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* Are we really getting any better?
— YES
— (How = Obijective #1)

 Can we do better?

— ABSOLUTELY
— (How = Objective #2)




How are we getting better?

1. Diagnosis
2. Management
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New PVS Patients per Year (CHOP)

New PVS Patients per Year

Age at PVS dx

e 2024: med 9 mo
[3,81]

e 2025: med 5 mo
[3,14.5]

— 41% (13/32) single
vessel at diagnosis

€ St & Eerelman

Cardian Canber



Screening High Risk Patients

PVS associated  [slEiciEhlile R ST
with Prematurity  BEULCQGIACCOR]H | oot e oo s 19561 e

Gestational age (wks)
m Od / severe 2224 07(03,1.3) 19
* 5% of severe BPD* = segen o
. Sraad o guaatone b 21(13,38) <01
B P D p atl e n tS Sul"gicg necrotizing enterocolitis 5.1(24, 10.6) <M
Atrial septal defects 21(12,39) <0
Pulmonary hypertension 6.2 (3.7, 10.5) <01

* Associated with  E=HGE;
earller geStaUOn, waorsening (OI’ Table IV. Mulfivariable model of infunts on

mechanical ventilation at 36 weeks’ PMA (n = 102)

IJUGR, prolonged REIIERS e S i 561 i

ilat] progress) resp ol waise
mech ventilation, Jeicisandidis | = -

N EC etiology Mechanical ventilation at 36 wks PMA 43(1.8,12.9) <01

Heching HJ et al. Arch Dis Child Fetal Neonatal Ed 2014. McArthur € et al. The Journal of Pediatrics 2924'
Swier NL et al. Am J Perinatol 2016. 3:1 case control trial from pool of 10171 patients.

Drossner DM et al. Pediatrics 2008. . o PVS prevalence = 1.1%
Zettler E et al. J Perinatol 2020. Jensen EA et al. Am J Respir Crit Care Med 2019.




Screening High Risk Patients |t
: Screenin fosrison wosey <o
Repaired TAPVC [ el e
10 -Cross-sectional ; I
() ~15 /0 develop |mag|ng (|dea”y Preoperative obstruction 18 (1.1-2.8) 015
pulmonary cMRI) within 3 Y s b o e pcochare b, i cls | ol
venous months of repair i v v S e 0 ke e
obstruction -ldentify at risk I
« Spectrum vessels
— Silent unilateral ' Class 2 (Minor Residua)
atresia

. Mild Obstruction: MG 2-4 mmH
— FTT, respiratory a obstruction g

fallure

Seale AN et al. Circulation 2010. Sengupta A et al. Ann Thorac Surg 2022. PR Y Uy S TPV VST T S S




What do to with new Echo gradients?
—

lI Correct and PathPIogic? . . .
_ * Tachycardia, anemia, high output state,
“ fetal transitioning
|

Gradient >/= _
4mmHg
P E—

“ * Doppler with loss of phasic variability

I _ * New or worsening RV HTN or RV
dysfunction w/o secondary cause
(infection, acidosis, etc.)
! ! *Reasonable to observe only if single vein
gradient and preserved LPS flow
* repeat echo/LPS in 1-month if risk
factors for progression (h/o SGA, PH,

NEC, aspiration, mech vent at 36
weeks PMA)
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Pediatric intraluminal
pulmonary vein stenosis
(PVS) is a disease of wall
thickening (neo-intimal
proliferation) leading to
luminal narrowing ->
pulm edema -> PH -> RH
failure

Callahan R, et al Children 2021.
SenalL, et al Children 2021.
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of Philade|phia”
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How are we getting better?

1. Diagnosis
2. Management
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PVS Team

7~ O\

Supportive
Care Team

Cardiac Feeding

Anesthesi

ecialists

PVS Team

Dedicated Nurse Practitioner*

Social

Schedulin Cardiothoracic Surgeons Work

Cardiology Medical Providers
Interventional Cardiologists
Cardiac Pulmonary Hypertension
Radiologist

Intensive

Care Unit Pharmacy

N

*Assertive and
detail oriented




Standardize PVS Management

ECHO
CATH SIROLIMUS LP SCAN
PVS | TREAT MEDICAL SURVEILLANC TREAT PROGRESSION?
CONFIRMED | STENOSIS \ /  THERAPY RESTENOSIS .
CALATETHERA
SURGERY IMATINIB CT SCAN SURGERY Py

