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[ Abstract] Pulmonary hypertension is a kind of fatal disease with various pathogenesis. It can cause serious hemodynamic disorder,
severe pulmonary vascular remodeling, increased pulmonary vascular resistance and right heart failure, and eventally lead to death. The
incidence of women is much higher than that of men. Even after the application of modern and advanced targeted drugs,the mortality rate has
decreased significantly,but due to the unacceptably high maternal and fetal mortality rate , pregnancy in patients with pulmonary hypertension
is prohibited in the guidelines. This paper aims to explore the pathogenesis of pregnancy complicated with pulmonary hypertension and the role
of sex hormones in it.

[ Key words] Pulmonary hypertension ; Pregnancy ; Sex hormone

fifizh bk & JE ( pulmonary hypertension, PH) J& —Ff 25 ﬁiﬁﬂéﬁﬁﬁﬁ%[ﬁm Z¢HH, mPAP % 21 ~24 mm Hg

H1 22 A S AL 5 | S A 15 2R A7 M n i ) B R
W o BT | A I 2l g 2 ZE L ™ i il A
I I AE BEL D G A A O i, A R BUR E A
T MBI R o MR E RO R A R Ay
IL BRI JEA ), 2 5% 49 PH,
1 iSHitRERSTA

MR A 7S it L Bl s FER A 23 bt il 3l
JikF-44 5 (mPAP ) =20 mm Hg(1 mm Hg=0. 133 3 kPa)
RERI2WT PH, X2 K [l BT A A fidt R A1) i o
W25 R, IE R mPAP 2y (14.043.3) mm Hg,
IEHAE ERR(>55 97.5 A 4040 2 20 mm Hg, AL, BE
44 mPAP =25 mm Hg 15412 PH 3 h 3 A 5847

BIEEE . BN, E-mail : fclmonica@ sina.com

AN TR R AS B 485 J5) 9 XU H mPAP <20 mm Hg f) A B
H . 76 2~3 AEMYBETTH, 5 mPAP<20 mm Hg ) %
FIE, TR 4E mPAP Sy 21 ~24 mm Hgf) A i) 1k Ji2
Sy @Ak PH(mPAP F /076 25 mm Hg A E)” . BT
ERBESE, ¥4 N, K PH S BT (E AT RS =
mPAP =20 mm Hg BEA I PRI , A5 & B i e
Mgk o BRI, X — WA AR DL, Ik, ZH0F5E, £
¢ Bk TR 2T 516 T 1 R (2021 fR) ) R B
EWiREK IH 2 mPAP =25 mm Hg'”' . mPAP {3
T R R - T RE A R T L0 5B 4 4

— R B WHO 3¢ F PH (/407 ™ 40 W i
21 55 — 2. 3 K 250 il 3l Bk @5 JE ( pulmonary  arterial



+ 626 - OISR F IR 2021 427 A5 42 855 7T Adv Cardiovasc Dis , July 2021, Vol.42,No.7

hypertension, PAH) 5 58 — 41 . P 2.0 90 5|2 1 PH;
o 20 IR A/ BB AR T AL Y PH 26 U 2 - 18
M Ae ZEPE PH; 28 T2 Z A R AHLRIA BB PH, D
B PH By AR AL TR A R S
16T R AT

T3 — I LR A il Sl AR, 43O 6 A I i
PH 5 E 40 1 & J5 PH, §ii & ML 3h 12+ R K
mPAP =25 mm Hg FIfigi k% <15 mm Hg; J5# %
B mPAP =25 mm Hg Ffilizh ki) E>15 mm Hg,

2 RIRHLE

WHO F3 20 32 v 43 41 04 & HL TR AS [, (HL S AR
&, PH BUbRA & —Fp R o g s G A A T
Jit it A R R A, 0 i Sl JORE Y B A AR 2R Y il
SPKEIBIPLERIAE T S A%, FEAH R R 3R
NI AL AT By RNA DRE 22 A B AR | 41 i 21 56
TURRURIBEE A 1) S L I o B PR 9 | 2R A4 ) g e
5 G P20 i B AL 200 J ) 3R B R0 DI A2 K% A
FSEVR AR RS I A P ZE ™ . XU L
(B B B R A

