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MBEREMITARTH, A TEAGKEBEHTERIN, AT EHRTEFLN, GR HEAERINTLH, REFRRHS
(Wilks “ lambda=0.011,P=0.001), T4 | EHREMHE AW EFLMA; LA 2 EHREMTEE A4 TRE
W TAIHEERERE ACHHATREN, THA4LEMEE, A EELRM, A4 EF W0 -THES ML
FHARFABT ACEARE MR EETH(P<0.05) , £ERMOFHERBEFFH (P<0.05), L4 1 B2 E RN F*k,
A AN RIRE, O R E B (P<0.05) , AN EEYT A(P<0.05), TA2 XA EELEZEME S HHAMRTE
A1 REAL, PAEFISANAR, ELELAFRREH, TAIFRERREZEER THMAA, A2 X TH3 BFH
FERE AAETEZREHITFEL(P>0.05), UT4 4 H5BHATCOX BN, A3 X4ETEEHEAR T ZEMK
T X4 4(HR = 0.20, 95% CI; 0.07~0.62, P<0.05), &i® FHBR®FAHNGEEZNTMETLERIME, 5O
ABERTANEEAEREIPEELEELHES,
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Identification of clinical prognostic features in patients with atrial septal defect and pulmona-

ry hypertension by using cluster analysis ZHENG Jie-xuan®, XU Jin-xin", HUANG Tao-ran", LUO
Dong-ling", ZHANG Cao-jin", FEI Hong-wen" a. Department of Ultrasound Medicine , b. Department of Car-
diology , Guangdong Provincial People s Hospital Affiliated to Southern Medical University, Guangzhou
510000, China
[ Corresponding author] FEI Hong-wen
[ Abstract] Objective To achieve clinical grouping of patients with atrial septal defects and pulmonary hypertension to re-
flect prognostic differences by using cluster analysis. Methods  Patients diagnosed with atrial septal defect and mean pulmonary ar-
tery pressure > 20 mmHg in Guangdong Provincial People’s Hospital between November 2020 and December 2023 were enrolled.
Baseline clinical data were collected. Two-stage cluster analysis was performed to generate patient subgroups. Clinical parameters a-
mong subgroups was analyzed. Prognostic outcomes were compared by using survival analysis. Results  Four subgroups with favora-
ble clustering performance were identified. Clustering effect was good ( Wilks” lambhda=0.011, P=0.001). Patients in the sub-
group 1 had mild pulmonary hypertension and significantly deteriorated right ventricular function. Patients in the subgroup 2 had mild
pulmonary hypertension and compensated right ventricular function. Patients in the subgroup 3 had the lowest degree of pulmonary
hypertension with compensated right ventricular function. Patients in the subgroup 4 had significantly elevatory pulmonary hyperten-
sion and significantly deteriorated right ventricular function. In the subgroup 4, patients had significantly elevated mean pulmonary
artery pressure and pulmonary vascular resistance. Their right ventricular area change fraction was significantly decreased ( P<
0.05). Their left ventricular eccentricity index was significantly abnormal ( P<0.05). In the subgroup 1, patients showed relatively
specific etiology with comorbid left heart-related diseases. Their cardiac function was significantly deteriorated ( P<0.05). Their
right heart was significantly enlarged ( P<0.05). The right ventricular structural and functional indicators of patients in the subgroup
2 and the subgroup 3 were superior to those of the subgroup 1 and the subgroup 4. After a median follow-up of 35 months, a total of
25 adverse events occurred. The incidence of adverse events in the subgroup 4 was higher than that in the other subgroups. The sub-
group 2 and the subgroup 3 had favorable prognoses, but there was no statistically significant difference between the two subgroups.
Cox regression analysis with subgroup 4 as a reference showed that the risk of adverse events in subgroup 3 was significantly lower
than that in subgroup 4 (HR=0.20, 95% CI. 0.07~0. 62, P<
[E&TE)ER QAR REASTE FWH (45 .82371963) ;) 0.05). Conclusions Patients with atrial septal defects and
FAB B ARRI SIS T IR H (405 .2023A1515011366) pulmonary hypertension still have a significant heterogeneity. Echo-
UBIRIEER A ) 20t sc, 5 11, BT BT, 1L a5 5 cardiographic parameters of right ventricular function have considera-
Wi, 2 O 2 2 e B W B 2 2R A 2 2 4 T ble potential for assessing the condition of patients with pulmonary
B BTSS0I E B AT R, AR ok ypertension.
PSR EEZ G, O M LA A, EEBTT T OB

