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Take Home Points:
· Pulmonary hypertension mortality has been decreasing over the last 2 decades in children and adults, likely secondary to increased awareness, more accurate diagnoses, better risk stratification and early initiation of combination pharmacotherapy.
· The lower limit of normal mean pulmonary arterial pressure (mPAP) was decreased from 24 mmHg to 20 mmHg. 
· A subgroup of children with idiopathic pulmonary arterial hypertension (IPAH) are positive responders to acute vasoreactivity testing (AVT) and would be classified as PAH long-term responders to calcium channel blockers (CCB).
· PAH and pulmonary veno-occlusive disease (PVOD)/pulmonary capillary hemangiomatosis (PCH) are now considered a spectrum of pulmonary vascular disease (PVD).
· Diagnostic methods and variables and their application to pediatric PH have been updated including echocardiography, cardiac MRI, CT and cardiac catheterization.
· New treatment algorithms, including medications for pediatric PH and PAH-CHD as well as drug-drug interactions are available.

[bookmark: _GoBack][image: ]
Commentary from Dr. Charlotte Van Dorn (Rochester, MN), section editor of Pediatric Cardiology Journal Watch:  This is an updated, comprehensive and practical guideline for healthcare providers providing care to children and young adults with pulmonary hypertension (PH) and pulmonary vascular disease (PVD). Methodology included an executive writing group consisting of 22 pediatricians, 7 adult congenital heart disease physicians, 1 adult pulmonologist and 1 thoracic surgeon. Specific features of this guideline include new patient groups such as PH associated with congenital heart disease (PAH-CHD), persistent PH of the newborn period (PPHN) as well as PH associated with bronchopulmonary dysplasia (BPD) or chronic lung disease (CLD). The guidelines also include new recommendations for the treatment of acute PH in the intensive care unit (ICU). This is also the first time the challenges of addressing PH in middle to low income regions are addressed. The following class of recommendation (COR) and level of evidence (LOE) grading were used in this guideline.
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The most recent classification of PH according to the WSPH (Nice, 2018). The lower limit of normal mean pulmonary arterial pressure (mPAP) was decreased to 20 mmHg following a study demonstrating poor survival in adults with mildly elevated mPAP (20-24 mmHg). 
[image: ]

The diagnostic algorithm for a child or young adult with suspected PH.
[image: ]


Treatment algorithm for pediatric PAH, including idiopathic and hereditary PAH (Figure 4 and Table 11). In acute care settings, treatment of acute PAH crises should include application of supplemental oxygen, minimization of aggravating factors (agitation, pain), treatment of triggering factors (acidosis, hypovolemia, anemia) and use of pharmacotherapy to increase myocardial perfusion, reduce right ventricular pressure afterload and counteract the right-to-left interventricular septal shift (Table 10). 
[image: ]

There are several findings to distinguish lower versus higher risk in pediatric PH and/or suspected pulmonary hypertensive vascular disease (PVHD); however, these only have a LOE C because of sparse pediatric data. 
[image: ]

Algorithm for the management of patients with congenital shunt lesions associated with PAH or PHVD (Figure 3, Table 8). 
[image: ]

The diagnostics, monitoring (including transthoracic echocardiography, cardiac catheterization, cardiac magnetic resonance imaging, computed tomography), and genetic testing are summarized in Table 3-7. 
The management of special PAH populations including children and adults with CHD as well as infants with persistent bronchopulmonary dysplasia or chronic lung disease are summarized in Tables 8 & 9.
The diagnosis and management of PH in middle and low income regions are summarized in Table 12.
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Figure 1 Diagnostic algorithm for a child or young adult with suspected PH. Screening for pediatric PH is performed by ECG and
echocardiography. If these investigations suggest the presence of PH/PHVD, chest X-ray and/or chest CT should be considered. followed
by additional investigations. If PH/PHVD is severe, and the patient presents severely ill in overt heart failure and/or pulmonary vascular
erisis, cardiac catheterization may be postponed and pharmacotherapy including intravenous prostanoids started immediately. CPET, car-
diopulmonary exercise testing; CT, computed tomography; CTEPH, chronic thromboembolic pulmonary hypertension; CXR, chest X-ray:
ECG, electrocardiogram; FC, functional class; HIV, human immunodeficiency virus; HPAH, heritable pulmonary arterial hypertension:
HR, high resolution; IPAH, idiopathic pulmenary arieial hypertension; LFT, liver function test; MRI, magnetic resonance imaging; PCH,
‘pulmonary capillary hemangiomatosis; PH, pulmonary hypertension; PHVD, pulmonary hypertensive vascular disease; PVOD, pulmonary
veno-occlusive disease: VQ, ventlation/perfusion; WHO, World Health Organization. Modified from Lammers et al., 2016.°
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Table 5 Recommendations on Invasive Hemodynamic Assessment and AVT in the Evaluation of Children with PH/PVD

