  0.049  0.969 0.937~1,000
PPV J5i 1 h RMPI 1653 0.646  6.549 0,010 5221 1.472~18.520
PPV J5i 1 h TAPSE/PASP  —0.815  0.241 11451 0.001  0.443 0.276~0.710
Wi 3,012 1.245 5.85%6 0.016  — -

3 1tig

ARDS &I K70 B &N fC B AL T R &
PPV 2 HERE ARDS B H A5 WG EE

TR, HLAZ O ML AE T 0T A3 8 AL R R S 3
— P ERFETT Y R PPV R ER R G 4
JEAT O I BE Y R e A A HLEL A RO PE - — 2 AT RE e
o 2 S A N AR AR M 1 A BEL 7 ok el A 0 S B AT
RS AR RN i e g AR Ak Al R R TR 67 4 RO
WU 48 J1 7= A R R, RV-PA R PEAS 470 Th fig
TR BT 0 OGBS AR, R IR 2 ARDS S i
JE R EERE T . TEE fEfS7E PPV i 2 b 52
B} A TR A D S R Th RE S B L IR
AV PPV St ARDS & JF K 5 8 3 470 DI fig
RV-PA #4 f BIV 52w , I B9 4 O 105 6 48, x5 T
& FARIEIRIT MR B E S R A A EEE X,

ARDS & IR 8 & AR A L & PEEP & &
i A IO A5 PR 2% O I A BEL ) 8 R 51 kBl Bl ik e
JE, TR A0 = 5 i fir . S ECH O E Y K DI hE
A4 BV e e o B 3K R SRR RSB T R
f R N 2 — AR gY R B B A TAPSE/
PASP HAHIESE T % A HE 5 3 77 7E RV-PA fif #5 K
Mgz it. FE A8, PPV 5 1 h, & #
PASP FF%, TAPSE.RVFAC i 3%, £ 0 % B AR i
R (RMPD AT e 44K Ll TAPSE/PASP 1y
FhE . HAUH EZAAET PPV @ i 42 ok 725 0 il 2 &2
K W TE A — . Bl R AN T4
B o T Q1 2 3 AR A 4012 il ot 5 o 4 0 WL B TR
36X At PR B R W, AT A SRR IR T PVR A
PASP. A LEH T TUEMNE ALK . &/
7 A 9 9 2 8 A5 A0 = 0 46 T B A B A A &
LD B MO SCRIE T R T RV-PA HEA 1)
TS A SEUESE BV AR A IR T B B 1
FORAET PPV 193X — I3 8h J1 24 %08 SR A7 4F B
PR A A

AT 0 K BLAE T . PPV & RV-PA #i&
IMCEREE 5B E 28 d GBI L, BHE S
WMrig s, JET4H 8B 3% PPV 5 19 TAPSE.RVFAC,
TAPSE/PASP ¥J{% T A £ 41, i PASP fil RMPI
N W, EEZERE, ZHEK Logistic 1114 4#1
TEVH BT 5 1% - AR (APACHE 11320 V& &
M FEE (PPV J5 PaO, /FiO,) F IfiL % 3% 74 25 ¥
&L MR N E 5, PPV J5 i TAPSE/PASP It
EATS R 2 TS S A 47 B R R X T ARDS &
IFR T B PPV A7 ROl A AR BR T W 2% 4
AR, PPV 540D EE M H 5 5 g UG5
FR 10 B BSR4 B30 2 S AR R 2 B T XU g T R
JEHLEYY . TAPSE/PASP W ABAE J— A 4. 5
TFART I 75 250, i 6% 0Ek b A 4 35X R A 5 1
A AR X IR 6 5Ll PPV JE A A ek B E
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TAPSE/PASP H {8 & UL BA & T+ & 4 B 3%, T gE 42
71~ LI iy A 78 7 R 1 A 0 ) RE A A A 25 TS TS
SRR R L 3K S B A ] BB 7 2 3 AU 1) I 3 B ) 2% 3K
R VB A B L 5K R B A = B E Y
S Z W E N APACHE 11 3E 4345 4 <7 16 16
2, H PPV J5 RMPI 1E N 37 f5 B I 2L ¥ 511
PRI AR AT, 20 00 S e 1 5 il s 7™ B M R A 0 =
FEAR T REAS A 0 T 19 B0 THT S A, (B AR R R
PPV J& PaO,/FiO, 7 5 K 73 h A & S B AE
2 PR ZEASE Y e FL AR A O T BE AR T B 2R L X
— M B T FEVEAG PPV £5 AR08 I, I 3 8 1 248
PRAlRE L E A R A T E M HUE N A

Zi b, 2 B R P 0 Bl TR I S R RN 38 S
AE RIS 203 ARDS 4 I 0K 5 58 35 19 A7 0 % - il 8 ik
A A0 fe, TAPSE/PASP HWAEAVE J JC B HE
i 280, AMLAREA U e PPV 1Y IfiL i 3h F1 24 5500
Ll 2 TR R R 28 d TR A 0 ST T A A
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