PN TARRE Ml S ki

[ Key words]  Atrial septal defect; Pulmonary hypertension;
Echocardiography; Right heart catheterization; Prognosis
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J 18] B Gl 51 (atrial septal defect, ASD) f&—Ff
SR NER , 5 155 AAH G, B3 2t A TE 26
SRR S i, AR B R R TY A L
{51 RT 7= Az Jili 5 & ( pulmonary hypertension, PH) ,
FerT ik 35% , M3 F a4l ASD B, s o) B Sl it &
Jf-Hili 755 & ( patients with atrial septal defect and pulmo-
nary hypertension, ASD-PH ) & 3 Tl 5 B 22, ¥ 0] g
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FEEMRREREE =, R ARAE N RS B ZE 51
ST,
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YL 290 JE B 23 0 D BE 70 9% ( WHO/NYHA
FC) WS FEREP N , 2 A i b B84 bR KT 4
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1.2.2 fERsrZE ARG 2022 4F RO MEN 2 22/
RRYH W 27 2% ( European Society of Cardiology / Eu-
ropean Respiratory Society , ESC/ERS) VU432 fa K6 43
JERR TR Ko 1 ] il 2 R I 2% 8¢ 30 F 5% BF 43 ( French
Pulmonary Hypertension Network Registry Score,
FPHR) fe 8 70 JZ BB AT fe B on J= . DU o) 2 Y
KB TR PR S WHO/NYHA FC .6 434 L4105
FEES NT-pro BNP , FR 4k J5L AR5 B B ED0S 7 55 25 i)
FT00 , T Te 55 25 B g AH L 25, K 75 21 60 5003 B
AHRBLFE R B, 400 DY 55 A JBURE Ry 2 BT 7E 1Y
fER /A5, FPHR fEfSor A AL 3 U4~ 2
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L3 SitEHE N SPsS #fk (26,0 MAs,
IBM) TS50 B, TE 28 40 0 32 22748 B8 3
bR 22 3R0R , AE IR 2500 A % 2278 1l ] b 2
(Q1,Q3) 3R ; 2570 A Bdli i FH BN 3K 07 22 70 W
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M, BRI 1) oR R B e R A A A
TR R I3 Hr b AR G R ] Wilks
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e ERE
) T4 (N=31)
L mPAPTTTPVRITI

FAC! LV-EIT

A1 (N=14)
mPAPT TPVRIT PAWP!
TAPSE! S'l RVESAT |

RVEDd-basall . RAESAT

2%

ADRE

1 BRETAIGRIFAEDE

SR 1 Sy B 5 A T e O A I T
(n=14) . ZI) BHE B /D, TR R (53. 7+
11.4) % (P<0.05) , % : % =8 : 6, LIAEH A4
20 I3 Ak, WHO/NY FC I 2% K IV 4% i 3 L pilsk
58% (P<0.05), NT-pro BNP #4345 41 W& m (P
<0.05), V1 PAWP 2 RAP 1413 35 = T HoAh W 4
(P<0.05) . DEHH HAb 4 B & F R (P<0.05)
BE RN D S5 5 DI RE 8 Bk O B
HA 204 5K, RVEDd-basal . RVESA . RAESA %% H
IV 21 ¥4 & 2 48 0 ( P<0. 05) . TASPSE il S” i 3%
T HA 4 (P<0.05)

S E BRI AR 25 2026 45 7 A5 23 &5 4

VA 2 Sk B Rl v A A SR WA (n =
18) , HE AT NS, AFl} (42.5+14.8) % FHY
mPAP 74541 Ry i A5 KT (P<0.05) . CO 5 HoAth
FHESTHEITFE L, MM T LA 3(P<
0.05), SHpSAER TG E L., AEIRETE
FRUDF . FAC BT W4 3(P<0.05) ,/H S’ 54
3ERF LG FE X (P>0.05), £ %4548 #r
RVW ., LV-EId, LV-Els, RVEDd-basal , LVEDd-basal ,
RVEDA 5H A4 3 i, 2R LG %2 X (P>
0.05),

WEAH 3 SRR Al HLAR B B DR T (n
=47), BERELHIG A (42.5£14.8) %/ NT-
pro BNP KT HAWA 4, mPAP 2 PVR ¥ i &%
TREH,CO K C1 MR Em TREH(P<0.05),
MR TR bR E , R H B E GO WA D REFE R FAC,
TAPSE BEMTHA=ATH .S’ BEM T 1,
WA 4, 520 2 b, 25 G iH#E X (P>0.05)