BUE Ok Z e DGRE] PH O 40 E
AV 2l bk 28 Gt 22 18] AR EL A T i) E S X RO B4R
PIPR Ry A7 O B -l 2l DR B o A 0 2 -l 2l R BB A %
H A 2 WA 1 7 A 1 R A A8 % 30 it 3l ok &R
Gt HAITEUL, B L E 3 N 3G S B ) — R
Jitio 76 PH R, A0 & O IR R, Wods D Re S 3R
A3 R e B 467 0 380, 445 1E R A0 - 3 DR
Hko SR, BEAE PH YRR 400 % AN BE P i A2 LR
B A5 D RER DL L 5 67 a7, 3% 23 30 0 28 - i
Bl ARFRI AN A O by, IR I T
3 EEXTGEYR PH B 3E it il & 89 5200

AEYR AL R AR D F R E R G
XU R i T R RO LA 2 LR
8IS B3 N DA S R K B AR A sk
22 W R 2 WY, T 98 2% A I I 387 1 i A i A e v
A EEAER] . SR, S0 5 | kS ) P I8 2% A2 A2 e 5
W) PH R H AR R RA L,

SRR W ANTE RE V28 3 ) WL ¢ 3] 1 e ot 7 A2 Ak v
A2/ HAZAR T HRE A 38 0, (HA B4 k5
FW] PR O 0GR 1 22 25 B B RS e, L
17B-HE 5 (17B-estradiol , E2) | 52 i F1 35 (< il 7 HE ik
SR 0 A s o AR BML R A4 P R A
— AR S VRGN, Hi A BRGNP
W1 IR TERRAG . AR, PR Z IR TR
o 718 R ) JULSEET A4 200 i v g S R, B R ] 5 |
L I A8 A gk, I R RE 0 i A A e AR S

‘I‘i PH:B: .

WIEME B2 X PH S22 S 2% 10 . Bilhn, otk
R PH ES IR, E2 KE MLt S5 s i A4
SHHM AR L BR T Y KA VR AL, T i
FAR M8 A UL AR BRI o P I i ot A8 28 1
A8 A bR A Y R0 BLRE ) Bl A 28 R T A2 Ak, S
SR WU 65k O S Sl 40 kb e 9 R T 4 i 6 4 il
B, PR IR 7S G O i 2 1) I A RN ICkRe 14 mT
AESZ B2 FLAMEECR (52 . MEBCR 09 0 E 5 A 0
PEHERGFEAE AT BE 230 S A BRI PH 835 1 il 1 4
M, —SefFSE R TE PH SRR A RPN B2
X i St - LA A (e s B A

it = % HEER ( dehydroepiandrosterone , DHEA ) 24
PE AR R, n] s i AR T | RS A I WA
TEREMER BB |, SR uE WX PH B & A=A R 4E
FA' . DHEA Xl it 8545 22 7E A 454 38 . 4
TR o PRI, SRR A 50 R RE A B
T I R G0 e 5 07 A 1 ) 3

5 PH R A H A LR BR A A 2 5 2 i —
ATbE . Bilan, PH B IR K BE I, O H S
6 SN AL AT IR U0 I g A KRB SR S M e, o
U3 OB B o R K, JOF Rl BB B0 b . B
Hb 7 RS PR 2 8 2R LR LR PH Y 1S B
F 0 A AR T Y2 T AL PAH 5 i
PETHROR o X S 5 AT 2 BTG P 09 9 R K 75 m
AT REZS IR B AT TRT Il I A 35 5

