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Plan of the presentation

• Definition of pulmonary hypertension (PH)
• PH – Brief summary of evaluation by echocardiography
• Why is my “BPD” patient at risk of PH?
• Importance of assessing cardiac performance in BPD-PH
• My approach to these patients at discharge
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• Kevin born at 23+3
• Mother pre-eclampsia, placental insufficiency (reversed end-diastolic flow in

umbilical vessels)
• Growth restricted – 430 grams
• C-Section, required intubation + surfactant, high oxygen requirements, remained

on prolonged mechanical ventilation.
• NEC, perforation requiring surgery, followed by failure to thrive.
• Steroids, now 36 weeks corrected on CPAP of 12 with FiO2 of 45%
• Frequent desaturations;
• CO2 is 78 with pH of 7.30

• ECHO is requested
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• Why an ECHO?
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• Inter-atrial communication (PFO) bidirectional
• PDA closed
• Flat septum at the end of systole

• RV assumed to have same pressure as PA, LV same pressure as Aorta – because valves are
open

• Tricuspid Regurgitant Jet: RV-RA of 65 mmHg. Systolic Blood pressure of 70
mmHg.

• RV dilation. RV systolic function decreased by TAPSE & FAC (RV function markers)
• LV function is normal
• 4 pulmonary veins seen with normal triphasic profile

• Conclusions: Pulmonary hypertension iso-systemic with signs of RV dysfunction
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What is “pulmonary hypertension”?
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• Similar to systemic hypertension = abnormal high BP in systemic
compartment

• Etiologies: idiopathic, renal, cancer, steroids, etc.
• Identify cause to tailor treatment

• PH = abnormally high pressure in pulmonary artery (PA)
• PH is a symptom of underlying process:

• Congenital heart, BPD, HIV, Pulmonary Embolus, Mitral
Regurgitation, PPHN…

• Identify cause to tailor treatment

Pulmonary Hypertension (PH) - Definition

”Abnormally” High pressure in PA = PH

RV

PA
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Abnormal PA pressure defined (> 3 months of age):

• Mean PAP ≥ 20 mmHg (measured by cath but can
be estimated by echo),

• Suspect if systolic PAP ≥ 40 mmHg, estimated by
Echo

• First 3 months: PVR dropping and should be <
systemic.

Changes in systemic vascular resistance (SVR) and pulmonary vascular resistance (PVR) 
during gestation. (Lakshminrusimha and Saugstad, 2016).

Normal PA pressure usually= 15/5 (mean of 10) after 3 months
of age
First 3 months: PVR dropping and should be < systemic.



Pulmonary hypertension 
Suspicion using ECHO
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By ECHO – PH suspected:

• mPAP ≥ 20 mmHg (pulmonary insufficiency jet)
• P.I. in diastole

• sPAP ≥ 40 mmHg by ECHO, using:
• TRJ ≥ 35 mmHg, or
• A restrictive PDA, or VSD velocity gradient (sBP – gradient)
• Otherwise: flattening of interventricular septum (IVS) at end of

systole used as surrogate of increased PAP
• Eccentricity index > 1.3
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• During systole, tricuspid valve closed
(prevents backflow in RA)

• With PH: RV dilates, TR appears

Tricuspid Regurgitant Jet (TRJ) Velocity

RV

RA

TRJ
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• Doppler – estimates “gradient” (difference)
between RV and RA at peak of systole

• Simplified Bernouilli equation:
• Pressure difference between the 2 cavities = 4 x

velocity2

• Assuming RA pressure – 0-5mmHg (will increase
with diastolic RV dysfunction)

NeoHeartTricuspid Regurgitant Jet (TRJ) Velocity
4 x 3.54 x 3.54 = 50 mmHg



• TR = 5.45 m/s  4v2 = 119
mmHg at peak of systole  RV-
RA gradient of 119 mmHg

• Assuming RA pressure about 5
mmHg: estimate of systolic PAP =
119+5 = 124 mmHg

• If systolic systemic BP 65 at
ECHO: 124/65 = 2x systemic

Tricuspid Regurgitant Jet (TRJ) Velocity
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• Same concept as TR
• Pulmonary valve is closed during diastole
• If RV/PA dilation  PV annulus dilate 

Pulm Ins.
• Early Insufficiency jet speed gives you

estimate of mean PA pressure; end
diastolic of diastolic PA pressure

Pulmonary Insufficiency Jet Velocity

Diastolic pulm pressure (DPAP) estimated from pulm
regurgitation jet from velocity of end-diastolic PI velocity

