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Circulation: Heart Failure

AHA SCIENTIFIC STATEMENT

Clinical Management and Transplant
Considerations in Pediatric Pulmonary
Hypertension Due to Left Heart Disease:
A Scientific Statement From the American
Heart Association

Rache! K. Hopper, MD, Chair, Georg Hansmann, MD, FRD:; Seth A. Hollander, MD; Anne |. Dipchand, MD; Oscar van der Have, MD;
Callzen ller, ACCNS-F; Cynthia Herrington, MD; Erika B. Rosenzweig, MO, Juan C. Alsjos, MD;

Karin Tran-Lundmark, MD, PhD, Vice Chair; on behalf of the American Heart Asscciation Council on Cardicpulmanary, Critical
Care, Pericperative & Resuscitaticn; Council on Clinical Cardiology; and Ceuncil on Cardicvascular Stroke Mursing

ABSTRACT: Childran with laft heart diseasa are at risk for developing pulmonary hypertension, initially secondary to pulmonary
vanous hypartension that can pregress fo include elevated pulmonary vascular resistance, known as combined pre- and
postcapillary pulmenary hypertension. Elevated pulmonary vascular resistznce may pose a risk to the right venfricle of a
newly fransplanted heart bacause of increased afterload and is an important consideration for heart transplant eligibility.
However, the epidemiclogy, pathophysiology, optimal diagnostic and treatment approaches, and thresholds for pulmonary
vascular resistance in pulmonary hypartension associated with left heart diseasa remain unclear because of lack of evidencs,
particularly in pediztrics. The resultis heterogensaily with respact to hemodynamic assessment use of pulmonary vascdilator
therapies, and heart transplant listing. This scientific statemant aims to synthesize the available data and highlight areas of
genaral consansus as well as important knowladge gaps.

Key Words: AHA Scientfic Statements B heert diseases B hyperiension, puimonary B pediatrics B transplantation

is standard therapy for end-stage heart failure in chil-  HTx evaluation in most centers, there is little consensus

I n many countries, pediatric heart trans ion (HTx) it of PVR is part of the standard
dren, which in most cases is caused by congenital  regarding PVR thresholds for HTx listing, particularly

heart disease or cardiomyopathy. Associsted pulmonary
hypertension (PH) can be an absalute or relative contra-
indication to HTx, depending on the level of elevation of
pulmanary vascular resistance (PVR) and other clinical
factors. Elevated PVR may deter centers from consid-
ering a child for HTx alone, raising the consideration of
combined heart-lung transplantation, because of the risk
of postoperative right heart failure from increased after-
load to the right ventricle (RV) of the newly transplanted
heart However, leng-term survival is significantly better
with HTx compared with combined heart-lung transplan-
tafion; in additien, increased PVR secondary to left heart
disease normalizes after ransplant in most cases.!

in children, largely because of lack of deta Recogni-
tion of the potential negative effect of elevated PVR on
HTx outcomes and the goal io aveid lung transplanta-
tion have led to prevention and management strategies,
including use of pulmanary vasodilator therapies. The
evolution of ventricular assist devices (VADs) and their
capacity to reduce left atrial {LA) and left ventricular
(LV) end-diastolic pressure have also broadened the
armamentarium of therapeutics used to freat PH in the
pediatric HTx candidate. These strategies may also be
used to treat persistent PH and RV dysfunction in the
early post-HTx period, if needed. Clinical questions and
management dilemmas encountered when assessing

€ 2024 American Heart Asssciatian, Inc.
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Btz Bk=E (pulmonary hypertension, PH)

iﬁﬁx!ﬁ
B F AL

fibzlBkimE (pulmonary hypertension, PH) ZEEZMRERSERILAFEIIKES
(pulmonary artery pressure, PAP) &5 AMRENNIZEERNIGREIREE,

O ABSMEMIRBEAOSEREAR (RHC) MR
. BKFEE (mPAP) >20mmhg;

02018 &, HABNKSEFTS (WSPH) RHTH
 PH NS, WEEIBRFEIE (mPAP) 225

. mmhg BE >20 mmhg, (XREKEHMAT2018

| EEWSPH R B B I B 4R K 76 A0 AT AR )

________________________________________________

2018%F, FRBEEHRMBSESIN

WSPH [fSMm/EPHIGFRIZHEI & 2%
B—%:
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PAH;

AR RSIEERIPH;

RibER ARl /KR A S EAYPH;
RibENRKBEZE S| EEAIPH;

ZHH / SKABNFIRPH;