KN, I AN T8 AE G Uk 40 18] 28 % WL 3 1) PH
AR A ST R A 2R X il I A ) LR ), i AN
AR T 55 P 2 AR F A0 G 1 18 2 o FH 5 8 AL 5%
Wil [R)RE MR FCI ™ P R AR IR PH %) & Ji i 2t
—#W5, T PH BEAZ TG, X d— e
PEBCER AT 280 B 0 B 1), AR AT e M B3R R
ML O™ G RS T llsh bk & s . 5 H &6
A S I A8 W4 5 ) ) AP AR AR O ST 2 B, T M
YK TR0 S0, L85 Wi s g 2 B K B
RE/DERIT AT REE e AR B S PH A2
SR
4 HEINEIR PH 2EGOERNZIT

WLURMAME], £ 0 FE A L EHERIERELK, U
AMEE M 2 RO B R BG n, RIEERT B AR O I
BT IR REAZ AL, (HLS i HE KSR BN g 2 2E B Y 2l
A ORI FIVER S 0 2 el 0 L AR AT SRR
O JULZE A B Ty 7 | S 1), e B35 5 19O LI B
A, FFTE IR S A AT THIR

— BTN [ PR A O AU R E SR 2 IR



O F IR 2021 £ 7 A5 42 855 7T Adv Cardiovasc Dis , July 2021, Vol.42 ,No.7

- 627 -

BT E2 S H A LR R XD T RE FIAE T R B AR 37 7E
Ho E2 i1t §8 ) 22 0 LA M2 7Y, dnac LR . 4
B M T 4 40 1 0 8 T A, U0 T 2 0 B 4
B TP X S #0A AT BE A 25 T 4E 3R PH SRF Y
FEYIRE. MR BT R R s s],
HESMAES B2 /KA, X R E2 X470
ReA B, oG 1 AR A0 % B e 7 A B [)
s L xR PH R PR 22 1 WG 145 3h 9 R 1T 10
FERBAF TR ML R 2 IR T 0 B2 XA D E DR
IR VE R 5S40 E RS F i A0 = BN
SR | £ 4E Ak /D DL M 3k T R Y i ADAMILS
ADAMI7 R 7 2K 9 28 36 0 A 02 o T e 38
AR BE G 2k 28 48 T BOME M K FRUET 7K T i A5 A
HOBEAYEAL, Xk — L IEHMM E A T AHOEY
REME N 25 BT, X e B g 4% B2 X PH &
F AT B I REATAEA 25 520

DHEA T8 IERH7E PH By Wk o5 s Py il v A A
OERYYERY . e R T DHEA #4958 5980
A ek /D A O T A DO JIE A A BT (AN Rho
W4 STAT3 Fil NFATe3) (1) 38 7% AH 5%, M\ T Pk &2 5
PH KA OCEMAMINEE. [FAT, DHEA GERk354k
PRI TR, 190 5 K RIS B 5 R 1 A O E T RE
3 S

TELZ il 3l BRI HLAR M PH BERL/ N R, 22
il 3 8 23 im0 EROVLAH I /N R i 45 44k, 52 i A 0
5 R T IO 7 A £ I T T S R 1) ke 2 AL 7 ] e
PH BN A AR 5 N, S E o] e ik A
OEES, IR PH Hr A O BhE AR R

B ERBETE W, 75 I IR 01, i K f1 DHEA
G EBA MW RN O EINREAFAEA 15 W52, (H X
TovE A RE PAH QL R AR A7 O 0l 10 s R AR, —
MNATRERI RS, 45 E2 A DHEA XF A7 .0 F JIRE
TETENA T VE A, (EP 2 400 ) S2 16 7K 7 (4 38 ot 47 .0
FEIReA NI 2. — 5 T, GEUR A PH O3 38 W At
T AL NS Wi, REZHOeT KA 5 R
9,77 J5 E2 Al DHEA 7K (sl B Be 2 7= 5 4
DEFNBENEEREAE, 55—, 76 E IR
TEFE =10, MR 8 12778 b F s R A v Be & SOl B2
1 DHEA -SR-S ER, N 8ch 0., Bl
TG VAR X M U 2 0T 4 AR 39 18] A5 0 2 1) BB 52 Wikl 1Y)
W, 3Kt A AR 1 FE R RN RAFFEHE B T 5 1)

=& F X #W

[1]  Tuder RM, Archer SL, Dorfmiiller P, et al. Relevant issues in the pathology and
pathobiology of pulmonary hypertension[ J]. J Am Coll Cardiol, 2013, 62 (25
suppl) : D4-D12.