DPAP =  4 (end-diastolic PI velocity)2 + estimated RA pressure*
mPAP = 4 (early diastolic PI velocity)2 + estimated RA pressure*

*estimated RA pressure = RV end-diastolic pressure
Jone and Ivy, Echocardiography in pediatric pulmonary hypertension, Frontiers in Pediatric, Nov 2014, Volume 2, Article 124
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By ECHO – PH suspected:

• Inter-atrial shunt bidirectional or right to left:
• Brings de-O2 blood in systemic circulation
• Informs that the RA pressure is > LA pressure

• LA pressure low (low venous return because of decreased pulm
circulation)

• RA pressure high (RV diastolic compromise)

• Post-tricuspid bidirectional or right to left shunt (VSD
/ PDA):

• Informs that RV pressure > LV pressure; or PA pressure >
Aortic pressure
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LV LV LV

RVRVRV

Increasing RV afterload

As pressure rises on RV side (or pressure decreases on LV side), it can become iso-systemic (same
as pressure on the LV compartment) or supra-systemic (higher pressure than on RV side).

Because there is a shared wall:
Isosystemic = Flat Interventricular septum at peak of contraction - D-Shape LV
Supra-systemic = Bowing septum into the LV cavity (Type 3)

With persistent increased afterload, RV hypertrophies and dilate, fails – LV fails because pancaking
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• Many times not straightforward, some examples:
• Large ASD (left to right): RV volume overload
• Large PDA/VSD

• Pressure equalization between Ao and PA (flow/pressure transmission) vs high PVR?
• Difficult to image…
• Left-heart disease?



Why is my “BPD” patient at risk of PH?
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• Immature lungs
– Reactive oxygen species, volu-, baro-, atelecta-trauma

– Immature and abnormal repair / fibrosis

– Inflammation (NEC, infections, ventilation)

– Disturbed growth / sub-optimal nutrition

– Post-natal steroids (alters vascular growth but helps inflammation)

– Genetic predisposition / Fetal environment / Chorio, etc.

• Pulmonary vascular disease in BPD: 
– Abnormal vascular pruning and remodelling, muscularisation of vasculature (arteries and veins)

– Abnormal response to substances regulating vascular tone

– V/Q mismatch, chronic lung injury, aspiration, airway disease, CO2 retention

– Increased PVR, Heterogenous vascular tone, decreased vascular territory, Abnormal venous drainage

• Lung getting better = Vessels getting better

Berkelhamer SK, et al. Seminars in perinatology. 2013;37(2):124-31.
Subhedar N, et al . Archives of Disease in Childhood-Fetal and Neonatal Edition. 2000;82(3):F243-F7.
Walsh MC, et al. Pediatrics. 2006;117(3 Pt 2):S52-6.
Farrow KN, et al. American journal of respiratory and critical care medicine. 2015;191(1):12-4.

Prematurity and BPD
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• Risk factors:
– Extreme prematurity, growth restriction (pre-eclampsia, gestational HTN), oligo, duration of ventilation,

NEC and prolonged O2

• PH and RV failure in up to 25 % of BPD in some reports
• Increased mortality with some reports death rate up to 35% in 6 months after PH

diagnosis

Berkelhamer SK, Mestan KK, Steinhorn RH. Pulmonary hypertension in bronchopulmonary dysplasia. Seminars in perinatology. 2013;37(2):124-31.
Subhedar N, Shaw N. Changes in pulmonary arterial pressure in preterm infants with chronic lung disease. Archives of Disease in Childhood-Fetal and 
Neonatal Edition. 2000;82(3):F243-F7.

Prematurity and BPD
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• N=61 BPD-PH (before era of screening). 
• 26.5 ± 1.5 weeks 

• Follow-up (average 5 years), 28% mortality. 
• Age at diagnosis and severity of lung disease = 

increasing risk of death

• In survivors, 34% persistent PH and 
remaining on PH medications. 

• 16 developed Pulm Vein Stenosis (median 56 
weeks) = LATE FINDING



Cardiac function in the context of BPD-PH

Cardiac performance in the context of BPD-PH
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• Associated with mortality at 
diagnosis of PH: 

• RV function - TAPSE, FAC, Strain
• PH severity (sPAP/sBP)

• These patients die from cardiac
and/or respiratory failure



Severity
• Abnormal performance may lead to decreased RV/LV output, end-organ damage
• Early recognition may allow targeted approach to management
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• Normative values by GA for TAPSE and FAC
• Usually FAC > 35% normal

FAC = (EDA – ESA) / (EDA) in 4 or 3 Chamber view TAPSE

Lang, R et al. J Am Soc Echocardiogr 2005.18; 12:443-7







• Once screening established – retrospective study (MCH)
• 222 <29 weeks
• 144 free of PH (65%)
• 78 with “HP” (35%) - n=6 mortality post-diagnosis (less than literature; 8%)
• n=24 > 2/3 systémique (11%) – Minority with significant / severe PH
• Small for gestational age, duration of ventilation and BPD severity associated





• At screening ECHO, alteration of RV and LV function
• Complex phenotype with bi-ventricular involvement

• Consequence or source of the disease?
• Why: prematurity, inflammation, shunt physiology, nutrition, extra-uterine growth, 

mechanical ventilation, oxygen, steroid, prenatal factors? 