Recommendations R Lo

Cartiac catheterization is indicated n al peditric patients with PH to confim diagnosis and to determine severity,
and anytime when PH-specific drug therapy is considered. Exceptions may apply toinfants with PH and low body weigh (<25
kg), in which case cardia catheterization may be postponed or even omitted. Clasical PPHHN s a contraindication for cadiac
catheterization. (55-1-55-5)

‘Tnitial cardiac catheterzation should include right and 1f heart catheterzation to establsh the dagnosis (nat only RHO), 1 here.
i no contraindication. (55-3-55-5)

Tariac catheterization can be postponed n acutely presenfing, rtically 1 paients requiing immediate infiaion of therapy but
not amitted once the patient is more stable, aslong as the results may impact clinical management. (55-3 -$56)

Tarfac catheterization should be performed ina tetiary center with suFicient experience i the diagnosis and testment of -
dren with PH. (55-3,55-7-55-10)

AVT should be peformed in experienced pediatic hea centers able to manage potential complications such as PH criis, paten-
tally reqiring extracorporeal membrane oxygenation (depending on disease severity). (55-7-55-9)

‘At the day of cadiac catheterization, PAH-argeted pharmacotherapy should be continued (1., before and after the procedure)
(s54-55-11)

Tardac catheterization or the dragnosis of PH should include AVT (55355 6.55-1255-13)

'AVTto assess prognasis and ndication for specific P therapy in cildren with IPAR/HPAR: e hemodyramic change hat
defines apositve response to AVT in PH without a cardiovascular shunt s 2 = 20% fll in oth mean PAP and PVR /SVR ratio with-
outa decrease in cardiac index. (55-5.55-14)

AVTto assess operability of PAR-CHD (significant shunt) in children: The hemodynamic change tat dehnes  positve response
to AVT in PH with significant left-to-right shunt (0p:0s > 1.5:1)is a > 20%fall in oth PVRi and PVR/SVR raio wit finalvalues <
6 WU xm? and < 0.3, respectively. (S5-15-55-18)

Hemodynarmic ndicators of PH severiy are PYR/SVR B0 and PVR;, ather than percent Rl n mPAP during AVT. Moderate and
severe PH with high PVR/SVR ratio and high PVRi requires advanced, upfront combination therapy. (55-1)

In patients with single ventrcle physiology (Fontan, no sub-pulmonary ventricl), a TPG > 6 mm Hg indicates elevated PYR and
presence of PVD, and may be considerd a indication for vasodilator therapy (55-19.55-20)

The patients level of consciousness during cardiac catheterization should be consistent in subsequent ivasve assessments. (554,
555)

Tarfac cathterization n children with suspected or confirmed PH should be performed in spontaneously breathing patents (eiher
awake or moderately sedated) whenever possile. (55-3,55-10)

The effect o supplemental oxygen and hyperoxia on VO, disolved oxygen, and hemodyramic calculations (.. Fick equation)
must be considered. (55-21)

AVT should be peformed using iNO; e comBination of N0 with cxygen improves pulmorary hemodyramics greater than N0
alone. (55-22)

AV with an iniial combination o ritAc oxide (20~80 ppm) pLus gh oxygen (FO; 0.8—1.0) ¥ reasonable and shortens the AVT
study time. (55-23)

Tn children with parenchy mal/interstitil ling dsease (Group 3 PR), T s easonable o test several conditions sequentaly, includ-
ing room air, oxygen (Fi0, 1.0), and oxygen (Fi0s 1.0) +iNO (60~80 ppm). (55-5)

The use of cacium channel Blockers, IV epoprostenol,or IV adenosine in AVT is not recommended in cildren and may be Famful
(55-24,55-25)

‘Tnaled loprost for AVI i children with PH s  poential altemafive FiNO s not avatlable. (55-26,55-27)

Repeat carfiac catheterization n children with PH/PAH should be considered in case ofclimical deteroration and for assessment of
treatment effect,detection of earty disease progrssion, and lsting fo Lung transplantation.

