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Objective: To evaluate changes and related factors of exercise tolerance in pulmonary arterial hyper-
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Abstract
tension(PAH) -specific drugs for Eisenmenger Syndrome(ES) systematically. Methods: Two investigators have
searched Chinese databases and English databases, independently. After that, literature screening, data extraction
and quality assessment were performed. The analyses used Stata 14. 1 where weighted mean difference (WMD)
with 95% confidence interval (CI) were calculated for the continuous data. And a randomized-effect model or a
fixed-effect model was applied according to the results of the heterogeneity test. Results: Seventeen studies those
met the inclusion criteria were enrolled in this review, involving485 patients with ES. It included studies about en-
dothelin receptor antagonists(ERAs, n =10), phosophodiesterase type 5 inhibitors(PDE5i, n =4) and prostan-
oids(n=3).

have showed that specific drugs could effectively improve exercise tolerance in ES patients, and it further indicated

Only 2. 6% of patients died, and the rate of clinical worsening was not reach on 10%. Outcomes

the differences might be resulted from: 1) type of the targeted drugs; 2) mean age of ES patient group; 3) The
duration of therapeutic administration and 4) Down’s syndrome. We found that ERAs could increase 6MWD by
104. 1 meters(95%CI: 14.12—194. 08, P =0.023) in groups aged 20— 30 and 40. 88 meters(95%CI: 17. 72—
64. 04, P=0.001) in groups aged 30—40. Although PDE5i drugs could significantly improve exercise capacity of
individuals of a mean age at 20— 30 years old leve(6MWD: WMD = +62. 16 meters, P<C0.0001), but not sig-
nificantly improve that of ES patients at 30 —40 year-old level (6MWD. WMD = + 28. 00 meters, P =0.656).
Prostacyclin drugs greatly improved 6 MWD in patients over 30 years old(30—40 years old: WMD = + 307 me-
ters; >40 years old: WMD = +85. 75 meters). Short-term drug therapy(< 12 months) significantly increased the
6 MWD of ES patients by 58. 56 meters(P<C0. 0001) and improved clinical cardiac function(WMD = —0. 68, P<<
0.0001), while continued targeted drug therapy further increased exercise tolerance of these patients (P <<
0.0001). Although a short-term bosentan could not effectively improve the 6 MWD of ES patients with DS(WMD
= +35. 50 meters, 95%CI: —5.89—76.88, P=0.093; I*=0.0%), but a long-term treatment could signifi-
cantly improve exercise tolerance(P =0. 005). Conclusion: Early PAH-specific drugs should be applied for ES to
improve exercise tolerances significantly. And the detailed therapeutic regimens and duration can be selected based
on the clinical characteristics of ES patients for a better prognosis.

Key words pulmonary arterial hypertension-specific drugs; Eisenmenger syndrome; exercise tolerances; the

related factors
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Table 1 Search strategy
LED'S L
1 W RZERFEPF OR W A4 OR % F] 4 H OR endothelin receptor antagonist OR ERA OR bosen-
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o R phosphodiesterase type 5 inhibitor OR PDE5i OR
22 WEER TFEEE 5 MK OR PER-E OR kTR E £2

HIFI A Z Y OR FHK TSI R OR WHTHIE OR

%3
M HTF1 PR ZE OR 4K i 51) i
" LRHEITH OR X & 2 # OR Eisenmenger syn-
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#5 #1 OR #2 OR#3
£6 #4 AND¥5
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OR beraprost OR treprostinil OR epoprostenol
4 Eisenmenger syndrome OR ES

#5 #1 OR #2 OR#3
#6 #4 AND#5
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Figure 1 Literature search results and flowchart
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Table 2 Basic characteristics of enrolled studies
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e/ %

; DS i ] o
5o PR 43 5 B 4k
il (R/7) /A ey TRA

ERAs
Galia %9 2006 RCT JKF 37 Wk

Crepaz %10 2013 NRCT ®EAKH 7 AR

Serino 4111 2013 NRCT #KFH 7 b ga il

K g A 2] 2013 NRCT [ 22 b qach:il

D’ alto %13] 2007 NRCT #ZARF 22 A 4

Kermeen %[14) 2010 NRCT #p§: 53 Wk

Kaya %£015) 2012 NRCT +HIH 23 JdH

Duffels 4 16] 2009 NRCT 2% 24 A

Gatzoulis %017 2019 RCT #H 114 HP§HFHE 33.0012.8) NA
Zuckerman Z£118] 2011 NRCT [ 17 ZpAim 32.2(11.9

PDES5i
Zhang %:[19] 2011 NRCT 1 H 84

37.2012.0)

29.6(11.2) VSD(100.0%) J&(100%) 24

31.7(—)