(2]

(11]

[12]

[13]

[14]

[17]

[18]

[19]

Condon DF, Nickel NP, Anderson R, et al. The 6th World Symposium on
Pulmonary Hypertension: what’s old is new [ J]. F1000Res, 2019, 8 F1000
Faculty Rev-888.

Hemnes AR, Kiely DG, Cockrill BA et al. Statement on pregnancy in pulmonary
hypertension from the Pulmonary Vascular Research Institute[ J]. Pulm Circ,
2015,5(3) :435-465.

Simonneau G, Gatzoulis MA, Adatia I, et al. Updated clinical classification of
pulmonary hypertension[ J]. ] Am Coll Cardiol ,2013,62(25 suppl) : D34-D41.
Sliwa K, van Hagen IM,Budts W, et al. Pulmonary hypertension and pregnancy
outcomes : data from the Registry of Pregnancy and Cardiac Disease( ROPAC) of
the European Society of Cardiology [ J]. Eur J Heart Fail, 2016, 18 (9):
1119-1128.

Assad TR, Maron BA, Robbins IM, et al. Prognostic effect and longitudinal
hemodynamic assessment of borderline pulmonary hypertension [ J]. JAMA
Cardiol ,2017,2(12) :1361-1368.

Maron BA, Hess E, Maddox TM, et al. Association of borderline pulmonary
hypertension with mortality and hospitalization in a large patient cohort: insights
from the veterans affairs clinical assessment, reporting, and tracking program[J].
Circulation,2016,133(13) :1240-1248.

Douschan P, Kovacs G, Avian A, et al. Mild elevation of pulmonary arterial
pressure as a predictor of mortality[ J]. Am J Respir Crit Care Med,2018,197
(4) :509-516.

PP R R 2 S WP R 2 43 TR 8 5 Tt LA 281 , v ) U 2 MR 0 13
ik -5 i AL G A2 2, 2 R it 2 5 I L 787 5 B YR MR 28, 2.
R E Bk e RIS W 56 T IR (2021 j0) [T]. shAe P22k, 2021, 101
(1).11-51.

Prins KW, Rose L, Archer SL, et al. Clinical determinants and prognostic
implications of right ventricular dysfunction in pulmonary hypertension caused by
chronic lung disease[ J]. J Am Heart Assoc,2019,8(2) :e011464.

Lahm T, Crisostomo PR, Markel TA, et al. Selective estrogen receptor-a and
estrogen receptor-f3 agonists rapidly decrease pulmonary artery vasoconstriction
by a nitric oxide-dependent mechanism[ J]. Am J Physiol Regul Integr Comp
Physiol ,2008,295(5) : R1486-R1493.

Jones RD, English KM, Pugh PJ, et al. Pulmonary vasodilatory action of
testosterone ; evidence of a calcium antagonistic action [ J]. J Cardiovasc
Pharmacol ,2002,39(6) :814-823.

Tofovic SP. Estrogens and development of pulmonary hypertension ; interaction of
estradiol metabolism and pulmonary vascular disease [ J ]. J Cardiovasc
Pharmacol ,2010,56(6) :696-708.

Kawut SM, Al-Naamani N, Agerstrand C,et al. Determinants of right ventricular
ejection fraction in pulmonary arterial hypertension[ J]. Chest,2009,135(3):
752-759.