\ 4
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Diagnosis and Treat Restenosis Early

Table 5. Multivariate Analyses of Perioperative Factors and Postoperative ICU

Admission and Mechanical Ventilation

ICU Admission Mechamical

Multivariable Analysis of Serious Adverse Events at N = 473 Ventilation
The Time of PVS Catheterization (n=841) - MR B e )

(95% C1) (95% C1)

Multivariable Analysis of Serious Adverse Events Odds Ratio 95% Cl Male gender 393 (164-941) 0002 289(1.26-6.66) 0013

Age at intervention Body welght,per 1 kg increment 0.80 (0.68-0.92) 0003 0.79(0.68-092) 0.002
<6 months 2.05 1.11,3.81 0.023 Preoperative O; supplement | 401(169-9.53) 0002 367(155-868) 0.003
6-11.9 months 1.30 0.77, 2.22 0.33 ]
>1 year 1.00 . _ PVS severity score, per 1 unit L15{102-1.30) 0.028 111(098-124) 010

’ increment
Systemic arterial saturation <95% BiV, <78% SV 1.52 1.02, 2.27 0.041 Hypetsiisien 1iQulitag lnstrope 403(138 0011 288(108:777) 0035
Mean PA pressure 245 mm Hg BiV, 217 mm Hg SV 1.74 1.16, 2.63 0.008 11.77)
Barreto JA et al. Pediatric Cardiology 2023. Red blood cell transfusion 3.25{118-8.94) 0023 4.08(153- 0.005

10.93)

Preintervention Pa0y/F,0, ratio, per 0.63 (0.45-089) 0009 059(042-083) 0002
100 units increment

Preintervention RVSP, per 10 mmHg 139(1L0-175) 0004 127(1003-157) 0023
Increment

Maisat W et al. J Cardiothorac Vasc Anesth 2022.

¥ Children’s Hospital
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Remove PVS Triggers

T Lung/Segmental Qp

Niccum M et al.cGBHHt@he2021.

T Wall Shear * N =69 patients with multi-vessel PVS
p
Stress Anatomic Vulnerability {ﬁceiving medical and interventional
erapy
* Cc.)mmon Poor treatment response = death, lung
* Distorted/Compressec transplant, addition of Avastin due to
* Angulated/Kink disease progression, cath interval < 3
« Obstructive Tissue months after 1 year of therapy
. Inflammat
Genetic < « Infectic Table Il. Multivariable model of clinical variables associated with PVS in infants with sBPD.
Susceptibility
* NEC Clinical variables Odds ratios (95% Cl) p-value
Gestational age (weeks)
22-<24 0.7 (0.3,1.3) 0.19
25-<27 0.5 (0.2, 0.9) 0.01*
228 REF
L Di Small for gestational age 2.1(1.3,3.6) <0.01*
ung Lisease (weight < 10% at birth) B
* BPD Surgical necrotizing enterocolitis 5.1 (2.4, 10.6) <0.01*
* Aspiration Atrial septal defects ©2.1(1.2,3.9) <0.01*
* Apnea Pulmonary hypertension 6.2 (3.7, 10.5) <0.01*
Longer kxposure to Lett-to-
° Other Pulmonary Vein Stenosis in Lung Disease .W@fm'::::::m'" I-38
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Survival (Center 1)
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Sadr IM et al. The American Journal of Cardiology 2000.

Rehman M et al. Congenital Heart Disease 2011.

Callahan R et al. The Journal of Pediatrics 2018.

Feins EN et al. The Journal of Thoracic and Cardiovascular Surgery 2021.
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Survival Outcomes (Center 2)

FlausE + Patient Survival B
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Survival cwrve for 31 patents demonstrates rapid decling in survivad In the first yoar
post-intervention but stabilizatson past 1 year

Cory MJ et al. JACC: Cardiovascular Interventions 2017. Patel JD et al. Journal of the American College of Cardiology 2021.
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Survival Outcomes (C

10 : FIGURE 2 Survival
w— Conventional therapy
==+ Noved therapy " ) . - gar oo
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FIGURE 3  Survival curve comparing patients receiving Kaplan-Meser (KM) survival curves with 95% C) shaded, tick marks indicating right-censored observations at Last follow-up. Number at risk below graphs with number

conventional therapy using BMS alone (red) and novel therapy using a of fallures shown in parentheses. Estimated survival with 95% CI shown for selected times. (A) Survival from pulmaonary vein stenosis (PVS) diagnosis, with subjects
combination of DES and BMS {blue). BMS, bare metal stents; DES, becoming at risk at the time of systemic Sirolimus therapy (S5T) initiation (left truncation). Estimates at each time point reflect survival for included patients who had
drug-eluting stents [Color figure can be viewed at started SST by that time, (B) Survival from sirolimus initiation. Note, patients who completed <30 days SST were excluded.