10.0¢5.0)

38.0(10.0)

34.0(12.0)

31.0(12.0)

38. 0(NA)

PEHLABAE 28, 0(9.0)

ASD(21.6%) & 4 NA
VSD(64. 9%)
Com(13.5%)

6MWD

3.0(—)
3.300.5)

6MWD

VSD(71.4%)  #&£(100%) 24 6MWD

Com(28. 6%)
ASD(4.5%)
VSD(50.0%)
PDA(13.6%)
Com(31.9%)
ASD4.5%) & 12 3.1€0.7)
VSD(54.5%)
Com(41.0%)
ASD(3.8%) J&E(32.1%) 24 3.2(0.5)
VSD(37.7%)
PDAC(1.9%)
Com(45.3%)
ASD(26.1%) & 24 3.2(0.4)
VSD(65.2%)
PDAC8. 7%)
ASD(58.3%) J&£(100%) 3 NA
VSD(29.2%)
Com(12.5%)

b 7 2.1€0.3) 6MWD

6MWD

6MWD

6MWD

6MWD

EQA7.5%) 4 2.4(0.5)
ASD(52.9%) J&(17.6%) 30 NA
VSD(41.2%)

Com(5.9%)

6MWD
6MWD

ASD(29. 8%) & 12 2.6(0.7)
VSD(40. 5%)
PDA(27.4%)
Com(2.4%)

6MWD
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Chua ZgL20] 2007 NRCT [ 7 PEHURAE 37.0(11.0)  ASD(71.4%) i 6 3.3(0.7)  6MWD
VSD(28. 6%)
Bharani %:[21] 2007 RCT  EjE 8  fhikARIE  28.0(9.4) NA & 1 NA 6MWD
Mukhopadhyay 2011 RCT  E1JE 28 AfliAABAE  29.3(11.7)  ASD(50.0%) & 1.5 2.2(0.4) 6MWD
del22] VSD(46. 4 %)
Com(3. 6%)
Chon % (23] 2017 NRCT  [H 11 PHERIFIE 44.2(12.2)  ASD(9. 1%) & 12 3.4(0.5) 6MWD
VSD(54.5%)
PDA(27.3%)
Com(9.1%)
Cha %:(21] 2013 NRCT  wf[= 13 BHEHETSIE 45.0011.0)  ASD(30.8%) & 6 3.3(0.5)  6MWD
VSD(61.5%)
PDA(23.1%)
Com(15.4%)
Fernandes (2% 2003 NRCT [H 8  KATHIEE 36.3(14.9) ASD(37.5%) & 3 3.8(0.4) 6MWD
VSD(25.0%)
PDA(12.5%)
Com(12.5%)
£3 MNENNRBLREIHREEEN 2.3 etk
Table 3 Quality assessment of randomized controlled trials FFFE R R 280 ES B #4552 80 8] 25 W iR 97
IR R gy WOEMRE R G (R R 10, R
PAHFF BHE FE HE 4% s Hiw s . -
% e L éj; o TSR 25 3R R B N IR KRR
;e oy gt Zn Gi) N
Galia %19 A A A A A A H ERAS—ﬁigj‘jHJEyJHEJE‘%:(lg:g%)\ mﬂiﬂ(}ﬁ]
Gatzoulis %077 A B A A A A M (15.6%) K3k (14. 19 %5, 24 4. 0% H g H Bl
ﬁﬁfﬁ“ BB oA A A B Bk E R R 0 MKW O R R .
e BooA A A B M PDESURSTIRZY 35 106 M T B0 — i Ak Sk

*JFAEEPE R A Cochrane ROB ¥4y T B3R A . & 3£ 4 %& H 4
HAGE) BOREE) (CHF) 3 G, Fam R AR KUK | 45 KUK B i R
W 5 A PR A% 180 SR AR XU U SR 55 o VA D R T O A A
— AN H LA S E A XU D0 SC TR R A A b A R e
Horh —A 2 BB A 4% H o KU o U SCilk 55 42 37 S AR 5 &k