Dempsie Y, MacRitchie NA, White K, et al. Dexfenfluramine and the oestrogen-
metabolizing enzyme CYP1BI in the development of pulmonary arterial
hypertension[ J]. Cardiovasc Res,2013,99(1) :24-34.

White K, Loughlin L, Maghool Z, et al. Serotonin transporter, sex, and hypoxia;
microarray analysis in the pulmonary arteries of mice identifies genes with
relevance to human PAH[ J]. Physiol Genomics,2011,43(8) :417-437.

Oka M, Karoor V, Homma N, et al. Dehydroepiandrosterone upregulates soluble
guanylate cyclase and inhibits hypoxic pulmonary hypertension [ J]. Cardiovasc
Res,2007,74(3) :377-387.

Xu DQ, Luo Y, Liu Y, et al. Beta-estradiol attenuates hypoxic pulmonary
hypertension by stabilizing the expression of p27kipl in rats[ J]. Respir Res,
2010,11(1) :182.

Honicke U, Albrecht S, Schrotter H, et al. Prolactin and its 16-kDa N-terminal
fragment ; are higher in patients with precapillary pulmonary hypertension than in

a healthy control group[ J]. Tex Heart Inst J,2012,39( 1) :44-50.

(%5 641 1)



O F IR 2021 £ 7 A5 42 855 7T Adv Cardiovasc Dis , July 2021, Vol.42 ,No.7

[24]

[25]

[26]

[27]

(28]

[29]

[30]

- 641 -

2141-2148,2148b.

Wang Z, Chen S, Zhou T, et al. Comparison of saline-irrigated catheter vs.
temperature-controlled catheter for renal denervation in a canine model[ J]. Am
J Hypertens,2015,28(12) :1434-1443.

Chen W,Du H, Lu J, et al. Renal artery vasodilation may be an indicator of
successful sympathetic nerve damage during renal denervation procedure[ J]. Sci
Rep,2016,6:37218.

Kiuchi MG, Chen S, Rodrigues Paz LM, et al. Number of ablated spots in the
course of renal sympathetic denervation in CKD patients with uncontrolled
hypertension ; EnligHTN vs. Standard irrigated cardiac ablation catheter [ J].
Hipertens Riesgo Vasc,2018,35(2) :54-63.

Ahmed H, Neuzil P, Skoda J, et al. Renal sympathetic denervation using an
irrigated radiofrequency ablation catheter for the management of drug-resistant
hypertension|[ J]. JACC Cardiovasc Interv,2012,5(7) :758-765.

Kiuchi MG ,Maia GL,de Queiroz Carreira MA , et al. Effects of renal denervation
with a standard irrigated cardiac ablation catheter on blood pressure and renal
function in patients with chronic kidney disease and resistant hypertension[ J].
Eur Heart J,2013,34(28) :2114-2121.

Yalagudri S, Raju N, Das B, et al. Renal sympathetic denervation using an
externally irrigated radiofrequency ablation catheter for treatment of resistant
hypertension—Acute safety and short term efficacy[ J . Indian Heart J,2015,67
(3):207-213.

Chen W, Ling Z, Du H, et al. The effect of two different renal denervation

strategies on blood pressure in resistant hypertension ; comparison of full-length

versus proximal renal artery ablation[ J]. Catheter Cardiovasc Interv,2016, 88
(5) :786-795.

[31] Armaganijan L,Staico R, Moraes A, et al. Renal denervation using an irrigated
catheter in patients with resistant hypertension: a promising strategy?[ J]. Arq
Bras Cardiol ,2014,102(4) :355-363.

[32] Pokushalov E, Romanov A, Corbucci G, et al. A randomized comparison of
pulmonary vein isolation with versus without concomitant renal artery denervation

atrial fibrillation and resistant

in patients with refractory

hypertension[ J]. J Am Coll Cardiol,2012,60(13) ;1163-1170.

symptomatic

[33] Steinberg JS, Shabanov V, Ponomarev D, et al. Effect of renal denervation and
catheter ablation vs catheter ablation alone on atrial fibrillation recurrence among
patients with paroxysmal atrial fibrillation and hypertension: the ERADICATE-
AF randomized clinical trial[ J]. JAMA,2020,323(3) :248-255.