Manuscript is submission

• Retrospective
• Echo early (21 days)
• 176 <29 weeks

• ECHO < 21 days
• 59 (death or PH)
• Early signs of PH associated

with later death or PH, 
possibly an early process in 
the disease.

No for 
parameter

Death or BPD-
related PH 

(n=59)

Alive without 
BPD-related PH 

(n=117)

p-value

Age in days at analyzed ECHO 176 7 [4-13] 11 [6-14] 0.01
Weight at ECHO in grams 176 840 (248) 893 (212) 0.14

Markers of PDA significance
LA/Ao 166 1.55 (0.36) 1.51 (0.34) 0.47
Ductus patent 171 52/56 (92.9) 102/115 (88.7) 0.59
Ductal size in cm 151 0.23 (0.08) 0.21 (0.06) 0.22
LV output in mL/kg/min 96 299 (131) 327 (164) 0.40

Markers of RV pressure and dilation
Estimated sPAP at ECHO in 
mmHg

105 41.6 (13.7) 33.7 (12.2) 0.003

LV-EI 137 1.35 (0.2) 1.26 (0.19) 0.02
EI ≥ 1.3 137 26/47 (55.3) 31/90 (34.4) 0.03
Flat or bowing septum at peak 
systole

163 19/54 (35) 20/109 (18) 0.02

Ratio of RV/LV diameters in 
PSAX

115 0.67 (0.5) 0.47 (0.15) 0.002



- 34 with BPD-PH 
- Cath < 2 years
- 11 (33%) with LAH
- Post-capillary component



• In the context of PH, must assess LV sided structures
• LV dimensions and function, pulmonary venous flow, mitral regurgitation / 

stenosis

Assessment of LV side www.NeoCardioLab.c
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Pulmonary Vein Stenosis
• Increasingly recognized entity in context of BPD: 

inflammatory, genetic, fibrosis, metabolic?
• Usually appear later (often at 3-6 months corrected

age)
• Diagnosis difficulty – suspicion needs to be on high 

level:
• Pulmonary edema
• Worsening with pulmonary vasodilation
• Often underlying pulmonary arterial disease too

• Can be suspeted by CT or ECHO (but if atresia may
not see it on ECHO). 

• Always Doppler All Osteum if possible at each ECHO (36 
weeks and follow-up).

• Difficult management – not a lot of data
• Cath? Surgery? Inflammatory (Sirolimus / steroids?)

• Worst prognosis

Vyas-Read S, Varghese NP, Suthar D, Backes C, Lakshminrusimha S, Petit CJ, Levy PT. Prematurity and Pulmonary Vein Stenosis: The Role of 
Parenchymal Lung Disease and Pulmonary Vascular Disease. Children (Basel). 2022 May 12;9(5):713.
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My baby with BPD has PH, what do I do?



• Despite guidelines - many variations in the evaluation and 
management of these patients.

• My “educated” approach to these patients + guidelines



Prevention www.NeoCardioLab.c
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• BPD prevention is key – usually: no BPD = no PH
• PH usually reflects lung disease

• Airway and respiratory care is key in prevention
• Protocolized approach to prematurity, avoid lung injury
• Bubble CPAP associated with drop in BPD in many centers adopting it, non-invasive 

support
• Consider dexamethasone in infants still mechanically ventilated > 7 days of life to 

extubate or decrease pulmonary inflammation 
• Track growth (not excessive, not too much)

• Judicious use of fluids



Management www.NeoCardioLab.c
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• PH will not get better if lungs do not get better
• PAH medications are not the initial focus, treat the baby and the lungs

• Avoid hypoxemia: aim 92-95%
• Airway evaluation
• Avoid reflux / aspiration
• Maximize calories but do not “flood” with fluids. Track the growth and make sure weight-

to-height ratio appropriate (avoid obesity and failure to thrive)



• Prolonged gavage time in naso-gastric to avoid aspiration
• Consider saliva aspiration – may need Botox

• Aimed saturations  92% for > than 95% of time
• Rule out pulmonary venous anomaly, consider CT scan
• Evaluated for upper airway obstruction with ENT (scope)
• Vaccination for avoidance of pulmonary infections
• Optimize nutrition (less volume more concentrate, aim normal weight/length

ratio)
• Although evidence is weak – we consider initiation of HCTZ/Spironolactone =

heart failure management - edema
• ?LV diastolic dysfunction
• We have seen patients dramatically deteriorate upon abrupt stop of diuretics.