MEAH 4 S FE Bl R A A I AN R R
(n=31), BHERFELHING, TR/ (31.8+
8.2) % I ¥ mPAP & PVR ¥ W& & T Hifth
4 (P<0.05), AR TN, %A BE LY RER
PR FAC B T (P<0.05), H LV-EId } LV-
Els 3 & FHA 3 41(P<0.05)

F1 BESWTAIGKFIRAEES T

iH W 1(n=14) T 2(n=18) T4 3(n=47) T4 4(n=31)
() 53.7+11.4 42.5+14.8 44.3+12.9 31.8+8.2%°
PER(H/ %) 8/6 18/0 0/47 0/31
PZWiEIE (A) 25.6+6.7 30.8+2.6 32.5+2.5 21.2+2.7
B (em) 163.5+8.8 168.5+6.2° 156. 0+£5. 5% 155.8+5. 6"
KT (kg) 58.4+10.4 60. 1+9. 8 52.5+9. 6" 44,126, 7"
L (bpm) 87.0+14.0 86.0+14.0 80.0£13.0 91.0%11.0°
WA [n(%) ] 1(7.1) 6(33.3) 0(0)b 0(0)"
BIFAE[n (%) ] Bl B 0(0) 1(5.6) 2(4.3) 0(0)
o5 B I i 0(0) 0(0) 0(0) 1(3.2)
LB 7(50.0) 1(5.6)" 5(10.6)" 0(0)*
LIIREST [n(%) ] I % 0(0) 3(16.7) 9(19.1) 5(16.1)
4 4(28.6) 0(0) 1(2.1) 10(32.2)"°
V4 4(28.6) 0(0) 3(6.3) 0(0)*
NT- pro BNP( pg/ml) 2889. 1+1038. 1 888.0+1268. 3" 610. 8+865° 1592. 9+1443. 0"
BLRTFARBIT [n(%) ] 6(42.8) 10(55.6) 32(68.1) 4(12.9)"
6 ST IS S (m) 398.4+62. 8 445.4+56.2 423.0+44.9 423.2+44.0
R TAPSE ( cm) 16.123.5 20. 6+6. 0" 23.6+6.3"" 20. 0+4. 6*°
S’ (em/s) 9.5+2.6 13.924.1° 13.823.1° 11.622. 8"
RVW (mm) 6.7+2.4 6.2+2.7 4.8+1.7° 7.242.7°
FAC(%) 30.5%9.1 28.5+11.2 39.0+8. 54" 25.1£12.4°
RVEDd-basal (mm ) 62.0+4.5 55.927. 3a 54.0+8.4° 53.9+7.5°
LVEDd~-basal ( mm) 40.028. 1 35.7£6.0 36.1%5.6 31.26.1
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i H W 1(n=14) W 2(n=18) W4 3(n=47) W4 4(n=31)
RVEDA (em?) 37.1£7.1 34.3+7.5 34.0+7.3 36.3+7.2
RVESA (cm?) 28.1%6.4 26.2+6.6 22.8+6.9° 31.4+7.5"¢
RAESA (cm?) 39.6+10. 4 24.9+7.8° 25.6+8.3" 21.1£5.5°
LV-EId 1.620.2 1.6%0.3 1.520.2 1.8+0.3"°
LV-Els 1.7+0.3 2.0£0.7 1.7+0.3 2.6+1.3"°
TR 17.9+6. 4 6.4x4.0° 7.3£4.9° 8.4£3.1°
DB [(n(%) ] 6(42.8) 16(88.9)a 43(91.5)a 24(77.4)
SRR RAP(mmHg) 11.8+5.6 4.3+3.1° 4.7+2.8° 4.8%3.1°
mPAP ( mmHg) 40.4+12. 1 41.9%13.9 33.4210.6 57.8+9. 7%
PAWP (mmHg) 15.126.1 7.744. 6° 7.943. 3 5.3+2.6"°
PVR (wood) 6.2+6.6 5.943.4 3.9+2. 4 13.325.64°
CI(L/min + m?) 2.7+0. 8 2.9+0.7 3.5+0.8%" 3.0+0. 8°
CO(L/min) 4.420.4 4.920.3 5.2+0.2 4.1x0.2°
Qp: Qs 2.60. 4 1.8+0.2 2.1£0.1 1.2£0. 1>°
WIFITk [n(%) ] P B R A2 A BT 4(28.6) 8(44.4) 21(44.7) 25(80.6)"°
SR R A 1 4(28.6) 8(44.4) 8(17.0) 18(58.1)°¢
TIPSR 0(0) 0(0) 3(6.4) 2(6.5)
A 3R 32 A4 35