@ A E



PH (Pulmonary Hypertension) RIIFEENIZFEEN FE xR
IfL +. ;’i fu .d jI
=34 MiRENDFIEHR WSPH4AH
ANk EEPH) mPAP >20 mm Hg 1~5

mPAP >20 mm Hg
EHMEFIAbEIEKEEPAH PAWP <15 mm Hg 1. 3. 4%05
PVRi >3 WU m2 (adults: PVR >2 WU ™)

mPAP >20 mm Hg
B EMMEFPH PAWP >15 mm Hg

(Ipc-PH) PVRi <3 WU m2 (adults: PVR <2 WU ") 2415
dTPG <7 mm Hg (AJ15k)
mPAP >20 mm Hg
EMMERSRSEPH PAWP >15 mm Hg 2F05
(Cpc-PH) PVRi >3 WU m2 (adults: PVR >2 WU )
dTPG >7 mm Hg (AJ15k)
RIE 2018 FHAFfMEEHR TS (WSPH) HMRMNAFENUK 2022 FEMORERFS/BUNTERFZSBEAMIKEE (PH) (5@

dTPG : &FsKHBEERNEZS; PAWP: FbzhBkil/E; PVRI: FhIIEFEIiEEL

[1) : PH WAL AGE FTO 48 BUE H B R RS L, TASE R T OB R Z & s JPIRES (B, KA EFTIR R e WUsE)
[2) : PH e X FENCN: MizhlikFgE  (mPAP)  >20 mm Hg, FFEDREIE 3 WU (A A1 3 WU e m2  (JLZE) [ I 428 BE 7 11 S48 LA X 43 25 40 0 4 i F0 22 40 P 6 40 1 4% J5 PH;
[3) : fYFR 2022 ESC/ERS#EFS;
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Mol R Rk kE
EKERRENKSKEAR

Shone’s complex
Subvalvar or valvar aortic stenosis
Coarctation or hypoplastic aortic arch

Cor triatriatum

Rk
ik B3R
=i

AN @ @Egﬂ'bﬂﬂ.ﬁ

Myocarditis
Hypertrophic cardiomyopathy
Dilated cardiomyopathy

OBSTRUCTIVE

Left-sided outflow
tract obstruction
Left-sided inflow
tract obstruction

LESIONS

Restrictive left ventricle
Some structural lesions

HEART FAILURE

HFrEF: Heart failure with HFpEF: Heart failure with
reduced ejection fraction preserved ejection fraction

Y EOSIRERE

Elevation of left
ventricular filling pressure
J

* \ =
SYAbaE)

Elevation of left
atrial pressure

\ %Hﬂd_jjﬂ'm

Elevation of pulmonary
venous pressure

fE?H!lIﬂ’“éEPH

\

POSTCAPILLARY PH

Passive elevation of
pulmonary arterial pressure
A

\&

COMBINED PRE- AND
POSTCAPILLARY PH

e

Pulmonary arterial
constriction and remodeling

WEIZIEEE]

| PVR dly—y
L (elevated )PVRj‘hE
@ B
Loss of reversibility?
\ E_"g*i%* 2 J

Hypertrophic cardiomyopathy
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1980 LR FHEIZ 2000 A S ) LR RO
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[4] (Treprostinil improves hemodynamics and symptoms in children with mild pulmonary hypertension awaiting heart transplantation) Pediatr Transplant. 2020;24:e13742. doi: 10.1111/petr.13742
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ORIGINAL ARTICLE WILEY

IZA R XS B EEICH A2 a5 e Riar B/ O BERTE
Treprostinil improves hemodynamics and symptoms in
children with mild pulmonary hypertension awaiting heart 1& ]\i'[—, % %H?j_- T % EFI ’ta\ IEI Jﬁ)ﬁ '|‘£EE}:|: ?-E o ﬁ*ﬁ' T E%g%ﬁ )\7K

transplantation

Seth A. Hollander 0 | Michelle T. Ogawa | Rachel K. Hopper® | EstherLiu | ( %#@ a:l: tla ﬁi] ) ﬂ:l Itl\ HE*% 1:E %—U Z |‘Ej EI\J .[n]. 5}2;-[?; E}J jj ? *D IjJ %\E ?E 1:/3_‘ g

Sharon Chen | David N. Rosenthal 0 | Jeffrey A. Feinstein

e | e 1, UKRBES

USA lin analog, is a safe and effective therapy for

Correspondence children with PAH; however, the use of this agent in children with mild PVR eleva- 2:':% . E_‘J_ﬁj):l/_’ = _H_B&{EET ﬁﬁqzi/\]E \ )% —E
mtmwgmv&:am t-onsrelatfdtoHF.mdudms!ho:ewnhsv_comntzlhemd_naaseam.mngm._h ca . HU I &/J\ \“I% Z': A PVR ' 4 ILJ\ ( I I I LA ) E
9325, Pads Ao, CA 94304, understudied. We describe the hemod and changes in pedi.