29. 16 0] Hy 80 2 B 21, (H BL 2 25 W) AN K I g i AR
AR A HLJS B T A AT 28 % . Chon % & Cha
U R B ES R A A S R G
AN A

F4 HAANBFIARXEREEM
Table 4 Evaluation of literature quality of included cohort studies
(B 3 25 )5
EAPN S RENG AERBN REVER RSB IMG WHEEY 4R REVIRTER BAFIRETE A
MAREME FIMER  RE TC WL EE 45 R W EEE% &Y
Crepaz %1 1 — 1 1 1 1 1 1 7
Serino %1 1 — 1 1 1 1 1 — 6
ik 2 A 1 — 1 1 2 1 - — 6
D’alto &M 1 - 1 1 2 1 - 1 7
Kermeen &1 1 — 1 1 1 1 1 1 7
Kaya %1% 1 — 1 1 2 1 1 1 8
Duffels 2™ 1 - 1 1 1 1 — 1 6
Zuckerman %118 1 — 1 1 2 1 1 1 8
Zhang %11 1 — 1 1 1 1 — 1 6
Chau %20 1 1 1 1 1 1 — 1 7
Chon %% 1 — 1 1 1 1 — 1 6
Cha 20 1 - 1 1 1 1 - 1 6
Fernandes 2% 1 — 1 1 1 1 — 1 6

* AR B HLXT BB R 5 B BE Y SR Newcastle-Ottawa (NOS) A B 55 J5 15 3F 4 1 B, B 40 2 LR 9 43, =7 s /R 1R XL
B 5 & AR D A 5T 45 i 2 — H 1) 25 903A TT PAH 2) R FT 4 T AT 4] At TR 2% I81 28 (s ) 4 At 42 o4 & 9 G At 33t 4% 1% 18 1

PN I DS) 7 R YT AR50
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2.4.1 WA g A SR IR T ERAs(N=
10) \PDE5I(N=4) DL S Hij 5| A 2R A 24 (N=3) #!
HRYT ES MG IRIT AL . 1E 1AL PAH B & 05
2 8 Sl A H 20 RLN 48 A5 . Meta 43 BT 45
R B ) 25 T A R iR E ES BE M 6MWD
(WMD = +65.3 m,95% CI:42.1~88.5, P <
0.0001;I* =70.5%), H.th ERAs ] 3 fin & ¥
6MWD 2 44.1 m (95% CI: 22.5~65.7, P <<
0.0001;1*=37.7%),PDE5i #] 60.7 m(95%CI ;
40. 9~80. 6, P<C0.0001;I*=0.0%) , Hij ) FF £ 2
25 )] B 4R R i S R 6MWD 2 153.8 m
(95%CI:32.8~274.9,P=0.013;1* =70.5%)
(K 2), CIIREVEAS A& 3 3 Fh i 1) 245 4 125 AT W ik g
HESBENOURE, Kb RisI R REAYIRITE
DIfe & B (WMD= —1.27,95% CI ; —
1.56~—0.99,P <C0.0001),ERAs & PDE5i 433
AR I BE 0. 59 (95% CT: —0. 86~ —0. 33, P <<
0.0001) &% 0.55(95% CI; —0.85~ —0.26, P <
0.0001) (A 3),

Study %

D WMD (95% CI) Weight
ERA i
Galie ot al (2006) —— 43.40 (3.78, 83.02) 7.44
Crepaz et al (2013) —_——— 104.10 (14.12,194.08) 391
Serino et al (2013) 1 37.00 (-27.98, 101.99) 544
WRAE ¥ (2013) T 46.00 (-31.08, 123.08) 464
Dialto etal (2007) — 74.00 (1953, 128.47) 624
Kermeen et al (2010) e 73.00 (11.29, 134.71) 568
Kaya et al (2012) — 109.00 (37.00, 181.00) 496
Duffels et al (2009) - -9.00 (-64.07, 46.07) 619
Gatzoulis et al (2019) el 18.40 (-4.76, 41.56) 868
Zuckerman etal (2011) — 28,00 (3511, 91.11) 558
Subtotal (I-squared = 37.7%, p = 0.107) < 44.13 (2251, 65.75) 5876
PDESI
Zhang et al (2011) —— 56.00 (26.49, 85.51) 823
Chau etal (2007) —_— 2800(9527,15127) 258
Bharmi ot al (2007) e 89,88 (49.37, 130.39) 737
Mukhopadhyay et al (2011) - 46.43 (9.02, 83.84) 762
Subtotal (I-squared = 0.0%, p = 0.404) <& 60.71 (40.87, 80.56) 2580
Prostanoids i
Chon et al (2013) —— £89.10 (34,53, 143.67) 623
Cha et al (2013) — 80.90 (15.30, 146.50) 540
Femandes (2003) : ——%—— 307.00(21509,39897) 381
Sudtotal (i-squared = 89.2%, p = 0.000) _ 15383 (3275,27491) 1544
Overall (I-squared = 70.5%, p = 0.000) <> 65.34 (42.13, 88.55) 100.00
NOTE: Weights ae rom random efects nalysis ;

-399 0 399

B2 #MEZHYIETT ES B 6MWD FHRikE
Figure 2 Forest plot of 6MWD in specific drug therapy
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Figure 3 Forest plot of cardiac function in specific drug

therapy for ES
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