Tntervals fo repeat cathetermtons should be based on clinicaludgment but are mainly detemmined by any chmcal worsemng, sig-
nificant change in pharmacotherapy (e.g., drug class), o failue to each treatment goals.

TEmay be reasonable to have a stable patient with PH on PAF-targeted therapy undergo cardiac catheterzation every 12-2¢
months,afte a full non-invasive evaluation has been conducted (functianal class, GMWT, echocardiogram, serum NT-proBNP)

‘6MWT, 6-minute walk test; AVT, acute vasoreactivty testing; COR, class of recommendation; Fi0, fracion of inspired oxygen; HPAH, heritable pulmo-
nary artrial hypertension; iNO, inhaled ritric oxide; IPAH, idiopathic pulmonary arteial hypertension; 1V, intravenous; LOE, level of evidence; mPAP,
mean pulmonary arter pressure; NT-proBNP, f-terminal pichormone of brain natriuretic peptide; PAH, pulmonary arteral hypertension; PAH-CHO, pul-
monary arterial hypertension with congenital heart discase; PAP, pulmonary artery presure; PH, pulmonary hypertension; PPHN, persistent pulmonary
ypertension of the newborn; PVD, pulmonary vascular disease; PVR, pulmanary vascular resistance; PVRS, pulmonary vascular rsistance index; Qp, pul-
monary flow; Qs, systemic fiow; RHE, rght heart catheterization; SVR, systemic vascularresistance; TPG, transpulmonary gradient; V05, oxygen consump-
tion; WU, Wood unit

The above recommendations relate to the grading system currently suggested by the European Socety of Cariology and the American Heart Associa-
tion and were based on pediatrc data only (COR, LOE). The grading and voting process within the writing group and the complte listof references (55-1
to 55-27) on the above subtopic can be found in the Supplementary Material antine. For hemodynamic definitions, invasive measures and their clincal
implications, see Supplementary Table 53 online. 1t should be noted that the World Symposium on Pulmonary Hypertension 2018 has recommended the
use of the Sitbon riteriafor  positive AVT in children with IPAH/HPAH, as defined by a decrease in mPAP by at least 10 mm Hg to an mPAP value below,
40 mm Hg without a fall i cardiac output."* However, most o the European Pediatric Pulmonary Vascular Disease Networks voting group found that
thereis insuffcientevidence fo such a recommendation in children and prferred to continue to ecommend the modified Bart crieri that define a pos-
itive AVT, as outtined in the above table. 1t should also be noted that there i inaccuracy i the publshed Literature on the cut off values that define the
different types of PH (pre-capllary, isolated post-capilary, and combined pre- and post-capilary PH) and mPAP cut offvalues for AVT, mostly because of
inaccurate use of mathematical symbols (> vs. > and < vs. <).
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Table 1 COR as Currently Proposed by the ESCand the AHA

Class of Suggested wording
recommendation Definition touse
Class T Evidence andor general agreement that a iven treatment or procedure is beneficial, useful, 1s recommended/
effective. isindicated
st Conficting evidence and/or a divergence of opinion about the usefulness/efficacy of the
given treatment or procedure.
s 1 Weight of evidence/opirion s in favor of usefulness /efficacy. Should be considered
Class b Usefulness/efficacy is ess well May be considered
Established by evidence/opinior

AHA, American Heart Association; COR, class of recommendation; ESC European Society of Cardiclogy.
The color coding was used throughout the 2019 Updated Guidelines on the Diagnosis and Treatment of Pedistric Pulmonary Hypertension—The Euro
pean Pediatric Pulmonary Vascular Disease Network.

Table 2 LOE as Currently Proposed by the ESCand the AHA

Data derived from multiple randomized dlinical trials or meta-analyses.
Data derived from a single randomized dinical trial or large non-randomized studies.