Email: ath holandec@stanford edy patients awaiting HT treated with treprostinil.

hods: Single-center ive review of all patients was isted for HT who re- \l/ -[nl".—'\ﬁ**)J '_ ( ) ;Eﬁim{‘t o E’J %T_
ceived treprostinil during the listing period. Changes in hemodynamic and functional il)] Hfﬁ %éﬂi E 7: j: m P C W X o 6 O /O M % :ta |
indices between the bazeline catheterization (prior to drug initiation). and prior to HT,

and patient outcomes were analyzed. e u i o \ —] VL8 o E

Results: Among 16/17 (94%) who survived to HT, & (50%) were female, and 10 (63%) yb‘% &k T ﬁ ﬁj: / \jj l%‘J ,lk UE&

had SV physiology. The median age at drug initiation was 9 (IQR: 1, 14) years. The n —,J ﬁ J IX VA D v ! LJ E l 'EE 1ﬁi o

median duration of therapy prior to HT was 253 (IQR: 148, 504) days. Treprostinil

significantly decreased PVR (3.8 vs 3.1 WU, P = 03), while mLA or mPCW pressure 2:': A3 —_ /7 — Yax ol w ,—‘—

did not change (11 vs 13 mm Hg. P = 9). HF symptoms improved in 9/15 (60%) pa- _n‘e : E HUEUEIJ\ DI &éi‘m% I :-U-E1U' HT Eg% E PAH %% I
tients without VAD support prior to drug initiation, including 4/10 (40%) who did not

receive a VAD any point while awaiting HT.

e i Sl ol e M el BiE5 SV &EwmEE. PVR ™, mLA/mPCW EO;gEEN.

s —LHEENOEEREITNE,

1 | INTRODUCTION Although studies in children have reported improvements in hemo-
dynamics and symptoms in children with PAH on these therapies,
A the role of these agents in the treatment of chidren with CHD is
stifl unclear.*? Moreover, whether theze agents have a role in the

{Treprostinil improves hemodynamics and symptoms in children with mild pulmonary hypertension awaiting
heart transplantation) Pediatr Transplant. 2020;24:e13742. doi: 10.1111/petr.13742
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Review > ASAIO J. 2023 Nov 1;69(11):1025-1030. doi: 10.1097/MAT.0000000000002023.
Epub 2023 Aug 8.

Pulmonary Vasodilator Therapy in Pediatric Patients
on Ventricular Assist Device Support: A Single-
Center Experience and Proposal for Use

Jennifer E Schramm 1, John C Dykes 2, Rachel K Hopper 2, Jeffrey A Feinstein 2,
David N Rosenthal 2, Rebecca J Kameny 2

Affiliations + expand
PMID: 37556563 DOI: 10.1097/MAT.0000000000002023

Abstract

Pediatric precapillary pulmonary hypertension can develop in response to systemic atrial
hypertension. Systemic atrial decompression following ventricular assist device (YAD) implantation

may not sufficiently lower pulmonary vascular resistance (PVR) to consider heart transplant candidacy.

Prostacyclins have been used in adult VAD patients with success, but pediatric data on safety and
efficacy in this population are limited. We sought to describe our center's experience to show its
safety and to present our current protocol for perioperative use. We reviewed our use of prostacyclin
therapy in pediatric patients on VAD support with high PVR from 2016 to 2021. Of the 17 patients
who met inclusion, 12 survived to transplant and 1 is alive with VAD in situ . All patients survived
posttransplant. With continuous intravenous (IV) epoprostenol or treprostinil therapy, there were no
bleeding complications or worsening of end-organ function. A significant reduction was observed in
vasoactive inotropic scores by 49% in the first 24 hours post-prostacyclin initiation. The proportion of
patients surviving to transplant in this high-risk cohort is favorable. In conclusion, prostacyclins may
be safe to use in patients with elevated PVR as part of their VAD and transplant course and may
provide a transplant option in those otherwise not candidates.

VADSRIFIRERGEAAH, EARABRTI24/0EA,
IFHENMPDBYMHNEREERL, FRRMNMED.

ZMRFERE EREKFEEF FMEERERIFEFERM
HBRAZEFERILR (ORRZ)

HREIB T 2016 = 2021 FE&% VAD X5H PVR K&
FLRIEE P ERRYIARSTHER. EFEHAFMER 17

mlEES, 12 AIEEERE, 1 GIRA VAD 7iE. FiGEE

EREEEE. EREERIGES (IV) (KeiPIEEEEEIZY

BRialy, RELMHARESRLRF[EINET. ERIFIAEF

YRFRRIRI24/NET N, MZREMEFHIEMN DD TS RERER

49%.

¢ BI5IIAE{FA VAD MBELER—E7, JTRT PVR 75
HEE, FAREABEREGHNEREREBEGRE.
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