a 54 1 H#,P<0.05;b 54 2 Hh#, P<0.05;¢c 54 3 HL#, P<0. 05

2.2 BEHEBESWTHPHENEEMSIEMM ¥ LVEDd-basal, RAESA, LV-EId, LV-Els, mPAP,
1 BEMHNTEEM S NIGRS R AER . 5 PAWP PVR, WK 2, BB B bREIL
A R E WHO/NYHA O DI RE S NT-pro Sl sRECRECE /R , 50 \NT-pro BNP _ PAWP _RVEDA
BNP . TAPSE .S’  RVEDd-basal , LVEDd-basal \ RAE- /M2l 40 /0 4H A T B S %15 bR ., Wilks ~
SA TR .RAP .PAWP CI, W4 2 #iXF EEMER R H lambda {H4 0. 011( P=0.001) , #&/5 BSE #1485
SHALE. e R RS, W4 3 . FAC, FTEEMEEE., WEE 2,

mPAP  PVR, W41 4 {0 #5. 4F # . /K & FAC,
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W FZH1 W EZH2 m IPZH3 W PZH4

B2 WABEIRKESRERE AT AT HE,FHRIE R T RLERR S T PR LT 5%
LWL, Z 35 4% HE>0. 5 BN IZ SO T

2.3 ESC/ERS Bl EH#EE FPHR BRABEE &AM RS TR ERmM, TAH 2 A&
BIERRTAPMIHER FEMH ESC/ERS f& f& AR, FPHR FAIfG R 32 B RAE PO~ 7 241 iy
W o SRR WZH | BE ARG ARE, WA 2 I8 WA IEA R, WA | R & AHE & LRI
FEAREG B E T RGH, MK T, WA 1 RS TARERERZRm, WA 2 KE AR S LR
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WEMTHARSA, WA 3,

Sz EE B R 24 2026 4F 7 A4 23 #4554

F2 RESWEENRELHRIEBRY

i H Coefficient i H Coefficient
NT-proBNP 0.55 FAC -0.01
PAWP 0.49 TR -0.02
RVEDd-basal 0. 46 LB -0.03
e 0.23 AEHE -0.03
mPAP 0.21 O AAT ISR R B -0.05
WHO-NY FC 0. 14 PVR -0.09
RVW 0.12 LV-Els -0.11
RAESA 0.11 PAP -0.12
D 0.11 TASPE -0.13
B 0.08 LVEDd-basal -0.17
RVESA 0. 06 LV-EId -0.23
CI 0. 04 RVEDA -0.57
s’ 0. 02 P -0.94
100
60
80
=40 2 60
E =
= = 40
20
20
L WAL L AL 2 WA 3 WA 4 O Spal 1 W4 2 W43 W44
ESC/ERS f& & EHEA FPHR- f& i 43 E AR
K fE wKfE
i N
"G

3 £iFAESC/ERS B D EHEK FPHR BERASEBEEEBRSEMN AN HIER  a.ESC/ERS & 288 b, FPHR G142

iz

2.4 BLEAFELEE ARV 35(21~48) 1 H
o, 1 BT, 4 109 Bl 325 Bl &
A ARE A F A 3 BISETS, 2 IR PH SEAL R 4b
fEBE, 16 BTG E K/ B2 T EF iR R iRYT, 1 4l
KL IREEA, 3 BT EHSMY PH IRYT . K-M
Mgk (UL 4) $7R WA 1.2 .3 4 P2 R A2 i) 43 31)
H:(33.7+£3.8) N H . (30.9£2.7) 1~ H . (33.7+
2,00 H (22,452, 6) 1 Hrp A 4 B 53 %)
54 2 3 iR A G E X (P<0.05)
T4 2.3 A Fls Lg%, A4
(]I RARAAE 22 S 3/ B L5 0T 4R 3 IR,
3AEA T, BIFH SR 4 Hi5 2505 (&
I vs R 4,P=0.001) , 554 1 2% L5

THEE L (P>0.05) , KRR 1 544107
JG 2SR TCGIT2E TR S, IR B AL 35 (A
WS A BRI, W5 22 53 A 0 E T R S HEA &
BN,

2.5 BRETAM COX BEASH XF 4 Nk
7 COX R4 HT (W3 3) , W 4 E NS R, I
443 (HR=0.20, 95% CI. 0.07~0.62) , 2% H 4
HFE X (P=0.005) , W4 1.2 227 G578 X
(P>0.05) , HEIFE 03 DWAHIFT COX [H1H43
Mroge4) 45 R38R W4 1 1) HR 22 % %3t
R (P>0.05) , 54/ HR {58 (HR = 0.23,
95% CI: 0.10~0.57), ZR ARt #BE X (P=
0.002),
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B 4 T4HE Kaplan-Meier MIZE 47 a; BRWAH 1.2 3 4 B9 K-M £l ;b AW 2.3 J5 8055 W40 5 500 4