CASE – Kevin – BPD-PH initial management www.NeoCardioLab.c
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• Acute PH: Hypoxic resp failure if ASD Right to Left, poor cardiac output and heart failure if no
(or insufficient) pop-off. Hypotensive, cyanotic and/or poorly perfused

• Stress (viral, surgery, infection) – can trigger acute PH exacerbation (crisis)
• Again: ventilation / airway care priority
• May need re-intubation some eventually tracheostomy

• During acute PH crisis: sedation, aggressive chest physio and airway toilette + recruitment to
minimize V/Q mismatch

• Optimize ventilation
• Optimize hemoglobin > 100
• iNO 20 ppm – will reach vessels of lung areas that are ventilated (VQ mismatch)
• Consider Milrinone – Lusitropic medication to promote RV function and filling
• Consider stress dose hydrocortisone 30 mg/m2/day
• Rule out concomitant infection +/- Abx (urine, viral, bacterial, pneumonia, etc.)
• Adjust nutrition, possibly induce diuresis with furosemide (evidence = poor)

CASE – Kevin – Acute PH crisis www.NeoCardioLab.c
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• If RV failure and respiratory optimized, consider pulmonary vasodilation by
expert team and close follow-up (ensure no pulmonary edema if LV disease)

• Sildenafil often first-line. Usually, if significant PH (>2/3 systemic) and/or RV dysfunction
• Before adding another agent (Bosentan-ERA / Prostacyclin-Treprostinil), consider

catheterization study
• Cath with cardiac anesthesia! High-risk.

In most current settings: www.NeoCardioLab.c
om
@CardioNeo (Twitter)



Satyan Lakshminrusimha and Martin Keszler NeoReviews December 2015, 16 (12) e680-e692; DOI: https://doi.org/10.1542/neo.16-12-e680





• Multi-disciplinary care and follow-up: occupational therapy, ENT (airway evaluation),
GERD/aspiration evaluation and management, respiratory medicine, cardiology,
development.

• Prevent severe flare-up with viral / respiratory infections:
• Rigorous vaccination child/family (pneumococcal, influenza, RSV, COVID)
• Avoidance of crowded areas (shopping center, kindergarten, parties).

• Ensure saturation  92 % for > 95% of the time (avoid vasculature vaso-spasm).
• Often require Home Oxygen support.

• Parental education:
• Recognize sign of PH, resp distress or RV failure: diaphoresis, retraction, work of breathing, cyanosis,

abnormal neurological status, failure to thrive, decreased energy, decreased perfusion
• Teach basic CPR to families of infants known with established PH

• Follow-up q1-2 months until stable cardiac function, and then can space out.

My approach regarding chronicity www.NeoCardioLab.c
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• Travelling by plane can be complicated by PH crises
• Assessment for fit to travelling with hypoxic challenge once PH infra-systemic and stable in room air

• Sildenafil can accentuate GERD, ensure to manage reflux and follow growth: avoid abnormal
Weight-Length Ratio.

• Energy needs can be up to 140 kcal/kg/d (Small volumes but high caloric fortification)
• Evidence regarding diuretics is controversial: we locally use it (absence of evidence).
• Follow Hgb (ensure no anemia), regular blood gaz and electrolytes (especially if on diuretics),

• Some centers follow BNP (NT-proBNP) for RV overload (baseline and at follow-ups).
• No elective surgery until normal PA pressure. Cardiac Anesthesia if needs OR.
• Consider: Genetic (BMPR?), TSH, Sweat test, occasional chest X-ray to rule out aspiration

(especially if oral challenges) and CT scan of chest if progressive worsening of clinical status.