wileyonlinelibrary.com]

Khan A et al. Catheter Cardiovasc Interv 2019. Kalustian AB et al. JACC Adv 2024.
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How can we do better?
PVS Overall 5-year survival = ~70-80%

1. Optimize current therapies
2. PVS prevention
3. Novel therapies

& Lerelman




Optimize Current Therapies

° Pa“ent Ievel Standardized Pulmonary Vein Catheterization Assessment
— Multi-center PVS registry via - — e -
. . i maonary Vein nwav: U n
Congenital Cardiac Research Angiography i ot Koz ul Wl Shear Strass
Collaborative
* Identify best practices
* Data acquisition begins 2025
* Vein level i e
— Multi-center Prospective il P e

Standardized Pulmonary Vein
Catheterization Assessment
(NCT 04696289)
* Prediction Model Cohort
— BCH:50/50 enrolled
— Under peer review
* Validation Cohort
— CHOP: 30/30 enrolled
— Awaiting outcomes data

Weak0 |

Week 52 |

Multivariable Model: Findings atenroliment cath

assoclmed with @ worse 12-month vein outcome
Angiographic severity score of 2; distal disease
(1 point)

* Absolute angiographic ostial diameter less than
&6 mm (1 point)

*  Upstream percent wall thickness = 35% as
assessed by intravascular ultrasound (1 point)

Transplant-tree survival to 12 months: 92% (46/50;
95% confidence interval [80%, 97%])

Predictod Probability of 12-Month Vein
Invasive Outcome
Pulmonary
Vein Score
{WPVS)

¥ Children’s Hospital
W 1 of Philadelphia™




Prevention

* Goal: Non-invasively ID high-risk
iInfants for PVS; improve
stratification

« Study: Calculate wall shear stress
In pulmonary veins of infants
using cardiac MRI, 4D flow and
computational fluid dynamics
— Quantify effect of removal of triggers

— Known PVS: Prioritize pulmonary vein
interventions which minimize WSS

@1 Children’s Hospital
W 1 of Philadelphia™
Cardian Canber



Novel Therapies

Porcine PVS Model Day O Post-band

— SCcRNA sequencing
* ID new targets for meds

— Test new to market drug
coated balloons

— Test novel surgical
techniques

Targeted rapamycin
delivery via magnetic
nanoparticles in an in
vitro model of
pulmonary veins

Ning L et al. Adv Sci 2024. 1 ! EWGA [CD31 WDARI

RLJ Children's Hospital Fif‘ Perelman
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SUMMARY

« Early diagnosis, screening high-risk infants and
management (therapy, surveillance, etc.)
protocols have increased patient survival.

« ldentifying best practices, optimizing current
therapies, and knowledge sharing can further
Improve PVS outcomes.

« PVS prevention and novel therapies are needed
to win the war.




PVS Team
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Save The Date

Pulmonary Vein Stenosis Symposium

Friday, April 4 and
Saturday, April 5, 2025

Hosted by
(E}..ﬂ Children's Hospital
+ 1 of Philadelphia*

13

Roberts Center for Pediatric Research

REGISTRATION




	Slide 1
	Slide 2: Disclosures
	Slide 3
	Slide 4: How are we getting better?
	Slide 5: New PVS Patients per Year (CHOP)
	Slide 6: Screening High Risk Patients
	Slide 7: Screening High Risk Patients
	Slide 8: What do to with new Echo gradients?
	Slide 9: Confirming PVS
	Slide 10: Confirming PVS
	Slide 11: How are we getting better?
	Slide 12: PVS Team
	Slide 13: Standardize PVS Management
	Slide 14: Diagnosis and Treat Restenosis Early
	Slide 15: Remove PVS Triggers
	Slide 16: Survival (Center 1)
	Slide 17: Survival Outcomes (Center 2)
	Slide 18: Survival Outcomes (Center 3)
	Slide 19: How can we do better?
	Slide 20: Optimize Current Therapies
	Slide 21: Prevention
	Slide 22: Novel Therapies
	Slide 23: SUMMARY
	Slide 24
	Slide 25