1.4 19 K-M <k
*3 FEHBRBRTAM COX EEASH

a2 B SE Wald X2 P HR 95%Cl
W4 4 10. 94 0.012

W4 1 -1.03 0. 63 2.65 0.103 0. 36 0.10~1.23
W4 2 -1.23 0. 64 3.78 0. 052 0.29 0.08~1.01
WA 3 -1.59 0. 56 7.97 0. 005 0.20 0.07~0. 62

x4 AFILHE23EHFHBELETA COX BEFH

falk % B SE Wald X* P HR 95%ClI
4 4 10.9 0.004

W4 1 -1.03 0. 63 2.65 0.104 0.36 0.103~1.23
W41 2+3 -1.45 0. 46 10. 06 0. 002 0.23 0.10~0.57

3 it HIEADPR S R 58 M Y I PR ARE RN 40 B

ARG R RSB0 ASD-PH A BEI A4y
Br, A5 4 IR RERIE A 5 34y PG B & 4t
SR,

MAHFFE AT AT, mPAP PVR B 8 TH 5 Y i 5 2
HI R FRAE A0 T RE Y 3 Ak, 7ER4] 4
t 90k LV-EId & LVEIs 1 R E T4, VEREn
b O B AR o PPl FE bR, B A A M, LV-EId
T WAT O E 5 T RN, 5 i A BE A et
WU LVELs F2 2 A A7 O AR 25, Wi Atk
Fobr, AW A 4 BE AL T 7T
I A7 EE R S W b T I PR I A G 2 R 3 A 1
LSRR 510 — 20 Y L A b et S i 3 ik
T R 20 2 3 O SRS B> 1. 1 1 Ry 2 il v
R LA 7 0 B PR AE, A B T R AR R
B ABEZAR PRI AR B FE I 3 JZ AR, AT 5 45
RARH S B WS M e e, BLAb iR R
S FAC ()R 35 T FE, MI%T TAPSE.S’ ,FAC ¥ fE
J WA I RE R A L, FLX A 5 6 s AR Ak T
MU IES S AHSE

X T I A2 O W 1 BB 15 0 U B SR R B
AWFFRWAH 1 AT TR, XA B H PAWP 1
BT R T i v R R bR ASD M K AT R

REMY Ak, B WHO FC IT &2 IVE 5
FEAS A R, B BOIA RIZ A8 AR o 3 T i L il 5
FEAR B sz A E A e br 2 — " IR A
FUSCE SRR 5y — 7 i, A i e R R T
ANE AR BE R R A OS5 DI RE M %
WAk, XAl BESE T A 0 PR BT B A2 O T AR
itk — 20 T80T A2 b 45w AT G, B ] B ke di 5
A SUME T B H WA M A . MO A O
SEEIE 1 F B TAPSE S B &R % ; [al iy & 3f:
YR, BRI A A A B, DL &
QLM = RWE R, OHZWARERA
T REFR bR il 75 e S8 3 U o s g T
AW R F X — 2518, RIREAR A B85S
DIe ) B MO s AERE A 4 595 A i =
FRHEA 1 7E M B 1 B 2 B4 I E, R i
1 R R R B e A s L AP A S 2 A DAL
RIGBURFE IR A I 22050 1Y RS W 2 02
LD IIRE A E 5T RE LA

H A1 32 0 e B 43 J2 1S BT A A — 2 BB . A
BT ESC//ERS =4y JZHR A8 10 43 12 15 16 47 12
BEHURG AT 1 {1 FH A S 8085 i, 2 o I R T 4 1k
TSI T ARG 4 1Y) v A AU i B 43 )2, SR G AR
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R T & 55 B0 EIE T HEBR B0 Sl R B AT 2, T I
PRSZPREEAVE AR TR N FRAR Y FPHR &5 20
JEASEIRY A7 A R AR 8 3 H 93t s Ay T A2 AT
FEEEIEUEIA T 0k Re 4 JR R

R MR R — R B I Gevt24 D 0, A
BT LRGeS | nT R R0 22 73 o ) ) &R 2%l
CMEMIE AR, AR A R Z E GRS,
I BTSN ASD-PH A [ 35 5 B A R
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