My approach www.NeoCardioLab.c
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Many resources 
on PH
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Many knowledge gaps…

Key advices:
- Keep high level of suspicion
- Do not loose these patients to follow-up

www.NeoCardioLab.c
om
@CardioNeo (Twitter)



Story of Massimo, Priyanka and Anthony

• Born at 24 weeks
• ”Severe” BPD (CPAP at 36 weeks – 23%)
• Went home in room air
• Participated to a prospective natural history research project with 

ECHO







Story of Massimo

• PH – Sneaky disease
• “looks asymptomatic” 
• Diagnosis at 9 months
• Supra-systemic PH
• Almost arrested in cath

• 1 year on Treprostinil post cath + 
Sildenafil

• Today:
• Off Treprostinil and Sildenafil
• Normal follow-up ECHO 1 year post-

treatment
• Followed 1/year

• Thanks to family to share their story



Cardiac contributor in adult ex-premature 
newborn
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• Prospective study
• HAPI cohort

• 86 adults premature <30 week (23 
yr) vs terme (23 yr).

• RV function and dimension 
alterations

• TAPSE
• S’ by Tissue Doppler

• Do not loose track of these infants, 
they may have life-long involvement



• Even more if BPD







• Extreme premature newborns with BPD should have a screening echo at 36 weeks for PH
• Multiple etiologies unique to BPD (Heterogeneous, PVR, Venous drainage, LV/RV disease).
• PH increases mortality: management still under evaluation but should initially aim to

optimize respiratory status, avoid profound desaturations and respiratory infections,
provide appropriate nutrition with avoidance of GERD/aspiration, ensure no airway
contributor to CO2 retention.

• These patients should be followed by a multi-disciplinary team with expertise in PH
• Some may need pulmonary vasodilators (but not all).

• Outcomes are highly influenced by the underlying cardiac performance (LV and/or RV)
• Lifelong disease
• Future research: prevention, natural history, targeted management and refining

diagnosis/management pathways.
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Questions? Comments? 
Merci – Thank you - Obrigado

• A special thanks to the organizing committee and to my 
mentor (Pr G. Sant’Anna) 

• Gabriel Altit – gabriel.altit@neocardiolab.com

www.neocardiolab.com
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Cardiac function: how?
Continuous process from filling of ventricles to ejection 
in outflow tracts

• Dependent on architecture of each ventricles
• Dependent on afterload of outflow tract (s)
• Cross-talk between RV-LV (Septum)
• Precise activation by conducting system 

• Results in “2 phases” of cardiac cycle

Systole Diastole
Contraction

Ejection
Relaxation

Filling

Zhukov L, Barr AH. Proceedings of 14th IEEE Visualization Conference (VIS’03). 2003;597-602.
Klabude RE; http://www.cvphysiology.com/



RV contracts longitudinally
• Peristaltic motion from inflow (tricuspid valve) to RVOT (pulmonary valve) 
• IV septum bulging in RV cavity 
• Free wall going towards IVS

RV function by ECHO 
• TAPSE: Tricuspid Annular Plane Systole Excursion

• Longitudinal movement as it plunges in RV cavity 

• FAC: Fractional area change
• FAC = (EDA – ESA) / (EDA) in Apical 4 or 3 Chamber view

• Normative values by GA for TAPSE and FAC

Right Ventricle

RV

RA

LV

LA



• LV contracts mostly circumferentially and with torsion (wringing 
movement)

• Minor longitudinal contribution
• Wringing motion. Relaxation with base counterclockwise and 

apical clockwise rotation. Rate at which untwisting happens gives 
insight on diastolic function. 

Crean A et al. Journal of Cardiovascular Magnetic Resonance, 2011
J Am Soc Echocardiogr 2012;25:543-52.

Cardiac function

Bansal M, Kasliwal RR. Indian heart journal 65 (2013) 117e123
Lai, W. W., Mertens, L. L., Cohen, M. S., & Geva, T. (2015). Echocardiography in 
pediatric and congenital heart disease: from fetus to adult. John Wiley & Sons.

www.NeoCardioLab.c
om
@CardioNeo (Twitter)



Simone Rossi – Computational Cardiac Electromechanics: Left Ventricle - https://www.youtube.com/watch?v=FeGTS0iakkM



LV LV LV

RVRVRV

Increasing RV afterload

As pressure rises on RV side (or pressure decreases on LV side), it can become iso-systemic (same
as pressure on the LV compartment) or supra-systemic (higher pressure than on RV side).

Because there is a shared wall:
Isosystemic = Flat Interventricular septum at peak of contraction - D-Shape LV
Supra-systemic = Bowing septum into the LV cavity

With persistent increased afterload, RV hypertrophies and dilate



• Speckles (echodensities) form the ECHO images 
- Tracked on a frame by frame to measure magnitude (or 

percentage) of deformation  
- Speckle Tracking Echocardiography (STE)

• Strain is absolute percentage of deformation of 
each segment and overall ventricle

• STE allows for: 
- Segmental analysis
- Rate of myocardial expansion (diastole)
- Circumferential, radial and rotational assessment of LV

Strain by STE