[34] Chen W,Ling Z,Xu Y et al. Preliminary effects of renal denervation with saline
irrigated catheter on cardiac systolic function in patients with heart failure; A
Prospective, Randomized, Controlled, Pilot Study [ J ]. Catheter Cardiovasc
Interv,2017,89(4) :E153-E161.

[35] Remo BF, Preminger M, Bradfield J, et al. Safety and efficacy of renal
denervation as a novel treatment of ventricular tachycardia storm in patients with
cardiomyopathy[ J]. Heart Rhythm,2014,11(4) :541-546.

[36] Kiuchi MG, E Silva GR,Paz LM, et al. Proof of concept study : renal sympathetic
denervation for treatment of polymorphic premature ventricular complexes[ J]. J
Interv Card Electrophysiol ,2016,47(2) ;221-229.

HCAS B 47:2020-11-30

1111111111111 111111111111 1111111111111 1111111 -1 1111111111111 -1

( L35 627 T1)

[20]

[21]

[22]

(23]

[24]

[25]

Hernandez-Diaz S, van Marter L], Werler MM, et al. Risk factors for persistent
pulmonary hypertension of the new-born [ J]. Pediatrics, 2007, 120 (2):
€272-e282.

Lahm T, Patel KM, Crisostomo PR, et al. Endogenous estrogen attenuates
pulmonary artery vasoreactivity and acute hypoxic pulmonary vasoconstriction :
the effects of sex and menstrual cycle[J]. Am J Physiol Endocrinol Metab,
2007,293(3) : E865-E871.

Murphy E. Estrogen signaling and cardiovascular disease[ J]. Circ Res,2011,
109(6) :687-696.

Ventetuolo CE, Ouyang P, Bluemke DA et al. Sex hormones are associated with
right ventricular structure and function:the MESA-right ventricle study[J]. Am
J Respir Crit Care Med,2011,183(5) :659-667.

Umar S,lorga A, Matori H, et al. Estrogen rescues preexisting severe pulmonary
hypertension in rats[ J]. Am J Respir Crit Care Med,2011,184(6) ;715-723.
Lahm T, Albrecht M, Fisher AJ, et al. 17B-estradiol attenuates hypoxic
pulmonary hypertension via estrogen receptor-mediated effects[ J]. Am J Respir

Crit Care Med,2012,185(9) :965-980.

[26] Cheng TC, Philip JL, Tabima D, et al. Estrogen receptor alpha prevents right
ventricular diastolic dysfunction and fibrosis in female rats[ J]. Am ] Physiol
Heart Circ Physiol,2020,319(6) : H1459-H1473.

[27] Alzoubi A, Toba M, Abe K, et al. Dehydroepiandrosterone restores right
ventricular structure and function in rats with severe pulmonary arterial
hypertension [ J ]. Am J Physiol Heart Circ Physiol, 2013, 304 ( 12) .
H1708-H1718.

[28] Dumas de La Roque E,Bellance N, Rossignol R, et al. Dehydroepiandrosterone
reverses chronic hypoxia/reoxygenation-induced right ventricular dysfunction in
rats[ J]. Eur Respir J,2012,40(6) :1420-1429.

[29] Hemnes AR, Maynard KB, Champion HC,et al. Testosterone negatively regulates
right ventricular load stress responses in mice [ J]. Pulm Circ, 2012,2(3)
352-358.

[30] Hester J, Ventetuolo C, Lahm T. Sex, gender, and sex hormones in pulmonary
hypertension and right ventricular failure [ J]. Compr Physiol,2019,10(1):
125-170.

g B 41 :2021-03-06