AHA, American Heart Association; ESC European Society of Cardiology; LOE, level of evidence.
The color coding was used throughout the 2019 Updated Guidelines on the Diagnosis and Treatment of Pedistric Pulmonary Hypertension—The Euro
pean Pediatric Pulmonary Vascular Disease Network.
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Pulmonary Hypertension (PH), according to the recent WSPH (Nice, 2018)
mPAP > 20 mm Hg in children >3 months of age at sea level

Pre-capillary PH (e.g., PAH)

mPAP > 20 mm Hg

PAWP or LVEDP < 15 mm Hg®

PVRindex > 3 WU x m? (PVR > 3 WU in adults)
Diastolic TPG (DPG) > 7 mm Hg (adjunct criterion)

Isolated post-capillary PH (Ipc-PH) in adults (e.g., predominantly diastolic LV dysfunction [HFpEF]?)
mPAP > 20 mm Hg

PAWP or LVEDP > 15 mm Hg

PVRindex < 3 WU x m” (PVR <3 WU in adults)

Diastolic TPG (OPG) < 7 mm Hg (adjunct criterion)

Combination of pre-capillary and post-capillary PH (Cpc-PH) in adults®
mPAP > 20 mm Hg

PAWP or LVEDP > 15 mm Hg

PVR >3 WU (PVRindex > 3 WU x m? in children)

Pulmonary Arterial Hypertension (PAH)

mPAP > 20 mm Hg

PAWP or LVEDP < 15 mm Hg*

PVRindex > 3 WU x m?, plus criteria for group 1 PH

Idiopathic PAH (IPAH)

PAH with no underlying disease known to be associated with PAH

Heritable PAH (HPAH)

PAH with no known underlying disease but with positive family history or positive genetic testing of the index patient

Eisenmenger syndrome (ES)
Patient with longstanding pulmonary hypertension, suprasystemic PVR and PAP, and accordingly, right-to-left cardio-
vascular shunting with systemic hypoxemia (e.g., unrepaired VSD or PDA).

Pulmonary Hypertensive Vascular Disease (PHVD) #°

For biventricular circulations: mPAP > 20 mm Hg and PVR index > 3 WU x m?

For circulations with cavopulmonary anastomosis (e.g., Fontan physiology):

Mean TPG > 6 mm Hg (calculate mPAP minus mLAP or PAWP) or PVR index > 3 WU x m*

Box 1. The classification of PH according to the WSPH (Nice, 2018)"" and the classification of pediatric PHVD'® can be
found in Supplementary Tables S1 and S2, respectively (available online). Details on hemodynamic definitions, invasive
measures, and clinical implications are given in Supplementary Table 53 online. Detailed hemodynamic definitions of PH
(e.g., value of the diastolic TPG) can be found in the 2015 ESC/ERS guidelines,'® Hansmann (2017)° and Apitz et al.
(2016)° It should be noted that even mildly elevated mPAP values (20~24 mm Hg, prognostic threshold 17 mm Hg) are
independent predictors of poor survival in adults with PH (Douschan et al., 2018)." In adults, PVR is usually not indexed
t0 BSA.

*In many instances, it is useful to measure the PAWP simultaneously with LVEDP.

PPVRI-Panama classification of pediatric PHVD, 2011 mPAP > 25mm Hg used to define PH

BSA, body surface area; Cpc-PH, combination of pre-capillary and post-capillary pulmonary hypertension; DPG, diastolic
pulmonary gradient; ERS, European Respiratory Society ESC, European Society of Cardiology; HFpEF, heart failure with
preserved ejection fraction; HPAH, heritable pulmonary arterial hypertension; IPAH, idiopathic pulmonary arterial hyper-
tension; Ipc-PH, isolated post-capillary pulmonary hypertension; LV, left ventricle; LVEDP, left ventricular end-diastolic
pressure; mLAP, mean left atrial pressure; mPAP, mean pulmonary artery pressure; PAH, pulmonary arterial hypertension;
PAP, pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; PDA, patent ductus arteriosus; PH, pulmonary
hypertension; PHVD, pulmonary hypertensive vascular disease; PVR, pulmonary vascular resistance; TPG, transpulmonary
pressure gradient; VSD, ventricular septal defect; WSPH, World Symposium on Pulmonary Hypertension; WU, Wood units.





